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CHAPTER

[” ‘ MEASUREMENTS

Q1

: What is physics? Discuss the importance of physics: (OR) De-

fine physics- Explain the scope and importance of physits in to-

day's technological world-

Ans

+ (a) Physics:

“The branch of science which deals with the properties of matter,
energy and their mutual relationship is known as physics-"
(b) Scope and Importance of Physics in_today's Technological World:

Phy
7

sics has played an important role in our daily life: For example;
The electronic media like T-V, radio, loud speaker, cell phone,
photo phone, fax machine etc are the important sources of
communication which works on the principles of physics:
Information technology is based on the principle of physics
which is the scientific method of storing, protecting,
processing, transmitting, receiving and retrieving information:
The whole world has become a global village due to use of com-
puter networks which works on the principle of physics:
Atomic bomb is the invention of physics which can be used for
the production of huge amount of energy: It can be also used

for defence purposes:
X-rays, y -rays, laser rays etc are the inventions of physics

which can be used in industry, health and agriculture depart-
ment for various purposes:*

Cathode Ray Oscilloscope [C'R-O] is the invention of physics
which can be used as graph plotting device to see the wave
form of a repetitive electronic signal- The C-R-O can be also
used in T-V circuit, in computers system and in A-C circuits or
D-C circuits:

All means of transport, like aeroplane, buses, motor cycles,
railways etc work on the principles of physics:
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& Electrizity s the invention of physics, without which we (a,,

imagine any machine N working conditions:

9.  Rockets and satellites are the invention of physics wep, the
help of which we can get nformation about the upper atmo.
phere:

10 The simple machire lke pulley, wedge, lever, screw-jack etcory
the invention of physics which can be used for various PUrposes
in Jaily Iife

17- Physics explains the natural phenomena in terms of fundamep-
tal principles and basic laws:

12: Electron microscope is the invention of physics which s used §
various departments for various purposes: d

13: Telescope is the invention of physics which is used to See di
tant objects clearly: i

1% Microscope is the invention of physi. ]
study micro organisms clearly andpe:s:‘!': RGNS O o "

e o o

g, , prediction and verification-

Q@2: Define measurement, unit and magnitude?
Ans- (a) Measurement:

£ 9 - - [
P on 0\‘ SOJJMt‘m? wi ‘T 5 [ ‘m?adld 15 k-‘? we as mea
;Jf comparis om 5
0

(b) Unit:

The standard with which things are compared, is known as unit-

(¢) Magnitude:

A number wi

’ mr::er with proper unit is known as magnitude- For example “TI5kg"
ere /S represent proper number and “ka" represent proper unit- ’

o

3 : ,
f};. (a) D‘ﬁn_‘ physical quantities- (b) Explain base physical quan-
ities and derived physical quantities-

Ans: (a) Physical Quantities:

All th e
€ Mmeasurable juantities are known as physical quantities: For

exampl -
b Ple. speed, mass, rorce, velocity, momentum, temperature etc:
) (1) Base Physical Quantities:

These ¢ h . ;
re those physical quantities in terms of which other physical

d The base quantities cgrmot be defined N

terms of other physical gusntities

Example of Ease Physical Quantities:
There are seven base quantities, which are q.ven Delow
~ Mass
» Length

=

- ime

s Current

~ Temperature

» Amount of substance and

» Luminous intensity
(ii) Derived Physical Quantities:
Those physical quantities which can be derived from base quantities,
are known as derived physical quantities:
Examples of Derived Physical Quantities:
Force, work, power, energy, momentum, torque, speed,
etc are the examples of derived physical quantities:

Q4: Define system of units: Give the name of various systems of

acceleration

units:
Ans-A complete set of umits for all physical quantities s known as

system of units:

Explanation:

There are several system of units: For example,
Foot - pound - second system [FPS5]
Meter - kilogram - second system [MKS]

Centimeter — gram - second system [CGS]
is the system international [5']

”~

-

e
But the most popular system
System International [S1]:
'n 1960, an international committee agreed on a set of definitions
and standards to describe the physical quantities: The system that
was established is called the system international [51]
tem international 1s used throughout che world:
ly life: The system international [51] s build-up

The sys lts units are
convenient for dai
from three kinds of umts ite

- SIJSI.‘ umts
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» Derived umits

» Supplementary units
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QS: Define (a) base units (b) derived units (¢) supplementary
units:

Ans: (a) Base Units:

The units of base quantities are known as base units: The base
quantities and their units are given in the following table:

$:No  Base Quantities Symbol' . Unit of Base Quan- | Symbol

_ e Cac s biby ol

7 Length - Meter . m
2 Mass M Kilogram Kg
e Time t Second 5
4 Electric current / Ampere A
5 Temperature T Kelvin K
6 | Intensity of light L Candela ad
7 | Amount of sub- n Mole mol

stance

(b) Derived Units:
The unmits of derived quantities are known as derived units: The de-

rived units can be derived from base unitc and supplementary units:

Some of the derived quantities and their wier -~ given in the fol-
lowing table:

Physical Quantities

Unit

Force Newton €

Work joule ) | Nom = Kg m*/sec’

Power Watt W J/sec = Ka m*/sec’
Pressure Pascal Fa Nem? = Fosmesed
Electric_charge Coulomb 4 Pmp<5ccq= a5 |

(¢) Supplementary Units:

The general conference on weights and measures has not yet classi-

fied certain units of the SI under either base units or derived units:
Such SI units are called supplementary units- This class contains only

two units of purely geometrical quantities,

which are plane angle and
the solid angle: J plane angle a

The_supplementary unit of plane angle is radian while that of the

Medsurement - ?]'

solid angle s steradian-
7- Radian: (ETEA 2005, BISE Pesh 20719)
ft is the unmit of plane angle: One radian represents a plane angle
subtended at the centre of a circle by an arc of length equal to ra-
dius of the circle

7 revolution = 2 n radian = 360°

n radian = 360°
360°

T radian = ——
20

> (7 radian = 57-3°]

2 Steradian: (ETEA 2011)
Sterdian is the unit for a solid angle in a three dimensional space-
Sterdian s defined as “the sold angle subtended at the centre of a
sphere by an area of its surface equal to the square of the radius
of that sphere'”

The surface area of a closed sphere of radius “ r " is 4nr”. So according
to the definition of steradian, the solid angle subtended by a closed
sphere at its centre is Ynr’ divided by °, which s

0 "

Yn' e

“4ur®

]

7 steradian
=

4
Infact any closed surface subtends a solid angle of 47" et any of
its interior point-

7 steradian

¥ Phusical. Quantity | \Unit Symbol.
7+ Plane angle l radian | rad
té_ '_C)_o—x':_t;'_&'.r.lgfc _: ‘ fv:Le.'adaan l Sr l
_Q6: What s scientific_notation? Explain: (ETEA 2@_
ETEA 2015 _ _ ]

Ans. Writing numbers in power of ten or standard form N = M x 107
is called ccicntific notalion

Explanation:

With the help of scientific notation, we can express very large num-
ber or small number very easily- A large or small number “N" car
be expressed in terms of a number “M" and a power of “710" i-e
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N=mx10"] o

(7)

In equation (7), “M" represents a number whose first digit is non-
represents the power of 10, which may be positive

zero digit: “n"

or hegative:

For example, 150,000,000,000m can be expressed in scientific no-

tation as under,

150,000,000,000m=1-5X10"m

Similarly, 0-000,000,000,000,0076m can be expressed in scientif-

ic notation as under,

0-000,000,000,000,0016m=1-6x10"m

Kotes - T eI —- 6. -
= _j W{;hab Physics Notes - 1" Year
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Q8: Discuss the conventions for using S| units:

Q7: What do you mean by “prefixes of the power of ten"? Explain-

ETEA 2013, 2074

Ans- ] '
ns: These are certain specific powers of ten which have been given

PC‘I , es y 5 ! u t y s [} m asur ”]e.”t
s al nNam and s ano! and are r eq en , u ﬂd n i3
: e [

Sometim }
imes, we have to deal with guantities that are very large or
very small as compared to the base units- :

use higher or lower unit of the base unit:

For ' ]
or convemence, we express a large or small numbers b
fixes, such as centi, mills,

Under such conditions, we

Y certain pre-

micro, kilo etc to the n
1 : E : umber:
given special names and symbols and certain pe er- They are

a quantity: ver of 10 to multiply
P or ERlalent to T
i 10 a kilo 10"
Femto | 7075 K
f|mega |10°
Pico 10°'% " m
Nan -9 £ 230 709 G
2 L n tera 707
Micro | 70°¢ " 2 T_
Mill 1073 pete i r =
m exa ?018
Centi |170% ) E
Deci 707 d
D !
eca 70 da

Ans-The various conventions for using Sl units are given below:

1. Full name of the unit does not begin with a capital letter even
if named after a scientist: For example “Newton" represent
the name of the scientist while “newton” represent the name
of a unit used for force:

2. Symbol of unit name after scientist has initial capital letter:
For example, N for newton, Pa for pascal, Hz for hertz etc

3-  The prefix [u, m, p etc] is written before an adjacent to the
unit For example, 10um, 15kwatt, 100pc, 10mm etc:

4. The combination of units is written each with one space apart
For example, Torque = 55Nm

5. Double, triple etc prefixes are not allowed- For example, Suf
may be written as, 1pF: L

6- When a multiple of base unit is raised to a power: The power
applies to the whole multiple and not just the base unit: For
example,

IKm? = 1(Km)? = 1[10°m] =1 x10°m"

7.  Before substituting values in the formula to calculate the final
result, make sure that all the included physical quantities are
expressed in their 5! units: For example, if a car is covering &
distance of 2km in 2 minutes. then its speed can be calculated

in the following way:
Distdnce. travelled = § = 2km = 2 x 10°m
Time taken = t = 2min = 120se¢
[m, sec represents Sl units]
Speed of car v = 7
(e know that,

S=vt= \«"%
_2x10° _ . R000 _.5.66m i sec
120 120

.y =16-66m / sec[m/sec is also 51 unit of speed]

Q9: Discuss the conversion of units in detail-

Ans: We can convert the umt of one system into the unmit of another
system of the same physical quantity. For this purpose we should know
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about relations between various units, some of which are
TOmmn ‘em ] Imite = 1-609km
100cm = Im im= 3-28] &
000m = 7Tkm 7 pound force = 4-4p)
T inch = 2.54cm Igrm = 10 kg

] =5
< ch = 7 foot T vull see = 7103 sec
7 rmn = 60 sec

qiven below:

3 foot = 1 yard

1760 vards = T mile I hr = 3600 sec

IN = 0 2248b

Imiro sec = 106 sec

60 mir = 7 hr | Tfday = 24 hr
‘ I year = 3-5 x 107 sec 4

| red = 57 30

Example: Convert 2 minutes jn
==Yt < Mmifiutes in
Answer: (e know that,

imin = 80sec then
2min = ?

2% hr = 86400 sec

S—

To = 00:7‘1‘5 rad
L OIS rad
to seconds:

—

Now by cross mult; .
’ nultiplication,
(2x60) ! We get,

; = 720 ser

=3 =
= 2min = 120 ser

There

Gfe some man-%S

reicted umits for digsgm

y 7 !rt’r',‘:_-.mgtc.- rvo s in pour 7 d"gitﬁ‘

m, f "
--fc’f) " dicmeter Wi i e

ceus (REBCs)
har s between 70 and 100

s on da ok
ans i dameter TN Wumen

S

Jotes - 1 Yoy

Example: Convert 5 inch into centimeter
Answer: e know that,

T inch = 2:5%cm then

5 inch = 7
Now by cross multiplication, we get,
o |
(_§_:__;__5:_) =12:72¢m

-~ 5 inch = 12:70cm

@10 Define error- Discuss the various types of error?
| BISE DI Khan 2079
Ans- (a) Error:
The difference between measured value and actual value is known as
error:
Types of Errors:
There are three types of errors which are given below:
7- Personal Error:

The error due to carelessness or improper knowledge about an in-
strument or ncorrect reading of a scale by an experimenter s
known as personal error:

Elimination:

The smallest wvalue thar can he meatur

The personal error can be

by the measuring nstrurrtent s, called ts3

removed to some extent if | least count Al the readings or measured

values are good only up teo this value The
the experimenter take care | (... .oune ercar (5. the errsr a i
during the measurement CF | with the resoiution of the #inrurmie
& ror ample., a wernmer c(alpers
any gquantity and have pro =
5 4 prop least count of O-Olem, 2 iprerzm
er knowledge about the mea- | .. ... . jease coure -

suring instrument:
2 Systematic Error:
The error due to faulty ap-

Least count error belongs tg the categoy

of rindom errors but within 3 imited |

size; 1t occurs with botn systematic and
random errors: We can redute the lesst
paratus and poor calibration | tount error by using instruments with
-,‘;rcf resciution, mproving experymental
technigues etc:

as systematic error: The sys- |

of the instrument s known

tematic error also arises from zero error between scales as in ver-
nier calipers, screw gauge and spherometer-
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Elimination: N
The systematir error can ke removed by comparing the faulty n-

strument with some accurate end standard instrument: The differ-
ence of the two ¢an be added or subtracted to the measurement:
/ y r Act |

f the error is positive, then & will be subtracted from faulty in-
strument reading for correctness- If the error is negative, then it
;u‘r’}:e added to the faulty instrument reading for correctness:
. andom Error (or) Accidental Error (or) Statistical Error:

e error due to repeated measurement of same quantity u_f‘-der
sam ’ '
. e condition that results in different values of the same quantit
is known as random error- (OR) ’
The error whi

¢h occurs du 7 ]

= e to accidental changes in experimental

'ditions is known as random error
The random err,

or can arise d ]

ol s ue to the change in temperature, vol-

ge, humidity or other unknown ccuses-
Elimination:
The random

error can be remove ntaini ;
bsobin, < ohisindplragles. hd by maintaining strict controlled
Y Such error can be also red
educed by tak-

1ng several readings and then taoke their average value: ’

Q71: What is uncertainty in measurement? Write down its types:
Ans- Uncertainty: -

Definition: . .
efinition: Uncertainty is the error due to natural imperfection of
a perso! I
person, limitation of apparatus and abrupt changes in surround;
(OR) ng:
Tk i’ ;
e range of possible values within which the true value of ¢}
. I 1€
Mmeasurement lies is called uncertainty in measurement-
Explanation:
Uncertainty estimat
es how small or lar ]
qe 15 the error 5
ment- In general we havye, S

Exa :
mple: Let the lenjth of a sold rod is (10£0.1)em. In general
form we can write this measurement os

‘ﬂ‘kasu’ementﬂ of !i!jg_tfrif' chd rod = L « ;:

Here L = 10¢m represent the best estimated value of length and AL

_—
- ™ 1 13
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resuit

i
nty n the measurement: [ne

= Q-Tem represents the uncerta
th of the rod le

{}0 + O 1)em shows that the actual value of lenj
between 9:9¢em and 10:Tem:

Types of Uncertainty:

There are three types of uncertainty whic
I- Absolute Uncertainty:

It represents the maximum possible uncertainty
ment- It is approximately equal to the least count of
ment- It is represented by the symbol A" followed by
of quantity: For example let the length of a rod = (L * Al)em =
(70 £ O:1)em

Here AL = O-Tem represented the absolute uncertainty

surement- As AL = O-Tcm represent the magnitude of error which s
Thus the precision represent the absolute un-

h are qiven below.

in any (measure-
the instru-
the symbol

n a mea-

also called precision
certainty in a measurement:

2- Relative or Fractional Uncertainty:

The absolute uncertainty divided by the actual valie is called relative

or fractional unce-tainty: i-e

absolute uncertainty|
actual value l

1Reiatne uncertainty =
\

For example in the measurement (10 : 0-1)cm, the relative uncer-

tainty can be determined as,
O-Tem

10ecm

= lﬁe!ata’ve uncartmnty‘—'O‘O?]

Relative uncertainty has no umt because it Is the ratio between
two quantities having same units: The relative uncertainty gives us
the accuracy of the measurement: ive smaller the relative uncer-
greater will be the accuracy of the measurement and vice

Relative uncertainty =

tainty,
versa:

3 Percentage Uncertainty:
The relative uncertainty multiplied by 100 gives us the percentage

uncertainty: i'e
[Fercentage uncertainty = relative uncertainty X 102\
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aksolute uncertaint
OR ;’er:gr.‘t..‘}r uncertainty = - —yX."O

(]
’ sl
. = _. ; ue .____I
Wi2. Differentiate between precicic
surement -

n and accuracy in the mea-

e quality of a measure-
é measured value is closer to the
ts how the measured values of different
each other, even if they are far from

Ans Precision and accuracy tells us about th
ment: Accuracy reflects how much
actual value: Precision reflec
experumenters are close to
the actual value-

1 Precision:

Precision refers to how the measurements

about the same thing are close to each othe
need any standard value of a

of different persons
r- Precision does not
quantity for comparison-

Explanation:
Case-1: If we made the measureme

Example: Let the diameter of sphere measured by four

with the help of screw
2:79¢m:

Now out of these Mmeasurements,
more precise because these three re

persons
gauge are 2:12cm, 2-13¢m, 2-74¢m and

2:72¢m, 2:13¢em and 2:1%cm are

sults are close to each other:
Case-2: If we made the measurement with J;
then the Measurement of that 4
least count s smaller-

Example: Let we Measure the length of solid cylinder with three
different instruments- Let the results qre 3:2em, 3-25¢m and
3:253¢m: Now out of these readings, “3.253 cn™
-precise reading because

the other two results:
2: Accuracy:
Accuracy refers to how 4 Mmeasured value is closer o the actual val-
ue: That js the Mmeasurement will be more accurat
value is closer to the actual value ahd vice versa-
standard value of 4 quantity for comparison-

fferent apparatus,
Pparatus will be more precise whose

will be more

it has smallest least count as compare to

e if the measured
Accuracy needs a

[ Nauab Physics Notes — 1 vear > _ _Chp 1 Measurement —_
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Explanation: B, T
Accuracy s inversely proportional to the relative err

' t small-
will be the accuracy of a measurement (f the relative error is
Al .~
er and vice versa: o .
The accuracy also depends upon the number of significant dagr:s.gx
s,
en in a measurement i-e- greater the number of significant digit
greater will be the accuracy and vice versa:
Example 1:
¥ of
Case-1: Let the actual value of atmospheric pressure be 75-8cm
mercury: Suppose we determine the atmospheric pressure by usa;g
g
Boyle's law and get 74:5¢cm of mercury: Now in such a case .the. ]
solute error is 1-3cm of mercury- Now the relative error is give
b '
. absolute error ” 7-3
actual value 758
= ]Rea‘at:‘ve error = O-O?7|
lue of heat
Case-2: Let the actual va Jar A
0:39J79m-C° and experimental value is 0-38 J/gmf + Now the ab
: - ;’o
solute error in this case is 0-01 J/9m-C

Now the relative error is given by,
absolute error

Relative error=

specific of copper s

1 rror=
Relative e actual value

o7
— Relative error= § =0-026

30
= |Refativc error = 0-0261

. . : 2,
Conclusion: In case 1, the absolute error is greater, while in case

h " g !

X ; ,
the absolute error is less: But the relative error in case 1 is smalle
e

than case 2+ 50 in case 1, we get more accurate result than case 2

50 it is the relative error with the help of which we can judge the

accuracy of the result:
Example 2:

Let the length of a rod measured in different experiments are
5:2¢m, 5:25¢m, 5:253cm respectively: Now out of these readings

the reading 5-253cm is more accurate because this reading conta
more significant figures:

in
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Q13: Explain “rounding off numbers”?

e |
liﬁa_u?lb Physics Notes = 1" Year Chp-1: Measurement - Till

Ans: The quantities in a measurement are always rm

. off

certain level of accuracy: The following rules must be obseryey w;o
rounding off a number: : i
I If the dropping digit is less than 5, then the last retain

g1t is kept as it is: For example, 86373 is rounded ¢, 8ed -

63.7.
2+ If the dropping digit is greater than 5, then the last ;—eta. g
digit is increased by 1- For example, 9-66 is rounded to 9-;med
3 If the dropping digit is 5, and the last retained digjt s o0dd
then it will be increased by 1- For example, 76- ; '
oy ple, 35 s rounded

4.

. [f the dropping digit is “S" and the last reta

then it will remain unaffected- For example
to 66-4- ' '

-'.ncd df‘gn’t f'S ¢V¢n}
6645 is "'C‘undgd

Ql4: What do yo igNi|
; you mean by significant figures? Give the rules for

eterm:'m'nz significant ﬁgures-
ETEA 2006‘-2007,2008.2009,2012,2074
Ans- Significant - Figures[c #1232, 4);

The combination of accura

Eipfg_ﬂ_gi:_ig_g: are known as significant figures
Suppose we want
to meas
WtiE i ure the length of a rod with the help of

accurately known digits. gyt there is d90 these digits are known as
W¢ are in SUSPE.’.IS:

Such dr‘git is known
Thus

that which one
among 3, ; Ly

i o dobEr digies 9 2, 4 is accurate digit:

' 7 above example there

: : are four sign;

;:}Ch three are accurately known and Faur:;fmﬁcm.nt flgurec, out of

e Lor determining significant frayren - 20ULEMUI

s should b & 7 Inids

e kept j ; N
cant figures in q given datgq- PR id wihitt determining signifi-

& All nen-zero dia;
19its from 7 to 9 4
3 re
2 36:473m, there are five significans fi e T
The zeros between b

3

ample in y = 4:03m there are three significant figures:

The zeros to the right of a decimal symbol and to the left of
non-zero digits are not significant- For example, N
0:000084m, there are two significant figures, ire- & and 4:

4+ All zeros to the right of a decimal that appears after non-zero

digit are significant- For example, in x=3-5000, there are five
significant fiqures:

5. In case of scientific notation, the fiqures before the power of

ten are significant: For example, in m = 8-02 x 10°kg, there
are three significant figures i-e* 8, O and 2-

6+ Addition and Subtraction:

In case of addition and subtraction, the result obtained is retained

to the measurement which is least precise in the data For example,

let x, = 3-5em, x, = 8:735¢m and x, = 9:73c¢m represents the

lengths of three objects respectively: Let we calculate the total

length- For this purpose, we will add x,, x, and x;, so we have,
X=Xt X, *x,

= x=35m+8735¢cm+ 9:73cm

= x = 21-965¢cm

Now in given data, we see that 3-5¢m is least precise, so we round

off the final result [ire: x = 27-:965cm] to two significant figures
as,

n

x = 21-965em = 21-96cm = 22cm

= x=22cm R

7+ Multiplication and Division:

In case of multiplication and division, the final result is retained to
the measurement which contains the least number ¢ significant fig-
ures* For example, let x, = 3:6em and x, = 3:856¢cm represents the
lengths of two objects respectively- Let we multiply x, with x, to
get the final result, then we have,

X=xjxx‘,

3-6¢m x 3:856¢m = 13-8816cm*?
13:8816cm?

= X

= X

Now in given data, we see that 3:6cm contains the least number of
significant figures, i-e+ it contains only two significant figures, so the

two non- i
‘ on~zero digits gre significant Par ex-

r———
L]
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final result [i-e x = 13-8816¢m’]

cant figures as,
13-8816¢m* = 13.882cm? = 13-88¢m?

13:9¢m? = 1%em®

hChp-‘.'_- Me_ﬂ_;[lr?ment 1
‘ — ~ 13
is also rounded off ¢o two ¢ .
Sign;

fi-

X

=2 X
= x = l4cm?
& Rounding off Non-Significant Figures:
In case of rounding off non-significant figures,
should be followed:
7) If the dropping digit is less than 5, then it will be ;
nored- For example, 863-73 js rounded to 863-7. 1o s
2) If the dropping digit is greater than S then the last ;
digit is increased by 1+ For example, &-76 s rounded t“tmﬂed
3) If the dropping digit is 5 and the last retained digit ? -
then it will remains unaffected- For examp], Y e
rounded to 56-4. st

the Faﬂow:‘ng Fules

the following method-

s ‘—g-y& CQ—B.)L_Q'EEE_%GEG, Rule:

Uppose x, and x, ,
2 are two quantities g
nd w
Subtract them ¢, 9et the final resyl: X+ Y RS R edd\skinr g

And 4\'2 = 7q'6f0'?‘m
Let we add % and x,

AT XN A
= x=[196 4 07]+ (45 + 0.7
:!: x=[(14.6 + %5)]+ (01 + 0-1)cm

¢
0 get the fingl result x, then we have

> Product and Quotient giy,.

tits, v 3 '
1es are multiplied (a,.) divided by gack Rl

In this case, the quan

er, ]

ry while the Percentage uncertainty |, t
in

the sum of the Separate perc, ntag he final result s equal to
€ Uncertaingjes- For
example, we

~ Chp-1 Measurement - 19
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want to calculate the resistance of a conductor, then we

—f1

have,

v
V=IR :”R‘T*

Let V= (52 + 0NV
And 1 = (0-841 + 0-05)A
Now the percentage uncertainty for “V" js given by,

o1
— | X100 = 1.9% = 2%

While the percentage uncertainty for “I" s given by,
(005
dt=

Now the total uncertainty in “R" = 2% + 6%

= Total uncertainty in “R” = 8%

Now equation (7)

52
> R= {0_84?] + 8% =621+8%= R=(62:8%)Q————(2)
In terms of fractional uncertainty, equation (2) can be written as,

o [6-2 " (6-2 x-E—J]Q= (62 2 0:5)Q
100

N

Jxroo = 59% = 6%

=% [R=(62+050— N __(3)

3+ Power of a_Quantity: (ETEA 2012)
In case of power, the individual percentage uncertainty is multiplied
with the power in the final result- For example, let we want to

calculate the volume of a sphere by using the following formula, i-e-
=%nr3————-—-—--(7)
Let r = (2:25+0-01)cm
Now the percentage uncertainty in
[0'07 }x?00= 0-4%
2:25
Now total uncertainty in “r" of power “3"is given by,
0-4% x3 = 1-2%
Now equation (1)
= U= %.13‘74)((2-25)3 +1-2%

“r" is given by,

= |V = (47689 t 12%)em’| — (7
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In terms of fractional uncertainty, equation (2) becomes,
( .
V=|47689¢ 47689 x — |tm
& iahidad i

= U = (47-689+0-57)cm’
= V= (4769 206)m’

= |V = (477 2 06)em’]

4+ Uncertainty in Average Value:

In case of average, the following steps should be followed:
I+ First we find the average of individual values-

(3)

2 Then we find the deviation of each individual value from ay
vffa!ue et we subtre:t each individual value from mean !emg!
ignoring negative sign- value by

3

Then we find the average of deviated values-

us the uncertainty: For example, let x
and x; = 1-52¢m ’
(i) Now the average of these individual va
= X E Xt x _ 150 +151+152
3 3
= x=715/tm
i) No ati
(i) w deviation of X, = Ax

This average giyes
= 7-5£m, X, = ?516.’7}

lues is given by,

Ax, = Y
» = I'51 - 1-50 = ax, = 0.01¢m

Now deviat;,
1ation of X, = AX, = X~ X,

= Ak, =T-57-1-51 = 0 = Ax
Now deviation of X, =Ax .
=3

==

= Ocm
Ax 7-51 ol

Xy = 10li- 1352 = -0.01¢m = 0-01¢
=  Ax, = 0-0lcm s
(7ii) Now the average of de

viated values js given by

0:07 +0 + 001
-

= 0-0067¢m =
3 cm = 0007
Now the final res gy

Final result = X+ Ax = (7.

ﬁ . 57 *0:007),
= |Final result = (7-57.*0'007)1-’"? &

Q-q_}'—-f.‘i; &Jlﬂf(d"/_urf,) s (]
bl e

== Ax =

5 = Ax = 0-007¢m
ult is given by,

y

e

(RN - 2 117 8
SRR =<0
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Uncertainty in Timing Experiment:

Le-t “T" be the time period of a simple pendulum (or) any other
vibrating body, then “T" can be calculated as,

3 total time of vibrations
—{—totai no- of vibrations
Let a simple pendulum completes 30 vibrations in 546 sec
the least count of the stopwatch is O-Isec: Now here we have,

Total time of vibration=53%.0sec

+Fractional uncertainty | __(1)

Let

Total number of vibrations = 30

Fractional uncertainty = % = 0-003sec

Now equation (1)
T = k54-5 * 0-003] sec
30

> [T=(82 +0-003) sec|

Q16: (a) What is meant by dimensions of physical quantities? (b)
What are the applications and (¢) the limitations of dimensional
analysis?

Ans: (a) Dimension of Physical Quantity:

The powers [positive or negative] to which the fundamental units of

first system must be raised to give the unit of a physical quantity
[derived unit] are called dimensions f that quantity:

Explanation:
The dimension represents the nature of a physical quantity: It tells
related to the base units: It s

us that how a quantity is

represented by capital letters enclosed in a square brackets- For ex-

ample;

1:  Dimension of mass, length, time are respectively written as,
(mj. (L], [T]

2: The dimension of area= A =m’
= A = (length)® = lengthx length
= Area=LxL=[L2]
So the dimension of area = [L’]
meter
sec

3: Dimension of speed =




4

- Dimension of acceleration =

[ Nayab Physics Notes — 1" Year

I Chp-1: Measw@

dimension of length _ (L]

(7]

= (W
dimension of time

= V)= LT ']

meter

SCC‘;

["I: dimension of length _ [L]
[dimension of tsme]: -[‘.F?] 1 [a]-'-'[{,‘,"'?]

Im T ' fisions
. P ";z"”;‘ of Dimensions (OR) Applications of Dimensions o
e dimensions are used for checking the correctness il
n

g Homles ing the correctness of an equ-

2-  The dimensi
ions are used for derivi 4

physical quantity- riving certain formula for g

3:  The dimension are

7

2-

3-

used
e ed to check the homogeneity of a physical eq-

g C S ;
timitations of Dimensional Analysis:

Using this met}
od, w
oA e cannot find the value of dimensionless

We caﬁnot apply this method t
and trigonometric function-

/
¢ tells us only that whether a
torrect or not- It cannot tell

correct or not- For example

0 equations involving exponential

physffa’ fﬂ!ﬂt;of? s dﬂ??ﬁ-‘?f.f‘of?ﬂ”y
er the da f.o ]
Whetl h f' t- n J'S‘ abf@fﬂtﬂ-‘y
rect but the dbsﬂ! 7] 5= : Sl t‘:
ute correct fﬂfdtbﬂ is v a
' .t >

i . ,
Quantit
Length |_Symbol _
Mass (L]
ﬂmc, durdtfan _—_-__-—‘ML

Electric current

p :
ﬁkermad famic_temperature
Mmount of substance

{-Lnuﬂ;él:.-f'& (frq_g.?__f,

.lt? "du.:tzx ( ¥ ,?}

—
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e Important Derived Dimension

Quantity Dimension Quantity Dimension
Velocity [LT'] Area (L]
Acceleration (LTl Volume [«’-—"Z

| — 3
Force =(MLT?] Pressure mL'T
Epree:
Work or energy =[ML2T?] Period [T]
> =] r
Power [(MLET'] Frequency (T]

Q17: Explain the

following terms

with examples:

a- Dimensional variables

b- Dimensional constants

¢+ Dimensionless variables

d- Dimensionless constants

Ans: (a) Dimensional Variables:

Those physical quantities which have dimensions but variable magni-
tude are known as dimensionally variable quantities: For example,
momentum, force, acceleration, torque, energs, speed etc:

(b) Dimensional Constants:
The physical quantities which have dimensions and having constant
magnitude are known as dimensional constant- For example, planks

constant, gravitational constant, speed of light in vacuum, ideal gas

constant “R" etc:

(c) Dimensionless Variables:

Those physical quantities which have n
ble magnitude are known as dimensionless quantities:
coefficient of friction, linear magnification, strdin, solid angle, plane

angle etc:

(2) Dimensionless_Constants:
Those quantities which have no dimensions and are constants are

known as dimensionless constants: For example, pure numbers i€

o dimensions and having varia-
For example,

1,2,3,....and = %getc'
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) Solution of Examples & Assignment;\

EXAMPLE 1-1:

Two connected gears are rotating- The smaller gear has a radius of
O-4m and the larger gear's radius is O-7m- What is the angle
through which the larger gear has rotated when the smaller gear
has made one complete rotation?

Solution:

Given data: Larger gear's radius = “r"=07m
Smaller gear's radius re” O+4m
Required: Angle of rotation for larger gear = “0," = 7
Calculation: The smaller gear complete one revolution, so we have,
O = 2n radian .
The length of the arc traveled is given by,
S=rM = § = 8. 1)

Putting the values in equation (1), we get,
5=0%mx2r =5 = 0-8xm

Now for larger gear, we have,

5=r0, =0, = é___._(z)

r

L
Putting the values of “S$” and “r." in equation (2), we get,

& e 0-8 pm
| = =0 = 7743 n radian
Q-7m

= 0, = 1143 x 3-14 radian —
EXTENSION EXERCISE

What is the angle in degrees through which the larger gear has ro-
tated?

Solution:
Given data: 0, = 3-6 radian
Required: 6, in degree = ?

Calculation: We know that

2n radian = 360°

36 radian =7

By cross multiplication, we get

|_l‘|r_‘-3;C_.t_)_PP'l_uStﬁS Notes - 1" Year Ehb- |

3:6rad x360° 36 :360° 1296

2nrad 2x374 628

- .E_'.__? 206-4°|

ASSIGNMENT 1:1:

A pulley of radius 0-9m is used to lift a bucket from the well If
it took 3:6 rotations for the pulley to take water out of the
well, how deep is water in the well? (Answer = 20m)

Solution:

Given data: Radius of pulley = r = 0-9m

Number of rotation = n = 3'6

Required: Depth of water = 5 = 7

Caleulation: As we get water from the well after
3:6 rotation [revolution] so the length of arc tra-
veled will give in the depth of water- S0 we have,

S=r0 (T)
We know that,
1 rotation [revolution] = 2% rad, then 3:6 ro- =
t Bucket I=

tation = 3-6 x 2n radian
= 0=3-6 x 21 rad
Now putting the values of “r" and “0" in equation (7). we get,
$=09mx36x2n I
— §=(09x36x2x3714)m= 20-3mor [5 = 20m|
rDepth of water = 5 = 20m|
|
If d,+Ad, =(101.41+0.05)mm represents the internal diameter of
the metal pipe and d,*0d,=702:79mm :0.05mm represents the ex-
ternal diameter of the metal pipe, then find the thickness of the
metal part of the pipe including uncertainty in it:

Solution:

Given data:
Internal diameter = d, + Ad, = (10141 £ 0-05)mm
External diameter = d, + Ad, = (102:79 £ 0-05)mm

Rgggi_r_gg_f: Thickness of pipe. = “t" = 7
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Calculation: We have, d, = 101-41mm
Uncertainty in internal diameter = Ad, = 0-05mm
d, = 102:79mm

Uncertainty in external diameter = Ad, = 0:05mm
Now net diameter js given by,
d=(d,-d ) +(ad, +Ad,)
Putting the values in equation (7), we get
d = (102:79 - 101-41)mm + (0:05 + 0:05)mm
= d =138mm +0-1mm

Now the thickness of the pipe is given by,
. = d _1-38mm ¢ 0-Tmm
= i OO

)

< 2
1-38mm  O-Tmm
= L= +
2 2

= |t =069mm+0-05mm

— N T
Chp-1: Measurement - 2?“ - Nayab Physics Notes — 1" Year

A phys;h‘s’t calculated the wall width
is laid in a flat position,

¢m + O'7 em- And one brick thickness (the brick is placed in flat po-
sition, lengthwise orthogonal to wall, called header position), as 23-6
¢m + O-lem- Calculate the difference in width of walls with uncer
tainty in jt?

of half brick thickness (the brick
lengthwise called stretcher position), as 13-6

Solution:

Given data: Width of I'* brick = w, = 13:6cm + O-Temn
Width of 2™ brick = w, = 23-6cm + O-Tcm
Required: Difference in widh = w=?
Caleulation: We know that
W=w,-w = (23-6em - 13:6¢cm)
= [w = 10em £0-2cm |

#(0-Tem + 0+7em)

The length and width of 4 recta
[=((£Al)=(4.050 +

Caltulate the area A =

ngular room are measured to be
0-005m)and [WiﬁW)=(2-995 +0-005)m,
(A+ AA) of the room and its uncertainty-

Solution:
Given data: Length =L=(4-050+0-005)m

Chp-1: Measurement - 27 |

width =w=(2-995+0-005)m
Required: Area = “A" = (A + AR) = ?
Z;!cdfqtiqn: Area of room is given by,

% o Se——
Area of room = A + A _ | e
rst we calculate the percentage uncertainty in length and wid
4 AL = 2005 x100% = AL = 0:12%
For length, we have ST

0-005
2:995 -
=0 A7 7%

Now uncertainty in area = AA = AL + Aw = 0:12% + 017

= 0:29% .
I:\; . ttc:ng A =L xwand AA = 0-29% in equation (1), we get,

ow pu
= 0-29%
Area of room = L x w t %

— Area of room = (4-050 x 2:995)m* + 0-29%
= [?ma of room = 12:13m” ¢ 0-2% S
In terms of fractional uncertainty, the answer can be wri '

1029 ;]
. 2 712-13m
12-13m rL o

For length, we have Aw =

x100% = Aw = 0-17%

n

Area of room

2 470, 2
= lﬁrca of room = 12-13m* ¢ OO35mJ

ASSIGNMENT 1:3:

" nt
Th ltage “V(VAV)" is measured as 7:3V + 01V aind curr:fR"
"I(T'* ;T] i 9;'5 measured as 2:73A + 0-5A- Calculate the resistance

; el
by using Ohm’s law as o

Solution: ‘
Given data: Voltage = V = 7-:3V + 01V
Current = 1 = 273A + 0:05A

= 7
Required: Resistance = R+ AR =

L
We know that, V = IR= ;

Vv
= — + AR
S0 resistance = R + AR ; *

v 7
= Resistance = T AR (1)

Fir aq ] Y | rrent-
[ E; calculate the perccnt e uncertainty in vo!tage and curre
Irst we )

o1 D V= 1-37%
= ———x.’OO/a' = A
AV = ==
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e
0-05

And N\ = —= x100% - Al = 1'-83%
nd A 2_731

Now uncertainty in resistance is given by,
AR =\ + A\ =7137% +1-83%

="AR = 3-.2%

Now putting the values in equation (1), we get,
Resistance =

t32%=2-70hms+32%
2:73
= [R_cs:'stance = 2.7 ohm ¢ 3-2%)|

In terms of fractional uncertainty, the answer can be written as,

; x2-7 ohm
= [Resistance = 2.7 ohm ¢+ 0-086 ohm|

Resistance = 2:7 ohm ¢ )

OR |Resistance = 2-7 ohm + 0-09 ohm]

A ball drops from rest &rom an unknown height “h".

it takes for the ball to hit the ground is measured to be (t $At)

=1qs + 0:25: The height is related to this time by the
7

h=_

2qc"’ (where g = 9-81m/2). Assume that

carries no uncertainty and calculate the height “h” including its un-
certainty-

The time “t»

equation
the value for “g"

Solution: Given data: Time ¢(¢ + At) =735 2025
Acceleration due to gravity “g" = 9.81m/<
Rﬁqyf_r__e_{:(.' Height “h" = (h+Aah) = 7

Calculation: Height = p + )
Here 4= lgt’
2

(7)

> o (2

First we calculate the percentage uncertainty in time, j-e-
At = %;700% = At = ]5:4%

As the power of “t” js “2", so according to rules, we multiply the

value of “At” by “2" which gives the total uncertainty in height, so
Ah = 15-4% x2 = Ah = 30-8%

Now putting the actusl values in equation (2), we get,

h = éxS‘»a’fz(?-.?)‘“ = 83m

|,_..-—— ent =29 I
f\_ﬂ.:l_l..at; PE‘JSI_CS r;\'_?:fS -vf‘"_‘l'“;r -
e . wpn "f n‘h-- in (.?H?t'{'" ('!)' we -?(f,
Putting the values of h" and “A
(Height = 8-3 ¢ 30-8%)
s 60 Enctata

y ” e written as,
In terms of fractional uncertainty, the answer ca b
n

308 .
Height = 83m ¢ 700 “5‘3”’;

— Hglgﬁt = 8'3mf 2'6-’”!

; +
Th dius of sphere “e" e measured with vernier calipers as (r
radr I
A ; = 2:25¢m + 0-0lcm- Calculate the volume of sphere
oy == +

Solution: .
@:’vzn, data: Radius =r ¢+ Ar = 2:25¢m ¢ 0-Olem

ired: here =V AV =7
Required: Volume of spher A4

Calculation: Volume of sphere =V ¢ AV
The volume of sphere is given by,
V= i;-nr’ _—(2)

FHSt we a!cujatﬂ t".l'ﬁ re ”tag un -'tafl?ty n fad.lus for Wllffh we
[ pe e € ce "

o0-01

- x100% = &r = 0-44%
have, Ar 525

' les
“p" js “3", so according to rules,
i ] 2), the power of “r" is . .
pe e!il‘mltw:he( v)afue of “Ar” by “3" which gives the total uncer
we multiply
tainty in volume: 50 ,
AV = 3x0-44% = AV = 1-32% i
l i " . Ll a JO” L
Now putting the actual values of “r"” and “n" in equ
get, 3
v =2 X314 x(2:25)7 em® = 47-7em
3

v 1 " e ¢t|
‘ ﬂ9 the Va!ug OF‘ “U > aﬂd ‘A V n eq at on ( ) 9
u‘tt: 5 : u I i w
EVOJU?"C OI‘ Sphe! e =7 ; ; - 2 1 32/91

l [ tten as,
Now f‘” terms o “&‘ftfﬂl?al uncer ta”]ty, the answer can b writ

(32 3 )
Zem? x 47-7em }
Volume of sphere = 47-7cm 2 l\ 100

= 47:7em’ + 0-63cm’
= Wume of sphere = 47-7cm” ¢ 1
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EXAMPLE 1-5; -

Calculate the answers to the appropriate number of significant Fas
ures:(a) 0-35 - 0-1 4
(b) 32:567 + 135-0 + 1-4567

(¢) 420-03 + 299:270 + 99:068 (d) 14 x &

(¢) (2400) (3-45) (16:21) 32:09 +7-2 - 17035

(0 18.8 Ry
Solution:
(a) 035 - 07
= 0-35 - 017 =025
Now in given data, we see that “O-1" consist of one significant £,-
ures, which 15 the least significant fiqure, so we wil| round off ;Ze

final result to one significant figures: So we get,
0-35-01=0:25=0-2

-

(b) 32567 + 1350 + 1-4567

= J32:567 + 1350 + 1-4567 = 169-0237

{f:;;o:essuwiia: in the given d'ata, 1350 represents three significant

; is the least significant figures, so we will round

the ranswer to three significant figures: 50 we get e
[32:567 +135-0 + 1-4567 = 769-0) e

(¢) 420-03 + 299-270 + 99.068

A:; 42003 + 299-270 + 99:068 = 818-368

ow ' i

- ﬁvl:eﬁ::ﬁ::;att ;-n the 9:@ date, we see that, 420-03 consists

o e rgures'wh.rcb represents the least number of siq-

‘gure: 50 we will round off our answer to five s;‘gm'ﬁca:z?

figures: S0 we get,
420-03 + 299-270 + 99-068
h’ = 81837
(d) 4 x &

= T4 '8 =110

NOW we n th 1 Ly =971 '
/ e given data, “g represents the least number of sig-

nificant figure j-e- ugn
represents ope g nifs,
1cant 3
round off our answer to ope significaii. / 9 figure: S0 we
7148 = 100 qure: S0 we get,

(¢) (2400) (3-45) (16.21)
= 2400 x395x16-21=734218.5

Chn-1: Measurement - -41_1

4

"Nauab Phusics Notes = 1" Year
Now in the given data, 2400 contain two significant digits which

represent the least significant figures, so the answer will be round

off to two significant digits: S0 we get,

[2400 x 3-45 x16-21 = 130000

0 3009 +1:2-17035 _ 16255 _ ;, 651959596
19-8 19-8
75‘225 = 0-820959596

=
Now In above division 16:255 contain five significant figures, while
19-8 contain three significant figures, so we will round off our an-

swer to three significant figures: 50 we get,

16-255 _ o-&zr]
19-8

Calculate the answers to the appropriate number of significant fig-

ures:(a) 0-31 + O-1
(b) 6580 + 23-5478 + 1345-29
(d) 0-9935 x 10-48 x 13-4

(¢c) 8x7
73:2+1872x6'1

(e) 55 7/ 1 () 3.4

Solution:

(a) 0-31+ 01

= 0:31+07 =04
We see that in the given data we see that,
ures which represent the least number of significant

“O-1" consist of one

significant fig _
figures, so we round off our answer to one significant figure, 50 we

get,

[0-31+ 01 = 0-4
(b) 658 + 235478 +1345:29

— 658 + 23-5478 + 134529 = 20268378
Now in the given data we see that, 658-0 consist of three signifi-

which represent the least number of significant figures,

cant figures
so we round off our answer to three significant figures: 50 we get,

[658 + 23-5478 +1345:29 = 2030

()8 x 7
= &x7 =56
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Now we see that the given data contain one significant figure o, 3 Fs{ﬂ'T’L'T':} (1)
we round off our answer<to one significant figure: 50 we get, Now taking R-H-5, we get,
[6+7-60] - [m’ML'r"T [m'u‘r"‘}
(d) 0-9935 x70-48 x73-4 N . - G
= 0-9935 x10-48 x13-4=7139-519792 r [L}
Now in given data we see that, 13-4 consist of three significant & m:’ p [m,u-,.gr.;:i
figures which represents the least number of significant figures, so ¥
we round off our answer to three significant figures: So we get, - m: N [MFLOT‘J] (2)
v r ]
[0-9935 x70-48 x13-4 =139 Comparing equation (1) and equation (2), we get,
5:5 55 _ : mv?
(e) B | B 2 ! Dimension of force = Dimension of 2
0 732+ 71872 x6°1 = .
3-4 Thus the relation “F=——" is not correct dimensionally-
73-2 + (18:72x6'1) _ 73:2 + 174192 _ 187-392 e " P
3.4 3.4 T T 34 =Y Taking L-H-S, we get,
187-392 _ 55.7 Part (b)F - ing
So = 5511529472 F=[auT] (3)
in [67:392) ug.yn ing R*H'*5, we get,
Now in | 5a b 34" represent the least number of significant v cakmg[ r][Mr__,]z ! [m'][L’T”]
2 Im
figures, so we round off our answer to two significant figures- So o . e = L']
we get, i [L.] {
| 2 ;
-?87»3’92 - 55 <& mv” [m:La—rT-'z] = [M'L"T 2]
34 -
T S e [m':,"r'z] (4)
r
Using the dimension analysis to find the correct relation: Comparing equation (3) and equation ( :-‘). we get,
mv 2
(a) F = P or (b) F = o Dimension of force = Dimension of m:
r
Solution: Given data: Dimens; 2
Bl e s1ons of force “F* = [ ' T2 ion “FaY_» s di jonally correct:
Dimensions of mass “m» = ("] Nl Tigus Che’reiation “F r is dimpagiondly
Dimensions of velocity “v* = (' EXAMPLE 1: 7
Dimens:ons of radius “r" = [L’J Ehioe thiat the equations (a) V;=v,+at(b) 5+v,.t+3at’ are dimen-
5.‘3 U{f_‘_ﬂ_d-' Correct relation for force “F" = = )
Caleulation: sionally correct
mv Solution:(a) v, =v, +at (1)
e re Taking L-H-5, we get,
; ]
Taking L-H-S, we get, i‘. v, = ‘:..—, = [L’T"] v, = [L,T.,] (2)
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]
Now taking R-H'5, we get,

L’ Lf il L’ Lf ._/-w
V+at = .1:?+T—-T’ = F‘*F
= vvat=[UTT+UTT ]2 [2UT |2V +at = 2[UTT] __ (3,
Comparing equation (2) and equation (3), we get,
| Dimansion of "v," = Dimension of (v, + at)|

- “Thus the equation, "¥; ™ v, * @t " is dimansionally correct:
Part (b) 5= vpi*%at’_(‘!‘)

Taking L-H-S, we get,
S = Length = [L'J: 5 - [L']
Now taking R-H-5, we get,
i 4 g - U  +U ;
vet—at? = | T el 2| gLl |2l _|3L 3
2 L* 27 ] {“2 [ z | %z 3]
3r,
> v_t+3at‘?=3[LJ (6)
Comparing egquation (S) and (6), we get,

(5)

Dimension of "$" = Dimension of (vt + 1, at?)
2

Thus the equation, “S = vt + %at’ "

is dimensionally correct-

When a solid sphere
motion with a force
cient of viscosity 7
the radius r of the

moves through a liquid, the liquid opposes the
F; T?w m‘agnitudc of F depends on the coeffi-
(having dimensions N=M'L'T')) of the liquid

sphere and the speed v of the sphere: Assum-

Given Data:

Dimensions of coefficient of viscosit

Dimensions of radiys “r» - [ty

Dimensions of velocity “y".= [i’ ™

Dimensions of force “fF = mrry
- Beguired:

Possible formula for drag force “F» = »

— A

y “n[meiT]

|
e e Chp-1 Measurement - @
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Solution: ; "
Let the drag force depends upon coefficient of viscosity Tl

wrm and velocity “v" by the following equation:
F, xn'r'v’ or F, = kn'r'v’ (1)
Where k is constant of proportionality: Now putting appropriate

radius

dimensions : I
[MrLrT ;'] = [MIL"T"]. {u]’ [LJT ' J" - [M'-L"-T"L”U‘T" ,'
(] (LT (7 = [T [ [T |

Comparing the powers of similar physical quantities on both sides,

we get,

TEGRICREN
-a-¢= -2 -a+btc=1
Asa=1 50 [As a=1Tand ¢ =
-Prenf o<1+ E+T=]1
-¢c= =2 + b=1

]l

€ =%
Putting the values of a, b, ¢ in equation (1), we get,
Fp = kn'rlv _____ (2)
Here k=6m, so equation (2) becomes
Fp = 6mrv (3)
Equation (3) represents the formula for drag force:
Find an expression for the time period “T" of a simple pendulum-
The time period “T" may depend upon (i) mass “m"” of the bob
of the pendulum, (ii) length “I" of pendulum, (iii) acceleration due
to gravity “g" at the place where the pendulum is suspended-
Solution:
Consider a simple pendulum as shown in the figure: Let “T" be the
time period of simple pendulum which possibly depends upon the fol-
lowing factors:
1+ “T" is directly proportional to the length “I" of the pendulum

ire*
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Tal o W where a = constant] —

2- “T” is directly proportional to acceleration due
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} Exercise \

Choose the best possible answer:
7- What is the radian measure between the arm of watch at

to gravity “9" ie’
Txg _____(2)[where b = constant]

3. “T js directly proportional to the mass “m"”
of the bob, i"e

Tam (3) [where ¢ = constant] 5:00 pm? ;
Combining relations (1), (2) and (3), we get, a- 1 radian b- 2 radian < ¢ 3 radian d- 4 radian
T x l'g'm' Sol: At 5:00 pm, the minute arm will be at “12" and hour arm
= T=kigm (%) [where k = constant] will beat “5” as shown in the figure: There is a 9ap of 5 hour
Now put the dimensions of |, g and m in equation (4), we get and each hour space is 30° Thus there will be an angle of 150°
4 LT ! between the two arms of the watch:
[7'] = «[T [;s] (] Now 780° = = radian e
= [T )= k[L] L] [T*](m] Then 1500 = 22— ’“";‘;’; 20 10 2
= [meer )=y [T G 9 3
Cam[ ' Jh [ J [ ] [’”] R & ) | = 150" = gty ?‘;8.;?50 radian R 4
paring the powers of M, ;
we get, PR M, L T on both sides of equation (5), —150° = 2-6 radian 76 :
ForM, c=0 (6) =150° = 3 radian
il - @ PH. -
For T, -2b=1 = b = ..:;.. (8) J/ a- 0-01745 radian b T radian
Putting equation (8) in equation (7), we get | Sol ;63:'74 ;ad:‘and_ o A
o W e # Sol: = 2n radian
P a 2 0:3 a= E _____(9) ?9 = ?
utting the values : ) : : °
T = L N apah, cin equation (4), we get, ' =7 = M{— :[7' = 0-01745 md:‘an]
= ke2.g2.m0 [m°=r] . 360
i ¢ 3 " 3+  The metric prefix for 0-:0000017 is:
- ' k[;J 7 a- hector v b+ micro ¢ deka d- nano
= T =f i ' 4-  Which of the following is the correct way of writing units?
(10) :
% . g a- 7T Newton  b* 12mps ¢ kg 7 d- 43kgm™
equa ion (}'0) “k” e '
80728 jige k= 2y s; :Z"‘:fﬂt and its experimental value is equal 5. A student measures a distance several times: The readings lie
T £ RO} = between 49-8cm and 50-2¢em+ This measurement is best rec-
= 2“\/;\ (1) orded as:
a- 49:8+0-2cm b 498 £ O%4cm

J¢ 500+ 0:2em - d 500 £ 0-%cm

S
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6 The percent uncertainty in the measurement of 3:763+0:25m js:
a 4% v b 6-6% ¢ 25% d- 376%
Sol: 3-76 + 0:25m

Percentage uncertainty = %xzooz = 6-6% e

7-  The temperature of two bodies measured by a thermometer
are t, = 20°C + 0-5°C and t, = 50°C + 0-5°C- The temperature
difference and the error therein is:

a- 30°C +0-0°C b+ 30°C + 0-5°¢
v 30°C r7°C d- 30°C + 71-5°C
Sol: t, -t = 50°C - 20°C + (05 + 0-5)°C = 30°C # I°C

& (50mz 40%)x(3:0s+3-3%) =

a- 15-Oms ¢ 13-2% b 15-0ms +7-3%

¢ 15-0ms +0-7% d: 15:0ms ¢+ 15-3%
Sol: (5-0m ¢ 40%) x(3:0s + 3-3%)

=S5x3ms ¢ (4% + 3-3%) = I5ms ¢ 7-3%
9 (20m ¢+ 2:0%) =

a 8-0m’ ¢+ 1-0% b &8-0m® + 2-0%

¢ &0m’+5.0% vd- 80m’ +6.0%
Sol: (2:0¢2-:0%)° = (2:0m)’ + (3x2%) = 8-0m® ¢ 6-0%
10: The number of significant  figures in

0-:00708600 ¢m are:

ar 3 b- 4 Je 6 d- 9

Mmeasurement of

17 How many significant figures does 1-362 + 25-2 have?
a- 2 Vb 3 ¢ 5 d- &

72: Compute the result to correct number
1-513m + 27:3m =
a- 29m b 288m ¢ 28-81m
Sol: 1-513m + 27-3m = 28-873m

In given data “27-3m" represents the least number of signifi-
cant figure, so we round off the answer
figures, so 28-813m = 28.8m

13- If 7°635 and 4-87 are

of significant digits

d- 28-813m

to three significant

two significant numbers: Their multipli-

-
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cation in significant digits is:

a- 36:72435 b 36:724 ¢ 36-72 vsd 367

Sol: 7:635 x 4-81 = 36-72435

Here "4:81" is the least number of significant figures, so we
round off the answer to three significant figures, so 36-72435
= 367+

74- The precision of the measurement 385,000km is:

a- 10km b- 100km ¢ 1000km d- 1000000km
15- [MPL° T°] are dimension of:
a+ strain b+ refractive index

¢- magnification v d- all of these
16 The dimensions of torgue are:

a- [MLT] b- [(MPLPT]

e [MLPT?] d- [ML*T?]

) Conceptual Questions \

Give short response to the following questions:
QI: For an answer to be complete, the units need to be specified-

Why?
Ans- For an answer to be complete, the units must be specified-

Reason_and Explanation: N\
Physics deals with physical quantities: Physical quantities are those
quantities which can be measured- For measurement we need prope‘r
number and proper unit: Without proper number and proper unit
we cannot measure any physical quantity:

Example: Let suppose we want to buy Skg sugar from a shopkeé'
per: If we tell to a shopkeeper to give us 5kg sugar he would easily

understand to measure Skg sugar for us- This is the main reason

that we discuss an appropriate unit “kilogram™:
Instead of it if we ignore the unit “kilogram”, and tell the shopkeeper

to give us 5 sugar then in this case the shopkeeper would not be able
to understand our point- He must tell to us about the unit- He
would tell us that in which unit you need the sugar i-e: in kilogram,

milligram or gram:
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Conclusion: From the above discussion it is clear that for complete

]

explanation of any physical quantity, we need proper unit-

Q2: What are the advantages of using international System'_;

units (51)?

Chp-1: Measurement - 40
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Ans Advantages of using international system of unit (5)):
7 i)

The international system of units are used thraughoué the
world-

2.- It has only one unit for each quantity: This means that jt 4

never necessary to convert from one unit to another within

the system: For example, the one and only 5/

unit of len ;
meter “ ength is

m": Numerical prefixes may be attached, but they do
not form a separate unit-

51 units are coherently derived as the simple algebraic quotients
or product of a few independent base units, using the same
equation as the quantity being measure- There is no numerical
definitions for students to memorize- For example, power can
defined as “rate of doing work”:Its units is “wate”
equal to “joule per second”-
Sl uses decimals exclusively,
mixed numbers-

The prefixes used in S/ are short, convenient and unambiguous
and can be pronounce easily- For example, kilo stands for 1000
mega stands for 1000000 etc- '
51 unit are limited in number and one can learn and memorize
them easily in short time-

eliminating clumsy fractions and

Using 51 units, we can express physical quantities in ls;‘mp!e
way- For example, 500 watts (500w) is much simpler than

non-5| expressions of power such as 7700 British thermal units
per hour (1700 Btu/hr)-

and is.

“r as shown in the figure: When the particle moves from “A” to “B”,

“ "

it make angle “o

with the centre which is known as angular displace-

ment- While the curved segment between “A" and “B" represent the

arc “S"+ The relation between “S”, “o " and

“r" is given by,
s=r=0= —5-—.__(1 )
-

Now when the particle complete one rota-
tion, then we put “S5” equal circumference of

the circle i-e-

5=2nr (2)

Putting equation (2) in equation (1), we get,

0= (ﬂ] radian

r

~ [z 2rradion

]

.._. Arc =S
/) A

Steradian

@_.

Thus there are 2n radians account for circumference of a circle-
Part {b] There are 4n steradians account for surface area of a

sphere-
Explanation:

Steradian is the unit of solid angle in a three dimensional space: It

is defined as “the solid angle sub-
tended at the centre of a sphere by
an area of its surface equal to the
square of the radius of that
sphere-” We can obtain a solid angle
by dividing the area of the sphere
with square of its radius i-e:
Area of sphere
(radius)?

Gnr?

r;’

n

1 steradian

= 1 steradian

For Your Infarmation:

B_|

crgthof arc = v
I radian
A

A radian “cuts out” a length of a
circle's circumference equal to the
radius.

Q3: (a) How many radians account for circumference of a circle?
_(b) How many steradians account for circumference of a sphere?
Ans- Part (a) There are 2 radians account for

circumference of a circle:

Consider a particl, PR g )
P e of mass “m" js moving along a circular path of radius

= ‘? steradiab = ‘;‘nl

Conclusion: Any closed surface sub-
tends a solid angle of “4n"” at any
of its interior point:

A
1 Sttr&dl@ :ca

sphere equal to (radius)’.

A steradian “cut out” an area of a
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Conclusion: The answer
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Q%: What is least count error? How can least count error be re-
duced?

Ans: (a) Least Count and Least Count Error:

The smallest value that can be measured by the measuring instru-
ment s called its least count- While the least count error js the

—

error associated with the resolution of the instrument-

(b) How to reduce Least Count Error?

7~ We can reduce least count error by using instrument of highle
precision The least count of an instrument s inversely propor-
tional to the precision of the instrument i-e- smaller the least
count of the instrument, more precise will be the
ment and vice versa-

Measure-

2 We should improve our experimental techniques for reducing the
error-
3+ We should take several reading and then calculate their mean

value: The mea. value reduce the error and is nearest to the
actual value-

Chp-1: Measurement - 4ﬁ

@5: Why including more digits in answers, does not make it more
accurate?

Ans: Including more digits
more preciser But

in an answer makes the answer to be

because the accuracy is independent of the precision: The answer will
be more accurate if the measured value is nearest to the actual val-
ue and vice versa- ‘
Example: Let Anmol and Nayab want to measure the length of a
rod, whose actual length is 15-5¢m- Let the measured value of
Nayab is 15-4cm and the measured value of Anmol is 15-26¢m-
Case -1: The difference between actual value and measured value of
Nayab is given by, difference = 15-5¢m - 15-%cm = 0-7ecm
Case -2: The difference between actual and measured value of An-
mol is given by,

Difference = 15:5¢m - 75-26¢m = O-24c¢m

of Nayab consists of less digits and we get

very less difference between measured value and actual value- So we

it cannot make the answer more accurate: [t s

T—
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more accurate result- consists of

digits

While the answer of Anmaol

and we get comparatively large difference between

measured value and actual value- So the answer of Anmol s less ac-

curate as compare to the

result of Nayab: Thus including more di-

gits in_answer does not make it more accurate:

Q6: What determines the precisions of a measurement?

Ans-The precisions of a measurement can be determine by the in-
strument used for that measurement:

Reason and Explanation:

The precision of a measurement depends upon the least count of the
measuring instrument- That is the measurement will be more precise if
the least count of the instrument js smaller and vice versa:

Example: Let Abdul Basit want to measure the length of a table
with the help of two different types of meter rods: That is one
meter rod having division in millimeter, and the other having division
in centimeters-

Now the least count of 1" meter rod will be Tmm while that of 27
meter rod will be Tcm- Let the length of the table measured with
two meter rods are 170-4cm and 170cm respectively-

Now out of these readings 170-4cm is more precise because this
taken with meter rod having

reading was
minimum least count i-e: Tmm:

Conclusion: From the above discussion it is
clear that the precision of measurement de-
pends upon the least count of the measuring |=. ;
instrument- )

Q7: If two quantities have different dimensions, is it possible to
. multiply and / or divide? Can we add and / or subtract them?
Ans-We can multiply or divide two quantities having different di-
mensions: But we cannot add or subtract two quantities having dif
ferent dimensions:

Example: Let “A" and “B” represent two quantities having differ-

ent dimensions:
Lok A [m'f‘r"]__(r) and B = [L’]

(2)




B
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Case -1: Multiplication of “A" and "B”:
Multiplying equation (1) and equation (2), we get,
3 7y 2 M la.e = 1) 32
A8 = [MET?][U]= A8 = [MLT?]
Case -2: Division of “"A" and "“B":
Dividing equation (7) by equation (2), we get,

ﬁ -{MJL‘:T-:]- Py 2-teg-2
E—T—[ML T]
A 1y lame2

- [§-[mer]

Case -3: Addition of “A" and “B":

As we see that quantity “A" and quantity “B" have different dj-
mension- S0 we cannot add “A" with “8" or “B" with “A"-

Case -4: Subtraction of "A” and “B”:

Since “A"” and “B", both having different dimensions, so we cannot
subtract “A" from “E" or “B” from “A"-

I Nayab Physics Notes - 1" Year
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Q8: The human pulse and the swing of a pendulum are possible
time units: Why are they not often used?

Ans'We cannot use the human pulse and the swing of pendulum as
standard units of time- The reasons are given below:

(a) Reasons for Human Pulse:
f.

Sudden changes may occurs in human pulse rate, due to varia-
tion in heart beats-

The shortness of breath effect human pulse rate-

Chest pain can effect human pulse rate-

The presence of cholesterol can effect the pulse rate of human being:
The pulse rate of running person, stationary person are different-
The pulse rate in sitting position and supine position is different-
The pulse rate also changes due to increase in ages, because the
blood pressure may change during different stages of life-
Conclusion: Due to above reasons, we cannot use the human pulse
as standard unit of time:-

(b) Reascns _for Swing of a Pendulum:

- The time period of a simple pendulum is given by,

N0 piw

‘."='2r'LJE —_— (1)
9

Equation (1) shows that the value of time period will be effected

due to change in value of “g"- As the value of “g" is different at

different places [i-e: "9" varies with altitude and depth], so time

period will be effected-

2. The time period also depends upon the length of pendulum: If
the wire is metallic, then expansion or contraction may occurs in
size of wire and bob due to heating effect or cooling effect: As a
result length of pendulum will be affected which will affect the
time period of pendulum:

3. Air resistance affects the swinging of pendulum- So time period
will be also affected:

Conclusion: Due to above reason, we cannot use swing of pendulum

as standard unit of time:

Q9: If an equation is dimensionally correct, is that equation a right
equation?

Ans+ If an equation is dimensionally correct, then the equation may
or may not be a right equation:

Reasons_and Explanation:

Dimensions are used to determine the nature of physical quantitias
mathematically- According to the principle of homogeneity, the di-
mension of both sides of an equation is said to be dimensionally
correct but it is not necessary that it is also cored physically:

Examples:

I lLet 5=wvt (1) ‘
This equation is true both physical and dimensionally:
2 Let S=vt+ %_—-—(2)

Equation (2) is correct dimensionally but not correct physically- .

3 7 monkey- 2 monkey is dimensionally correct but not correct physi-
cally-

Conclusion: From the above discussion it is clear that, if an equa-
tion is dimensionally correct, then the equation may or may not be
correct physically: Moreover if an equation is nob- correct dimensio-
nally, then it will be also not correct physically:

X
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Ql: A circular pizza into 3 equal parts, one piece of pizza a’:_tT
out* Estimate the degree measure of the single piece of pizza a‘:
convert the measure into radians: What is the radian measur y
the angle of the remaining part of pizza? -3
Ans: Consider a circular pizza as shown in the figure (e): Lét ww
divide the pizza into three parts at point “A”, «“g» and ":.'" »
’ as

shown in figure (a)- Under such condi-
tion each arc [i-e: arc AB, arc B¢, arc i3 K
; 360°
CA] will make 3 =120° with centre- ﬂ
- B
ﬁ__z_,qqigg’. (a) Degree measure of single ‘ Circular
piece = @ = ? izza
(b) Degree measure of remaini :
nin ig

e o ning  two Fig (a)
Lalculation:
M.‘ A single part of pizza s Fig (b)
shown in figure (b): For this part we s
have, One part of

i
Conversion into radian:
We know that, '

360° = 21 radian “ 9"32"0:120“
Then 120° = 7 Fig ()
. o _ 120°x 21 radian Remaini
. _ ainin

20 —__3357———-— = 2:09 radian two p”nsg
= |720° = 2-09 radian I i

Part (b): The remaining two parts of p;
Ot e pPizza are shown in figure

Conversion_into_radjan:

We know that, o
360" =2n radian

— =2 "<Rradian
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= 240" =

Then 240" = ?

240° x 27 radi
x2nra ian . 416 rutl
360°

h {240’ = 479 rad;m] or ]240’ = 4.2 md|

Q2: The length of a pendulum is (1:5 = 0:01)m and the accelera-
tion due to gravity is taken into account as (98 + O:1)ms?: Cal-
culate the time period of the pendulum with uncertainty in it

lution:
Given data: Length of pendulum = ¢ = (1-5 + 0-01)m

g = (98 +01)m/ sec?

Required: Time period with uncertainty = T ¢ AT
Calculation: We know that,

‘I'=.2:r\/z

9
£

= T:aT=2n‘j:r&T (N
9

First we find the percentage uncertainty in length *“¢

=7

" and *g"-
For “1 ", we have,
097 x100% = at=0-67%

For “g", we have,

Ag= é‘% X100% = A§=1-02%

i
2
As the power of J§= Jz=[£) is -{—, so we multiply the total
g |Ys \o 2

Al =

uncertainty in time by 3 50 we get,

AT = .;(.\r +Ag) = %(0‘67’/‘. +1-02%)

= AT = L(1469)% = 0-8% AT = 0-8%
2
’ .
Now T = gth = 2x3.14 x % = 628015 = 628 x0-4
- ;

= T = 2-512 sec
« = T = 2:55¢ec
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Now time period with uncertainty = T + AT
= [T +AT = 2-5sec 1 0-8%]

Q@3: Determine the area of a rectangular sheet with length, |
(xAD)=(1-50m +0-02)m and width (W+Aw)=(0.20+ 0.0l)m. cqp-
culate the area (A£AA)?

Solution: a¢

Given data: Length of rectangular sheet
= {+AL= (150 £ 0-02)m

Width of rectangular sheet = w + Aw = (020 £ 0-01)m '

Required: Area of sheet with uncertainty = 4+ AQ = 7
Calculation: First we caleulate the percenta

ge uncertainty in length
and width: For length, we have, g

002
Al = 100% = 1.3%
750 x100% = Aw = 1-3%
For width, we have,
0-07 (xaf
A = 7 % =
w 5.20 x100% = Aw = 5%

Now total uncertainty in area s
AR = (AL + Aw) = (1:3% + 5%)
= AA=6'3%
Now area
FA=law=(150x020)m* = 4 = 0:3m?
Now [A'+ af = 0-3m? 6-3%|
In

given by,

terms of fractional uncertainty,

At AA=03m + [9'—310-3.012
700

> (A48 -03m 0-02m?]

the answer can be written as,

@4: Calculate the answer upto appropriate numbers of significant
digits:(a) 246-24 + 238.278 + 98-3
(b)(1-% x 2:639) + 117-25

(¢) (2:66 x 10*) - (1-03 x 10%) (d)(112 x 0-456)/ (3-2 x 720)

(e) 16899 x 9 () 1023 + 8.5489
Solution:(a) 24624 + 238.78 + og.3

= 24624 + 238-278 + 98.3 = 582:818 = 582.8

Now in given data we see that, 98-3 consists of three significant

I Na;Cl
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s which represent the least number of significant figures, so
figure nd off the answer to three significant figures: 50 we get,
g 'Z‘;s.zq + 238:27 + 983 = 583|
(* ((2‘41,22!56;5?;*:!?72?2 3-6946 +117-25 =120-9446 = 120-9
;aw in given data we see that, 1-4 consist of two significant figures
which represent the least number of significant figures, so we round
off the answer to two significant figures: S0 we get,

@39 )+117:25 =120)

¢y - (1-03 x 107

{:) f;2,266‘5; j Irg: ﬁ - (fog x ?03))= 26600 - 1030 = 25570
Now in figure data the least number of significant figures are thr:g,
s0 we round off our answer to three significant F:'g:.:res- S0 we get,

[(2:66 x10°) - (103 x10° ) = 25600 = 256 x10°|

w

(112x0-456) _ 112x0-456 _ 51-072
(4) (3:2x120) 3:2x120 384
> 51072 _ 5133 = 013
: 384

(¢)168-99 x 9

.99 x9 = 1520-97 .
Wit e that, 9 consist of one significant figures

Now in given data we se s e
which rc;’:resent the least number of significant figures, so we T
1

ofF our answer to one significant figure: S50 we get,
[168-99 x9 = 2000]

() 1023 + 85489 = 1023 +

Now in given data we see

figures which represent the

we round off our answer to
1023 + 8-5489 = 1032

8-5489 = 1031-5489 -
that, 1023 consists of four significant
least number of significant figures, so
four significant figures, so we get,

. f ’ t chﬂ answe u o p p ers o siqni “

digits:
(a) The ratio of mass of proton
m, 1.67 x107 kg

- ;
m, 97096 x10 3 ke
(b) The ratio of charge on ¢

" ”
“m " to the mass of electron “m,
r

i Ll l‘m.ll
lectron “q," to mass of electron
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q9, _ 1-6x10"7¢ B
m, 97096 x10 "'kg
S
Solution:

m 7-67;70‘”1(9
Pocta ¥ £ L0755 9
m, 9-1096 x70 ' kg

-

3[3

= 078332 x10° = 2 = 1.8332 x10°
m

Now in given data, “1-67" represents the least number of signifi-
cant figures [i-e- three significant figures], so the final result js
rounded off to three significant figures- So we get,

m 3 -
—- = 1-8332x707 =1-83 x 10°

.
——

= ’ ~ = 1-83x10°

1-6 x710"¢
Part ( b!_’ 5_‘ =
m, 97096 x10 7 kg

0-175638886% x107°¢C - kg’

L}

J|a 3|

1-756388864% x107C - kg

Now in given data, “1-6 represents the least number of significant
figures, so we rounded off the answer up to two significant figures-
50 we get,

L = 1.8 210"¢ 4y
|m,

@Q6: Find the dimensions of:
(a) Planks constant “h" from formula (€
energy and “f" is frequency-

(b) Gravitational constant “G"

= ho Whﬂr‘e “E" III.s thﬂ

from the formula (F = 6”’:’:’:
where “F” is force, “m," and “m,"

¥

are masses of objects and "r"

is the distance between centers of o
= "¢ Délween centers .

bjects-

BISE Malakand 20719, gISE KOhat 2019, BISE Peshawar 2019 '
Solution:
Part (a): we have, F = hf

E

= h=

I3 (7)

~ Chp-1: @Esﬁe@
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Now we find the dimensions of “E" and “f", let £ = mgh

A NE'® m[}f_’—).}[aj = £ = [m-’ﬁr"] (2)
J

We also know that,

= ;:: Felr) @
Putting equations (2), (3) in equation (1), we get,
[meT?] .
= h=te—ed = h=s|MOT
= h LT"J = h b [ ]
= b= [A10CT"]
art (b): F = 6":'2'”’
- & I\ (1)
m,m,
As F =ma= M-_riz— = [M’L’T’]
= F=[mUT?) (2)

Pl @

= 2 ‘f)
= mm, = [m 1 ( | _ |
Putting equation (2), equation (3) and equation (%) in equation
(1), we get,
B [vmrur--‘][u] , [M"’U" 2]
o lrmn‘-l ]
1 N) ;

= |6 =[mT?]

Q7: Show that: (a) KE = %mv2 and (b) PE, = mgh are dimensio-

BISE Peshawar 2017

7
Solution: Part (a) KE = Emv" ()

Taking L-H'S, we get,
K-E = workdone
- K-E = F-d = mad
= K-E = mad (2)
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Here m = [M'].a = Ti - [¢72) and 4 = [V']

50 equation (2) becomes
k[l ] e

> KE = [m’v’r"J (3)
Now taking R:H*S, we have,
- 7[ 'z,]“ 7 L2
_m E - m" — F — 4y
2 3" (7 el ?FJ
P U aiied
= 2mv E[MLT ] (4)

Comparing equation (3) and equation (%), we get

[Damens;an of K-E = Dimension ofimv2
2

Thus the Z g =t }
expression |K-E = 3 mv? | is dimensionally correct-
Part (b): P-E = mgh (1)

Taking L-H-5, we have,
P-E = workdone = Fd = mad

= P-E = mad
= 7 Lr ! ’
= PE = {m -F.L}=[m-£’zr.:]
= PE = [m’ﬁr-?} (2)

Now taking R-H'5, we have,

r

| .y
mgh {m ‘F.L'}jmgh - [MJ’LN!- T-)J

= mgh = [MUT?] (3)

Comparing equation (2) and equation (3), we get
]D.amensa‘an of P-E = Dimension of mqh] ’

Thus th or =
e expressior P-E = mgh is dimensionally correct-

+++

C "‘[‘_:)- Vectors & Equili

brium=J<F§
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CHAPTER

n2 | VECTORS AND
EQUILIBRIUM

—

_9_?_:_Deﬁnc (a) physical quantities, (b) magnitude?

Ans- (a) Physical Quantities:

Those quantities which can be measured are known as physical quan-
tities: For example, length, mass, temperature, speed, velocity, 4ac-

celeration, energy, torque ete
(b) Magnitude: :
A number with proper unit is known as magnitude: For example
100kg, 27°C, 50N, 1000m etc: Here 100, 27, 50, 1000 represent
number which kg, °¢, N, m represent the unit:

Q2: Define and explain scalar and vector quantities: Give examples

in each case?

Ans- (a) Scalar Quantities:
Definition: Those physical quantities which are completely specified
by their magnitude only are known as scalar quantities
Explanation:

For the complete explanation of scalar quantities, the unit and
number both are necessary: If we ignore any one of them, then our
explanation will be incomplete: The scalars can be added, subtracted,
multiplied and divided by ordinary mathematical method:

work, power, distance, tempera-
les of scalar quantities’

Examples: Speed, mass, enerys
ture, electric flux etc are the examp
(b) Vector Quantities:
Definition: Those physical quantities
by their magnitude and proper directio
tities:

Explanation:

For the complete exp
and proper direction all are necessary:

which are completely specified
n are known as vector quan-

lanation of vector quantities, the number, unit
If we ignore any one of them,
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then our explanation will be incomplete: The vectors can be added,
subtracted, divided and multiplied by graphical method or geometric-
al method-

Examples: Momentum, acceleration, torque, displacement, velocity,
weight, force etc are the examples of vector quantities:

@3: (a) What is Cartesian coordinate system? (b) Write the
steps to represent a vector in Cartesian coordinate system-
Ans- (a) Cartesian_Coordinate System: °*
The Cartesian coordinate system is also
called number plane- It consists of lines H
Xox'. yoy', zoz' which are mutually perpendi- Z
cular to each other The Xxox' [x-axis] and
yoy' [y-axis] lines are usually drawn in the

sssma=
-

Xooothsssies WY X
plane of the page- While the line zo7' [& 2 i
axis] comes directly out of the page at the N :
origin “0"™ as shown in the figure-All the ’ :

three axis [i-e: x-axis, y-axis, z-axis] are
making an angle of 90° with each other-

(b) Steps to_represent a Vector in_Cartesian Coordinate Sys-
tem:

v
Cartesian coordinates

The following steps are taken for re
coordinate system:
Step-

presenting a vector in Cartesian

1: Draw a Cartesian coordinate system-
Step-2: Select a suitable scale in case of large values-
Step-3: Draw a line according to the scale selected-

Step-4: Put an arrow at the end of the line,

which represent the
required vector- |

Q4: Discuss the representat

ion of a vector in Cartesian coordinate
system? ‘ ]

Ans: There are two methods for representing a vector in Cartesian
coordinate system: These methods are given below:

» Representing a vector in plane

.

» Representing a vector in space

p— R . R, T T eieE _5
ﬁT\Iauab Physics Notes - 71 " Year ] Chp-2: Vectors &_Eam[m'lu-'“ 5_”

1. Representing a Vector in Plane: |
To:presmt a vector in plane, we draw horizontal and vertical lines
[i-e: XoX' andyoy'] perpendicular to each other: Then we se!cct_a
suitable scale- We draw the representative line according to the giv-
en scale: We put arrow at the end of the line which represent the
requ."red vector: |

Example: A force of 50N is acting on xy-plane by making an af.'gfe
of 30°with x-axis© Draw the representative vector of the given
force:

Solution: Y
Step-1: First we draw the Cartesian :

Scale:
Let lem = 1ON

then 5¢cm = 30N

coordinate system- i-er we draw Xx-axis
and y-axis perpendicular to each other as '
shown in the figure:
Step-2: Now we select a suitable scale:
Let TON = Tem then S0ON = 5cm ‘
Step-3: Now we draw a line OA = Scm e
30° with x-axis*
?t:pn-;?!:u':: we put an arrow at the end of the line OA- Thus

0A = 5em [at 30° with x-axis] represents the force of SON acting
in xy-plane:

2. Representing of a Vector in Space: ‘ Vo
To _r:pre.sent a vector in space, we draw x-axis, Yy-axis an

[i~e* xox', yoy' and 207' ] which are mu-

tually perpendicular to each other

Now we draw a vector OA in space :
making an angle “ox"with x-axis, "B

with y-axis and "y' with z-axis re-

spectively as shown in the figure: -
Note: The line 7207 cannot be draw | %

. 's directed
actually on the paper: It is M, W 5
out of the paper at the origin “o" All these axis ire* x-axis, Yy-axis
ond z-axis are mutually perpendicular to each other:

§oa LESIL BB i B L\ F etS SN L)Y
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@5: Discuss how a vector is represented? e — _’_ Z_ = e,
: tor or Zero Vectors:
Ans A vector is usually represented by t ; e (v) Null Ve
1. Graphical Represam‘i:?ti;?' 4 W8 follpaytueo methods: A vector whose magnitude is zero is known as null vector or Z8ro
vector: It is arbitrary in direction:

Graphically, a vector is represented by a bold

straight line having an arrow head at its one | A Q7: Define and explain unit vector?
end- The arrow indicates the direction of the Vector 0A 9 |ETEH 2009-2015 j

ven vector F ; :
9 c:r' example, in the given fig- Ans- Definition: A vector whose magnitude is
ure, the line "OA " represents a vector one is known as unit vector:
2 Symbolic Representation: Explanation:
Symbolicelly, a vector is represented by any English alphabet havi A unit vector is represented by an English al-
an arrow head upon it+ For example. A o & & & = wis phabet having a cap upon it For example,
the vector symbolically: Ple, £,4,8,b,5,T etc represents 4,b,¢ etc represents unit vectors: A unit vec-
@6: Define th P tor can be obtained by dividing a vector with
vectors, '(i;';j E;”:j”:::::;'s (‘?.V)Pa;”d vectors, (ii) Anti-parallel its magnitude i-e’ s
L & egati :
vector (or) Zero vector? gative of a vector, (v) Null . Va
H a=—
. Ans- (i) Parallel Vectors: a
L/:ctors arclsm'd to be parallel to each other if they ar i The unit vector is used for the specification of d:‘rec_tfons; "!n Carte-
the same direction, as shown in the figure (a)- Th Pl iy sian coordinates, we take unit vector “i " along x-axis, "] along y-
?araﬂe! vectors is O°- e angle between axis and “k " along z-axis*
i) Anti " =
chtars f'PﬂraM:F Vectors: e 5 Q8: Discuss the multiplication of a vector by a number?
. are sai ", -
each other if :;, 0 TRE B e Ans- We can multiply a vector by a number: If the
ey a P § : —_— _ ,
direction, as Show: ”:et:“;g 11 opposite _-f Parallel vectors number is positive, then the direction of given
angle between anti aeﬂrguu o B = vector and product vector will remain the same: If
= ; e
180°- parallel vectors is |A > | the number is negative, then the given vector and - "
(iii) Equal Vectors: < B product vector will be acting in opposite directions | *
b cers .. Fig (b)  Anriparallel vectors to each other, as shown in the ﬁgure-
ctors are said to be equal, if they g -
h‘.wg the same magnitude and same direc- | & - Generally, if a vector “A" is multiplied by a num-
tion, as shown in the figure (c)- » > ber “n", then its magnitude will be cqual to “nA”
SV) ycqab."va of a Vectors: Figle) Eqoal vactors > Q9: Discuss the addition of vectors by graphical method (or)
egative of a vector is that vector whose geometrical method?
Ans- We can add two or more than two vectors by geometrical me-

magnitude is the same to that of the | A N
given vector but opposite in direction, as y 7 thod or graphica

shown in the figure (d)- Fi ‘t.d) Negative of “head-to-tail rule’
ig ve of a vector '
geometrical method:

| method to get their resultant vector: We use
' for addition of vectors by graphical method or
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Steps to add two Vectors by Head-to-Tail Rule:
The following steps must be followed to add vectors by head-to-y.,.
rule: ' ik
I+ Select a suitable scale for the representation of given vecto
2:  Draw the 1 vector according to the selected scale in th r.s'

direction: * dikes
3:  Draw the 2™ vector according to the selected scale in th

cified direction such that its tail touches fEw

th

vector: i b first
% Now draw the 3™ vector according to the selected scale |
specified direction such that its tail touches the h e in the
second vector: ead of the
Continue the above process for given number of vectors
6 For getting the resultant vector, combine the tajl

vector to the head of the last vector- R e agdeg

epresent the resultant

0

vector by the symbol “R "
7+ Measure the !e:frgth of “R” which will given its magnitude-
& Tg determine the direction of “R ", measure the angl, e “R
with respect to positive x-direction in anticlockwise :i:s GtF B
Examg{e: Consider two vectors A and E such ,
that A=25km and directed towards East-

N

E=
2 d d.i' (4 [ o s D W
i}km an r fc d t wa’rd Juof‘th' ra W E

their resultant
. vector and find its maan;
and direction? 1ts magnitude

fafut@: (i) First we select a suitable scale
et Skm=lcm then 25km = 5¢m and 20km = Yem

(ii) Now we specify the directions as shown in the fig
igure:

(i1) Now Hgw
) we draw vector “A according to the selected i
the specified direction- e ek

(iv) Now we draw vector “g " according to th
. e
selected scale in the specified direction such

that its tail touches the head of A

+mN

B=

(v) Now we combine the tail of A with th
[

A= Sen B

Chp-2: Vectors & Equilbrium -E)_"
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head of B which gives us the resultant vector R,
“R " with the help of meter rod

-

(vi) Now measure the length of
which is about 6-4cm- This represents the magnitude of vector
“R ™ which is infact 32km according to the selected scale

made by vector “R" with x-axis or

(vii) Now measure the angle
East direction with the help of protractor which is about

38-6° This gives the direction of resultant vector R-

Q10: Discuss the addition of more than two vectors:

Ans- We can add any number of vectors by “head-to-tail rule”
thod- '

Example: Consider four vectors

in the figure:
To add these vectors, we take the following steps:

Step-1: We draw x-axis and y-axis perpendicular to each other:
Step-2: We select a suitable scale:
Step-3: We combine the tail of “B" with the head of “A"

me=

A.B.C and D in xy-plane as shown

ac-

cording to the specified direction:
Step-4: We combine the tail of ug®
with the head of “B" according to the
specified direction:

Step-5: We combine the tail of “p

with the head of “C" according to the

specified direction:
Step-6: Now for finding the resultant,

we combine the tail of 1" vector “gn
with the head of last vector “13" as

shown in the figure Thus vector “R ®
represents the resultant vector due to

combination of four vectors:

. i
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[R=A+8+ce ) p—— ) 7 ' 61]
Using this method we can add rNguab Physics Notes = 1" Year Chp-2: Vectors & Eﬁulhbnum -61]
QT: Diachec Jek any number of vectors: pret g : 0 A e ]

: ss : '
e commutative property of addition of V‘T Now if iﬂ want to subtract vector & 5
ors- vector A then first we find the negative of . P

(OR) Show that, A+ § = B+ A

Ans- Consid, q g
4 1der two vectors A and B lying in xy-plane in such

at both represents the adjacent sides of y =t
a parallelogram as shown in the figure (a)
Let we add vector B to vector A by )/
head-to-tai

ac-to-tail rule and get their resultant : : )

fig ia)
Y

vector R as shown in figure (b)-

50 we have,

R=fis (1)

o _ i
ow if we add vector A to vector B we

get the same resultant vector R as shown

in figure (c)- So we have,

mfied (2)

ng iy

( 4 _.) - -
Nf 1"5 and (5" R) construct a Pﬂi ﬂi“’e!og‘ arm as ShOWJ'? J'.” ‘lgufe &)
ow COH?pm h']g equat!‘af? (;) and £quﬂ'tf‘01’? (2) we g‘t ( )
. ' L}

= B+ A (3)

Equation (3
i (3) shows that vectors obey the co ,
addition: mmutative property of

Q72: Discuss the subtraction of vectors?
Ans- .

There is no di
-
irect method for determining the
traction of two vectors: = il

Consider p- =
Baurs (4): two vectors A and B as shown in

tor B as shown in figure (b)

vecl
from A we add the neg-

Now to subtract B
to A by head-to-tail rule as
r getting their resul-

tant, we combine the tail of A to the head

of (-B)
Thus R=A+(-B) repres
to subtraction of two vectors:

Q13: Define and explain position vector?
ETEA 2007

Ans- Position Vector:
The vector with the help o
point with respect to some

ative of g
chown in figure () Fo

ents the resultant due

F which we can locate the position of a

fixed paint is known as position vector:

Explanation:
In the given figure, OP=r represents the position vector: In two
dimensions, the position vector can be expressed as,
;' o )rlf g y}

In three dimensions, it can_wd_fls.

r = x;" Ly y;‘ + zﬂ‘
Q14: Define and explain the resolution of a vector?
(ETEA 2005,2006)
Ans+ Definition: The splitting of a vector
into its components is known as resolution )
of a vector: P
Explanation:
Consider a vector F lying in xy-plane by -
making an angle "0" with x-axis, as shown in
the figure: A

(4 X

In order to resolve this vector into its com-




[_Nayab Physics Notes - 1" yeqr

pO!?e ts. we d aw a Pe T =
Pe dICU-’Q 8” .
n . r rpen r “A from the head of ve‘ctar F

Thus 0_.3: 3
F. represents the x-component or horizontal componen:

of vector F ile BA=F
or F while BA=F  represents the y-component or Vertical

component of vector F - Now in AAOEB, we have, -

'h,

(o)
Cos) = — = P2
Y = Cosl

= y
el F
(£, = Fcow (1)
Similarly, in AAOB., we ha;'e, \
, A8 F
5.-”0 o — = . ‘
Oﬁ = 51’70 L ?’ r ﬁ
- @ |l
Equation (1) represents the magnitude of . ’ _:

horizontal component of vector F. While equation (2) represents
the magnitude of vertical component of vector F.
Magnitude of Vector F : |
Applying pathagorem theorem to AROB, we get,
(Hypotenuse)>=(Base)*+(Perpendicular)*
= (0A)* = (0B)* + (BA)?

=F? = F? +F?
e ¥

={F = JEaRY (3)

Equation (3) represents the magnitude of vector F

Direction_of Vector ¥ :(ETEA 2005)
We know that,
perpendicular

tan =

;?g In three dimension the
= tan0 = F magnitude of F s

: F=Jei+risp
= tanf) = X = -1 A ! ? *

F = |0 = tan (F—"J g = (H)- (ETEA 2070)

Equation (%) represents the direction of vector F

Chp-2. Vectors & Equilibrium - 623
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Wﬁ the addition of vectors by rectangular components me-

thod- (OR) Discuss the addition of vectors by analytical method?
[(81SE Mardan 2019. BISE Kohat 2019, BISE DI Khan 2019)
Ans- Definition: The rectangular components of a vector are those

onents which are making an angle of 90 with each other:

comp
Explanation:

The analytical method gives us more accurate
result as compare to geometrical method: [t is
because, the analytical method is more mathe-
matical method than geometrical method: The
result obtained by geometrical method [head-
to-tail rule method] is always approximately
correct, because drawing sketches can never be perfect:

Here we will consider two vectors and will fnd an expression for
for addition of

their addition Then we will generalize tne expression
“n" number of vectors:

Now let us consider two vectors A and 8 y
making an angle '0,' and ‘0, with x-axis

respectively, as shown in the figure:

™ &

Now we add E to A by geometrical me- RAC
thod- For this purpose, we combine the ‘e

=

tail of B with the head of A as shown in X 155
the figure: Now to get their resultant, we

combine the tail of A with the head of B
as shown in the figure: Thus oD=R represents the resultant of P

and B so,

R = A+B (1)

Now for finding the rectangular components, we resolve A and B
into their horizontal and vertical components- For this purpose we
draw perpendiculars from “C" and “D" on x-axis as shown in the
figure: (We also draw a perpendicular from "C" on “DG" which cuts
“DG" at point “F" as shown in the fiqure-

Now we see that, OE=A, and Cé’=ﬁl represent the horizontal and
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Mmu—ﬂéﬁewﬂ_&mm&mwﬂw ethod:

V!f't.‘fﬂ! co.f”PoneﬂtS 01( ! lespect:ve!y' Wh.-!e CE =5 and #'D-g d ﬂ”d th‘ ax !
. I El'! ”’ summe
1 Draw tht i!?df‘fdu‘ ; ; ;

repr g -
presents the horizontal and vertical components of B respective)

e Y-
] used .
2. Find the
components [V
Add the x-components 0
of the resultant vector R

nts of all the given vectors to ge

component] and ¥

x-components [horizontal
given vectors

ertical component] of all the
£ all the given vectors to get the x°

Now from the figure, we have, [C} - EGEnd CE = F6 = 4 [
R =A4, :
=Ri=Ai+Bi=R =A +8)] 2) - 3

Equation (2) re
) represents the magnitude of -
5:’m;‘:‘ar,-'y' R, & ff i 57 g € Xx=component of R, i

= Riz=4gat - E
LR o

Equation (3) represents the magnitude of y-component of R

component -
Add the y-compone
of the resultant vector R.

t the y-

component “R"

5. Find the ma nitude
R = JR? +R;

6 Find the direction of the rcsr.:r!f:ant vector R ie’

of the resultant vector R ie

- 4 4 -

Now i
or any number of co-planar vectors (A,8,C, D) equation (2
and equation (3) can be written as, !

R!,:H'*S*Cf'pf.... R

Si'm;];ﬂy 2 y v ]-———(‘f) 0 = tan”’ {El}

IR, =fA +B +C +D + ‘l (5 Where O represents the angle whith is made by the resultant vec-
y e

Magnitude R ) tor with positive x-axis in anti-clockwise sense’

Magnitude of R: i rocedure for detéerminin “g ™. o Qudiant y | First Quadrant
The magnitude of R is given by, Let “¢" be the angle made by the ~ # -P[r,-¢.|
R = |R2 2 —- . % = ﬁ: i '

\‘( - %) (6 vector R in any quadrant and O be ] T
) - 3™ Quadrant 4™ Quadrant

the angle made by the vector R with y
Figla)

positive x-axis in anti-clockwise sense:
We can determine the value of 0 by
using the following procedure:

Equation (7) :eprescnts the magnitude of R .
Direction of R: 7. Find the value of tfm"[ﬁ’“] by
\ ) :

Putti 7
utting equation (%) and equation (5) in equation (6), w t
» We gec,

R= (A +B,+C +
L% - D e R
l v e, )*{ﬁ'+£"+c'+p'+,,,_)z 7)

We know that,

5 R
tan@:_'_:)e:tan_,[ 'J
B R,

Putt . ‘ *
by b ;
'ng equations (%), (S) in equation (8), we get
0= tan-'{ﬁvihgr +C1+D! N . '
ﬁ:““g.*C.*D.""" (9) .

Equdt on (9) fepfcsﬂf?ts t.‘le dir Gﬂt.‘a” ot 98530! ‘z

using calculator and call this angle
as “¢ "

If “R" and “R,” both are posi-
tive, then the resultant "ﬁ” will
Jies in T qugdrant as shown in
the figure (a)- In such a case, we

have
0=¢
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3+ If “R” is negative and “R," is positive, then “R" will lies O B QX Ll
2" quadrant, as shown in figure (b): In such a case, 0 can pe o i =1xlxl [casO" ; ?]
caleulated as, fof =
=l * Similarly, —

4 If “R” and “R™ both are negative, then “R"™ will lie in 34 and |k -k =1

quadrant, as shown in figure (c)* In such a case, © can be cal- Now i+ = ijcos0
culated as,

; = i+j=1x1x¢c0s90° h[casQO‘ = OJ
!G=180 +d . = foj=1x12020
=

S- If “R" is positive and “R,” is negative, then “R™ will lie in

the 4 quadrant, as shown in figure (d)' In such a case, 0 can Similarly,
be calculated as,

T120)k=0 kj=0, ki=0,7%=0|
m Exam le: IF ﬁ:!ﬂ‘féﬁ'ji-ﬁ,k and 3-3',.;8'143‘* then find
QI6: Define and explain salar product (or) dot product? gxample

AB=7
ETEA 2007-2017, BISE DI Khan 2019) Solution:
Ans- Scalar Product:

-

A= ﬁ‘f“ - H'} + R‘ﬁ, B = B"i‘ + E’;' + Bk

Definition: If we multiply two vectors and we get a scalar quant;-

“"'z - H“. ﬁ.(;.g,“.,'sf-#glf;)
tY, then such product of two vectors is known as scalar product or Now #:8 , (A : N {.{ y ,}f 4
ok praghich AB.(i1)+AB(i))+AB(Ik)+

Explanation: = A-B=|AB.(J)+AB(]I)+AB(IK)
The scalar oduct of ; A ' A P
product of two vectors is equal to Lﬁ.g.(“"') + AB,(K])+AB(Kk)

the product of the magnitude of the two vec-

tors and the cosine of the angle between them- rﬁ,g. x1+A8 x0+AB, x0+

= ;)3. = ﬂygle+ﬂyE,xl+H,8‘xa+

Let A and B represents the two vectors, then

we have, AB ,o+ﬁ'5’.x0+ﬂ‘6"x!
A.E = ABeosh) (1) 5 N |

5."mr'f'aﬂ’ya 0 = AB=AB =0+0+ 0+ vav +0+ 04+ € A5,
B A A ¥
8 f1=BAcos) (A8 = 84 - = |A8B=A6,+AB, =AB8| (%)

p = B.A=ABcos) (2) The R-H-5 of equation (%4) represents a scalar quantity, so such

omparin uation (1 ; - -
paring .. o (1) and equation (2), we get, product of two vector A and B is known as scalar product (or)
e e B (3) dot product:

i Equat:’on (-3) shows that the scalar P-"Oduft (0-") dot proa"ucb Obeys Cf,ara;taﬂ';tf_{_jﬂﬁf _550’0? PFOdUC_t.'

commutative law- Now in case of unit vectors i.] and & we have, - The scalar product obeys the commutative law i-e:

i = JicosO [magm‘tua'e of unit vector = | = ?] ;i'g i3 E_;}

B
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2. The scalar product obeys the condition of perpendicularity j-e-
A B = ABcost) = ABcos90° = AB x0=0 ::m
3+ The scalar product obeys the condition of parallelism i-e-
7 5= ABios0"ABx1 =|A-E = AB
4 The scalar product obeys the condition of anti parallelism j-e-
A B = ABeos) = ABeosTBO" = AB x(-1) = |A-E = -AB8
fffag:ﬂ and § 2 90°, then either A =0 or B = O-
If AE=0 and 0 # 90°, also A # O then B must be a null vec-
tor ier B = O-
7+ The scalar product obeys distributive law i-e-
A(B+C)=A-B+A-C
Examples of Scalar Product:

Chp-2: Vectors & Equilibrium _E

S &

1+ Workdone = w = F-d = w=;'-;’
2+ Electric flux = ¢, = E-A= b, = E;
3 Power =P =F-y = P=E-!:]
4 Magnetic flux = ¢_ = B-A> b, =E-A

QI7: Define and explain vector product (or cross product?

E?'EH 2006-2008, BISE Malakand 2019, BISE Peshawar 2019
Ans- Vector Product:

Definition: If we multiply two vectors and we
ty, then such product of two vectors js
known as vector product (or) cross product-
é_rgh_{_:_q_igiqg: The vector product of two vec-
tors is equal to the product of the magni-
tude of the two vectors and the sine of the L
angle them: Let A  and 3
two vectors, then (féxé}
gives us another vector ¢ which is perpendi-
cular to both £ and g ;.-

=

get a vector quanti-

between
the

represents

AxE= ABsimn

——

Chp.2. vectors & Equil

priuim — v g

I‘ Nayab phusics NotPs — | il ‘f{'c! _ St

(OR) F ) T—

- -

(2)
(3)

gxA=-C_____ —

But _ -
Comparing equation (2) and equation (3). we g
| %) Foryourlniormatlons T
ﬂj‘g + B x ﬂl_-_________( You can determine the directic
Equation (%) shows that the vec” i 42 » by Right Hand Rale 3
tor product do not obeys the o in thie figure:
commutative law: Now in case of e rk 3,0
unit veetors i.j k we have, "“ =
:X;=f.|' sin0n _
— {xi =iisin@n
=1x1x0xh
=
5im:‘far!y,'
jxj=0 kxk= oj
Now i x )"= ijsin0k A
= jjsin90°(k) = IxTx1(k)
RpEy
Similarly, e
}x: = -‘,}xl: = i‘,kxj= “i. KX =
A P+ A+ Ak 2 -gi+8)+Bk then find
Example: If A=Ai*Aj* Ak and B Bi+8,jt8,

(;ixg')?

Solution: A = Al + A,

Now AxB = (A + A+ Ak x(87 + 8]+ B)
FH_B’.(;;;")+Hlsi(fx})+ﬁ‘3,(ka‘)+\

= AxE = ﬁ’B'(jx:"')vﬁ'S‘(}xl‘r‘)+ﬂ,3‘(}x§)+
Lq,s‘(s?xf) ~AB(kx])+AB, Ck xk)

j+ﬁ_!‘f'. é = 3'; + 3,; + Bk

5 x0+ABK-AB]-AB]+ABX0
8 +ABj-AB +AB x0

y &

| o [,q
= AxE =
[ﬁ




Nayab P -1 :
[ Nayab Physics Notes - 1" Year Chp-2: Vectors & Equilibrium - ;:0

. zug:[o+f,3,k-A,3‘}-3,3,£+o+a,sj+ _
|AB.j-A8] <0 ’

= AxE=ABk-ABj-ABKk+ABT+AB]-AB

= AxB=ABi-ABI+AB]-AB]+ABK-ABK

- -

= |fxB=(AB -AB )+ (A8 - AB)J+(AB, - .4,5_);?’ (5)

The R-HS of equation (5) represents a vector quantity: 5o such

product of the two vectors js known a
s vector product (or
product- ’ K-

_Cﬁaracter{stgcs of Vector Product:

7 ‘i?m vector product do not obeys the commutative law j-e-
AxBz+ BxA

< :f.'he vector product obeys the condition of parallelism i-e-
A X8 = ABsin 07 = ABsin0*4 [sin0* = 0]
= AxB=0

3 IfFA and B are anti-parallel, then we put
b =180°, so we get,

A x ? =-’A‘3 sin 04 = AB sinBf = AB sin180°F [sin180° = 0]
= AxEB =0

4 If AxB =0 and A= 0,620 o 0 = 780"
aull vector:

5- I‘he :rccfar prfduﬁt obeys the distributive law j-e-
AX(B+C) = (AxE)+(AxC)

Examples of Vector Product:

- Angular momentum = [ = :;;:Z = ;x;

v U2 B must be a

e
- -

Linear velocity in terms of angular velocity j-e- v =

2
3- Torqu¢=;xE:;___r‘_F =wxr
4

© Magnetic force =q(;xE)=:>£ = q(:xg)

Physical éign{g{:mcs of Vector grgdgct'

- Using vector product, we can determine

the area of a parallelogram-

T

) P"H__si"'_ Notes —_— oment
@H o can determine the torque or m

— -7
ooy === (Chp2 Vectors & Equilibriu
)" Tear —

2. Using vector product, W

of force i€’
Using vector product, we

of a body during angular mo

= raf- momentufm

can determine the angular
3- - - -

tion e fi = rxp:
nt of force:

Q18: Define and explain torque (OF mome

Ans* Torqua_@!’)..mﬁm‘f”-#-°£=£or!:,£‘. d in a body about a fixed
e ng effect produced ! t of
on: The turmng € or) momen
Qﬁﬁffiie_ to an applied force is known as torque (or)
pom
force’ )
f;p_@qqgg_’-' the angular acceleration i

; hich produces -
The torque is an agent wh! ¥ d applied force F-

on the moment arm T b 4

a body It depends up ‘ i
The moment arm represents the' pe p a 3
pendicular distance between the line © G - B‘EUU S
action of force and the point of rota o
1 ave,
tion~ Mathematically, we h o i
Torque = (Moment arm X effective
T raf 8=90°
= 1 =rxF 5 _ 5
r

[ecrsined N
- form of torque: The magnicd

Equation (1) represents the vector

of torque is given bY,
1= rstnUl (2)

Equation (2) shows that for given values of

que also depends upon o e
> and F are parallel to each o

ur® and “F”, the tor-

’ ther, then,
(i) IfF 6 =0 ie
v = rFsin0’
— t=rFx0

= [r=0 (3)

Equation (3) shows that,
parallel to each other:
(i) If 0 =90 ie - and F are perpendicular to each other, then

[sinO’ = 0]

there will be no torque, if r and F are
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~equation (2)
= 1 = rfsin0°

[n’nQO’ = T]
= t1=rfFxl

= |t,. =rfF (4)

Equation (%) shows that torq
perpendicular to

ue will be maximum if r and F are
each other- The torque is a vector quantity- i

unit is N-m- Clockwise torque s taken as negative while ang;-
clockwise torque is taken as positive:

Dimension_of Torgue: (ETEA 2006-2008)
As torque = 1 = rF
= 1= rma

[F = m:] Torque s perpendi-

= t1=mxky=m/ sec® cular to the plane
« = 1= length x mass x length/(time)? of F and F+
=i|r= [Limr'ij (ETEA 2009)
L————_—_" - -
Q79: Discuss the application of torque?

Ans-
7.

’ *
When we apply equal and opposite forces on the stclmr'ng wheel
of a vehitle with both hands, torque is
wheel can be rotated easily:
\2- When we apply forces on the paddles of a cycle
our feet, then these forces acts as couple

the wheels of cycle begins to rotate and
forward direction-

3-  Similarly in an

produced and steering

by means of
Trces: As a result
Jcle moves in the.
[

electrical instrument such qs galvanometer, am-
meter and voltmeter torque

by means of electric current
} tion of this torque the coil
| the torque is balanced by opposing torque- In this way Needle
%{g move on the calibrated scale-

% Applying torque we can open a tightly closed bottle having
V1 threaded closyres

is exerted on the rectangular coil
flowing through it Under the ac-
rotates and comes to rest where

]

: on the neck of the bottle-
5- A ¢cross bar wrench is used ¢, change a tyre of a car- A certain

¥ -F“f“ Is being exerted on each handle of the wrench in opposite |
- J@ctfan- These forces .consbirtuea a couple due to which tiﬁ !
- T

TE—
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: s is equal to the product of any one for

net torque

ou le arm®

LA

= —————————

I le arm-
“L" is called a coup LIRS
{;}'he'::r!y applying torque on a pulley by mea
. mi : ulley ¢
i ;n take water from a well in daily life
c

q p i ples?
_E)EO- Define equilibrium: Explain with exam les
‘ ETEA 2012 |

. ili r"u’ﬁ!-' . Vv ral {af‘es
Ans &M £ a body, under the action of s_z e’ i 3
Definition: The state © T in' the translational m

acting together and there ;‘s‘ ."m.;s.:ﬁmwﬂJ s i 4 k)
as well as '.“. rata::‘::r:z: :;::;Mo;  ideniu IS s sk o 0P
s said to
ngﬁ:hmﬂnfﬂarm velocity:
Ei -":":ﬂ -t:vo types of equilibrium which are given below:
er

; f—“i’ﬂ%éqﬂﬁf_b:—rf_:-”:.’“c then its acceleration
z":!el:zi?:ya;' it will be in state of static

R

%
equilibrium-* ' k
Examples_of Stabic Equilibrium: Fig (a)

A book lying on the table is the example ::'
static equilibrium+ In such a cgse. the wc;gd.. \
of the book “w" is acting in downwards di

T
rection while the normakreaction g o; t:: el
1 ting 1n Jpwards dire’ ]
table on the book is ac 2 1 :
tion, as shown in figure (a) Both torces bba .
ance each other and as a result, the boo l
“remains in state of static equilibrium: Y

‘ igi by means
hanging from a rigid support ' B
A bumn;:gn:"b" *thread is another example of s?am c,qu;hb;ru:;r 7
z:.anc;sc BLhe weight of the bulb “w" is acting in d?u::wa;]s. :t
15 " ; B il
' i “T" in the strihg [threa
jon while the tension [reaction] .

fr:min upwards direction+ Both forces f::!rance ca.ch other and as a

r:sua‘t the bulb remairs in state af.‘._ftat{c: Equ#,bp,um.
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When a body is moving with uniform velocity, then the body g S
Wil

have no acceleration a
nd the bodu will be in st
A v y / ate of db’”ﬂm,'c

Types of Dynamic Equilibrium:
T Qyn_g@{_c_ Translational Equilibrium: When a body is moving yup
form linear velocity then the body is i

Scfr'd to be in state of dynamic transla-
tional equilibrium-

——

Example: A paratrooper falling down
with constant velocity is the example
of translational dynamic translational \"'J.I
equilibrium- 4
When a paratrooper jumps from an
aeroplane in air, its weight "w" s act-

¢\\

ing in downwards direction while the

-

reaction “R" ir i ng i
on “R" of air is acting in upwards direction- Both Fforces bal

anc

e each other and as a result the paratrooper moves downward

. ; . . S

with uniform velocity- Such velocity is known as terminal velocit f
ity o

arat * '
p ' rooper In this way, the paratrooper remains in state of trans-
lational dynamic equilibrium- .

2+ Dynamic_Rational Equilibrium: When a body

' s movi :
uniform angular velocity, then the body is L

unchanging

said to be in state or y”‘?-‘”fl‘: fotﬁtl‘o”a! [ .
Veloctty

equilibrium-

Examples: A compact sk [€D] rotatin
in CD-player with const nt angular ve!afz:f

ty is the example of dynamic rotational @
equilibrium- A rotating wheel and grindin
rotating about its axis with constznt ;r:

gw’af speed are also the examples of dy-
namic rotational equilibrium- d

do you mean by concurrent

@21: What

ples_ N L
Ans. Concurrent Forces: el
M: Two or more than two T

forces are said to be concurrent forces,

if they are acting upon @ body and - =t
their lines of action passes through a —9‘;‘:‘?;'“
common point:

Explanation:

Consider a bulb whith is suspended by o

shown in the figure:

means of a thread from a rigid support as ‘
cting in downwards di-

In this case, the weight “w" of the bulb is a ‘
rection while the tension [reaction] «" jn the thread is acting 1"
upwards direction- The line of action of both forces passes through
the same point or common point as shown in the figure Both
forces balance each other and as a result, the bulb remains in state
of equilibrium: Such forces are known as concurrent forees:

@Q22: Explain couple forces?

LETEA 2006-2008, 2012

Ans: Couple Forces:
Definition: Two forces having same F o
magnitude, acting in opposite direc-

tion having different line of action are
. Couple F
called couple force Rr!

Explanation:
Consider two forces “F" and e e
body in opposite direction as shown in the figure:

The line of action of both these forces is different, due to which
the body begins to rotate and thus B -
produce torque:  Such forces are
known as couple forces:

Similarly, when we are driving a car,
with both hands on the steering
wheel, we push one side of the wheel

upward with one hand and push the

of equal magnitude acting on a
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ot} / i ™
p tr:zr z:n::’e downward with the other hand, as shown in the £ "
o [ qu »
: 7 farces are equal 1n magnitude but opposite i direction- 590 ¥
" :
esult, the steering wheel begins to rotate due to couple fore B
es:

The couple forces produce angular motion in the body and result
Sn

torque: 5
que: Such forces are always non-collinear and non-concurrent:

@23: Discuss the conditions of egw‘h‘bn‘um? B
(BISE Peshawar 2017) |

Ans- T
’ns . here am. two conditions of equilibrium which are aiven below:
*_First Condition of Equilibrium: ) &
- .

ccordu_:g to the first condition of equilibrium, a body is said t
: ;qu:hbnum. if the vector sum of all external forces acting o y =
ody is zero 1'e: they cancel the effect of each other ive- 7 on ehe

X7 = o

In components form, we have,

F'i"'F‘Q.‘E:,% .......... +Er.- =5
= |[LF. =0
Similarly,
Faih st g o worbaess e =i
T
= NF, = c
ey =

R “r
book lying ~r the takle and a paratrooper moving downivards with
uniform veiouty sctisties the first condition of equilibrium-
2 Second Condition of Equilibrium: b
Aj?ccordmg to the second condition of eguilibrium, a body is said to
be . equilibrium t

i if the ver.grfn{:n of all the torques acting on a

body is equal to zero* i-e I=¢ = 0]

Explanation: O

There are certain sityations, in O

which an extended body will not ke JF 14 v T
. Fig (a) '

in equilibrium even when the first
condition of equilibrium is satisfied-

Example: In the figure (a) two
equal forces are acting on a meter
rod in opposite direction As the

"2
ol |

)

R_~

Figih)

—

[ Tauab Phusics otes = 1" Year
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meter rod

tion of these forces are not the same, SO the

fines of a¢

do not remain 1n stote of equilibrium and kegins to rotate in anti-

clockwise direction’ So the First condition of equilibrium 15 not suffi-

cient in such cases Under such situatigns we should arrange the
auses clockwise torque

forces on the body in such a way, that they ¢
and anti-clockwise torque acting on the body simult
cel the effect of eath other, as shown in figure (b)°

Sum of clockwise tarque- Sum of anti-clockwise torque
2

aneously and can-

Thus we have,

=[S ten = & tom] (1)
In gcnerf_{_@rrﬂ. equation (7) can be written as,
e TR
tion is satisfied, there will be no I~

NOTE: When the first condi
near acceleration and the body
equilibrium-®

When the secon
no rotational acceleration and the

will be in state of translational

d condition of equilibrium is satisfied, there will be
body will be in state of rota-

tional equilibrium:

Thus we can say that, a body will be in ¢
both conditions are satisfied- Thus in generd
in state of equilibrium if ic has no acceleration:

Q24: Exgla;'n centre of gravity and centre of mass-

ETEA 2011

Ans- Definition:
where total weight of the bod
external force can produce trans
as centre of mass+ Both these points exist
the rigid body

Explanation:
Consider a rigid body having total
“w" and total mass “M” as

omplete equilibrium, if
I, a body is said to be

hat point in a rigid body,
hich the

is known

The centre of gravity i5 ¢
y act, while the point at W
latory motion in the body
s in the same region of

weight

shown in the figure:

Let the body is divided into large
number of small elements each having
mass My, Mz Maseece M, respec:
tively:
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Now due to the force of gravity, each element will experienice gray,- ship*
tational force, i-e* w, W, Wi ..., W, respectively: We measure the length of OB with the help of meter rod
Now the total resultant force experienced by ;Jn's body will be equal < which is about 6-8cm [340km]-
to the sum of forces experienced by the individual elements j-e- v t with the
Total weight = w = : + w +w9+ ..... > G- We measure the angle made by vector 08 with east wi
R ; F protector which is 106° with east:
= WEmgtmygtmy $iiond mg help of proce 6-8cm = 340km|
D wEmoEm ot m bt m, Jg Ans: (a) giﬁghtlrne distance = 6:8cm = 3490km|
= W = [total mass] g (total mass = M] (b) I:%g!: of straight hne with east = 106

w = /g ) -

In equation (1), “w" represents the resultant weight which acts at oving at 120m/s at an angle of 10° with x-axis,

An airplane is m

a single point- Such point is known as centre of gravity: O s Natbse s, Howtng ¥t b e 8 o B
Determine the resultant velocity of the airplane:
) Solution of Examples & Assignments \ Solution:
Given Data:

Let \: = J20m/sec making an angle of ”

A ship leaves part and travels 200km at 30° North of East: Then 10° with x-axis and v:, = 30m/sec
it changes its direction and. trjwds 350km in a direction 140° making an angle of 260° with x-axis:
North of East to reach destination- Calculate straight line distance

ired: Resultant velocity of air- | yee—eo
covered by ship- Ryauiings

Solution: plane = v =7 .
T_F-';';;t we specify the direction- Calculation: The resultant velocity is
2: Now we select a suitable scale Let 50km = Tem then given by,

200km = Yem, 350km = 7em W= \JV:’ ¥ Vf (1)

3" Now we draw a vector which is %cm long and making an angle First we resolve v: and v:, into its ho-
of 30° with east: Now we draw another vector which is 7cm rizontal and vertical components as
long and making an angle of shown in figure (b)+ Now we have,
140° with east as shown in N B f:i-le‘;ﬂlm:h.lll v,, = v, cos0, =120 xcos 10" m/sec
the figure: " ,_I_,F Then 350k = Tem = v, =120 x0-985 m/sec

4. Now for finding the resultant :

Teni = ¥30km

= v, = 1182 f%“’

vector, we combine the tajl of

- K =& ko ) - 5 : /)
first vector OA with the head = MOkm And v, = v,sim), = 120 x sinl0 120 x 0:174 m/sec
of last vector AB- Thus -Icm-:m:::l = v, = 20:68 r%’“-l

08 = R represent the straight
line distance covered by the

Y

0 Nan Similarly,
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v,cos0, = 30 x cos80° :

VJ! o

= 30x0:174 m/sec
=¥
And v, = v,sim; = 30xsin80°
= 30x0-985 m/sec
= vy, = 2955 r%“[
Now the x-component of resultant velocity

is given by,
At R (.2 = Y% W ™ (7182 - 52) m/ sec

= v, = 1712-98 m/sec

Now the u-component of resultant velocity is given by,
v, =v, REUI TV, "V = (2088 - 29-55) m/sec

— -8-67 m/sec
Putting the values of “v,” and “v," in equation (7)
v= Vv = J(112:98)° 2
Bita AR )’ + (-867)
= v = 127645 + 75-2 = 128397
b
= W 4
='lv =733 /m

The direction of *“v" is given by,

0=¢tan | X|= tcn"[ 587
e (712-98
= 0 =tan' (0:077) =8 =4

Now the actual angle of “v" with positive x-axis is given by,

o = 360" - 4 =[p = 356°]
EXBIMPUE22:

Two forces F, =15N making an angle ©,=70° with positive x-axis

and force F,=25N making an angle 6,=220° with positive x-axis,

act at a point, calculate the resultant force I;:

Solution:
Given Data:

Force F, = 15N, angle 0, = 70°
Force F, = 25N, angle 0, = 220°

———

—
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6 R_gquircd: Resultant force F;. =7

Calcu

lation: The magnitude of the resultant force is given by,

F=\F + F’ (7)
First we resolve " F;" and F;" into its , .
components: For “F", we have, /f; A
F,, = F cosl), = 15xcos 70" = 15x0-342N Wsaws
= F, = 513N 7 =N
And F, = Fsirl), = 15xsin70" = 15x0:939N y'
= £, = 1409N
For F, we have, _ I
F, = -Fyof), = -25 xcos40 = -25x0-766N T A,
= F. § -19:15 ! 3 N
= F, =-19:15N [negative sign shows that

“F,." is acting along X'-axis]
And F, = -Fsim), = -25 x 5in40"
= -25 x0'6%3N

= Fy @ 16:07N

Now the x-component of the resultant is given by,
F. = F, +F, = 513N +(-195)N = 513N - 19:15N

= F, =-1402N

And the y-component of the resultant is given by,
F. = F, +F, = 14-09N + (-16:07N) = 14-09N - 16:07N

o F = ~1-98N

Putting the values of “F," and “F,” in equation (7) we get,

Fo= JFZ +F}

= J(-14-02N)° + (-1:98N)?
= F = |Jf95—_675-_9]~ = J200'5N

= [f, = 1416N]|

e

~
2

e O et
b

The direction of “Fg" is given by,

0 = tan’ [5] = m"(% ] = tan' (0-714)

As “F." and "F,” both are negative so the resultant force lies in




TE—

] Nayab Physics Notes - 1" Year

Chp-2: Vectors & =
Equiltbrium ‘m Chp-2. Vectors & Equllibrium - @f

FN:yab Phusics Notes - 1" Year il

third quadrant- Sl |
50 the actual angle of “F" with positive x-axjs ; p— I =
given by, Is putting the values of F." and “F," in equation (7), we get,
0" = 180° + 0 = 180° + 7.97° = [0 = 187.97°] £ = ((-866N) +(25)" = 74:9956 ¢ 625 [N
S o X2 ;’q’699~9956}~ —[F = 26.46N] or [F = 26-5N]

A fa = ;

For::rc: F',‘ 20N making an angle 0, = 30° with positive x-axis and

) . = :-1‘ON' making an angle 0, = 150° with positive x-axjs
$ at a point, calculate the resultant force? .

Solution:

Given Data:

£ = :

;, | .23%?\!} at angle of 0, = 30" with positive x-axis

. = ‘ at angle of 0, = 150° with positive x-axis

Required: Resultent force = F = ?

—

c oy :
g!gq!at;ai__‘.’_'hf magnitude of resultant force is given by

Fe RV F (1)

First we resolve £ and F", into its compo-
nents, as shown in figure (b). For “F.,”, we
have, ~\

F. = Feosh, = 20xc0s30° = 20 x 0-B66N
—: é__:??-B.?N
And £, = Fam, = 20 x 5in30° = 20 x0-5N
= |F, = 1ON|

¥ =

For F,, we have,

<

;“, = -6601}2 =-30x cos30F = -SOXO'SSGN

= [F.. = -2596]

l'qﬂd ;"_ = F.simd. = 30

2y 2 2 xsin30° = 30 xO-

= |F,, = 15N SR
2y

Fig (b)

Now the horizontal component [x-
s given by,

F: = F." g F;‘u
= |F, = -8

- Bl
Now the y-compo. ent

.'; " .‘-s gl'lve n by!

Fy =F,y +Fh —'—70}\}1&}'5”3

component] of the resultant “F"

= (17
L1732 + (-25:98)|N = (77.32 - 25-98)N

[vertical component] of the resultant force

Direction of ¥ :

e N\
|

e have, 0 = tan"'(

¥

_“\I "

/

d 1
= 0=t { 6’?:6J = tan'(2:886)

= |0 = 70-8;

As x-component of F is negative, y-component is positive, s0 resul-
n angle

tant force F will be acting in second quadrant by making a
of 70-8 with negative x-axis, as shown in the figure (¢)* S0 the

actual angle made by F with positive x-axis is given by,
o' = 180° - 70-8° = 109-:2° =8’ = 109-2"

EXAMPLE 2:3:

Find the angle between two forces o
the magnitude of their resultant is also equal to eit

F equal magnitude such that
her of them- ™

Solution:
Let F: and F; represents the two vectors such that F, is acting
along x-axis while F; is making an angle O with positive x-axis, as

shown in the figure: [Dalso represents the angle between the two

vectors]: First we resolve £, and F, into
their horizontal and vertical components:

As ?, is acting along x-axis, so it posses ho-

rizontal component and no vertical compo- i L
nent- 50 we have, L
F, = Feod) = Feos0® = F, x1 = F, :
= £, =
While F, = ON . >

Now, F,, = Fcof0,F, = F,simd
Now the horizontal component of resultant

K Fig(b)

is given by,
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R, = F. 3
= R = (F +Fos0) (1)
tdh.'.-';’ tsh;: 'vir;:cai Bor:rpo:’;nt of the resultant is given by,
= R = Fsim (2)
Now the magnitude of R is given by, ~
R = (R? + R? (3)

Putting equations (7). (2) in equation (3), we get
R = J(F +F,eos0)° + (F, 5in0 )
VA + Ff cos 0+ 2FF, cos 0 + Fisin® 0
‘/ﬁz i F;’(;asz g + sm2 l}) + 2F,F3 cos ()
' 3
= R=\(F +F] + 2FF, cos0) (4)
As in equation, we have given that, R = F, = F
50 we generally put R = Fr=F,=F f g
2
S0 equation (%) becomes,

- . [tos‘(} +5in?0 = ;]

= R=

= F=VF v F? 2 2F% cos0
= ;=F\‘?+7‘*2£OSU F{

VR + 2cos b
= I = V“(z + 2‘05[]) (5)

Squaring both sides -
of equation (5), we get
! = 2 - 2‘056 ge !

= 2¢c0s0 = -1 = cos0= 2! -
e 05

= = -0 4
cos 0 05 = 0=cos'(0:5) = |p =120°

Thus the angle between the two forces is equal to 7120°

[‘05(-*) = cos x]

T
wo forces of 20N and TON are making an angle of 120° with each

other: Find a singl,
gle pull that would ;
$ystemn (b) balance the given forces syst)m.“pm‘ i [y’ e

Solution:

,L:;, Fr = 20N acting along x-axis, F, = TON
9 an angie of 120° with positive x-axis

(a) () Magnitude of resultant of F
!

and

Figta)

e
(o P totes ] Ye0r

Chp 2. Vectors & iz-._u.r.m{;;m - fr_sjl

fs=Rel?

(ii) Direction of R=0=7

(b) Balance force of R - ?

(a) First we resclve r
As ;‘ is lying only along x=axis,

and F into its horizontal and vertical com=
so it has only horizontal

ponents:
component and its vertical component will be equal to zero: S0 we
have,
F, =Fcosb = 20 x¢os 0°
= £, =20xIN
= F,=20N and F, = ON
Now we resolve J-: into its horizontal and vertical components, ds
shown in Agure (b)* S0 we have, -
F, = -F,cos0 = -10xcos 60’
> F, = _10x05 = -5N N
= F, =-5N P\ o
While, F,, = F,sin0 =10 xsin 60° = =l ;
= S 10 x 0:866N 2
=5 F' = 866N bl
Now the x-component of the resultant is given by,
R, =F, +F,
= R =20+ ( §)=20-5-= 15N Fy is in second quadrant
R = 15N so it is taken as negative.
_—_> =
Now y-component of R [resultant] is given by,
L, T Fay
= R' = ON + 866N
= R = 866N

(i) Now the magnitude of the resultant is given by,
a \)?5" + (866):

= R =299:9956

= |R=17:32N

(i) The direction of R is given by,

= 225 + 74:9956
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(R
6 =¢tan'| 2
(R,
= 0= tan” {3?2'6] = tan”'(0-577)
= = 29.98° = 30°
= |8 =30°

(b) Let F be the force which balonce the resultant R [i*e+ resul-
tant of given forces] then F must have the same magnitude as R
but opposite to R as shown in the figure: So F = 17:32N and mak-
ing an angle of 270° with positive x-axis, as shown in the figure (c)-
R and F are Opposite, so the angle between them is 180° As R

make 30° with x-axis, so the angle made by Fwith x-axis = 180° +
30° = 210°-

—

Vector ‘A" having magnitude 3-2 makes 50° with x-axis and vector
‘B’ with magnitude 5-1 makes 170° with x-axis: What is the magni-
tude of their dot and ¢ross products?

Solution:
Givgn Data:

Vector |A| = 3-2, angle 6, = 50° with x-axis

Vector (8| = 5-7, angle B, = 710° with x-axis
Required: (a) [é-E'I:? E
(b) |Ax8| =7 =

Calculation: (a) Let ‘0" be angle between \

two vectors, then we have, o
0=6,-6 =10 - 50° = 60

We know that the magnitude of dot prod-

uct is given by,
I.‘*i-B_'J = AB cos 1¢))

Putting the values in equation (1), we get, 50
lAs8| = (3-2)(51)(cos 60°) L

=5 [.‘i- gf =32x1'5x0'5 =816 =82

= ’é.él = &2

+50" =60

(A

(k) The magnitude of cross=produce of two vectors js given by,

: Chp-2: Vectors & Eau:'.xbnu:'t - 87

_‘

';gxgl - ABsin0 (2)

putting the values in equation (2), we get, - -
u 1 a . . ) I|

jmsf—-s‘-zxs-usmao - 32x57x0866 ki |

—e

Show that IKB [ +|AxB['= A’8’
B it

, | B >
ﬁrpgﬁagn;‘tude of dot product of two vectors A and B is given by
The‘ﬁxgi = HBCOSO (7)

aring both sides of equation (1), we get,
(48] = A%6% cos” 0 (2)

The magnitude of ¢cross-produce of two vect

Squ

ors A and B is given

Y \/? xB| = AB sin0 (3) *
Squaring both sides of equation (3),4we get,
A x8] = A%8% sin” 0 . (4) t
Adding equation (22) and cqu:tfu‘m (:2 .u;eege ,
lé.é|2+\éxé| = A’B% cos’ 0 + A'B” sin 2 S
- A%8? [cos’ 0+ sin’ B] cos? 0 + si

AB* x1

-y - .

= 1,@3[ +\ﬁx8|
- -2

= ‘fi-é|2+‘ﬂx8|
= '4"3-8‘\2 +‘.'5i.ar:573|’z = ARR% &

= 8« Jaxs - A%

1 diving
] 1 he edge of the uniform
1 ‘ahing 450N is standing at *t ! m
;*”*dwgi’";s length Weight of the board is ?50212) anc:u::y e
.l t the left end, while being supported 1-50m .
‘:";"” - s in figure 2:35- Find the forces and that the
ulcrum, as i

the fulcrum, exert on the board-

Solution:

Given Data:

Weight of Hina = F, = ‘»‘50:’:}
Weight of board = F. = 150

(]
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Center of gravity of board Gcice ity -wsih

:{c=25m | I =1 80 i
Distance of fulerum =1, = 1-5m !
Length of board

|i Hina 4j
e {"' =3Sm [‘L‘rll; | vl fl

Required: (a) [T it
Force exerted by fulerum =F, = ? ' _
(b) Force exerted by bolt =Fy = 7 [ Fu = 430%

Ty

¥

Ea?
Calculation: Fer the axis of rota- |fe—— =i, =m —
tion at point A, let the torque ¢ |
produced by support fulerum is "z, " the torque produced by w aight
of board is “1," and the torque produced by weight of girl Hina is
"'{“
By second condition of equilibrium,

Irv=0
= te=%y=~2, =0
= (FX6) =Rt - (F)(t,) = 0
=2 (RXG) =0R)C) + (F ), )= f, = B lll)+ g&)rr,,) )
(r;

",

Putting the values in equation (1), we get,
£ . (150N)(2:5m) + (450N (5m)

F

7-5m

375Nm + 2250Nm 3
o s < 22
(b) Now the force due to bolt “Fs" can be easily . i sut by solv-
fng first condition of equilibrium along y-axis: Such thg+

LF, =0 = -, +F t(-F)+(-F)=0

> F+F - F, =0
N (2)

Putting the values in equation (3), we get,
Fs = 1750N - 150N - 450N = F = 11500

A uniform plank of 200N and length 6m s supported horizontally
by a rope as shown in figure (a): If the breaking tension of the

rop: :'i 400N, how far can o boy of weight 400N walk from “A"
to "B" ie: towards the support ?
]

—

Chp-2; Vectors & Equilib T
il e qull_riu_'iji] —he
_5a!utfan: Given Data: =

) ” _RJ
¢ N ' Ye - Vectors & Fquilibrium ]
jcs Notes = 1" Year Chp-2: Yecto

vaql

N |

Eu'i"f“ of beam=- w, = 200N

Weight of man=w, = 400N (N
Tension of the rope= T = 400N a e 1”
Length of beam=r = 6m s :
Required: Distance of boy from
.I},q" =, = ?

Caleulation: Now for balance condi P
-:;'.an, let the weight of the beam s R
acting at point “C" and weight of ; c L l: "
the man is acting at point “D" as =

shown in flgure (b)' The torque

due to "w," Is given by,
t, =6 AW, = 3x200 =1, = 600N'm

The torque due to “w," is given by,

1, = rpXW, = rx400 = 1, = 400r,N

The torque due to tension “T" is given by,
1 nf‘XT = 6}'#00 = 13 = 2400Nm
3

Here we see that “w,” and “w,” produces torque towards left, so

total torque towards left is given by,
1, =1, + 1, = 600N'm + 400 xr,N

While “T," represents the torgue towards right, so
1, = 1, = 2400N'm
Now for balance conditions, we have, ¢, =1,
= 600ONm + 400 xr,N = 2400N'm = 400 xr,N = 2400N'm — 600ON'm

1800 e
= 400xrN = 1800Nm = r, = ij - 4.5m = ‘r? = 4%.5m

-":/J}*J,’:e...u:)vnlu!gk"suuu:J;-.;{Au“q..ﬂ#alv'-‘:‘wT/' x
_"ﬁ;.ﬁuhéulcﬁhuxd“ il e"ebatl) @
_"g;fuh:lc..,mmllg.ﬁ'kl&?g,ﬁ e LT/ ;
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) Exercise

Choose the best possible answer:

7

Sol: We know that, Ae8 = ABcos@
Putting ¢ = 80° we get,

= AeB = 017448 (2)

Now put 0 = 80° + 20° = 100° in equation (1),
AeB = ABcos 100°AB(-0-174 )
= Ae8 = -0-17448 (3) .

_Equatmn (2) shows that the dot product for 80° and 700°

Sol:

Twe vectors he with their tails at the same point: UWhen ¢,
angle between them s increased by 20° their scalar product ha:
the same magnitude but changes from positive to negative- T},
original angle between them was: e

a 0 b 60° & A0r vd 80

WS /|

Ae B = AB cps 8O° = 017448

‘ has the
magnitude but changes from positive to negative, so the
original angle is 8&0°-

The minimum number of vectors of unequal magnitude required
to produce a zero resultant is:

a 2 Vb 3 ¢ 4 d 5

If the resultant of two vectors, each of magnitude “A" is also a
magnitude of “A": The angle between the two vectors will be:

a- 30° o B¢ ¢ 60° vd 120°

The resultant of two force “F," and iy

R = \;'Ff . F; + 2FF, co50 (1)

same

s given by,

According to given condition, we have,

R =F +F, =F,s0 equation (7) becomes

i
F=VF?+~F? 4 2F¢os0 - FY(T + 1+ 2¢0s50)
7=V2+2¢c0s0 = 77 - (J2+ 2¢os0 )2
1=2+2c050 = 2¢050=-7 = cak0=——7-

2
0 =

g =7
w3 =

Chp-2: Vectors & Equilibrium _‘qjg
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Nay

(78

5_0{:

The magnitude of vector A=2i+)+ 2k is:

Y ¢ b 5 /e 3 d- 1

A2 jr2k = |Al=V2 12 w9 =3

When F, = 3N and F = SN then F =

2 6N /b 4N ¢ 2N ¢ ON

: F, = 3N,F = 5N, we know that

Fi e B2 4B B B2 R -F] = (SN) - (IN) = 25N - O

F? = 16N* = [F, = 4N

A meter stick is supported by a knife-edge at the 50c¢m mark:
Arif hangs masses of 0-40 and 0-60kg from the 20c¢m and
80cm marks, respectively: Where should Arif hang a third mass

of 0-30kg to keep the stick balanced?

Ja 20em b 70cm ¢ 30ecm d 25cm
m, = 0-40kg, m, = 0-60kg, m,; = 0-3kg

I+ ; e »

20cm 50 R80cm

g e O
el

= 30em,r; =7

R = 306!11. r;

For balance conditions, we have, T, =T,

=

=
=
==

(w, xn) + (wir;) = Wiy
(mgr,) + (mygr;) = Mg,
mn + myry = myr, \

, \ =
- ’0'5*30‘04‘30Jcm={7‘9 2 |
y = m, 0:3 0-3

=[36.§]cm = y

If A =15mA =-1-0cm, into which qua- ‘ il

drant do the vector “A" point? X -!A

a | b 11 e I Jsd A '
Sol: A, =1-5¢m, A = -1-0cm y
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8 Ae(AxE)-7
va 0 b7 ¢ AB d: ﬁi‘g

Sol: We know that (AxB) =C___ (1)
Now A-(AxB) = AC
B WefAnB)=AlcosOd_____(2)
As vector C is perpendicular to A and € so put 0= 90"
equation (7), we get,
A-(AxB)=FACx0 =0
= A-(AxE) =0
9:  Two forces of magnitude 20N and 50N act simultaneously on 4
body: Which one of the following forces cannot be a resultant
of the two forces?
va 20N b 30N
Sol: £, = 20N, F, = 50N
We have, R <R<R_,
= REISRE(F, +F)
= (50-20)<R<50+ 20
= |30<R< 70;
This shows that the range of resultant will be 30 or 70 or be-
tween them: S0 20N does not comes among the possible values of

¢ 4ON d- 70N

resultant:

10 If the dot product of two non-zero vectors “A" and “B" is
zero then the magnitude of their cross product is,,...,
a 0 b 7, Ve AB d -AB

So0l: A+ B = ABcos® 1)

For A-8 =0, put 0 = 90°, 50 equation (7) becomes
A8 = ABcos90°AB X0 = A-B=-0____ (1)

Now AxB = ABsin0 = ABsin90° = AB x1 = AB

17 The sum of magnitude of two forces is 16N: If the resultant
force is &N and its direction is perpendicular to minimum force
then the force are:
v a 6N and 10N b+ 8N and &N
¢+ 4N and 12N d: 2N and 14N

50l: We have given that, resultant = R= &N and
b+ =16 > K 408=F) 1)

]

]
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?cordmg to equation, w‘,"’_"ﬁt_
R = F] -F=F, = R+ F! (2)
Comparing equdt;’?_rf_(_fh),'equatian (2), we get, ) 2
(16 -F) = \j’Rl'*F,” :>(J’5—F,)’ - R? . F,} =84 £
— 256 +F' -32F = 64+ F =256 - 64 - 32F, = 0
— 192 - 32F = 0=-32F, = -192 DI?-_SE
Putting I, =ON in equation (1), we get,

F, = (16 - 6)N =>F, - 10N

Thus the two forces are (6N, TON): |
12: Find the mass of the uneven rod shown in the flgure: If Jts

center of gravity is 14cm from end A is........

Ak 3
Wiem J‘"'""'ﬁ ¥
+

I4em

m="

v a 1004 b 1509 ¢ 80g d 5g
Sol: Mass of red=m, = 7, r, = 30cm - 14cm = 16¢m
8- Mass of object = m, = 80gm,r, = 20cm
For balance condition, we have, 1, = T,

o W, XN = W, X, = mgn = Mygr, = mn = Myl

Rl [8022019.&1 = 100g9m :‘:'lmF = IOOgn’n
6 )

r‘ . .
13- The following diagrams show a uniform rod with its midpoint on
the pivotr Two equal forces "F" are applied on the rod, as

shown in the figure: Which diagram shows the rod in equilibrium?

e i

= m =

Ky =
1. I ;
=y g




T—

Chp-2: Vectors & Ulbri 0 |
G _ p EqutllbuEE unab‘PhUSIcs s = 17 Year Chp-2: Vectors & Equilibrium — 95 |
2ok e torque produce towards left balance P — l— s

the torque produce towards right i-e: | g i
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Y P orEr=0 S— e j Conceptual Questions x
Q shih mngly: i mpation Iré'gJ Y ’»‘é xB m _5?_:_!5 it possible to add three vectors of equal magnitude but in
'a. v ol ¢ 60° d- 90° different directions to get a null vector? lustrate with a diagram:
ok ;A..g_' = ABcosO = AB cos 45° = AB(0-707) = 0-707AB Ans: Yes, it is possible to add three vectors of equal magnitude but
= |Aeg| = 0-707A8 ______"_ (1) different in directions to get a null vector or [
Now |A xB| = AB sin 0AB sin 45° - AB(0-707 ) = 0-707A8 zero vector: // .
= |4x8| = 070748 (2) Example and Explanation: /
Comparing e . N Consider three vectors A B and C having same —_— b
Sl i, (7). equation (2), we get, magnitude as shown in the figure (a)° Let we |
5 |ﬁx8l for =0 odd these vectors by head to tail rule: For this
15+ What is the net torque on wheel radius 2m as shown: purpose we combine the head of A with the C B
@ 10N anti-clockwise ) tail of B- Then we combine the head of B
b- IONm anti-clockwise i with the tail of € as shown in the figure (k) Ripoomger
S ¢ TONm clockwise F= Now for resultant, we will combine the tail of — _
d- SNm clockwise e F= first vector [irer A] to the head of last vector [irer € ]+ But we
H see that the tail of A already touthes the head of C- We can put

Sol: Clockwise tor
7 u
‘e only a dot at their point of contact: So the resultant vector (N

= il raf = 2570 =2 f
Anti M. X ‘ this case will be a null vector or zero vector Thus we have
nti-clockwise torquc % P S 2 5
= T.rt =raf, = 2x5 = . v = + + = ,
2 ] i Conclusion: Thus it is possible to add three vectors of equal magni-

Net torgue
' =T -1, = 20N'm - 10N'm = 10N'm ¢clockwise
= [: = TON-m clockwise

tude but different in directions to get a null vector

Q2: The magnitudes of three vectors are 2m, 3m and 5m respec-
tively: The directions are at your disposal- Can these vectors be
added to yield zero? lllustrate with a diagram:
Ans-Yes, it is possible to add these vectors to

‘LWL Lo e o ; s eld zero or null vector- N
 « J‘F'/{;""Z‘m/’/"”'g-“-!d' AL LES) :":as:r:randr E:Pfav:at.-';n'
“ % - oh e L LA ERL LS St Al At S L W E
S sty {-’15/'(&':}‘(‘1/({ o Consider three vectors A.B and C  having
“ 18 P - )
-ml.-«.f.mjf.:—_gd,:f‘jww ;-::#nrm#/d - magnitude 2m, 3m and 5m recspectively: Let S
“_rf_bkﬁé,'”m,)_/ o : A t?ﬂd 3 d t d d - d : /
WL U AAS P S b ) . i " are directed towards East and C is
Calls, ;‘?—;Inll’éﬂ’f-'fd o directed towards (West as shown in the -.’F-;urc- ____;___,,:m
1 Now by adding A and E according to kead to N - P =
s l tail rules, we get, et W
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A+B=6m (East)
Now adding vector C with A+ & in opposite

e _ — __. = cmlﬂc(]grs_E_Eﬁuillbr-mm - %[
1

_f\__,_____n___‘_>
2in

i

direction, i-e towards lWest, we get
A=2m LERI

; : ——
A+B+(-C)=0 _1 =
Thus we get null vector or zero vector because *l&

the tail of (A+8) and head of C;ust touches each other: For re-

sultant we can put only a dot which will give zero magnitude:
Mathemac:caﬁy we have,

R = ﬁ+ 5'+ s C)
= R = 2im+3im+ (-Sfm)
= R'=5;m-5:m

=
= [R=20

Which s thus proved:

Q2 What units are associated with the unit vectors i, j and k?

Ans The unit vectors f,j.lé are unitless because they are used for the
specification of directions only:

Reason and Explanation:

A unit vector in that vector whose magnitude is “1"- The unit vectors
along x, y and z-axis are represented by i, ] and k respectively:

The magnitude of i,] and 'k is given by,
il=1 (1)
3] =71 (2)
:a\ =1 (3)

Thus no unit is associated with i, ] and k- The unit vectors specifies
the dircction of the given vector only- It do not change the magni-
tude or dimensions of the vectors:

Example: Let there is a force of 20Ni e £ = 20iN- Here the
unit “N" is not the unit of “i" The unit "N" goes with magni-
tude and not with direction: Here “i" tells us that the vector,
F = 20N is acting along x-axis: Similarly, F - 30Nj tells us that
force of 30N is acting along y-axis: Similarly, F = 30Nk tells us
that force of 30N is acting along z-axiss Thus the unit vectors
iJok are used for the specification o¥ direction only

)
anb Physus No:es - 1- Y(!ar Chp-? Vmors & fqulllbflum B f_;J:
Q‘u‘ Can a scalar product of two vectors be negative? Provide a
pr roof and give an example-
Ans- Yes a scalar product of two vectors may be negative if they

are antiparallel-

180"

Proof and Explanation: )
Consider two vectors A and B making an [o)
angle of 180° with each other, as shown
in the figure:

The scalar product of these two vectors is given by,

A-E = ABcosD (1)
Putting 0=180° in equation (1), we get,
7.8 = ABcos180° AB(-1) = -AB
= |§.é=-ng| (2)
Which is the required proof Equation (2) shows that the scalar
product of two vectors will be negative if they are antiparallel i-e:
the angle between them is 180°

=
=

Example: Workdone against force of friction is given by,
w = F_r-d
= w = Fdcost)

= w = F.dcosi8O" = Fd(-1)

PSS it
= ___(3) p 0= 130"
Equation (3) shows that the scalar product of two vectors i-e

force of friction and displacement is negative: Thus the workdone
against the force of friction is the example' of negative scalar prod-

uct-

Q5: A and 8 are two non-zero vectors: (a) How can their scalar
product be zero? And (b) How can their vector product be zero?
Ans- The scalar product of two vectors A and B will be equal to
zero if they are perpendicular to each other: While their vector
product will be equal to zero if they are parallel or anti-parallel to
each other:

Reason and Explanation:

(a) The scalar product of two vectors A and B is given by,
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=

[ A8 | = ABcosd (1) ﬁ
As we have given that A and B are non-zero
vectors, so for fé-§/=0, the other possibility is .
that we must put 0=90" i-e- when the two 90°
vectors are perpendicular to each other- So equa- F'ﬁ-;
tion (1) becomes, —
[ A-E [=ABc0s90° ABXO = 1A (=0 -
(b) The vector product of two vectors A and B i, 00
is given by,
A x8| = AB sin® (2)

As we have given that A and B are non-zero vectors, so for get-
ting 1.‘?:;8‘ = O the value of B must be “O” j-e: the two vectors
must be parallel to each other- Put 0=0° in equation (2), we get,

|K_?x8-| = ABsinO°AB x0 = [é;s’*j =0

Also if the two vectors are anti-parallel to each other, then we put
0 = 180°, so equation (2) becomes
\AxB| = ABsin180° = ABxO = 0

Q6: Suppose your are given a known non-zero vector A- The scalar
product of A with an unknown vector B is zero- Likewise, the vector
product of A with B is zero- What can you conclude about B?

Ans- In such a case vector B must be a null vector: i-e: JS} =0

Reason _and Explanation:

Case-1: We know that the scalar product of two vectors A and 8
is given by,
[AB |=AB cosh (1)

Equation (7) shows that the scalar product will be equal to zero, if
A or B is a null vector or if the two vectors are perpendicular to
each other As we have given that A is non-zero vector, so if
/ﬁ-éﬁo. then B will be a null vector or both vectors will be per-
pendicular to eack other [cos90° = 0]

Case-2: We know that the vector product of two vectors A and
E is given by,

|Axs'i = AB sin 0 - (2) & .
According to equation (2), if jﬁxsi =0, then A will be a null, -
vor, or B will be a null vector or the two vectors will be ,fm;a cr
to 'cach other: .B’u_c we have given that A is nan-zer: :ﬂz:;b, z;au-
:g,g‘ _ 0. then B will be a null vector or both vector
lral."cl to each other: S canen

; t Case-T and Case-<:
%:%%ﬁ%ii is condition of perpendicularly and case (2) there
i dition of parallelism- These two conditions are contradictory to
Y That is we cannot imagine the two vectors to be per-
parallel at the same time: 50 we ruled out the. Fon-
endicularity and parallelism- S0 under such conditions,

each other:
pgnd{cu:‘ar and
dition of perp
there is only one pos
or zero vector

sibility that is vector B must be a null vector

Q7: Why a partitle experiencing only one force cannot be in equili-

brium?

Ans. A particle experiencing only one force cannot be in state of

because it does not satisfied the condition of equili-

equilibrium,

brium: Voo~
ason_and_Explanation:

-Ef:o_::{:‘_ng_-ltm:vton's second law, we have, E’%

F =ma (7) ! F = 10N

According to first condition of equilibrium, a | = T

body will be in state of equilibrium if the alge- %

braic sum of forces acting on the body is equal &

to zero i-e* ;;.,; ok
$F=0 2)

Equation (2) will be satisfied, if forces of equal magnitude are acting
at the same line in opposite direction- Now in case of single force, eq-
uation (2) will not be satisfied: According to equation (1), such single
force will produce certain acceleration in the body and as a result the
body will not remain in state of equilibrium:

Example: In case figure (a) two equal and opposite forces are act-
ing along the same line on a uniform body, so the body remain in
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state of equilibrium: '

In case of figure (b), only a single force is acting on body- There i
no equal and opposite force which balance the effect of “f,. Ss
the body will move with certain acceleration and thus will not res
main in state of equilibrium:

Q8: To open a door that has the handle on the right ar:f__t-;,:
hinges on the left a torque must be applied- (a) Is the torqu,
clockwise or counterclockwise when viewed rfrom above? (b) Does
your answer depend on whether the door opens teward or away
from you?

Ans- (a) The direction of the torque depends on whether th”"_-:;;
opens outside or inside,

when viewed from
above' For example, if the door opens from
inside of the rocm then enticlockwise torque
will be produced-

(b) Yes the direction of torque depends on
whether the door open towards or away from us

Reason_and Explanation:

Consider a door having handle on the right
and hinges on the left as shown in the figure-
Case-1: When we pull the door towards us:

If we apply the force F on the door towards ourselves for opening,
then according to figure, clockwise torque will be produced-

Case-2: When we push the door away from_ us:

If we apply the force F on the door away from ourselves for open-

ing, then according to figure, counterclockwise torque will be pro-
duced-

—_—

Door

hinges €

on letr Handle

on ngli

T LTI T TYTTY
l &
|

Q9: Explain the warning, never use a large wrench to tighten a
small bolt?

Ans-We should never use a large wrench to tighten a small bolt- It
is because the bolt will be damaged due to large torque-

Reasons and_Ex'lanation:

We know that the magnitude of torque depends upon the magni-
tude of applied force, magnitude of moment arm and value of 0

P'P_x_gsics Notes - 1" Year Chp-2 Vectors & Equllibrium - 101 ]'
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petween them ie
1= rEsint) (f)

Equation (1) shows that, for given val-
ues of “F" and 0 the torque depends

long wrench

i

upon moment arm r' i-e: greater the
moment arm, greater will be the torque

and vice versa:

Now if we tight a small bolt with large
wrench, then greater torque will act on the bolt due large moment
arm- The bolt may be demaged due to excessive torque: S0 we should
avoid the use of large wrench to tighten a small bolt- To keep the
bolt in safe condition, we should use a wrench of proper size

Q10: A central force is one that is always directed towards the
same point- Can a central force give rise to a torque about that
pm‘nt?

Ans- A central force cannot give rise to a torque because it is anti-
parallel or parallel to the moment arm at that point:
Reasons and Explanation:

‘C:r_rsi_d:r a central force “F,..," is act-
ing on a body at point “P" at a dis-
tance “r" from the origin ‘“o" as
shown in the figure:

Case-I:
We know that the torque acting on a

AKX

body is given by, Fig (a)
1= rFsinb
= v=E 4 sind (7)
Now in the given figure, we see that the angle between “Fo

and moment arm “r” is 180°, so equation (1) becomes

v =rF,, xsin180°
- 1 = rF‘":m x0 =0 ILSM??SOG = O]
> [=0 (2)

Equation (2) shows that the central force produce no torque-

Case-2:
When “F.,.." and “r" are parallel, then we put 0=0°so, equation
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(7) becomes,
1=rFsin0°=rFx0=0
= =9
Onswers 2: The central force produce no torg
acta'on_of force passes through the pivot point-

»

Z Comprehensive Questions\

Give extended response to the following questions:
QI: How are vectors added and subtracted geometrically?

Ans: See answer of questions no 7 and question no 9 in the text:
Q2: If a vector is multi

plied by a positive scalar, how is the result
related to the original vector? What if the scalar is zero? Nega-
tive?

2A
A

Fig (a)

KI ‘
=-2A

Fig(b) ‘

Ans: We can multiply a vector by any number-
Case

Case=l: If the number s positive, then the prod-
uct vector and original vector will be acting along
the same direction- For example in figure (a), the

is multiplied with positive num-
As a number we get a product vector
wice than original vector apd both ~-
acting along the same direction-

Case-2:

original ‘vector A
ber M2 " -
which is ¢

IF we multiply q given vector with zere

then we will get a pull vector or zero vector:

Case-3: If we multiply a given vect

or with nega-
tive number,

then the original vector and product

s multiplied with “-27. As a result we get a product

vector which is twice than original vector but opposite in direction-
Q3: What are rectangular components of q vector? How rectangular
components are used to represent a vector?

Ans- S,, answer of question no 17 in the text-

L
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ue because the (i, of
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-y onents-:
—C_?#- Explain addition of vectors by rectangular comp
Ans+ See answer of questions no 12 in the text

ctors: What
5: Define the dot product [scalar product] of t:o :: o el
Qo.metn‘c interpretation does the dot product haver exam
g!

les: . .
ﬁPns- See answer of question no 13 in the text

vectors:
: Define the cross product [vector product] of :w:,n-; il
ifi.ab geometric interpretation does the cross produc g

examples: . .
Ans: See answer of question no 14 in the text

' ct of
Q7: Define torque:- Show that torque is the vector produ
: it ctor:
force and position ve ‘ -
Ans- See answer of question no 15 in the text

j j of
Q8: What is mechanical equilibrium? Explain different types
equilibrium- ' ‘
Ans- See answer of question no 16 in the text

Q9: What type of equilibrium is quaranteed by each condition of

equilibrium? —

H:s Static and dynamic equilibrium s quaranteed by each co:qd:s;no
' afe . " . n

of equilibrium+ For detail see “types of equilibrium” in equatio

76 in the text:

.
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horizontal [i'e with direction of bus]:

(] -
2. A football leaves the foot of a punter at an angle of 5‘{ pat;
=5 direction at a speed of 2im/s- Determine the horizon

| Nayab Physics Notes - 1* Year

) Numerical Problems‘x

‘tive X~

Q1: A person throws a ball straight up with a speed of sz :mJ vertical components of the velocity

the bus is moving at 25m/s, what is the velocity of the ball to an Solution: §

observer on ground? : é;ven Data: Velocity of football

Solution: _—_: :_l:/; _=.._2?m / sec v iV, =
Given Data: A Angle of football with x-axis=0 =54 .-,

Velocity of ball \W_I_)E l"u Rquﬂ'_@d-‘ iLs L _ 4 - " bl

. (a) Horizontal component of velocity= V, = 7 :

=V, =712m / sec

Velocity of bus
=V, =25m / sec

Required: Velocity of ball to an observer
on ground i
LA

Laleulation: Let the ball is thrown
straight North and the bus is moving East- |
Here we add the velocities of ball and bus V_ =25 /sec
by head to tail rule as shown in the figure-
Now for finding the resultant velocity, we combine the tail of first

Vo = 12m / scc

A

vector OA with the head of last vector AZ- Thrs 0B gives us the
resultant velocity or relative vector of the bal! “¢ an observer on
ground- Now

(0B)* = (0A)? + (AB)

Vi =V +vi = (25m/ sec)’ + (12m / sec)?

rel bus

=
= vl = (625m? 7 sec? ) + (144m? / sec)?

D vy, =769m / sec® = v, = 7697 / e

= &‘, =27 7m 7 sec

OR v, = 28m / le Perpendicular= Vv,
: B-'ISE=th5

Dl-recbf.on af_vra.":

hY

ol V £ F2
As 0 = tan'| 2t 0 = tan” [ 12| - )
{u J (25J 256

bur

= ar

Thus the relative velocity of ball will make an angle of 25-6° with

(b) Vertical component of velocity = V, =7
Caleulation: (a) We know that,
i V, = Vcosb (7)

1 ] tion (1), we get,
Putting the values in equa

vV = [2715055‘:"1"! / sec = [27x0-58&‘]m / sec

= |V =12:4m / ’ﬁl or 1[{ =12m/ sec!

b) We also know that,
()V,=l/s.-'n[} (2)

1 1 t
tting the values in equation (2), we get,
& b: 9= (27 x5in5%° )m / sec = (21x0-809)m / sec

]L;, = 16-99m /ﬂ or ]17 = 17m / sec|

‘ iddle of a clot
: : hool bag hangs in the mid ; 4
St 0 0=3-50°+ Find the tension, T in the clo

hesline, caus-

ing it to sag by an angle
thesline:

Solution:
Given Data:

Mass of bag = m = 1'8%kg

Weight of bag |
=w =mg = 1-8%x9-8N' = 18N 1

Angle = § = 3:50° e
Required: Tension in the clo- i
thesline

Calculation: Let T =T.=T be the tension in each part of the cloth
E i =4 , / & v "
line: Here we resolve the tension in each part into their horizontal
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and vertical components, as shown in the figure: As the System
. ) . e
in equilibrium state, so we apply the first condition of equil,

is
ie: brium
EFI =O:>1:‘f('rh)=o:7:’ =Tz‘_—(7)
% =
t‘ind._."' 0= .":T’ =0 7;y+7'2r+(-w)=0
= +T‘_,’-w=0=, T.sin6, + T, sin0, = w

Ty
= Tsin0+Tsin® =w=2Tsind w 8’ =03‘ =0
Gial, =T

oW =( 78 ]N
2sind 2 xsin3:5°

\ J
_— ( 18 (.18 R,
[‘2,{9.05,]’“ [o-;zz}” = 147-5N
= |T =147:5N|or [T = 148N

Q4: Find the magnitude and direction of vector represented b
following pair of components- (a) A, = -2:3cm, A, = 4 7¢ e
= 3-9m, A, = -1-8m- ~ i

Solution:

Given Data:

(a) A, = -2:3¢em, A, = +41Iem

(b) A‘ = 4‘3'9.".‘1, ﬁi‘ = -zgm A, L _{
; ; L 607
Required: Magnitude of vector in each case Ty '

= A= ?
Direction of A in each case = 0'q= ?
Calculation: (a) We know that the magni-

tude of a vector is given by,
A= A +A7 )

¥y Fig :iJ

Patting A, = -2-3cm and A, = +4Icm in equation (), we get
= J{-2-3:m)2 + (41em)? = JV5:29:m? + 16-8lem? '

= A= (529 +16-81)cm* = 22-Tem? = 4-7em

- |

We also know that,

A
— ,]2 S %1 .
an [ﬁ—— m'(EEJ = tan’(1:78) = |0 = 60:7°

') i
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onent is positive, 50

As the x-component of A is negative and y-comp
the

vector A lies in second quadrant as shown in fgure (a)+ Thus
sctual angle made by the vector A with positive x=axis is given by,

0 =180 -0=0 =180°-60-7" =0 = 179-3°]
Part (b): Now putting A, = +3:9m and A, = -1:8m in equation (1),

we get,
A = [(39m) + (-1-8m) = \15-2Inf + 3:24r" ?

= A= \18:45m* =[A=43m| .

Now the direction of vector A is given by,

9 = tan’ [%-] \< A
= 0= tan"[-g%] —

As the x-component of A is positive and
s0 the vector A lies in fourth quadrant as

by the vector A

y Fig ()

y-component is negative,
shown in figure (b)* Thus the actual angle made

with positive x-axis is given by,
0' = 360° -0 = @ = 360° - 2%8°

=

“£" having magnitude 5:5N makes 10° with x-axis and

Q5: Vector
What i

vector “r” with magnitude %-3m makes 80° with x-axis

the magnitude of their dot and cross products?

Solution:

Given Data: Magnit
Magnitude of vector r =r = 4:3m, 6, = 80

ude of vector F =F = 5:5N,8, = 10°

Required:
() |F-7|=2 s
(b) |F. X F| =7
Calculation: The angle between Fand | . - ’

F is given by,
0=0,-0, = 80°-10°=6=70°

(a) The magnitude of dot product of
F and F is given by,
1f-Fl=Frca:9 ()]
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Putting the values in equation (1), we get,
Frl= 55N x%3m xcos 70°

= 55N x4-3mx0-342
o o B

(6) The magnitude of cross product of F and 7 is given by,
[ xrl = Frsing (2)
Putting the values in equation (2), we get,
IF XF| = 5-5N x4-3m xsin70° - 55N x4:3m x 0-939
1 L
e e
= lf.xr‘ = 22:2Nm

TNauab Phgsus“f:lates - 1" Year
|t S —

@6: The magnitude of dot and cross product of two vectors is
6v3 and 6 respectively: Find the angle between the vectors:

Solution:
Given Data:
|u4'5’J = 6V3, Hxﬁ"[ =6
Required:
Angle between two vectors = 0 = 2
Caleulation: We know that
Jﬁ-é::ﬁgcos(} (7)
And |A x8| = A8 sin0 (2)
Dividing equation (2) by equation (7), we get,
A <] _ ABsin0
Jf‘j . SI AB cos B

I'é’téf_ sin @ o, 4
8 w0
= tngﬂij_ 6

— ]
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TR dina
@7: A uniform rod 1m long with weight 6N b7 be su;:;;rt:nd i
h r';'zantaf position on a sharp edge with werghts ?{ Eoie
"’s ended from its ends: What is the position of point of ba 7
u

-3

end of rod = w; = T0N
Weight suspended from oth- ) |
er end of rod = w; = SN 1, J
Let the midpoint of the
od represents the pivot point, then
r ; i - r, =05m

rz[lJm =r =05m and r, = Emﬁ, A

I 2 * “ " 7 vot
Let the center of gravity is situated at a distance “ry" from pi
€

N

_spele . —
Solution: e A T
6;”’6” Datp: r. =0.5m r,=05m =l k
=r=1Im ; i s

Length of rod = r R .
Weight of rod = w = 6N ¢ l

|

|

e
—

Weight suspended from one % 74T "8
=10N

!

point: ‘ o
Required: Position of point of balance = r, )
Z;}ru!atian: For balance condition, we have, T .. = Tua
_ﬁ-_ %, =R SHW S W +w,r,

w,r, " WP, (U

W

= wWr, Twhc w,r, =r

Putting the valdes in equation (1), we 9;2\
_[fOxO-S-SxO-S]m___?G:[S ; ]m
r, = ___————————-6 /

25 i a=
= g = [—E—)m = 0-416m

=r, = 04%42m
= F’antion of point of balance =y 0 J

Q8: A 4-Om long uniform ladder with weight of I?ON !can.s ;z:::::ti
a wall making 70° above a cement floor as sl—rawn in fg:r:mim 9
ing the wall is frictionless, but the floor is not, e. ;. )
forces exerted on the ladder by the floor and by the wa

Solution:
Given Data:
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R ——— == || Nau =
Le!’?gth OF )fadder= -43 = L = 4m o ——— "_——b) Naw 5 a .;2 T F.‘ (5) AR = .l'ength of
. - - .'l!'l'fitl-‘;](u'ct‘ ( W ’ : b - L
Weight of ladder = w = 120N worque | : uation (2) and equation (%) in equa Laddar
Centre of gravity from ground putting €q

= AG = ._;_ tion (5)__ we get,

A e
FelJc2r8) + (’20);]1’“

Required: (a) Force of reaction on - S 1

=-.-5_..____, ( ) qr;;s___é_‘;_* IQQOOJN = i-v'f#375-2‘9‘JN

the ladder due to wall = F =7

.
= |
::>FL

(b) Force of reaction on the ladder due

20kq as
SRR R -27_9_ The 450kg uniform 1-beam supports the load of 220kg
Calculation: (a) According to first sha-wﬂ' Determine the reactions at the supports:
condition of equilibrium, we have, ?;fubi@ﬂ-‘ . o HA
SF, 203F +(-F,)=0 :‘(l::al:"\;-ise a@g e 5 6m T
= F,-F,=0=F =F, (1) Mass of beam = M = 450k3 - En
A
& EF,=0::>F' *(rw)=0=Fy-w=0 Weight of beam @7
= F, -120N = 0 =F, = 120N, (2) = w=mg=450x98N
Now applying second condition of equilibrium, we get, = w = 44I0N
& = k
Sum of anticlockwise moments=5um of clockwise moments Mass of load = m = 220kg ahn gl o
= F =AD : f load e .1
A F G In AAGD, Weight o N 9-8N . L Py
ADKW =W=mg—2204¥ L |
= £ = (3) g =2 ' " B
AE RN e = 2156N 1 d
AG = w, e T I
r = » _— » |Bol (—-m—)'
Now Fr'or: the Fg:rc, we have, AD = AGcos O =AD = AG cos 0 Moment arm of “w" = r = %m —> ‘..'.'(_—i 3
= AD = Z o570 = —cos7FP = 2¢057CF = 2x0392 = 0-68% Moment arm of "W‘," =r = 5-6m ]
2 2 7 N e Ry S
= AD = 0-68%m o - 2 Moment arm of “R;" =r; =
And AE = CB = ABsin® = Lsin70° = % x0-939m &= '%m Required:
= AE = 3-756m . (a) Reaction at “B" = R; = z
Putt;ng the VG'IUGS OF ufqpu. "HE" ﬂﬂd nwn f.ﬂ equdta“oﬂ (3)' i g!t, (b) Reﬂft-‘bn Of "H" = R‘ = ?
0-684 x120 3 .
Fo = [“'_——3.755 )N= In AABC, Calculation: i
' condition of equiiiorium, :
Putting the value of “F..” in equation (1), | sin0 = % (a) Applying second
we get, = BC = AB sin0 Vontictoen = Tetochusa
F, = 21-8N (4) =BC = AE = ABsin® = Ryxr, = (waxr)+(w, xr)

™
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= (1) v |
Putting the values in equation (7), we get, u|_J
R = [(#4710x%)1+ (2156 x56)),, (17690 +12073-6) <
| 8 | - [ 7 N T
= f , 5 MOTION & FORCE
= By = [__3_ IR 377‘4-2@ or [Rﬁ = 37;4,\;]
b QI: Define rest_and motion?
Now applying first condition of equilibrium, we get, ;;S' (i) Rest:
Y = === Point to Ponders
2F=0= R +R +(-w)+(-w)=0 A body is said to be at rest if it do W}lu.-n sitting on a chair, your speed
= R+R ~w-w,=0= R =w+ w, - R, not change its position with respect | is zerq relative to earth. But yod are
= R, = (4410 + 2156 - 3714)N = (6566 - 3714)N to the surrounding: g mﬁ:;fw rﬂm;gv
= m (ii) Motion: around sun continuousky.
A body is said to be in motion if it
changes its position with respect to the surrounding-
o Q2: Define distance and displacement? o
Ans- (i) Distance:
The length of actual path traversed by a body in motion is knawn
as distance- The actual path may be straight or curved: The dis-
tance is a scalar quantity: l€s 51 unit is
meter:
(ii) Displacement:
"-{—-tflg’dké_'-”dlq..l'/q}!,f.;uf),,s4_;-/J,:___Jfg--a BES2 e o The shortest distance between two points
u“-“"'”":'“'U'L')g’-—Jfﬂ,ﬁ::"zﬂ:ngrfrjs’f,,"‘_ Mo o is known 'as displacement:
i ) e M L Explanation:
'Lr“;fﬁ"’g&"'—“rfd’(tffﬂ" BEGs < In given figure, a body reaches from point “O" to “C” through “A’,
i + 9 Y P :
"-EL/J’L"'%""VLU!E&'JZLL'&’JJ&I;.U:(’"‘,-_(E-’}"J_.;,Ls,, & and “B"- Thus the path “OABC" represents the actual path tra-

4l eimnl b S e O ninuer frumJ8r " e BF e a < varggd Frtha:body ducing its motian g QCyeHled clstancer Wi,
sl
i % oc represents the shortest distance between the. initial point “O"

“esS i
] . and final point “C"+ Thus OC is known as d:spkaem:nf: It is a vec-
. l‘/ =1, 3 s P A, e o : .
S AT L‘“"?”“}”"“L-"'%'::/-a".u""” {—ﬁ."u‘z‘ W tor quantity- Its S/ unit is meter: it BN ;
‘"—f,'—lr'fb_’éuléﬁ'szm_/n Q3: Define the following terms: position, speed, umﬂ:rm qued
_Ll,_ﬁrﬂja,y'ﬁféﬁlfmw‘(/&,r,-?_mJg;t};a o variable speed, average speed, instantaneous spead

Ans- 1- Position:
The location of an object r.-.!atwe to some reference pamt [on'gm] ;q;
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known as position of that object:

Explanation:

In the given figure, an object is placed at e g _p_.:_,—h'
point “p"+ If we join the point with ori- k

gin “o", then op = r represents the dis- /o
tance of object from the origin “o"- | . ] L.

From this line, we can also find the angle
made by point “p" with x-axis or y-axis- 1
The position of point “p" is represented : J
by pi.,» where “x" represents the perpendicular distance of point

gy represents the perpendicular distance of

from y-axis and *“y

point “p” from x-axis respectively: [n vector terminology, 0:9 =r is
known as position vector-
2+ Speed:
The distance covered. by a moving body in one second is known as
speed- i-e )
Speed = Distance covered / time

= |
The speed is a scalar quantity- Its S| unit is “m/sec”-
3: Uniform Speed [Constant Speed]:
A body is said to be moving with uniform speed, if it covers equal
distance in equal intervals of time-
4: Variable Speed:
A body is said to be moving with variable speed if it covers unequal
distance in equal intervals of time-
S* Average Speed:
The average speed of a moving body can be obtained by dividing to-
tal distance covered by total time taken j-e-
total distance covered

total time taken

Average speed =

G
6 Instantaneous Speed:
The speed of a 'ody at any particular instant of time is known as

instantaneous speed- For such speed, we take time interval “At” to

be very small such that “Ae” approaches to zero i‘e- lim
A0

"Nayab 'f’hgé_ic's_ﬁl"o.resﬁ—?féar ]

P—
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Mathematically, we have,
- AS
Vo = i A0 |

Q4: Define the following terms: velocity, uniform velocity, v
velocity, average velocity, instantaneous velocity:

fns: 1+ Velocity: = C
The distance covered by a body in one second along a particular di

rection is known as velocity: (OR) .
The rate of change of displacement is known as velocity:

riable

Mathematically, we have,
displacement

Velocity =

time

= |V T

o |

Velocity is a vector quantity- lts standard unit is “m/sec”"

2. Uniform_Velocity: - !
A body is said to be moving with uniform velocity, if it covers equa

displacement in equal intervals of time:

3 Variable Velocity: ' :
A body is said to be moving with variable velocity, if it covers un

equal displacement in equal intervals of time:

4. Average Velocity: |
The average velocity can be obtained by dividing total displacement

by total time taken i-e
total displacement

total time taken

Average velocity =

= |[<v>=

o |

5. Instantaneous Velocity:

= e
The velocity of a body at any particular instant of time isl_?l.(nou{n ‘?‘s“
instantaneous velocity: i-e e
. (Aﬁ]
v = [lim|—
" ae0| AL -
R

T _g:{i)
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variable acceleration, radial acceleration, linear acceleration, POsitive

acceleration, negative acceleration, instantaneous acceleration?
LA

Ans- 1+ Acceleration:
The rate of change of velocity is known as acceleration- Mathemet;-

cally, we have,*

Berelirabion = Vc"_?f-‘ty .l'l“_l'ii"_“_‘r_lllﬁl!'.ﬂhlfj“jr
time Dimensions of Velocity:
[ Aii I We know that,
- g B .
= displacement
| At \ :—p—_———-=mfscc
It is a vector quantity- Its S5- unit is il
; _ length i
m/sec ——;—‘——\'=[1.I ]
: . time
2+ Uniform Acceleration: ]

A body is said to be moving with uniform acceleration if equal
change occurs in velocity in equal intervals of time-
3- Variable Acceleration:

Dimensions of Acceleration:
A body is said to be moving with | We know that.
veriable acceleration if unequal change |  velocity

=m/sec.sec =m/sec’

occurs in velocity in equal intervals time
of t.‘me'. = g= Icng[? o =[LT‘:]
- Radial Acceleration: i

The acceleration which is produced

due to change in direction of velocity is known as radial acceleration:
5 Linear Acceleration:

The acceleration which is produced due to change in magnitude of

velocity is known as linear acceleration:

P T Ao N - ' ]
Positive acceleration Negative acceleration

a b

- a6

= bpvl:-gm;:
""" B>

6 Positive Acceleration:
The acceleration is said to be positive, if the magnitude of velocity
increases with respect to time-

Slowing |
own {

P—
cEp'Ia_E:_m&‘& Forre

6

S lag)

Q5: Define the following terms: acceleration, uniform acceleratipp

S |
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; tion:
7. Negative Accelera _ T
The acceleration will be negative, if the magnitude of velocity

creases with respect to time:

e

. ntaneous Acceleration:
5 e : instant of time I5

The acceleration of a body at
known as instantaneous acceleration: i'e’

o 2
b * el

Q6: Discuss the displacement - time graph- ;
Ans- The displacement - time graph gives us @ certain slop
dient from which we can calculate the velocity of a body’
For example, figure (a) show's the displacement - _‘_m:__———-——-l
time graph of a moving car: From the slope of
the graph, the velocity of the car can be calcu-
lated in the following manner i'e: N ==
Velocity = Slope of the graph

any particular

250r grﬁ'

Ay :
_3 = == {seC)
— UVelocity = = —)] Lﬁfape ._\x} l::gm I

From figure, Ay =7100m, Ax = 10 sec, so eq (7)

. 700
— Velocity = . m / sec

5
7. If the slope of the displacement = time
it means that the object
as shown in

graph increases,
is speed up or accelerating
figure (b)

2. If the slope of displacement - time graph
decreases, it means that the object is
slowing down (or) decelerating as shown in

figure (c)* -
3. If the slope of the displacement = time

graph remains constant, then it means
that the body is moving with constant ve-

locity as shown in figure (d):
In figure (e),
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(a) The line 'ab’ shows that the object js moving with cop.
stant velocity:

(b) The line 'be’ shows that there is no change in displace-
ment of the body, so the body is at rest-

(¢) The line 'cd’ shows that the body begins reverse its jour
ney with constant velocity:-

Q7: Discuss how can you calculate the magnitude of velocity from
displacement - time graph?

Ans: We can calculate the magnitude of velocity of a moving ;o—d;
from displacement - time graph- For this purpose we need the
magnitude of displacement covered by the body and time interval
taken by the body in which the concern displacement is covered-
Example: Consider a car
which is moving backward

forth along a straight path Tune [ Dispicorc
es shown in the figure- Here ; ‘.":
we measure the displace- w| s
ment of the car after every 0| =
10sec-  The magnitude of il B
displacement covered after z :l

every 10sec are given in the
table:

Selection of Scale for Representing the Vyi- =5 _of Time and

Disp!a_cem_e;gg:

We draw horizontal and vertical %) -

axis* We take the displacement Suale

- ISD = 5 [Vertical axis|

x" on vertical axis and time 1SD=2 [Horizontal axss)
taken on horizontal axiss Now
.we select a suitable scale

Let one small division on
vertical axis=5m

Andone small division on hori-
zontal axis=2sec

Now we put dots at point A,

B, ¢, D, € and “F" for the given values of displacement and time:

—___
- - o i =119}
- .3 Motion & Force _J
=2 Physics Notes - T .ria, A R _C_’}Pi Motion & 70
B cure and get a graph a

s shown

e

Now we joint the dots by free hand

in the figure: @ 4 nt “8":
Calculation of Velocity between point “A_and point -

vin R wgn wven by,
The average velocity between point N and "B s gve ¢

.| (
o -8,
Putting the va!uesj in equation (1), we get,
= [?3_;39 |m / sec
Vae " ("70-0 |
= Vu = [EEI"’ / sec :»m

10 |
Calculation of Velocity between point “B”_a: 1
The _average velocity between “B" and “C" is given by,

“g” and point “C":

Vg = St (2)
* t, ~
Putting the values in equation (2), we get,
38 - 52)

m / sec

(-74) = -1-4m / sec
i | Vg =
= Vﬂ'_]\fo,'im/seca =

In this case the car moves backward from “B" tc; c = P |
Caleulation of Velocity between point “C and.p EL’! (R
?’;z_c;erage velocity between “C” and “D" is given by,
=2 3)
Voo t, - &
Putting the values in equation (3), we get,

_[0—3_8 ]m/scc

v:D 30 = 20
-38&
V{D = [—Fa—]m / sec

B lvfﬂ = -38:8m / scc]
Calculation_of Velocity between point “D” and point “E”:
diLy L°i4 " ﬂnd "E" IH g.‘veﬂ byl

The average velocity between point “D

e i) (4)
= v, =
DE ts i cn

Putting the values in equation (%), we get,
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-37-0)
Voe = {— 'm / sec

40-30) ;

Vpe f—om / sec = Iv'DF =-37m/ sec]

Calgylation of Velocity between point “E" and point “f:
The average velocity between point “E" and "F" is given by,
o’ Kosmike (5)
EF tr 5 tf
Putting the values in equation (5), we get,

Ver [MJ,,, b W,

50 - 40
Vee = ':ij;;—.??]m 7 sec = [:;g]m / sec

= lvﬂ' =-1ém / Sec]

@8: Discuss the velocity - time graph?
Ans- With the help of velocity - time graph, we can discuss the ac-

celeration of a body and can calculate the distance travelled by a
body-

I- The slope or gradient of velocity - time graph is called acceleration-
' 2' The area under velocity - time graph is

called distance travelled-
@ If the slope of velocity - time
.' graph increases, then it shows in-
creasing acceleration, as shown in

vim/s)

tsec)
. figure (a): Fir (a)
b* If the slope of velocity - time
graph decreases, then it shows de- o
creasing acceleration, as shown in
- . figure (b)-
¥ the slope of velocity - time Fig () "
graph remains straight, then it
vim/s)

, shows constant or uniform accele-
ratdon as shown in figure (c)-
d- If the body is moving with con-
stant velotity, then the accelera- Fig (P
tion of the body will be zero- In

[e: SR == Motiwn & Force - 121]
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- i such a case we get a straight line parallel to t

as shown in figure (d)- _
In figure (e), the line “ab” shows that the body is mov-

ing with constant acceleration _—
The line “be” shows that the body is moving with constan

ime = axis,

3' . .
locity and thus its acceleration is zero:
vim /s) vimis)
Zero acceleration
h [
104
¢l
1(sec) 10 20 30
Fig(d) Fig (e) Tlsec)
4. The line “cd” shows that the accelera-

tion of the body decreases uniformly:
Calculation_of Distance travelled |
The area under veloc'ty - time graph gives us
the distance travelled- The distance covered
by a body according to figure “F" can be cal-

culated as,
[D_r'stancc covered = Area of Aa

bd + Area of rectangle bede + Area of AcFeJ ,

Q9: Discuss how you can calculate the magnitude of accelera=

tion from velocity - time graph? ‘ .
Ans- We can calculate the magnitude of acceleration of a moving
body from velocity - time graph-

Example: Consider a graph between given values o
time interval as shown in the figure: M
Calculation of Acceleration between points “A a.::: —B: .
The acceleration of the body between paints “A and “B" is given by,

l " Ya '[20-0}5'1/5“2

a=s =
¢, -t, \10-0

= (g, =2m/ secz|

Calculation of Acceleration between points “E "_ar}d.fc.-:_
The acceleration of the body between points “B" and “C” is given by,

f velocity and
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v‘. " Ve

-!20 20|m/sec-0:-
t N, | L2

This shows that the body moves with uniform velocity from point

“B" €0 point "“C"-

Calculation of Acceleration between points “C" & “D":

The acceleration of the body between

points “C" and “D" is given by, o e s
'V;‘V_\l_"0'20\ ‘,.J—

Qg =

= | -E = [m 7 sec e b el U
‘-t ) (30-20) R ams JERRSEE e
= | __-foosm/sec =-2m / sed’ ( : @ ®_. _ H

a, = -2m / sec| R LoUSCERBELN AACESS
P T T B I Oy T

The negative sign shows that the ™ IR VO o |
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Q10: Derive first equation of motion: (OR) Show that (v,=v +at)

Ans- Consider a body of mass “m" is moving with initial velocity

velocity of the body decreases while
moving from “C" to “D"
Caleulation of Acceleration between points “D” gnd “E*:

The acceleration of the body between points “D” and “E” is given by,

Ve "V 0-0
a = _& D — oo W< S / 2
T [40 - 30}” o

As vy, Vg are zero, so the body is at rest in this region:
Calculation of Acceleration between points “E” and “F":
The acceleration between points “€" and “E" is given by,

_ Vet v, -6-0 %
a = a, =S| ——|m/ sec
£ b -t &F (50-‘1‘0 =

= -0-6m s se.-:‘l

=6
= a, = 5 / sec’ :)Ia”

Caleulation of Acceleration between points “F" and “G":
The acceleration between points “F" and “G" is given by,

g, =N . [-6' (-G)Jm/ sec? = [‘6 +6Jm/sec2

W 60 - 50 70

= |ag =0

This shows that the body is moving constant velocity from “F" to “G"

(_q.l.' "’.[.; U7 SJJ 0/ J' '?—EJ&Y ﬂ4‘:/m'q_di b{)’_ﬂ/( ,fi..-a/'"}

wy " Let “v,” be the final velocity of the body after time “t"

then the acceleration of the body is given by,
Acceleration= rate of change of velocity

it
= ,:_(i_;zzvat=v,-v,

= a¢+v‘+vr=>v,=at+b',

Equation (1) represents the first equation of motion-

QIf: Derive second equation of motion- (OR) Show that,

15
=vt+—at’)
(s=vt+

Ans. Consider a body of mass “m" is moving with initial veloc;‘ty
a,". Let the body covers distance “S" in time interval "t - Now
thr. distance covered by the body in terms of average velocity ‘<v>'
is given by,

§=cv >t a
The average velocity is given by,
Putting equation (2) in equation (7), we get,

5=(v, +2v,)t (3)
Now from first equation of motion, we have,

v, =v +at (%)
Putting equation (%) in equation (3), we get,
5=(v,+at+v‘)t

L

2
(2v, +at)t _ 2vt " iabz
2 2 2

= |5 =yt+ %at’ (5)

= 5=

Equation (S) represents the second equation of motion:

QI2: Derive third equation of motion- (OR) Show that,
(2as = v} -v?)

Ans: Consider a body of mass “m" is moving with initial velocity




N
| Nayab Physics Notes - 1" Yea ~___ Chp-3. Motion & Force - E Nauab Phusics Notes — 1" Year Chp-3 Motion & Force 2 ﬁ—l

v": Let the body covers a distance “S" in time interval “t" gn4
let “v." be its final velocity: Now the distance covered by the body
in terms of average velocity ‘<v>' is given by,

S=cy>t (1)
The average velocity is given by,
< b QE__'_Q
voa (2)
Putting equation (2) in equation (1), we get,
. [t ¥t (3)

Now from first equation of motion, we have,
v, =v +at

vV, -V
- gt =v -.,,:tzf_;!.‘

— )

]

Putting equation (%) in equation (3), we gct,[(a +b)(a-b)=a®- b""]
¢ JEB W) (Y " V)

4

2 a
=S 245 = (v. *v )(v.~v,)
= |2a5 = v] - v’ (5)

Equation (5) represents the third equation of motion:

Q13: Define free fall motion- Also define the acceleration due to
gravity?

Ans- Definition: If we drop an object from certain

height “h" and ignore the air resistance, then such mo- B ?
tion of the body is known as free fall motion
Acceleration due to Gravity:

The acceleration of free fall body is known as accelera-
tion due to gravity It is represented by “g": Its value
varies with altitude and depth On earth surface or
near earth surface, its value is 9-8m/sec- | Frrrrerr |

Q14: State and explain the Newton's laws of motion with examples?

ETEA 2011 l

' .
Ans- T &!ﬂ_f_ﬁoﬂ i Law o C Motion: g = 0 means, the body will be ei-
Statement: This law states that, | ther at rest or will be moving with
“A body at rest will remain at res¢ | UMitorm velociry.

n Ir
and a body in motion will continue its motion with umform velocity

unless it is acted upon by the some unbalanced external force:’
e |
If [E':d, then IV"_'-_QJ

gxpfanat;'of?-' _
The 1° law of motion is also known as law of inertia- The inertia is

property of a body which opposes any change in 1ts state of

" e

the

motion or rest- h
Actually, when some force is applied on a body for changing 13
state of rest or uniform motion, then the body will offer resistance

against this change: )
in other words, we can say that all the bodies try t§ ‘ppaimeain ics

state of rest or continue its uniform motion due to inertia- That is

the Newton's ' law is also known as law of inertia:

why,

Examples: , -y i
;_ When we give a jerk to the branch L{éﬁ’{:""_ﬂ:ﬁ. wﬂ’"ﬁg\
of a tree, then the fruit falls .%\_,,‘}L,'::'; ’:;.—,;
down+ It is because, when we give a «?:7}:"2".' s

=TT - i
jerk, the branch of the tree comes 7 Fu;‘;;-;_&‘ &
into motion suddenly:  While the * ’//{—-i
fruits are at rest and want to re- Lk (< >
mains at rest due to inertia: S0 in et LW -

this attempt, the fruit falls down:
2 (When a bus starts motion suddenly,
the passengers experience a push in
the backward direction: It s be-
cause, when the bus starts motion .
suddenly, the lower parts of the ?f“}f‘:'“‘::‘,'?”“:{1",:;"“"
passenger in contact with the seats '
also come into motion: While the upper parts of the passen-
gers are at rest and according to inertia, they try to remain
at rest: In this attempt, they falls in the backwards direction:
Similarly, when a moving bus stops suddenly, the passenger ex”
perience a push in forward direction- It is due to inertia When
bus stops suddenly, the lower parts of passengers are in con-
tact with seats aiso comes Lo rest suddenly- While the upper

forward direction
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parts are in motion and according to
inertia try to continue their mo-
tion® S0 we the passenger expe-
rience a push in forward direction:

3 When a cyclist applies brakes sudden-
ly, he experiences a push in the for-
ward direction- It is because, when he
apply the brakes suddenly, his lower
parts in contact with cycle also comes
to rest suddenly: While the upper parts are in state of motion
and try to maintain its state of motion due to inertia- [n this
attempt, he experience a push in the forward direction-

2: Newton's 2™ Law of Motion: (ETEA 2010)

itjg_e_nlggg: This law states that, “when a force is applied on a

body, then acceleration is produced in the body in the direction of

applied force: The magnitude of this acceleration is directly propor

tional to the applied force and inversely proportional to the mass of

the body-"

Explanation:

The T law of motion gives us the qualitative measurement of force,

while the 2" law of motion gives us the quantitative measurement

of force:

Now if the direction of motion of the &

body and direction of force are the F

same, then its velocity and accelera-

tion increases-

If the direction of motion of the body

and direction of force are opposite in

direction, then the velocity and accele-

ration of the body will decrease gradual-
ly and finally becomes zero and the body will come to rest: Then due

to applied force, the body will start motion in the direction of force
i-e- the body will start motion opposite to its initial direction:
Mathematical form of Newton's 2" Law:

Let “F" represents the magnitude of applied force on the body,
“a" represents the magnitude of acceleration produced in the body

Cvelist experience a push in
forward direction

iy Moteng fore- 127

[[Ragab Physics Notes - 1 Year

and “m" represents the mass of the body, then we have,

a\‘r (’)
7
pnd o % = (2)
Combining relations (7)., (2), we get,
e £
m
a = constt — (3)

— ]

m

put constant = 7 in equation (3), we get,
F

a=!x-—
m

S o= £ o [F=imd (4)
m

In vector form, equation (%) can be written as,

(5)

Equation (5) represents the mathematical form of Newton's 2™ law

of motion-
Examples_of Newton's 2" Law:
;-J—Whan a body falls on a solid floor from the top of a building,

the body experiences or feels great pain- It is because, when the
body falls on the floor, its acceleration becomes zero suddenly

and the body faces huge force for a very short period of time:
Thus the body feel great pain-

On the other hand, if the body falls upon the bundles of foam
or cotton, then the body feel less pain or no pain: It is be-
cause, when the body falls on the foams, its acceleration de-
¢creases gradually and the body does not face large force for a
short period of time: Thus the body feels no pain or less pain

——

Chuld! falls on bundles of Joams

]

Child fall on solid tloor
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When a cricketer catches a ball, he
moves his hands in the backward direc-
tion: It is because, in doing so, the ac-
celeration of the ball does not become’
zero suddenly and the cricketer will not
face huge force for a short period of
time: Thus the cricketer will be able to

o
e

Crickerer
carching
the ball

8

=)

il 1

catch the ball easily and will feel no
pain or less pain-
3 Newton's 3" Law of Motion:
Statement: This law states that, “for every action, there is al-

ways a reaction: These forces are equal in magnitude but opposite in
direction"

Explanation: : :
This law tells us that nobody can ex-
perience a force from its surrounding,
until this body exerts any force on
/ts surrounding- It means that forces

; . Va N A N
are exerted in pairs: » —\F —\‘}_,
TN | 1 11,
A single isolated force is impossible: | <« A J—>
5 7\ r

In other words, we can say that, if a ‘@I’ \@2’
body exerts some force on another
body, then the 2" body will also exert an equal and opposite force
on the 1" body: The force which is exerted on 2" body due to I
body is known as action- While the force on 1" body due to 2
body is known as reaction
Mathematical Fom:
Consider two bodies “1" and “2" moving towards each other as
shown in the figure: Let the two bodies collide with each other:
Now if F,, represents the force exerted by body “1" on body “2"
and F, be the force exerted by body “2" on body “T", then ac-
‘ording to Newton's 3" law, we have,

ARA @
Equation (1) represents the mathematical form of Newton's 2 law
of motion: The negative sign shows that both forces are opposite in

P—

.__T:-—__—_‘ﬂ_-ﬂt-'
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1 ions:

g:i;,{,s of Newton's 37 Law:

; hwhcn a book is lying on the table,
then Its weight " is acting on
the table in downwards direction,
which Is action While the table
exerts an equal and opposite force
uR" on the book in upwards direc-

“W

gion which is reaction: Thus the

pook remains in equilibrium condition-
\Jhen we walk on the ground, we
push the ground in backward direc-
tion, which is action: While in reac-
tion, the ground pushes us in the
forward direction’

Wwhen a bullet is fired from a gqun, it
moves in forward direction due to
action of gases which are produced

due to explosion of chemicals: While
in reaction, the bullet pushes the
gun in backwards direction:
When a football is kicked, the foot

exerts the force Fne on the football
which is action while in reaction the
football exerts an equal and opposite
force Fy, on the foot as shown in
figure: i-e
Fas = ~Faa
The force of A on B is equal in mag-
nitude and opposite in direction of the force of B on A:

QI5: Define force: Define its Sl unit+ Also write the dimension of force:

BISE Mardan 2079

Ans: Force: “A force is an agent which stops a moving body (or)
bry to stop a moving body (or) which moves a stationary body (or)

try to move q stationary body-" (OR)
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“The product of mass and acceleration is known as force:" j-e-
£ = mal (7

Force 1s a vector quantity:

Unit _of Force:

Frbm equation (7), we have
F =ma=kgm/ sec

kg-m / sec® = Newton

= Ff =
S0 the unit of force is “Newton", which is defined as, “force is said
to be 7 Newton, if it moves a body of mass Tkg with acceleration of
Tm/sec"

Dimension_of Force:

As F = ka-m / sec’

_ Mmass - lenath

= —
time”

F
= F=[mT7]

Q/6: Define linear momentum- Express Newton's 2 law in terms
of momentum?

Ans- Linear Momentum:
“The quantity of motion in a body is known as momentum-" (OR)
“The product of mass and velocity is known as linear momentum-"

Explanation: [
£2panacio ‘or Your Information:
The momentum depends upon | Newtonian mechanics are limited 1o

the mass and velocity of the
body-
Mathematically, we have,

P=md____ (1) "

In vector form, equation (7) can

situations where speeds are less than
about 1% of the speed of light = that is,
less than 3,000km/s. Most things we
encounter in daly il much
slower than thi. speady therelore we can
we safely apply Newton's Liws, Hower
er they were retined further at the be

muove

be written as, - ginning of the 200 century when Lins:
- twin \IL'\".'INI“'II |||~ l}l\-lrlr\ of l'ri.llll\'il\.'.
iP 5 m\";l—(z) His theories of velativity extended o
The momentum is a vector quan- | Oncept of Newtonin mechanics 1o be
applied 1o all objects, even objects tra-

“tity
Unit _of Linear Momentum:
As P = my = kgm / sec

velling dose 1 the speed of light.

,rP -‘_R;n /7 S;I
—_—

: . Moti e-131
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pimensions_of Linear Momentum:

a m /7 sec
fAs. P =
mass - length _
= R time
r
o p=[mT’]

Newton's 2" Law in_terms of Momentum:

; ton’s 2™ law, we have,
met New- (1) N-sec is the unit of linear mo-
FJ= :a w that mentum-
so Kno ]
i Av Hints: i F= AP = FAt
- aedil (2) Ph——
At : = = N-sec
Putting equation (2) in equation | ceTgn 2075)
(1), we get,
-
- At
g 2(m0) (3)
At
We know that,
O )
| Putting equation (4) in equation (3), we get,
AP
o 5
F e (5)

Equation (5) represents Newton's 2™ law in terms of momentum-

Equation (5) shows that “force is equal to the rate of change of
\momentum:

QI7: (a) Define impulse: Explain with example: (b) Show that

{ impulse is equal to changz in_momentum- i-e- show that, )= AP,

BISE Kohat 2079
Ans: (a) Impulse:
“The product of force and duration of | '’
time in which the force acts is known as )
impulse-" Matlremat:’cah'y. we have,

Impulse = Force x Duration of time
= JisFoxat —l_. oY)
In case of yap;

averag ] ation of force, we take its
& Value: So equat;
Written g5 quation (T) can be

)

1
e

A=, -y,
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Graph of Impulse:

The variation in force during time interval (1,-1,) is shown in tj,
figure: If we take average value of force, then the area under tj,
“F,.. - t" curve gives us rectangular area, as shown by the dotted
lines in the given figure:
Example of Impulse:

Consider Jannat Gul is hitting
a ball with his bat as shown in
the figure: In this case, Jannat
Gul applies large force on the
ball for a short time “At™
That is the ball remain in con-
tact with the bat for short
time “At"- The graph between
force and time of contact shows that, large impulse produces a large
response: i-e+ if the impulse is large, then the ball will depart from
the bat with greater velocity: However a massive ball will depart
with less velocity as compare to lighter ball for same impulse:

(b) To_show that 1=0P::

From Newton's 2" law of motion, we aave,

Es ..",3...}2
At
= FaxAt = AP (3)

We also know that,
J = Fxat (%)
Putting equation (3) in equation (%), we get,
J = AP| (5)
Equation (5) shows that, impulse is equal to change in momentum:

Q18: (a) What is isolated system? (b) State and explain the law
of conservation of linear momentum with an example:

Ans- (a) Isolated System:

“A system which is not affected by external forces is known as an
isolated system-"

(b) Law _of Conservation of Linear Momentum:

Statement: This law states that, “in the absence of external

— e

(consider two

— e L A b _ = TJ_JJ’
T o \p-3: Motion & Force |
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= 5 . ; ‘ns con-
the total linear momentum of the system remaifns

Examﬁ"'e' and “m,"” which are moving i1

bodies of masses “m,”
as shown in the figure:

the same direction along the same line,

o = %
i m, U m, m. m, v m. 3
&' 6~ S N
o 6" 00 ©6- 0-
= .

After calhision

Betore collision During collision

i ’ o L
Let 4 and u, represents the velocities of “m,” and “m; before
£ 't

cion respectively’ g W
:\jﬁ:ﬂft F: be the force exerted by "“m;" on "M, then due to

this force the momentum of “m," will change and is given by,

P = e~ m,u,] (1) -
> At Do You Know!
An isolated system is a collection of par-
Similarly ; i ticles thar can interact with each other
F = [M} (2) but whose interactions with the envi-
il AR ronment outside the collection have a
Now according to Newton's 3" negligible effect on their motions.

aw, we have,

I ;;2 ": 'F‘zr (3)

Putting equations (7). (2) in equation (3), we get,
[my, = ma,] _ _[ma¥s = mals |
EEARESS

= my, - M, = "MV, * My,

= my, + my, = mu, * My,

= |m,|.i, + m,u, = my, *+ mﬂ_ (%)

Equation (%) shows that, total momentum before collision is equal
to total momentum after the collision, which satisfies the law of
conservation linear momentuin:

Q19: (a) Define collision: (b) Discuss the types of collision: Give
(B06¢ b1 khan 205 ]
Ans: (a) Collision:

When two or more than two bodies come so closer to each other
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that there exists sorme type of interac-

tion between them in the presence or
absence of external forces, then such
type of interaction is knowrn as collision:
(b) Types of Collision:

There are two types of collision, which |

are given below: ’-'*'""'_-i-_r:'ff_-:,‘,“:
(i) Elastic Collision: The collision in which' the momentum and 4.

Charge
ficids » Helum Nuel

netic energy both are conserved is known as elastic collision-
Exemples:
> Collision of steel balls,
» Collisien of atoms,
» Collision of molecules
(ii) Inelastic_Collision: The coll-
sion = which the momentum is
conerved but K-€ is not con-

served, is known as inelastic col- Colliding vehides ‘

lision In such type of collision, some of the K-g is converted into

internal energy, sound energy and the work needed to permanently
deform the objects tnvolved, such as cars in g car - won
Examples:

» Collision between two vehicles,

> Collision tetween twe mud balls

Q20: (a) What

is meant by perfectly ejastic head-on-
ss the elastic collision in one dimension and

tical equations for calculating the final ve-
locities of collidin objects in one dimension-

(ETEA 2011, BISE Malakand 2079, BISE

Ans: (a) Perfect Elastic :_Head-on-Collision:

The collision in whith the mot

Peshawar 2079)

ion of the objects occurs along a

straight line is known o5 perfect elastic head-on-collision-

P—

-~ Caleulating
Mathematical Equatiens for L ‘
n one Dimensiofl.

it

) f
termination 0
(h} Pe : liding Objects
Final Velocities of Coll g. m," and' tmz" moving W
rn fl-r F.-'f“r,

initial
th( . bhodies ax masses

onsider tWO ! s shown i
% and v, respectively, as i

rrpr((f’"f
nnd fet v
s suffer elastic collision

velocities v and v,
Let these bodie

s after (OH!S!O”"_ R i

]
e
-

their velocitie

4 v m A
o O

Before collision

m m " 4

"
S Frmm
F' L

After colhsion
y I
Duning collisio

tum i'e’
of linear momen
of conservation Ilision
apply the law tum after o
e Wei pp:mntum before collision = Total momentu

Total mo

= my, t mV, = my, *+ my\V,
= my, - mv, = myv, = my,
= (v, ~v;)m, = (V5 = V)M,
Now we apply the law af"car'sir o
Total K-E before collision=Tota

(7)
vation of energy i€’
after collisien

o3

uuyuuuy u
3
-

7 - =(atb)fa-t

(v, + V(% = om, = (% + v )V, -v;)r:; @ [¢ ¥ = (arb)a-5),

] , we get,
B e e

v, - v v, -v;)m;m

= (v vi)= (vl * V“’)__'_'_.__',
> v vy E Vv (v ) = (Vo)
R e .
In equation (%), we have,

b~y = pelative: velocity of co.’:’s'd:’ng objee:cs te
'/

o (5)

= VvV, "V, rel b= ! . CGH.‘.S.FO”:' V"
Wh."f: v -\’ = relative velocity of colliding objects after

fore collisien= v,

= Vy-v, =V, (6)‘ " g
Putting equations (5), (6) in equation (%), we get,




—
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= =gl
Vm vmi

(7)
Equation (7) shows that, the relative velocity of approach of two
colliding objects is equal to the relative vélocity of recession: Noy
from equation (3), we get,

ViR =V by,
Sy vttty (5)
Putting equation (8) in equation (1), we get,
(v, =vi)m = (v, + v, +v, = v, )m, = (v, +v, = 2v,)m,
my, = my, = my, + my, - 2m

V2
-m, V; -

myv, = my, = my, = 2my,

-[my, + my;] = my, - my, - 2my,
! ) B

my, * myv, = myv, = my, +2m.y,

(m, +m, )V =(m, -m,)y, + 2m,v,

1V ='(m,‘m2}v % 2m2 \Iv-
[' [\m +m, r mr'*m:.ja
Equation (9) represents the velocity of “m," after the collision-
Now from equation (3), we have,

CA R P ¢
Putting equation (10) in equation (1), we get,

(V= vy =v,*v )m = (v, v,)m,
(2v, - vy vy )m, = my, - my,
2mlvl = m,V; = mrvi' *

“my, = my, =

uuy U vy

U

(9)

mav; e mzvz

§ My, + my, - 2my,
-[m +m v, = -my, + my, - 2my,
(m, +m)v, =my,-my, +2my,

uusuuvy

] [ m i \
v, = [ z m']vz-*( B, Jv,
I\m, +m, ) (m, +m,

Equation (11) represents the velocity of “m,"” after the collision:

U

—mn)

@21: Discuss the momentum :hmzcs Emduud by ugfasfw forces-

ETEA 2007

Ans: There are many cases where momentum changes are produced

by explosive forces within an isolated system- It can be explain with
the help of following examples:

Chp-3: Motion & Force -E
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Ex‘a;mpf_-’_l-' When a shell explodes in mid-air,
:.t';"fragmgnts fly apart in different direc-
tions: The various forces which occur in the
explosion have zero resultant, because they
cancel the effect of each other: So the total
momentum of the fragments is equal to the
initial momentum of the shell- Thus the fal.d
of conservation of momentum is satisfied in

o=

Befure eapleas

After eaplosion

lslatad system

this case’ )
Fxample 2: The firing of a qun is another
uamp.fg of explosive forces and conservation

of momentum: In the gun fire, the gun -
powder explodes due to internal forces: Be- *—F’ ¥
fore firing, the gun and the bullet are at o i
rest- So the initial momentum of the sys- :

vem is zero: When the gun is fired, the bullet moves with a for”
ward momentum and the gun recoils backward- In this way, the to-

tal momentum (s conserved:

Q22: (a) What do you mean by motion in two drmer':sa'ar.rs? (b)
Define projectile: (c) Derive equation of motion for prO)cCtrk"

. otion in two_Dimension:
‘:':: rggiioid ;'n-r:‘;;ic-h_a—body moves along two axis at the same time
is known as motion in two dimension:
(b) Projectile:
A body moving in two dimensions making |
an angle ‘0" with horizontal and having | 3 ’
no mechanism of propulsion in it, s AP
known as projectile:
The motion of projectile is known as pro- b
Jectile motion: The angle made by projec
tile with horizontal is known as angle of projection:
Equation_of Motion_for Projectile::
Consider a projectile is projected with initial velocity “v," making an
angle '0 ' with horizontal, as shown in the figure: Here we consider
only gravitational force: Also in projectile_motion, the x-component
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of velocity remains constant- 50 we put e, =0 ard ey = -g :

s [horizon tal

Now the equation of moticn for projectile along x-axi
direction] is given by,
Vi, Fat =, 2w dat [t‘.‘_=0]

= v, Tv, +0
=

(7)

(2)
Now the equation of motion for projectile along
rection] is given by,

A————
Vo =V, Qe @V = v, - 5t]
. A—— |

H |
And 5=vt+3at3=[y=vt-%gt’ (4)

Equations (1), (2), (3), (%) represents the equation of motion for
projectile-

y-axis [vertical di-

(3)

Q23: Find a relation for magnitude of velocit

Yy of projectile and
directior of projectile?

fins: (a) Magnitude of Velocity of Projectile:

The final velocity of projectile is given by,
Vi B, + 9,

- 3
= W (Vf.’ 2 V.r,))

(7)
From equations of projectile motion, we have,
Wy Sk (2)
And v, = v - gt (3)

Puttmg equat:ons (2) (3) in equation (1), we get,

G,'-v:*(v -gt); (%)
Now in magnitude form, equation (4) can be written as, i
= v, =\|vf+(v,-gt)2 [(a-b)2=a‘?+b2‘2-¢b:l
= v, = \Iﬁ v, *9't? - 2y 9t [v.’ = vsinG,v,

= v cos 9}

> v, = [vzr:os 0+ visin? 0+ g%t - 2(v, sin 0 )gt

= \;"’: 1.“” 0+ sin 01 + g%¢? - 2v gt 5in @
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)
<
i

<
<

flzge i o=1T
f -'.pg”-zvqts.nu |os” Qg 1|

(5)

Fauation (5) represents the magnitude of velocity of projectile:
qu :

(b) Direction of Projectile:

—

ly* + q t = 2Vgt§;ﬂ'“|

r - -gt,v, =V,
V‘.r V' q PR J

(6)

Equation (6) represents the direction of projectile:

924- Derive an equation for the position vector of projectile:
ﬂ 5 !n two dimens;ons. the position vector is given by,
n

= x + y; ‘ (1)
Now from equations of projectile, we have,
x=vt (2)

(3)
Putting equatrons (2) (3) in cquataan (1), we get,

7
find y = (v,% - 59t")

_? t’

|9/ =1}

U
T.I

(v_; + vr,}]t i %(9;)*2 _

r - .. -
+ = v
|v‘.i A

e
= \r =Vt + 3('9)"21 (1 .
. iti tor o
Equation (%) represents the equation for the pesition vet
projectile-

S ; tical
Q25: Define maximum height of projectile: Derive a mathemati
A

expression for maximum height of projestile:

ETEA 2006-2008, BISE DI Khan 2019 i From
Ans: Definition: The maximum vertical distance of proje
horizontal plane is known as maximum height-
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Consider a projectile is thrown in xy-
plane by making an angle ‘0 ' with #
horizontal [x-axis], as shown in the
figure: Now we know that, ;

2a5 =v] -vi___ (1) S

~ _"

Muximum
Height [H)

Here we have,

v
Mo .
a = r-gv, =ny:0 [ v T

S5=Hv=v =vsind

As height is parallel to yeaxis,

so we consider vertical compo-
nents of velocity.

= H=

At highest point, v, =0 j
G N—— (@) |

Equation (2) represents the maximum height of projectile

S0 equation (7) becomes,
-26H = 0% - v’s5in’0
= -2gH = ~v’s5in’0

vfs:’nzﬁ

Q26: Define total time of flight- Derive a mathematical expression
for it

Ans. Definition: The time taken by projectile from point of praj'ec'
tion to the striking point is known as total time of flight-
Mathematical Expression:

From equation of projectile, we have,

S
=yt =gt
y=ve- =1 (7)
Here we put, y =0, v, =vsindt =T
50 equation (7) becomes

O=vsinbT - _{97""
2

7
~ EgT’ =v sin0T = gT = 2v,sin 6

Equation (2) represents the mathematical expression for time of
flight of projectile-

-~ ___Chp-3: Motion & Force W

Mathematical Expression: y=md I
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W the time of summit- Show that the time of sumTr;g;- i
Qualf to the half of total time of flight- (OR) Show that, t = ‘ :
f: Definition: The time taken by the projectile from point 0
ns Melliinz’

cction to its maximum height is known as time of summit-

proj —
Mabﬁf-ﬂ???"“”‘ _E)_rpre_ss:a{?.
.F;-—o-m cquation of projectile, we ha;fe..
ny = V,, - gt (-) .
At highest point, v, =0, also v, = vsin®
50 cgtiai'ig? g?.)qfc:io-f::s; -vsin© = gt = v;sin O

v, sin 0 (2)

= t""‘g

Equation (2) represents the time of summit:
To Show that, t = T72:
L‘I.';::;oba.‘ time of flight is given by,

= 2vsin0 s 2[\!_5,'”0"' (3)
9 g
Putting equation (2) in equation (3), we get,
T=2¢t
T
= |t= -2" (‘f)

Equation (%) shows that the time of summit is equal to half of
total time of flight-

Q28: Define horizontal range: Find an expression for horizontal

range of projectile-
ETEA 2009, BISE Malakand 2019, BISE Peshawar 2019 I

; sbian
Ans: Definition: The horizontal distance between point of projectio

and str'king point is known as horizontal range:
|

Math_:natical Expression:
From equation of projectile, we have,
Lol I
Here we put,
*=Rv, =veos0,t=T
i
50 equation (7) becomes, K R
R=veosOT (2) v=R |
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We know that the total time of flight is given by,
T - 2v sm_(_} (3)
g

Putting equation (3) in equation (2), we get,
veosBx2v sin(

Ay LT
) 9
=y Rz V—'[2smﬂcosﬁh\' (4)
g e —

We know that,
2sinfeos0 = sin 20 (5)
Putting equation (5) in equation (4), we get,
| _ v’ sin 20

A (6)

aq

Equation (6) represents the horizontal range of projectile-
Maximum_Horizontal Range:
The range will be maximum. if sin20 =7 and it s possible only,
when 206 = 907
80°
—_ = = a ] 3 g
3 =45 [Smgo :]
Thus the range will be maximum, if § = 45¢
50 equation (6) becomes
g = vising x 45° >R, = visin90° B vl" x7
g g

= 0=

= |r, = 7] (7)
’ . '——-_._____
Equation (7) represents the maximum horizontal range-
@29: Show that for the same initial speed and same range of pro-
jectile, there are two mutually comE!ementecz angles of projection-
I ETEA 2007 l
Ans- e Anow that the range of projectile is given by,
R=visin20 /4 (7) ‘
— o

Now we can write that,

50 20 = sin(180° - 26)
= 5020 = 5102(903‘0) (2)
Equation (2 ) shows that, for same

range, there wifl pe two values of ‘0’
for example,
— e e U F

e
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N, 20°. then the other possible value of '! for seme p
! H =g .
(e 90" - ' = 60°
jection will be, 90" - 30 . 710" for seme projec-
I 0 = 10", then the other possible value o
(A« 1

cion will be, 90" - 10" = 80" L

) If b= 20°. then the other possible value of

c <t : ;

. jection will be, 90" - 20" = 70 ;

Thus for same range, the projectile posses two values o
s

" for same pro-

‘0" which

are mutually complementary:

Point to Ponder:

How rockets accelerate in_space?
;:;h;rei no air in space to push
against such that as a reaction rocket
is pushed forward: The answer les in
conservation of momentum principle
The rocket ejects gases from its tal
2t a high velocity, as a result rocket’s

gccelera

Ay

mass decreases: Thus giving
tion to the rocket called thrust
space vehicle s mareuvered 1 empty
space by Finng its rockets n the dr
rection opposite to that n which s
needs to accelerate:

) Solution of Examples & Assignments\

EXAMPLE 3:1:

The velocity time graph shows the motion of bicyclist in a stl.m.-'ght
line: (a) From the slope of the graph calculate the acceleration of
the bicyclist between segment A and B, B and C, C m‘r:d D and D
and E- (b) Calculate the average acceleration of f:ﬁe bicyclist+ Also
_(¢) Plot the acceleration time graph for this motion:

Solution:

(a) (i) The acceleration between points “A" and “E" is given by,

AT, -0) 5
aﬁ‘=_£___‘"= 70 OIM/SeC
L, -t 0

—
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= |a, = 2:5m/ uﬁ]

(ii) The acceleration between points “8"
and “C" is given by,

. Ny =[’5-,0]m/uc:
£ ¢4 &4
= la_,, =7:5m/ ucj e
(i) The acceleration between point “C"
and “D" is given by,
- -7
Qp = . Sl G {0 S)m / sec? aim /s’
tD = tc I2¢ & G‘“ @ Scale
1ISD v, Smy
= [ﬂw = -3:75m / S¢52’ e ISD w '
1 ® ©
(iv) The acceleration between points "“D” :
0 + + >
and “E" is given by, i X 2
Vi Vi == 5 er—»
g = /
VORI [zs z 72]"’ - 21
= =T 2 =
= [am = -1-25m / sec l ‘:: o o

(b) The average acceleration of the bicycl-
ist for whole journey is equal to the acceleration between initial

point “A" and final point “E” i-e:
_ [-5 -0

Ve T Va

t ¢t

a,,

m 7 sec?
6 -0

= --Em 7 sec®
6

> o, =

(e

-0-3125m / sec?|

First we select a suitable scale:

Let 7 small division on vertical axis = 0-25m / sec®

And 1 small division on horizontal axis = 1sec

Now we put dots for a = 2:5m / sec®, 1'25m / sec®, -3:75m/ sec’,
-1:25m / sec®, -0:3125m/sec® and t = O sec, ¥sec, Bsec,12sec, 16s¢ec
respectively as shown in the figure- Finally we joint the point and
get a graph as shown in the figure-

s . — — - ._ ‘_:.! tinm B FAarce - 1458
" 'y tes =4 T€ #)dle 4 c
g Ty LS — e )
,,,.--; — T 9. . |
e raph shows t n i - !
The velocity time graph s ows the motio Us . |
| = b g [
of a.car.in-a straight |12 By reading the | .} / \ |
" 141l y | ' % |
> fl alculate (o) the atceiera P | |
scale carefully, ¢ | .-/ \ |
4 f the car between seqment A and ] \ I
tron @ . , s ! \2_ 5
P £ snd €, C and D and D and E, from | s ey -.._.
;v slope of the graph+ Also (&) calculate < ST - PR il
the § :
(he car's average acceleration for the complete journey:
1€ :
Solution: ) — |
tion of the car between points “A" and “B" is given by,

Accelera
(0 () Fsrleretion ZX D

e = | 28— |\m /sel”
Eo-bpq h IC )
Wﬂ Ll
n of the car between points “B” and “C” is given by,

(55 - 53 |m 7/ sec”
=3

[P

(") The a‘{{g!‘f‘r’ﬁtl‘a

The acceleration of the car between points “C" and “D" is

(J'J'J')
given by, )
a. = o~ V% o ‘ 9;5_'5_.1,,,/ sec?
@ t, - ¢t _'-_‘"-7- .

Bl 10,08 -15m 7/ sec” |

(iv) The eccelzration of the car betweer

points “D" and “E" is ;¥

en by,
3 = Ve “ %% =) 9-'—3— I'm 7 sec? = -1-666m / sec’
AT g 1\ 16 -10)
= |ra_,r = -1:67m / sec”|
L “q" and "E" gives

(b) The acceleration of the car between points

us the average acceleration for the whole journey:

Ss we have,

Vg = 2 B '-;(—)-.-—‘ilm/su
b8, (I6-O
= |l = '??C_ijrf__/__se_ﬂ or |a, =-1"56m 7/ sec” |
= 5]
St rirand

A (joint fighter-17) Ji Thunder 17 aircraft takes off at 70-0m/s
252’(!??;}1) After af(c"d!‘ﬂt.{ﬂ'? una',(crm;y at 390"7/{, from rest
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that lasts 6-8s during the initial phase or takeoff: The afterburne,
engines are then turned up to full power for an acceleration of
7:im/s - Calculate the length of runway needed and the total time
of takeoft

" Solution:

Given Data:

Acceleration "a," for phase (i) = 3-9m / s°
Acceleration “a,"” for phase (2) = 7:im 7 *
Time “t," for phase (1) = ¢, = 6-5sec

“v, " for phase (2) = 70.0m s s

Final velocity

Required:

(a) Length of runway *s” = 7

(b) Time of takeoff “t" = ?

Calculation: For finding the length of runway, we will caleulate the
distance covered during 1" phase of takeoff and then during 2™
phase of takeof¥

(a) For 1" phase of takeoff, we have,

7 5
y = V'tr ¥ Eart;

& 3 1
= & = h016'5+-§z3-9x(6-5)‘}m:> 5, = 82-4mi

The final velocity at T phase is given by,
vy =V, *at, =[0+3-9x65]m / sec =|v, = 25:35m / sc?]

[

Now for finding the distance covered during 2* phase of takeoff is
given by,

25, =v: W ¥ )
Here the final velocity of 7 phase represents the initial velocity of
2% phase, so we have,
vV, NV 25:35m 7 sec

So equation (1) becomes,
2x71x5, =(70)" - (25:35)°
= 1425, = 4900 - 6426 = 4257.4

J= . (42574)
2 4.2 )’”:‘

No.u:' th:. lengeh of runway will be equal to the distance covered
:iimng 7" phase and 2 phase- So we have,

Nau

Chp-3 Mation & Force - 14 -"r_l
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T ¢=8 +5;

(824 +2998)m =[5 = 382:2m]
(-_f') Time for T phase=1, =05scc

for finding the total time of takeoff, we have,
Nawt i) (2)

¢ we calculate the time for 2" phase, for which we have,
Firs v +a,t,=>70=2535+77xt,>71Tt, =70 - 25-35

v’,’ i
a [w]nc = ¢, = 6-3sec
=y W= 77

putting the values in equation (2), we get,
¢ = 6-5sec * 6-3sec = |t = 72'8nc]

e

A proton moving with a speed of -0 x 10'ms" passes through a
0-020cm thick sheet of paper and emerges with a speed of 2-0 »
10°ms’- Assuming uniform declaration, find retardation and time

taken to pass through the paper-
m{:_;‘_o_n: Initial speed of proton =v =10x10"m / sec

Final speed of proton = v, = 2:0x10°m 7/ sec

Distance covered by proton =5 = 0:020cm = 0-0002m
Required: (a) Acceleration = a = 7

(b) Time taken = t = 7

Caleulation: e know that,
25 =v! -v?

e (7)

Putting the values in equation (1), we get,

= a=

642 7 12 ¥ _ 1%
.3 (Zx?o ) (7T x70 ) T - (4)&’70 Tx10 )m/sec“
2x0-0002 4x10”

1074 -1 x10? 16

= g= [ }m/geQZ:Q[Q-IOOJM/S!CE
4 x10 4

-10°x 96

2 a= i R . 24 x70"m / sec”

= i"" =-24x10"m s scc‘?l or |a =-24x10"m / sec‘jl

(b) We know that,
Vi T v, +at

"""—-—_______
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P 70" <1 x107

v. -
- ok~ S = an:
a | -2:4 x10 _
2 -70 10° -8
L CE 2D, E ) L,
-2:4 x70 =24 x 10

= E - 3 -3.3 v 10 " sec

EXAMPLE 8'3:

Hassan and Umar are standing face to face on ice wearin >
skates: If Hassan apply a force of TON [E] on Umar [assume fo
other opposing force exists], what are their respective accelerq-

—

tions? If mass of Umar is 80kg and Hassan is 50kq-

Solution:

Given Data: LSE

Hassan's mass = m, = 50kg Umar "
Hassanﬂ

Umar's mass = m, = 80kg

Force = F = ION [F ]

Required:

(a) Hassan’s acceleration = a, = 7

(b) Umar's acceleration = a, = ?

Calculation: (a) We know that,

=5

F = ma (7)

As Hassan apply a force of TON [(East] on Umar, so
due to this force Umar will be accelerated towards
East, so equation (1)

£
F = = — 2
me, = a7 (2)
Putting the values in equation (2), we get,
II 70 | 2
a, =|—|m/ sec .
v | go —

exert the same force on Hassan in opposite di-
rection, i-e: tc sards West, sc we put

= |a~_ = 0-725m / sec” towards Easq 3 ’
(b) Now according to Newton's 3™ law, Umar will ‘
an |

West |

[

m ]

r
F=me, =a = — (3)
#

Putting the values in equation (3), we get,

S

!
?

_‘.".——'—"—‘—-’_"
k —3 ser
i 0.2m 7 sec” towards West

5uppf';'“ tﬁ;at‘ the mass of the spacecraft “m.” is 11000kq and
that the mass of the astronaut “m,” is 92kg- In addition, as-
sume that the astronaut pushes with a force F = + 36N (along
x-axis) on the spacecraft- Find the acceleration of the spacecraft

and the astronaut:

%‘:‘ib?;spaucm& m, = 11000kg

Mass of astronaut = mg = 92kg

Force exerted by astronaut on spacecraft = F,

Force exerted by spacecraft on astronaut = F,
uired: (a) Acceleration of spacecraft = a, =

Requir: £

(k) Acceleration of astronGut = a, =

Caleulation: (a) Let “F." represents

|l

n u
E ey
W o
&

22

the force exerted by the astronaut E} f"f_—:-"%-- /_l
% - )

on spacecraft and “Fs" represents the ety 8 A

force exerted by the spacecraft on P = —a ' h |

. ral
astronaut: According to Newton's 3

w. these forces must be equal and opposite in direction i-e:
F, = -F

5

Now according to Newton's 27 law, we have,F = ma

la

F, ’
= F,,=ms°,:-“’s"';_ (7
s

Putting the values in equation (1), we get,

hY

a = (36 m/ sect = i;“?(7'0033m 7 sec’
i Lnooo .
Similarly,F, = m,a,
F
= o =5 (2)
m

A

Putting the values in equation (2), we 3€%

= -36\ 2 L Y, -_/ < |
aﬁ-‘(\EJM/sgﬂ = |a, = 339m sec” |




™

£2) Igpulse applied = J = 7
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A cricket ball of mass 0-163kg has an initial velpcity of
approaches a bat- The batsman hits the ball hard and ¢
away from the bat with velocity of +47my/s- (a) Determ
applied to the ball by the bat (b) Assuming that the

is 1-6ms, find the average force exerted on the ball by th
Solution:

Given Data:

Mass of ball = m = 0-163kg

Initial velocity of ball = v, = -36.2m / &
Final velocity = v, = +47.0m / 5

-36”?/5 o,
he ball Moy,

ine the impyj,

time OF ‘Ontdcg
e bat-

Time of contact = At = 1-6ms = 1-6 x70 3¢
Regquired:

) Average force exerted = F.=7?

Calculation: (a) We know that,

Impulse=change in momentum

= J=aP=mv,-mv,::J=mv,-mv,

1)

Chp-3: Motion & Form=

Putting the vaiues in equation (1), we get,
J =[0163x47 - 0163 x(-362) | N-sec

= 7-667 + 5:9006 =

(b) We also know that, J = F..xAt

= F =.“l=
™ At

’3‘6 3 ronmar |
— (N = 85 T0°N = |F = £500
;.Gx]o-?] S E o |

—

A girl of mass 48-0kg is rescued from a building fire by leaping into
a firefighters' net: The window from which she leapt was 12:0m
above the net: She lands in the net $0 that she is brought to :
complete stop in O-45s- During this interval (a) What is his change
in momentum? (b) What is the impulse on the net due to the girl?
(¢) What is the average force on the net due to the girl?

Solution:

—

Mass of girl = m = “48kyg
Initial velocity of girl = v, =0

t—

"
E’“ﬁﬁﬂb_"l‘uﬂc_sﬁ"‘“ e R SIS

e —— g
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Height of net = h = 12m
Time = At = 0-45sec
Required: (1) Change in momentum = AP =
‘E)!-r;;&!sc on the net due to girl = J =7 )
g,?)ﬁverage force on the net due to girl =F,, =7
! i ven by,
(1): The change in momentum is give
T P-P = AP =my, -my, () h
Case (1): First we calculate the final velocity of the girl when she
ase (/-
:guches the net: We hau,z
2a5=vf -v|2:>29h=v, -v

i

2 29;,+y2:>v’7=2x9‘3x?2*02= 2352+ 0
— \Fr = i 4 =
= = I 2m =v. =15-33m/sec
= W = 2352 chc2 Ye = \235 * Aec’ %

Case I 2 g‘ h‘ net, then she take 045
2): J‘JOW Whén the i'”' toufhes the net, ' ;

f.ﬂ ’ng to rest, so fo' 2".’ case, the V&’ofl’tg vV, = 5 33 ”I/sdi:
sec ri’? comi '

¢

2

/ ' com-
s initial velocity and the final velocity of the girl after co
becomnes i
ing into rest becomes zero: S0 we have,
v =1533m/sec, v, =0
’ ] tion (1), we get,
tting the values in equa . ‘ . J
; ;Pa_ [48 x0 - 48 x15:33 | kg-m/sec :»FP = -735-8%kg "/

The negative sign shows that the momentun? is up o
Eart (2): We know that, impulse = change in momen

= J = AP = 735-84 kg-m/sec

= IJ = 735-84&9-’%“(dow)

Part (3): We know that, ;
"t-f =F At = F =16352N=1635x10 N

EXAMPLE 3°5;

= 1-66 x 10%kg)
In a nuclear reactor a neutron of mass Tu (hh‘ right and a heavy
moving with a velocity of 2,000km/s o e- - £ O-40km/s to
water molecule mass 20-Ou moving with a Vefo-nty ‘:;F the neutron
the left collide head-on- What are the velocities
and water molecule after the collision?
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Solution: 3
Given Data:
Mass of neutron =

m, = Tu=166x10"k

Mass of water molecule
=m, = 20u = 20 x71-66 x10%¥ kg = 33:2x107 kg
Velocity of neutron before collision
=v, = 2000km / 5 = 2000x10°m 7 ser
= 2x10°m / cec
Velocity of water molecule before collision
v, = 0%0km /s = 040 x70°m / cec
Required:
(a) Velocity of neutron after collision = v, = ?
(b) Velocity of water molecule after collision = v,

Caleulation: (a) We know that,
fm-m,) 2m.v,
| S i ey e

Putting the vclues in equation (7). we get,
L i(r-es;ro” - 33-24907 |
" \166407 + 33207 |

(1 C6xio-’
v [(1-66 - 33-2)x10 7 x2510° | -

'L (166 +332)x107 T
_ 63:08 x10° | 2656 x70°

10f o 23324007 04040’

2 z?O‘;'JO"?J(TOI]

-—
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= e =) ayt e g e ———————— e o e e— = —
[T e _|[3r54x10° x0-40 x10° | o 664 x10 x!_o_ | -
Newron || = v || 3486 x107 | | 3486x107 )]
' , 3 \
[' L [12:616 X710 | 4190476 x 10° m  sec
Y . = ¥: " (7 3486 _
= (0-36190476 x10” + 0190476 x10° | m / sec
v'- = (0 00036190476 x10" + 0190476 x10° \m / sec
= 2
v, = (000036790476 +0-190476) x10°m / sec
=
Water : - 0-19083 x10°m / sec=190-83 x10°m / sec =190-83km / sec
molecyle = Y2 R
i T - 7190 83km / sec
ik, AZEIONMENTE315:

—]m/ sec

+ 332410 - )

P Jm/sez

T s
34-86 34-€6
= v, =[-8 x10°+0-76 x 107 |m / sec
= V= f-?-&x.’aﬁ + 0-00076 x 10 ]m/ sec = J1Cf [-F‘r_‘? * -l G lm o osec
= ¥, = =1-80076 x10°m / sec = -1200-76 x10"m / se-
= Iy = -1800 76km 7 su| 107 = ito]
(b) We also know that,
v = m«’ ™M, v 2m,'t‘, -~
. m, * m, 4 {mr #: ma)m (‘)
Putting the values in equation (2) e get,
3325107 - 1-66 107 , 2 |
o vy o[ B2I0T AT [ 2064107 x Bt
(66 x707 + 33-2x10¢ (166 x10" +332x107) |

_—

On a highway a car of mass 1500kg is stopped a.rt traffic s::qnai- A
pickup of mass 2000kg comes up from bshmd- and hits t'h:
stopped car Assuming the collision is elastic, the pickup stops tw/t
collision and push the car ahead onto the h:‘ghr.fm‘y at 10-0m/s-
How fast was the pickup going just before the collision?

Solution: Mass of pickup

= m, = 2000kg

Mass of car= m, = 15004kg

Initial velocity of car =v, =0
Final velocity of car =V, =10m/ sec
Final velocity of pickup =v, =0
Required: Initial velocity of pickup =v,

=7

Caleulation:

As collision is elastic, so we have, N
] lision

Total momentur. before collision = total mementum after collisic

= my, +my, = my, *+ my.

= (2000 xv,) + (1500 x 0) = (2000 x 0) + (1500 x10)
= 2000v, + 0 = 0 +15000

= ¥ = LI—SOOO |m 7 sec = |v, = 7-5m/ szﬂ.

2000
EXAMPLE 376 =

A cricket ball is hit and moves initially at an angle of 35 w‘b;V:
the horizontal ground with a velozity of 25-0mfs\(@h He :

will the ball 90? (b) How long will the ball be in the air? (f_)_




E il
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What will be the range for this projectile? ~

Solution: Given Data: _ﬁ\\\-

Angle of projection = 0 = 35°
Initial velocity = v = 25:0m 7 sec

Acceleration due to gravity=g=9-8m/ &

Required: Vo= 25msec

(a) Maximum height = H = ? ‘m
(&) Time of flight = T = 7 - I
(¢) Horizontal range = R = ? K\HN 'i-

Calculation: (a) We know that, maximum height for projectile s'
[}
given by, ;

(7)

Putting the values in equation (7)., we get,

. 2x9-8 79-6

=
(6) The time of flight is given by,
2v sinB

e SR\ = )

{5 ll 257 x[sin(35°)] - {625;(0-574)*’}

T =

Putting rtbc values in equation (2), we get,
T o |2225x5in(35°)] 28679
| 5 98
= |T = 2:93 se¢
(¢) The horizontal range is given by,
R & visin20

g ——— (3)

Sec

sec

Putting the values in equation (3), we get,
R = 257 xsin(2 x 35°) _ 625 x0-94
9-& 9-8

= [R=59-9m]

e ——

=59-9m

At Arbab Niaz Cricket Stadium Peshawar a batsman hits the shot at
initial velocity of 28m/s- If the boundary is 72m from the batsman,
will the ball cross the boundany for a six? If the angle with the horr

"Nayab

m 30° (b) 45° and (c) 70 (lgnore air resistance)
o -

Chp-3 Motion & Force - 155 I
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olution:
I,iht’fﬂf velocity of ball =v = 28m / sec

quw'red: (a) Horizontal range = R =7 for 6 = 30°
(b) Hf;r,zantal range = R = ? for 0 = 45°*
(¢c) Worizontal range = R = ? for 0 = 70"
Cafﬂ_lfa,fi-'.a'?" (a) We know that,
o v_‘"s-'n.?U N
q
Putting v, = 28m / sec,® = 30° in equation (1), we get,
28% xsin(2 x30°) = 784 x 0-866
he e 95
= R = 69'28”1
As the range is less than the length of boundary [72m], so for
g = 30°, the ball will not cross the boundary:
(b) For 6 = 45° equation (7) becomes
287 xsin(2 x %45°) =(73=fxz‘m
9-8 L 9-8 J
- E=%0m)
In this case the range is greater than the length of the boundary
[72m], so the ball will cross the boundary-
(¢c) Put 6 = 70° in equation (1),
287 xsin(2 x70°) N (784 x 0-6%43 I .

9-8 98 )

= |R=51-44m
The range is less than the length of boundary, so in this case, the
ball will not cross the boundary-

R =

m= 69:28

R=

R=

b nfof WL o Fe o) pfer” e S Al &
1 &)

‘:"aﬁﬁa"J[_’A'!’dJK‘}L’-gaﬁ:c.ﬂ.:.-%_'-;brﬁnladj (;:.u‘/-(.ﬂ.:pf’ @
_C.Gfr‘.l_-;dh)}':;l?;ﬂg}u o 7]
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) Exercise \

Chp 3 Motion & Fr

Choose the best possible answer:

i

Sol:

A ball 1s thrown vertically upwards at 19-6m/s-
plete trip (up and back down to the starting position)
erage speed is:
a* 19-6 m/s

v =19:6m / sec

i Its aw

Vb 98 m/s ¢ 6-5 m/s d 4.9 m/s

—

At highest point, v, = 0, g = -9:-8m / sec®

First we caleulate the distance covered during upward
we have

295 =v; -v' -2x98x5 =0 -19-62

= M96x5 =-38416 5 5, - 38116
e R 196

= ]9. |
< 19:-6m

Mmation,

m=719.6m

During downward motion, same distance

BT will be covered, so
: = ‘Em!

Now we calculate the time for upward motion,
V SVt gt =0=7196 - 9.&¢,

= -9-8¢t, =

50 we have,

196 =¢ =196

fec = b, = 2sec
Srm.'l'aﬂg (C"

. downward metion, the ball will take 2sec ie-
t, = 2sec

NGW averagg spggd = Mﬁf
total time

- 5!’ v 5."
(196 +19 _bh
= <ves —-—2——:—5-2 m/ sec — E:-‘Q.:?m L see
If you throw a ball downward, then its wcceleration
after leaving your hand, assuming no air res.-
Va 98 ms&

¢ less than 9-8 mye
swer

immediately
tance, is:
b more thar 18 mss?

d' speed of throw is required for an-

The tlmf rate or fhﬂﬂ

ge of memenc im gives:
Vo Force

b Impulse

¢ Acceleration d- Power

—_—

13,

For its {om_]

_5_0_!:

7.

Sol:

8.

~Physics Note

Chp 3 Motion & Farce - 1

|

s = 1" Year

un
~4

The (4reS between the velocity-time grapl and the time axis s
€

numcn’caﬂy equal to:
a Velocity

. Acceleration

j‘c the slope of velocity-time graph gradually decreases, then

v b+ Displacement
d T;me

tjfz body 5 sm'd to be mGWﬁg Wi.t‘l.'

Positive acceleration / b Negative acceleration
-
. Uniform velocity
j,r the velocity of an object changes from 3m/s to Y4m/s during
0-5sec the acceleration of the object is:
o 1:5 m/s 28 20 Wl
[ 3'5 m/;? d. 6.0 m/s_
= 3m / sec,v, = 4m / sec,t = 0'5sec

d- Zero acceleration

vn

2
— la = 2m / set

A 7-Okg bowling ball experiences a net force of 5-ON- What
will be its acceleration?
a- 35 m/s’
¢ 50 m/s

_ B
m = 7kg,F = S5N,a = -

b 7-0 m/s°

Jd- 071 m/'s -
§- = la = E'-_F'_f'r*_r __s_cc‘_j
7 —
Sl unit of impulse is:

J b Ns ¢+ Ns' d:

2 Nm
a- kg ms

Sol: J = F-At = N'sec = N'S

9.

A ball with original momentum +%:Okjam /s hits a wall and

bounces straight back without losing any kinetic energy: The
change in momentum of the ball is:

a 14Ns b =4Ns ¢ +8Ns? Jd -8Ns

Sol:Momentum before collision, P = 4kgm / sec

Momentum after collision, F, = g
AP = P - P = kg / sec 4kg:m / sec = -8hgm / sec = &N

-tkg-m / sec

t10 O ‘O 7 . If :"-
0 A bady is traveling with a constant acceleration of 10ms

; : & s £} istarice
it the distance traveled in 1" second and 5, is the < t

: Nonng Shows a cerrel
traveled in 24..‘ ScCGﬂd; which of the following 10WS

relation between S, and 5,7
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‘-.—g gi — = e e — S =
@ E=8

b/5 =35, Ve 5,=35, d 25,35

Sol:in 1 second, we have, At the end of 1"

v, =0t =1, a=10m 7/ sec®, so0 we have, second, we haye
7 7 . vV, =v, +at

5,=v.t+5at"=0+—2-x70xl‘:> 5,=5m : =0+710x1

=v, =10m / sec

At the beginning

In 2™ second, we have,
ViE 1IO0m 7 sec,t, = J,g =

0m / sec’, so we get

of 2™ second,
5:=vit, t —at? = 10x1+L 410%2"% 10 +5 =5m | Y3t as initial
2 e 2 velocity, so we
= 5 =75m put

Albie 52 _15m 5

14

gg_f:ﬁs fe=

Ve =V =T0M/ sec

ontal component of velocity:
b Becomes zero

d- Increases with time
rizontally from a 490m high cliff with
The time taken by projectile to reach

5 Sm 3 A R[E -5
During projectile motion, the horiz
@ Changes with time
v ¢ Remains constant
A projectile is thrown ho
a velocity of 100ms”
the ground js:

a- 2:5s b 5-0s

¢ 7-Ss v d- 10s

206: v, =100m / sec,q = 9-8m / sec’,v, =0
We have, v, = V, "9t = 0 =700 - 9.8¢

"9-8t = -100 = ¢ = ’;g sec =

7

2

Vi = v, cos0

I

13-

highest point?
va 0-50¢ b 071

¢ 0-70E dE
S0l:At point of Projection,
KE=E =l
2 - =
= E = _pmy

At i.n‘ghesb Point the vertical component of velocity become ze-
F%h '€ Vo, =0 while Yo XVi=Ycoso
S0 KE at highest point = KE, = L4

7
2™V T Zmvp =~ myieos?p

N~

v
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/
g = £ x[cos45°] = £x[0707] = E x(05)
- KEg ~

- [FE, = 0-5¢]

. _ .
the jumping record the long jumper should jump a
To improve

le of: . ) -
= ;gﬂ J b 45° ¢ 60 d
‘ vfs.r'n20 (1)

.ng(v shows that range of jump will be max:’murtr.?, 7{:}:‘
E’qu‘fgmgives us maximum value i-e- “1", and 1" value of sin2
sin 2 el
is possible if we put 0=45", gthen:

Visin(2 x45°) _ v'sin90° _ v7 x1

Ross = 9 g 9

'f:
= R L= ? | |
Thus for improving the range of jump, the angle of projection
should be 45° . ]

15- R;nge of a projectile on a horizontal plane is same for the fol
lowing pair of angles:
a: 15° and 18°

¢ 30° and &0°

/b 43° and 47
d- 52° and 62°

$okfs R = Y 5in2 (90" - o) A0
g

In equation (1), 90° - 0 gives us the two possible angles for
same range: Now if 0 = 43°, then 90° - 43° = 47°
50 for (43°, 47°) the range will be the same-

thﬁirrg,uf),ﬂJJ&;}H"J‘;J;P';:_J;{&JJUX&P @

e e
"KL LT e 2 SIS f e o @
-'rl..F‘(44:"6"5)”\_.5«:'_.éU"fl__J;b’Ju\i/":.-j" @

“‘-w..

Uqurl;mﬁ‘g Llfdlj 2...)’.1[.-/

\



{ Nayab Physics Notes = 1" Yea LRy Motion & F ;
h r )
Concepiual Questions
Q7: If you are riding on a train that ¢ P another
moving in the same direction on an adjgcent track, i« appeass -
the other train is moving backward, why’
Sl T ———
Ans- (Jhen we are riding on e wrain thet speeds pa
moving 7 the same direction on an adjacent track, ther the, o)

train appears to us to be moving in backward direction-
rest and motion are relative terms:

Reasons and Explanation:

(When we zre sitt:ng in @ train which is movi
sppears to us that we are at
moving relative to the passenaer sitting
wren our train speeds past another
train moving on the adjacent track,
't will appear to us that the
second train s moving  backwards
relative to us: Seeing the other

tr 90 past wour window from

ng with uniform velg
ty, then it

ain

inside the same train- g

It IS Decause

(4o

rest because we are not

g

Tront ©o rear makes it look like the
train 1s going backwards-

Example: Let “U. " js the velocity of T train where observer
sttting and “UV:" is the velocity of the other ¢
V.". then the relative velocity between the two trains (s qiven b,
Ve = U= L.

rait such that *V

) =ER
Due to this relative velocity, the 2%
bockward observed by an observer sitting in the 7
16 absolute resc or motion and ever
tc other bodjes:

trami- There

tl2: Can the velocity of q body reverse the direction
celeration

whei the o
'15_Constant? If you think s0,
Ans- Y

give an example-

s

>

train appears to be moving

(b1

ybodﬁ‘ 15 0 motion with respect

res, t!’FE t-ek):

ity of a body reverse jt-
ccleration s constant-
—— O SEiSe

direction when the

0 Chp-3 Motion & Force - 1€ |
Notes - 1" Year

- xplanation: $J
gesol oné :;Hp thrown upward
gder @ e
i velocity v |
the body posses acceleration &
The ball reach- L

R
Co .
ai
with cer
puring the motiwon

to grawty jrer g = 98m/ sec
due ¢ain height and comes to rest momentarily ,
cer

|

hen moves downward with same acceleration l
nd the ; nee |
; ¢ to gravity e’ 9 - 9-8m / sec 1
u his way, the velocity of the ball reverses its ‘h‘“ |
i: t:'an while its acceleration due to gravity g
irecti

ins constant’
] When you stand still on the ground, how large a force do_ﬂs
Q'f- round exert on you? Why does not this force make you rise
the 9

of mass “m> s
as shown in the figure

es a

e

up into the air: 'F

ﬂp (a) uﬂ:en we ‘Stﬂnd on tr’lﬁ qmund, the gr(}'_,lnd exerts a force

ns-

on our body which is equal to our weight-

b) This force does not make us rise up into the
(14

air. because no net force is acting on us and 7

condition of equilibrium is satisfied:

Reasons and Explanation:

When we are standing still on the ground, two

N

1
T2

types of forces exist which are given below:

- Our weight “w" acting in downward direc-

tion-
2- The force “F," .
ground on us vertically in upward direction:

normal cxerted by the Ground

W

Both these forces are equal in magnitude but opposite in direc-
tion: So we have,
F,=-w

N
=>F,_,+w=0

% (1)

Equation (1) satisfies the 't condition of equilibrium+ This equation
shows that there is no net force acting on us and hence we will not
be able to rise up in the air-

—
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Q%: A man standing on the top of a tower throws a ball

downward with the same speed- Neglecting air resistance,
will hit the ground with higher speed?

Ans. In this case both balls will hit the ground with same speed-
Reason and Explanation:

Consider @ man standing on the top

of a tower as shown in the figure-
Let the man throws ball “A" up-
ward and ball “B” downwards with
same imitial speed “yv -

Consider Ball A:

—

For upward motion of the ball we
have,

v, =0, 5=h, a=-4
50 we have,

225 = v -vi = -2g4 =07 - v’
s )

Now when the ball “A" reaches to highest

= V & 29”;

point, it comes to rest
momentarily and then starts motion downwards- For downward mo-
tion, we have,

v, =0, 5=h +h a=g4 so we get,

2a5 =v] -v’ = 29(h + h) = v; - 07

= v = 2gh + 2gh

(2)
Putting equation (1) in equation (2), we get,

v; = vi + 29h = I(V()wm = VV,2 ki .egj_______-__('-?)
Consider Ball B:
For downward motion of ball “g"

thrown with initial velocity "v,",
we have,

a =g, 5=h so we get,

2a5 = v} - v’ = 244 =Vf-${‘7

.::) Vf = y"’ + 29;‘- = (Vr)mﬁ! = \jy_i + 29[:}___ (‘1‘)

Comparing equation (3) and equation (%), we see that both balls
will hit the ground with same speed-

C_f_lp 3 Motion & Force =3 63
—_162]

Vert‘::'ca/.-‘y
up with certain velocity: He also throws another ball vertically
which bay

r

— . Rt . 77773 M-_“: 3 F _‘.T-‘é’ |
Bhysics Notes — 1" Year 2p2 otion 8 —— |

g'—;‘—-—;;;gt coach explains that the follow-through with the
& ﬂ'" » ake the ball travel a greater distance- Explain the rea-
it m.” ;n,-ms of the impulse-momentum theorem:

mm‘ﬂﬂ*” c:,';ket; coach explains that the follow-through with the
Ans: The

will make the ball travel a greater distance-
shot Wi

and _Explanation: -
R#Fj_ﬂf’_:-éh_;t the momentum in terms of impulse is given by,
ow

=

k
e jn= AP

- j = mAav _,__,__.—--——-(?)
] 1 distance covered by & body
; 2" equation of motion, the
According to
it given by,

i (2)

e+ — at’
G@WE:
Av ;
put t = At and a = i equation (2), we get,

1 Av

(AL)?
2 AL (s

&)

that greater the impulse

§=vAt +

7
At + — Av - At
v, 2

= 5=

Equation (1) shows .
larger will be the increase in velocity end vice

versa:
Equation (3) shows that larger the .fnr:rclase or
change in velocity “Av" greater will be distance
travel by the ball and vice versa:

Conclusion:

The above discussion shows that for large im- il
pulse there will be greater change in velocity, and as a re%u t f., -
ball will travel greater distance: Thus according to impulse

momentum theorem the statement of the coach is true

—

- : it
Q6: When you release an inflated but untied balloon, why does i

fly across the room? fly across the

=1y . ' acr -

Ans: When we release an inflated but untied balloon, ’t- ygl s case:
i e 1 the

r00m- The law of conservation of momentum is involved ir

e e
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Reason & Explanation:
The pressure of air inside a balloon s
greater than the cutcide pressure: So

when we release an inflated but un- 5 Airl

|
|
|

tied balloon at rest, the gas inside

the balloon rushes out the open end

P

Balloon wal

of the balioon: The escaping gas and
the balloon form a closed system to

conserve momentum- The escaping air
gain momentum

Il.'nl-:”iﬂly S
“P" in the direc- FONING N O

direction wthy
motmentum |,

tion of the estaping air- Now to con-
serve momentum, the balloon with
remaining @r acquire mementum “).

—> Lscaping an
having momentin

L i J

ing air- Thus the balloon is pushed forward i-e- across the room to

in opposite direction of the escap-

conserve momentum: j-e-

fRs - P+ =
o P_{J or [P +P, =0

e
Thus when we release an inflated but untied balloon,
the room to conserve momentum-

it fly across

Q7: Modern cars are not rigid but cre designed to have “crumple

zones” that collapse upon impact: What is the advantage of this
new design?

Ains: Modern cars are not rigid but are designed to have “crumple
zones” that collapse upon impact- It reduces the chances of serious
injuries and keep most part of the car in safe condition-

Reason _and Explanation:

We know that, impulse is given by,

7
= F <\t = F = —
I a6 = £, =L (1)

In modern cars, crumple zone or crush zone or crash zones are de-
signed which reduce the chances of great losses The crumple zones
increases the contcct time during the collision between two vehicles
When time of coatact ‘At increases then according to equation (7).
the vehicles and passenger inside it faces less forcer The crumple
zones located in front of the car absorb energy from the impact of

E—

Aoy

|

|
!
i

MOy

— 1" Year Tho 3 Mon . Folts 65 J

ollision:

-on € ) | 4 | f
: el the crumple zone slow down the crash It reduces the
( -
in th's w yb tween cpr:cd of the car occupants wnd Ele enr The
e E |
rfrl(r:.‘ref?(c and velocity of the vehicles decreases gradually: In this
m .
ok less part of the colliding vehicles is damaged- Also the
ry le i
A “:d passenger remain safe from serious injuries
ra .
drive can hit a long sixer in a cricket match rather than if
. Why we
e toss @ ball for ourselves? :
we we can hit @ long sixer in a cricket match rather than f we
Ans: We
toss @ ball for ourselves:
xplanation:
gson and E o N
::;. know that the horizontal range of an object is given oY
e
v’ sin 20 .
P (T

R =

Equation (1) shows
nitial U'Bfﬂfi’ltb’ 0
the i el oF @ 20 s

that the horizontal range will be maximum if

f the body is maxmum and
maximum= 1t 15

also the ; .
ossible when we keep 1 = 45 » 0 we if
iinal = sin(2x45° ) = sn9@F = Twhich s 1e
maximum value of sin(r S0 equatien (1)
becomes, ﬂ ?
v:sin90° _ vi x1

9

= (2)

Thus if we hit a ball with a bat with greater
momentum or greater velocity bY making c:: :TH
ground, then under such condition range o.F ba Mt e it oF
we will be able to hit a long sixer in cricket matc

we tocs a ball for ourselves:

ﬂgl"f of 457 with
be maximum and

dropped a bomb when it

Q9: An aeroplane while travelling hor ‘zonta@‘ d the target: Explain-
was_exactly above the target, the bomb misse | the target EXPAT

|ETEH 2011, BISE Kohat 2019, BISE Peshawar

Ans: An aeroplane while travelling horizontally,

BN

dropped a bomb when




|l
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it was exactly above the target, the
bomb missed the target due to hori-
zontal component of its velocity:
Reason and Explaiation: ot @
The bomb in the aeroplane has ex-
actly the same horizontal speed as : ;
that of aeropl-ne: (When the cero- ‘
plane drops the bomb, the bomb will ' \
continue its horizontal motion with . . ]
velocity “v." due te Thus

the bomb will foilow projectile motion and will fal away from the
target: Thus the bomber misses the target due to horizonta| com-
ponent of its velocity-

I.llpﬂ/ﬁ‘\é\

inertia:

mmit
is equal to one-fourth of its K-E

QI0: Calculate the angle of projection for which K-E at su
[highest point] of its trajectory
at_point of projection?

Solution:
Angle of projection = g = ?
According to the given conditions, we have,
i
(KE), = = (KE) .. .
4 ot ' At point of projection we
= —mv = i ximv? { take iridal velocity b i
¢ T Lok 3 ~. 4mit, we take
Prof-me S (N l tin. sy il
= ¥y = ; v —4--—_(]) | S — £
At summit, we have Vo =0 and v, = v, so equa..cn (1) becormes
I
vis L Bt =
i At summit the vertical
It s component becomes zero
- 2 2
= T P v (2) Le vy =0 so we take hori-
As ly.= v cos B, so equation (2) becomes .mma] samposent af "y
. LG wWe pur v = vy,
4= 2g. 1 42
Y, oeos 8= _ ¢
4

Equation of projectile i.c.
V’-' = \’"

= 05

= 0=cos’(0'5) =:>

Thus the angle of projection for which K-E at summit of its trajectory
Is_equal to one-fourth of its K-£ at point of projection is 60°-

= cos:8=%:>cose=

N~

- |

otes

m— ho 3 Mat L Farci 67 |
b 1" Wear :
igydv m— _

NG e s ;
any specific velocity of projection,
2

@ i 4 from a value equal to four times of the correspond-

eXCee
canno® . ;
ekt - Discuss
!

the range of a projectile

iﬂ!ue_mn. that the maximum height of projectile is given by,
e kﬂo“" 7 ;
W o sin’ O (1)
J R e it
29 N )
ynow that the horizontal range of projectile is given R
Je also AN
2 2)
B q N Y
v 2sin0cosl (3) sin20 = 2sintcos U]
v, 25inc0s

> R g

; sint)
nd multiplying the R-H-5 of equation (3) by * /2 so we
ing a

Divid
a n0) / 2
v2sin0cos® (sin0)

siche g (sinb) 7/ 2

P T
= " Tsin0 L 29 |

- ; i
Putting equation (1) in equation (4), we ge
= H
'R = 4‘_0500)4!4::>R = geosthxH =R = thmux
sin

5)
= Rtan0 = 4H ¢ e imum,
Now we know that the range of projectile is maxim

if B=45".

so equation (5) becomes,

R, xtan45° = 4H (6)

At tan4S* = 1, so equation (1) becomes
= R, x1=4H
= R, =4%H (7)

; ection, the
Equation (6) shows that for any specific velocity ofF preig

al to four times
range of a projectile cannot exceed from a value eqd

of the corresponding !.eight-
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@u_dh Pﬁeisus Notes - 1" Year
QI2: What is the angle for which the maximum height .,
reached

ﬁ;rr-espond:’ng range are cq_uﬂ'? angd
[ &15E Abbottabad 2079 S e j Comprehensive Questions \
Solution:
According te given condit Give gbcﬂdﬂd response to the FOHOWfrJg questions:
SElk g itions, we have, , .
Maximum height = Horizontal ran Lo Explain displacement = time graph and velotity - time graph
- H=R (7 g€ | |n cach tyPE give brief details along with appropriate diagram for
e know that : l-h'ustmtioﬂ'
Y = v osin® @ ns: Gee answer of questions no 6. & in the text:
2g (2) Q2 Apply Newton's laws to explain the motion of objects in a va-
& rRul 9N riety of context’
9 (3) Ans: See answer of questions no 1% in the text:
Putting eguation ) e
ve 5 120 ,,_ 2 (22{1 (3) in equation (1), we get 03: What is linear momentum? Derive and state Newton's 2" law
SRRk g '_i’i__ sin” ' ’ . =
25 P =" "2 ! = 5in 30 - -i-'_?_t_‘__f__"_’.s..a_f—hn“r momentum
_ osin 0 Ans- See answer of question no 76 in the text:
R/7° 2 5in 0 cos 0 [n20 - 2sim0egs0] Q4: State and explain law of conservation of linear momentum for
- i = an isolated system of bodies:
= sinQ=48eps) = _smt‘ = ¢4 [Sm'l — . s ]
cos @ |— = tano Ans+ See answer of questions no 18 in the text:
eosy 5: Define elastic and inelastic collisions: Give exam les in each
@Q P
| equations for calculating the final velocities

case- Derive mechanica

= tant) = 4§
=3 ”=tan'(#):75.96-: ‘_‘r—-—-
Thits the angle of (IR - 757 of the elastically colliding bodies in _one dimension*
e 0 ',
projection for which the maxirum height reached Ans+ See answer of question no 79 and 20 in the text:
Find out the ex-

06: What is projectile motion? Give examples:
pression of instantaneous velocity for a projectile:

tion no 22 and 23 in the text:
for projectile? Derive

d and time of flight:

and corresponding range are equal is 76°-

Ans: See answer 0t ques
Q7: What is maximum height and time of flight

‘ezt PGB L YA e ST
L H‘-"" I Lfﬂ j”ij;:i”h./u’» = mathematical equations for maximum height attaine
.ALLJJ/JJ(F‘);:;IJH/ () : 8252 . B f”l’/;‘/” @ | Ans- See answer of question no 25, 26 in the text
RS -f"b/"-"’j'-'::"u{z'd-’",édr’b’gjuli/.a;’ s | Q8: what is range of a projectile? Geate in which condition the
1 range will be maximum if speed of projectile is kept constant in a
two projection

‘b A G (PG : :
(i : ) ’dl"‘g‘;‘ﬂ; uniform gravitational field- Also show that there are

“ ; -i
-+ u 6§ iz To b S
-l 122 _Ll}l_mqﬂfkf.,'.l ISR .Ldfrduli/a/"’ © angles for the same range:
' Ans- See answer of question no 28 an

_ .

d 29 in the text:
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Ql: An object is falling freely under gravity: How muych
it travel in 2™ and 3™ second of jts Journey?

distance o

- __-——-""--...._
Solution:
Given Data: a0 P S
Initial velocity of the object = v =0 L
Acceleration due to gravity g‘fﬁfﬂh
=g=98m/ sec? :
Required:
(a) Distance travelled in 2° se; = S$=7 —

= m/sec

(5) Distance travelled in 3+ sec =5 =2 ____g___’_j

Caleulation: (a) (e know that,

First we calculate the final distance at the end cf 7' second, so we

have, v, = v + g4t = [0 + 9-81?] m/sec= v, =9-8m/sec

This velotity “y,”

second: So we have,
v =98 m/sec

Now the distance travelled in 2™ second is given by,

acts as initial velocity at the starting of 2%

7
S=vt+ Egt-’= [9'317*—219’&"(7}2]”} = 1%-7m

= |$= Iﬁm’

(b) First we calculate the velocity as the 3nd of 2™ second, for
which we have,

v. = 9-8m/sec, g = 9-8 m/sec and t = sec
50 we have, ‘

Y Ev tgt = (9.8 + 9E xI)m/sec = v, = 19-6 m/sec
This velocity V. =196 m/sec acts as initial velocity at the starting
of 3% second, so we have,

"V, =196 m/sec

Now the distance travel in 3 second is given by,

. 7
s = vlt*39t2= [?Q-le +'—;-x9-8.x(7); m

approximately

= 5 =(196+4.9) = 24.5m
e —

Y = -

| 1" Year _L’.hr')-i Motion & Force - ?}T]!
hysles NGBS i —

~ab P .
L/T;t_‘r /s ascending vertically at a speed of 19-6m/sec
helic

- : ight of 156:8m above the ground, a stone is
a heig
by 4 ke to reach the ground?
W d- How long does the stone take
droppea”
oo e
ven Data: ik o
@g.%éfmty of helicopter and stone hI s
fﬂf*“"'v = 719:-6m / sec = ':::"""m )
tgrlatf'an due to gravity ; ==
i =g = -9:8m / sec’ : ;
tical distance covered by helicopter and |
vercs
stone = h = 156:8m e i
0 d: I |
%‘q‘%}mn by the stone to reach the
ime
ground =T=7?
Y e i ' d with 19-6m/sec, so
‘g:i‘t_;:;tane inside helicopter is moving upwar

‘nt “A", it first moves upwards toward
when it is released at point ?

0nt IISI] ta-
ug” due to inertia and then moves down from poi
point

' avelled by stone
d nd- So first we calculate the distance travelled by
wards ground- o,
from point “A" towards point )5 , we have,
i s (7
P o VIS yli v. =0, v =196 in equation (7), we get
ut a =-9, 5 = h, v i W
-2x9-8 b = 0° - (19°6)°
196 h = -19-6 x19-6
= h =19:6m
' om
Now we calculate the time taken by stone fr
for which we have,
Vv, =v +at 2)

Pat v, =0, v =19-6 m/sec, a=-4

At highest point "“B” i-hf.r s:onle
comes to rest, so we pu f

“ﬁ " tawards “8”,

- -9-8 m/sed in equation (2),

we get,
0=196-9-8xt = -9-8t=-19:6
— e = E:‘_ = 25:;
9-8

i g d
nt “B and qroun
Now the total vertical distance between poi
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(point ¢) is given by,
H = +4 = (7568 + ?96)m
= H =7176-m
Now we calculate the time teken b

Y the stone from point
ground, for which we have,

-
SNAys v Ly (3)
Syt ¢ —
-
Here S = H, v =0,a=g

So equction (3) becomes

At highest point “B” when the

Ty 5-19-6‘ ¢ stone moves back towards groyny
2 then its nitial  veloet wilf
; N - be
= H = 0+&.947 equal to 0 v = p
= 49¢7 = gy
s _ H _ 7764 2 2 3
=y 5= 2—9 T enihiag ST = t%.= 36sac

from point
“A" to “B” and then from “B” to ground point “C") s given by,
) ="+ t. = 2sec + Bsec = Esec
~ [ &=d

erage force acting on a passenger of
mass 70kg in each of the following cases- (a) The passenger is not

wearing a seat belt- He js brought to rest by a collision with the
windshield and dashboard that lasts 2-Oms. (b) The car is equipped

with a passenger-side ajr bag- The force due to the ajr bag acts for
45ms, bringing the passenger to rest-

~Physics Notes - 1" Year
Nayd
J

Solution:
Given Data: [njtial speed of car

=v, = 20m / sec
Final velocity = v, =0
Mass of passenger = m = 70kqg

Required: (a) Avercge force on passenger for
At = 2ms = 2 %1075 = F .7
() Average force on passeniger for
At, = 45ms = 45 x 107 sec = F.,=7?
Calculation: (a) We know that, 7 = F,.-At
—_—

Chp-3: Mation & Farce - 173 l

=l

F. 3 = ) ®

J= :;,: =mv, -mv = (70x0-70x20)N-5
so v °
A - -1400 NS = 2x10"sec in equation
— J = g = -1400N-5 and At = S = X €

tting &
Now pu
(1), we 9ets
(21400 |\ = -700 x10°N
FJ-' z !, Ex ?03 |

z - 700 x10°N
= ave AN

tf‘g ] ff . /
1 aft equaf‘ a”d OppOSJte IOJ ce on pass&fl er S0 we

e Wf”

Nlaw t‘fﬂ

havetr =7.00 AIO°N

¥ ] on
t_-'__-__F_L:;'_-:-—lt.t(}'icla\.l-S and At = At, = 45 x107sec in equatio
(b) Putting

(I)l we get,
" -7400 \N = -371-1x10°N
l_EE 107

= |F_=-311x10'N

have
- ssenger, SO we n

: d opposite force on pa

Il exert equal an

Now the tree will eX

£
i = "N
[F. =311 x10"N |
RO j ith the speed of 15ms
; * ball travelling wit - iy o

qu:f p j qﬁ;u;s elastically- If the ball is in contact wi

wall and re

d
i ted to the wall an
] the momentum impar

for 0-045s, what is (a)

I

l
|

|, 4

F =

strikes a rigid

l?
(b) the average force exerted on the wa

Solution:

Given Data:

Mass of ball = m = 0-4kg

Initial speed of ball = v = -ISm / set
Final speed of ball = v, = 15m / sec

Time interval = \¢ = 0-045sec

Required: o

(a) Momentum imparted to the waH”-:.\F g

(b) Average force exerted on the wa :’.‘ o5
= mv, ;

Calculation: (a) We know that, _w; e

= AP = [0-4x15 - 04 x(-15)|kg:m / se

e
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= AP =(6+6)kg m/ sec = m’_ = 12kgm / sec|

(b) We know that,
AP
; Rl
| T2 f
- =[5 F = 266-66N F = 266
= Fi * | 5oa5 |V = fn = 26666N] or [F. = 266-7n
« @5: One ball of mass 0-600kg travelling 9-00m/s to
head on elastically with a second ball of mass O
8-00m/s to the lef- After the collision,
ter collision?

Solution: Given Data: Mass of 1* ball =

*300kg travd!:hg
what are their velocities af

m, = 0-605&9 Sl
Speed of T* ball = v, = 9-00m / se, F———
Mass of 2 ball = m, = 0-300kg . =}
Speed of 2" pall = v, = -8m / sec .\__"’ (—_:...
Required: —
(a) Velocity of 1 ball after collision =y = 7 The negaiive ‘sign 15 used

(¢) Velocity of 2™ ball after collision = v, = 2
Caleulation: (a) We know that,

becanse both bodies mines

noppostte diretion

v_ [ m o= m 2
W o Q)
\m, +m, ) my ¥ g

5r'm.‘!arfy, v, :i{

m, - m, 2m,v,
m, + m, J"’; ’ ;' *m, (2)
Putting the values in equation

(7). we get,
v = |[0:600 oaoo|9_00+(2x0300x(8)J]m/m

0-600 + 0-300 | | 0600+ 0-300

_|(03x9) (481
= f =l —_— - -—;1 = - .
v L|\ 09 {0'9,Jm/u‘ (3-533)m / sec
= v = -2:33m / sec
(b) Putting the values N equation (2),
A {0-300-0@9_{3‘ Fie '
5 0-600 + O<3OD]( ) 0-600 + 0-300 g
o |(:034¢-8)) (108
] M “‘“‘b‘;‘——] + [_—0'9 ] misec= (2:666 + 12) m/sec
= (267 +12)m/cec = 14-67m/sec

we get,
2x0:600x9

=

'_"—_‘——-_.______

the right colizey

Chp-3. Motion & Force - 'I-_/_Sli

_a bu;h'et is fired in air at a speed of 500m/s
£ 60° with horizontal from an AK 47 rifle: (a)

le 0 : .
aking <" "".’; ctha bullet rise? (b) What time would it take to
iah wi

d? (¢) How far would it go? (lgnore air resistance)

reach grou?

Solution: )

. ta: . . Rullet
éﬁ%‘—&:;cd of bullet in air T
. {:f:!as 500 m/;tc

Angle of projection = 0 =60

H

60 L)

Required:

() Maximum height =

(v) Time of flight = T
. nge = " A .

2 H‘;r:'a:ta:'a'j lj)c know that, the maximum height is given by,

Caleulation:

= WA ') (1)

B3
i tion (1), we get,

tting the values in equa N

g, (500)° x(5in60° )’ e L2501:35»'9)«:9 75)
{ 2:98 19-6

> |H =9566-3m ' o
(b) We know that, the time of flight is given by,
2v sinb (2)

‘ 9 .
Putting the values in equation (2), we get,

2 x 500 x sin60 " 1000 x 0-866 | s
A [ 9.8 r 9.8

> T= [EG—S]nc =88-365ec = 88 4sec = ?:_:T?__l 58 4sec
9-&

(¢) We know that, the horizontal range is given by,

H:
=7
R

2 R

T =

R = V.J sin 20 (3)
9

Putting the values in equation (3), we get, o
R = (500)? xsin(2 x60°) _ {éf)ﬂ?_@:ﬁf’io_i |m

. [250000,‘0-366]’” - 22091-8m = |R = 22091-8m|
9-8

e,
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— _Chp-3: Motion & Forep

- & Force 7
Q7: The catapult hurls a stone of mass 32-Okg Wk

_ a velocity S| o
50:0m/s at a 30°C° angle of elevation: (a) What is the Maxi 2 }LLI
. a,
height reached by the stone? (b) What is its range? (c) How ;o:‘mum %
the stone been in the air when it returns to its original height? i T WORK & ENERGY
Solution: 0
6!‘.1&’8” Data: Mass of stone = m = 32!{9& #;-;;; ﬂﬂd e.xpfﬂff? work- —
Initial velocity of stone = v = 50 m/sec _Q’f,_‘,.——’”——— J
Angle of elevation = 6 = 30° ETEA 2010
Required: . Definition:
e 2 oroduct of force and displacement is known as work:(OR)
(a) f;’ax,mum height = H = ? (b) Horizontal range = R = 2 The s;dl'ﬂf‘ Psa'd vo do awohk_shen it apply certain force on another
¢ 7 ; = = 7 15 S0k .
(¢) fr'?e- of flight = T = : A bo ynd moves it through some displacement:
Cakulat;qn: (@) We know that maximum height is given by body; : Stane
P ? i ation. ™ ;
g = Yo sinT 0 ) Exp ‘L'-"'r o force “F " is acting on a body of mass "m a_nd moves it
24 il ¢ “A" to point “B" through a displacement "d " as shown
Putting the values in equation (1), we get from poin kd -
r ? : - g 4 o n H‘I‘G ngrc' NOW thc workdone B
= | (80) (sin(30° )| [ 2500 x(0-5)" | ' A
, x _. | 19°6 Work = Force - Displacement P>
| 2500 x 0-25 e =
= M= ISR = ¥ ek - 5 = Fd (12 O -1
756 Jm 37188 m = (H = 31-88m| = m - a 8|
= W "
(b) We know that horizontal range is given by, (1)
2 e T :
o 5 HS0 (2) Equation (1) shows that the workdone depends upon the magnitude
g : . j.e- greater the magnitude of force and
Pk _ . of force and displacement- i~e* grea ) )
ukting the: valusNg equation (2), we get, dispiacement, greater will be the amount of work arj:i vies v‘e;sa she
o S i ‘ = Samod m Equation (1) also shows that for given values of “F " and '
: 9-& 9-& work also depends upon value of “0 ". For example,
= R= g_s_me = 220:9m = |R = 22'0;’9”;J Case=1: If 0 = 0°, i-e- the force and dis- 0=0"
96 : 3 placement are acting along the same di- y > 2 >
(c) We k;ow that time of flight is given by, rection along the same line, then equa- = :
72 2v, sin0 3 tion (1) becomes, :
' 9 (2) w = Fdcos V= Fd cos O° [lsasO" =
Putting ;lresvahte_s in fqur:t;:'an (3), we get, II 5 |;'=—EE_] (2) oo nd maxi-
A [700"‘0'5]56 . Equation (2) shows that the workdone will be positive a
i = R co- o gt
= = . i 1
sec i mar Pos"e'-vg worg-. Lth!ng a switcase thraugh a heiq
4+

by applying force “F " is an example oM'k'
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placerment are perpendicular to each other,
then equation (1) becomes,

= W = Fdcos90°

= W =Fdx0 \(COSS’O’ =OE

> [W=d (3) .

Equation (3) shows that no work will be done
if the force and displacement are perpendicular
to each other-

Case-3: If v = 180",
opposite direction,

1re the force and displaceme

nt are acting i
then equation (7) becomes,

W = Fdecosi80" [ cos180" = -1 =
> W= Fda(-l) ('\.\'9
> |w = .;gj (4) = ~ 0=m0” B

Equation (4) shows that workdone will be taken as negative, if the
force and displacement are opposite to each other

Example of Negative Work: Workdone against the force of friction
15 the example of neqgative work-

Unit of Work:

As w=Fd w= N = Joule

S0 the unit of work s Joule which is defined as, “workdone is said

to be 7 joule if one Newton force is acting on q body and displaces
1t through one meter-”

Dimensions of Work:
As W=Fs - w = ma-5 = kg'm / ser?.m
i Mass-!ength-fength

X e -

[mL’T "j

Dimension of work and
energy are same:

(ETEA 2007)

= W

= W
Work is a scalar quantity:
Q2: (a) What is conser

vative field? Give cxamples: (b) Define
closed path (or) loop-

LE7€A 2007, BISE Mardan 2079 S

Ans: (a) Conservatjye Field:
A field is said to be ¢o
closed path

servative field if the workdone in it along @
15 equal to zerp- (OR)

rear " Chp-4 Work & Energy- 179 ]
nerg —h Physics Notes - 1" Year - __Chp 4 Waork & Energy 3
b — -
2 hich workdone is independent of the path followed i
Id in w
4 ifn as conservative field
kno
les:
(e I Feld

. Gravitationa
;' E!ectrascat:'c field

tic field
3. Magne fice:
sed_Path_(or) Lo .
(v C{Qd,_ path (or) loop is thatlpath .m
A ff‘: body reaches to its starting p.amt
W‘”f after passing through several points,
ain
:i shown in the figure: -
] force?:
; waorkdone by a variable .
& D““’;‘:"’: body of mass “m" is allowed to move from point
i e ‘ :
ﬂﬂi 60!:‘5;" under the action of variable force } ——
Hﬂ t;c divide the length between point “A" and poi
ere

large number of parts e
Wi, AT, Diysee e Ad,
respectively: 7 J
Now the workdone through Ad, is given by,
\w, = F,+Ad, = F\d,cosD),
= Aw, = (F, cos0,)Ad,

Clined Path

Similarly,
Aw, = (Fycos0, )Ad,
Aw, = (F,cos0)Ad,

& Aw, = (Fncos{));‘\d,, . —
Now the total workdone between “A” and “B” is given by,

W, = QW, + sz + QWJ - + Aw, - y
2 Ay = (Feosh), )Ad, + (Fyeos0,)Ad, + == + (F.eosh )Ad,

(7)

Equation (7) represents the workdone by a variable force:

= |w, = X(F cos0 ) Ad
smf

B
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@4: Discuss the workdone in gravitational field- (OR) Sm‘
workdone along a closed path in gravitational field is" equal to zero?

Ans+ Consider a body of mass “m” placed at point “A” a5 shm

the figure:

Let the body is allowed to move from point

“A" towards point “C" in gravitational field,

as shown in the figure: Now the workdone on
the body from “A” to “C” is given by,
s L2 (T)

Now from the figure, we have,

W,, =wd =wdcos0

(2)

Putting equation (2) in equation (7), we get,
w, ., = wd, {3)

d,
cos = -0—:-3 decos O = d,

Now let the body is allowed to move from “C” towards “B", then
we have,
Wy = dr-afz = wd, 050 = wd, cos 90°
W, e O (%) [cos90" e 0]
Now let the body is allowed to move from “B" towards “A”, then
we have,
Ws.,, = wd, = wd cos0 = wd, cos 180°
S W, ==wd, (5) [cosi80" - -7]
Now the total workdone is given by,

We =G (6)
Putting equations (3), (4), (5) in equation (6), we get,

w, = wd, + 0 -wd, =0
= w, = OE (7)
Equation (7) shows that workdone on a body along a closed path in
gravitational field is equal to zero-
Q5: Show that workdone in a gravitational field is independent of
the path followed?
Ans: Consider a tidy of mass “m" placed at point “A" as shown in
the figure:
Let the body is allowed to move from “A” towards “B" in gravita-
tional field, then the workdone on the body is given by,

T Wesgd Wi N

b

Na:;ab_ﬁhbgics_“‘a‘?" a1 A
J wa’ = wd, coslliFr:&]

Chp-4- Wark & 'Eﬁerm,e—; 1Bu!

W, = : r -
F—wd cos 0° = wd, 'cosO’:?l Y

= Ws.s ! i
=y Wﬂ £ = Wd,____________._.—(;")
Now the workdone in moving the body from
o . .
ug” toward; “Cc" is given by. :

., iy * wd, cos O = wd, cos 90°

B
& Wop ™0 ISR .
Now the total workdone from “4" to "C C
th,—ough "8" is given by. ; p
= - & = Wwa, +
(W)hagwe = Wa-s We ¢ ol

i Wd? iﬂll
sider the body at point |
: directly, then the workdone on the body in

ol and allowed it to

Now again we con
move {rom “ﬁ” ta uC
nal feld is given by,
- wd = wdcos 0

For Your Information:

The trictional foree 1s a non-
4) consenative foree, because it
moved over a

graw’tat:‘a

Ws e ¢
= W% = wd cos U =

Now from the figure, we have,
cosll:%::xdcoslizd, (5)

Putting equation (S5) in equation (%),

an object 1s
rough surface benveen  mWa
points along ditterent p.\(l?-.
the workdone aganst the trice
tional toree certainky Jdepends

on the path tollowed.

we get,
Wase = wd, (6)

Comparing equation (3) and equation (6), we get,
Waego = Wa (7)

' tati Id is
Equation (7) shows that workdone on a body in grawtatronaf field i

independent of the path followed:
Q6: (a) Define power and instantaneous power:

- -

(b) Show that, P=F.V

_GMM”SMHS of power:
[£ren 2006-2008, 201

Ans: (a) Power: _
The rate of a;o:‘ng work is known as power: It i
‘and is given by,

work

time

E—

s represented by & il

Power =

———
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w
sl e - (7)
Instantaneous Power: " 4 ggmrsecmisec
The rate of doing work in the limit when “At" approaches to Ler B e’ length?
is known as instantaneous power: f-e: . . 3 = i”jf_‘_ o Shcal
= ) M.m"/ﬂ‘ time
W -
= y —_— 2 3
P 7 At (X = P = [T } ‘ts of energy?
(b) _To_ show thac P = f-l} : ; > rne enerdy’ wrf'tc the units or €
0 ar
We Ko that, . Energy: known as energy
s gnergs: k is know
P = ':i 7) I:': capacity of @ body to do wor
e
We also know that, (OR) to work:
w=F-d 2) Energy means power s
) . in the state 0
Putting equation (2) in equation (1), we get, - (0R) f agent which causes some change i
3 Energy is an v formation:
P 3ok ¢ ?J (3) tem: '_[';_‘_rj_!u%lrl_lxi_irri: -l;l one day
Units _OL_Eﬁ_szy: g i |: ot the same enery as
We hknow that, Joule, kilo joule, mega joule,  kilo 13';{ 1“[”,1..1 petrol. Experic
d ¥ . OF energy’ : wws that the average
¢ " rate of change of displacement = velocity watt-hour etc are the units e 'I'“ “mT,In '“:1[\;:._- ups-
J 7 1 kilo jQUI‘G " ?OJ jou’e ::1:\\\ rl: .u.1 ordinary spead b
S oY (4) 7 mega joule = 10° joule anly about 0.33KW.
i = o - .__——'——'_._'_-_._—_._._._—
Putting equation (%) in equation (3), we get, ! kilo watt-hour

tt-sec
=F-U = (1000 x 3600) wa >
= 1 kilo watt-hour = 3-6 x 10° joule

/ ol wallsed = ;:\'l.l:L‘]
> 1 kilo watt-hour = 3-6 mega joule ; [

Whith is the required proof

¢) Uni s Rt

(¢) Unit_of Power _ oo . Show that KE=-mv'?

e bt . o™ wate Q8: Define kinetic energy g A e
t sec T

So the 51 unit of power is watt, which is defined as, “power i$ Ans- Kinetic Enerqy (K-E): ¢t motion is known as K-E

said to be one watt, if 1 joule work is done in 7 second-" Definition: The enerqy in the body due to !

Other Units of Power:
Kilo watt, mega watt, horse power etc
are the other units of power-

. Explanation:
. Consider o body of mass
‘m" moving on the ground

For Your Information:
In British engineering system,

7 kfa watt = = 7 tt the unit of power is called ; o ) o

{ ilo watt _70(;? watt = 10° wa — ] f With initial velocity “v" as

7 :uga watt = ; wat;qe benly, Tlip s 746 wans. | Shown in ¢he figure- i oF RO E,"
o . - wat ; rce
e o (el “% - The motion of the body is opposing by the f

a—— — -‘-""‘---..__




r’v

'C.h;—(. Work & Energy - ?"-5_]
| Nauab Physics Notes - 1" Year

@nqms Notes =74 Yoar
Na

m_patenbiaf energy: Show that P-E = mgh?
Q :

Ans: peﬁnita’oﬂ-'

Chp-4: Work 8%
F = ma

|
decreases gradually and finally comes | =a=F / m

due to which the velocity of the body

£ a body due to its position is known as potential
. > %
to rest: S0 the final velocity of the | =a=-F/m The energy

“d" The negative sign shows thyy ve. energy’ A .n.
body becomes zero- Let “d" e the locity of the body decreases fxg@_{_{gﬁf‘lﬂ: i 38 et O -
distance covered by the body before | *Fd = work = pip Elnet s o, IN—_

coming to rest: Now we know that,

S =y -vd . WM

ht “h" from earth surface as shown in the
heig

‘:’?un.f the body is allowed to move from point
ow |

" towards point “B", then the force of gravi-
tA on the body is equal to the weight of the
y

F=w=my

F
Hcrea=—-.5=d.v,=0,v|=v
m

S0 equation (1) becomes,

body: Now the workdone on the body due to
—QX—F—xd = 0:" - va force of g,-aw‘ty 15 9;'1/8!? by, ﬂ*‘rﬂ"rrrfmrfmu !
-2Fd Workdone = Fd = wd )
T =R = 26t = orkdone = mgh . point “A"
£ :' " ;:erjdthe workdone is equal to the P-E of the body at point
=" Fd = Ly (2) at height “h" with respect to point “B" 50 eq Here d = h
ol uation (1 f=w=mg
Here Fd = workdone S0 equation (2) becomes, PE = mgh (2)

j 4959% WK a
* Workdone = imv‘? Equation (2) represents the P-E of thel body athpo:'td b ss sarih
2 sca"ar q"ant,ty aﬂd dgpgnds Upon thﬂ hﬂfg‘?t OF the 0 9

surface-

—m Ny 3y

Due to this workdone,
workdone must be equal
becomes,

the moving body comes to rest, so this
to the K-E of the body: 54 equation (3)

N bl
QT10: Discuss the work-energy principle: (OR) {pLhat; wor

IK—E . -; mv? (4

Equation (4) represents the K-E of a
K-E is a scalar quantity-

Dimension_of Enerq y:

7
ﬁf KE = —é.myz :kg.(m/_s‘c)E

moving body-

2
= Kg - Mass xLengeh = KE - [m‘\:’2 7__2]

(“-4—5‘?U"‘/fal'q_bbo’far;?/'Jrg_#”ﬁ_diﬂ}up‘a}")

Time?

done = chanze in K-E of a body- —

BISE DI Khan 2019

s

Ans: Consider q body of mass “m" placed on the ground as shown in

the figure-
Now it some force “F " s
pplied on the body, then

the body iy start motion

s . ». P=o @

Y
ral

with initial vefaCfty W d :
i the diraeiian of applied force: If we neglect the force of friction,
then bk bady will continue its motion- Now we know that,
2a5 = 2 . VNS )
Here s - da = -.E.
—
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S0 equation (1) becomes,

2Fd

— 2V, rvi > 2Fd = mv? - my?

= .
= - 2 7 2 .
= fd = 5 MV = Emv_ [Fd = work]
= |workdone = (K-E), - (K-E)] (2)

Equation (2) represents the work-

shows that workdone is equal to the change in K-£ of 4 body-

enerqy principle: Equatfb" (2)

Q1l: What is a machine? Discuss the in
of a mechanical machine?

put, output and efficiency

7

A machine is a thing or device with the help of which we can do

more work than we can do by hands- (OR)
A machine is a device for multi
direction of forces-

(b) lnp,u@_.Of_meyfram?ai.ﬁ?@f‘ne_s:

The amount of workdone on a machine by a given effort [force] is

known as input of a machine- ire
Input = effort x effort arm

> I.-‘nput = pxdl

(¢) Output of Mechanical Machines:

The amount of workdone by a machine on the load [weight] 15
known as output of the machine: i-e-

Output = load x load arm
= LOutput = wx D’
(d) Efficiency:

The ratio of output and input of a machine is known as efficienty’
ie

Efficiency = putput

input
o r w x D]

- U esd——Y ¥

In terms of percentage, equation (1) can be written as,

————

Plying forces or simply changing the

— EETL Gr_
=5 Physics NOtes 1" Ye
Na

Chp-4: Work & Energy - 187 |

{f_f_?]xmoz (2) )
P xd | :
K (2) represents the efficiency of a machine: [¢ has no

Equatio” (U.t s a ratio between two similar quantities:
]

pecause | > Discuss
. hine? Discuss-
is an ideal mac z is
Whet - chine is a hypothetical machine whose output
ma

¢+ For an ideal machine, we have

unit
Q12:
Ans: AN ideal
equal to its inpu
The efficiency of an ideal :
of energy in an ideal machine

n waste useful energy’ .
e y of (a) transformer, (b) pulley system

machine is 100% because there is no loss
due to friction or any other means

Q13: Discuss the efficienc

Ans: (a) .Efﬁq.r‘_e.nﬁcy_._qﬂ.a._qunjsir_?rmﬁ [ 7 Srdli—
w 1 1 1 s use
A transformer is a device which i i

nother: )
of electrical energy from one place to @ increasing or decreasing
A transformer is a device which is used for in

g we have
the alternating voltage: For an :deaffransﬁfﬁ”jr'

Power input = Fsower_out_p’u_t]

ncf'arm;r‘s 700%: But practically,

Thus the efficiency of an ideal tra 100% due to the following

the efficiency of a transformer cannot be
reasons: ~ the prima-
I* Some amount of energy is lost due to re:,:star;fhee o:‘nergy i
ry and secondary coils of the tmnsForﬂ.'-'e-' £ large cross sec-
tan be minimized by using conducting w-res. os

. res*
tional area or by using high purity copper wi

reduce such
2 Some eddy current losses in the core We can
X !;sses by laminating the core* t entirely re-
e ]

e energy required to magnetized the core IS a'::r

tovered during demagnetization, because some € 9
heat in the core-

) Efficiency of Pulley: hich

A Pulley js , simple machine with the help of Whi

load easily: The efficiency of a pulley system cannot

stem:
fuse of the forces of friction present in the pulley Y
i o

y is lost as

we can lift
be 1007% be-

__A
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For example, i we do 100J of work, then about 60J of i N our ,fnﬁ"rmatrf' sl B i ] / ( .
g, r ¥ ar 1 £
lost as thermal energy due to friction and the rémaitiife ‘fOJ’y i ;‘ pymm-ds i c‘j‘;’b}t‘ e ey . ‘ : \
pears as work output: So in this case, the efficiency o,flt; ” ',n purlt &Y iy 5 ’thg first use of @ Jr\:". l
system will be 40%: = Pulle . clined pleng* Lo n  happened i 7" e \
Mathematicall 4 plane i constructio app PR
wcally we have, -n:f-'”‘d 2 00BC A pyramud at Egypt. be- |
\ - n e P DTS SRR SN
Efficiency = useful energy cutput | ,W;f co have been buillt by hauling stones l
N leve
L total energy input [ u; ,mj.ncd lanes:
The efficiency of som ' - my tion: . = i
e practical devices are shown i pur Informacion:
n in the table giver &r’x'—’"_’jucm'mf equipments:

below: e TS ; \
. i};‘;ach;t bulbs have been introduced to ‘\\‘IW}' ’
' ™ L replace ordinary i'fght‘ bulbs, as they are \ f
=1 &

Petrol heat engine (25-30)% much more efficient- Let's take a look at a _E*} g__-
Diesel engine (34-40)% standard SO0watt: The -cncrgy cansu:ptnon j
Steam locomotive pr—— v use a light bulb like this wm:! cost. i
2% ehout 1278 Rs over the course of 1 year- An LED, running over the
Incandescent lamp 5% course of 1 year would cost only 260 Rs to operate: Recently devel-
Fluorescent lamp 20% oped, AC/DC fans can operate on less energy while producing a high air-
Steam turbine (39-46)% flow In fact, they can cut down your power consumpt:o: by up to 65%‘
" B, il s i E end can operate on solar penal- HC/I?C fans are designed tf run on 12V
ine 36% ond consume around 26-35W: Ordinary fan consume 75 watt while
Nuclear power plant (30-35)% RL/DC fans consume about 35 to 40 watt so AC/DC fans are more
Fossil fuel power plant (39-40)% efficient:
Electric generator (70-98)% QI4: What is absolute potential energy? Derive an expression
| Electric motor (50-92)% :’r sbuolute potentiflanergy-
Storage reactor (38-40)% D::‘ Q%’ioﬂg__ng_qnﬂgL_&lergy:
Dry cell battery 90% ;E—:EM The absolute potential energy of a body on the surface
Electric heater arth is equal to the workdone in lifting the body from earth
; 100% surfuce tg infinity-
| Hair drier 100% ; E'Plgﬁgg'gg:
Ba | In i
Hojnt:rfaa! furna 90:/0 4 °::d:r:::lopj?n‘i a‘f'i?fxpreis;’a'r'n o v R T o
_5_;_.___ ‘ ce 55% L will congig _ to “n"- Then according to the g.ven condition,
=—Cam_turbine 45% Loty For th; r point “I" at earth surface and point “n" at infini-
[ Steam locomotive 10% , " into f:- Z’U:Pose, we divide the distance between point “1" and
e N | figure. je mumber of ports each of length “Ar” as <lown in the

R

—

|
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Let Tre Fa¢ W3paiceneisns “N ox be the distance
between centre of earth and points 7, 2,
3.t n respectively: Now consider the =
body of mass “m" at point “1" as shown il . -
in the figure: If we move the body from : ——,
point “I" to point “2", then the work- =t o
done in such a case is given by, o
w, ., = AFr = Gﬁ}m “Ar ‘ ] I'* 3 I
r i R R
Ar
— W' G/H‘m _:,‘ (7) — tam,
r
Here, r = —2 F= i = Gm'm]
" rt r? J
=5 r":é(r $r.9)° [("*b)zz"2+b2+2“bj
= ¥ = é[rf +r o+ .?r,r‘.,]__ (2)
From figure, we have,
r‘7 =r = Ar (3)

Putting equation (3) in equation (2), we get,
= r? é[r,z-*(f} + Ar) +260h ‘""\r)]

Y
= |
]

o i[rf +r? + Arf + 2rAr + 217 + 2r,_'*.r]

7
= r? Z‘-[‘n‘rf + 4rAr + L‘\r‘?] :

U
3

? = Ei-[‘#r;" + ‘#r,Ar]

Here Ar is very small, so we
neglect its high powers L

= e ;i-[#rf + 4n0r; —r,)J

‘f 2 2
= ¢ € E[qrr +4nry - “n ] Ar? ete.

7
e E[qﬁ’}] = hh;
= r? = nr, (q)
Putting equation (4) in equation (T), we get

ro—r r, =r +Ar
w,., = 6MmA. - emm|2—2 a - _r]
L nr, nry = Ar = f2 I

s Notes 1" vear
' [r ’}
- R [ =

Chp-4 Woark & r_nef'qu. | n]

7 7
5,m:larr'y. W, .3 ~ c;m,m{;; = Z} (6)
o 3
Wy .4 S Gm‘m ry . ( )
7 7
- am,m{# - —} (8)
y+5 f"' I"5
7 7
=g —_-— 9
i _am,m[rs QJ (9)
7 7
X AWML 5”’.’"[;: = ;:} (n)

Now the total workdone from point “1" to “n” is given by.

=W, YWy gt Wy T W, s W g

wl'—-n 1

I | | ;_ lf* I_y‘ I.{‘ |_r/ _I

= v . :Gkirm[-r——z*g /X /}I }; f;i "’ I case ;_}'_‘ r, j
7

=W, Gm‘m[i - —} (A)

..... + Wr_

n-1)-en

n L

Now we apply the conditions for absolute P-£ i-e: we consider the
point “1" to be at earth's surface and point “n" at infinity: S0

equation (A) becomes, )
& 7 "n = o
wl e = Gmm R e _
LR o0 lr, =«
[7 1
2w, =6Mm I _olMm l_=o|
" R. R. s ]
-GMm
B lvene = = (8)

Eﬂum"” (B) represents the workdone against the earth’s gravita
bional Field ;n displacing a body from the earth's surtace to a point
at infini .

‘-ﬂiy' The negative sign is used wkich shows that work is done

- —
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agarnst gravity

@I5: Define_and explain escape velocity:

[£7€A 2011 815E Mardan 2079, BISE rbbottabed 2070

Ans. Definition:
When a body 15 thrown vertically upwards end

gravitational field, then the velotity of the body
velocity:

Explanation:
(Ve know that the workdone in lifting o body from earth's surface

it goes out of earth's
is Known as escape

to :m‘?n:’ty s qiven by,
GMm

L = R{

Here the workdone “w,

So equation (7) becomes,

(7)
" must be equal to the K-E of the body-

w

e = 203 Work = K& = L my* |
= R ork = = Emv]

7 M m
= =—mv = e—

2 R

v em . 26M
@2 R VTR (2)
Dividing and multiplying the R-H-S of equation (2) by “R", we get,
> v = 28 [ | | 2|

‘LR | R JJ For Your Information: —’

= P = .2R‘g

= |v = \29R".] (3)
Equation (3) represents the relation for

escape velocity: Now we know that,
9=98mrsec’, R = 64 x 10°m

S0 equation (3) becomes, o
. = [\2X9E 64 X107 |mrsec T

A delea 1T rocker blasting oft.
A rocher going into space
needs Large amount of energy
to achieve escape velociny in
order to make it off carth
and get into space.

B irv‘ =11-2x10°m / sec| [10’

(OR) v = 11-2km 7 sec|

NOTE: The above value of escape veloci-
ty is for earth's gravitational field- For

= kf'fo:‘

T ——

" Yenr Chp-4. Wark & Enr-_,--)

193 )
and

planet or

f;.,;r planet the value of escape velocity will be different
ot

computed 0"
e ol "9" in the field of that planet and radius of that

the value of mass and radius of the

(54
" be
. the V'

: %‘phfﬂ the law of conservation of enecrgy.

Qlé:

. Gratement:
fins !- sates that energy cannot be created or destroyed: 1+ may
This 14w form to another, but its total value remains

d F‘rﬂm one or - ' | ocal value emains
be change

tant’ .
mﬂ’! nation: 1£ we allow a body to fall freely under gravity and we
et the fricgion of the air, then during downwards motion, the

re ;

;9”:#’ p-E will be equal to the gain in K-E- 1-e-
05! T |
s in P:E = gain in K&l o (1)

Vow according €0 the law of conservation of energy, equation (1)
o4

an be also written as, .
total energy = P-E + K-E = constant|
Aecording to Einstein mass-energy equation, we have,

E=mec" (3)
Equation (3) shows that mass and energy are interconverta:

there will ke increase n mass:

(2)

That (s due to decrease in energy,
While due to decrease in mass, there will be increase in enerau- Thus

we can say that conservation of mass and energy occurs together

rather than separately-

QI7: Discuss the inter-conversion of potential energu and kinetic

Loergy:

fns: Consider a body of mass “m" and weight “w"

8", as shown in the figure-

(«) Consider Point “A”:

B point “A", the P-E of the body is given by,
(PE), = mgh (1)

The K-£ of the body at point “A" is given by,
(K'E)‘ £0

(@)

N, ;
oW the totql energy at “A" js given by,
\




v
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il ) S == = . —— Noud <
(E; )i = (KE), +(PE), = 0+ mgh B o). (K-E), * (PE),
—_— — L]
> [(E ) =meh] _____ (3) ), = mgh +0

(b) Consider Point “B":
Let the body is allowed to fall freely from “A"
and reaches another point “B" by covering a dis-
tance “x” as shown in the figure: Now at point x
“B" the PFE is given by,

(PE) = mylh-2) DN _N%)

y

+ <+
Now the workdone on the body from “A” to “8” T
s given by, ¢

~ F=w=mg h-x
Workdone = Fd *
d=x

= Workdone = mgx e 2 L
= Workdone = mgx (5)

This workdone must be equal to the K-E of the body at point “B”,
so equation (5) becomes,
(K-E); = myx (6)
Now the total energy at “B” is given by,
(E: )y = (KE), * (PE),
= (E,); = mgx+ mg(h - x)
= (E,); = gx + mgh - gk

= (€)= mgh (6)

(¢) Consider Point “C":
When the body reaches at point “C”, then the P-E of the body at
“C” is given by,

(P-€) = mgh= (PE) =mgx0
=> (PE)L=Q_ ¢ ____ (7)
Now the workdone on the body in reaching point “C” is given by,
[F=w=mg
e
= (Jorkdone = mgh (8)
This work must be equal to the K-E of the body, so equation (8)
berres,

(K-E), = mgh ()
Now the total energy at “C” is given by,

[ﬁc ucu' h = 0]

Workdone = rd = mgh

(€ /e
: &

usion:
fﬁ’fj;;g equations (3), (€), (10), we get,
0

(5,).4 =2 (ExJs = (Er )

hows that energy may be ¢hanged from one form to another
Int ¢ e remains the same: Thus the law of conservation

but its total valu
f energy IS satisfied here:
:.’OTE' When there is no force of friction, then we have,
Lpss in P-E= Gain in KE (A)

when there is force of friction, then same part of B b ol
1 workdone against force of friction- So equation (A) can be writ-
!

But

ten as,
[Loss inP-E = Gain inK-E + Fh| (8)
Equation (B) is valid for downwards mo-
tion of a body: For upwards motion,
equation (B) can be written as,

|Loss in K-E = Gain in P-E + F,ﬂ ' (C)

Workdone against the force

of friction=F.h

Q18: (a) What is energy? Discuss its importance- (b) Discuss the

[Non-renewable and renewable sources of energy-

Ans: (a) Energy means power to work: (OR)

The ability of a body to do work is known as energy

Importance of Enerqy:

fs we know that enerqy represents the ability of a body to do

Work ie: work is possible at the expenditure of energy: The energy

# Used to operate industry, automobiles, stoves, washing machine_s.

j:;s' a.;‘r ¢onditioners, computing system, radio sets, T-UV sets etc f:"J
¥ lite: Human beings use the various forms of energy for their

nefds and desires. Presentfy, about 6 x 707 kilo watt-hour energy is
being useq
n S‘mr't

in the world annually-

0 ' €Nergy plays a tremendous role in our daily life and with-
U energy,

Wfﬁmgmg any machine in work;'ng conditions-

- -
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(b) (i) Non-Renewable Sources of Energy:
Those sources of energy which cannot be renewed are known as non-
renewable sources of energy- About 85% of the energy is used ip
the world from non-renewable sources: Some of the important non-
renewable sources of energy are given below:
(i) Coal: Coal is the most abundant fossil fuel in the world with an
estimated reserve of one trillion metric tons: The coal is formed
slowly over million of years from the buried remains of ancient
swamp plants: The coal results from differences in the pressure and
temperature that prevailed during formation- Currently, the world
IS consuming coal at the rate of about 5 billion metric tons per
year. The coal is mainly used for power generation, heating and
cooking purposes- If the consumption continues at the same rate,
the current reserves will last for more than 200 years: The burning
of coal results in significant atmospheric pollution-
(ii) Qil: Liquid petroleum or crude oil is a fossil fuel that is refined
into many different energy products- These products include gaso-
line, diesel fuel, jet fuel, heating oil etc: The oil is formed in rocks
such as shale, which is rich in organic materials- The oil is manly
used as a source of energy- It is also ised as a chemical in various
industries-
(iii) Natural Gas: The natural gas is a mixture of gases, the most
common of which is methane: It is supplied to industry and houses
through pipe lines system- The natural gas can be also supplied n
cylinder- The cylinders are used in those areas, where pipe lne sys-
tem is not available- For this purpose, the natural gas is made into
liquefied petrdleum gas [LPG]- LPG is shipped in special pressurized
tanks as a fuel source:
The use of natural gas is growing rapidly- It is used in industries for
various purposes: It is also used for cooking, heating and powerij
vehicles: It is also used in a process for making ammonia fertilizer
The current estimate of natural gas reserves is about 100 m;m‘oﬁ
metric tons: At current usage levels, this supply will last an esti”
mated 100 years-

In Pakistan oil is being extracted from areas situated in Pothohar

- 6.5 |

v

! Gb L ) —‘— S— — ———

il gindh- The natural gas [sui gas] is being suppl =d for
Pﬂ"f"i d and industrial use from huge resersoirs of gas located at
housen?

Baluchistan" Some smaller deposits have been found in Sindh,
. . Ba
ui 11

: Khyber Pakhtunkhwa and other parts of the country:

un'ab. .
P" ) Renewable Energy Sources:
(i)~ rces of energy which can be renewed are known as renewa-
u
Those 5 s of energy- Some of the renewable energy sources are giv-
ble source
low: . o
“ b;. rqy from Biomass: The biomass is a matter which is also
(i) Ene

¢ garbage: It includes dead trees, yard clippings, left-over
g - gd chips, bark and sawdust from lumber mills:
e ""’0: brf: ' the waste from factories and frem farms to a
et er g!ant- This is then fed into a furnace where it is
bmma:‘s- ?’:: he::: is used to boil water in the boiler and the energy
-:"::e steam is used to turn turbines and generators:
In another process, the garbage is decomposed to produce methane
gas+ The animals like cattles, crows, Kitchens etc: ‘
When manure decomposes, it also gives off methane gas: This gas
can be burned right at the farm to make energy to run the farm:
(ii) Electrical Energy: Electrical energy is the scientific form of; e!eca
triity: It refers to the flow of power or the flow of charges along
tonductor to create enerqy- These other forms of energy are Known
from coal, nuclear

produce manure:

as the primary sources of energy and can be used
energy, natural gas, or oil- i )
Hydro-electric plants are installed at big dams: The big anit Pro_
duce electric power in the range of thousands of mega watt (M)

Presently Terbela Dam produces produces thousands of mega watt
power of electricity: Mangla Dam on the other hand produces mori
than 900MW- Besides these, Warsak Dam, Malakand Dam also pro

duces huge amount electricity:

(iii) Energy from Waves: The oceans are vast and full of energy
Produced by the sun and wind- This makes the wave energy as @ po-
“ntial power platform- The waves having large amplitude poSSé'S
e3¢ amount of energy: The wave energy is in fact @ stored anc

oncentrated form of solar energy:
H_

— e
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(iv) Geothermal Energy: The sun rays beating down on th
surface is the major source of geothermal energy+
energy is obtained by tapping the energy of the hot, molten areas
inside the earth crust when water is pumped down to the hot
rocks, it becomes as steam- This steam is returned and is used to
drive turbines: This steam is also used for direct heating-

(v) Nuclear Enerqy: The nuclear energy is obtained from nucleqr
reactions: Nuclear fusion and nuclear fission are nuclear reactions ipn
whith tremendous amount of energy is produced- Sun and other
stars are the main sources of nuclear fusion in
of energy is released The nuclear fission reaction occurs when a par-
ticle [projectile] is allowed to fall on a nuclear material like uranium-
When the particle is absorbed by uranium, a compound nucleus s
formed- This compound nucleus is very much unstable and disinte-
grates to give various outgoing product with the release of tre-
mendous amount of energy known as nuclear energy- This energy can

be obtained in a controlled manner with the help of moderators in a
nuclear reactor

(vi) Tidal Energy: The tidal energy is produced in tidal power sta-
tions due to rise and fall of water in narrow tunnels: The tidal
energy is used for power generation-

(vii) Solar Enerqy: Sun is one of +he major sources of solar energy-
The solar energy is concentrated and converges with the help of mir
rors, lenses, solar cells etc and are used for hea!
duction of electricity-

(viii) Wind Enerqy: The non uniform distrib. icn of heat due to
solar energy in different regions causes the moyeiicat of hot and
cold air over the earth's surface, winds blows from area of high
pressure to Mreas of low pressure: At sea, the winds are even
stronger than on the land surface- An equivalent of 100 billion
watts per year of power in the shape of wind energy is availe. . cn
the earth In the windy regions, wind mills are installed to prodic:
Mechanical energy: This mechanical energy may be used in tube well
or flour mills In Pakistan places like Chitral, Gilgit, coastal areas and
high mountain valleys are suitable for the production of wind power

e land
The geothe rmal

which huge amouns

19, cooking and pro-

— EASSE L2 j'}a.ot‘fﬁq_ug)lgl}:c.-/
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X
solution of Examples & Assignmentf\\

S

he power required of a 1400kg car under the followirg
‘ ﬁ-P ) the car climbs a 10° hill (a fairly steep hill) at
us.d(g‘Okm/hr, (b) the car accelerates along a level road
710 kmhk' in 6:Os- Assume the average retarding

n bl car is £, = 700N throughout-

Caleulate
¢ircumstan
a steady SP“"
from 90 kmh™ to

force o7 2
Solution: .
M: ( 20x1000 \1
= i | = i
Speed on hill = v = 80km / hr = k_g’s_OEJ_Jm/s“ 22m/sec lr
fass = m = 1400kg, angle of climb = 10°, Initial speed= v, =90kmh
ass = m = '
= ___-—90 x1000 m/sec = 25m/sec
2%, 73600
final velocity = v, = 110km/hr
Ak ?OO_O m/sec =30-5m/sec
3600 .
Time taken = t = 6sec, retarding force = F, = 7OON
Required: Power P = ?

-

(4) When the car climb the hill,
the normal force “Fu" on the car is
acting in upward direction- But the
weight “w" of car is not exactly
ating in opposite direction to nor-
el for” “F"s So we resolve the
Weight “w” into its horizontal and :
"rtical components. The component “mgcosO” balance the ﬁorn:{?_
e “EX while tha component “mgsind" is acting in opposite di”
the car motion- Thus the applied force on the cla!‘ mus€
¢ qual to the sum of retarding force “F,” and “mgsimd": i-e:

& E» ¢ mgsin® = 700 + (1400 x 9-8 x sinl0°)

w = (700 + 2382-5)N = F,_ = 3082-5N
- Pe

"“--.___._________

Fection of
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Now P = F-y = (3082-5 « 22)watt > P = 6787150 watt

= P =678 x10° watt=68x10° watt= [P = 68k wate [70’ = kilo]

Power in Horsepower: ;
P =68 x10° watt [We have 746 watt = 7 h-pj
68 x10° _ 68000
p = - hp = [P =91h
1 746 VGG o ey
(b) The acceleration of car on level road is given by,
= (v, -v) - [30'5-25

i " 6

Now the force required for producing the horizontal acceleration
“a," is given by, F, =ma = (7400 x0-92]N = 1288N
Now the total force exerted by the car must be equal to the retard-

ing force plus the force for producing acceleration “a.”, so we get,
F=ﬁ+€=|-?288+700]N -

= ‘F’ = 1988 N’

Now power in this case is given by,
P=Fw, = [:933;30-5] watt

= P = 6063% watt = 60:634 x 10° watt = 60-6 x 107 watt

= P=67x707 watt = 67k watt — [p = 6Tk watt
67 x10°
(OR) P = hp = P=81hp = [P= S2h-pl

—_— b
Find the work required to lift a mass of 5 (. ,_; to a height of
30m-_If this is done in 2 minutes, what power . beinig used?
Solution:

Given data:

Mass = m = S5ton = § 4 71000kg

= Mass = m = SOOOkg, height = h = 30m

Time = ¢t = 2min = 2 4 60s = 1205

Required: (a) Work = w = 2 (b) Power = P = 2
Caleulation: We know that,
Work = F-d )
:«_Work=w‘h=mgh
50 equation (7) becomes

Jm/set’ = a, = 0:92 m/sec?

[7 ton=1000kg]

(Put F = w=mg, d=h

(b) We

Chp-4- Work & Energy - 201 |

work

values in equation (2), we get,

pusting £he (5000 £ 967 5 30]J =[1471500]J

ork =
i}grk = 14715000

know that,

w (1)

P e
:hc values in equation (3), we get,
ting

b {Mjwatt = 122625 watt
"\ 120
= 122625 watt

Put

Ans P

—
s the power of an airplane of mass 3000kg if when on the
What 1$

-7 .
it is capable of reaching a speed of 80ms’ from rest in
runway

4.0s? (I-ZMW)

Selution:

Given data: P

Mass of airplane m = g9 \ s

Speed of airplane = v= 80m/sec, time taken = t = Y4sec

Required: Power of airplane = P = 7
Caleulation: We know that,

P=Fv=w-v [F=w-mﬂ

> P = mgy )

Putting the values in equation (1), we get, .
P =[3000x9-8 x50 watt = 2352000-0 watt

2 P=235x10° watt = 2-35 mega watt [10° = Mega]

fins: [P = 2:35 Mega watt
— N

A Mmachine needed 1000J of energy to raise a 10kg block at a dis-
'Eﬂif_i’f_f"_'gfn' What is the machine efficiency?

Solution;
Given datq;

b, o 70007, mass = m = 10kg, distance = d = 6:0Om
“Quired: mp

—— "ichine efficiency=n =

)
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Calculation: We know that the efficiency of a machine is

ive
. output work ] F-d _ mah ]’F = : = :’5?
input work input work input work d'& } ’
- ___mgh L J
= n=

input work —  —  —— (@)

Putting the values in equation (7), we get,
[10x9-8 x6)

"= | 7000 i [ - 0'588] (2)

In terms of percentage equation
= n=(0-588 x100)%

> n=588%:=59% =

(2) can be written as,

. a8

Block and tackle system of pulleys is used to raise a load of 500N

through a height of 20m- The workdone against friction is 2000J-

Calculate the (a) workdone by the effort (b) the efficiency of the
system-

Solution:
Given data:
Load = w =500N, height = h =20m, work against friction = 2000J
Required: (a) Worked done by effort = 7 (b) efficiency = n =7
Calculation: (a) Workdone by effort = input work = workdone in
raising load + workdone against friction

= Input work = [Fh+ 2000]J [F = w = 500N]

= Input work = (500 x 20 + 2000)J
2000J

= Iﬁrput work = 72000..7]

i

= Input work

(b) The efficiency of pulley system is given by,

_ output work _ F-d - w-h
input work input work  input work

500 x 20
o =08 = 0-83 (")
ne[200220 } 3 = o8

In terms of percentage, equation (7) ¢an be written as,

n=083x100% = [n = 83%

~Fgsics Notes b Chp 4: Work & Energy - 203 |

L]
The m00T

radius is 1'6 x 10°m and the acceleration due to gravi-

2 on its surface: Find out the escape velocity from
= f's ms

; ace*
moon’s surf

nggtr'on:

v ta:

&‘l e da = =] 706‘
Radius of moon = R, =16x10°m

i = = 7. -2
puceleration due to gravity =g, =1:6ms

ired: Escape velocity = Ve =

5_4”
ﬁnlwhtfgg: We know that,
v, = 2R, 0 |
for moon, equation (1) can be written as,
v, = 2R, (2)

7 ] tion (2), we get,
Putting the values in equa
v, = [,f2 x16 x1-6 x10° } m/sec= [JS-L? X TO‘]m/sgc

5 v, = 2:26 x10” m/sec = 2:3 x10° m/sec

fns: [y, = 2:3x10°m / sec|

EXAMPLE 46

Compare the escape speed of a rocket launched from the moon

i 2
with earth. The mass of the moon is 735 X 10 k
dius is 174 x 10°m-

g and the ra-

Solution:

. 2
Given data: Mass of moon = M, = 7:35 x10*kg
Redius of moon = R, =174 x10°m
Bﬂi‘ﬁ'ﬁ! Speed =y = 7

51@1!-1’2@: We know that,

'26{3‘1
V‘m" a 2 . (?)

0 ; ;
" M00n, equation (1) can be written as,

\_ =
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Putting the values in equation (2), we get,

Chp-4: Work & Enaro:

U
v

o

1

. /2 x6:673 x10" x7-35 x10%°
v, =| - m/sec
. [\- 1-74 x 10
_[ [¢8-0931 x707" <
~ YTy 774 m/sec
L
= IV

L

[56-375 x10° ]m/s,c
’
= v, = L\’553-75 x 10* lm/“c

v =
e

= 237 x10° m/sec 2370-:0m/sec
Ans- j"u = 2370-0m / scci

ASSIGNMENT 4:23

How fast would be the moon need to travel in order to escape the
gravitational pull of earth, if earth has a mass of 5:-98 x 107k

and the distance from earth to the moon is 3-84 x 10°m?
(1441ms’)

Solution: Given data: Mass of earth
Distance between earth and moon

M, = 598 x10* kg
384 x10°m
?

r

Required: Escape velocity of moon
Calculation: We know that,

_\/FM.

r

%

L1

(N
Putting the values in equation (1), we get,
v = {J;’ x6-673 x10" x 5-98’.\'?0”:[

79-80908 x10"*2¢
3-84

Y

it YEGr

@H—
V’

1009 is thrown vertically upward 'at a speed of
EN .is lost, determine the height it would reach-
. ‘"‘r_ws to 25m, calculate the workdone against air
- the force of friction?

Reuired: (

(b) If height =

()ﬁgﬂ warkd'ﬂ B a
of friction all o il _

(‘)‘IT.'::U”: (a) If no energy is lost, then

§E£w;;—; K-E= Gain in P-E

W = 25m b
ne against air resistance = w = !

2
1% e o
= Iz'ﬂ’f“’ = 17;9”' = > gn
V25 _ 31.9m = [h=319m|
2 by T 2x98

(b)In presence of air resistance, we have,
Loss in K-E = Gain in P'E Workdone
=~ Workdone = Loss in K-E - Gain in P-E

= Workdone

.?_‘. myz - mgh'
2

> w=Lf§xO'7x25‘1}- (0-?x9'3125)

= 6.757|
> w= (3125 - 24.5) = 6:75J = |w = 6-75J
(t) Now we know that,

work

w‘orh = F"h' = Fr =

|

—

.
1

6-75

—_—

25

2 F =

13

384 x10°
]
[J m/sec= [Jzo-?sxfo" Jm/s.-.nf

J207-8x?0“:[m/sec = 1441 x 10°m/sec
* W = 1441-0m / sec]

= V‘
= ¥
Ans

{
|
I
— |
|
|

; 30°
Consider a person on a sled sliding down a 100m long "l'” o”‘ca;zms’
ndline The mass is 20kg, and the person has a e ey o; er
1 €
down the hill when they're at the top- (a) Low fast is the P

: t
< travelling at the botsom of che nill? (b) If, the velodtd 2=
‘-‘__‘-—-_-_

B

i,
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the bottom of the hill is 10ms”, o
work is done by friction?

Solution: Given data:
Length of hill = L = 100m
Angle of inclination = 0 = 30°
Mass of person = 20kg
Velocity at the top of-hill

= v, = 2m/sec’
Required:
(a) Velocity at the bottom = v, =7
(&) Workdone against friction

= Work = ? [if v, = 10m-s"]
Calculation: (a) In ARBC, we have,

Shgsics NOtes - 1 Year e
~ g
- | [

because of fn‘ct:‘om
4

sin@ = 7 < h =L sin0 =100 x sin30° = 100 x 0-5
= h=50m
Now by law of conservation of energy, we have,

Total energy at bottom = total ener
qy at to
= (K.E)bﬂtcm = rP-E)wp L) (K'E)Lap P '
7

Vi =29h+vi=[2x98x50+ 22| m?s2 = (980 + 4)m?-s?

-_—
=
= v = 984m?s’ o v, = V984m?.s2 = 31.3m-5"
= |v, = 37-3m-s”’

Part (b): In case of force of friction, we have,

Total energy at top = K-E at bottom + work against friction
(PE)y * (KE)ys 7 (KE),,,... + work

Work = (PE):” + (KE)-_ (K.E)»eaom

b T .4 e
= Work = mgh + Eva - %%vf

U

U

2Ox9-8x50+%x20x22 ——;-xzoxro’-‘

= Work = (9800 + 40~ 100° )j = (9840 - 100° )j = 8840)
Work = 8840; :

= |Work = -8840)| [Workdone against friction is taken as negative]

U

-C;\i)-.ﬁ Work & E'\er_g_; -207 \]

) Exercise \

the best possible answer: |
thoose ch a heavy crate down a ramp at a constant velocity:
. You ™ - forces act on bthe crate: Which force does the great-
only Fﬂ“nl_bude of work on the crate?
i b: The force of gravity
d- The force you pushing

est ma W
/o The force of friction

¢ The normal force o |

. The normal force “F," does not work as it is perpendicular to
o direction of motion of crate- The applied force and a compo-
n‘::t of gravity are responsible for
the motion of the crate- The force
of friction opposes the motion of
the crate: Under balanced condition,
the force of friction is equal to the |
sum of applied force and component b

F.

Fre— —F

of gravity: So the frictional force is greater than any other in-
dividual force:
2 The force tonstant of a wire is k and that of the another wire
is 3k when both the wires are stretched through same dis-
tance, if workdone are w, and w,, then:
@ w, = w,

¢ w = 3w,

b- w, = w,

d w, = 3wy

Sol: Workdone in stretching the string of constant “K" is through
displacement “x" s given by,
MERAR L (D

While  ¢he workdone in stretching the string of constant “3K"

t
hrough the same displacement “x"

2 1 is given by,
" ® (3K)x" __ (2)

| Divid .
l :;nq :c}gatao: (2) by equation (1), we get,
2 « (FK)x w
| e Bees o]
| b sc - 1
me'.-:lfe velocity on the surface of the carth is 11-2kms’+ If the
\ o the earth increases to twice its value and the radius
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6
of the earth becomes half the escape velocity is: 74

a- 5-6kms’ b 17-2kms’
¢ 22-%4kms'/ d: 33-6kms’
2‘1’ v, = 77-2km 7 sec (7)
We also know that,
26M.
v, = B s
YV R
R
When M = 2M_ and R 3
L
The equaticn (2) becomes,
. . [2em, _ [26a2m, [ (2em
V o f L = I LI q * |
VR (] ViR
¢ )
|126M
= =2 |I'—'—‘—" 3
V’l \ R. ( )
Putting equation (2) in equation (3), we get,
v = 2, (4)

Puttfng equation (1) in equat:an (%), we get,
= (2x711-2)km/sec = =022 ‘Hcm/sﬂ

4+ An example of non-conservative force is:
a Electric force b: Gravitational force
¢ Frictional forces d- Magnetic force

5.

When the speed of your car is doubled, by what factor does its
kinetic energy increase?

a- 2 b 2 ¢ 44 d &
Sol:We know that, K-F = -?-mv“ (1)
When speed is double, then equation (1) become,

KE' = ——m(2v) : (v )
- K‘£'=‘F[—-mv’} (2)

Putting _equation (7)
KE = 4kE]
One horse power s given by:

a 746 wattsy b 7467

in equation (2), we get,

6-

Chp-4: Wark & Energy - 209 |
d- 746 foot pounds

¢ said to be neqative when F and d are:
ark i

7 llel b+ Anti parallel/
g Paralle 3 0
Per endicular d° at 49 NOTE: Work-
F d Fd cosH done against
Sol: W i SNy Jorce of friction
2 - is the example
- Fd cos180° = Fd(-1) 0=180° of negative
v work
= -Fd e v L ti parallel
2 W tive if “F” and “d ™ are anti p
aid to be neja
50 wark is s

bediss oF IssE? Qo and m, have equal momentum their ki-
Two podi
i tic energies E, and E, are in the ratio:

ne

m, M, L s Ma
a ] * -
s A g \m? : {m;
zomy b e i
| Momentum of 1'* body of mass “m;= is given b9,
50 2m,E, _.____-—————(U
[ 4 z (2)
Gimilarly, py = N2maEs
As p =Py = V’zm*E’ - 2m2£2
E, .M
2 :é mrEf = '{ngaﬂ %L;a ] m,

:E:E,=mz-'ﬂl

9. The atmosphere is held to the earth by:

o Winds b+ Gravity/
¢ Clouds d- The rotation of earth
10- If momentum is increased by 20% then K-E increases by:
o 44% b 55% ¢ 66% d- 77%
Sol: The amtmf K-E is given by,
B
RNl

~

in
When the initial momentum is increased by 20% then change |
momeﬂtum is gfyen by'
= 20
Ap = 20%;:' = AP

—_ = Ap*
700 P

Now Fna.' momentum is given by,

TP tAp=p +02p = |p, =12p,

“ﬂw the final K-E s given by,
‘-“"-_.________

0-2p,




!-'\‘

|
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LS 2m 2m 2m
Now percentage change in K-E is given by,
KE, - KE
Yaincrease in K-£ = #_}xrooz
I 2 2
rea P . P
= % increase in K-£ = | —2m_2m | 100
L 2m

o

v\,
% increase in K- = zf[ i'—f—"‘—-—?. x100%
m p3
m
= % intrease in K-E = (0-44% x100)% = 44%

= |Aincrease in KE = 44%
" If the KE of q body becomes fo
then new momentum will:
a' become twice jts initial values
become three times, its initial value

L

become four times, its initial value
remains constant
Sol:We know that,

P = 2mK E, g

equation (1) become,
P, = ‘HEm(‘:‘K-E,) = P, " 22mKE,

Putting equation (1) in equation (2), we get,

12: Two bodies with kinetic energies in the ratip

v With equal linear momentum: Th
a 1:2

When K'E becomes four times,

(2)

of “4:1 are moving
e ratio of their masses is:

b 17 ¢ 41 d- 1:44
Sol:According to the question, we have,
KE 4
KE, : KE, wmq .. —_—l . 7
’ " RE, "7 ———(])

p, 2
Now KE, » 2 and k.g. o Pi
- 2m, 2

2m,
50 equation (7) becomes,

ur times of the initial value,

v

Chp-4: Work g Enm
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22 m 8
; have given that, p,=p,=p so0 we get,
fis we

g

7 ; w1
AR e ONL AR

dy of mass Skg is moving with a momentum of 10kgms’-
e of 0:2N acts on it in the direction of motion of the
:,;;r:r 10s+ The increase in its kinetic energy is:

2:8J b 3:2J ¢ 38J d- 447/
4 2
Sol: The change in K-E is given by, 7
T AKE = KE, - KE, (1)
2 2 -
lp'-f.'..u..i_ 2-p3 (2)
Nl i b~ LA

We have given that,
m = Skg,p, = 10kgm / sec,F = 0-2N, At10sec

NawF-‘-"‘tﬂ:: AP = F-At = p, - p = F At

SpEFAt+tp = (0:2x10+ 10) kg-m/'sec
2 P = 12kgm/sec

Putting the values in equation (2), we get,

! 7
AKEa o' [102 192 = — (144 - 100
5 (127 107 g i )
Y -
3 AKE 7o > [AKE = 44J]
LAy force and displacement of particle in the direction of force
e doubled- Work would pe:
Sol: @ Double b 4 timesy ¢ Half d W times
;:,'Work RE e g )
daw “hen force and displacement in the direction of force are
Oubkd' then

\._._..
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£ =2F and d' = 2d
For “F' " and “d'", equation (7) becomes
w=Fd_______ (1)

Putting the values in equation (2), we get,
w = 2F:2d = 4(Fd) =glw = 4u]

} Conceptual Questions\

Give short answers to the following questions:

~ Chp-4. Wor

any potential enerqy?

BISE Kohat 2019

Ans: Yes, when a bucket is taken to the bottom of a well, it pos-.
sesses potential energy-

Reasons and Explanation:

When a bucket is taken to the bottom of a well, it is opposes by
the upthrust of the water: Thus work must be done on the buck-
et against the upthrust of water- This workdone is stored in the
form of potential energy in the bucket-

In the given figure, a bucket is moved
through a depth “d" below the surface
of water in a well under the action of
applied force “F,"- The bucket is opposes
by the upthrust of water which is acting
in upward direction- Thus work must be
Yone with the help of applied force “F,”
against the upthrust of water- This work is stored in the form of

potential energy in the bucket: Mathematically, we have,
Workdone = F,-d = F.deost)

= Workdone = £ deosp° - Fdxl

= Workdone = £ d (7)

[‘F.’ & ‘d’ are parallel so0 0 = o]

Here workdone = PEF, =w=mgd=h

50 equation (1) becomes, ‘

n

otes‘—-i;'_“’c'

Chp-4 Work & Energy - 2‘3}

o PEETH (2

sign is used because the bucket is situated below the
tive $
. negéd

pmnﬂ'

referenc® i consider the reference point at the bottom, then h=0

Nat‘_' I"F

he bucket will posses no P-E in such a case:
the

e

rd 222 n arrow is shot from a bow, it has K-E- From where
. When @

@ Wk g7

; t
does 1t at arrow is shot from a bow, it moves with certain K€
n ’ .
Ans: W:‘" ;w gain due to the loss of P-E stored in the bow
F.
which tne a
Reasons &

an _ ,

When we W Th e have to do work against the restoring
ards us: 1hus W

the bow toOW

force of the string’ Mathematically, we have,
orce

Work = F X = work=[ > J-‘F 0,

xplanation: ;
;ﬁot an arrow from a bow, we pull the string of

F) _ Fx
> Work = [g.%._)x e (7)

According to Hooke's law, we have,
F = kx (2)
Putting equation (2) in equation (1),

we get,

Work = il

(3)

7
=L kxis Work = EK.:’
2
This workdone on the string is stored in the form of P-E in the
string: So equation (3) becomes,
PE = -;-K ) 4

Now when the string is released, it losses its P-E which appears in
the form of K-E in the arrow: 50 equation (%) becomes,

Wit the help of this K-E, the arrow moves in the forward direc-

“ion- Ths the arrow gain K-E from the P-E stored in the bow: .
T
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Q3: Does a hydrogen filled balloon posses P-E? Ex

BISE Bannu 2017

Ans Yes, a hydrogen filled balloon posses P-E
due to upthrust of the air
Reasons and Explanation:

Hydrogen is the lightest gas: When it is filled
in a balloon and the balloon is released in air, T
the balloon move upwards: [t is because the T
hydrogen filled balloon is lighter in weight and
the upthrust of the air is greater than its
weight* Thus the upthrust of air does work on
the balloon which appears in the form of P-E in the balloon:
Mathematically, if “F," represent the upthrust of air and “w"
represents the weight of the balloon, then the net force on th
balloon s given by,

il

nat

e

TlT

hydrogen filled ballogn

The hydrogen filled balloon move upwards under the action of this
net force: This net force do work against gravity and air resistance
which is stored in the balloon in the form of P'E: Thus we can say
that a hydrogen filled balloon posses: P-E:

Q4: Is K-E is a vector quantity? Explain-

Ans: No, K'E is not a vector quantity: It is
Reasons_and Explanation:

K-E is a scalar quantity, because it depends .pon the mass Mf"
magnitude of velocity of the body- It does not Zepend upon the t.fr'
rection of velocity of the body: It can be stored in a body by d"’_”’
workdone in moving a stationary body or by stopping @ movifg
body: Mathematically, we have,

K-E = %mu’ (1)

—

Lo 'am auantity

In equation (1),

VJ = yy = VVCO.SB = vi‘cosoa

= v 2vixl o
Now according to the rules of product of two vectors
which exists due to dot product ur scalar product of ¢t

the quan®'®y
wo V&ﬁtoﬂ

LRp-4: WOTK & ENETgU = £1J J
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n .

7 scalar quantity: Thus the term “m" and “A" in equation
a

must be

"‘ g 5:01’0!‘ 4“‘7

05: what happe

» ‘:;': n a bullet penetrates into a target, it loses its K-E+ Some
. Whe

v K-E is utilized to

the internal energy of

scalar quantities: In other words, we can say that K'E
ntity not a vector quantity:

ns to K'E of a bullet when it penetrates into a

Target

ncreasé |
ftkc target material: Some part m\_}
of KE 8 converted into saunfi —

energy while most of the KE is G

used to do work against the re:
sistance of the target:

E anation:
f::‘:n:“;:jOE‘H’:{;;T"; and having velocity "V, _:‘s allowed Cot h':z
o target as shown in the figure: When the bullet hits the far:g ,K‘,E
do work against the resistance of the target As a re.sut i s. :
| comes to rest after covering some distance inside

decreases and fina =
zero: So v, = O

the target: So the final velocity will becomes
Now according to work-energy principle, we have,
Work = Change in K-E of bullet

> Work = K€, - KE

= Work = %mvf - —r-n'n.r‘z (T

2
Put v, = 0 in equation (1), we get,

(2)

Work ‘0'%mvf Sl e 1 ——

K-E of the bullet

In equation (2 tive sign shows that the
quation (2) the negative sig ¢ friction of the

s utilized by doing workdone against the force ©
target
————
96: Does the tension in the string of a swinging pen
Work :

Lork? Explain- :
; - no
fs: No, the tension in the string of a swinging pendulum does

do any work-

&J-.’{ﬂ_:’_:j_fxpjar‘iat{gg: When a pendulum s S4ingin:

dulum do any

the ten-

|

o
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sion in the string is acting in upwards direction j-e-
point of suspension: There is no displacement of the
rection of the string: The displacement of the bob
applied force not due to tension in the string-

tOWﬂf‘ds ity
bob in the dn
exists dy, .

Mathematically, we have, P
Work = T - %

= Work = TxcosB ) 5

Now in the given figure, we see that the dis- ¥

placement of the bob is perpendicular to the ten- 9?:_)

sion in the string, so put 8=90° in equation ), X

we get, \J
Work = T x cos90° lcosQO‘ - Ol

= Work Tx = cosh = (Work = 0] 2)

Equation (2) shows that the tension in the string does not work
on the bob during the swinging of the pendulum-

Q7: Meteor when enters into earth's atmosphere it burns- What
happens to its energy and momentum?
Ans: When a meteor enters into earth's atmosphere, it burns and
its energy and momentum is transferred to the surrounding particles
in atmosphere-
Reasons _and Explanation:
When a meteor enters in-
to earth atmosphere, it is
burns: It because when the

+

Mectcor enicrs fron

Space into ear! sphere

e o, — Denser atmusphet€

meteor is travelling in . TR
space, it posses high ener-

9y and momentum- When _/1
this  high energy meteor :

enters into the denser atmosphere of the earth, it faces huge 4
resistance Due to huge frictional forces of the air and other P""'"
ticles the meteor catches fire and burns: The energy of meteor "
pears in the form of heat energy, light enerqy and sound enerdy
The energy and momentum of the meteor is transferred to the
surrounding particles- =
As a result the K-E and momentum of the surrounding_;f_f__i__

tain Needle
GP", e . “yM in )
IPﬂ'ﬂ’ thraugh a d}SPIﬂCGmﬂnt Shr:mrt% "’ Needle
tis direction of "PP”‘d force: A.!ow ;‘:}‘;‘:‘"5
* the workdone in such a case Is.given _
' ; 224
o I,

o ; Internal structure

Work = F, X showing winding

f T ~ Chp-4: Work & Energy - 217 |
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aud
- mosphere increases:

qesent at = : : 7
: e of enerqy is stored in the spring of a watch:

/;-t’-
&: Whe p-E is stored in the spring of a watch

ons- Elastic

nd Explanation: .
Wﬂ};ﬁ: elastic spring

tch consists ©

A }W & When we are winding a
"”"d; we do work against the restor- N

. ' ‘na+ al shape
Wtffarce of the elastic spring: Let we “of watch "
ing

force and compress the

spring 1nside
(7

F +F
= Work = —'——i]x
i ed force from ON
In compressing the spring, we increase the applied force | 9
to certain value F- S0 we put F, = 0 and F, = F in equation (1),

50 we get, 2 .
0+F), . Fx &2 (1)
Work = [ > ]x - Work 57—

According to Hook's law,

F=Kx 2)
Putting equation (2) in equation (1), we get,
Warh“‘;'” ik wark=%m" (3)

> ; d in the
This workdone on compressing the spring of a watch is store ;)
; can
Pring in the form of elastic potential energy 50 equation (

be Written as,

3 . ; th
'&ng-' Th!‘s e!astfc P.E’ .i'.S then canverted into KE W’Tf‘h keeps [-
Zedle of the watch in moving condition on the dial:

\
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Q9: A man drops a cup from a certain height, which breaks o~
‘eces: [What energy changes are involved? !

E! 22 Lﬁ“
I BISE Peshawar 2077 i
Ans: Let a cup is hold at a height “h" abov: the eart),

_height “h" the cup posses P-E, which is given by, el
ehsmeh (1)
Now when the cup is released down- x oy
wards its P-E decreases and K'E in- Q\f j
creases: (When the cup reaches the $
earth surface, tts P-E is totally con- :
verted into K-E- As a result, the cup @ e reases s
posses high K-£ and momentum just : -
above the earth surface: -
Now according to Newton's 3 law of
motion, when the cup strikes the
ground, it exerts force of action on
the ground- The ground exerts force of
reaction on the cup- As a result of

PI wmgh

v

'P!aum'"t'

Preces ul bruken
P e
3 — — Conouand

this reaction of earth, the cup breaks
into pieces: Its energy is converted into heat energy, sound energy
Some energy is imparied into the pieces of the cup while some
energy is transferred to the earth on striking point:

QI0: A man rowing boat upstream is at rest with respect to
the shore- Is he doing work?
Ans: No work is done by the
man while rowing a boat up-
stream when he is at rest with
respect to the shore:
Reasons_and_Explanation:

We know that the workdone is
equal to the scalar procuct of
force and displacement e

Work = F-d

= Work = Fdcost )

Equation (1) shows that the workdone depends upon the magm’tuldé
of force, displacement and value of “0" between foM

v the
il

The applied force of the man just balar
ment (v covert

thrust of water and no displa ement Is cOVCTT

e B

otes — 1" Year Chp-4: Work & Energy - 219 |

e Physics

man rowing boat upstream is at rest with respect to the
no displacement is covered in such a case: The applied
the boat just balance the thrust of water:

then
shﬂf‘:
£ the man ol .
:jr: :ue 4 = O in equation (7), we get,
0

wark = FXOXCOS“ =0

=

Fquation (2) S

— i
QI: Why ener
bbottabad 2018 ,
ﬂmsgr\.fow a days the enerqy savers are used more frequently instead
ns .
of ordinary normal bulb: It is because of the

following reasons:

Reasons and Explanation:
I The resistance of ordinary b .
ue to high resis-

B
hows that no work is done by the man keeping the

th respect to the shore-
savers are used instead of normal bulb?
S

than energy saver bulb: D U,:_,,:;:,.\ i\,r
tance, the ordinary bulb can convert about ul! aver |
2% of electrical energy into light energy ‘ N
The remaining 98% electrical energy is convert.:d._mtod
energy: While the energy saver bulbs are less resistive and can
convert 80% of electrical energy into light encrgy;{

2 Due to low resistance, the power loss in case ©

' ‘nary bulb:
bulb is very low as compare to ordinary bu ‘ ; .

3 The energy saver bulb saves energy due to its high efficiency as
compare to ordinary bulb:

4 The life time of energy saver bulb is 10
nery bulb- Thus energy saver bulbs are mMmore ¢
Ord."nary bulb- .

energy saver

time longer than ordi-
conomical than

du

5" The energy saver bulb produces very less amountd a; ‘;‘?tfn :'::
t0 low resistance: So these bulbs are fit for standard HECIng
"'h'}.?‘.";ggl £ ; : ’

6. offices and industry 55 Jlobal warming

The use of enarqy saver bulbs can re
because the production of heat due b0

t"er9y saver bulb is very low as compare £0 °F
————————

rewer dissipation in
dinary bulb:

e

P
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) Comprehensive Questions \

Give extended response to the following questions:
- QI: Define work and show that it is the

minimum?

Ans- See answer of questions no 1 in the text-

dot product of force and
displacement- At what conditions workdone will be maximum o

—

Q2: Define power and show that power is the dot product of force
and velocity- What are the different units of power used in our

daily life?

Ans: See answer of questions no 6 in the text-

@3: Explain the work energy principle in the cases of the change in

K-E or body-

Ans: See answer of question no 14 in the text

@Q%4: Prove that absolute P-E =Gml,

Ans: See answer of questions no T4 in the text-

Q5: Calculate the values of the escape velocity of a body and show
that it equal 17-2 kms'-

Ans- See answer of question no 15 in the text:

@6: Describe briefly various non-conventional sources of energy:
Ans: See answer of question no 18 in the text:

B

"f-(j‘az--:)!..ml:.:’Aﬂ;’ﬂnlq_(jiﬂ;&’.’u&'ju_ﬁ..j{&;' >
“«:-uLu.:J"’f.wﬂ_—/,.ﬂH.ﬂic.J"JJy‘ »

Eibal. S
—~ 7 -

v
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uns up a 0”9 ﬂ'ght Of stﬂfl’s .fn fsec ]hc ver tl’lﬂ'
/”——_ ; '

ﬁ 70*9 man I

Qf:

ir_is 4-5m- Calculate his power:

i £ the stair 15
ol height @
Solution: \
Given Data:
fass of the man h

=m?= 70*9 /
Time interval= t = 4sec \
Height of stairs

= h = q_sm

Required: Power = p=7 R
Caleulate: We know that the power is gi ;

work (1)
- __.____.—--———'
time )
Here wor;(done = P-E = mgh, so equation (7)
paPE mgh (2)
t g

Puttirg the values in equation (2), we get
&4
> P=70 )t9-c?xil'!-E
4
> P=771'75 watt
> P =77175 x10% watt

Ans- P = 7.7 x 102 watt

e ———

ition Sm
Q: A body of mass 2kg is dropped from a rest positi

; bove the
%bove the ground- What is its velocity at height of 3m a
round?

§9i!§ig_g:

b

Gi
314_!-_'@!': .D_ar_t_q: .

%55 of body = p = 2kg
Totq) height = p = sm
\‘-__
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Required: Velocity at height of 3m = y = 7 \
E:!cu!a_z‘:r'og: Let the body reaches from “A"

"3\'“.4\ %
to “B": If wesignore the air resistance, then -
at point “B" we have, : :
Loss in P-E = Gain in K-E

? o h= ’B ¥
= mgh = Emvzngh; = -y Sm

=D vi=29h sy = J29h, (1)

2m

h; =3m
Putting the values in equation (1),

= vEJ2x98x2 m/sec

2 V=626m/secs [y = 6.3m 7 sec)

QR3: A man pulls 4 trolley through a distance o
force of 100N Whith makes an angle of 30° w;
late the workdone by the man-
Solution: Given D ata:
Distance travelled
=d=50m
Force applied
= F= 100N, ¢ = 30°
Required:

we get,

F50m by app!ya‘ng_:
th horizontal- Caley-

Workdone = y, = ?
Caleulate: 4, know that,
w = Fdeo) (7) y
Putting the values in equation (1), we get,
W =100 x50 x ¢c0s30°
SOOO;«'O-&GGJ = 43307
w_= 43307

Ans.

Mmomentary stop. It tra-
te of 400m. Determine the thermal energy
produced and estimate the g

Verage friction force on the car whose
Mass is 1000kg- (147000,;, 365N)
Solution:

—‘\

es — 1" Year
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Given Dat% 3

,o - ey OllEr ConStEr COF
1 T
T'c }"” First hull g~

fass of car

h, =28%m

. - . h -'\J
=m= 1000"9

pistance travelled=d=400m

Eegujl’ad.‘ -
(a) Thermal energy = Egpurma L
(b) Average force of friction = F, = 7

ven byl
gi P-E, = mgh, = (1000 x 9-8 x 40)J
T

< PE' = 392000J

The P-E at the top of 2" hill is given by,
PE, = mgh, = (1000 x9-8 x 25)J
=PE, = 245000J

inter-conversion of K £ and P-E takes place: S0 we have,

= AKE = T‘#?OOOJ

Now the

ol energy (AK-E] so we have,
Evvra ™ AKE = 1470007 = |,

tharmal

= 1470007

(b)”“‘“‘dfns o work-enerqy theorem,
ork = AK.E = F.d = 1470007
A -[I.‘.‘_’QQQ}N . (147000 \
: d (‘«60' )
E%\
r h""“-—-—‘-..

* hill s
. f car on top of 1
o The potential energy o
Caleulation: (a)

' ! " hill then
Now when the roller coaster car moves from 1" hill to 2" hi

SKE = AP-E <"BK'E = Pog, - P-E, = (392000 - 245000)J

thermal energy produced is equal to the change in mechan-
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&5: A man whose mass s 70kg walks u

building which is 12m above the ground in
watts and horse power-

Solution: T
Given Data: Mass of man = m = 70kg
Height of building = h = 12m
Time taken = t = 20sec
Required:
(a) Power in watt = ?
(b) Power in horse power = ?
Calculation: (a) We know that,
p - work _ w
2
= P—T-—-b P__t_ (7) [w=P-E=m9h]

Putting the values in equation (1), we get,
3 (70 x9-8 x12)

p = = 4116 watt
Ans: [P = 411-6 watt]| [1hp = 746 wates]
(b)As P=411.6 watt
417-6 "
p = hp = 0-55 h-
= ( 546 ] P P

Ans- |P = 0-55 h'p

Q6: To what height can a 400 watt engine lift a 100kg mass in
3sec? i
Solution:
Given Data:
Power of engine = P = 400watt
Mass of load = m = T00kg
Time taken = t = 3sec
Required: Height of load = h = ? |
_E;}GM-' We know that the workdone by the engine in lifeing
the body to height “h” is equal to its P-E at that height® 50 W¢

have,

—

Work = P-€ = mgh

Chp-4: Work & Energ n

p to the 3™ Aoor of o
20sec Find his powe, in

== Year Chp-4: Work & Energy - 225 )

s NOte
Ph sics
2460
g =\

Work =
e g know thati |
e ¢ Ej‘_’,"_{‘_ — Work = power x time

PﬂW‘r " t;‘m‘ (2)

e Pl e )
i ,P equation (1) and equation (2), we get,
a,mpmnq Pxt (3)
s pat=2 b=
mgh mg

putting the values in equation (3), we get,
400x3 m= h= 7-22m:5ﬁ-{¢ight =h= T-22ml

of mass 100gm is thrown vertically upwards at'a speed
/sec- If no energy is lost, determine the height it wguld

MzSF;F;h‘ ball only rises to 25m, calculate the workdones as&nst

:::;f;s;'stancc- Also calculate the force of friction-

——

Solution:
Given Data:
Mass of ball = m = 100gm = O°Tkg

Speed of ball = v = 25m/sec

Required:

(4) Height to which the ball would reach = h = 7
(b)If height = h' = 25m, then

(i) Workdone = ? (ii) Force of friction = F¢ = ?
Cakculation: (a) If we ignore the air resistance,. then,
Loss in K€ = Gain in P-E

q‘]_- A ball

n

! 2 A

Do a phgh' > Lmghs hel ___{D
2 gn = 2 9 24

Putting the values in equation (1), we get,

he 252

sy~ E=375m)

(b Vi
)() b = 25m, in case of air resistance, we have,

Loss ; ;
;f; K'E = gain in P-E + workdone against air resistance
~ 07~ loss in KE = gain in PE

P | Ny
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7 2 >
=5 — mv* - mgh
w > g

= w=Lx07x257-07x98x25 = (3125 - 24-5) 7

> =67

(ii) We know that,

Work = Fd = w = F, i’ [d = #]
w 67
At A ) A

Q8: An object of mass 10004 falls from a height of 30m on thy

sand below- [f it penetrates 4cm into the sand, what
force is exerted on it by the sand? Neglect air friction-
(F = 7350N)

Solution:

Opposing

—_—

Given Data: Mass of object
=m = 70009m = Tkg
Height of ball from sand surface
Distance covered by ball inside sand
=d = 4%m = 0-04m
Required: Force exerted by sand on the ball
F=7

h..

3m

h

upper surfice
of sand

Calculation: Let the object fall down from iy
point “A" and reaches the point “B” on sand —,]J g};‘-’aas;.m
surface: Now neglecting air friction, we have, c-,...;f |
Loss in P-E= Gain in K-E Tteo

= mgh = K-E

= K-E = mgh )

Putting the values in equation (1), we get,
KE =[1x9:8 x30]J =

When the object comes to rest, the workdone on the object must
be equal to its K-E- 50 we have,
Work = KE = Work = 294.J

S Fd = 2947 = r=(%‘i]w

[wm = fd]

294

004

= £

)N = 7350N = |[Force=F = 7350N|

.T....?A ] .

2
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Noud Jy of mass “m" drops from bridge into water of the riy-

: A bin'dge is 10m high from the water surface- (a) Find the
o The whe body 5m above the water surface: (b) Find the speed
;pl!‘: a:ad pefore it strikes the water:
of £12
Solution

Data

e

ffght of bridge = b = T0m,v, = 0

e When the body hits the sur- |
Requiree: > face of water, its hec.i')ght be-
Wh * Bt Ve, = % = comes zero ie hy =

?

=0,V v o
(b) h} r TF
Caleulation:
(1) According 0 e law of
nservabion of  mechanical

enerqy, we have,
Loss in P-E = Gain in K-E

A AP'E = AK'E
7 7
> ngh - mahy = 5V} =Y
m _ 2
2 (gh - ghyJm = Z[v7 - V7]
2

> 29k, - 2gh, = v;
2 v} = 29h, - 2gh, + vi = (2x9-8 x10) - (2x9-8 x5) + (0)
D v =196 - 98 = 98m? / sec?
D v, = 98m? / sec? = 9-89m / sec
%
(&) When the body reaches just the water surface, then we have,
hJ - me, h? =0
Again we have,
Loss |, .
§s m P-E = Ga.fn '-n K'E
= ﬂ'lgl,r @

- VI2

7

i d
m s 2 _

\




| Nayab Physics Notes - 1" Year

7
= mgh, ~mgx0= Emvf - meO’

= mgh, = —%mvf
v,
2
= v, = J2gh, = J2x9-8 x10

2
= gh == = v] = 2gh

= v, = V736 m/sec =

ChE-ﬁ: Work & E_ﬂ_e.ra[i'__' ’

QI0: The engine of a JF-thunder fighter develops a thrust of
3000N- What horse power does it at a velocity of 600m/sec?

Solution:
Given Data:
Thrust of engine = F = 3000N
Velocity = V = 600m/sec
Required:
Power in horse power = P = ?
e know that,

P=F-v = P=Fvcosh

= P = 3000 x 600 x cos0°
= P = 1800000 x1 = 1800000 watt
= P = 1800000 watt
=Cp £ 1800000 h-
746

Power in horsepower:
As P = 1800000 watt
1800000
g || SOk
p - (252

— IP = 2473h-p]

o

lh.p = 746 walt|
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The mass of the moon is 1/80 of the mass of the earth and
qm:

nding radius is W of the earth: Calculate the escape veloci-
;arrlfpo

on the surface of moon: (2:5 kms')

t

Given Dabe’

1 " b
- ' times the mass of eart
frass of M297 = gg

!

wi il

> M= 50"
7 ; .
= = — s the radius of earth
Redius of moon = R, = time
7

= —R

2 R, 2%

Values of 6 = 6:673 x10"Nm? / kg*

Required:
Escape velocity = v,, = T

Caleulation:

We know that,
e

A ———

For moon, equation (1) can be written as,

§ '2611"1‘”
Vo™ T 2)

Putting the values of M,, R, in equation (2), we get

R = 64x10°m

v 2)(46/". . ;02“,«

u SOR m‘ =6x q
oy (3)

P“t"@ the values of “R,", “G" and “M,” in equation (3), we get,
\-h-‘-\-___
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Chp-4. wb%

.| (66735107 x6 470"
“ 1O x6-% x70°

Jm/sec

= v = [ J0-63x107"%%6 ]m/m = Jo-63x10°

> v, = [\}6-3 X Zo’Jm/u: = 2:5x70° m/sec
= v =25x10°m 7/ scq :
A 0° = kilo

(OR) & = 2-5km / sec

+4++

B e stolyint bl

- e d Epnigid LI re
(Eﬁ'-:-/”)-ﬁz.{/ AT IR Y izl

. o) b B TR I g S TS
Fe?)ctesil s/ Y4 setduse

e )eg i d LpF e s *

e 2) St df S oy "

m—

B
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_Chp-5. Rotatonal & Circular Motion - 231 H

= Notes — 1" Year
physics
Naicl

5 ROTATIONAL &
D CIRCULAR MOTION

mf motion, angular displacement, angular veloci-

. Define '
ff and angular acceleration?

; tion:
") Rotational Motion
(i) Bo2E body about its axis of rotation is known as rota-

\ CHAPTE_R\

Ans'
The motion of a
tional motion or angular

o nqular Displacement: |
L e btended by an arc at the centre during angular motion

le su “upg
L r displacement: In given figure, "7 represents

/s known as angula g ;
the angular displacement, such that, 0=1 radius H

.1 rad- The units of wngular displacement are i
degree, revolution and radian [rad]: L .
1 revolution=360°
1 revolution=2n radian
360° = 2n radian

motion’

[Trad' # 57-3*} )

NOTE: If the length of an arc is equal to the radius of the cirdle,
then the angle subtended at the centre of the circle is equal to 1

redian

(iii) Anqular Velocity:

The rate of change of angular displacement is known as angular ve-

locity 1t is represented by “o" and is given by,
A
At
The units of angular velocity are rad/sec,
rage Angular Velocity:
:“;urage angular velocity can be obtained by
" displacement by total time taken: i-e

rev/sec and degree/sec:

a";wdr‘ng total anqu=

<fll-J):,,_A_é_
At

\-_k-‘__;




[ Nayab Physics Notes — 1* Year Chp-5: Rotational & Circular%
[nstantaneous Angqular Velocity:

The angular velocity at any particular instant of tim
instantaneous angular velocity:  (OR)

The angular velocity for which time intervals ap

known as instantaneous angular velocity: je-

e s ‘fﬂcwn “

proaches to zery

= — = _ra_d_ = [Tr]
At sec  time
(iv) Anqular Acceleration:
The rate of change of angular velocity is known as anqular accelers-

tion: It is represented by og and is given by,
A
At
The units of angular acceleration are, rad/sec’, rev/sec, degree/sec-

Average Angular ﬁccg[grqt::‘gg:

o=

- The average angular acceleration can be obtained by dividing total

change in angular velocity by total time taken- i-e-

Sk >m —_
At

Instantaneous Anqular Acceleration:
The angular acceleration of a body at any particular instant of time
is known as instantaneous angular accelerction: |-.-
. . Ao
%, = lim —
At=0 A

Dimension of anqular acceleration: (ETEA 2007)
Aw _ rad
A S —_ =z — = |T?
'R 32 [ ] —
Q2: Discuss the relation between linear displacement and anguler
displacement- (OR) Show that, § = rg

| BISE Malakand 2079

Ans: Consider a body of mass “m"
radius “r" as shown in the figure: "
Let “AB” and "Acn represents the two arc making an angle <A0
and <AOC with the centre respectively: Now we have,

<AOB = Arc AB = <AORB = constant arc AB (1)

Similarly, <AOC = constant arc AC (2)

—

o path Of
is moving along a circular path ¢

_—--".-’-.-

; s = 1" Year Chp-5: Rotational & Circular Motion - 233 |
Notes = = 4
physics
ayaD ;
)| @twn ) by equation (2), we get N

. p; u s
wad.'ﬁ?q ; Arc AB (3) B
€ B SN i e Arc AR=S
<hoc ArchC Ao )
m
4< ADB = Gd'
< foc = 1radian
Art AB = 5

Arc AC =T
69 equation (3) becomes,

5 - SN
?-=-"_' =

. g 4

: the relation between linear displacemen
; 4) represents e
Equation (

; 5 |
d anqular displacemen ' .-
d”3 I.: uss the relation between linear velocity and angular veloci
: Disc on betwe
fy- (OR) Show that v = © XT
Ans- We know that,
5=rb (1)

that, .
4 ;f,: :‘:OW (2) Comparing equations (1), (2), we get,

vt =rb
' v=r%_——(3)

Her

as 3 angular velocity= o
So: uation (3) becomes,
VEro (4)
In ve‘:tor‘ Far:m equation (%) éjn be written as,
_a wxr ’
Equations (4), (5) represfnt: the relation between linear velocity
ad angular velocity-

¥ Discuss the relation between linear acceleration an
eeleration: (OR) Show that, @ = & x F

fns: gy definition, we have,

d angular

Linear accelerasion = (Ve %)
¢
> a=%-v) ) [v = oxF]

&
! Hﬂf‘c We ha

\“:‘_’_ y S
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V, =0, XF and Vv =@ XF
S0 equation (1) becomes,

. _fo,ra,) .

aF ——— x

. F (<)
We know that,
(6,-6)
e rate of change of angular acceleration
(o, -0) .
—iL =& (3)

Puttfng 'equiatr'c_m (3) in equation (2), we get,
a=<x r[ 4)

Equation (4) represents the relation between linear acceleration qng
angular acceleration-

Q5: Discuss the linear kinematic equation in rotational equation
form-

LINEAR MOTION ROTATORY mMOTION
s 5 = vt s——— 0 = wt
2: vV, =y +at — O, =0 tct
3_ Cy>= (V,;VI) > (U)>=M
4. 2a5 = v? -2 =y 2x0=0!-0
5. 5= V't-f%qtz — 0=Tri_t+—;— et _J

Q6: (a) Define circular motion- (b) Define centripetal force and
centripetal acceleration: Derive mathematical relations for centr

petal force and centripetal acceleration- i
BISE Peshawar 2017

Ans: (a) Circular Motion: The motion of a body along a circuld’
path is known as circular motion-

(b) Q@'#GP&“LM‘LCGQ@@Q?M Acceleration: (ETEA 2006-8)

Centripetal Force: The force which compels the body to move if eircle
is known as centripetal force: It is also hnown as centre seeking force

pgﬂprﬂ?iﬁa—’-ﬁ“"”‘ft’ﬂgi The acceleration of the body during circuld”
motion is Kknown as centripetal acceleration: It is always directed
towards the centre of the circle:

_—--'-'.-"‘

p. =

Chp-5: Rotational & Circulam i ¢:
_\%
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Nayab
gmatical Form:
at:;,- a2 body of mass “m" moving along a circular path of radius
nsi
fa-- as shown in the figure:
rt wy " and “V," represents the velocity
!
L:‘ths body at points “A" and “B" respec-
0 Here changes occur in velocity due to

vely* ) ey
:;mﬂ:“ in its direction, which is given by,
av = (Vy " Vi) (M

We also know that,
$=r0 (2)
Here we put,
5=Av,r=v,0=20
S0 equation (2) becomes,
Av = vAB (3) =
Dividing both sides of equation (3) by “At” and taking the limit
e m:?a we get,
A

. [ AB
2] o m 3]
(%)

We also know that, v = ro so equation (%)

acsrow = a= P(l)2 (5)

o =L, so equation (4) becomes,

r

e=vZ =lanv/ (6) .
Equations (%), (5), (6) represent the magnitude of centripetal acce-
leration- In vector form, equations (%), (5), (6) can be written as,

Asv=rpw =

7)
(8)
The

Negative sign shows that the acceleration is directed towards
the centre of the circle:

Epressions for centripetal Force: (ETEA 2007)
L now that, F = ma (10)
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Putting equations (4), (S), (6) in equation (10) one by one,

we
F=mvo () e,
F = mro? (72)
<
& Mg el (13)
‘ =

Equations (1), (12), (13) represent the magnitude of cen

Chp-5: Rotational & Circular Motm :
- 43

Eripety
force: In vector form, equations (17), (712), (13) can be written o
F=-vo r'-'i (14)
F = -mroif (75)
- 2 .
& !f LA (76)
r

Q7: Define and explain centrifugal force or reaction force-
fins- Centrifugal Force (or) Reaction Force:
Definition: The force which is equal in magnitude but opposite in

direction to the centripetal force is known as centrifugal force:
Explanation:

Consider a piece of stone
is tied to a string as
shown in the figure-

Now whirl  the
stone, then we provide
centripetal force to the
stone: During this

if we

Path travelled by bull

The centrifugal force acts in a direction ponting

away from the centre of the cudle

process, our hands expe-
rience a push in the outwards direction- Such outwards push or Farf_l
is known as centrifugal force: Its magnitude is equal to that of centr’
petal force but opposite in direction: Mathematically, we have,

—

_mv?

cantnfugel N r
B
Q8: Explain the “bending of road” or curved road? e

f
Ans: Consider a car is moving along a circular path [banked curve]

radius “r" as shown in the figure-

During the turn, the following forces are acting on the caf N =

s Notes = |

t_ of the car “w" is acting downwards:

TYedr ul d‘t_p-_S- R(_:t_cinonjal §_-LM ular fﬁohor_l_ —_23ﬂ:

. The weigh | force “Fy" is acting at angle "0 with normal in
P norma
% ods direction bz ' s 2
upwa petal force “E " s acting towards the ce
centr! A _
g T resolve “Fu into ,:.*,s compod
M fWG £ uFM COSO an
- [ n
rents g then we see that “F,cos0
i I‘r-ﬂ " “ " car-
F:nu the Wﬂfﬁkt ::VF S??;B -t-hfs act-
bu-? the component “Fn 7T £ sin®”
w:m:rds the centre: 50 "Fy s
m’ts o centripetal force: %0 Wl 1)k
« ;
F‘ = FN sin
™ psind - (T)

I. & wr= FN COS G 1

F =mv“’/r-w=mgi
3 mg=&-‘050 ) r‘

2 7

Now dividing equation (T) by equation (2), we ge
m? _Fsin® _ sin®

Fos®  cos 0

2L =tan0 = v =rgtant cos 0 , l
ry

3 .«=\W_ (3)

de-
Ewation (3) shows that for given values of r, g and O we can
trmine the speed of the car during the turn:

: - mo-
9: What is moment of inertia? Discuss the importance of
ment of inertia-

[CRA N o )

fins: Moment of Inertia:
=l IV ¥ - L % r 1 13
The reluctance of a rotating body to change its angula velocity |
“oun as moment of inertia- (OR) ‘ —
¢ Property of q rotating body which maintains its ftatc
" wiform rotational motion is called moment of inertia:

Wficance of Moment of Inertia: -
r:-nt ffnaw that the moss of o body plays an important rol i lin ‘
‘:tan- " the same way, the moment of inertia plays an impo
I tole in

p o 3 Juce-
~~22 " rotatory motion- The moment of inertia is the rel<
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y SIhE . "% | - nertia_of a Non-Uniform Rigid Body:
tance of a rotating body to change its angular velocity- ¢ Oppos ue ﬂfldrmamgg_grgﬁi- :;:;a _t:_;::ht;ho}c _b_ady t;: bi cons:‘sfs of
the angular acceleration of a rotating body- It depends = ﬂm—"*; a rigid body, we supp

“pon /i m,, my, ' PR T r—
distribution of mass from the axis of rotation- The moment Che | |y cose ber OF small parts having masses m, 4 m, m :
ia i “pn e ai of in- ¢ num wtyF, from the axis of rotation respec-
ertia is represented by “I" and is given by, kerd istRpEINR T2 Taprme™sla TOM Che
[T: W’ (1) B m, o Now the torque acting on “m," is given by,
“ " f ll.
In equation (7), “m" represents the mass of the rotating body and Mf = mro
“r” represents the distance of the body from the axis of rotation. ! :
milarlys
Q10: Discuss the relation between torque and moment om SImr = myric
of a rotating body- (OR) Show that 1=1a 2 el
— 1,7 "
Ans- Consider a body of mass “m"” attached to the end of a light i

rod, as shown in the figure-
Now if some force is applied on the body, =
then the body begins to rotate about the /
origin “0": In this way, torque is produced
which is given by,

1=r xF

—

F

Now the total torque is given by,
LEytn ittty

= T=rFsinBA= t=rFsin0 (1)

Now if the force “F " is perpendicular to “r", then we put 0 =90,

= mrd 20 + myria + e+ mrla
so equation (1) i =3 3
= 6= rf 5in90° [5in90° = 1 S %= (g7 4 myrd 4 myrl et mrr)
= i Torque produces angular
= t1=rf 2 : L
o= *—2) acceleration in a body: 3, = {Zm,rf]a______(ﬁ)
We also know that, (ETEA 2010-11) Il
F=ma (3) In equation (A), we have,
Putting equation (3) in equation (2 , we get, L
i (3) ‘ (2) : 3 Zm,r,’ = total inertia = |
T = rma (4) -
We also know that, S0 tquation (A) becomes,
a=ru —__(5) i (6)
Putting equation (S) in equation (4), we get, . . " "
. 5 E:uatm: (8) represents the torque and moment of inertia of a ri
= 1= mria [mr2 = moment of inertia = a‘] ¥ body.-

4 |t = lu (6) MQE:
Fquation (6) represents the relation between torque and moment of
inertia during rotatory motion- Equation (6) shows that the product
of moment of inertia and angular acceleration is equal to torque’

e m, " : . ' f var-
iogs “thematical expression of moment of inertia for bodies ¢
X ; ;
§e0metricql shapes are given below:

™ N
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Axig

Axis

Ring or thin walled
Cylinder 1=MR"

Disc or sohd

Disc
Cylinder 1= ;.\m’

1= {M(R]+R})

Axis

Axis Axis

= 4

Sohd sphere

Sobd rod or meter stick
e

=+ -R'I
1 SM

1 1
I=IIM’

RectanBular plae

-t 1 1
I le(a +b')

ACTIVITY:

Find the torque acting on bike wheel of the given figire-
Ans: Let “F" represents the applied
force on the wheel which rotates
with angular acceleration “o” as
shown in the figure: Then the tor |
que produced is given by,
T = rF (7)
Also F = ma (2)
Putting equation (2) in equation
(7), we get,
T = rma
Also a =

Hand pulling
with force F,
producing angular
accelerationa

(3)

ro

(%)
quation (3), we get

—(5)

In equation (5), m = moment of inertia

50 equation (5) becomes,
|'r = lal

—_—(6)

Equation (6) represents

Putting equation (4 ') in e
1=rmra=r’ma

=]

the magnitude of torque acting on o
bike wheel of radius “r"

- "-
ar acceleration “u " ____J

r”_end having anqul
-‘_____-_'—_-‘______,.-

1

= —otes = 1™ vear Lip-o: RULULONGL & Lircular Motion - 241 |
Phys
(e and explain_an ular momentum-
e

m. of a body due to rotatory motion is known as an-
u N
Jlor momeneum’ (OR)

oduct of moment arm and linear momentum is known
s pr
fhe ¢ros

s anqular momentum

ﬂ‘ k !:%.mamsntum is represented by “L " and is given by,
¢ angurer (1)
LeErxp -
Larpsin0n
: L=rpsin® (2) . T
Fauation (2) represents the mtagmtua‘c
of angular momentum: Equation (2)
shows that for given values of r, p, ti:lc m
wnguler momentum depends upon 0"
The engular momentum is a vector quan- P
tity: Its unit is kg-m’/sect It is always ==
perpendicular to the plane determined by “r " and “p

Dimension_of Angular Momentum:
As L=kg-m?/sec '

Dimension of angular momentum and Plank's
constant arg, same- (ETEA 20089, 10)

n_ kgm'
H:’nbs:!.=;—k:;h-ﬁ=£‘._9 -

y)4 n n

e mass -}ength"
1 time
3 La[mer)

e —

¥2: Discuss the relation between angular momentum and moment
inertie (OR) Show that, L = fu .
’:" Consider 4 particle of mass “m" having linear momentum *p
::'n, along a circular path of radius “r” as shown in the figure:

£*""ﬂn9ufar Mmomentum “L " of the particle is given by,

“"Fxp
B L s s . A

Psin®h — | = ;

o may rp sin©
hcomesl

- 21
sec h-[ﬂlr]

o, )

mum  angular Mmomentum, we put 0=90" so equation (1)

5% e :
e [5in90° = 1]




4

A R

R Dt - fo——

e s S UAMLUIIUL L{rc“[a,'ﬁ}\‘r
e 10ti01 )
e 4

= L=rp (2) e

We know that, 7
p=gNY ____(3)

Putting equation (3) in equation (2), we get, ]
L= rmyv 4)

We also know that,
Varo (5) o e

Putting equation (5) in equation (%), we get,

L=rmxro

= L=mrio [mrz = moment of inertia = !]
> L= lo) (5)

Equation (6) represents the relation between an
and moment of inertia-
fngular Momentum of a Rotating_Rigid Body:

In case of rigid body, we suppose the body to be consist of large
number of parts having masses m,, my, My,
tance r, r,, r,,

qular momentyn

Pliiveaiin im, at di
*

...... » r, from axis of rotation “o" respectively' Nou

the angular momentum of “m," is given by,

L = mjrfm

Similarly,
Lz = mlr; [0

L

2
'3 m_.,.ra (6]

n

= 2
L = mr o

Now the total angular momentum of the rigid body is given by.

L==L3*L2*‘L3+ ......... .*L”
= 2 2
— Lt = m,r;, w + m2r2 o+ er;(,) * eresntanase + m,rfm 3
= s 2 F v 2
= L'—(m,.-} +tmyr? + et mr? )

= L, = {Z mlq"]m
ial
oy

U

(A)

i )
[ mr? = total moment of inert’ ]

suf _—_—’/

Year
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Na —

won (A) represents the angular momentum of a rotating rigid body-
gquntn‘a‘

3 Discuss the relation between torque and angular momentum-
Q3 3 :

: _ Ab
(0R) Show that, T~

B

We know that the angular momentum is given by,

ﬂns.l:‘r'x.f’ = {:=-‘rpsfn()ﬁ = L =rpsin® :
L = rpsin90° = rp X1 [put 6 = 90° ]

= .

o L= D AL = rAp (F)

Dividing both sides of equation (1) by “AL", we get,

L e (2)
At At
According to Newton's 2" law, we get,
3 . (3)
At
‘Putting equation (3) in equation (2), we get,
& (4)
At : _
As rF = torque, so equation (4) becomes
AL y :?_L_

L
—_=r O T = ‘5— — = (5)
- At At At

Equation (5) represents the relation between torque and angular
momentum: Equation (5) shows that the torque is equal to the
late of change of angular momentum- - '
Q4: What do
fins: The conse
quantity remaqj

you mean by conservation of a physical quantity?
rvation of a physical quantity means that a physical

. s conserved during any change of an isolated system-
or example, mass, charge, energy, momentum etc are the physical
antities which,

b remain constant or conserved during any change
aK;

N9 place in an isolated system-

IS: State and explain the law of conservation of angular momen-

tum :

— W}‘th “amgfes. .
ETeq 2005
T Statemeng; ~ '

L : i .
Mstant _‘tatgs that, the angular momentum of a system remains

T bsence of external torque-
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fi a4

Explanation: We know that,
aL

e .= (1)
At
Now in the absence of external torque, we have,
i=0 (2)
Putting equation (2) in equation (1), we get,
At At JEE—
Equation (3) shows that change in angular momentum ;s equal ¢
zero In other words, we can say that, there is no change in ongur,:

momentum i-e: the angular momentum remains constant- §, equer
tion (2) can be written as,

L = constant (4)

Equation (4) represents the mathematical form of law of conserve-
tion of angular momentum-

Examples: The examples of law of conservation of angular momen-
tum are:

I+ Motion of planets around the sun

2:  Motion of moon and artificial satellites around the earth-

3+ Orbital motion of electrons around the nucleus-

4 Motion of divers, ice skaters, dancers ete-

QI6: Discuss the K-E of a rotating rigid body- .
BISE Rannu 2017 :

Ans- Consider a rigid body which consists of large number of parts
having masses m,, Moy Mayiiiviivins om, at distance r, Fa Fym N

from fixed origin “0" as shown in the figure: Now the KE of “m"
is given by,

(K-E), = %mry,‘- [v = rmJ i
= (KE) = —;—m,r," w?
Similarly, (KE), = -ém‘_r; &

(KE), = ém?r; w’

ab physics Notes — 1" Year
NaY
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(KED, = -;-m.ffwz
(KE), = % m,rlo’

¢he total K-E of the rotating rigid body is given by,
Now

ke 2 E) + (KE) o+ (KE),

f r |
=] (K'E). = (K-E), S CE); + e+ % Em”r. v
= (K-E) = 1&)’ [m,r,z + mgr; T " m‘r:}

1]

7 . 2 n ? = total moment of inertia = [
o (KE), ?2-(112 [Z mr, ] [Z. mr, ora . |

i=f

7
=] (K'E)‘ 8 5(02!

parid—o

Equation (7) represents the K-E of a rotating rigid body:

Q17: Discuss the K-E of a rolling body- ' .
Ans: When an object rolls down on an inclined plane, it posses linear
motion as well as rotational motion: Thus the body posses transla-

-
“ "

tional K-E due to linear velocity "V
and rotational K-E due to rotational

w

velocity "y
Thus the total K-E of the rolling body
is given by,

(K.E)auw = (K'E)g....- * (K'E)mtmwj

= i{K«E)‘ = _‘%mvi’ +%Im2

E"_“L‘E""" (1) represents the K-E of a rolling body- oy e
QI8: A disc and a hoop of the same radius starts moving do

from the top of an inclined p[qng at the same t:::td?w-lﬂdl will be
nea:

- Moving faster on reaching the bottom of the in¢
BISE Mardan 2019

Ans A piece of hollow sphere is known as hoop o’ thin ring: While a
“_-__-_-__

e —

(1)
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Consider a hoop and disc of the N0l 7 2mv"”?

same radius start moving down
from the top of an inclined plane
at the same time as shown in
the figure: At the top, the hoop
and disc posses P£- At the bot-
tom of the inclined plane, their
P-E is ‘totally converted into

translational K-E and rotational K'Em

PE = (KE),_, + (K.g)w

2r? !—"":——-(?) [Va'fm.w-'rj
for Disc: For djse, 2
= -I—mrz

i m—c
utting equation (2) ; 7
5 (Vg " equation (1), we get,
mgh = Emv‘ +

the moment of inertia is given by,

7
—5 X—=mr?

2 2

> meh = 3mv

0 ;IOOP :
F r y thﬂ f”omcnt { 7 rtia | 1% b
g 0 (a‘ﬂ; aq is 9!’ en yr
utti i
F tl‘ﬂg GQUthoﬂ (‘f) in unﬂtllﬂn (D we 9¢t
ﬂ"-'"’l S s mv't o4 ""-'—-' .X mr ' |

2r?

\
2

1 11"15 th‘

ma”’%m“amv' 2 "
= h..m‘/zﬂle__gh
meh =
2 (5)
w"\[g;

N
" ring equation (3). (S): We 988,

cme"?v, j-e (V)‘,“ 2 (V)mwp

. disc will reach the bottom of inclined plane faster than hoop:

is an artificial satellite? (b) Discuss the critical
Discuss the orbital velocity of satellite-

13, 2015, BISE Peshawar 2015, BISE

q9: () Whe

velocity of satellite: (¢
A 2006,2009.20?0,20

Ma rdan 20 17 .
(o) Actificial Satellite:

Artificial satellites are spacecraft that stay in orbit around the earth:
|

A Pﬁcaciar_as,a_f;_&r_t_fﬁﬂf@f_ie_tc”_i@._es-'
?PEJ,;I; the help of artificial satellites, we can take the pictures

of the earth*
Artificial satellites relay communications around the earth:

j Some satellites are used for navigation The signals they send
out are used by the crews of ships
and aircraft to keep on course as
they travel around the earth:

4 The global positioning system

[6PS] is a system of 24 satel-
lites which can tell a person his
or her position on the earth very
accurately:

5 Some satellites are used to inves-
tigate space-

(b) Critical Velocity of Satellite:

The minimum velocity required to put a satellite into the orbit is

known as critical velocity of satellites-

When a sateliite is moving in a circle of radius “R" from centre of

€q o ’ . > ; N
rth of mass m‘!' it has Centn'petaf acceleration, which is given by,

'f?

it [a = 9]

\h—__ .
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V:
= 9= -E'

> vi=4R = V'\/?? RIS
Put g = 9-8m/sed, R=64x10°m [radius of ear
(1), we get,

v=\98x64x10° = J62.72 x10° m/sec
> vs= 7-9:!03!?1{:_“
— [v = 7:9km / :ec]

th]

[70’ = kr’!a]
This is the minimum velocity required to
orbit and is known as critical velocity:

(¢) Qrbital Velocity of Satellite:
A satellite of mass “m" moving
around the earth in a circular o
bit due to gravitational force be-
tween earth and satellite- So this

force acts as centripetal force: So
we have,

PUt a satellite jng, the

e

centripeta]
acceleratipn

=
mv? " Gﬂ‘i.m N em, y
r r r ™% S
em ik 4
> vs= .

.~
h.--‘--'

=D N2

In equation (2) Jem, = constant, so equation (2)

7
S Vo —

s
Equation (2) shows that the
portional to the distance
lite in orbit will move fa

slower when it is Farther

becomes,

S (3)

velocity of satellite Is inversely pro
of satellite from the planet: j-e a satel
Ster when it is closer to the planet and
away: When a satellite falls from high alti

tude to lower altitude, it gains speed, and when it rises from low
altitude to higher altitude, it loses speed:

M‘ cqt"“’t;ﬂ-‘! ]
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Man geostationary satellite: '
020" write 2 live which moves around the earth about its own axis-
. g satelll
jtis @

2 24 hours and appears stationary as seen from the
ﬂ:‘ﬁm Péﬂad ;sﬂites are very useful for world wide communication,
I 5a sate u
aarth’ Th pbservations and military

r
mﬂﬁh‘ '
purpose ‘kna w that the orbital speed
w we ,
;““mﬁ is gwcn by.
A )
Ve
&
We also know tha ”

B —
G S NG 5 = circumference = 211:?]
e~ (2) t = time period = T
5 VE=

equations (1), (2), we get,
e,

+ Comparing
2 ,

T r
Squaring both sides, we get,

- (5] (PP

2

‘h‘:jfl Gm. = r3 i Gm.r (3)

v T— 42
Time_Period of Satellite:
from equation (3), we have,

T2 "e ) ' 4n’r [fi}_ _ QZI

4 6M, [GM'J 9 r
r?
AN "
9

e G tellite:
Equation (4) represents the time period of satell

E[cggcgcg of Satellite:

R’fl-r-f-_’_.’_ (5)
2n \r

Equation (. S) represents the frequency of satellite:
--—""-—_.___
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Radius of Satellite:
From equation (3), we have,

s 6MT? _|emrt? /a 5

4n? aalice 4x’ (3)
Put 6 = 6:673x710"Nm? 7 kga,/n. = 61?0”!{5
T = 365 days =

365 x 24hr = 365 x 24 x 3600sec
n = 3-74 in equation (3), we get,

) {6-673 x10™"x 6 x 24 x (365 x 24 x 3600 )? ]Va

4 x(314)?

= r=423x70m [70° = kilo ]
= r=423x70°x10°m = 4-23 x10*km

= |r = 423 x70"km)| (4)

Equation (%) represents the orbital radius for geostationary satelite
which is measured from the centre of the earth- At this height, a
satellite will always stay over a particular point on the surface of
earth This height above the equator comes to be 36000km: The
whole surface of the earth can be covered by using three geostatio-

nary satellites as shown in the fiqure Each satellite covers a longi-
tude of 120°-

Q27: (a) What do you mean by real weight and apparent weight?
(b) Discuss the weight of a body in a lift or elevator?
Ans- (a) Real and Apparent Weight:
The earth’s gravitational force on the body represents a real weight:
Wh:',':' the force needed to support the body against gravity, jrer to
prevent the body from falling represent its apparent weight*
(b)_Weight of a Body in_a_Lift or Elevator:

Let Anmol weight a fish with a spring scale attached to the ceilin
of lift as shown in the figure-

S it

Chp;S: Rotational & Cif:ul%
2 e 1 -2

I - - motes - 1¥Year v Cn?-S_ Rotational & Circular Motion - 25]_“‘
R when the lift _is_at rest: When the

-

as' . ¢5c, thcn thg W!-‘ght of fish is act-
" in at F spdls direction while the tension in
L, i alﬁm":: acting in upward direction: Both
e string ! ach other and the net force on

7
2. When the lift_in_moving upward:

“ the lift is moving upward, then the net
ﬁkef on the fish is given by,
ﬂ ‘.
=T- W |
Fue . T-mg=> T=matmj (2) o
- ma-

ion (2) shows that ulrhen the lift ;‘i e e
Equa’tfa +d. then the spring balance meas
g UPM‘ h’b which is greater than actual 1}
. the“;‘e’:? This increase in weight of the
::E}:: called apparent weight of the.ﬁsh-d ]
Case-3: _When the lift_is n.rawng ::wunr:;s
wards: When the lift is mo\fmg'dou.rbnwar
-t.i;;_thc net force on the fish is given by,

F 62w~ T

> m=mg-T = i

-m (3)

: ] i wards, the
' hows that when the life is moving down o
iy i ht which is less than actud

9 £ the fish represents the

spring balance measure the wef. ight ©

“w" of the fish- This decrease in weij

wpparent weight of the fish’ . the lift

Cose-ts When the lift_is_falling_Free] o

freely, then we put a =g, SO equation (4)
Temg-my= [T=0l """_"—.-—-( ,‘)nce shows Z€r

Equation (4) shows that the spring g ahg appa -

weight when the lift falls freely: Thus ©

fish bitomes zero when the life is falling

L

& e

is falling
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Q22: Discuss the weightlessness in a satellite: \nzs} Jue £0 which the body in-
Ans: Consider a satellite of mass “m" rmvi:;,\' ,;t‘”’u satellite experiences 'some
around the earth in a circular, orbit of radjys i F\ 0 f;"al’ corce: Due 'ca centnfugc:'
as shown in the figure: E! urt? u:ﬁc body ‘xpgmncﬁtﬂ pusd
, -' : j tatjon an
Here the weight of satellite js responsible for Sitlgg e rom i -Of ri}tacb with
providing centripetal force: So we have — lll"f nally comes in ¢co
h v | pu satellite’
w=F = mge= : the Wf’”’wa; n artificial accelera-
A PR uced which is equal to
Sl R (r) n is ro f ﬂd s The spaceship ro Wi
. 4o cn’fugdl dccﬂ"rahan a P P rotates with angular velocity
Now consider a body of mass “m" suspended by a:‘__-\- ck‘n‘;: o and fequency (= ) [7 giviog s
ceiling of satellite: Here two forces are acting on ch’:"‘:’zfmm the | 1 v i
; ody: i -
the force of gravity and the other is the normal reaction 05: :’”1 s dJ: #) Fi 1
in the spring, - ) ’ i ension ro or  producing  gravity
pring, which acts in upwards direction- Thus the net f, 5 o P -(--r"" equal to earth pgravity, we
on the body s given by' e 2 (U puta=yg
Fos ® W=T X v it
> Fu=m-T ___ (2 i inow that, 0
This force provides the nec ' [ O 5 o= 2nf (2) MLm= ¢
b : ecessary centripetal force to keep the body 2 2
- w‘u:ar orbit: 50 equation (2) becomes, . Diting equation (2) in equation (1), we get, AT
my .
=T (3) A el i 22
Putting equation (7) in equation (3), we get, 54" Y4irf? = 2 = zf-rr?% f-‘; 3
i 2 P ... 3
L 4 0 JREE S ke il
r r af= L ! (3)
= |T = ol (4) an\r

Fqustion (3) represents the frequency of satellite with which we
wt gravity equal to earth gravity and as a result the astronaut will
feel no difficulty in performing their duties:

Equation (4) shows that the tension or normal reaction on the
body is zero, which shows that the body inside the satellite Is

weightless: Thus the body inside the satellite will appear in state of 1
weightlessness: PP ' Q24: Discuss the various types of artificial satellite:

fins: Types of Satellites:
There are several types of satellite which are given below:

I' Navigation Satellites:

Q23: Write a note on artificial ravity-
BISE Kohat 2017, 2019

Ans: As we know that the body inside the satellite is weightless, 50 The GPS (global positioning system) is made up of 24 satellites
the body faces certain problems while working inside the satellite: thet orbit at an altitude of 20,000km above the surface of Fhe
To overcome these problems, an artificial gravity is produced inside Wrth The differen ce in time for signals re ceived from four satellites
the satellite: For this purpose, some spin motion is given to the Wused to caleulate the exact location of a GPS receiver on earth:

(\i .‘--_-—-__
—— S
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a”%g
2+ Communication Satellites: .

These satellites are used for television, ) Solution of Examples & Assignments \
sions, for example, the Optus DI sqtel-

P e i
lite is in a geostationary orpjt above W_

Phone or Nternes trg
ﬂgmar

t 400rpm- What s ¢}, I ;
the equator and has o toverage foot- lectric motor turns a .P € anguler velocity
. - : An ele hat is_the angular displacement after 457
Print to provide signals to all of Aus- . rad/sec? w —e
tralia and New Zealand- e

i - Solution:
Commummtx?ns et N redia, ;ilr_'ﬁﬂﬁd—'gﬁ' ity = © = 400rev / min, time = ¢ = Hsec
television and telephone transmissions ;:;,.far velocity

t I 1 . jred: { [ i
to be sent live anywhere in the world qug;_}ar velocity in rad/sec = & = ?
Before satellites, transmissions were (a) ANgY 7

ular displacement = 0 =
difficult or impossible at lany Hietineas

: Ang
The signals, Which trave/ j, 5

straight lines, could not bend around the round earth ¢, reach , %}%f:iﬁl velocity = © = 400rev / min 2 m
destination far away- Because satellites are in orbit, the signals ¢ = qoox% rad/sec 0oL T
be sent instantaneously into space and then redirected ¢, another

satellite or directly to their destination- ;;) We know that, 0 =0t______ (2)

Communications satellites are often |

. ¥ &,
i geostationary orpit. g4 the Putting the values ;n cquaﬂt:fr;st; 2lé,mt:e ge
high orbital altitude of 35,800 kilometers, q geostationary sote, 0= (41-9x%)rad = _

LBt
unt of time it takes the earth ¢y BSSIGNMENT 5-1: 9 G Dikasiilin HhessMeae
.
revolve once- From earth, therefore, the satellite appears to 4, A rotating pulley completes 12rev in

; -6

e , and in rad/s? (3:00 rev/s, 2

stationary, always above the same area of the earth- The area to & i J:/ I:;V/s’ il
3 s

which it can transmit is called o satellite’s footprint- e end 15:8 o8

g Solution:
3+ Weather Satellites:
LLdvher oatellites

Given data:

These satellites are used to image clouds and rfeasure temperature Total angular displacement = 0 = 12rev

and rainfall- Both geostationary and low earth orbits are used de- Total time = ¢ = 4sec = R
H S5€C =
pending on the type of weather sateflite- Weather satellites are Required: Ko B panBinee pTL
' ] nre = B2 °c = —min
used to help with more accurate weather forecasting: (%) Average Sty v aa. 4 ' it = P Isec 60
(b) Average angular velocity in rev/min ks T
' pox (¢) Average angular velocity in rad/sec = ?
.wé"gﬁ.:_,gn.g;;bf[%l;fﬂﬁfuﬂ“ﬂ 3 E‘MM: ity is given by, ¥
SR e i St Su (@ We know that average angular velocity
= e _____-_-‘_--__
= TR~ o
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. total angular displacement

total time taken
12rev

w =

- 4 sec

() w,, = 3rev / sec=

[J!M

= [‘j‘m = 3rev / sec

—-;m-— = 3x60rey / min
[—-J min

60
= {mM = 180rev / m.e';!

(¢) v,, = 180rev / min = 7801%:1:4! / sec
= |o,, =188rad / sec .

EXAMPLE 5-2]

In a carnival ride, the passenger travel in a circle of
making one complete cycle in 4-Os- What is its accele

—

radius 50m,
ration?

Solution:

Given data:

Redius of circle = r = 5-0m, time = t = 4.0s
Reguired:
Acceleration = g = ?
Caleulation:

We know that,
2

——

For complex cycle,
S =2nr

4
a‘ _f'- "—-'—--—-—-.-_(’)

We also know that,
s

e Py (2)

Putting equation (2) in equation (1), we get
L 5

Q=5
= (2rnr)? _ 4n??
¢ & r ‘
4n’r
¢ ()

= a

(]

= g =
‘

Putting the values in equation (3), we get,

" 2
. - 4x(314) x5

7 =123 rad/sed = !L= 12:3rad ¥ set:'

1

I

— vph - otes = 1" Year Chp-5: Rotational & Circular Motign _'ﬁ}'|_|
ar M
% o

mb@ a curved path of radius “R” and velocity
wpla
A airp

n X ;mtﬂ'P‘“’ acceleration is 10ms?- If both the velocity
A Th adius are doubled, what will be the new acceleration?
the
gﬂ'ﬂ' g
- (2oms”

Solution:
. ta. .
%amkmmﬂ =a, = 10m / sec’
il h = R, Velocity of airplane = v
. - of curved pat '
Radius ©

locity and radius are doubled, then, R = 2R and v = 2y
IF veloe!
uired:

New centripeta

Caleulation:
Eﬁngw fha ¢,

S I
| acceleration =d =7

.5 b
R

tor new acceleration equation (1) becomes,

‘! = — ___________(2)
=R 4 .
Putting the values of “v' " and “R'™ in equation (1), we get,

O [V_]
“""2R 2R R

o)

From equation (1),
@ 2 2
-‘E;‘ﬂ"",amfféﬂzﬂ -§-=?Om/se

Putting equation (4) in equation (3), L:G get,
¢ = Srtomiec =
:

_—

(3)

(%)

The curved roadway is designed in such a way s “’; ‘f:a:it
have to rely on friction to round the curve even when t :d e
covered with ce- Suppose the designated speed for ;he ’:ﬂt angle
be 12m/s and the radius_of the curve is 36:0m At W
‘-‘-"-—-.-____
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should the curve be banked?
Solution:

Given data: \

Radius of circle = r = 36:0m, speed =y = 12m , .

Required: Angle of bank = 0 = ?
Calculation: We know that, v = Jrgtano

2
= V' =rgtan® = tano =
=

2

g2 g 2
= 0 = tan (—)=tan’ —— | =tan’ s
rq 36x9-8 352-8
= 0=tap’(0-408) = 22-1° = 22°
ASSIGNMENT 5:3: T —

At what speed (in km/h) is a bank angle of 45° required f,
aeroplane to turn on a radius of 60m? (87-3%km/h) g

Solution: ————
Given data:
Bank angle = 6 = 45°, radius of turn = r = 60m
Required:
Speed of aeroplane = v = ? 7000m = 1Km
Calculation: == il
We Kknow that, 35005“73?7%.

v = \Jrgtanb (7) P o
Putting the values in equation (1), we get, 3600 J

v = /60 x9-8 xtan(45°) = [588 x1

= 24-3 m/sec
=X ,v = 24:3m / sgc[
OR v = 243 x2299 km/hr= 87-3 km/hr

1000 e

= |Speed = v = 87-3km / hr[ 3

MEXAMPLE 5-4:

A 2kg mass swings in a circle of radius 50cm at the
rod- What resu'ant torque is required to give an ang

end of a ﬁf“
ular accelerd®

tion of 2:5 rad/s* P —
Solution: i Nt

Chp-5: Rotational & (; Notes = 1~_rew
Circulqr Mctmhzavna 7 Ph sics T N :
B q: Radius=r = =r =0-5m,
\ WQ‘
=m=2"9 ’

~1P->: Rotational & Circyular Motion - 259 |

a5 ‘; r qeceleration =& =2:5rad / sec?

ula -
ﬁﬁ!u_r‘d; Torque = T
: atiod”
LD, < = 1o e

now that, moment of inertia of a circular hoop is given by

= 7

plso “:‘:r‘, —__—___________(2)

:‘ny cquation (2) in equation (1), we get,
put Js e (3)

: equation (3), we get,

o the values in
Puttf”9[21(0'5)2x 2_5] N-m = 1-25N'm

t®

. [z

/__

A cord is wrapped around the rim of a cylinder that has a mass of
10k aridl goredius of 30cm- If tha rope; iNpiled with a force of
§ON, what _is the angular acceleration of the cylinder? (40 rad s?)

Solution:
en data: Mass = m = 10kg, Radius = 30cm = 0:3m

Given data
Force = F = 60N

Required:
=7

Angular acceleration = a =7

Caleulation:

For cylinder, we have,
Imt (D)
We know that, 1 = Ia
Ao 1 = rF (3)
Comparing equation (1), (2), (3), we get,
lxrF = o= i (44
Putt =
ting equation (1) in equation (4), we get,
€= rF m 2?‘!“- -~ 2F

T — —

(2)

mr? mr




_______ s Lrculgr Moy 4
N = =R
- O F —
mr ( )
Putting the values in equation (S), we get,
2x60
- {m]md/’sacz= ‘.‘Orad/scc""::

e
A bek is wrapped around the ed.

ge of a pulley that ;s 40,
ameter- The pulley rotates with q constant an

3:50 rad/s’- At t = 0, the rotational speed
the angular displacement and angular velocity o
er? (60 =238rad, 9-00 rad/s)
- Solution: Given data:

m in di-
qular acceleratipp of
is 2rad/s- What

£ the pulley 2 |y,

ey
Diameter of pulley = d = 40cm = 0-4m
Angular acceleration = a = 3-5 rad / sec? .
Initial speed = ® = 2rad / sec, time = ¢ = 2 sec
Regquired:
(a) Final angular velocity = W =7?
. (b) Angular displacement = o = ?

Calculation:
(a) We know that, o, = +at _ )
Putting the values in equation (1), we get,

©, = (2+3-5x2)rad/sec = 9rad/sec
= Im, = 9rad / sec
(b) We also know that,

o = m,u%at*_ (2)
Putting the values in equation (2), we get,

0=|2x2+ %x3-5x22:|md =(%+7)rad
= |0 = 77rad g

EXAMPLE 5-5:

: d mass
Find earth angular momentum using earth;sun a’.-scanr; ;: , &
of earth+ Earth-sun distance 1496 x 10°m, mass 0
5-9742 x 10%%kg

Solution:

__—-—-'-""-.-

e

— Notes — 1" Year Chp-5 Rotaticngl & Circular Motion - 26—1-]1' .
) o Mean distance from earth to sup = , - 1496 x10° m
W"L th
‘Bh‘ ear - Earth complete one rotation
55 0f 9742 x10° kg j
g m =59

around the sun in 63 day, so
Time period = T = 363 days
B i = L= 7
r mome
Angule

= T=365x24x3600 sec
=T = 31536000 sec

(aleulat "’”; ’

that,

wg kﬂaw

And distance covered in one

rotation
’ (U =5 =circumference
Lsmv.——____s_:v-c — y=£ =>S‘—'2711'
e also know that, t
L2 N (2)

Al ; 1 7 et

putting equation (2) in equation (T e gut;

u

2nr

= X—XT
L= ME~
2

R )

5 (¥

Putting the values in equation (3), we get,

4 9 y2
21314 x5:9742 x10** x (149-6 x10°) ]kgm’ / sec
i 31536000 ]
8396583058 x10* xro""] = 0-02663 x10*kgm* / sec
k" 31536000

> L= 2:663 x10* kgm* / ‘“I

ASSIGNMENT 5:7:

A DVD disc has a radius of 0-0600m, and a mass of 0.02003.1
The moment of inertia of a solid disc is | = (1/2) MR, Wh!rf
s the mass of the disc, and R is the radius: whe-’?‘ﬂ Diﬁb'.‘;-;
‘ertain machine starts playing, it has an angufar. Vﬂf_ﬂ‘fi‘ ;.00576
s’ What is the angular momentum of this disc? (
kym/s?)
Solution:
biven data;

Redius = r = 0.0600, Mass = m = 0-0200kg

Angular velocity = w = 760rad /sec
Required:

Angular Momentum of disc = L = ?
\-“-—&




1= [0-80 xO]N-m = m
- AT R

a_radial direction- What happens to the
—_— T
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Calculation:

Chp-5: Rotational & Circylqr Motion < N

We know that, L = lo (1)

For disc, I = %mr’ (2)

Putting equation (2) in equation (1), we get,
L= %mrzxm (3)

Putting the values in equation (3), we get,

L [:;-xo-ozoa x (0-0600 )% x rso]kg-m’ 7 sec
= L =576x10"kym? / sec?
= |L = 0005763k m® / sed]

A body of moment of inertia 0-80kgm* about a fixed axis, rotates
with constant angular velocity of 100 rads'- Calculate (i) its angu-
lar momentum= L (ii) Torque to sustain this position= i
Solution:
Given data:

Moment of inertia =

I = 0-80kg m?
Angular velocity = o = 100rads”!
Required:

(i) Angular momentum =
Caleulation:

We know that, L = 1o

L =2 (i) Torque=« =~

—)

Putting the values in equation (1), we get,

L= [0-80.:!00] kgm? / sec? = E 80kgm? / sec]
(i) Also t1=1a 2)
As the body s rotating with consta
acceleration will be zero+ Sp

nt angular velocity so angular
put =0 in equation (2), we get,

I—

A child of mass 25kg stapds at the edge of a rotating platform ‘f‘r
mass 150 kg and radius 4-0Om- The platform with the child on -'Ic
rotates with an angular speed of 6-2 rad/s- The child Jjumps off in
angular speed of the plat”_

v

Chp-5: Rotational & Circular Motion - 263 |

s Year
T Tk
. s
= Treat _the platform_as a_uniform di
re

urn?

f platform = m, = 150kg,
W!d = m, = 25kg, mass 0 g g« 5-2r:ds" ”
s of cha'4 om, initial angular spee )
Y r“ !
Rgdﬂn“
uil"d‘. =W, =
j;:mf angular speed = O
l
bioft* . lar momentum, we have,
Celeut? n of angula
3y low of canseﬂ;ﬂ:';ammtumz Total final angular momentum
a

fotal initial an4

- 10y (1) L= lw
5 L:sf,‘ = !;m: < frmr =,y A
Yere 1, = ([,f.mm : ‘r‘*"") For platform
2
21 -%m:rz + m:rz lpmﬁm —Emr
For child
! 2 25 x4* :
) !_=[-2-xf5014 ]"‘( ) —

5 | = (1200 + 400 Ykgm®
3 | = 1600kgm*

T x150 x4* = 1200 kgm?*
2 .
Putting the values of I, I, and ®, in equation (1), we get,

ok ?60016'2],_“;/“5 = 8:27rad/sec
k 1200

S\ =827rad / sec|
_--______*_

While 1, = %m,r’ =

EXAMPLE 5.8:

A 70kg man is standing on a scale in an elevator which is accelerat-

M, 95 it heads for the top floor of a building at 4¥m/s*- What ap-
LN weight will show on the scale?

%:

Mas,

* of man = m = 70kg, Acceleration = a = 4m/sec”
€dlire d.
~lired: Apparent weight = T = ?

&@ffifgn:
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: i cs Notes
For upward motion, we have, ¥ 'w‘
T =mg + ma ) idu‘ da

Rahman = m kg
ﬁw—”;f' ﬁbdur— e = = Q60N
R e e o T > mT:'ma before F,"cf‘rngbz"’: Fer: 71200N
T=(90x9:8+70x 4) N = 686N + 280N Nﬂ"mii force after picking N
Norm
= T = 966N uired: pan = - P
= |ﬁppar¢nt weight on the scale = 966?| Abdur-Rahm

() ,ms.s - Abdur-Rahman = w = 7
e D) td¢f9:' ta::; 2
A spring balance is attached to the ceiling of a if. A man hangs (1) H“‘f )
his bag on the spring and the spring reads 49N, when the lifs s g[ﬂf!ﬂﬂ' ord motion, we have,
stationary- If the lift moves downward with an acceleration o | (% For Upw
Sm/s, what will be the reading of the

n=a%=

, g =mpta
spring balance? (24y) o\ (7)
Take g = 10m/sec 2 960 =
éi!ut:;g' : | When Abdur-Rahman picks up 20 K9 box, f:hzn(;')e have,
3 +20)a
Given data: Weight of bag = w = 49N, F = #20)9 + (m )
Acceleration = a = Sm/sel from equation (1), we have,
Regg:’red: ) 960 = mg + ma = ma = 960 - myg .
Apparent weight of bag = T = ? : . 960 _ (3) '
Calculation: ‘e
First ‘we calculate the mass

of the bag, at stationary condition, we Putting equation (3) in equation (2), we get,
have,
w = 49N — mg = 49N

960
Fu=(m+20)g +(m *20)[—”:- £ 9}
49

960 20 x960 _

S m=sks = m= 49k =?200=M*;9§+mx7'7'§*_m 3¢5
Now when the life is moving downwards, then the apparent weight > 1200 = 960 + 19200 = 19200
is given by,

= 1200 - 960 = 240 '
19200 g 2031
19 =
T = mg-ma = (49510 - 4.9 5 5y T e t240> m-= 240 19= m = 80k
= T =49 -24.5 - = |Mass of Abdyr - Rahman = m = 5'ng| |
-____——-——h______ —
ASSIGNMENT 5.9, \iskt oF Abdir - Refomsar = g = g = B0 <550 = TN
In an elevator ¢, t b :
Bifies i recsa v has a constant acceleration upward, Abdur (¢) For Ypward motion, we have,
>vanding on a scale: The scql, reads S60N- When Abdur B Py
 Rahman picks up a 20kg box, the scqle oy, T200N: The accelere- bR = g S =
:rhoﬂ ?F the elevator stays the same- (a) Find the acceleration of u [960”5’02:9-8
£ elevator (b) Find Abdur-Rahman’s weight- (784N, 2.2”,% \80 ]rn/s.-.c2
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EXAMPLE 5-9: el

Determine the orbital speed for the international Space
(155)- If its orbit 4-0 x 10°km above the earth surfa Stotip,

Ce:r
Given data:
\

Height of space station from earth sur-
face
=h=4x10°km = 4 x10° x10°m = 4x10°m

Radius of earth = R = 6-36 x10°m

f?a"-, ”
AL Space Sty

Total distance of space station from

centre of earth is given by,

R=R, +h = (6-63x1CF + 0-4x10F )m

R = 10°(6-36 + 0-4)m = 6-76 x10°m

Value of gravitational constant
=6=6-673x10""Nm” / kg*

Mass of earth = M, = 6 x10%*kg

Required:
Orbital speed = v = ?

=

The orbital speed is given by,

em
R — Y

Putting the values in equation (7), we get,

= | [6:673x10"x6 x10%
6-76 x10°

Jm/uc

= 6.9 y71772e6
= N [\,5.9 x70™" 2"‘Jm/sec= [Js-swo’] m/sec
- vy = [,fé’Q-Oar!O‘]m/scc: 767 x10° m/sec
= v =767 x10° m/sec
—

[orbital speed = =767 x10°m / se(]

h

Chp-5: Rotational & Circular Motion - 267 |

= Notes = 1" Year
V
Wﬁhs orbital speed to launch a satellite in a circular

b
What shoufd ¢ the surface of the earth?

\ ;
Wﬁj: the surface of earth is =h=900km
grovh m=9x10° x10°m = 9 x10°m

R‘ = 64 x 10°m

arth = Hen  Satellite

Radiu$ of e . ;
¢y radius of orbit will be r, R +h
s (64x70’ +9x10°)m
L (64 + Q)XFO’m =73x rosm

6 = 6:673 X107 Nm*kg™

Here
fnd mass of earth = M, = 6 x10%* kg
Required: Orbital speed = v, = ? o Brh i
Caleulation: i
We know that,
_|em,

e

v A P

r‘

Putting the values in equation (1), we get,
[6-673 x10™" x 6 x10* '
Vv =
‘N 73 x10°

v, = [‘JO-S‘{«S X ?0’] m/sec

2 v, = 0740 x10* m/sec

q-q—l,e(k‘c_.,thJﬁc-Jmﬁ” :q.dfﬂj‘:a/” @
et/ g Ry e @
"WJ!’(%--!JE«?@},:;M?&,@.”:.;.Jin’d‘.:,;v ]

\

i,
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- Choose the best possible answer:

I

go_!:ﬁsT=K=m=T (7)

Sol:

Chp-5: Rotational & cncu%
Nla 2'53
} Exercise \

The angular speed in radians / hours for daily rotat;
earth is:

a* 2n b-
2n

wi-gF Cur

4 c
2

Jd B

X
6 72

Put T = 24 hour in equation (1), we get,

© = <% rad/hour = © = %rad/hr

Linear acceleration a = r a. when “0" |s:
a 0° b- 180° ¢ 360° vd 90°
What is moment of inertia of a sphere?

o MR? b Lmrz -2 mr? d L mr
2 5 2

A particle is acted upon by a force of constant magnitude
which is always perpendicular to the velocity of particle: The
motion of the particle takes place in a horizontal plane: It fo
lows:

a: Linear momentum is constant” b Velocity is constant

v ¢ It moves in a circular path d- None of these

A body moving in a circular path with constant speed has:

a' Constant acceleration b- Constant retardation
v ¢+ Variable acceleration

d- Variable speed and constant velocity .
The body is moving with constant speed but its directo” rf
changes continuously due to which the body posses variable

' it
s Notes 1 T200
Nogd 3
Velocity

a

4

9. |

Sol:

=

As
)

celeration-

Astronauts appear weightless in space because:
a There is no gravity in space

b There is no floor pushing upwards

v ¢ Satellite is freely falling

d- There is no air in space

Which one is constant for a satellite in orbit?

_//

For cylinder, 1

10

Chp-5: Rotational & Circular Motion - 269 |
b K-E
d- Potential energy

Angular momentum

,:’Fc;hg * en suddenly stops rotating the value of “9” at equa-
1 tor would: b* Remain unchanged

a chrea:esa d- Become zero

it th stops rotating then the value of "g" at equator
$ol: If thf-, 6‘”'“ because when the earth rotates the gravity at

wmr:;’:::t remains uniform: And when it stops rotating, the

eve

yity increases because the pressure is exerted on only one
ravi

point at the equator:

£ solid sphere and solid cylinder of same mass and density ro-

tate about their own axis, the moment of inertia will be

greater for:
a- Solid sphere :
¢ The one that has the largest mass arrives first

v b+ Solid cylinder

d- The one that has the largest radius arrives first
= 2 mr? '0)
5

(2)

For sphere, 1

sphara

- L mr2

eylindar 2

Dividing equation (2) by equation (1)

I aams
sl 0T T8 T BB :
lae Rogan@ 6 2 2- 8
5
[
cylinder 5 = 5 3
fl”". ¥ E:b !wlmd.r i (E) Ilpﬁl!l ( )
5
-2; 2 L # Cquﬂ'tl‘On (3) = I:yhndnr L lll’""'

Otion (b) is correct: ’
The gravitational force exerted on an astronaut on earth's sur-

face is 650N down- When she is in the international space

Station, is ¢he gravitational force on her:

“ Larger b+ Exactly the same

/¢ Smaller d Nearly but not exactly zero
e £

\thfy Zero

e —
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Chp:3: Rotational & Circulay pree Y PRysLCS Notes — 1" Year
on ob
Sol: Gravitational force is inversely proportion to the QIRE -

distance between two bodies: The distance of fnqtt:-::l.ort‘
station is situated very far from earth, so disbancs isa $paty
and force will be smaller: 9reat,,
A solid cylinder of mass “M" and radius “R" rofjs 4,

cline without slipping: Ilts moment of inertiq abous o ]
through its center of mass is MR*/2- At any instant wh;‘!u‘.’
motion, its rotational kinetic energy about its center of r:mm
is what fraction of its total kinetic enerqy? .

1 1

(a) 2 b y J’c-% Y 2 e None of thes,

Sol:According to the question, the fraction of rotational K-g and
total K-E is given by, ’

-

wn an i

(:(<K£i)m y K—E,Kfji-E,m K -Eioa = Kby + KEyp]
(KEFD % :% o - % ol [V = Ro)
(NEdt 1 Jw? + %mv’ i Jo? + -; MR3w?

(KE), _ %Im’ For c’yh'nder
(KE),.. % e 1= 5 MR

(KE), _ s . 1 7

(KE),pu %[? ‘2] “7+2 3

S0 option (c) is correct:

‘e dH Kot iy P s o P SIS = O
“-{_L&I:Vc{}ylaif;,l@ufc{ﬁf?ﬂ" .;_JFEU‘:«?’ ¢
e fLieLiar i W @

_//
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N
I Conceptual Questions \

vort answers to the following questions:
Give L}h i the fly wheel of an engine made heavy in the rim?
f:

,‘L”Lﬂ"_—f of an engine is made heavy

ans: The Y s . -
he rim for increasing the moment of iner-
in tné

via of F1Y wheel" s
Reasons and Explanation:
JWJ a fly wheel is put into motion, torque is
wting on it which is given by,
7 4

(=slo= & il (7)
I a g mow Fly wheel is made
We also know that the moment of inertia is baviflg in the rim
given by,
= mP (2)

When the engine is started, the crank gets energy from the engine

in the form of jerks+ The crank is connected to the heavy flywheel:
Now to control the jerky motion, the flywheel is needed to rotate
with steady angular acceleration “o”*

Now according to equation (1), for getting smaller value of angular ’
wceleration, we need greater moment of inertia: Equation (2)
shows that keeping radius “r” constant, we need greater mass for
getting more moment of inertia
Thus for getting more moment
of inertia the flywheel is made
beavy or massive in the rim-
Nch heavy flywheel posses large
m’”“_"t of inertia which avoid
t:lti:':ky motion of the crank:
\ Way the engine remains

4 .
*M:forkmg conditions and re-
]
Q"’ Safe from serious damages-
2: :
Ans. u“' 15 a rifle barrel “rifled”?

The barre| of 4 rifle is rifled to keep the bulleti'glong Jthe re-

Heavy fly wheel
y 11y \

Crank shaft
Sy
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" : : d hit the target accurately- m a0
quired direction and to hi e targ urately

can distinguish between a raw egg and boiled hard eqq o
we

Reasons_and_Explanation: \ r New s of their moment of inertia and angular velocities:

Rifling is the process in which heli- U&@) the b9 W‘ﬁ eqq [uncooked eqq]:

cal groves are made inside the bar- Q ) g&é: - Wt llowed to spin, the

rel of a rifler When the rifle is hen @ ’;’ s inside the shell moves

Gred, the helical groves provide :,',“,';:{,‘,2‘;,}:{:: fires spinning projecy, iiqw'd e the axis of rotation towards '

i to the bulleb ground [b& loty . Mw»rm:’surﬁ?ce of the shell as shown Raw cgp
axis+ The spin motion improves the Q %@ the inne fa)- As a result the mass die= '} & — |
projectile motion of the bullet- [t n ﬁ’ur‘n is disturbed and the egq be- \ \]
also improves the aerodynamic sta- Fi br Smooth s s prbe S t;—;‘l;t.ltfﬂ'n‘,‘”r'e massive near the shell as

bﬂ;’ty and accuracy of the bullet- on unstable course., L ] ‘am” to the ;gntra! r‘ﬂgf.OH‘ wt also Fig a: The liquid molecules move
The bullet fired from rifled rifle h__ compare away from the axis of rotation

know that the moment of inertia in= | uringspinning.
posses rotational K-E as well as translation K-E- Thus the totq :

reases with increase in mass+ S0 the
energy of the bullet is given by, T-nomeﬂb of inertia of raw egg increases due to non-uniform distribu-
(KE),,., = (KE),.,, *+(KE), vion of the mass of liquid inside the shell
= [(KE)., = Emve . Ema  Now according to equation (1), the angular velocity of the raw egqq

vill decreases due to greater moment of inertiar Thus the raw egg

vill rotate slowly and will comes to rest sooner:
momentum as well as linear momentum- Both momen- Case2: Spinning of hard boil eqq:
tums are parallel to each other and as result the bullet gain large The liquid inside the shell appears in solid state after boiling the
momentum+ As a result the bullet travel fast and can hit the tar

. Now when the eqq is allowed to spin, the solid molecule does
get with accuracy- Such bullet imparts greater momentum to the - d h”h i As a result
target not move towards the she

mass distribution remains the same: Due
Q3: Is it possible for a person to distinguish between a raw ¢4 to same mass distribution, the moment

and a hard boiled one by spinning each on a table? Explain: of inertia of the boiled egg remains low
Ans- Yes, it is possible for a person to distinguish between a 1% % compare to raw eqg

eqq [uncooked] and a hard boil one by spinning each on a table: Now according to equation (1), the an-
Reasons_and_Explanation: yular speed of the boiled egq will be
We know that the angular momentum of a spinning body is given by, freater due to its low moment of iner-

O In. =5 ws b ) tia e the boiled e9q will rotate with
4 freater angular speed and will comes to
rest later as compare to raw eg9:
595&!!{!@:
,'?ﬁ”' the gbove discussion, it is clear that boiled €93 will posses

m
ore angular velocity and will comes to rest later as compare to
\-—__

Now due to rotational and translational K-E, the bullet posses both
spin anqular

Fig b: Molecules does not move
towards the shell during spinmng

Equation (1) shows the angular speed of spinning object is ,‘nwrslcu'!f _
proportional to the moment of inertia of the spinning object ¢
greater the moment of inertia of the object, smaller will be its o7
gular velocity and vice versa

__‘_-‘__’/’
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raw egg- Thus we can distinguish between a raw egq qpy ;

egg due to difference in moment of inertia and angular Spee

ord e;,;

d of
two e49s° the

Q4: Why is the acceleration of a body moving unifm
I
directed towards the centre? ; Fele,

Ans- The acceleration of a body moving uniformly :'n_::;:s\
ways directed towards the centre of the circle: -
Reasons_and_Explanation:

When a body of mass “m” is moving along a circle uniformly, the, the

magnitude of the velocity of the body (i-e: speed) remains constant
while the direction of its velocity
changes at each point- ﬁ
Now when the magnitude of velocity
remains constant, then there will be &y ,[:L:\i:":‘
no tangential acceleration in the | - , T;‘I;:;Lla“]pai
motion of the body- Only radial ac~ .| - of radias "
celeration is produced due to change . :

in the direction of velocity: _ ’

The change in the direction of velocity is due to czntn’petél foree
S0 the radial acceleration is produced due to action of centripetal
force: Thus the radial acceleration is also known as centripetal acce
leration- As the centripetal force is directed towards the centre of
the circular path, so the centripetal acceleration is also directed to
wards the centre of the circle-
Mathematical Form:
We know that,

v?

=m=___. (1)
We also know that,
= ma'___________(2)

Comparing equation (1) and equation (2), we get,

ma‘ ==-m— = q‘:-___ (3)
The negative sign in equation (3) shows that the centripeta accele”
is directed towards the centre of the circular path’

fentrpetal

centripetal

r

P
ration "a"
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e = s just supported by a string without breaking: If it is
%

nging, it breaks: Why?

gt S — ball can break the string due to the
(]

4 ﬂ:af centrifugal force:

nd Explanation:
ggfﬂii-:?fﬁ"” just supported by a string without

a

When bth,_., under such condition, the weight “w"”
,,,;kme’ba” js acting in downward direction while the
of the n the string “T" js acting in upward direc-
pension !
tfﬁ';"' G0 we have,

T=w _________._——-(’)

vion (1) shows that the tension in the string remains within

gt . !
T‘,-,;ﬁc limit and hence remains un-breaking-
I

Now when the string is set swinging, then centripetal and centrifug-
J forces exist The tension in the string acts as centripetal force:
The centrifugal force is acting in opposite direction of centripetal
frce: So centrifugal force is added to the weight: S50 equation (1)
becomes,
T= w + centripetal force (2)

Equation (2) shows that the tension in the swinging string increas-
e Such increases in tension cross the elastic limit of the string
which causes the string to break:

06: An insect is sitting close to the axis of a wheel- If the friction
between the insect and the wheel is very small, describe the mo-

Jion of the insect when the wheel starts rotating:

fns: When the wheel starts rotation, the insect will fly away from

the axis of rotation due to lack of necessary centripetal force:

Reasons and Explanation:

:; the insect is sitting on the wheel near the
of rotation: Now if the wheel starts rota-

Insect

ion, .

tm:nd there is sufficient force of friction be-
r‘c:.urﬁm of wheel and insect, then the force
[ . .

g o N this case will act as centripetal force

as g i
SUrfqc result the insect will remain stick to the

%ﬁng rotation-
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But here we are given that the force of friction

between the insect and wheel is very very smal).

S0 when the wheel begins to rotate, the smaller

force of friction will be unable to provide neces- 5

sary centripetal force to the insect: As a resule

the insect will not remain stick to the surface of

the wheel and will move away from €he axis of | S

rotation of the wheel due to centrifugal force- The ,-n,:m
W

a spiral motion and-will fall off the rotating wheel taq
a short period of time:

Q7: Explain how many minimum number of 9eo-stah‘om
are required for global coverage of T-V transmission?

Ans: At least three geo-stationary satellites are required for g
global coverage of T-V transmission-

We know that the geo-stationary satellites
move around the earth from west to east in ﬁ

the equatorial plane at the same rate @s that

of the rotation of the earth about its own axis: A@Q
A single geo-stationary satellite covers a longi- 0
tude of 120° (360°/3=120°] so at least three

geo-stationary satellites will be required to the —J
whole earth longitude: These satellites are placed at three prope
position in such a way that they can transmit TV signals from any
part of the world- These satellite have made the whole world &
global village*

et

Q8: Explain the significance of moment of inertia in rotatory mo}

tion? et

ngcntr‘af.'y e i

Ans: The moment of inertia play the same role in rotary motion
the mass perform in the translatory motion:
Reasons and Explanation:
The Newton, 2™ Law for translatory motion is given by,
F=ma (N
The Newton's 2" law for rotatory motion is given by,

_______..f'\

. l
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; (2)
(o Wan explain various phenomenon related to

udt-"an ' r' Lo ] .
¢ " mation In equation (1), 'm’ represents the mass which

st s “measure of inertia”: Equation (1) shows that

! n

o0 knﬂ“'t‘ posses more reluctance and greater force will be re-
: jec 3 ;

o a:haﬂﬂ the state of rest or motion of a that object- Equ-
4 t0

e o shows that gcceferatan produced in a body is inverse-
o )‘f o to its mass ie: Treavier body can be accelerated by
rﬂ?*”t’azr force and lighter body can be accelerated by applying
gling 1079 Equation (1) can be used to explain various phenome-

gualler FOrEE° entum, energy, weight, and many other interaction

wn like morm
ious abthtS'

Y vari me way, in equation (2) ‘I' represents the moment of in-
oy F”otutfng objects: The moment of inertia of various rotating
ytit oF T

s depends upon their mass, geometrical shape and distance
shuts

fom the axis of rotation: Heavier objects posses greater moment of
::: :a‘;fn:m::j;i:cia plays an important role in daily life: Their
wplications are use in vehicles for tomfortable journey. We can ex-
wess the torque, angular velocity, anqular acceleration, angular mo-
nutum, rotational K-E of various objects in terms of moment c.:{'
nrtiae These parameters are used to explain various phenomenon in
use of satellite and planetary motion-

®: Why does the coasting rotating system slow down as water

Jrops into the beaker?

fs: The coasting rotating system becomes slowed down when water

#odded to the beaker- It is because the moment of inertia of the

Whiting system increases which opposes the rotation of system:

sons and Explanation:

We know that ¢he angular momentum of a system having moment

O inertia rotating with certain angular velocity ‘o’ is given by,
L ;

L'Im:wa}_ (1)

Uealsy o that the moment of inertia of a rotating system afa-
745 upon i mass: j-e: greater the mass, greater will be the its
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moment of inertia and vice versa*
Now when water is added into the beaker, the mass of i
system increases: Due to increase in mass of the rotating sotatm
its moment of inertia “I" increases: 5 Hsteml-
Now according to equation (1), when moment of inertiq i !
then the angular velocity ‘o' of the system decreases: Thys , ease;
ing water into tfre beaker, the angular velocity of coasting r:t::d.‘
system decreases and becomes slowed down: ok

Q10: A body 'w:'ﬂ be weightless when the elevator falls m
like a free falling body: Explain-
Ans: A body will be weightless when the elevator falls dawnm
a free falling body- .
Reasons_and_Explanation:
Let a fish is hanged from the ceiling of
a lift with the help of spring balance:
Let a man is standing on the floor of
lift and observe the weight of the fish
with the help of the spring balances:
We know ﬁ‘h'gtlwhen the lift is moving

a'ownward& with certain acceleration
“a”, then the.tension in spring balance
is given by,
T =mg-ma (7)
‘(n CqUﬂtJ’Dn (?)' the thS!'Oﬂ in th‘ Fig ez Wian the clesator avcelvrales
spn'ng rgpr‘esents tht apparent th"ght downwara jog spny suitle reaus he
a vilue less Wan the weight of the fish

__..'——"'-‘..
falling

of the fish Equation (1) shows that
the apparent weight of the fish decreases when the lift is

down with_certdin acceleration “a”: A0

Novi when the elevator is falling freely, then we put a = g 50 €447
tion (1) becomes, {

7= my- g [T= 0] (2) f

ni

Equation (2) shows that the spring balance will read zero tensio
the lift is falling freely: In other words we can say that the
becomes weightless under the influence of free fall motio 0
body will be weightless when the elevator (lift) Faﬁiw

fish
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mt‘etc‘ slow!,
fns'
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an
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[}
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g trac

tor moves with uniform velocity, its heavier wheel
hter wheel, why? Explain:

en @ tracto

slowly than
d_Explanation

er: Lﬂt
ty of lighter wheel and "“1,",

its lighter wheel

pgula” veloci
f inertia and angular
the angufﬁf' mgmentu
L = "rmi.—-—-—-—""_"__(?)

Ginllrly, the angular momentu/m of
1l L}

Now by law of conser
[ =L, o, = 19

* H PR

r

2

4 the heavier wheel has great

moment of inertia
otic “l," of the lighter wheel S0 we

have, I—’ >7

1
S0 equation (3) becomes, ©>W, or
<@,
This shows that due to greater mass
id greater moment of inertia, the
heavier wheel will rotate slowly as com-

pare to the lighter wheel-

ti,
:cu;afcrcnce, 50 we have,
) = 2ar

(7

“1,” will be also greater than the moment ©

- moves with uniform velocity, its heavier wheel

“o, " represents the moment of inertia and

“0,"” represents the

velocity of heavier wheel respectively:

m of lighter wheel is given by,

heavier wheel is given by,

vation of momentum we have,

er mass than lighter wheel, so Its

fin-

-5-“‘”'“-—-__15_!&': Let “r" represents the radius of
o represents the radius of heavier
“ered by the lighter wheel during one revolution is equa

the lighter wheel

wheel- Now the distance
| to the

h\_-___~____
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on .
covered by the heavier wheel during op, 2
POtas:
is given by, .
5, = 2ur (2)

t'Oﬂ

Dividing equation (1) by equation (2), we get,
5 2 5.
2, % KR

22 = [%Js, (3)

As R > r, so % <1, 5o equation (3) shows that S, < s,

Similarly, distance

Ll
R

This shows that the distance covered by lighter wheel during oy
rotation is less than the distance covered by heay j

‘er wheel dutring
one rotation: Now for covering the same distance in same time the
lighter wheel needs to make more rotation than the heavier whe,|.

. i"e” the lighter wheel will rotate more quickly as compare to heayier
wheel- In other words we can say that, when a tractor moves with

a uniform velocity, its heavier wheel rotates slowly than its lighter
wheel-

3\ i

Comprehensive Question;\

Give extended response to the following questions:

QI: What are centripetal acceleration and centripetu i.rce? Derive
their equations:

Ans: See answer of question no 6 part-b in text:

Q2: Show that angular momentum in magnitude is given by,
|L|= |Fx,'u'| = mvr = mrie

S—

Ans: The cross product of moment arm “7 " and linear momentum

“p" is known as angular momentum- e
L=Fxp (1)

In magnitude form, equation (1) can be written as,
|C]=Fxgl (2)

As p = mv, so equation (2) becomes,
|L'|=|ﬁxm'i| = |£:|=mvr (3)

As V=IW, 5o equation (3) becomes,

Y eics NoteE— 10 Yegs
hP 2
: ﬂlsﬂ("ﬂr’fnrw

| Tl e e

, |¢l
ugtfﬂn’

‘mts!
126 €0
plus three

ﬂ.‘r‘ are

houses*

ation® | .
mam;atroff s & operates at microwaves of frequencies 4, 6, 11 and
untries’

” GHz dﬂd has

ites and T 3 .
ht": :: the signals from the satellite using a dish antenna on our
yI'F
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(4

(2) (3): (4) represent the magnitude form of angular

um* . s A "
m,mcﬂ;haw —at role playing by mass in linear motion is playing by

. ertia in_rotatory motion-
short question no: 8-

Y you mean by “INTELSAT™ At what frequencies it
: What

r
0 WZ‘;&Ar’ means international telecommunication satellite
ns'

how many T-V stations this system is used?

¢ is the largest satellite system which is managed by

a capacity of 30000 two way telephone circuits
T-V channels: ’

200 earth stations which transmit the signals to satel-
eceive signals via satellites from other countries: We can

(6 Show that in angular form, centripetal acceleration is 3w’

-

"

The unit

a T
re

w‘n’c], is

We also know that, v =irw

> 4= i(rf)

‘r'='*F=rF:rF

Proof: We know that,
3 i
v

b (1)

r

(2)

Putting equation (2) in .squation (1), we get,

I"2(l32 - 2a
—F = -ro’f
r

(3)

vector “t" can be expressed as,

=F

(4)

Wting equation (4) in equation (3), we §et,




[[Nayab Physics Notes - 17 Year Chp-3: Rotational & Circulay Mon,
: . . .3
Q7: Show that the centripetal force is also sham
2 2 d
Foe-M ;=B ¢ =-omw?
4 r r’

Ans: We know that, \

2

(M)

5
We a:fsa know that,

£ =mi 2)
Putting equation (7) in equation (2), we get,
. 2
£ =-m—F (3)
r
We know that,
Fal (4)
'
Putting equation (4) in equation (3), we get,
2
- ¥ o
F: = -m;?r (5)
We also know that, ro (6)
Putting equation (6) in equation (5), we get,
F' IE mrzwa e -~ 2-
. = = r = F =-mor (7)

Comparing equations (3), (5), (7), we get,

] 2 2
F;:-mv;:-mtf’:-mw:r‘
r r

Which is the required proof

I

@8: Show that a satellite near the earth will have greater velotity
Ans: Consider a satellite of mass “m” js moving around the earth it

. - s LTI
a circular orbit of radius “r" as shown in the figure: The gravitt.

tional force between earth and satellite is given by,
+ % 6M.m

) (1)

Due ‘to this gravitational force, the satellite performs circular me;
tion around the earth, so this force acts' as centripetal force 50 8

have, i3 \
£ & mv? : \

r e N V(3)

Comparing eqfiaefans (1), €2), we get,
L
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Noyd

e ® 2 &
r 6 m T ::-::r'gﬂ:f'l.n
oM . N
P B | e o S
ke r # gravitationa Ses .
= '_r______—- - i forc e YEY N
stant = J T \
WV il [6m, =+constt) ; ¢V/‘Er'} & - X
= Vv r H E }J'I lude?
: ot r'
: 3) : | i
————— 4 1 radius \ e .
a0 o J; “uf:.m]- .J
LY radius of
the orbital * earth ‘c'
Rehtmﬂ (3) Shows- that ; N, "o
4 of satellite is inversely proportion- P -
gpeed Qr BOSETET T T e Wi e | T Seewe®

o to the distance “r” of satellite from
the centre of earth That is, the higher the satellite, the slower
il be its orbital velocity and will take longer time to complete one
wvolution around the earth- In other words, we can say that a sa-
tellite near the earth will have greater velocity-

-59: What do you mean by weight of a body? Using examples to
distinguish between real weight and the apparent weight of a body-

fns: Weight: The gravitational force exerted on the body due to
wrth or other planet is known as weight of that body: Weight is a
vector quantity- Its 51 unit is Newton-

Dimensions of Weight: As weight = Newton = kg-m/sec

> Weight = w = Weight = [MLT'z]
time /

Real Weight and Apparent Weight:

-.nw weight of an object due to the gravitational pull of the earth
# talled real weight- While the weight measured by a spring balance
:u:‘”":d "PPﬂrfnt weight The weight of a person, ball, stone etc
w:igi,:o:-wths gravity represents their real weight: While the
s @ person in a pond of water, and in moving elevator

Presents their apparent weights-

Q1o: .

ﬁw gravity is provided to the occupants of the space ship? ’
Q”:%C’F question 23 in the text:

ti ! three examples to' illustrate the phenomenon of conserva-

9 of
Tre—ngular_momentum-

ns: G,o
WSwer of question 15 in the tevt-
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Q12: Explain why mud 9cjmrds diu used on the wm
motor cars and other driving vehicles:

Ans: The mud guards are used on the wheels of driving ver ——
prevent the falling of mud on the surrounding parts of vehicles Near
the wheels:

Explanation:

When the tyre rotates, each point on the tyre, includin
ing to the tyre has a tangential velocity “v"
locity “o " There is adhesivre force [=7 PE’J between the tyre
and mud: When the tyre rotates, a centripetal force acts opn the
mud which is equal to the adhesive force between tyre and mud-

When the angular speed of the tyre increases,
on the mud also increases-

greater than adhesive force,

9 mud Cfiﬂg-
as well as angular y,-

the centripetal force
When the centripetal force becomes

the mud leaves the tyre and fly off
tangentially along a straight line due to centrifugal force which s
simply the reaction of the centripetal force:
mud guard and thus the other parts of the
from falling of mud on them-

N\ N\
) Numerical Problems \

The mud strikes the
vehicle is prevented

= Physics NOZE
NoU

9 vehicleg to“

QI: If the plate microwave oven has a radius of O-15m and rotates

at 6:0 rev/min, calculate the total distance travelled by the fly
during a 2:0m cooking period- (77m)

Ry

Solution:
Radius = r = 0-15m

Angular velocity = ¢ = 6rev / min = axggmd/sec = 0-628rad/set

Time period = T = 2 min = 2x60sec = 120 sec
Required:

Distance travelled = 5=7?
Calculation: 5
We know that, 5 = rg )

We also know that, ¢ = oT (2)
) A

s - 1" Year Chp-5: Rotational & Circular Motion - 285 |

; ; 1 1), we get,
: ation (2) in equation (
puttsif’f :1“ " ~ND  (3)

] ] 3), we get,
; values in equation (3),
pute [t(;wfs x 0628 x ?20]:71 = § =171-3m
5 =

iz approximately
0

@@d by fly = 5 = Hm\

— circular drum of radius 40cm is initially rotating at 400
Q2 H. n/ min- It is brought to stop after making 50 revolutions-
;::Tt;‘: the angular acceleration and the stopping time? (2-79
rad/s, 15:05)

"?;;L;__- Radius of drum = r = 40em = 0-4m

Initial angular velocity

* 400 x 2n
60

=0 = 400rev / min
- o, = 41866 rad/sec

Angular displacement = 0 = 50 revolution
= 50 x 2nrad

> 0 = 31%rad, final angular velocity = o, = 0

Bsquired: Drum comes to rest
(a) Angular acceleration = o = ? : '

rad/sec

so put o, =0
(b) Stopping time = t = ? s

Caleulation: 2as = v; -]
(o) We know that,
20 = 0} - @2

o il S
(?) 2xf = W, ,
Putting the values in equation (1), we get,
2xax374 = 02 - (471-866)* = 628 = -1752-76
5 o= |1752-76 ’
T 62g —|rd/sed = -2.79rad/sed (o = -2-79rad / sec l
(b) We know that,

O =@ + ¢ The negative sign shows
that the drum becomes

B
U9 the valyes in equation (2), we get, | slowed down:
0= 41866 - 5.79,

—_ (2

T 279 = 41866
=k a [‘”'855

h (} S
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@pp;‘ng time = 150 sec
@3: A string 1m long is used to whirl a 1004 stom

T e r
tal circle at a speed of 2ms’- Find the tension in ¢y, izgp.
(T=0-4N)

Solution:

Length of string = ( = r = im
Mass of stone = m = 100gm =
Speed of stone = v = 2m/sec

4 l'fq’,

“\\

0+Tkg

Required:

Tension in the string = T = 7

Calculation:

Here the tension in the string ‘must be‘equm' to the centripet,

force: i-e* ~ G o) . S
T=F>T= "’:2 )

Putting the values in equation (1), we ge.
0-1x2? 3
e L T = 04N

l?cnsion in the string = T = 0'4NI

in almost a circle of re
the centrlpetal accelere

Q4: The moon revolves around the earth
dius 382400 km in 27-3 days: What is
tion?

Solution:

Given Data:

Radius of circle = r = 382400km = r = 382400 x 10°m

Time period = T = 27-3 day = 27-3 x 24 x 3600 = 23587205¢¢

Required: Centripetal acceleration a, = ?
2 2.2

Caleulation: We know that, o = L = 2
r r
2
= a =ro’sa =r 2r) _ 4n’r
T T2
= = 4nr
s (1)

Putting the values in equation (1), we get,

b foreiond & c% =Notes - 1" Yed! Chp'5: Rotational & Cireular Motion < 287]
) b PR " - S —
sudl k]
S x 362400 x10 Jm/sec’

A 2
. |=—(2356720)
000271 m/sec”

.00
o 0027Im / se<”
V'

idern F1~ car can accelerate from O to 62 mile/h

:kfn/:,) in 2:50s: What Is the angular acceleration of its
73?nm radius wheels? (65°17 rads?)
I
futiod:
en Data:
e Oom/sec

};:Fﬂ vdacity V=

10°
, = 100km / h = 100 x ===

3600 sec

10°m
3E00sec

Tkm
1 hr

final velocity =

27.77m / sec = 27-8m / sec

9"’;=

fime taken = t = 2-5sec )
Redius of wheel = r = 170mm = 770 x7107°m = 0-170m
Reguired:

fngular acceleration = o = ?

(alculation:

We know that,
o =0 tat=> at = o, "o, (7)

SN, (-
5:'mr'!arfy, 0, = T 1 (3)

Putting equation (2) and equation (3) in equation (1), we get,

flsov=rosv =ro= o =

e 1"‘

Ve

v v 1
gtz L. _twg D =
r r r{V‘. V*)

o !
= —_ -
9 % (P, v'_)

(4)
F"t**ﬂs the values in equation (%), we get,
2 1 .
o — (278 -0 = 27'3) d/se =[o = 654%ud / s
O el G M
" 2;-” electric motor is running at 1800rev/m: It comes to rest
“c If the angular acceleration is uniform, find the number of

Ievoly tions ;
Sors i made

. before stopping?
ltion; Initial an

N‘fﬂf speed = @ = 1800 rev/min

A
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5 I'Culqy Mot - Notes - 1" Year Chp-5: Rotational & Circular Motion = 289
= b . —J
= w = g5 rev/sec = 30rev/sec Wappzd several times around q ‘9’m
Final angular speed = @, = O, time taken = t = 20se, & gnd mass 30kg* What is the angular acceleration of the cy-
Required: . orj’:i he tension ’.': the rope is 4ON gpil'yy turns without frc-
Kegquired: inde 73-3 rads”).
mber of revolutions = 0 =7 /7,’(—. - S
Nu eaaﬂwm Radius of cylinder = r = 0-2m, mass of cylinder=m= 30kq
Caleulation: fgf,ﬂ,;n vhe rope = T = F = 4ON
We know that, fcﬂ"‘f
Reguize inn G P
8= wt +~at? Jar acceleration =
J 2 G Ll
2 (alpalat0%
= {}:mti—lm - w:kf?-'?“" that,
Fre Nt R ¢/
7 ) know that,
0=t +— - ¢ 7 e also
7L P el e P (2)
Putting the values in equation (1), we get, (omparing equation (1) and equation (2), we get,
rF
G=30x20*-:;-(0-30)20 prR 2 a=r—  (3)
600 fhe moment of inertia of cylinder is given by,

= 0=600-—=600-300 = 300rev
2 | = %mrz____("()

Putting equation (4) in equation (3), we get,

|Number of revolution = 0 = 300r=v|

Q7: What is the moment of inertia of a 100kg sphere whose radia) o 2 I ii = 2F —Saq = 2F (5)
is 50cm? ["_’f_z] mr- - e
2
Solution:
zﬂ.’ifs—iﬁ_ﬁ?spherc = M = 100k Putting the values in equation (5), we get,
4 1
Radius of sphere = R = 50em = 0'5m o | VO] e o )
\30x02 P EEe
- Required: —
Moment of inertia =] = 7 @: What is the kinetic enerqy of a 5-0kg solid ball whose diame-
i tr is 15m if it rolls across a level surface with a speed of 2ms’?
Calculation: | R
We know that the moment of inertia of a solid sphere is § S
1 = 2 mRr? () ij‘ggg" Given_Data:
5 : “5 0F solid ball = M = Skg, diameter of ball

Putting the values in equation (1), we get, " ‘ “D=15m = 0.15m

Rdn'fu; )
= I= {-;-noo;:(o-s )*]k,-m‘* = |I = 10kgm’ of solid ball

srR=2 _015

5% ——=0.075m

V= 2m/sec
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Cho-5- Rotational & cmm%
- - - 2?:

Required: . "
K-E of rolling ball = KE = : "

Caleulation:

-(U;z know that rolling body posses both C —
linear K-E and rotational K-E, so its

total K-E is given by,
(KE e = (KE e * (KE D

1 7 %
= (KEw = :?-/J’Tv" + -2—Im (1)
For solid sphere or ball, we have,
2 iy
= = MR (2)
y S

Also v=Rn= w= -;%

(3)

Putting equations (2), (3) in equation (1), we get,
e RN (2, 5) Y
h.E=EM\ +-5xL-5-MR )xﬁ-—

= K.E=1—M\’+1Mv2 (h
2 5 i S

Putting the values in equation (%), we get,

=5 K-.':'=i)r.‘5x.22 +1_—15x22
2 ]

o KE = (10+ 47 = RE = 1770

QI0: A cylinder of 50cm diameter at the top of an inine
28-4cm high and 10m long is released and rolls down the incline

Find its linear and angular speed at the bottom- Neglect friction:
Solution: Given Data:

T

' Year

[,II,P'..J. PRULULIUTIWL OF \if Ll ML = £y 1 ‘

=1 i
,}Ph Sics Notes
NoiS

5 vation of enerqy, we have,
(0) " 4o the laW pt conser 4

80 T = Gain in KE
‘ -

‘;::; = (K‘E)h'u'f + (K E)".

2

s mh =2

e solid cylindery

| = -E mRz ..——-—-—-—-"(2)

! 2 .--fmz_______._-(?)
mv- *+ 2

we hav‘:

v
= i 3
4o we know that, v Ro= o=p —(3)
sting equations (2), (3) in equation (1), we get,
U 2
7 2 Vv
mgh,_mv"’+—2-x-—mR X-—Rz

2
V’ V2 = V —] V2 = ﬁ h
+ v = gh 5 3 9

» Jh":?'

» ¢ '
j;; 4)

utting the values in equation (%), we get,
[?u 9-8 x0:29%
V= \

- m/sec = 1-96m/sec

s \v=196m/ scc]

_ 196

b) As v = Ry = m:i
R 025

= |0 = 7-8%rad / sea

u!g!""-”'. ; is rolling down from top to bottom, so accord-
5!1-.‘- the cyhﬂdﬂr

Q: A disc without slipping rolls down a hill of vertical height of
1000cm- If the disc starts from rest at the top of the hill, what

i its magnitude of velocity at the bottom?

Diameter of cylinder ‘:}" A
=D = 50cm = 0-5m ad
Radius of solid cylinder ; ;
=R=%=9-2£=o-25m “
Height = h = 29.4¢m = 0:29%m
Required: v
(a) Linear speed = ve? =
(b) Angular speed = () = 7
__._._—._____,./

Solutlon:

Eiz_ga .Datg:
Height, of hill = | = 1000cm
S h=10m

Bequired:
Speed q¢ the bottom = y = »

Accord;p
9 to the law ;
of ¢
rgy, e b onservation of

~

(n/"
I'd

OS: fn P'E &
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(K-E)J’..-wm 0 (K.E ot

Chp-5: Rotational & -C‘,TE,_[[&;T,I&-‘.
=%
i

-] 7
= mgh = %mv‘ + E}'(:)2 (7)
7
For disc, we have, | = Emri-—-—_(é‘)
Also, v=ro = o= ¥ (3)
r

Putting equations (2), (3) in equation (1), we get,
2

,T 2 £
h==mv'+ —x—mrix—
mg 3 ~
vioov? 3v? 2 Yok
—1 hs —+— &8 —— | et 2=.___9__
o2 F @ B B T
/4 i qu-m:o
= v ==
Va3’ 3
= v =711-%m / sec

Q72: A motor car is travelling at a speed of 30m/sec- If its whed—h:
a diameter of 1-5m, find its angular speed in rad/sec and in rev/sec

Solution:
Speed of the car = v = 30m/sec, diameter of wheel = d = 1-5m
Radius of wheel = r = 4 -?—:E = 0-75
2 2
Required:

(a) Angular speed in rad/sec = v
(b) Angular speed in rev/sec =

Caleulation:
(a) We know that, v = ro
v 30 | :]
= m = :=‘6—.7—53 m=‘?0md/$e€
7
(b) © = 40rad / sec Trev = 2nrad ~»Trad = ’2—_;’"

7
40 x — rev / [
2n T

6:369 rev/sec = |w = 6-37rey / sed

¢
o !
ctndohe pfifb B Lo

h 4

e -d"-ox!f_:.x_,{:-g:/dl,;‘df;pﬁuj.;w
__—"‘_/

Ver O Fudbrenn 7]
—

14

W

2| (b

I[] ‘FLUID DYNAMICS

L—

fine the following terms: (@) Fluid dynamics, hydrostatics,
. Deft .
ch‘! gluid friction: (d) Ideal fluid
c
id:
b wich can flow is known as fluid- For example, oil, milk,

4 substance W )
uater, 945 etc are fluids-

(b) Hydrostatics ‘and Fluid Dynamics: . |

dy of fluid at rest is called hydrostatic: While the study of
> ‘f“_ o and effect of moving fluids is known as fluid dynamics- In
;:j!:;:m:‘cs. ‘hydrodynamics' deals with the study of liquids in
motion, while ‘aerodynamics’ deals with the study of gases in mo-

tion:
(c) Fluid Friction: |
When a body moves through a fluid, then an opposing force acts .rm
the body- This opposing force is known as fluid friction or dragging
force This force depends upon the:
r Size of the body
» Geometric shape of the body
» Direction of velocity of the body and
» Viscosity of the fluid
(4) Ideal Fluid: (ETEA 2016)
fn incompressible, non-viscous fluid having constant density at any

Pressure, is called an ideal fluid-
H-___

-

Q: What is q fluid? Discuss briefly, the viscosity of a fluid and

Lplain_how the flow of a fluid is characterized by viscosity:
s Fluid:

A ) ‘
Sbstance which flows is known as fluid- For example, oil, water

,OS ctc.

e T R )
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Viscosity _of a_Fluid:
The resistance offered by different layers of a fluid to it

known as viscosity: When fluids are in motion, the stcos;; 5 flow i
characteristic of fluids, which determines the rate of flow HEl

Coefficient of Viscosity: of a flyq.
The numerical value of resistance to the flow of Auids beg,,

different layers is called coefficient of viscosity: Greater theu” ity
cient of viscosity of a fluid, the fluid is said to be more w,sm“"m-
will offer greater draaging force: The coefficient of v:'scow dnft
represented by the symbol “n - Sity s

Its numerical values for differens
fluids are given in the table given below:

Fluid Name

Fluid Name

Viscosity

Viscasity
(Pa-5)

/fPa-S)

Air 7-8x70°% Acetone 2:9x70"
Methanol 51x70* Benzene 7:00x707
Water &-91x10" Ethanol 7-:00x10°
Blood -6 x707° Honey 7-42

The viscosity of a fluid depends upon the temperature of fluid- In
case of liquids, the viscosity is produced due to intermolecular fortes
of attraction' If we increase the temperature, the intermolecular
forces decrease and hence viscosity decreases:

In case of gases, the viscosity depends upon th-
Greater the velocity of molecules of 9ases,,.’;mm‘ﬁ:' will be the viscosity

, ~lnrity of molecules:

and vice versa: If we increase the temperatire or he gas, the velocity
of molecules of the gas increases and hence viscosit decreases:
Units_of Viscosity:
The SI unit of viscosity is Pascal second (Pa-$), Dyne/em” Poise 1§
another anit of viscosity:

]l 1Pa-5 =1 poise, Tcentipoise =?0'3Pail

e
—

|
Q3: (a) State and explain stokes law- (b) Derive a mathemat™

equation for acceleration and terminal velocity by using _S_f_‘i’iif.-@-L

Ans: (a) Stokes Law:
Statement: '

___———""/

i

— ':"R:rrw“cs
HES— =3

Frﬂ!‘

;th .
s s rical pody inside a flud s d-rectfy |

s,rf"f) the radius of spherical body, ve- |
body and viscosity of the fluid-

¥

,rt,am‘” ¢
) of 5.-"}””.:&"

4 his research and study on spherical
di

sroke uniform density: Let a spherical |

shaped objects of
Ilr

v s allowed to maove slowly with |

bady of radius

w,* inside a fluid of viscos- | Dimension of viscosity
wloity Y ) - F, = 6anrv (ETEA 2011)
“y " as shown in the figure
ity ! m
; law, we kg
Now according €0 stokes e £ 4 Y
have | Y %o X
ave, L7
£ ar B (1) ser
£ PR N, m__ sec
I S e 2
g <L (3 " % ”T_q/m'_m,
=|MT L
(ombining relations (1), (2) (3h jog™0 " ! R

we get,
Foonry = Fp= constant mrv

2 F,=6nnrvl 4) [6.—.=conscant]

Equation (%) represents the

dragging force acting on

spherical body inside a fluid-

(t) Caleulation_of Acceleration of Spherical Droplet:
(ETEA 2009 )

When a spherical body [droplet] is moving through a ﬁw‘?:' ‘the .
Weight “w" is acting downwards while the dragjing Ry 5 wEEINE
Ywards- So the et force on the body is given bY.

N
w W F, > ma=mg-6nnrv

.

n its

P e=28"6mnry

m
|’Fl( =
3 Eanry lw = mg
Iﬂ:g-__'_____ w =
m (5) F. = 6éanrv |
\ __—_____'_____—-——-——-'-____
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— o " 6: Fluid Dy .
Equation (5 " G5 . ) )
9 (5) represents the acceleration of '_\% Cross-sectional Terminal

Mass = density x volume

_— o aeroplane, at the beginning the air drag
force acting on his bady is less than his | e -
weght and the net force is given by,

|®

the droplet moving through the fluid- Area (m’) speed
Caleculation of Terminal Velocity: (¢ ::/s)
The maximum constant veloc;
ocity of a body, ) E
when forward directed forces are balanceyd *O“ [ diver e add 2
by backward directed forces is known as Il (radius o142 S=HIa” "3
terminal velocity of that body- “O{..; Buse be
When a droplet is moving downward its ve- _.E_Zf,)_.-——-—-——— 3
locity increases until q stage comes, when vy Golf ball (rad:'us 2:1ecm) grgre it . a
the weight of the droplet and d-"‘agging O" (mdius 4.8x10° | 729x10° 74
force balance each—other- At this stage wd Hail seone
there is no further increase | : - : 0:5¢m
e in velocity and | Ternunal Accelerarion : 5
the body moves down with constant veloci- “f_'”".'.';l “O :"‘"t'\c[-u'm Rain drop (radius 0-2¢m) gD | a0 -
. = . vy wrern bt = ——
ty‘ 5.uch ve!at.aty 1s known as terminal ve- reschediyett ast mugg the terminal velocity of a paratroopers?
locity- At this stage, we put a=0 and 7 i
v=v. 50 equation (5) becomes, — ETEA 2009
o= g- m For .\phl:rj;';xl body, IﬁﬂS' Tcrn?!'nafél/_c;agf_ty__qf__._a _Pq(_'ai:ro_oper.' _
— Z6anrv, 6 mlu""’dﬁvj The constant velocity gained by a paratrooper falling under Ene. 9
—— - iy ] = r i
: m -~ : Tyt tion of gravity at the stage when drag force _on his body bﬂ:f’o':f
o [ =6.[f| (6) cqual to his weight is known as terminal velocity of the parats
Ui e - Paratrooper §ains
Equation (6) represents the terminal velocity in | Rain drops falling o den(?ted by * ’ I = (’ i
terms of mass of the droplet- G Sl ol 0% terminal velocity twice: | ‘
_Term:?ra! Ve!o:;:'ty ff? tg_r_-f_n_s_ OF_DGDSfty: groumd  with - wer- ] Exp!anation: ~ k‘ /" ?"
We know that, l'l-l‘.:"l\‘?-t(;ll‘z;n | At =0 when a paratrooper jumps from AN s ’ .)
& s

o x ,
= m=nX—nar
3

(7) Putting equation
(7) in equation (6), we get,

_4nor'yg Frw-F, (1)
18&anr o,
- _2ogr- d-r d
- Ve = —'-—grl— (8) gEo. _77(2)
5 m
1 ’ ich is shown
Equation (&) represents the terminal With this acceleration the paratrooper Moves daue R -

velocity of the droplet in terms of density- M the y-¢ J

Graphical Representation of Terminal Velocity: - " Term; frap -

The graphical representation of terminal velocity is shown in the figu inal Velocity: Jis velo
(b): The graph shows that the velocity increases with the passage . . s directly proportion

: 1 th -
time and finally becomes constant- { " %ove acceleration- Since drag for

¢city increases due to

4t as the paratrooper Imoves dowr!. al to
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velocity, so drag force also increases: A
stage is reached when drag force be-
comes equal to the weight of paratroo-
per: At this stage the paratrooper gains
maximum constant velocity which s
called 7'* terminal velocity: In the graph
the paratrooper gains first terminal ve-
locity of 50m/s after 20 seconds:

2" Terminal Velocity:

When a paratrooper opens his parachute,
it dramatically increases the area of in-
tercept and the air resistance force be-
comes much greater than the weight of
paratrooper: This causes a rapid decele-
ration in the 1" terminal velocity of the

paratrooper as shown in the graph- But as the speed of the para-
trooper decreases, the air drag force also decreases and once again a
stage is reached when drag force becomes equal to the weight of
paratrooper- This time the paratrooper gains 2" terminal velocity
which is slow enough and he lands safely on the ground- In graph
the parachute is opened after 40sec and large drag force decelerates
his motion: Within 50sec or so the paratrooper gains 2" terminal
velocity which is quite low and nearly 8m/sec:

Q5: Exp!;:in the difference between stream line flow and turbulent
flow of fluids:

Ans: 1+ Stream Line Flow (or) Laminar Flow:
The flow of a fluid in which layers of fluid slide
smoothly past each other is known as stream
line flow or laminar flow:

The pattern of laminar flow is shown in the
figure: Such flow occurs in steady state: If an

obstacle is placed in the path of the fluid, then ﬁl
the. fluid does not cross the obstacle and its M
adjacent layer slide smoothly past each other: -—

‘Wﬂ 1" Year
ob
qcuﬁ .
arbulent£1%

. 14l a

Lhp-6: Fluid Dynamics - 299 |

ow:
;?ur'd in which there ic a greater

e OV "d vhe layer of fluid does not slide = |
J‘-;afd‘r an v each other is known as turbu- 7’5’-_:—-“-\.;;‘\\} |
panthly P 8- |

ant 0%, of turbulent flow is shown in the
. obstacle is placed in front of the
Mthe adjacent layers of the fluid do not slide smoothly
o The turbulent flow does not occur in steady state
changes occur in the pattern of the flow:

4, ther
& each othe
nd continuous =—— "y

the equation of continuity: Show that how it is based
06: Stave servation of mass? Give two examples from daily life
o m.":ted with_the principle of equation of continuity-

on faw
which_are re
=27 2015,2016, BISE Mardan 2019, BISE Bannu 2017 l

fns: Gtatement: [t states that for an incompressible fluid in
st;ndym net rate of flow of mass inward across any closed
arface is equal to the net
E:{Eﬁg:ﬂ;aipc having non-uniform area of cross-section “A,” and
*4,", as shown in the figure* _ ' o |
Lt “V," and “V," be the speed of a steady fluid at “A," and ﬁ‘z
nspectively: Now the distance covered by the fluid across “A," during
" is given by,

PRIAY () |
Now the volume of the Ffluid
though the cross-sectional area
A" is given by,

WyxA Az, (2) :
Pitting equation (1) in equa- \
tion (2)- we get,

AV, = A VAt

rate of flow of mass outward-

time interval "\t

4 '—-—"'-"(3) z 5 “
Similarly, ehe volume of the fluid across “A," during time interval
%" s given by,

Avazﬂ: .Uz At (4)

Wthg\w the fluid across “A," is given by,




™
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Am, =8AU, (5)

Putting equation (3) in equation (5), we get,
vm, = 8AVNE (6)

Similarly, the mass of the fluid across “af"
v = A VAL (7)

Now in case of steady flow, the total mass of the fAluid

s given by,

n ¢
remains comstant: So we have, he p,
\m, = Am. = 0Av, At =0M,v,A¢L
ok el
= [Av,=Av.] (8)

Equation (&) represents the equation of continu;
shows that the volume flow rate across any cro
tube remains constant- The equation of continui
matical expression of the principle of conservat;
principle states that for steady state flow, the mass flow intg th,
volume must be equal to the mass flow rate out-
Examples related to equation of continuity:

# Flowing of fluid in pipes

r Flowing of gases in pipes and tubes

r_Flowing of blood in aorta and capillaries
Q7: Show that the speed of fluid through any pipe is inversely
proportional to the cross-sectional area of the pipe-

ty' Equat,‘an raJ
ss=section of Ao
ty /s the Mathy.
on of mass: -n“.’

BISE Malakand 2019, BISE Peshawar 2019 |
Ans: From equation of continuity, we have,
A
By = Dol -
v V. w & (7)
In general form, equation (1) can be written as,
bosl (2)

Relation (2) shows that the speed of fluid through any pipe 5"
versely proportional to the cross-sectional area of the pipe’ .
The deeper part of a river has larger cross-sectional area as wmjn?
to shallow part of the river- 5o according to relation (2). tht o
water flows slowly 1 comparison to shallow water: However
volume flow rates in both cases are the same-

Q8: Show that the volume flow rate (or) time rate ©

volume is constant: i Lo i)
I ETEA 2015 :

Ans: According to the equation of continuity, we have,

AV, = A, = constant ____ (1) —//

- 1* Year
~Pysics NOLEZ
e 't as
A : squation (1) can be written as,

l

Chp-6: Fluid Dynamics - 3-0_1|1

é;ﬂ"’a ; canstaﬂ't o (2)
4 . 2 ; we have.
ne yation ( ) rate of change of displacement

Ve -,feu"ﬂf-;ty =
g ————(3)

Vs, _
; ; . uation (3) in equation (2), we get,
puctmi\ : tant — —E-(ﬁ-x) =constant (%)
Rk CO1S \¢t _
'\:'on (4), Ax= volume =V, so equation (%) becomes,
In equat! :

3 = constant —(5)
\t -

e (5) shows that the volume flow rate [time rate of flow
fqgatiﬂ

we] s constant- In other words we can say that, the volume
ume ) . . ;
O;WJ ncompressible fluid passing through any point in unit time
ot an i

B . .
hrﬂ“ ‘1 a pre of non u”l"aj m cross SeCt;a” 15 f(}flsfaﬂt n thg
t g

steady flow: .
Eijhat is Bernoulli's equation? Show that how it is based on

the law of conservation of energy?
ETEA 2010, BISE Mardan 2019, BIE DI Khan 2019

fns: The Bernoulli's
tion was derived by a Swiss
physicist Daniel Bernoulli in
1738 This equation represents
the relationship between
Pressure, speed and
ton of an ideal fluid-
Explanation; J . _
Consider an incompressible, non-viscous fluid flowing in ‘;;!P:, od
e2dy state manner- Let “y,” and “v," be the speed okd u.-e -
rross-sgct,'ona; area “A," and “A," rgspefthe!y- The.wor on

equa-

eleva-

in

| the fluid “A,” and “A," are respectively given as
.\w,:p} . \X' (7)
AWJzF)'-\A’J (2)

W the net workdone on the fuid is given bY.
Aw = ‘\W, '.\W‘ (3)

A
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Putting equations (1), (2) in equation (3),

Chp 6 Fluig Oyngm
Wi
we get, )

Aw=FAx=FAx,____ (%)
Now we know th:t. Unit of Pressur
F e o
L = "Dr =L FI’ = Pﬁl 1 . i
N B i {5) H{@-P=%=Q_g
Similarly, F,=PA,_____________(6) —p=_km #
Putting equations (S5), (6) in equation m?-sec?
(% ’ t s il kg:m” sep2
'), we get, ETEA 2013 :
Aw = PBAAx, -P.AAx, (7)

Here, A \x, = volume = v,
5:'mi!ar!y, A.Ax, =,
So equation (7) kecomes,

AwE Py <Py, & b0 . . (8)
For incompressible fluid, we have,
V, SV, =V
S0 equation (8) becomes,
Aw=Pyv-Py
= \w=(P-P,)v _.(9)
We. know that, mass= density~ volume
= m=bxy — v=in_-—
]
S0 equation (9) becomes, L’
.\w=(ﬁ-%)-’?—-~——-———-(?0) |
Now according to work-enerqy theorem, we have,
Aw S AKE+APER N d (1)
H £ = _7_ T . U
ere \K-£ zmv, —2-mv," ————eee—(12)

& AP-E=mgh,-mgh,_____ --(13)
Putting equations (12), (13) in equation (11), we get,

(74)

. Equabfﬂﬂ

Aw = —z-mvj - é-mv," +mgh, - mgh,
Comparing equations (10), (74), we get,

m
(h, 'PJ)—F"= Emvj’-zmv,’a*mgh, -mgh,

v
)
k:
L]
on
P ———
NS

2
: -EL'*?;’.!'?"‘"F:{

7
= J LIy, : T
Pa‘\‘2h:f+hgh,=P2+2hv§+69h2‘

(75)

_,/
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048 "l form, equation (15) can be written as,
ené

] SEPREY, 5

L1 gy? +5gh =eonstant |

2 S
; (75)' (76) represent the Bernoulli's equation: As the
5 equation is derived by using work-energy theorem, so it is
standing law of physics: It is a consequence of the law of
energy, applied to an ideal fluid-

we can say that the Bernoulli's equation is based on

gernoull
ot 4 free
gnservation of
words,
£ conservation of energy-
mportance. of Berao lli's_Equation:
The Bernoulli’s equation plays an important role in analyzing plumb-
g systems hya"roe!actn'c generations and flight of aeroplanes: The
et and nozzle” works on the principle of Bernoulli's equation: Us-
li's equation, we can determine the speed of flow of a
The device which is used for the measurement

n other
the law ©

ing B‘emouf

fuid through a pipe’
of blood pressure is based on Bernoulli’s equation:

—Q?O.- Discuss the applications of Bernoulli’s equation-
fns: 1+ Jets and _Nozzles (or) Atomizers:
The Bernoulli's equation plays an important "
role in our daily lifer We can apply its prin-
tple to many devices like jets and nozzles:
For this purpose, the air from the pipe is
evacuated due to which the pressure in the
pipe decreases- As a result, the velocity of
the fluid increases:
The velocity of the fluid can be further in-
“eased by minimizing the area of cross-section of the exit opening
:: i: :ew'ca- Using the above phenomenon,
raw water, oil etc from a container:
2 Fiter_ Pumps: _
Pf:’f:r:"‘ used to transfer liquids from low-
Ater p, ’:"”_‘5 to high pressure zones: “A
P is a device used to produce par-

tial v
A Wuum in vessel attached to it""
filter

Tube

Partial

Vacuum

wnsfsf:s of a tube with jet
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T - Ny ;
attached to it, in which water flows from the tube towarg ¢ pint A: We have, P, = atmospheric pressure=p
h ine 2
as shown in figure: When water reaches the jet section 5 € Je r‘_t‘. “ T = ==
. h s d . . S;;E'd H{J’ y ; e put w. =1}, LAl s
increases, as a result the pressure drops near i¢ This drop e Poiﬂt_—.g' We have B ur cartas

sure allows air to flow in from the side tube to which the |, spre:.
€ssel [

at the bOttC‘m o
reated n ¢, i

connected, thus air and water are forced together
the filter pump- In this way a partial vacuum is ¢
sel attached te it-

3+ Engine Carburetor:

The principle of engine carburetor is the J‘
230

same as that of filter pump- The carbure- T

tor of an engine uses the Bernoulli's theo- ay

rem to feed a suitable amount of mixture
of air and fuel to the cylinder- The engine
draws air through a horizontal pipe to the
cylinder- This pipe is connected to the
fuel tank by a side tube- When the air
through the pipe is flowing with high
speed, the pressure of air inside the pipz decreases- As a result, the
fuel moves to the pipe and a proper mixture of the fuel vapours
and air is formed which is then sprayed to the engine:

4 Torricelli’s, Theorem [Speed of Efflux]: ETEA 2011, 2015,
BISE Malakand 2019, BISE Peshawar 2019

Statement: This states that
the velocity of efflux from an opening at
a depth “h” below the top surface of
the fluid is equal to the vertical velocity
of a freely falling body from height “h"-
Explanation:

Engine Carburcae

theorem

the

Torricelli’s theorem is a special case of Bernoulli's equation with .
help of whick we can determine the velocity of a fAuid coming

through narrow opening of a container: —
Consider a fluid inside a container qs shown in the figure: Let t ec 0
a narrow opening at point “B" through which the fluid flows 4"
the container and let “h" be the height of the fluid above PO':”‘
Now we apply Bernoulli’s equation to point “A" and “B" ¢

given figure- i, W T

f ohe

e of fhad
‘l--\\ nwards cry

B O P height=hy '
)—u.lac:'ty of efflux of the fluid = v
LET

the Bernoulli's equation is given by,
w

7
e Lot +5gh = Py + Sovi +ogh,
h2

moag

ey -\11-'\\1\'.

No!

7
p=0+5ghr =P+ESV2 +69"2

7
_{55«2 = 59‘!: '89”2 = Eavz = 89(": -hz)
2

2 - =
5 Ceathh) b by =h
= v =2gh =|v= -\’29»‘1 (’)

Equation (1) represents the speed of efflux of a fluid- This expres-
sion was first obtained by Torricelli and is known as Torricelli's theo-
rem

The speed of efflux is the same as the speed of a ball that falls
freely through a height “h"-

5 Flow Meter (or) Venturi Meter:
The venturi meter is a device which
works on the principle of Bernoulli's
tquation and with the help of which
We can determine the speed of flow of
0 fluid thraugh a pipe-

Explanation:

The venturi meter consist of a horizontal tube having a narrow part

" the middle, which is known as throat: Now from Bernoulli’s equa-
thf.l, we hav;,

\entun meter

7
R+ 7
- '*25"3 +8gh, = P, 458\@ +84h, (1)
"¢ both ends gre the same height
M ground level, so we put :1 1_
*hyzh, g equation (7) becomes : D
p,fl+M_ 1 3 3 — '\‘_———
2 = Pz*sﬁv, +§gh’ L_ S ——.




[ Nayab Physics Notes - 1" Year

4 s
= H*Ebvf=P, ‘*35\/?

Chpvﬁ: Fluid DU"\.GN;

5 P,-P,=%8(V§‘Vf)

= i-vi=2(R-P) (2)
From equation of continuity, we have,
By = vy vy = 2 (3)
<
Putting equation (3) in equation (2), we get,
AAv? 2 Aar 2
A2 'Vf""g(R'Pz):’ Vf['g'?)"g(a”pz)
A7 -4 (B
f(’—i-')-_-g(p’_e):v;? =2,42 Q}_}_
Rj 5 5 (A -A3)
2 (F-F)
L =A, |< 2

Equation (4) represents the speed of fluid in terms of pressure dif
ference: ’

We also know that,
P -P,=08gh

“h" represents the differ
ence of liquid level in the
two wbes at point 1"
and point “2" of the giv

(5)
Putting equation (S) in equation (%), we get,
e 2 Bgh [ 2gh

0 I"‘dlg(wﬁ?‘i‘?;)_ ;\J(ﬂ,“-ﬁ;) en figure.
[ 24k
= v,=A, | 6
2\| (ﬁf -ﬁ;) I ( )

Equation (6) represents the speed of fluid in terms of difference of
hquid level in the two tubes:

6 Aerofoil [Lift on an Aeroplane Wing]:
It is a device which is designed in such a way thac the relative mo-

tion between it and a fluid produce a force which is perpendiculat .
the flow One of the examples of aero-

foil is the aeroplane wing which is de-
signed in such a way that fluid above it
flows faster than the fluid flowing be-
low it As a re-ult, the pressure above
the wing becomes minimum and below

gl specd el

e “~xu!h
I oo speed, iiaivd il )

oof ot ettt

the wing becomes maximum-

Prasigrh
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b . . :
- B : on upwards force exists which is perpendicular to the

gh:;:’::"nw.d_ This provides “lift” for the aeroplane-

o low:
7 ;@Lﬁ;omprcssibk fluid having a density

is aﬂf to that of water- The red blood

a
mr!'y. ‘f:’“ the viscosity of blood from 3 to b0}
ells ine ohan that of water+ Blood vessels are
§ times

.. put they stretch like the rubber
wt rtid O i ¢ the volum
Under normal circumstances volu 'g

4 is sufficient to keep the vessels in — tme
4 bmd oll the times: This means that there
qgmﬂfﬂ in the walls of the blood vessels: As a result the pressure
I:;t;;‘; inside the vessel is greater than the external atmospheric
pressure’ .

Variation_of Blood Pressure_with Heart Beats:

fhe variation in blood pressure as the heart beats is shown in the
fgure: The pressure varies from high [systolic pressure] of 120 torr
to a low pressure [diastolic pressure] of about 75 - 80 torr be-
tween beats in a normal healthy person: The number tends to in-
trease with age due to the decrease in flexibility of vessel walls:

Unit of Blood Pressure:

Torr or milimeter {mm] of Hg [mercury] are the units of blood

pressure due to their extensive use in medical equipments: Although

the unit of pressure in S| system is Pascal or N/m’*:
Ttorr=133:3N / m?

Blood Flow Meter:

P —#
=

'
<

hose’

The human blood flows in . :nu! :‘:; Lo of Hg = 1 torr

flexible blood vessels: The I:n: 48

:"""d Posses certain pressure wi® T

:‘ %0 heart beats: The range - —

O tHis pressure lies between =

“s-T: :,-F,,Hg b TG i g |

$ystolic p—g value is known as

or m‘qs':’_‘“"- and its low value is known as d:’astohc‘pressure- .
the arp "9 the blood pressure, an inflatable bag is wound around

o a person: The external pressure is increased by inflating
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the bag, due to which the arm squeezes and the blood - W

Itlro. M " " ; }‘
compress inside: When the external pressure become Wwed lobular protein particle has a density of 1246 kgm - ¢

s !G.l'ger t;?;_- rtalﬂ ’. ‘ . . ‘ e

tolic pressure, then the vessels collapse and the flow Of blood ¢y i ﬂ;;‘ chrough water (having coefficient of viscosity 8-971 x 10
$ s
at this stage- okl fo

th a terminal speed of 8:33 x 10° ms'. Find the radius of
g) wi
Now the external pressure is allowed to decrease gredually by openn pa's)

g the | the particle:
release valve: When the external pressure and systolic pressure p, bhe P ———

y com jon: s . ’ ", !
equal, then at this point the first surges of the blood flow through t: i@’!ﬂ-—g ta: Density of protein particle=:=1246kg-m
narrow stricture with very high speed- This fow occurs in ¢, Given C2==

rbulens F?TM';; of viscosity of water=n=8-91x10"Pa-s
manher- In this way, the systolic pressure of the Person is recorde Ly
Now when the external pressure decreases further,

Iel na p-‘ essure b‘:om |.l I : 'c “1/ sec
! es Cqu’df to the d;‘a

Termin
then a stage comes o d:
stolic pressure- At Eg&t’lﬁi
this stage, the vessels become fully relaxed and the
curs in steady state- j-e

'.‘ Nayab Physics Notes - 1" Year

ticle=r=7
flow of blood o Redius of the parti
in laminar form- The gurgle in the stethos Caleulation:

_ 289r? Fia v, N
cope disappears- In this way, the diastolic pressure is recorded- We know that, v, = 9n 209
A Putting the values in equation (1), we get,

, 9X8:91x10° x8:33x10° _667-9x10"” ,
) Solution of Examples & Assignments\ e 2x1246x9-8 24421-6

mﬂ > 120-0273x10°m? = r=y0-0273x10"°m’
-]
2 rz0-165x10°m o L =1-65x10 r_n_]
e radius of smail fog droplet in air is found to be 5-1 x 10%m

) ; EXAMPLE 6-2: }
7:: coefficient of viscasr’tz af'fm’r is 19 x 10° kg/m-sec: Find out A garden hose of inner radius 7:25c¢m carries water at 2:60m/s
the settling speed of the droplet in air- =

The nozzle at the end has radius 0-30cm- How fast does the wa-
Solution: Ler emerge out through the nozzle?

Given data: Radius of droplet=r=5.1x10%m

Solution:
Coefficient of ViSCosity=n=1-9 X710 kgm's” i
] == M vd. >
Dﬁns-‘ty of water=§ =703f13/m3 Rﬂdiug of gardgn h058="r}" =71:25cm=0-0125m
Required:

Redius of the mozzle="r," = 0-30¢m = 0-0030m

Settling speed of the droplet=v, =7 Speed through garden hose

Calculation: Required:
> 2 ===
We know that, v, = 259" (7) Peed out of nozzle="v," =7
o Cleglaton;
Putting the values in equation (1), we get, ¢ equation of continuity is
[2x70°x¢ 8x(51x10¢ )] A=A, S
= v, = - m/ sec e k Ve ()
Ix1.9x70°3 "W that greq- wpl
= v, =29-8x10%m/ cer — b’f =2-931?0'3m/sec] A=n,
——-—'-'_.-'--F.".

2
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50 equation (1) becomes, ; - flowing smoothly through a pipe: At one point the pres-
ariy, =wrdv, = rv, =riv, Weter ‘3 .2 kPa and the speed of water is 2m/s- Ulhile at anoth-
72v ure 15 .3m higher the pressure is 3:7 kPa, at what speed is
= e 2 2 r poin v . h h this point?
rz 3 water flowing throug P g
Putting values in equation (2), we get, | the —
N (0-:0i25m)? x 2-60ms” Solution:
2" a:
(0-0030m)? Given data - 33.2kPa = 33-2X10° N

b =;rR

i”’::::,, 2.,=3.7kpa=3-7x!03Nm'?
res S -1
dpeed OF water="vi =2ms,

4 -0m, Height="h'"=2:3m

Hence

The speed of the water from the nozzle is 45:7%m/s-

—

Jught= " 3
The heart pumps blood into the aorta, which has an inner radius of | pensity of water= "8 =1000K9m
7-Ocm- The aorta feeds 32 major arteries (each have an inner re- Required:

dius of 0-21em)- If blood in the aorta travels at o speed of | Speed of water="v,”=7?

25¢m/s, at approximately what average speed does it travel in the Caleulation:

arteries? Assume that blood can be treated as an ideal fluid? 1e know that the Bernoulli's zquation is given by,

T ;
peLlovi+igh = P+ 50"’.3 +8gh,

Solution:
Given_data: I o g .
Radius of aorta=r,=7em=0-0im R =2 cov:=h+ 3 ov; +0gh, = P, - dgh.
Speed of blood in aorta=v.=25¢m/ sec=0-25m/ sec 2 I - ™ e
. = y == P+—nv,‘+ogh.-P_.'-“_11r; =
Radius of artery=r, =0-27em=0-0027m B 2 |
Area of cross-section of aorta=A, =xr’ Putting che values in equation (7), we ¢rt.
Area of cross-section of 32 arteries=A,=32nr; »'.=-2 (B2AI0 ), '.a,.u'*-:‘)+(7-9’,?".‘f5"0_'-r I7x10 1-(1000x38x2.3)
S’ ikl

Required:
Speed of blood in artery=y, =7

Calculation:
From equation of continuity, we have,
Av, = Ay, = ar’v,=32zrky,

R 2
= nv=32r;v,

2
= V= 1 (1)

- 2
L
2

Putting che values in equation (1), we get,

_[(o-01)*x0-25 =
v, !32(0.0027)2 m/ sec=0718m/ sec

= | v; =078m/ sec

_—__—”//

D V224107 (32:24i0 )#+(2X10 \+0~(3 3410 )-(2257
= ,=2X10° x10°[33:2+2- 5 3-22:5]=2[ )4

" L 2 710 = kilo
=18Em” / sec .
% Vs F) ? [ fr.2m” / * = Pascal
v 18- 8mP see Jvy =N15-8m" /< FES T
Z v Y BN sec — [T.h-"‘Tfm/mc | Approai
-‘--‘_‘--‘._ Sk T _—

“?:
N s flowing smoothly through a closed pipe SYSCem” At _
POn: the speed of water is 3ms’, while et another point i .‘ngh;
e, the speed js 4ms At lower point the pressure is 80 kPa- Fine

the o
St ot the upper point:

orne

e
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Solution:
Speed of water at one point of pipe=v, =3m / s,
Speed of water at other point of PiPe=vV,=4%m / se.
Initial height=h, =0,
Height at other end=h,=3m
Pressure at lower point
=P, =80kPa =80x]10°Pa = 80 x103N / m?
Density of water=5=1000kg/ m?
Required:
Pressure at upper point=p, =7
Calculation:
We know that Bernoulli's equation is given by,

. £, B
P,+Eov,. +3gh, =P‘,+Ebv§+bgh;

2

7 &
= B *50vi +8gh ‘35*’5'593&

(1)
Putting the values in equation (7), we get,

sy [ :
F=(80x10° +L5xzcrnxfj+(zacvx93xq : {{% *?m#an'l7OOOx9.8;3}

=5 F;=[(&ouoﬂ+{§:ro’)+o-(3uo’)—{29-4”0’}}\!/#

=

F,=10°(80+4-5-8-29-4|N / n? =10°[47-1|N/ ni

2 1107 = kil
= !& =47v?X?03N/m2—l or |P,=47-1KPa

EXAMPLE 6.4

A cylindrical water storage tank has a horizontal spigot near the
bottom, at a depth of 1-2m beneath the water surface: (a) When
the spigot opened, how fast does the water come out? (b) If the

radius of spigot is 6-0 x 10°m, what will be the volume flow
rate?

Solution:

Given data:

Height of water in tank=},= 72m
Radius of spigot=r=6.0x10m
Acceleration due ¢o gravity=gq=9-8 ms”’

_ 26 Hluid Onamics - 373
e =y=7?
- ; 5pe¢d' of water=vy =7
. (i)
ir‘;d' ( “\V =

flow rate= -

" Year

ﬂ,yi‘_’fjm'g to Torricelli’s theorem, we have,
! ; .
s —"

he values if equation (1), we get,
puttind %TW = /2352 =4:85m/ s

T-4-85m/ s¢¢

=2

{UW‘ know that: v

L S e
ﬂow rate= AL Av

Yolume :
AV o artv —(2 A=nr
o |ues in equation (2), we get,

Putﬁ-'?? the 8¢ 2
:‘_!:[3-?4‘(6”0-3) xq-gs}m"‘ / sec = (3-14 x36 x10° x4-85\n7 /sec

At
AV 543.2){]0'6”}3 / sec =548 x10"m’ / sec
sy S8

At
3 ;3_1/_'=5,qu}"0'4 m3 / sec
At

Lt
TENSION EXERCISE: |
W@ot points upward, how high does the result-

Sol: Speed of efflux=V =4-85m/ sec
Height of resulting fountain=h=7
We know that,
V=J2¢h = V?=24h
X _(4-85) _235 =g
i h-—‘?_g i 2x9.8 196 :’m

e ——

A tank full of water has a (small) hole near its botto-m at a .
depth of 2-Om from the top surface, which is open to mr-?what
‘Iﬂ!’-‘..‘&'_‘_d_of the stream of water emerging from the hole:
%‘@g:

%:

Depth of hole= = 2 m
\h
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Required: & o phys =
Speed of efflux of water=v=7 nll —A;z,z-f'ﬁ;é' © A
Calculation: According to Torricelli's theorem, we have r ! Jues in equation (3), we get,
V=\29h ) ;o pytti™d e 2x9-8X04
Putting the values in equation (1), we get, L0 3?4110" J;;"'z_?_?x?ﬂ")z -(0-314 x107 )?
b= 2x9-8x2 m/'sec =(\f.§ﬁjm/s“ ’ J 7.84
= [V=63m/sec| ¥ us[g-,‘}ﬂt‘xfo' J;"_.;{o-s-o.rxro-s)ilrn/ sec
—& e o
A venturi meter measures the flow speed in the Pipe* Suppos > U* |03’ (16- 01)x10° h=12m-0-8m
ter flows through the pipe with cross-sectional arg: G 0:314 x10” 7 £ ]m/ sec i
0-007257m°, if the throat has an area of 0-:000374m?, and :F 2 U? }6’{
fluid heights in the vertical tubes are h, = 1-20m and b, ; 0-8;; Ly !,0 3;4\{5? ]m/ sec =(0 37“"2 3)m/ sec

(e) Find the gauge pressure P, and P,- (b) Find the flow speed in
the pipe-
Solution:
Given data:
Fluigd height=h =7-2m, Fluid height=h, =0-&0m
Cross-seccional area=A, = 0-007257 m?,
Cross-sectional area=A, = 0-000314m?,
Density =5=1000kgm™

Required:
(a) Gauge pressures- F.
(b) Flow speed=v, = ?

aide P, =2

Caleculation: (a) We know thar, P =y
= £ =dyh (1) (1o =47
Puttin, the values in equacion (1), we get,
P-;?OUGU sx7 ”‘]/a—m;c,a
= =176 x10°Fa -11-76 rfa -~ AN
_“:;m.,'_ rlu Fi -
r"u:tmg the . T edUi 2 (& g2
=[7000x9-8 x0-E0|Pa =7~ 470
— Pj =764 "a
(b) For venturi zter rejac -r
.--"'—-"

o M=0'722M/S£C
__,.—-'-"'—-_-—__
uri meter is measuring the

00387,

d to it- If the pressure difference is meas-
£ the water in the pipe?

flow of water in a pipe having

nt '
; ::-scct:onaf area of 0° a throat will cross-sectional area
(ro
of 0-00031m7° is connecte

ured to be 24 kPa, what is the speed o

Solution:

Given_data:
(ross-sectional area of pipe=£, =0 -0038 m*

(ross-sectional area of throat=Fh, =0 00032.7!
Pressure difference=F, =P, = 2:4kFa= 2.4 x10°Pa

Density of water= 5=1000kg/ m’ = =10%kg/ m’
Required:

Speed of water in the pipe=v=7

Caleulation: |

ou erms of pressure differ-

We know that speed of water in a pipe N ¢
e is given by,

oa, [2CP-R)
oAt -A2)

=>v,=o‘ooo3,‘ 2x24X10
\?O"'_(O .0038)* - (0" 7-0-00031)
"“'N...______ __-—__-________________________._—-—-




(V¥ 3

) Wy’
Vo= . .l 2.4 a1 "4"'-'(;’)
o.E
s O=00037 : : -
\(r4a10"-0.00961 %107 )
_ ¥ 8 4 10
V= 0-00037 : r 0-00037 &
\70 (1 %-0:00961) Y r3s

Ve 00031, 3 451 10" = Qo Ot703?\3‘f5 A ’!(J"
U =Q0003" 870" v395 = 0-031x5:9m / sec

Ve 18m/ se

tom surface at 150m/s?

—

What is the aerofoil’s lift (in Newtons) on ¢ wing of ares 88w
the air passes at speed over its top surfoce et 280mss and pes.

Solution:
Given data: Surface area=A=88m*,
Speed at top of wing=v,=280m/s

Speed at bottom of wing=v,=150m/ s
Density of the air=o=128ke/ m*

Required: Force =F =7

Calculation: (Ve hknow that, P.—essur¢=r'"“ = B=P. =£
Arez =
= FeA(P-P,) )
Fram venturimeter, we have,
p—ﬁ:i Fal w o d
3%% ") J 2)

Putting eguation (2) in egustion (7)., we set,

3

i’rﬁlé—ﬁ(\-_“ -vi)
Pa:trrg the vzlues in equation (3), we get,

- r ra d 27

F=88 'E‘r'-:\.'?‘i:.’:.?O}‘ -(750)° N
= F=5632(78%00- 22500|N = 56-32 (55500)N

= F=5632155900N = 3198288N
= F=3748288 x10°N =3-2410°N = [Fs3.2470°N]

L

—

o designed so that the speed of the wr P

- ehe wing is 290m/s when the tpeed of the air below
~ I-.‘
g 15 m/ s The density of the air is 1-28kg/m’ Whaet is

of aree 29-0rr'7

ot
e ven data: Speed below the wing=y, = 215m / as

(;Jy‘f"ﬂ ¢

2 of @7 ;b:

joort © f ss1.28kg/ m’, Area of wing=24m’
of @il ® !

n sty ©

© e LiRe force on wing®F =7
(rés:

ve the wing=v, ~290m / sec

Rogt
rokulation:
s e that,

Force -pP ==
HSSJ"‘S;:: :9Pr F A

| [ ———

neurimeter, we have,

W ¥
7)

fram ve

g
p.p. ::?-D(V;‘,'Vf)

(2)

fietimg equation (2) in equation (1), we gec,
(3)

§iG. .

FzRx —(v; -V,
a1 8103 -7)
binrg the values in equation (3), we jet,

Fe24x "ig "(240) -(215)* [N
= £215:36(57600- 46225] =15-36 x 11375N

- =17 lFet.72 215 nF |
> F=I74720-0ON =1-7Sx10°N = [F=1-75x10°N
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Choose the best possible answer:

1. For substances that do not flow easily [like in
Eher e Value for the coefficient of viscosity- ey] bey
a Low v b+ High ¢ Zero d- Negatiy,

2. A unit for viscosity, the centipoises, is equal to which
following? of 4
/ a- 10°Ns/m’ b+ 10*Ns/m*
¢ 10°Ns/m’ d- 10°Ns/m?

Sol: We know that,

—d_ | centfpﬂszS’Io-J Pascal-sec [?PﬂSCﬂ.’=?N/;;E]

= 1 czntx‘paises=?O'J(N/m’)-uc

=5 Funts'pa:se=10"’fd-sec/mﬂ
S0 option (a) is correct:

3. Stokes law is applicable only if a body is mov- [————x
ing through a liquid with slow speed and Foeey |
has...shape* !
a* A cubical v b+ A spherical J
¢ A rough d- Any |

Sol: According to Stokes law, ’
- =6tnrv________ (1)

In equation (1), “r” represents the radius of s
spherical body, so option (b) is correct: r——

4 The net force that acts on a 10-N falling object, when it ¢
counters 4N of air resistance is:.. |
a ON b 4N JSc 6N d- TON

Sol: In given figure, the weight “w” of the object is acting 4"
ward while force of friction “F,," is acting upwards so 1
force is given by’

Fre=w=F, =10N-4N = 6N
So equation (c) is correct-
5 reathl

-~ a,.

j Exercise \

A skydiver jumps from aq high-flying helicopter: Before
terminal velocity, her acceleration:

_// |

s Notes - L TEX Cho:6 Flud Dynamics - 319
redse v b Decrease
3 m‘mmn the same d- Is zero
g Re { that terminal velocity of ar objact is given by,
y we K7
9" m (7)
k. &anr )
ation (1) shows that for terminal velocity, we take value of
5:4: equan" *‘9‘8”‘»'/5&62-
. “_,m,-'na! velocity the acceleration of a falling object is:
g & 0 ms* b- 7 ms?
Ja,g.g ms? d- +9:8 ms?
;uord,ﬂg to gquatx‘on of continuity Av = constant- This con-
?-

stant I3 gqud‘f to:
g+ Volume of fluid b- Mass of fluid

¢ Density of Auid v d Volume flow rate
According €0 equation of continuity, we have,

Sol
3V _py = constant (7)
At AV
In equation (7) — represents the volume flow rate of a fluid-

So option (d) is correct:
gt the constriction in the cross-section for ideal flow, from

equation of continuity it follows that, the speed of fluid is:
JaGreater b+ Less ¢ Same d- Zero
Sol:Aecording to equation of continuity, we have,

T
Av,=F v SV, 3 (1) /%
Due to constriction, the area of | v, As
cross-section “A," of the pipe =
decreases: Now according to equa- | A 'L
tion (1) when “A," decreases, sl
the speed “v,” at that end increases: So option (a) is correct:

9 As water in a level pipe passes from a narrow cross-section of

Ppe to a wider cross-section, the
Pressure against the wall:
Va Increases b+ Decrease

SuJ-J f‘m"fﬂs the same d- Is zero
—We
“"“*—ﬂfkat' Ay, = Ay, I
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_Av
= Vv, = a
Equation (7) shows that
greater the area of cross-
section, smaller will be
speed of the fluid and vice
versa- As in the given fig-
ure, “A," > “A", so
speed of fluid in the wider
region will reduce: Now
Bernoulli's

h=dm

according  to
principle, when speed of fluid decreases, the pressure of
that region increases: 50 option (a) is correct-

10- A 4m high tank filled with water is drilled with four idsp,.
small holes at Im, 1-5m, 2m and 2-5m from the bott:::m
tank, the speed of efflux will be greatest from the hole at: g
Ja Im b 7-5m ¢ 2m  d- 2:5m '

Sol:Height of tank=h=4m

Let h =im from bottom, h,=1-5m from bottom, h,=2m f

bottom h,=25m from bottom ’ ’

Now speed at 1™ hole is given by,

]| N )

= v,=/29(h-k) =\|2X9-8 x(%4-1) m/sec

Similarly, for 2" hole, v, =|29(h-h,)

= v, =2X9:8(4-1-5)m/ sec >|v,=7m/ sec]

Similarly, for 3 hole, v,=\29(h-h,)

=mm/5ec

-

Now for 4** hole, v, =\29(h-h,) =2x9-8(%-2-5)

-

As v, > v, > v; > vy,

So the speed at height of Im from bottom of the tank will be

greater: 50 option (‘a) is correct-

17- Venturimeter is a device used to measure the:

fluid

4____..---""""....

i _--_-.u ALY ™ T LT '

f_"g.; b UlSCOS:tL—' of flud
M A€ Auid d- Density of fluid
16 7P pe has a cross=sectional area of 0-0001m? in which
fowing at 10m/s: The volume flow rate js: ‘
v b 0-001 m’/s
y 0000 d- 10-0001 m’ss
N 0-0001m’, speed =v=10m/ sec

gf:ﬂrcﬂ‘ow ol e given by,

Vel AV . p.0001 x10
A Y’

”\‘5,0.go;m3/nc, so option (b) is correct:

A sufficiently high speeds the flow of viscous fluid becomes:
3 Htuncx\'pecte e Bhrear T
d Non-viscous e Tarbiiledt
The water i the tank is 10m above the leak point: The speed
i with which the water emerges from the leak is:
g 10m/s 7 b T
[ 194m/s d- O-Im/s
Sl w=10m, speed=v=7

g ve ;’2_9§ < J2x9-8 x10 =14m/ sec =v=14m/ sec
\ -

$y option (b) is correct
1§ When the radius of the artery is reduced, the blood pressure:

o Increased J b+ Decreased
¢ Remain the same d- Is zero
Sol:From equation of continuity, we have,

Av, = Ay,
r 2
2wy, =ardv, SRV RV, [A=ar 1
2
_rl' vf
2 Vf'r_z —(1) Al A 5
2 — l »
r - \ -—-*
rqudtfﬂﬂ (r) Shows that When : » i Artery
| Aorta
ndus “r," of artery is re-

duced, velocity of blood in artery will increase: Now according to the
the pressure of

Brnoulli’s principle, when velocity of fluid increases,
Muid decreases: Thus the pressure of blood in artery will decrease if

its . i .
radius is reduced, so option (b) is correct’
.‘-ﬁ_'-——

A
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Z Conceptual Questions 5

Give short answers to the following questions:

Qi From the top of a tall building, yaum
balls, one filled with air and the other i

Whicy, bel

with water-
reaches terminal velocity first and why?

Ans. When we drop two table-tennis
balls from the top of a tall building
such that one is filled with air and

the other with water, then the ball
filled with air will

terminal velocity first-

Reasons and Explanation:
Consider two ball such

Ball
filled
wilh air

: = il
reaches to fts

Ml wp

that one is
filled with air and other is filled
Now we know that the dragging

with water as shown in the figure
Fo=6mnrv (7)

force is given by,

“\“]

' ow As a result, the squirrel gains its
oW

- ground Thus it lands on ground in safe

) Cl'_lpb Flud f)gnumt'_cs_f 323J'.|

tion:
d_Explanatio -
. & the terminal velocity is given by,
tha

"“-“ngw
& GEN—— (1) (}
Vr s 6nqr ) ’__.—“—-}
1) shows that the terminal ‘]V —
fquotio” f a falling body dePcndS. UPU'” / .
yeloci®y o'.g- greater the mass, high will \.G
jbs mass’ !

: d vice versa-
nal velocity an
. tgrml'ﬂ'a
be 1E$

(Y

he mass of squirrel is less than the
Now the

A
1
f man: Also when it jumps from
- t falls down with extended
1

I
Large surface area s

exposed to dragging foree
”1‘ tree,

nd tail- Due to less mass and ex-
legs @

ded legs its terminal velocity remains
tende

terminal  velocity  before reaching the
¢

Now when velocity becomes terminal vel
vev. and F, =

50 equation (7) becomes,

w=6nnry. = 6nnry, =

_ow
B T

Equation (2) shows that the ¢
rectly proportional to the weig
weight of the body, greater

ocity, then we put

ht of the object: e greater the
Il 'be its velocity for attaining termin:
al velocity and vice versa: As the ball“filled with water is more
heavier than ball filled with air 50 water filled ball will take more
time for attaining its term;

take less time for attainin

g its terminal velocity: Thus the ball filled
with air will reac;

tts terminal velocity first:
S vV,
Q2: Why can squirrel jump from a tree branch to the ground

s Co

————
and run

Ans. A squirrel Jumps from g

tree branch to the ground and ruf
- ___-———-_-_____

| nd sound conditions:

erminal velocity of the body is d- |

nal Vefofit:y while the air filled ball will

N could break a bone in such a fall?

On the other hand, the mass of the man
is greater than the mass of squirrel So

its terminal velocity remains high due to

Less surlace arcans exposed.
to dragging torce

its heavier mass: So when the man jumps ity before reathing
from the tree he cannot gain its terminal velocity be i

' ‘ ng round
the ground- As a result, he feels great pain while landing on g
due to accelerated motion-

L b opening a '
@3: How does the terminal speed of a parachutist before ope

? Why is there
parachute compare to the terminal speed afterward? (Why
a difference?

e e
" ening the para-
fins: The terminal velocity of a parachutist before opening the p

' ¢ ‘nq' the para-
thute is different from its terminal velocity after. opeming
:‘Iuteu

Reasons and_Explanation: £ the fall
¢ dragging force depends upon the expose surface, a.r‘i‘i_f_-;--—-"
"""‘--_____ b -




w
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ing object: j-e: greater the exposed surface a

er will be the dragging force and low will
and vice versa

Case-1: Now when the parachutist js falling
down without opening parachute, the exposed
surface of parachutist to ajr resistance s
minimum: So the parachutist experience less
dragging force than its weight: Thus it posses
high terminal velocity as shown in figure (a)-
Case-2: When the parachutist is falling down
with open parachute, large surface areq s ex-
posed to air resistance- As g result the para-

trooper experience large dragging force and
hence posses low terminal veloe
figure (b): Thus there is o di
minal velocities of paratroope
the parachute and after open
ues of dragging force-

- w
Figa: Parachuiig

Tally "
Opening parache | 8 Wik

1F,

?
)
1 t
1y t
ity as shown in
fference in ter-

du

Fig b Paracn
pen parachute

wling 1y

falbnig w iy

r before opening

ing the parachute due to different yo-

Q4: You can squirt water
thumb over the end of a
ly

Y placing y_a:r-
garden hose, than by leaving it complete
Uncovered- Explain how this works?

Ans- Uater Squirt with greater distance by
Placing a thumb on the end of garden hose
than by leaving it completely uncovered-
Raa_sons__aﬂdjfp{egaﬁfoﬂ:

According to the e

quation of continuity,
we. have,

- HIVF

Hv,-ﬁzv‘,:sv =T (7)

that opening: y.g.
section of the op
tpeed of outgoing
.

smaller the areq of cross-

€ning, greater will be the
fluid and vice versa:

e

D

— T ear - Chp-6: Fluid Dynamice 335 |
rec Nptes = ! "= = . —
h 5iCS
@TI laces our thumb over the end of , garden hose

: 1%
we P
Now when | area decreases: As a result the speed of outqoing wa-
ona :
55.,¢ct10 In this way, the water can be Squirt over a greater
ses”
incred

Jlst"m:t.

S s S

does smoke rise faster in a chimney on q windy day?
05: Why 4o
x

moke rises faster in a chimney on q windy day due to
The $
fins*

in pressure inside the chimney and outside the chimney-
e in
dr\ql"m:

ons and_Explanation: v.op
Equ'f, s resents the ve- > — — b amevin
et ay" rep esid o —_— — whul
. side
3 wind ou
locity  ©

chimney and “v," repre.ser.:s
the velocity of smoke m“s; i
the chimney: Let P,
represents  the pressure“ of oy
fist moving wind and P, Vi< V.1
the pressure of
smoke inside the chimney-

Smoke hav g
selowiy Voang

pr
Pressmg |

represents

|
L
Now when wind passes over L

the chimney with high speed *“v,", then according to Bernoulli's
theorem the pressure “P," in that reg

the speed of “U.,"

pressure “P,"

ion remains minimum- (W hehe
of the smoke inside the chimney is low, so the

inside is high as compare to the pressure outside the
thimney- -
whtﬂ l"";’V_ ! and Ipl )P' )

Due to the Pressure difference, the smoke rises in chimney faster

o windy day, j.e- when wind are
R

moving fast over the chimney:
%: Two boats Moving in parallel paths closed to one another risk
tolliding. Why?

: ETEﬂ 2007 =

a"l!‘ TWO bO

ats moving in parallel path closed to one another risk
Cﬂﬂfd,'n’. It is d

Outs; ue to pressure difference between the two boats and
Uside tp, two boats.

\
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S| [ « clear from the figure, that

N\ x _
i>P;@PI\

ball 1s moving from left o nght

High Low Hio 1 )
Pressure = P, Pressure =P, Pr':'::'::f:re-_-p‘ Now it lbaw the ball will passes with
ghe @ir : od v 1t is because the
e a V, >\,
yeatt "_’;n o the ball and motion of ;
] . ;
spi para”‘" While the air below
par : i low speed
L e O will passes with e
N At q,ﬁ;ﬂﬁfw i ¢ is because the spin motion o ,
QAT WP High speed of wat N P! o - i+ are opposite in direction: In this wa
boat V" V" between “nﬁ:::r--&\l?‘f‘” ;,r pall and motion of ai PP I Y
1wo boats B the

Jifference exist on the top of ball and below the ball such
'}

[ Vi>V, and P,>P, or P, :-?'

Reasons and Explanation:

When two boats are moving parallel in water,

the water betwee
the two boats is moving with high speed “vi," While the wate

present on the other side of both boats are moving with low sped
“v,"- Due to difference in velocities, a pressure difference exists be
tween the boats and on other sides of the boats- The pressure “Py
between boats is minimum and pressure “P,” on the outer sides of
the boats is maximum- So both the boats are push towards low
pressure region i‘e: towards each other- In this way risk of colli
sion between the two boats increases due to pressure differente

According to Bernoulli’s principle, this differefi.e 1
en by,

L

7
P-Py=58(v3-v)

e—

Q7: A cricket ball moves past an observer from left to right, spin

-=essure 5 4iv

Fuswn
that V27 Vi
Now according €0
given by'l
p-h=30 (V)

¥ o lgtas oE
- wegai-vi) = 5738 vi) [*P .41

Equ&ion (1) represents the force which gives an extra curvature Fo
the cricket ball and as a result the ball will be deflected from high
pressure side towards low pressure side- Thus the ball will move
way from the observer:

and P,<P, or P.>Py
Bernoulli's theorem, the difference in pressure is

@: If aerofoil lift the aeroplane in upright position, how do the pilots
Meke the aeroplane’s fly upside down?

fns: The pilots make the aeroplane fly upside down by increasing the an-
fle of attack by pointing their nose up or down:

ning counter clockwise: In which direction will the ball tend to def

!ﬂct? EEESTRCE -

Ans: When a cricket ball moves past an observer from left to rights

spinning counter clockwise, then the ball will move away from P

observer, due to pressure difference above and below the ball
Reasons and Explanation:

Let a cricket ball is moving with velocity “v" from left to T ight
spinning counter elochkwise as shown in the figure: 5y

and

Reason_and Explanation:
To fly upside down, we need a wing which is designed in such a way
thet it can still provide lift even
:t::: &inverted- On a conventional
teu| the. aerofoil is curved on
ersfdp?cr side and flat on the un-
the ":Jp!:r such a case, the air over
Pare ¢, thﬂws.mam quickly as com-

€ air below the wing: The
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difference in pressure gives the wing lift upwards.

The wings of aerobatic planes are
curved on both upper and lower
sides: With this symmetric design,
the plane can fly either normally or
inverted- The pilot can flip from
one to the other by altering the
angle of attack: The angle of attack

with the aircraft engine and thus
tion-

8mics

> R\-fcrcr\“‘ Ie on Wing

Angle of €=
attack

is the angle between ¢,
ing air and a reference line on the wing: The angle of attack ta
crease the lift as well as the drag and thus provide more +

keep the aircrafe in safe

Direciion of air o

Flow-

nin
hrast
tondp

@9: Why do the golf balls have dimples?

s T

Ans+ Golf balls have dimples, so that
high and can travel larger distance-

Reasons and Explanation:
Consider two balls as shown in the

can move up in the ar very

—

Layers of arr

passes smoothly
m with greater speed

Year Chp-6: Fluid Dynamics - 329 |

=
~Physics NOIES
Nage he consumption of fuel:
force and the
’f'ﬂf

and _Explanation:

st :
R!’S_g-;-ﬂ-” 3 tr‘u“k s mov-

- d)
n figure ( y without hav-

highwa .
g N

h nd deflectors: The air
ing W

ot passes smoothly over
ann ¢ and as result the

A
d——-—- Air cannot passes
- I smoothly and cause

greater ar resistance

the truc L i
sl facas larger air resi

r ”

rance:  Thus the engine of
(]

Alr passes smoolbly
and causes less ar
¢sistance

the truck needs to do more

work against air resistance

ad hence consume more

Fuel (b) truck is Fig b: Truck with wind deflector on top of their cab
a

In figure

moving on highway having

wind deflectors on the top of their cabs. The deflectors enable the
ar to pass over the truck smoothly: As a result, the truck faces
less forces of friction of air- So the engine do less work against the

'— Ball without

ﬁguu' diumples

Figure (a) represents a ball
dimples (&)
represents a ball with dimples- In case

: Fig (:
without while  figure ek

e b low air resistance and thus consume less amount of fuel- Thus by
of ball without dimples, the air passes f}‘-r»tiullr:\ll”i}w-! using wind deflectors on the top of truck cabs reduce the consump-
Smoothly with greater speed- While in | vith tion of fuel-
case of ball with dimples, khe G b RN .| 3%

bends more around the backside of ball turbulently o .:

a thin layer of air clings to the surface of the bal,
which reduces the drag force-

to d:'mpfes-
In this way,

“--f_./?{,i.lﬁ.‘.:ﬁ.u'".}ﬁgfulr’"'q-d;ﬁ?-'-/"’ S

“Fenpsf 10 T S22 S P £ 5, u"”z":_:-df- e @
Suap e hfun e e g o i Suboos e i @
"-{—CE.’l‘f.(wqulupl;,rﬁ-_wurL;r.;.;gidba”q_df e ®

Due to reduction of draaging force,

the golf ball cannot be slowed down easily: As a result, the golf tal

moves up in the ajr easily and

travel larger distance as compare to & ;
ball without dimples-

I
Q70: How by using wind 4

eflectors on the top truck cabs reduct
fuel consumgtz’m? -

Ans- By using wind deflectors

SN

—

on the top of truck cabs reduce drig”
——-.-..-

\_
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Q1: What is viscous drag? State and explain Stokm

Ans+ See answer of question no 3 in the text-

Q2: What is terminal velocity? Derive mathematical oof———

atical relation for
terminal velocity by using Stokes law-

Ans: See answer of question no 3 in the text: N % v

@3: Derive mathematically the equation of cantr‘nuicy,_am

to the time rate of volume flow- How equation of continuity is bagy
on conservation of mass?

—

Ans- See answer of question no 6 in the text-

Q¥: Derive mathematical expression for the Bernoulli's equation
How Bernoulli’s equation is based on conservation of energy?
fins: See answer of question no 9 in the text:

QS: Using Bernoulli's equation, what is the speed of efflux from
leak at the bottom of large storage tank?

Ans- See Torricelli's theorem in the text:

@Q6: By Bernoulli's equation, how we can determine the speed of
the fluid in a pipe?

—

Ans. See Venturi meter in the text-

B

Q7: What is aero-foil? Explain aero-foil lift on the wing of an
aeroplane-

___.___._,_.-
Ans. See article aerofoil in the text: _

Q8: Use Bernoull’s equation to explain the working of engine “"
buretor and perfume bottle spray- R

Ans- See article engine carburetor and jet and nozzle in the text’

uﬁufiiuf"f&:u-‘r'i_fhr;_lzq_u,nyl,du_gr/,_@-_c;;}(yifd‘:d'-’-f

eI
—’_’_//

.
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)T\lumerical Problems \

/ﬁps of oil are falling' through air with steady ve-
(8 ﬁ’h:;.?ms"' The drops recombine to form a single drop, what
locity ©

he new terminal velocity?

- should_be
[ution:

city of single oil drop=v, =0-Im/ sec

radius = r

OéOO
Q000

Eight oil drops

" reprgunts the mass of each individual
" 4 “M" represents the mass of single
he combination of eight drops: S0 we

Let
oil drop N
drop after t
have,

NelBm o a0 (1)

Gimilarly, if “V" represents the volume of each
'r:::ffdua:' drop, then the volume of the smglfz
:Irop after the combination of eight drops is giv-

Single drop of
radwus “R™ after
the combination

en by,
V=8V

] 4 of eight drops
\ — e =8 — o
= 311R {31r j\
> R'=8 = R'=(2r)
= R=2r (2) o ‘ |
Now the terminal velocity of big drop of radius “R" is given o},
- - t’
Putting equation (1) and equation (2) in equation (3), we g¢
T il AL 4)
6mx2r 2| 6mnr
n equation (%) M9 = terminal velocity of individual drop=v:
énnr

50 equation (4) becomes,

" SV v =4y, (5)

Pl.lttfng thB Vﬂ’uﬂ OF “VT” ’-n equﬂt;on (5)' we 98tr
'-’::(ﬂfxo.?)m/s“ L
\___
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Q2: Water travels through a 9-6 cm diameter f£ire ho”h_
speed of 1:3 m/s: At the end of the hose, the wat,, ﬂo:'th '
through a nozzle whose diameter is 2:5 ¢m+ (a) What B e :
of the water coming out of the nozzle? (b) What diameter ,-:P"-é
is required to give water speed of 21 m/s? 022,

Out

Solution: B
Given Data:
Diameter of fire hose= d,=9-6cm =0-096m
Speed of water at one end=v, =1-3m/ sec
Diameter of fire hose at other end=d, =2:5¢m=0-025m
Required:
(a) Speed of water at other end-= v,=?
(t) Diameter of nozzle [other end] for speed of 2im/sec=d, =7
Caleulation:
(a) From equation of continuity, we have,

AV, = A, = rriy, =nriv, .[ﬁ= r:r"J

2

= vEgv] svsi )

2

d r,=% ‘
r,= o 59 equation (7) becomes,

d
Here r. =L
5 an

2
!
_‘f___f_ = d’ L) = dfv,

g E TR

v, =

4
Putt:'ngrthe values in equation (2), we get,
L, - (0:096)7 x1.3]
| (0:025)
= | V.=192m/ sec
(b) For speed -
Ngior

& —

Jm/sec=?9-2m/ sec
2Im/sec, the diameter of nozzle "da " s given by,

Putting the values in '
equation (3
d;_=(0-096)2 213 2 LN e
2 “‘_“——-——-———2? =d;=5-7x]0"

= d] =\5.7x10"

v I - ————— —
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__tank has dimensions 0-30m wide by 1-Om long by

fish

3 A ke 1 the filter should process all the water in the tank

0-60m g 3 hour, what should the flow speed be in the 3-Ocm
r

once ;:f_ ?nput tube for the filter:

diamé

Given _Pata:
gue= ;};;w=0'30m* Length of tank=L=1m
Width 0{ vank=h=0-6m, Volume of tank

peigh i va= L xw xh=(1mx0-30mx0-6m)

_ sv=0-18m’

7me = 3hr= 34 3600=10800sec
I

— 4¢=10800sec

ter=d=3:0cm=0-03m

Diame

RHU.’?CJ.’

Flow speed=v=7

Caleulation: '

We know that volume flow rate is given by, ‘ |

dY _nd?|
L. |Aa=nri=nl =| = ——|
]"RV l !\2 '\ 4 |
: 4 (A

1 ﬂ:ixV — ] 2[_"\_.“._(7)
At 4 N rdilat)

Putting the values in equation (1), we get, 100¢cm = 1m)|

> v 4 [o18

= \m / sec =0-02359m/ sec
3742(0-03)° | 10800 |

= |V =0‘024r7/_s¢‘c_] or [I./ =24 ¢m/ sec]

Q4: A venturi meter is measuring the flow of water; it has a main
diometer of 3:5¢cm tapering down to a throat diameter of 7-Ocm-
¥ the pressure difterence is measured to be 18mm Hg, what is the

$peed of the water entering the venturi throat?

§0f!‘_¢jg_n: 6;'!;3” Data:
.::,:t" of one end=d, = 3-5¢m = 0-035m
e i) ‘{F other end=d, =1.0cm=0-01m
Ure difference - P,-P,=18mmHg

3 pop .
1Py = (133« 18)Pascal = 2394 Pascal

\

ﬁmm -Hg=133 Pasca!i
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2
Area of one end=A, =nr? -‘-n%

_[3714x(0-035)) , _ ad: N .
- A’ﬂ « }m B A=zp, 4 Rc)q:;’“d of efflux of w"t”w:?w PO = milli|
2 (ﬂ' . d: il B ?
Area of other side= /-',‘2 = ﬁ = _3'741(0'0?) P (b) vawmc discharge per 18600 Ak
o -
= A,=7-85x10°m? s (aleulation’

Density of water=§=1000kg/ m? know that,

3 '~ (2) ulji\[z’?_ﬁ 1) [Torricelli’s theorem]
Required: Vi d, - S T
Efe_!oc@ oF Wikapmy 7 putting the values in equation (1), we get,

r - d

= g ia)n/ sec = U=16%6m7 sed
Calculation: ol (2758 x1%)
We know that the speed of water by venturi meter in terms i (5) We know that 7

pressure is given by,

= v =A
Volume flow rate=-——=aV
ersﬁ2 2(PF-P2) (7) AU d 2
3(A7-A2) a AV [ ) v

5 anrivim —}'\—"“ 2
Putting the values in equation (1), we get, 3; 4
na v
v, =785 x10° | 2(23%4) o W ——)
1000| (9- ¥y .. el L g .
\J [( S2%1D".7 - (IO X107 ) ] Putting the values in equation (1), we get,
= v, =7-85x10° _ 47588 AV 3-714x(6x107 )° X166
1000[92-6 x10* -61-6 x10™ | At 4
- =7"5‘5)”0‘5\2 & ' t_v=469-rzxrofm3 / sec tiee = acam
r 10°(92:6-61-6 x107 ) ~ (& S Im*® = (100cm)’
* 4'81{0‘ .M/ 3 = 3 ]
= v, =7-85x107° or — = 469.12 x10°° 6 3 =1m 10°em
' 1’___—(92'6-0-6'76) T x10° x10°cm” /sec
o s [#-8x10° _ 4.8 av o,
= v, =7-85x10 o708 “V1=785x10° x10° == 05y =0469¢em’ / sec
= v, =7-85x10"J0-05 = v,=7-85x10" x0.23 = 282 %923

in: What is the aerofoil lift (in newtons) due to Bernoulli's prin-
“le on a paper plane of wing area 0-0Im’ if the air passes over

:{'e top and bottom surfaces at speeds of 9m/s and 7m/s respec-
~ely? (Take the density of air as 1-28kg/m’)

10
= |v,=078m/ sec|

__-_-_..-l-
Q5: A small circular hole 6:00mm in diameter is cut in the side of

a large water tank, 14-Om below the water level in the tank: The

: o
top of the tank is open to the air- Find (a) the speed of efflix of ;.'_".*1@!3: :
the water and (b) the volume discharged per second-  ____— ’-’-?‘-qu?fﬂ: Area of wing=0.01m* = A=0-0Tm’

Solution: Speed

at z
“ap oF Wing=v,=9m/ sec

: . Spe d
i::t!g!z t_D_tJ_t_i: A m:tbelow the wing=y, =7m/ sec
iameter of hole= 4 = 2 : : ir= ' ’
Ole=d=6mm=6x10"m o S yafa’r'5=7'26‘k9/rn3

i




'.'M:u.:b Physics Notes — 1" Year - Chp-6: Fluid v T —— -
—— : - 1 yegr == ~ .
Dgnamlts 33 Nauab Ph su?_NOt?S S e — ‘:-"'F"_‘j_r Oscillation - 337 |

Required: Rerofoil lift=F =7

Caleulation: We know that, P |
Force w
Fressure= I
Area % D7
F
= “Po=— = F=R(F-P,
R-Pes (=) ) z OSCILLATION
From venturi meter, we have, :
il alaicel e —
R =5 -E.\(V_, -V J (2) o Define and explain oscillatory motion: Give examples of oscilla-
Putting equation (2) in equation (1), we get, sory motion

ns- Oscillatory Motion:

7 S B
F=r?-t—5(v_‘. -V ) ——(3)
2 ition: The back and forth moticn of a body over the same

: ; 4 Defin
Putting the V;”'U“ in equation (3), we get, path about its mean position is known as oscillatory motion-
=) rls . 2.72)=6" -3 - .
F 00?321?26’(9 7%)=6-4x707(87-49) E},ﬂgﬂg@:
= F=6-4x707x32N =20%8x107 e oscillatory [vibratory] motion can be
= [F=204-8170°N] or F=G-2048N or [F=0-2N ntiated when a body is displaced from
its mean position due to external applied . '
@Q7: During a windstorm, a 25m/'s wind blows across the flat roof of trce- (Uhen the external force s re- X |
a small home- Find the difference in pressure between the air inside moved, the body moves back towards its \
er home and the air just above the roof, assuming the doors Jarm’ nean position: On the way its velocity [Vemooter ’,.
windows of the house are closed (The density of air is 1-28 ky/m) increases and becomes maximum at mean l l‘
Extreme uostion)

position* As a result the body does not
stop at mean position and moves towards the other side of mean
position: On the way its velocity decreases and finally comes to rest
¢ extreme position The body then moves back towards mean posi-
tion due to restoring force+ In this way, the body performs oscilla-
tory motion about mean position-
Bamples of Oscillatory Motion:

’ Motion of a body attached to an elastic spring:

~ Motion of wires of a sitar:

" Motion of simple pendulum:

Solution:
Given Data: Speed of air=v,=25m/ sec
Density of air=5=1-28kg/ m’
As the doors and windows of the house are closed, so we take the
speed of inside air to be zero i‘e: put v, =0
Required: Pressure difference=F,-P, =7
Calculation: (We know that,
B-Py = 5(vimvi) (1)
Putting the value sin equation (T), we get,
B -P, =Hu-23(25’-0’)]~fm2

otion, vibratory mo-

Q2:
Define the following terms: Periodic m
lacement, amplitude

tion ’ 1
: * Vibration, time period, frequency, disp

A
ﬂ\“Mguency

= P-P,=0-6%x(625-0)N/m’
= [R-P,=400N/ m| or [B-P,=400P4d] "% 1. Period:
Motio “triodic Motion:

— wp“ted in equal intervals of ti

I

me is known as
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NG ;;,;ne simple harmonic motion [S-H-m]-

periodic motion )
2. yilg;ggg;y_ﬂfa_tfo_ﬂ-‘ m‘j ¢3: g:aw that motion cf a mass attached to an elastic spring ex-
The to and fro [irer back and forth] o () 5-H-M"

motion of a body atout the mean po- ' \ , “";”5;,aw that mass-spring system execute 5-U4-m?
; : . ¥ 0 —_—
sition is known as vibratory motion- In : ' [3;55 Abbottabad 2019 \‘

the given figure the motion of the bob K 8 ) 5,-,,,;,&_#_@[@@?_@,01@2_@;[5:H.'£?_’Fl-' ETEA 2010, 2013
Cpe poine 6 R, W .'Bob e .ﬂﬂf’ {:'an-::ﬂr_c type of motion in which the occeleration of the
through mean position 'O" and then MO—/’. Eﬂi;;;ays directly proportional to the displacernent of the body
from “B" towards “A" through “0” B A body 15 an position and is always directed towards the mean posi- ’

, ~ 98 ————1} o me ; :
represents vibratory motion F!fo'n gt ¥ simple harmonic motion [$-H-M]- i-e-
on |

3 Vibration: PRy R ¢ @
The complete round trip of a body about mean position is known g e negative Sign shows that the acceleration is always directed to-
vibration- In the given figure, if the body moves from “8" towsrds :d the mean position-

o . wan wpn wards e

B" and then again reaches “A" from “B”, then under such cond- o) Motion of a_mass attached to an Elastic_Spring:

tions, the adc'fy [i-e* bob] completes ane‘ vibration- tsider a body of mass “m” is at-
4- Time_Period: | B e dastic spring lying on
The time required by a bocdy to complete one vibration is known e s smooth frictionless surface as =
time period- It is represented by “T"- It is usually measuredin g0 = . .. figure- Point “O" ]

seconds:

S+ Frequency:

The number of vibrations in one second s known as frequency (OR)
The reciprocal of time period is known as frequency- i-e’ E“%’l

npresents the mean position or |°000000000 000 (&)
tquilibrium position of the mass: E | €™
MNow if we displace the body to- a8
Wrds right and bring it to point W (<)
" and then released, the body

N o A

The 51 unit of frequenty is Hertz or cycles per second:
FHzrt.v.=?cyd¢ Fsec=>1Hz= ?c-p-sl

Moves back towards mean position

f" due to restoring force “F."- In this way,
the

aOJS' begins ¢ b : “k" is called spring
Pasition “am 4 0 vibrate about its mean constant. Its value ‘!t?-

ly pends upon the physi-
smrady' cal shape and structure

and bh’ng

6 Angular Frequency: .
_Frequen 3

The number of revolution per second of a body is known @ ﬂ"f“m

frequency- If “w" represents the angular velocity, the? the angt

'f we displace the body towards left
ol it to point “A'" and then released,
s du: tmows back towards mean position .

0 restoring force “F.” In this way, the body begins to

\'lbr‘t 5
e about its mean POS«"tJ‘on “pm. Now the ,—gsfor.-'ng farce which

&ts o th
: e mass-spring system is given by,

ﬁr ,l“"""‘!:kx

of the material.

frequency is given by, |f = m‘?n

7- Displacement:

The distance of a vibrating body from its mean pesition @
stant is known as disblacement- It is represented by "X
& Amplitude: ool
The maximurn displacement of a vibrating body from med’ posi

15 known as amplitude- It is represented by “x,”: _/,/

¢ any _

e,
=2 Newton'’s 2% jaw, the applied force is given by,

e
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F = ma (2) (19)

i‘;"l:et::V:'PP"f"d R LT Pposite in d-recm |%;f;;fipusents the Frc‘?”’”‘y. of mass=spring system-
R — A s ey i, S o

G 4 fquation (1) and (2) in eqya®RaN3), we get, _mup:;aﬁi‘:sli be the frequency and w’c: ver:a. T TRE R
L —.-: {r %f;m‘on between 5-H-M and circular motion-

= a= -'\r—’j—;x (4) ;)Dls;:aw that if a particle perform circular motion then its

As |i| = constant, so equation (4) becomes (aaj“t;on executes S'H'M. i octi £ bieks Wil
m o) Show that motion of projection of a particle is simple har-
ac(-x)___X _W(3) monic motion’ —

Relation (5) represents the mathematical

¢ea 2009, BISE Peshawar 2017 —‘

fns: Consider @ body of mass “m" moving along a circular path of
wdus “r" as shown in the figure- _
Now when the body is at point “A", its projection will be also at
pant “A" When the body moves from “A”
wuards “B”, its projection moves from “A"

For complete roy m?\
form of 5:H-M- Thus the motion of a | 0=1 revolurion-=2x ridiad
body attached to an elastic spring ex- -
ecutes simple harmonic motion [S-H-M]- L
Time_Period _of Mass-Spring System: | a= —( = J Xx_____
ETEA 2012

A

Also a = —(0' )X {b)

We know that, Cm‘nmri““‘_‘lu.u;\—“——“ .tk 22 40" Similarly, when the body moves from

S=vtmt = s (6) we yet = " towards “C" its projection moves from
v " k k apn » upn,

Here we put, 5§ =0=24 , v & t = ¥ N =—=2wm= l-—-— 0" towards b y

%o watlion 26} bronsed m Vm Now when the body moves from “C" towards
- ey ‘A" through “D", its projection moves from
T =28 (7)

Z " towards “A" through “O": In this way,

the particle performm circular motion and its r ‘\
el e o
Projection executes S:H+M along the diameter

1 of the circle-

§ Yowin A0PQ of figure (a), we have,
sy = i

Put o = \[-{T—- in equation (7), we get,
m

T = 211:\1% (8)

Equation (8) represents the time period of mass-spring system

Conclusion about Time Period: Equation (&) shows that che tl:ﬂ: %

period depends upon the mass of the body attached to the ;pr-fﬂg We & T,

greater the mass, greater will be the time period and vice vers PUt:Ow that, o = i1 P i)
Frequency of Mass-5Spring System: |2 eauation (2) in equation (1), we get,

We know that,
7

f:?__—__ (9)

Putting equation (8) in equation (9), we get,

P Xz
: rCOS(mt) (3)

Juat; . 2 e,
Ng 'On (3) represents the displacement of projection from “0
“ in AOp

_—//
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= accele Fation

ﬂ |
cosB = 2 = a=~HAcosB of Projection |

(%)
= Centripegy) |
acceleration
Putting equation (2) in equation (4), we get,
a=Acos(ot)_ (5)

In figure (b), "“A" represents the centripetal

accele f‘a‘t;’an'
have,

50

¢¢ﬂtn'pg tal accele mtrm‘l
2 p |

2
Al (6)
r = a,

r

Putting equation (6) in equation (5), we get,
2

. cos(wt) (7)

2

a

We also know that, v = ro (8)
Putting equation (8) in equation (7), we get,
2 .2

cos(wt) = a = no? cos(wt)

= a=o’(reosot) (S)
Putting equation (3) in equation (9), we get,

The negarive sign is used
which shows that the a
celeration is directed 1o
wards the mean position
i, O

Year Chp7 Gsclllation- 343
-rapf"’“ “hy "o oand " by “T, 5o equation (74) be-
ﬂ:fa we _
1{”8"
5 '7} (15)
i & -9 s i =
L"—"“J.’i) represents the time period of T“ ”"r‘” =] .
gquat,'on ( = s B=l=con 0
pm‘,gctl‘{:‘;} abaut___ﬁf_ﬂ_?_ P—e-r_"gd: = sinb = I =¢os 0
pﬂﬁm) shou . that the time pe- | Also V =ro
¥ f:::' depends upon the angular speed of
(] -
the body" ie* cater the angu’fr speed, small V Zrn
- will be the time period and vice versa: | Put r = x
crquat:‘on (15) shows that kise Hims period Boes 2 ,
4 ::at depend upon mass of the body- UT’ o 9
Frequency of Projection: ETEA 2015 P =
& ool (16)
Pucting equation (15) in equation (16), we get,
F = .t_':.- __._(?7)
| 2

Equation (17) represents the frequency of projection n S-H-m-
Conclusion about Frequency: Equation (17) shows that:

(OR) [a = —wix (70)

Equation (10) represents the acceleraticn o” ;. . i=~+ion of the body

at any instant: In equation (10), w? =constar:

50 equation (3) = a = constant (-x)

= [a= (-x) (1)

Relation (11) represents the mathematical form of 5-HM, 5 th

motion of projection of a body is simple
harmonic motion-

Time_Period of Projection:

We know that, § = vt

= t=2

e
v

. on
In case of circular mote

we put S = 0

For one teip we Lt
H 1}

0 =1 revolution- n

radian

(72)
Here we put, S =0 = 2r =5 = 2

(73)
Putting equation (73) in equation (12), we get,

2n

v

b =

(74)

™

1 The frequency depends upon the angular velocity of the body
ire greater the angular speed, greater will be the frequency
and vice versa:

2. The frequency does not depend upon the mass of the body:

05: Find an expression for the velocity of projection of a body: in
SHM: (OR) Show that, v=w\r -x’
Ans If we resolve the velocity “U," of the body into horizontal and

vertical components, then we have,
V. = cos0 n

&V, = sino (2)

2?.'” We see that the component "W, s
allel to the VC’OCfty “ym oof Project{an, 50

We haye,
(3)

V= V
oy -—.-______-___'—__

in equation (3), we get,

—_ (%)

Putt; ;
';”9 €quation (2)

=V sing




[Nayab Physics Notes ~ 1™ Year

Chp-?: OSCLHGHC"L ~ 348

We know that, - g2 -
‘ e — b
sin® = T - cos* 0 (5) =sin" 0= ~cos'
And l/; =ro (6) H
Putting equation (5) and (6) in equation
(%), we get,
V. =r V7 - cos? 0 (7)

As we know that the displacement of projection from mean

POsitign
“O" at any instant is given by,
x=r¢asE}:¢cosO=§ (8)
Putting equation (8) in equation (7), we get,
X:
V= rm\Y - :
% W' rovr? - x2
r
= {E wvr? = £* ,I (9)
Equation (9) represents the velocity of projection of the body in
S H-M- ;

@6: What is simple pendulum? Show that

motion of simple pen;u_-
lum is simple harmonic motion [5-H mi]-

Ans: Simple Pendulum:

Definition: A simple pendulum consists of .
@ small heavy mass “m" [called bob] sus- ;
pended by a light string of length “|”
fixed with its upper end, as shown in the |
figure (a): :
Explanation:

Consider a simple pendulum as shown
figure (b)- At point “A"
the pendulum
the tension

T i tionless supporter

Inextensible string
n
the weight of
is acting dowqwards while

m lsolated bub

Wzmg=weight of bob Figla)

in the string

is acting up-

wards: Both forces balance each other and thus the simple pendulum
remains in state of equilibrium.

Now if we displace t}e bob from

point “B" through 4 displacement
-_____'—_'—-—.___

its mean position “A" towards

“won

x" due to external applied force

- Lnp-/ D‘sullctlcn:%;

“B" its weight “w" _'\\
L

components i-e:

/
/ ! Bnd
gs0Ve .

wweos)” balance the ten-
ngﬂt

; ; B
. the string while the comp

" 7 ::0" ;s directed towards the

§ W 1 ;

pert ws—;'on and thus it acts as restor-
ositi

meal P '

P force

i
;gfﬂpo

he

50 Wg havei

(7)

T = wCasO-"—_—-—_—.___
= Ws-'"’O

(2)
Newton's 2™ law, the applied force is given by,

& Fumorm
 according €0 (3)

Ne S G

Fop " and quM” are o‘,.-.;pos:'te in direction, so we have,

(4)

Yere “Frosearms

= 'Funaﬂ—"!
Ff’”‘equatfo” (2) and equation (3) in equation (4), we get,
Lin
o n:,j: -wsin 6 (5)
We know that, w = mg (6)

putting equation (6) in equation (5), we get,

psin® > a = -gsin® (7)

ﬁmw for correct time period, we keep the amplitude to be very
small- For smaller ar plitude, we keep "0 " to be very small j-e-

f <

Under such condition, we put sin® =0, so equation (7) becomes,
a=-40 (8)

Now according to the figure, the displacement “x"

Proportional to “Q ", so we have,
328 % = constant 0 = x =

0 equation (9); wp

q ="

Ly

(9)

#ing: Now from equation (9), we have,
=2

(= (70)

Putt; : w
" equation (70) in equation (&), we get,
Az, X
[

TR ey

SORISNISNSIREIN /)

of the body is

is constant which represents the length of the
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In equation (77), 2| = constant, so equation (77) becomes

a = constant (=x) = ax (-x) (72)
Equation (12) represent the mathematical form of simple &
motion, so the motion of simple pendulum is simple harmon;.
negative sign shows that the bob is always directed towards

arm 0 it

The

the §
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; --rep_rg;gnts the frequency of simple pendulum-

o (4) .
f-‘“’ta;an about Frequency:
zaﬂ""’ o (9) shows that longer the penduium, smaller will bi

= FquR nd vice versa

cquency 2
f;: ?;:ue”‘? of the pendulum does not depend on the mass of
£

he kob’

2.
¢

Wns for K-E and P-E of a body of mass “m"
a

07;( G- (b) Show that energy is conserved in case of

—

of circular motion, we know that,
2 2 (2)

= (lel“ -X

: 1 case of mass-spring system, we put
r = X' 3

In case

mean postion: - Poi
Time Period of Simple Pendulum: [_n:m;]'y'] I'w{—N‘-'-'-‘i"‘
.- o, d W g
(ETEA 2007,9,10.11) SHM the filbinrma
' AN
We know t..at, ditions nmuar Iy ulhﬁ.;d,n
B 2~ 1. The restoring |‘l'l‘l‘r
T = = (a) must be act on g,
In case of circular motion, ®we have, L
P - .III\' svalyin ‘I"‘Uld
2= (k) have inertia,
In case of simple pendulum, we have, 3. SI-H--“ is performed
e along a straight line,
a=-| 7 | x (c) 4. The «tem shoyld
‘ \ . I‘U frictionless.
Comparing equitions (b), (c¢), we get, 5. The  Hook's L
. g should be saristied
= in case of mas
glﬁ" . SPring svstem.
: {0 - I—
LRy (4
Putting equations (d) in equation (a), we get,
n
rT - 2'- = (‘)
i \9g

Equation (e) represents the time period of simple pendulum:

Conclusion about Time Period:

- Equation (e) shows that the time period of simple pendulum
depends upon the length of pendulum ive: longer the pendulum,
greater will be the time period and vice versa:

2. The time period of the pendulum does not depend on the mass
of the bo"

Frequency of Simple Pendulum:

7

As F = ()

Putting e;;uat:’an (e) in equation (f), we get,
= =

(9)

k
fnd 0 = ;n-__________—--(q) |
Putting equation (3) and equation (%) in equation (2), we get,
ve [ - a (5)
m
Putting equation (5) in equation (1), we g ,
2

2 g o €
kE = Lom| E.fo . x‘?\f
2 (\m )

7
-~ K-£=%mx-r—f’-(xf -xl) = E(XE 'xa)

H

> [kE = %K(xf .42 (6)
Euation (6) represents the K-E of the body wxecuting & H/™
wimum Kinetjc_Energy:
m

T?l KE will be maximum if we displace the body through maximu
Ulcement “x". So under such conditions we consider “x" and
"§hore tym. %o wa put x=0 in‘equat;’an (6), we get,

rK.E)mu 2 U k(A‘f » 02)

“"'—-___2 —
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[~ 1% ¢
= |(K-E)- ’E"‘*Jg._____ﬁ') B _

- vy = W) 'u\"\:" ¥
Equation (7) represents the maximum K-E of | ~ w .
the body executing 5-H- M- —

= - ~
(b) Potential Energy: (ETEA 2009) m

- "

Consider @ body of mass “m" attached to an Pl

elastic spring. as shown in the figure: Initially o

0
¥ by "y Os('llahnp Sprin
when the body is at mean position “0", then 8 Spring
the initial force acting on mass spring system will be zero- -
i =0 e IV

Now if we increases the applied force and finally displaced the body

towards point “A" through a displacement “x", then the final foree
acting on mass-spring system is given by,

F.®2kxle N J _(2)
Now the average force on mass-spring system is given by,
| F o F ‘I|
F = Eaai i 2 I 3
o\ S
Putting equation (1) and equation (2) in equation (3), we get,
kx + 0| !
= == =F_ =—kK s
aow 2 e 2 X‘-"-"-‘-"_( )

Neow the workdone in compressing the spring through a displacement

x" is given by,

Work =F _+x______ N o(5)
Putting equation (%) in equation (5), we get,
= w;-m:%m-x = w'ork=%kx"’ (6)
This work appears in the form of P-E in the spring, so equation (6)
becomes,
lp-g_:% k2| (7)

Equation (7) represents the P-E of the body attached to an elastic
spring at any instant-

Maximum Potential Energy: (ETEA 2009)

The F-E will be maximum, if the spring is compressed through mex

imum displacement “x."”, under such condition, we replace X by

n !

x,", so equation (7) becomes,

4__-_______,_.-

e 3 '-_"-') 7 Usailigtion —_31.9_].

(&)

pE) = 3%

; ;h;; (3) represents the maximum P-E at extreme position
qu

ion of Energy in 5-H-M: (ETEH 20?5,2076)

pservat . g
Con* F conservation of energy is satisfied in simple harmon;c

0
The h:w,'-g- K-E may be converted into P-E and P-E may be ¢on-
moﬁ“’d nto K-E but its total value remains the same-
“mthe total energy in simple harmonic motion is given by,
N'GWE . KE + PE (7)
We know that,
! 2. §2 (2)
E=—klx - X%
ke = k| )
P2 3
£ =—Kx ( )
& PE >

putting equations (2), (3), in equation (1), we get, .

|
::f,’-z"

k
2 -]

Equation (%) represents the total energy of vitrating body in
SH-m- This energy is totally present in the form of K:E at mean

-

position {K-EM = !.'Ekx:J and in the form of P-E at extreme posi-

tion [P-EM - %k xf] Thus energy is conserved in simple harmonic

motion+
Graphical Representation of Law of Conservation of Energy:
The graph between K-L and P-F is

shown in  the figure: The graph TCU!L"N?

;’:{:’:’ ;hat wher'r _the body moves g ¢
€an position “0" toward N enersv

::trem‘ position “+A" or “-A", |tacrey [ .

¢ PE increases and K-E decreas- i e A

e 5. 0

—_— e ———

¢ .-
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“;-om extreme position “+A" or “-A" towards
the P-E decreases and K-E increases’

Conclusion: The above discussion shows that during ¢, =
-‘;:;s.:;;;':ng system, the K-E is converted into P-E gnq P.e ,501 of
verted into K'E but the total energy remains B o“‘“‘
mass-spring system obeys the law of conservation of energy. the

Q8: Differentiate between free and forced oscfﬂatmh
. = . . \

Ans: 1+ Free Oscillation:

Definition: A body is said to be executing free oscillation if -

lates with its natural frequency without the interference of h

ternal force:

Chp-7. 0 SCt_.'l.-'f ~
— O

Mean P"Sit.oﬂ .. v
‘om

Explanation:

Free vibrations are oscillations where the total energy stays ¢,
same over time: This means that the amplitude of the vibratig
stays the same: For example, a simple pendulum vibrates freely
its natural frequency in the absence of external forces- This ;s
theoretical idea because in real systems the energy is dissipated ¢,
the surroundings over time and the amplitude decays away to zers
This dissipation of energy is called damping:

2- Forced Oscillation:

Definition: If a freely oscillating system s subjected to an externd
force, then forced oscillation will take place:

Explanation: _

Forced oscillation takes place under the action of external dppﬁd'
force- For example, when the bob of vibrating pendulum is push re
peatedly, then forced oscillations are produced:- The vibrations of ¢
factory floor due to running of heavy machinery, the loud music

produced by sounding wooden boards of strings instruments are the

examples of forced oscillations: [

; . ’ in dar
@9: What is resonance? Give some applications of resonance in ;

ly life: .

Ans- Resonance:

. ¢}
Definition: The phenomenon in which large amPﬁtw

[T, - I

——
f

hg 7 S —
~Np 7 Ose latign - 3151 |
- ——

s known as resonance:-

f

tok
g;pl'.“”g gf:l found that when the frequency of the external driving
e

(omes equal to the natural frequency of oscillating body,
r f e body oscillates with larger amplitude: Such phenomenon ;s
the
ther!

n as resonance’ |
> sonance also occurs when the applied force has q frequency
” : = integrel multiple of the natural frequency of the body i-e-

ith @ X
;t.gf.qirnsﬂ P nﬁ

rental Demonstration of Resonance:
gpifl A==

or three pendulums A, B, C which ir

- (onsid
cm},uspef‘ded from a stretched rubber
re ¥

B

then by disturbing |- b ‘
C

A

cord, 95 shown in the figure*

Now iF the length of pendulum “4" and
vg' are the same,
pendulum “f' slightly, the pendulum | __

wg" also starts vibration due to the phenomenon of resonance:
' Gimilarly, if the length of pendulum “A" and pendulum “C” are the
ame, then by disturbing “A’ slightly, the pendulum “C" also begins
to vibrate due to the phenomenon of resonance:

fpplications of Resonance:

I Radio and Resonance: Tuning a radio is the best example of
dlectrical resonance: (When we turn the knob

of a radio to tune a station, we are chang- T e \.
g the natural frequency of the electric cir- i

Wit of the receiver to make it equal to the g : HE ‘

P frequency of the radio station-

When the two frequencies match each oth- J
 tesonance will occurs- Under such conditions, the absorption of
ersy becomes maximurm and as a result we hcar the program cf
Onceny station clearly-

; 2 m ¥
@n Image [M-R:l]: Magnetic resonance scan-
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agnoses* With the help o 4
a8

i §

ning has greatly improved medical di
we can get pi‘mtaqmp!nc filtn of brain, backbore S

Cih
Eor this purpose, radio waves of Kl & 3

machine,

parts of the body:
are used to oscillate the nuclei of atoms: (When resonane, iy,
Ceure

the molecules absorb the energy The pottern of chksorbed =
can be used to produce ¢ computer enhanced photograpl;-

3- Cooking of Food: (BISE Mardan 2019)

Tf:e-_m_.':rawave oven i: an important application of resonance. :
typical microwaves of wavelength 12¢m and g’f-‘c,ue.:

Cf-_'[lg—,b

erg, |
<1

microwave oven,
ey of 2450 MMz is used- Such frequency of microwaves is Sitilar +

the natural frequency of vibration of water molecules and £+ mgle-

cules in the food i'e*
|Frequericy of microwaves = Frequency of water molecules & fat molecyles

Now wher the food containing water is placed
e over. the water molecules and fat mo- |
wcules in the food resonates under the action
of periodic force of microwaves: As a result,
the molecules absorb eneray from the micro-
waves due to resonance: The energy of micro-

Fm

MRI(Biaimg ‘ 9

_ __ Chp-7: Oscillation - 353
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The waveform of equation (7)
« shown in figure (a): If we | ..
determine the value of “x"

ot different instant and plot
it against time, we get a
curve as shown in figure (a)- Pk ‘
This graph gives the displace- ;
ARG 08 function of time and is known as waveform of S-H-mM-
Experiment_for_getting the Wave form of S-H-m:

Consider a body of mass “m"

m” is attached to an

elastic spring as shown in the figure: A sheet _m |

of paper is placed behind the mass in such a g A
=

way that it can move horizontally with con- =
stant speed The mass is provided with a pen |'
which can touch the paper slightly- e

When the spring is compressed through a displacement “y" and th

released, the mass execute S-H-/ having amplitude “A" as shown ‘_”
the figure: During oscillation, the pen would mark the position ou; t::
mass “m" at each instant on the paper- [n this way, the pen w:'ﬂrtr .
out the waveform of S-H-M on the paper, as shown in the figure- N

waves heats up the food items- In this way,
the food items are heated or cooked in the ,
microwaves oven due to resonarice M T |
4. The amplitude of a swing can be in-
creased due to the phenomenon of re-
sonance by applying small periodic force:

5-  We can use resonance to find natural
frequency of different bodies:

6 The resonance phenomenon can be used in vehicles
able journey-

7+ With the help of resonance apparatus,

Microwave v

for comfort’

we can find speed of

sound- LN
Q70: Explain the waveform of 5-H-M- e
Ans: In case of circular motion, we know that the d,‘;‘,,,rm,mmzﬂ
¢ is givel by

projection of a body from mean position at any instan

x=xcos(wt) (1) —/,,/

QI: What is phase? Explain-
|ETFH 20717 |

Ans- Phase:
Phase is the j {
quantit hick ;
0 o Y which shows the state of motior of an oscil-
Th o i "
d.e angle 0=wt which satisfies the displacement “x" as well as the
'rection of motion of a I ]
point executing S5-H-mM | .
i ing 5:H-M is called phase
We kn ;
o“matt_?w that the equation for instantaneous displacement of an
ing body executing 5-H-mM is given by,
X = X cos0 IR, l
In equation (?)’ oy

5" enrarsit o represents the instantaneous displacement
o ents the amplitude, "0 " :
Gmtraﬂy' W it plicude, "0 " represents the phase angle-

ﬁ:(n)t+¢______-_(2)

| .
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(2), “o n  represents the angular velocity, . .-

In equation ) ) g n
represents an angle which gives us mflf:'rmatmn about the initiq)
phase of an oscillator: The quantity “® " represents the phqg, dif.

ference between the states of motion of |
two oscillators: Now putting equation (2)
in equation (1), we get, ,

x = x, cos(wt * ¢)______( ) |
Case-T: If we put &= 0. then equation

(3) becomes,

(X9
Now for different values of “t" we get @ graph between ‘x" ,,.
“t" as shown in figure (@) .
ase-2: If & = 90°, then equation (3) can be written as,

4

[ = x (0t + 90°)] (5)
Now for different values of “t", we get a graph between “x" gn4
“g” gs shown in figure (b)*
Now comparing figure (a), (b), we see
that the curve in figure (@) leads the
curve in figure (5) by 90° (e Fol:
Case-3: If 6 =180°, then equation (3)
becomes, o
%, cos(wt +180°)| (6)
Now for different values of “t", we get a

graph between ‘x” and “t" as.shown in fig-

ure (c)

Now comparing the figures (a), (c¢), we
see that the curve in figure (a) and curve
in figure (c) are out of phase by 180°
[i-e: 7+ In other words, we can say that
the phase difference between the two os-
cillations is 180°:

Thus the angle 0 = wt which specifies the
displacement “x" as well as the direction
of motion of the point executing S*H'M is called

Ampitude remain eons any

5 Ps
JTE

Undamped osallation

+Xg

X =

phase:

_—_//

__Chp-7. Oscillation - 355 |
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a2: Ex lain what _is_mean by damped oscillations?

BISE Abbottabad 2019 ]

o gaﬁﬂifii?_ﬂ-' The oscillation in which the amplitude decreases
teadily with time is known as damped oscillations- (OR)

g process in which energy is dissipated
from the oscillating system is known as
Jamped oscillation-

gxg!agatfag-‘

in case of mass-spring system, motion of a
body along a circular path, motion of simple
pendulum, we say that the total mechanical
energy Of the system remains constant- This
is an ideal situation for which we ignore the
frictional forces such as air friction:

In real situation, some part of mechanical
energy of the oscillating system is used against the frictional forces- As
a result, the amplitude of oscillation decreases steadily with time:
Such oscillation is known as damped oscillations-

The undamped oscillation is shown in figure (a)- The damped oscilla-
tion is shown in figure (b)-

Applications of Damped Oscillation:

I: Shock Absorber of Car: The shock absorber of car is the applica-
tion of damped oscillations which provides a damping force to pre-
vent excessive oscillations as shown in figure (c)- If the shock absor
bers are worn badly, then the car becomes too bouncy and thus be-
tomes uncomfortable:

2: Shock Absorber System of Human Body: Another application
of damped oscillation is the shock absorber system of human body-
5k|:=r's body moves over the bumpy snow smoothly while his / her
thighs and calves act like a damping spring: That is why skiing in-
structors always saying “bend zee knees":

o X
/.'\ /:\U“-ur
[ Ti Ll
SIS N T,
Whenp = 90

Figl)

Time

Wheng=180" .
Figle)

4 7_7" racing cars and hydrofoils can be fitted with active suspen-
sions: These involve computer operated hydraulic systems in which
bumps or waves are sensed and the suspension system is adjusted

—_accordingly-
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4. The computers are used to control the angle of the

through the water to achieve remarkably stable movemen

w.:,.”

t oor

Q13: Discuss the sharpness of resonance - e

Ans: At resonance, the amplitude of vibrations becomes very lary,
when damping is small- Thus the damping prevents the aMplitug,
from becoming excessively large: The amplitude decregses rapidly o¢ ,
frequency which is slightly different from the resonant fr'equmcy-
The sharpness of the resonante curve of a resonating system p A
pends on the frictional loss of energy-
help of following experiment:

the hover craft-

It can be explain wit}, the

—

LBV N
Consider two bobs of simple pendulum
that one is a pith - ball having lighter
mass and the other is a lead bob having
heavier mass- Let both are attached to a
light, incompressible string to make two
simple pendulums- These two pendulums
are set into vibrations by a third pendu-
lum of same length, attached to the same rod' It is observed that
the amplitude of the lead bob js much greater than that of the
pith = ball- It is because the damping effect for the lead bob due
to air resistance is much smaller than that for the pith - bal!
Thus, the sharpness of resonance curve of a resonating system de-
pends on the frictional loss of enerqy- :

Smail
l:lamnmg
Moderate
d,lrr.pur."
Large
damping

.
Cd

NALE A

" Driving frequency (f)

(r%"n’*’)_.;.t'l_mnjd;c.a.,y @

CF v/ Lat s sy a s ot bire b ®

DAL I LNt T 20 b st Lt S bt 7 ©
o i e )
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} Solution of Examples & Assignments\

-—-""—‘-—-—-—_—

S A of 0:5kq is suspended from a spring- The
A tched by O-098m: Caleculate the spring constant of the mass
‘t}:n it is given a small displacement-

w

spring s

Solution:
éiv_ﬂﬁﬁd_‘?_bf: Mass of body = m = 0.5k9

Force acting on body = F = w=mg=05x9¢g = 4-9N
Extension in the spring = x = 0-098m
_&_g,guirea': Spring constant = k = ?

Calculation: F
We know that, F = kx = kz; 0
Putting the values in equation (7), we get,
< SON 7/ m = |Spring constant = k = 50N /ﬂ
0-098

ASSIGNMENT 7-1:

A 2:Okg block hung from a verticol spring causes it to stretch by
20:0cm- If the 2:0kq block is replaced by a 0:50kg9 mass, and the
spring is stretched and released, what are
of the oscillations?

the frequency and period

Solution:

Given data:

Mass of block = m, = 2-Okg
Displacement of block = x
Spn'ng tonstant = k = f_ = .‘:v_ = ﬂg

=2x9.8
'B',‘Eb—-N/m= 9EN /7 m

1 Mass of another block = m, = 0-50kg

Cy:grb&?j”)—ﬂdl;ﬁ'.—,gﬁlfﬁ ‘fdfd;rfé_ud; @

Bequired:

I '
Time Period of oscillation = T = ?
fequency of oscillation = £ = ?
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Calculation:
7+ We know that,

e 2nf e 20 7w 2 [me
T—zn\/; 27 . = T 27:\—*« (7)

Putting the values in equation (1), we get,

T = [243-?4‘4\'\'?09\;on¢€ = 0'04‘1‘85.“ = 0:0%45sec
=%
2+ We know that, -

7

Futting the values of “T" in equation (2), we get,

f= LO'LSJH.: =22H: >

7 |Time period of oscillation=T = 0-45sec|

2° lFrequency of oscillation = £ =2'2EFJ

Chp-7. DSClHahun it
:‘: --EI

by

EXAMPLE 7-2:

A spider swings in the breeze from a silk thread with a period of

0:6s- How long is the spider’s strand of silk?

Solution: Given data:

Time period of spider = T = 0-60sec
Acceleration due to gravity = g = 9-8m/sel
Required: Length of thread = ¢ = 7

Calculation:
We know that, T = Zng
9

2
N S LS L)
q 4n

Putting the values in equation (1), we get,
s 9-8 x(0-60)?
4x(374)*

|Length of thread = ( = 0-089293m]

Jm: £ = 0-:089293m

e ucics Notes = 1" Year Ty g ——

endulum extending from the ceiling almost touches the floo-
ond that its period is 12s- How tall is the tower? (1 = 36m)

Slution”

iven_date:
-f:;," Pgr:'ad' of pendulum = T = [2¢¢;
Wi

Acceleration due to gravity = g9 = 9-8m/sel

Required:
Length of tower = (=7

Calculation:

B
We know that, T = 2= |-

\sg
/ 7?
=f""=‘ﬂ’;:’('?ﬁ" a
putting the values in equation (7), we get,

-
|

. ;
¢ MJm=35-5‘=m=36m:f=36m

£% {q,‘(s-m)’
As the pendulum almost touches the floor, so the lenath of pendu-
lum will give us the length of tower

@thh of tower = £ = 36_m[

EXAMPLE 7-3:

A mass at the end of a spring vibrates up and down with a fre-
quency of 0-600Hz and an amplitude of Scm- What is its dis-
_placement 2:56 sec after it reaches a maximum?

Solution:
Given data: x
Frequency = f£= 0-600Hz, x = x cos(2zft)
Amplitude = x, = 5¢cm = 0-05m )
Time interval = t = 2-56sec e
Required:

Displacement of mass = x = ?

Caleulation:

We know that, x = X, cos(27ft)

Putting ¢he values in equation (7), we get,
‘-h*_____

I
3
:
~
Q
wy
o
L3
o
N

M)
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x = [0:05 xcos(2 x3:1%4 x0-600 x 2:56 | m
= 0-05 x0-S858615948 m
= x = 0:0492930797%m = 0-0493m approximately
= [x = 0:0493m
lx = 4-93cm

Displacement of mass = x = 4-93:m

ASSIGNMENT 7-3:

Determine the period and frequency of a car whose ma
and whose shock cbsorbers have a spring constant
10°N/m after hitting o bump: Assume the shock ab
poor, so the car really oscillates up end down-

U

55 1s 14004,
of 6-5 4
sorbers gr,

Solution:
Given data:
Mass of car = m = [%00ks, Spring constant = 6-5 x T0°N/m
Reguired:
7- Time period = T = ? 2 Frequency = £ = ?
Calculation:
7~ e kncw that,
g ] L
ik -_-_'__"_"_'(7)
Putting the values in equation (7), we get,
., .. [®oo | (1900
=223 Mx |—Se D Eloz3:0m ] 170V
\6-5x10° |7 "gs000r **¢
= T = (628 x0147 ) sec = 0-921652028%sec
= [T = 0927652 ser
2 We know that,
7
PSSl (2)
Putting the values of “T ;, equation (2), we get,
/ 7 .
fF = .r—-————_I = s 1 % ¥,
.0_92!6_52;H:. I-O85Hz = |f = 1-0O85Hz)
27 15
<w/F :a&(’ o ]
==

D -

; (
> /764t =705= ¢t = [

. otes — 1" Year Chp-7. Osc :r:’—:’.‘_J
= n,‘am.,.es
:if_P’g‘-’—’—_

pject vibrates with an amplitude of 6¢m and a frequency of
ﬂﬂqgéHz' Starting from maximum displacement in the positive
0‘

sion, when will be the first time that jts displacement is
directio

2em?
Sglution:

Given_data: _
sz,=6cm- 0-06m,

Frequenty = £= 0-490H:z
Displacement = X = D R-O2m

Reguired
Time interval = €

Caleulation:
We know that, x = x, cos(ut)

7

P 4 - e
> %= x, cos(2rft) > cos(2zft) = . (6= 22F]
1 0-02
X a I
- 2zft = cos” [:J = 2xI80x0-490 x¢t = cos e

1764
t = 0-399 sec = 0-400 sec
t = 0-400 seci

ec

u

0

-._L?ﬂa!/;_.;;;'.,":é.-"ﬂ.‘-,“?,:!j’_i =

<RALSS T9F ELS Szt t5g FP e e 6B &
<5487 LB L L Serfiear &
C}"..‘.f..:-/”)_:/’ji.-’,':/n;mf_‘::q‘jf &

Gif ) udehfuslds s laZ 2t nF P &
('J".,,;;g:_—.,v)_-fx_:_-z,Lt,f’u,-,m;.',-ffﬁ o
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}Sulution of Quiz \

T Tty
A simple pendulum is suspended from the ceiling of q station
elevator, and the period is measured (1) If the elevator moiry
with constant velocity, does the period (a) increase, (b) decrga:
or (c¢) remain the same: (2) If the elevator accelerates upWard.
does the period (a) increase, (b) decrease, or (c) remain th;
same?
Ans: Part-1: We know that,

= ol
T 2n ) (1)

—

When the elevator is moving with constant velocity, its acceleration
“a" is zero* 50 there will be no change in value of “9”+ S0 according
to equation (7), when “9" remain the same, time period will remain
the same- Thus in part (1) the option (c) is correct ie+ “T" re-
main the same-

Part-2: When the elevator is moving upward with acceleration “a"
then value of acceleration due to gravity becomes “g9 + a"+ S0 equa-
tion (7) can be written as, '

{
(g9+a) (2

Equation (2) shows that “g + a" increases, so time period will de-
crease: Thus option (b) is correct ie: “T" decreases:

=

Consider a graphical representation of
simple harmonic motion as described
mathematically in equation 7-21 (i)
When the particle is at point A on the
graph, what can you say about its position and velocity? (o) T
position and velocity are both positiver (b) The position and ver
locity are both negative: (c¢) The position is positive, and the ve”

locity is zero+ (d) The position is negative, -and the velocity 15 Z&

I

T =2n

N

Im“s - 1"_‘1'2&!‘ —— Chp-f.-' Oscillation —__3{:1_3‘__"
Wﬁan.n positive, and the velocity is negative: (F)
0 sition is negative, and the velocity js positive:

ﬁ,‘ 1 Conclusion about Position of Point “A":
- (lear from the figure H"_’t point “A" is in negative x-direction-
ﬂ,,nfa'"- the position ?F‘ point “A" is negative:
conc!usion gbout Velocity of Point “A”:

the velocity of the particle is equal to the siope of position
N.ab: graph at any point: 50 we have,
Lim ox ({)

Gl
In squﬂ?ﬂ‘” (0 '“M"' represents the C‘n?nge in position and “At"”
represents 5"”: time interval Now at Ppoint A", the slope of the
graph js positive m‘”(o‘f" the V“"?"ty at point “A" will be also
psitive: THUS option (f) is correct: i-e: the position is negative and
velocity 15 positive:

It 5

) Exercise

Choose the best possible answer: .
1. Tuning of a radio set is an example of: .
¢+ Mechanical resonance bo THIET FaRORR G
J ¢+ Electrical resonance d+ Free vibrations
2. The heating and cooking of food evenly by microwave oven is an

example of:
a SHM v b+ Resonance -
¢ Damped oscillation d- Free ostillation
3 The time period of the same pendulum at Karachi and /Murree
are related as:

a* 1: = T‘” b' T-. > TM
Jo T, <T, d- 2T, = 3T,
Sol: The time period of a simple pendulum is given by,
el N
g

Equation (1) shows that greater the value of “g", smaller will be
mpef‘fod and vice versa- Now we know that value of “9" at
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R
Rarachi will be greater than the value of “g" at muru%

(- )
cause the value of “g" decreases with altitude- Now accord‘fs e
r‘f?g to

equation (1), if “9" is greater than “T" will be smaller-

Thus value of time period pendulum at Karachi will be Smaller 4
to greater value of “9"- While value of time period of pPendulym p-
Murree will be greater due to smaller value of “4"- “Thys =

7:<Tm| or Tm>?:I

4 In an isolated system the total energy of vibrating mgss ardl

spring is:
a- Variable b Low ¢ High v d- Constant

5+ While deriving the equation of time period for simple pendulum
which quantity should be kept small:
a Length of simple pendulum
v b- Amplitude
¢ Mass of simple pendulum
d- Gravitational acceleration g

Sol:When we are deriving equation for time period
of simple pendulum, we put sin® = 0 ie- we keep

Amplitude
R

“0 " very very small- Now for keep “0 " to be small, we should keep -

the amplitude to be small as clear from the given figure:

6 If the period of oscillation of mass (M) suspended from a
spring is 2s, then the period of mass 4M will be:
aIs b 2s £ '3s Sd 4s

Sol:We know that

T = 21:\/? (1)

For mass “M" the time period is 2sec, so we have,

T = 2sec
Now for mass “4/M", equation (1) can be written as,

T = 21:@ - 2::\/3\@ = J% 24%_
=) 7 2{24{’_—] 2)

Putting equation (7) in equation (2), we get,
T = 2T (3)
Putting T = 2sec in equation (3), we get,

ab Physics Notes — T Year
Na
;= 2x25ec> [T = %sed]

The time period of a simple pendyym, s 2 seconds: |If ;
length is increased by 4 times, thep ivs Kefint becomer: its
,. 165 b+ 12s ¢ 8s vd 4 B

Sl We know that,

{
b ’-— )
T=2n :

- length ‘(' we have given that, T = Doui
,-Lw ,-';ngth becomes four times, then we put
/=4l 50 equation (T) becomes

£ ' %S /
A S G Y

putting equation (1) in equation (2), we get,
L 7=2T (3)

putting T = 2sec in equation (3), we get,
r'=2x2sec = |T'=%sec

g To make the frequency double of a sprig oscillation, we have to:
/a- Reduce the mass to one fourth

‘b Quadruple the mass
¢ Double the mass

Chp-7: Oscillation - 365 |

d- Half the mass

7 |K
Sol:We know that, £ = sl 0

Now when frequency is doubled, then we have,
f=2f (2)
‘or *f'", we represent the mass by “m'", so we get,

7 |k
! e G,
e (3)

Putting equation (1) and equation (3) in equation (2), we get,

€ % 7 |k 7 7
R R

54uar1'ng both sides, we get, L - ‘m' g
m m 4|

The restoring force of §-H-M is maximum when particle:
Y@ Displacement is maximum b Half way between them
¢ Crossing mean position d- At rest
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710 Two springs of spring constants
k, and k, are joined in series:
The effective spring constant of
the combination is given by,

a (k +k,) 72 bk +k,
S kk, /(k + k) do Jkk,
When two springs are connected in series then the effect,y,
spring constant 'K' is given by,
i I I K, +K,
—_—t— = —=—2

K K, K, K KK,

K \.\

I
Senes ( ombinatyan |

i

Sol:

Z Short Question?\

QI: Give two applications in which resonance plays an important rofe.
Ans: 1 Microwave Oven: BISE Mardan 2017 .
The microwave oven is an important applica-
tion of resonance: In microwave oven,

typical
microwave with a wavelength 12¢m frequency
of 2450 MHz is produced- Such frequency of
microwave is similar to the natural frequency
of vibrations of water molecules and fat mo-
lecules in the food i-e-

Frequency of microwaves = Frequency of water molecules & fat molecules|

Now when food is placed in the oven, and the set js ON then the
water molecules and fat

Microwave oven

= 1% Year
Scillatin, - 36 - PhySICS Notes = 1 3 =
B nsrmission r‘requurcy of radio sta-
a

absorb energy of microwaves due to resonance- The energy of micro-
waves heats up the fopd item- In this way, the food items are
heated or cooked ,n the microwaye oven due to resonance-

2+ Radio Receiver:

Tuning of radio s another important
we turn the knob of 4 radio tg
Frequem"y of the electricql cireur

application of resonance: When

e

tr
the match each
1 when the two frequencies

Lo’ cceur: Under such

other of enerqy
ons
wﬂa‘.-f.'ﬂ
sakes place @
seation Very = . ———
@2: What happens to the time period of a simple pendulum if its

length is doubled?
= The time period of a simple pendulum will increase by a factor
Ans:

J2 ~times if its length is doubled-:
Reason_and_Explanation:

We know that the time period of a simple pendulum is given by,
€
(7)

Now when the length is doubled, then we have,

then resonance
maximum absorption
nd thus we hear the concern
learly due to resonance:

{
T--'ZnJ:
E

= 2¢ (2)
Now for “(' ", equation (7) can be written as,
T="2n = (3)

9
Putting equation (2) in equation (3), we get,

T = 211:\[27-_{ = T'= JE[a?‘l\E] (%)

Putting equation (7) in equation (%), we get,
T = J2r (5)

Equation (5) shows that the time

by a factor 2

of simple pendulum will increase
~ times if its length is doubled-

@3: What will be the frequency of a simple pendulum if ts length is
Im? :

fns: The frequency of q simple pendulum  will be 0-5 Hz if its
length ;s m-

Bﬂ@ﬂ and Ex [an_g&_fa!!-' We know that the frequency of simple
Pendulum ;s given by,

7
fF = — 2

m— _ O\)

\




| Nayab Physics Notes - 1* Year Chp-7: os%
Now we put, [ =1m, g = 9-8m/ sec® in equation (1), we gop
N (9€ pa 3B papugei,
2x3:74\ 1 6-28

= |F = 0-5H=z
Conclusion: The frequency of a simple pendulum will be 0.5 i
its length is Tm- .

Q4: Give one practical example each of free and force Q,W
Ans- Free Oscillation: N S
When a system oscillates with its own natural frequency and gy
force acts on it, then such oscillation of the system is known ,

free oscillation-

Example 1: When a simple pendulum is displaced
from its mean position and then left free, it ex-
ecutes free oscillations, in the absence of external
or resistive forzes. For the oscillation, the time pe-
riod of simple pendulum is given by,

b 2“\@
While the frequency of simple pendulum is given by,
7
Lz
Example 2: Oscillation of a swing in the absence of external force is
another example of free oscillation-

Forced Oscillation:
When a system oscillates under the influence of a net external
force, then such oscillation is known as forced- oscillation:

Example 1: If the mass of a vibrating pendulum is struck again and

again then such oscillations of the pendulum is called forced oscille .

tions:
Example 2: The vibrations of a factory floor caused by the r

of heavy machinery are another example of forced oscillations:
at is pushed O

unning

=
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2000 f

N
%‘J compare the masses of two bodies by observing

51 Hﬂw can
@ uencies of oscillation when supportsd by a spring?

der a mass-spring system as shown in figure (a): The fre-

ans: €ONS!
of mass=spring system is given by,

quﬂn‘y
T |8 _  — (1)
feo
2r\Nm ;
Now consider two bodies of mass “m," and “m,"” attached to an
(lastic SPriN9 4
L um '
Case-l: For M

foe—

i 2r\m;
o-2: For “m," equation (1) can be written as.,
cose2: For_
L) U (3)
& 27 m,

s shown in figure (b) and figure (c)-

' equation (1) can be written as,

(2)

m

Fig (a)

—

Now dividing equation (2) by equation (3), we get,
L '
£ _ 2n\m,

my

. Figd) | | Fiew

(5)

Example 3: Another example is a child's swing '”’

each downswing:
__--—-'-__--‘

Using equatio s (3), we can compare the masses two bodies by ob-
Serving their frequencies of oscillation when supported by a spring:

‘5"'-—__
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cmw%
@6: A wire hangs from the top of a dark high m

top of the tower is not visible: How you would

mine the height of that tower?

i
at th
be able to dct,:

Ans. We can determine the height of the
tower by using the relation of simple pendu-
lum- For this purpose we connect a bob to
the lower end of the wire so that the ar
rangement becomes as a simple pendulum-
Consider a wire of length “I" is hanging from
top of the tower as shown in the figure (a)-
Now for finding the height of the tower, we
attach a bob to the lower end of the wire so
that the arrangement behaves like a simple
pendulum, as shown in figure (b)-

The length of this pendulum will gives us the
length or height of the towerr Now the
time period of the simple pendulum is given
by,

T= 2::‘]2 _)
9

Squaring both sides of equation (1), we get,
= el N oy

m

lowey

Wire e luug
1 "
'

Figiay
|

Top of tuwer

bob Figih)

.
.

B g0 0 W
Fig (c)

Now make the pendulum to vibrate about mean position “0" as
shown in figure (c)- Note the time for one vibration with the help of
stopwatch: This will gives us the time period “T" of the psndulum’
Now by putting the values of “3", “z" and “T" in equation (2).
we can calculate the length of the pendulum: Such length of the
pendulum will represent the height of the tower:

Q7: Why in 5:H-M the acceleration is zero and the velocity is great

est?

Ans: In S H'M when velocity is greatest, the acceleration is zero:

Reason and Ex; tanation:

The velocity of a simple harmonic oscillator is given by,

~
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- JE'.',F (1)

vlw 2 = 7
the acceleration is given by,
n ) @

W}"ﬂ the bﬂdy 5 dlfp-’aﬁcd to extreme position u‘xon and then
w 4. the body executes S-H'M and jts velocity becomes maxi-
¢ its mean position: for maximum displacement, we consider

v ond ignore “gr ;"c; we put x = 0, sg equation (7) becomes,

No

release

- f i 2) We get

gt x=0 in equation (2), get,
mwaf-m?.to >@=0l______ (%)

n (3) and equation (4) shows that in SH'M, the accelera-

atio
o zero when the velocity is greatest-

sion 15
m is the total distance covered by q simple harmonic ostilla-
vor in @ time_equal to its period? The amplitude of oscillation is A7
m total distance travelled by a sim-
ple harmonic oscillator in a time equal to
s time period is equal to “4A", where
g is its amplitude-

Engmatian:

In this question, the total distance in a
time equal to period means the distance
wvered during one complete vibration:
Consider the oscillation of simple pendulum
o shown in the figure:

Oscillating Simple Pendulum

When the pendulum moves from mean position “O" towards ex-
treme position “C" and then moves back from “C” towards “0", it
Wmpletes half vibration: During this half vibration, the pendulum
Wvers a distance “A+A=2A"- Similarly, when the pendulum moves
fom 0" towards “D” and then from “D” towards “0”, it com-
Hetes half vibration- During this half vibration, the pendulum covers
tditance “A+q=24 " So during one vibration, the time taken by
the ostillator |s equal to its time pen‘oa‘ and the total distance cov-
W vibration is equal to “2A+2A=4A"

®
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Q9: What happens to the frequency of a simple penm
oscillations dr‘e_down_f'rom large amgh‘tude to small one? L
BISE Kohat 2019
Ans: When the amplitude of a simple pendulum dies down from |,
amplitude to small, it behaves as a damped oscillator- Damping nz:
only reduces the alxﬁtude of the oscillator but also reduces the fr,-
quency of the oscilldgor while increasing the period of oscillation:
Explanation:
If we set a simple pendulum in a laboratory and put it inte oscilla-
tions- Its amplitude decreases with time and finally comes to rest
due to air friction- Since, the amplitude of the pendulum decreases
as a result the energy of the oscillating system decreases due to
work against the air resistive force- This energy is dissipated in the
particles of the surrounding medium- Damping not only has effect of
reducing the amplitude but also the effect of reducing the frequency
or increasing the time period of oscillation: We know that,

0

e (7
Equation (1) shows that frequency decreases when time period in-

creases due to damping
O \/ V U Tune

Damped Oscallation

+X.

T2 0
‘ Simple pendulum

____-'-
can shatter 4

Q10: A singer holding a note of right frequency,

glass? Explain-
? Ans- A singer holding a note of right frequenc

Reason and Explznation: X
It is possible f.r a singer to shatter a glass, because every v)
¢ vibration depending upo" i

a note of part:‘cufaf

__-—-—-—--—‘_
y can shatter a glass'

body has certain natural frequency 0

elasticity, mass, shape and size- A singer sings

-

|

j Tes Notes — 1" Year - SR
NGUGD pPhyst .‘-.A —— 5 (._n._p-f OSUHGhOn-jml
o’ and when this Frequtncy o $hew —

Ote becomnes equal to

uency ]
fred of the air in glass -

he patural frequency ‘f,’
t

e e R
resonance takes place: Therefore, the air ip glass will also b
‘ vibrate with large amplitude due to resonance. egin

r n ma sh ' ] h 1 r .
d‘ Vl'b at,a y ﬂtte thc 9!'55' ! !ﬂ. 9! ampv‘r-
tu

) Comprehensive Questionﬂ

’4-—""'-—____ .
Qf.' Show that motion of a mass attached with a spring executes

sym.
e answer of question no 3 in the text: <

Ans: 5¢
q2: Prove that the projection of a body motion in a circle describes
SHM:
fAns Gee answer of question no 4 in the text:
s o —

(3: Show that energy is conserved in case of 5-H-M-
g =T

fns: See answer of question no 7 in the text

@4: Differentiate free and forces oscillations-

fns: See answer of question no & in the text:

Q5: What is resonance give three of its applications in our daily life?

fns: See answer of question no 9 in the text:

Q6: Derive equations for kinetic and potential energy of a body of
mass “m” executing S+-H-M-

fins: See answer of question no 7 in the text:

97: Explain what is mean by damped oscillations?

Ans: See answer of question no 12 in the text:

<t/ B ey imer KL S e ar o/

ISP e Sindf o e e et 6P
"\..__________ Jonsiae

el
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Numerical Problems \

Q1: A force of O-4N is required to displace a body m
spring through O-lm from its mean position Calculate the Sprin
constant of the spring: ;
Solution

Given data:

Force=F =0-4N, Displacement=x=0-Im

Required:

Spring constant=k=7?
Calculation:
We know that,

Fekx = k= f S

| Nayab Physics Notes = 1" Year

Putbmg the va.’ues in equation (1), we get,
o-4
k=——N/m=%N/m= [Spring constant =4N / m|

hgsics NoteE L
Nayl
f )

—_—

Q2: A pendulum clock keeps perfect time at a location where the
acceleration due to gravity is exactly 9-8ms?: When the clock is
moved to a higher altitude, it loses 80-0s per a’ay F'md’ the value

' at this new location- (9-78m/s*)

of ‘g
fg.’utia : Given_data: Acceleration due to gravit

Loss in time per day=80-0sec,

=9.8m/ sec’

Tday = 86400 sec

&
in time d=
Loss in time per secon 36400

Loss in time per second=0-000926 sec
The loss in time shows that swinging of clock becomes slower: Thus
if the time period “T" at the location where g=9-8m/ sec’ is Iset,
then the time period “T'" at new altitude will be equal to

(71+0-000926)sec i-e’ T'=1-0009263ec
Regquired:

Acceleration due to gravity at new altitude=g'=

Ca{cg@ tion:

We know that, the time period of pcna’ufum is given by,

Chp-7: Oscillation - 375 |

re2n
pzr.rad “T'", equation (1) can be written as,

Jing € uac:aﬂ (?) by equation (2), we get,

piviét r

F fo

g L o _, g

- ffﬂrf* ,
2n/5 Vs

- [g
7 Vs Ve o

V

L ——
2.7 V4 _
quaring both sides af equation (3), we get,

R s

Ii‘__g; = 9'= T.)

77 9
putting the values of “g ", “T" and “T'" in equation (%), we get,
98X, 4=9-78m/sec® [ = 3
q= m/ sec 9'=9:78m / sec
/* 7:000926)° | ']
fa sccond pendulum having time period

8.*5.‘:' Bannu 2017

Solution: Given data:
Time period= T = 2sec, Acceleration due to gravity=9= 9-8m/ sec’

03 Cakufate the lengch o

Required:
Length of second pendulum=1(=7?

Caleulation:

We know that, T =2n {1—
'

Squaring both sides, we get,
2

3 [
e =5 o
5 9-8x(2)3
ta ‘=)
x(374)7 (=0:992m

> o957 ]
i
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Q4: A body of mass “m" suspended from a spring wit}, force

stant “k” vibrates with “£"- When its length is cut into ;,,;;con

the same body is suspended from one of the halves, the r,-,que:nd
cy

s “f"+ Find out F/F,

Solution:
Given data:

Mass attached=m, spring constant=k

Frequency of whole spring=f,, frequency of f
half spring=f,

Displacement for whole spring= x, .

T
———

Displacernent for half spring= x,- .—";-’-

Required: :
‘ ' w =mg

- ¢ 1" Year
Ch 7 sics Notes — ea
p- :Oscm% i p Ph
g gqugcron (4) in equation (5), we get,

Relation of L ?
fs

= weight of suspended
mass = W = my

Caleulation:

For mass-spring system, we have,

7 [k
M A
{21: (7

We know that, F=kx
= w=kx = mg=kx

PP | R - ||

X
Putting equation (2) in equation (1), we get,
2n Y mx 2r ¥ x
Now for 1" spring, equatian (3) can be written as,
] ’_" L (&)
2ny x ‘
While for 2™ spring, equation (3) can be written as
Xy
, ’ XZ B —
il 2
f2 2n\ x,
-1 |28 = — (%)
= - g = £ J_(.er \/;:]
_____——'--

‘4
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Pﬁc f ﬁi:r
st;:)f T TL’.O?O?

e

/‘;’;;;;-qb the end of spring descripes SHM with T =
0405“ Find out acceleration when the displacement is 0:04m-

data:

!! #ﬁ:

e P’”"d T =0-40sec, Displacement=x=0.04m
Re uired:

’ﬁ"‘*" =

feceleration=a =

(aleulation:
We know that, a=-0"x (7

2n = ST S
msa T=E— ::'PIIJ"_T._' (2)
putting equation (2) in equation (1), we get,

2 2
[Eﬁ] e

T2
' Putting the values in equation (3), we get,
. 2 .
4 x 304 x? o4 O RE N Haed
(0-40)°
[Em'eratron =g=-9.86m/ sec’]

6: A block weighing 4kg extends a spring by 0-16m from its un-
The block is removed and a 0-50kg body is

stretched position:
hung from same spring: If the spring is now stretched and released,

What is its period of vibrations?
folution:

EEGE dagao

(i) Mass of block= m, = %kg, D;splaumcnt x=0-16m
Mody m, =0:50kg




v
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Required: Time period=T =7 N_

(2
Calculation: 4

s in equation (2),
First we calculate the spring constant, we know that putting the value 9 (2), we get,

4 = 1 /sec = f=leps
F=kx = w=kx m r:-?-ty‘fcs
= mg=kx = k=."£..____._(y) or

X
’.,.a-"-—--,__ T i i
2. A wpring whose spring constant is 8ON/m vertically supports a
F 1kg is the rest position: Find the distance by which the

Putting the values in equation (1), we get,

= = mas i
. = AR EASNN mass must be pulled iown; so th:t on being released, it may pass
' ition with velocity of one meter per ¢ d?
Now we know that, the mean_pos! per second?
-—____—-—"-__

- m  _ m - m e on:
T= 2:-:\/; = 2.1‘]-; =T 2..\/% —_—(2) %%-Lfgta.‘ Spring constant=k=80N /m
Putting the vilues in equation (2), we get, MaSS’m"'fkg' Maximum velocity=V__=1m/ sec

-'550 Re ufrea'.'

= - Baclilienio SR ;- R = . -"g:.=.—.==l
T=2x3 74\;'[ 245 0-28sec gmpﬁtud¢= X = ?

Calculation:
We know that, V_, =wx,

Q7: What should be the length of simple penddh:im whose time pe-

riod is one second? What is its frequency? ! P
o e [Eor—— 0
Solution: ‘3
Given data: ‘ ~ Putting the values in equation (1), we get,

Time period=T =Tsec

?=J—$x, = 1=8944x,
- T
e 2
3

@3: A 80009m body vibrates S5-H-M with amplitude 0-30m- The
restoring force is 60N and the displacement is 0-30m- Find out, (i)

Required:

(a) Length of pendulum=r=7?
(b) Frequency of simple pendulum=f=7?

Calculation:
(a) We anow that,

2 time period (ii) acceleration (iii) velocity (iv) KE (v) P-E when the
T=2 F T2egntls =9l (1) disp
= n\; =>T?=4n ;: o= e < i isplacement is 12¢m-

 Lolution:
%‘-’-‘ﬂ.!ib_a-‘
15 of body=m= 8000gm = 8-0kg

A .
"Plitude= x, = 0.3m, Restoring force=F =60N

D.
N 1 “Placement = x = 12m = 0-12m
\_____._

Putting the values in equation (1), we get, |
9-8x(1)?
4x(3:14)*

(b) We also know that,

(= =0-25m = (=0:25m
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(1) Time Yariodss =7 /d',"t';::mphtude. frequency and tim. period of an object

. Fin
. : Q10 d of a spring, i :
(ii) Acceleration=a=7? pseillatind at :h:tf’n:'s i i;’”i :r;fr;scquatxon for its position
(iii) Velocity=v =7 ) gt @Y instan ' “"(%)t- Find the dis-
(iv) KE=7? (v) PE=7? ;,um-‘-”t of the object after 2:0 seconds-
Calculation: : L Glution:
m .
(.f) ﬁs T’zﬂJ‘: 65"‘ dﬂba' . .
{—k ' ﬁﬁ;ﬁquw:" L
= T=2=r m;-’ —_—7) ' . x=0'25“”[§]b —()
___*-_--'—-
Putting the values in equation (1), we get, Fis ke, cquired:
O X003 F - . = e P
= 4 -= o : t d =X, *®0
Te2ss g = RO | R aie
k [k (i) Frequency=f =7
(ﬁ) As a :{J)ZX —as= }-ﬂ_ i __"'_(2) : abaiae ;; (m') Time pen'ods T=7?
Futting the values in equation (2), we get, m"’=£ () Displacement after 2sec=?

0=22 5012 = | .

The instantaneous displacement in 5-H-M is given by,
(iit) As v=m\f'xf -x? s y= vg\fxf -x2 —_(3) x:g‘;psmt_____(i.’)
Comparing equation (1), (2), we get,

Putting the values in equation (3), we get, £ =60N
Y] ———————— P 9 = . =£
V=Fgoxv%'32-0-722 x, =03 x,=0:25m, w z

%4 0] I@ﬁtude-’-xa =0-25m|

= v=(5x0274)m/sec = [v=1-4m/sed] X,
(iv) We know that, K=0£Q§=200'@ (i) We know that,
7 i m | Lo
KE = Zh(x ~a? ) (%) i )
Putting the values in equation (4), we get, ; Putting the values in equation (3), we get,
7 ) ! n 7
K-E =—x200(0-3*-0-12% ) =100 (0-0756) joules - ; Fae— =
S I=106(0 RN Exzn (76 )\

A =%h2 —_—(5) ‘
(i) e know that,

i
T=_
(%)

\

Putting the values in equation (5), we get, :
7
hE = — : 2 E=1 :
PE 5%200%(0:12) = [PE=1-447] e A

el
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Putting the values in equation (%), we get,

T= _-!— =76sec

(776
= |T =16sec|
(iv) Put t=2sec in equation (1), we get,

2 =0-25 x casi;—')'

-'f'_A'
x=0-25 *msll' 7

= x1=025« cosl 76;0 |= 0-251¢a:(45‘)
F

nrad =180°

= x=025x0-707m

= |x=0-1&m

+ 4+

oA S e i) pina P s A arwie vdF or @
s h))A

LislsicticdiSesmeBozn® fnmdyF i-c W)L BF iy, @
“_e el

31y b A E N IR e o GTme 2 InISAE [ )L RF b @
(O(f’/ Sofief) " Kesr/l Ll?uﬂr’ gé;c.l,:.fx(-;{f

PRV IR VPP e o L B, ®
Crpcpe o Par ) BT Al S F 1 iun

BF s e NP i pidep st @

BF SN 3 M_.;J..p.f)d.;,f wisy @

Bripnel s Bessets @

(P Pl @

e —

v

| ; Wayes produced in a rope:

DB ‘WAVES

—
m is a wave? (b) Define and explain waye motion
s (9) Wave:

Definition: Wave is a disturbance of some kinds tha
mmedium and carries energy-

(1) Wave Motion:

M: The mcc‘ham_sm by which energy is transferred from one
paint £0 another point is known as wave motion-

pxplanation:

When we throw a stone on the still surface of water in q pond, a
Jsturbance is produced in water In another words energy is trans-
fhrred to the particles of water due to which they begins to oscil-
Lkte chout their mean position The oscillating molecules of water
transfer the energy to their neighboring molecules: This process con-
tinves and finally the energy is transferred to the edge of the
pond- This motion of the disturbance is due to the transfer of
viergy from particle to particle is known as wave motion-

The waves transport energy from one place to ancther but the par-
tiles of the medium does not change their position permanently-
They perform only vibratory motion about their mean position-

Chp-8: Waves - 323 |

CHAPTER

€ propagates

2: What is a_periodic wave? Explain with sxamples:
s Periodic_(Wayes:

Eﬁf@_@_n If @ medium is disturbed periodically [i-e* disturbed after
4ul intervals of time], then the waves with same frequency and
m

Pltude are produced, which_are known as periodic waves:

’um fgs ¢f'f._0d'§ Javes:

Foinci
onsider qn ordinary rope whose

0ne ; Transverse periodic
&fﬂstened to a fixed

Waves

el
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support, as shown in the
figure: If we hold the other
end of the rope in hand
and give a sudden up and
down motion periodically,
then a train of transverse
periodic waves are produced
in the string, as shown in

the figure: The waves travel
towards the fixed end,

while particles of the rope vibrate up and down aboys their
mean position-

Waves in npple tank

———

2+ The circular periodic waves can te produced in a ripple tank
when spherical dippers just touchiny the water surface- This is
done by means of a mechanical arrangement driven by o sma
electric motor- The rate of dipping the rods is controlled by
thanging the speed of motor- The pattern of waves obtained at
any instant of time is shown in the figure- ’

@3: What are progressive waves? Explain-
fins Progressive Waves (or) Travelling Waves:

Definition: Those waves which transmit energy from one place to

another place are known as progressive waves or travelling waves:
Explanation:

When we drop a stone on the still surface of
water in a pond, a disturbance is produce in
water: Due to this disturbance, the particles
of water are set into motion These par-
ticles transfer their energy to the neighbor-
ing particles- This process continues and fi-
nally, the energy reaches to the edge of the
pond of water: Such waves which are pro-
duced in water and carry enerqy from one

Place to another are called transverse pro-
gressive waves:

Photograph o1 shadows
circular waves on the watd
surface

mrhgsics Notes — 1_Tedy __ Chp-8 Waves - 385 |
Nan" -

Discuss the propagation of waves in detajl-

Pmpagqt_{a_n___of‘wﬂ‘@ff i
ns: CLEF==

e PrGPd‘,’“‘f"” of mechanical waves occurs dye to the interaction
] . .

f::the particles of the medium with each other The particle by

aartw‘f‘ wave Propagaif;on can occur ;,L:m o .

4 in an elastic medium- m": 5 B S v

only der a mechanical mode ¢f | 07 it

Nﬂlﬂ const . At . b
yration of @ stretched long elastic r;(:",,‘,?__-_ o

v-d which consists of equally spaced - ; -

ro = s

reicle such as T, 2, 3, ¥ 5, 6, :.'-‘._F:;"-*"{E'---——z-wd

4 .along its length as shown in |a. .

aseeett® n b= - 13

faure (a) ] A_-3.:*_7‘-‘_'{;“*;-.'-r*----—-------- e, SIEN

Now if the particle “1" is given a |_ ¥

o upward motion at right angle to the cord, the particle “2" will

{g.f.’ow it due to ﬁfastfffty OF the cord: T‘hg part.;cfc'llzu

will lack
sehind the particle “1" due to its inertia-

Now when the particle “2" rises, the particle “3" il follow its

but will lack behind the particle “2" due to jts inertia- Similarly

“ the pd'tl'de “a4" will follow partr“cfe “3" and 50 on-

[When the particle “1" reaches to its highest position “+A"  the

particle “S5" just begin to moves up while at that instent particle
" starts downwards motion: The particle “2" will continue its

upward motion due to its inertia until it reaches to its highest pc-"
stion “+A"-

When the particle “7" reach its mean position “0" it does not stop

there and move downwards from mean position “O" as shown in
F’urg (C)'

) : iy W # 1
When particle “1" reaches to position “-A", then it returns to-

Wer . - '} " . "o I - :
ds its mean position “O"- When it reaches “0", one vibration is
“mpleted and g6 a result the
Shy ‘

.wn in figure (d): The partic
ton In this wqg
il

other particles become disturbed as
le “1" is now ready for second vibra-
Y the waves propagate towards right and the par-
# the medium (cord] oscillate only about their mean position:
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Q5: Discuss the types of progressive mechanical waves- (OR) -
Describe transverse and longitudinal waves with examples and
ly differentiate between them-

[£7€A 2006, 2009, BISE Abbottabad 2019 Q‘“‘

Ans- T+ Transverse Waves:

dcar»

Definition: Those waves 'n which the particle of the mediym o
brates along a line perpendicular to the direction of Propagation of
the waves, are known as transverse waves*

Explanation:

(Whenever a disturbance is prop-

agating through a medium,
then the particles of the me-
dium are disturbed aond start | | T
If the vibration of A

the particle is perpendicular to the direction of the propagation of the
wave then it (s called transverse wave pulse: The particle of medium
does not change their position permanently and performs only vibrato-
ry motion about their mean position- In transverse waves, the par
ticles vibrate with the period and frequency of the source:

The transverse waves consist of crests and troughs which are pro-
duced one after the other in a certain order- The distance between
two consecutive crests or two consecutive troughs is known as wave-
length: [t is represented by “1.", while the distance between a crest

and nearest trough is equal to the half of the wavelength i-e: %2

The number of waves passing through a certain point is known as
frequency of the waves: It is represented by "f’-

The velocity, frequency and wavelength of the waves are related to
each other by the following equation i-e

The transverse waves can propagate through a medium whose elas:
ticity is larger- So these waves need a material medium for their
propagation-

Examples of (ransverse Waves:

The examples of transverse waves are given below:
> Water waves

Teough

vibration*

R

|

| nte, a series of longitudinal waves s setup- As the

Cﬂ g Waves -

y 5 S -
Ni:l.lﬂ_ .
y Light -,

Radio waves
r
Micro waves

E" yaves praduccd in a stretched string
; ms.::wdznthgm [Compressional Wayes).
f‘ﬁas; waves m, .wj"dj the Pm‘t.:des'of the medium Vibrate abg
- mean position ’afang the direction of Propagation of e ¢ ut
Fh:naw” a5 longitudinal waves or compressipnal Wayves- waves
18

fx fd_{f"-biaﬂ ;

g slinky spring placed on a smooty, table
Caﬂ‘ﬁ are- Let one end of the spring is free ang
thz,,,;gted to a fixed support, as shown in the figur
;;P: i end of the spring toufards right, then the loops neqr the
d ore compressed towards right due to the applied force- The
wmprﬁ“d loops then exert a force on the locps to the right side
e this way, a compressional pulse trayels towards right
dong the spring’
\ow when the spring is pulled suddenly in backward direction, [i-e-

top as shown in
the other end s
e When we pysh

| qqwards left], the loops near the end are rarefacted due to 4, ap-

cled force: The rarefacted loops then exert a force on the loops

i of
the right of them- In this way,

a rarefaction travels glone the
spring’

Now if the spring is pushed forward and backward at o constant

wave moves

through the
Wave movement
1 dink sprin Free en achions s .

Y ’ pring, Push $ ’Jarcl e |_‘\ — N SomReanons  Fled s
empression and (e O (i 1V
. Pull hand 1§ .y o : : . ' .
wrefaction  can |=:|\-r::1cn1 E neganve { Posity ': E i H - 1
repeated ! dlacornent ! dilacemest ® ' - H 4 '
e seen along | gty b T : : : 4 :
1 ' " " ' : -
the spring- : : ' : : : : :
displacement ' H l : H HE s }
: : H : : v '
: > e :
' ' ‘ . :
: : : : : :

The longitudinal
Waves consist of ‘l
UMpression and 0 V

""‘ﬁttiﬂns

L
~

b
Ms:nn:r:

compression

(
(

rartfaction rarefaction COMpression

H'&ldl ore pro_

k

L]
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duced one after the other in a certain order- =l
two consecutive compressions or two

A

The distance be-t. ~
consecutive m’eﬁ:;t, g
The wavelength “)., F"‘quency ”;ns i
velocity “v" of the waves are related to each other by the f ' ang
equation e’ GHO“"’-S

v = Fa
S

wiyom,

known as wavelength

Examples of Longitudinal Waves:
» Sound waves

r Compressional waves in a spring

» Railway engine connected to boggies with buffer
tween them-

» Shock waves [seismic waves] produced during an earthquake.

Q6: Define the following terms: Wave speed, frequency of wayes
time period of waves, wavelength, amplitude of wave ;
wave, phase- :

Ans- 1- Wave Speed: (ETEA 2006)

The distance travelled by a wave per unit time is known as speed of

@ wave' The speed of a wave depends upon the type of wave as wel
as the properties of the medium-

' fﬂtensity of

For example, the speed of transvers: wave pulse in a stretched
string depend upon the mass of string “M", length of string “L"
and tension in the string “T" and is given by,

v = \f%________(z)
If “m" represents mass per unit length, ie
m = o > M=mL (2)
7 i
Putting e’ﬁ:_atfon (2) in equation (1), we get,
ViR |']IE = v = I'-t 3
\NmtL \m e { )

These equations show that the speed of transverse waves N wc:‘:
stretched and thin string is greater as compared to a loosely o
thick one: While in case of longitudinal waves, the speed L4

depends upon the modulus of elasticity “E" and density &
medium, and is given by,

__._—_.______‘_"—ﬂ"

spf‘fng S i be

Chp-8 Waves - 38’-?]:

\§
Lo gases Are more compressible, so the elastic modulus “E" is
i‘q‘ :‘ : thl’” 50{,’d5- That is Why, the a‘ongwtuda'na! waves travel foster
gmalle

ids. a5 compared to gases: The unit of velocity is m/sec:
in so!

2 _F;_fﬂgéﬂﬂgg- _ ‘ o -
The aumber of waves passing through a certain point in unit time is
. frequency of the wave: When a wave progresses, each par-
icle of the i e EINaRElly Wik BhE i Beriod Al
frequency of the source: Thus the frequency “f' of the wave is

qual to the frequency of the source:
L

number of waves passing through a point|
M- time taken by waves

The unit of frequency is Hz or cycle per sec (c'p's)-

3. Time_Period of Waves: |

The time during which a wave passes through a certain paint is
called the time period of the wave: When a wave progresses, each
particle of the medium oscillates periodically with the time period
and frequency of the source: Thus the period “T" of the wave is

equal to the time period of the source: The time period is equal to
7

the reciprocal of frequency irer T = 2

The unit of time period is sec

t Wavelength:

The distance between the

two  successive

particles
Which are exactly in the
Same state of vibration is
known as wavelength- It is
fepresented by “)L"- [ts
Unit is meter. The relation between velocity, frequency and wave-

kngth of @ wave is given by,
gl 28
.-""‘--—-__
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5+ Amplitude_of Wave:
The maximum displacement covered by
a vibrating particle from its mean posi-
tion on either side is known as ampli-
" tude of the wave: In above

figure,

“y," represents the amplitude- -

6 Intensity of Wave: - ¢
The amount of energy transmitted per > —
second per unit area placed perpendicu- Area

lar to the direction of propagation of L, |

waves is called the intensity of the waves- ¢ s re
Its unit is “J/sec-m?"-

7' Phase:

The state of motion in a wave is known as phase-

presented by “m. |

- Q@7: Explain Newton's formula for the speed of sound- Show that
how it was corrected by a French scientist Laplace?

BISE Malakand 2019, BISE Mardan 2019, BISE Peshawar 2019
Ans- Speed of Sound:

The distance covered by sound wave
sound wave-
Newton's Formula for Speed of Sound:
The sound waves are longitudinal waves [(mecher ' waves] which
need a material medium for their propagation- Th -peed of sound
waves in a medium depends upon the density "o  Of the medium
and elasticity “E” of the medium- ie

SE

per unit time is called speed of

According to Newton, the temperature of air does not change when |

sound waves passes through it- Newton told that heat which ::S pro-
duced in the compression region leaks to the surrounding, WM’T th-:
decrease in the temperature which occurs in the rarefaction region !
compensated by the flow of heat from the surrounding: b
In this way, the temperature of the medium [air] remains con“: 20
50 under such conditions, the elasticity “E" of air may be equd
the pressure of the air- jrer £ = P
Thus equation (1) becomes,

Chp-8 Waves - 391 |

hat.jf_—"i_—g:

1 5:&_05‘!2:%-“‘” of air whose volume is “V" and pressure is “P"-
consider ° "B_fan is produced in this layer due to which its volume
Let ‘ampmssf“v" and pressure increases by “p", so the final volume
ngaslfnv—vﬂ ‘and the final pressure becomes “P+p"-

pecomes . temperature was assume to remain constant, so the

o as'ttothermaf for which we apply Boyle's law i-e:, we have,
ss 151
P"’c;v = (P+p)V-V)

o pf = P - P ¢ PR

pyepV-pv=0= "PrtpV-0=0
_pv=-pV

strass = Elasticity = E

= P / V) volumetric strain

(v
oy d £

: . of-

hich is the required pro >

?ja:« to calculate the speed of sound in air, we put,

' )
p = §'gh (3 | |
In equation (3) “8& " represents the density of standard fluid mer-
r :
4 nd “h" represents height of mercury at atmospheric pressure
cury a

Putting equation (3) in equation (2), we get,

v=@ (4)

Put & = 13-6 gm/cm®, g = 980cm/sec’, h = 76¢ of Hy, "
‘ 5 = density of air = 0-001293gm/cm’ in equation (%), we 9e

V= ’?3-6 x980 x76 _ U = 28000cm/sec [approxfmatdg]
0-001293

= |V = 280m / secl

But the above value is about 16% less than the -31 s an experimen”
Whith is about 332m/sec- So we cannot ignore it a d is hooum &8
tl error- This error was then removed by Laplace a®

S NN

perimentaf result

Laplace correction:




Laplace Correction:
According to Laplace, Newton was wrong in s
perature of air does not change when sound

it He told tnat sound waves consist of compre
which are produced in air so rapidly, that ¢},
does not remains constant: i-e- the rise n te
pression cannot balance the fall in temperat
S0 Laplace assume adiabatic process jnstead
for which he put, £ = yp -

Where “yv" is constent and jts value
the gas- For air, v = 1-42.

To_show that, E=yP:

Consider o layer of air having pressure “P" gn4 volume . Let

compression is produced in it, such that the pressure iNcreases by o

factor “p” and volume decreases by a factor “v”. Now we have,
PV = (P+p)v -y

—

Uming tha, the |
Waves Passes em.

. !‘c
ssion and rares, Ugh

act,,
e temp"‘?ture ng

mperature d“’i"ﬂg
e duﬁ”? rarefy,
of iIsothermq, p

of a»
om.
tion.
FOcess,

depends upon the hature o

T
> PV = (P4 PV’ (}» . EJ The term YSV is very very
; AT small, so we neglecr ir.
> P=(P+p)[hf~m' (5)
L ' 1 . .
Expanding the second term Of R:H-5 of | Pinomial Formula, Dx?
equation (5), binomially, we get, (4+x)" =1 4nx + L2

&

r s vth’ ' v
i?[ LDJJ =7+ f’“&} tneglected terms

/AT " ]
Ll = [ﬁs — << 0 we neglect
= [, 1 ! VJJ { v (6) | v |
|its high power tcrms |

Putting equation (6) in equation (5), we get,
P=(P+p)(?-~.:;»J

v v
N 1
4 v
.rpv
- T=-F
—_— Pt

> —1"Year Chp-8: \ - 393 ]
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i stress

P # —————— = Elasticity = E
» P %7\ volumetric strain
)

ﬂg:'” equation (7) in equation (1), we get,
pute!

FE P = &'gh

Vs

\r-g-;—;, y = |I42x13-6 x980 x76

S VEfIX T VT \/ 0-001293
Y = 33353cm/sec

% V= 333:53m/sec = V = 333m/sec

;' value agrees with experimental value which is 332m/sec-
15

mﬂ" the speed of sound in a gas and give all the factors
wj,_:'ch affect the speed of sound in the air:

L. W A—
which_affect the :
815 Abbottabad 2019, BISE DI Khan 2019, BISE Mardan 2017 |

fins: The speed of sound in a gas depends upon various factors which

are given below:
I Effect of Density:
We know that,

—
. 12 0
i
Put P =constant in equation (1), we get,
Ve 3 (2)

Relation (2) shows that at constant temperature and pressure, the

speed of sound in gases is inversely proportional to the square root

of their density i-e: smaller the density of a gas, greater will be the

peed of sound through it- As hydrogen is less denser than oxygen,

% sound waves travels faster in hydrogen as compare to oxygen-

2 Effect of Moisture:

The speed of soum} 7;';,;,-“55 with the presence of moisture in the
ar e s because the moisture reduces the resultant density of air
When the density decreases, the speed of sound will increase: ﬂ?uf
the velocity of sound in damp air is greater than its value in dry air:

‘?E ect of ressure: (ETEA 2007, 2011) .
wund that the speed of air does not depend upon the




o
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Svg

pressure of the air et V= constant

Proof: We know that,

L & (")
\$
We also know that,
§ == (2)
v
Also PV = nRT (Put n = 1]
= PV=RT = v=g_________(3)

Putting equation (3) in equation (2), we get,
mP
e B
b= Y . VIC )
Putting equation (%) in equation. (1), we get,
[pRT _ [RT

mP \ m
= V= j——"(RT

N\ (3

Putting L—— = constant, so equation (5) becomes,
m

A

[V = constant! (6)
Equation (€) shows that the speed of sound is independent of the

pressure of the air
4- Effect of Temperature: (BISE Mardan 2019)
The speed of sound increases with increase in temperature: [t has
been found that the speed of sound in gas increases about O-6m/set
for each I°C rise in temperature:
We know that,

Ve \:"ﬁ1 (1)

m

Put f = constant, so equation (1) becomes,

V = constt- T = Ve JT S 102
Relation (2) shows that the speed of sound in a gas s direct
proportional to the square root of the absolute temperature of the
gas* ;e when temperature of a gas increases, the speed of SUZ
also increases and vice versa-

=

Cho-8 Waves - 393

: I " Year
NaL 1
f _‘b_ 'I-‘qd.

. Effect 0L.*
5 Eﬁ:’ﬁhc velocity of sound and “V." s the velocity of wind,

wind is moving in the direction of sound waves, then
locity becomes (V + V) 50 relative speed of sound
eases, and if the wind is moving in opposite direc-

i .:Ir"
f

Tid f'; th‘
the relative Ve

., such a €asé incr
i"-f q of the sound waves, then the relative speed becomes vV-v)
o

¢ the relative speed of sound in such a case decreases-
2
o

—'-—_____._-——— 3 . . .

09: How the speed of sound in the air varies with temperature
and hence show that for each one degree centigrade rise in tem-
the speed of sound increases by 0-61m/sec?

perature
Zns: The speed of sound in air depends upon temperature of the

::.' If the temperature of air increases, then the velocity of speed
of sound wave also increases- It has been found that for each one
degree centigrede rise in temperature, the speed of sound increases

by 0-61m/sec-

Let “U" represents the speed of sound at temperature “T.” and
“y* represents the speed of sound at temperature “T"- Then we

T w

\7,
We have, T, = (0°C + 273) = 273K and T = (t°C + 273)K
50 equation (1) becomes,

v [(rc+ 273)K _ rfrcu?a

have,

=<

uY 273 \ 273
v _ [ee . (. ec)?
= P R il ’ =
i, \z73 " l’ ‘ 273]
b Binomial formula :
v t'c)?
S —=z |t 2= 2 _ 2
v l 273J (2) (Ifx)"=!+nx+%+'"J

E,Irp.,,-,d,-,,g the R'H-S of equation (2) binomially and neglecting the
higher power terms, we get,

U orm\E )
1lr+_°_c_]2_“?{tc]*

273) "7 2\273
\-h_‘--—__
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/ ) \-"i' e
— g _Ei =13 ¢
' 2] 546
So equation (2) becomes,
g Az o Ve
Vi fe)s veu et N
v 546 | ¢ 546

At 0°C, we have, V/, = 332m/sec
Put V, = 332m/sec in 27 term of R'H'S of equation (3), ye i
332t°C '
= 4
— e
Equation (4) shows that the speed of sound increases by 0-61m/sec ¢,
each one degree centigrade rise in temperature:

= |V = ¥, +0-67tC

V=u +

Q10: State and explain the principle of superposition of waves:
Ans- Statement:

It states that wheriever two waves are travelling in the same re-

—

gion, the total displacement at any point is equal to the vector
sum of their individual displacements at that point:

Explanation:

j7d f . _ " —
When two waves travelling in the
same direction are superposed, the

shape of the string at any instant

can be determined by applying the
principle of superposition:

In the aiven figure, the displacement
“y,”" arising from the wave “1" are
given by the dotted curve: While the
displacement *y,"

arising  from the
wave “2" are given by the broken
curve:  The resultant displacements
are given by the solid curve which is
obtained by adding the displacement

“y," and “y," for every point along
the string i-e:

¥ = fo_&-]

The resultant wave will travel along

YeXi+Y)

_ ’ e —
~hgsics Notes — Year ——__ChP-3: Waves - 367
Na e 3 - . y R o
ampancntz waves: The principle holds for mechanical wave and af|
5 , ;
dlrctromﬂﬁnchc waves
ele

© romens of interference, diffraction, beats and stationary waves
3 o

The Ij Lonsequences of superposition of waves-

gre the

the string with same speed as that

If the two waves posses same frequency and same phase, then

I jienomenon of interference will take place-

. f( the two waves posses slightly different frequencies and are

2 sravelling in same direction, when phenomenon of beats will
take place

If the two waves of same frequency are travelling in opposite

4 directions, then standing or stationary waves will be produced-

Qn: (a) What is meant by the interference of waves?
{b)- Discuss the types of interference:
% (¢) Discuss the conditions for interference:

s (a) Interference of Waves:

Definition: The superposition of two waves coming from two cohe-
——— .
rent sources at the same time through the same medium having the

same frequency and amplitude is known as interference of waves
(b) Types of Interference:

There are two types of interfe-

rence, which are given below:

I- Constructive Interference:

lhen two waves arrive at a cer-
tain point in the same phase e

when the and two

two crests
falls other, .
they reinforce each other- As a result, the intensity of waves in-

treases and a resulting wave with large amplitude is produced- In the

troughs :

upon each

fven figure, wave 1 and wave 2 interfere each other constructively

- e to which o resultant wave of
firge amplitude is produced- 1 /

2 Destructive Interference:

Wh
" two waves arrive at a cer-

tai ; :
" point in opposite phase i-e- T

l\'hcr_l
‘-s-.f_j_'f__f_f'ffi_af‘ one wave falls Wave |
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upon the trough of other wave, then they are said to pe "’Ttgr.-.
destructively: In such a case, they cancel the effect of eq, Obher
end the resultant intenzity becomes minimum or zero- [n Jivias (‘a
ure. wave 1 and wave 2 interfere destructively and as o result u
get a resultant wave with zero emplitude: e
(¢) Conditions for Interference:
For interference, the following conditions must be satisfied
The two waves must be phase coherent:
- They must arrive at the same place at the same time-
+ The two waves must be travelling in the same direction-
- The principle of linear super position must be satisfied-
+ The constructive interference takes place only, if the path
difference is zero ire* an integral multiple of “7.”+ j-e-
Path - difference = mi.
(OR) Path - difference = O-Tn, 2k, 3i,......m}.
flhere r = 0,1,2,3,%,.....]
6- The destructive interference takes place only, if the path differ
erce between the two waves is an odd multiple of half of the

N w WN >

wavelength i-e-

Path - difference = mé
A Ik 5n T (
OR -d = :.' —, =, = \m+ —
(OR) pd =3 T3 2N 3)

Q12: Explain the interference of sound waves: Also discuss its ex
perimental verification- S
Ans: The effect produced by the superposition of sound waves from
two coherent sources, passing through the same region is known as
interference of sound waves-

If the phase of the two waves is the same, ie* when two compres
sions and two rarefactions falls upon each other, they reinforce eath
other and constructive interference will take place: The intensity
and amplitude of the resultant wave increases and we hear @ loud
sound-

If the phase of the two sound waves is not the same, thel the
compression of one wave falls upon the rarefaction of the other

v

e
re re

o sics Notes - 1° 3o _Chp 8 Waves - 399 |
ruab e
Nau 5 they cancel the effect of each other due to which the

waves Py the resultant wave becomes zero and’ thus we hear no
‘mpt;w5ur" eype of interference is known as destructive interfe-
sound”
ey mental Verification of Interference of Sound Waves:
rimenvel==="-= ; e
?Rg;;,r&reﬂ“ of sound waves can be verified experimentally by
e fa y-shaped tube apparatus as shown in the figure:
usind %
d waves are pro
The soun e
juced with the help of tun- :§ s
4 bk ource of sound waves
ing fork a¢ “A Th“c' o J |
O ches the ear which is kept :
pear at point “D” by travel- ;
lng along the path "“ACD" =T ; {
Mﬂ' "HED"' as shOWﬁ' in the R,

figure:
Now if the lengths of the two paths are the same, then the waves

reaching at “D" along the two paths will interfere constructively
ond a loud sound will be heard:

Now if the U-shaped tube is moved towards right such that the
length of path "ABD" increases gradually, then a stage comes when
the ear will hear no sound because at this stage destructive interfe-
rence takes place at point “D"+ This happens when the length of
the path “ABD" is greater than the length of the path “ACD" by

" ;' ",

2
Now if the pinch cork at “C" is closed, then the ear will hear the

sound which is due to the waves coming to the point “D" along the
fit_h_"ﬁED" only-

Q13: What are beats? Explain how they are produced and show that
the number of beats per second is equal to the difference in fre-
Juencies of the two sources?

fins: Beats: The periodic variation in the Joudness of sound between
m.a‘ﬁm"m and minimum due to superposition of two waves of
slight y different frequencies is known as beats: (OR)

€ Ise and fall in the intensity of sound waves per second is called
etats.
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Explanation:

- One maximum and one minimum form one beat-
beats produccd in a unit time is equal to the difference bety,
ree

the frequencies of the two sources:

The Aume,

v

" of

n

For beats to be heard clearly, the difference betwaen t}e frequ
- en-

cies should be small- The difference between beats and

I"?ter'fcrm“

s that, in case of interference two tuning forks of equal frequen
i'es
are used., while in case of beats phenamcnan, two tum’ng forks of

slightly different frequencies cre used-
Experimental Demonstration of Beats:

Consider two tuning forks “A" and “B" having frequencies of 2564,
and 25%H:z respectively- Both the tuning forks are placed at th,
same distance from ear, as shown in the figure: Let the two tuning
forks are sounded together by striking them on a rubber pad-

Case-1: At t = 0, both the tuning forks
send compression towards right as shown in
figure (a)- These compressions reinforce
each other and as a result, a loud sound

will be heard-
7
Case-2: At t = 7 5 the tuning fork “A"

will send compression while the tuning fork
“Bg" rarefaction, because at

'
= — sec,
4

will  send

tuning fork “A” will complete
6% vibrations while the tuning fork “B"

complete 63-5 vibrations: The compression
and rarefaction cancel the effect of each

other ahd thus no sound is heard- Case
number 2 is shown in figure (b)-

7
Case-3: At ¢ = 3 St the tuning fork “A"

complete 128 vibrations and thus it will
send compression towards right+ While the
tuning fork “B" complete 127 vibrations:
S0 it will alss send compression towards

W)

- =0

it

A 5’ f =256 kar
B

254 I

!

J

A

L

I

)

-

Fig b

= [/4second .

L et

>

Fa

Lore

)

—_—
=

Fag

®
=112 second

r
v
L

Fa

st

L

Fig (41
| B

=
ey L

=1 3.;u|nl|

\

13 Figiad

Beats are produved wihivit B

stilar Tunang FOrks vilia
shightly different froguors

N2

—
L =34 second
B bASSRE
1}

)

)

it

with

e

m’ _ 1" Year Chp-8; Waves m
ayl i
. soth ¢he compressions reinforce fach other and as a resuls ,
ik - prgduud- Case number 3 s shown in flgure (¢)-

50 -
d S _3_ sec, the fork “A" complete 192 yibrations ang

il send compression towards right: While the tuning fork
jete 190°5 vibrations and thus 1t will send rarefaction to-
gkt The compression and rarefaction cancel the effect of
Y skor and thus no sound will be heard: Case number 4 g
‘J::wn in figure (4)’ -

§ 6. At t = Isec, the tuning fork “A" will complete 256 vibra-
fﬁ: ‘;? J thus it will send compression towards right: While the
eIM-"”! fork “8" will camplefe 254 vibrations and thus it will also
b ampression towards right: Both the compressions reinforced
wh other and as a result a loud sound is produced- Case number 5

o shown in figure (€)"

Juts Frequency:
fls difference between the frequencies of the two waves is called

jut frequency’ 16 is represented by “N" and is given by,

‘*u[ it
" ¢omp

BN PEE i 0]
New If “T" is the time interval between two successive loud
.Wﬂdi. then the number of oscillation of the first wave will be
wul ko "AT" and that of the second wave will be equal to “f, T
It the first wave should have made one oscillation more than the

Y weond oner S0 we have,

(T-fT a1
3(h=F)T 1= f -

ot ()

| Umparing equations (1), (2), we get,

I. !
N f;*f'-.‘F

{41 of Baass:

} We can use beats to tune a string instruments such as piano
O violin by beating a note [sound] against a note of known
fuquancy. The string can then be adjusted to the desired fre-
;"'"‘y by tightening or loosening it until no beat are heard:

~ U Phenomenon is used for finding the unknown frequency

,,..-i""‘?'rwl;....q_ N



| Nayab Physics Notes — 1" Year

chp‘%
3- Beats are used to produce variety in music: ~

Q74: Discuss the reflection of waves and phase cham
c”"!

during reflection:
s W

Ans: Reflection_of Waves:
Definition: The bouncing back of waves from the boundary of e
tain medium is known as reflection of waves-

(a) Reflection of Mechanical Waves:

Consider a string whose one end is free and the other end
nected to a fixed support [wall] as shown in the figure-

If we hold the other end of the string in hand and moye it up ang
down, then a crest [an upward pulse] is sent towards right g
shown in the fiqure:

When the crest strike the fixed
support [ie: wall -
medium], some part of its
energy is absorbed and the rest
is reflected: As the wall does
not move up with the crest in
same way as it pulls the string
upwards, . so the wall exert
downward pull on the string: As a result the crest is reflected in
the form of trough as shown in figure (b): In this way, a phase
thange of 180° or = radian occurs which is equal to half of the wa

s on-

- SN
=

F
denser ()

reflected wave pulse

¥ & }' ” . .
velength i-e: 3 between the incident crest and reflected trough:

On the other hand, if the end of the string is connected to a ring
[rare medium], then when the crest strike the ring moves up and
down and reflect the crest as
crest, as shown in the figure- g P
Thus there is no phase change —
in this case:

From the above discussion it is

)

clear that wher a transverse cetlected wase pulee Y
wave on a s.ring is reflected
from a d. 1 }
enser medium, there is . .
=

Chp-8 Waves - 403 |

s Notes - 1 Yo .
oyl A ; :
N _hange Of 180° or = radian: While when 4 transverse waye

Ms:r,ng i reflected from the boundary of a rare medium, it suf-
nd ’a phase change: The same principle is applicable for longitudinal
fers 1
me;,ﬂgctfb n of Electromagnetic Waves:

b) "‘;a;:?}.mnﬁ also occurs when electromagnetic waves such as
The Pwavﬁ are reflected from the boundary of a denser medum-
,a;,hf;u‘ vechniques have been developed for locating the position of
U:,ﬂc“ py reflecting the waves of known speed from them as radar
o5)

“rg'(ﬂs'

. piscuss the_reflection of sound waves-

_%g?_ﬂ?ggiga_ﬁ;i%g_iﬂeﬁs
Definition: The bouncing back of sound waves from certain surface
s known @S reflection of sound waves:

ation:
%%waus can be reflected from large flat and hard surfaces,
cch as wall, cliffs, clouds, ground etc: Like other waves, the sound
waves also obey the laws of reflection:

1. The reflection of sound waves can be used to determine the
depth of the sea- For this purpose a sound pulse having fre-
quency greater than 20KHz is sent out under water from a
ship- When the sound waves reach the bottom of the sea,
they reflect and moves back towards the receiver fitted on
the ship: When the receiver detects the sound, the time in-
terval “T" is noted- Now we take the half of “T" [i-e

T
t= E] which gives us the time taken by the sound waves in

reaching the bottom of the sea- Now we use the following
formula for determining the depth of the sea- i-e

The velocity of sound in sea water is 1450m/sec
The reflection of sound gives us information about an obstacle
in the path of various insects and birds- When an insect travels
" a dark night, it emits ultrasonic waves whose frequency iIs
Jreater than 20KHz- These waves travel faster ahead the in-
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tr‘gn'.u’

"Gﬂected
sound and thus change their direction In this way,

continue their journey in safe and sound conditions.
3+ The reflection of sound is used in defence and de
partments for various purposes:
4. The reflection of sound waves gives us information

the f’TSCct

tection de-

about echo,

reverberation etc:
QI6: Write a note on, (a) Echo, (b) Reverberation 4
Ans: (a) Echo: e |

The reflection of an original sound from a certain object s received
at O'lsec later than the direct sound is known as an echo:
Explanation:

Echo is a factor due to which we cannot
hear the sound clearly: This phenomenon
occurs in those halls, which having large | the effective distance for cch
size and smooth walls Is = li[l:iﬂ_'
To avoid or minimize echo, the dimen- -
sion and size of the hall should not be too large-
between source of sound and the
T7m- It is because, if the distance

time intervals will be more than O-]
tions,

The speed of sound in air iy
mostly taken ay 340m/s, s

=1Tm

Also the distance
wall of hall should be Jess than
s greater than 17m, then the
seconds and under such condi-
our ear will hear two separate sounds: To avoid such two
Separate sounds, the time intervals should be less than 01 seconds:
(b) Reverberation:

It is that effect due to which we cann
original sound and reflectin
sion of the sound

ot distinguish between the
g sound and thus causes a general confu-
impression on the air

QI7: Write a detail note on stationart

waves or standing waves:
e~ ~2abionary waves or standing waves- _
EETE»‘? 2006,7,11,13, 14,16, BISE Peshawar 2017 |

Ans: Standing Waves [Stationary Waves]: |
When two waves of same frequency,
velling along the same line
each other, then standing or
Explanation:

Consider an elastic ¢

period and amplitude are tra-
in opposite direction and superimpose
stationary waves are produced

ord whose one end is fixed and the other is held

I—

A

1M Year

d g;s shown in the figure:

',-ﬂ jmﬂr we wiggle the cord up and down then waves ar

" e Set up in
Now ! . These waves travel towards the fixed end of the cord,
the wmﬂeftmns and travels back towards the hapnd. The incoming
‘u,’fgri

and reflected waves overlap each other and Ehus
v f ,ganding waves:*
L re certain points on statio-
o ﬂv“ at which the amplitude
Mry‘wﬂmn is zero and tension is
. V-Mm- Such points are known
max-'mdlfﬁ‘ In given figure, N, N,,
i m:; rcpresants the nodes: While
:::painbs where the amplitude of
Jbration is maximum and the ten-
(ion is minimum, are Known as an-
sinodes: In the given figure, A, A,
ite represents the antinodes:

Form g 5ys-

S—— Cho B: Waves - aos |

The node and antinodes are pro-

duce in such a manner that there
it one node between two antinodes
tnd there is one antinode between

two nodes* U T 7S ™
The distance between two consecu- .

J

'|
l
l
l
|
|

tive
, A

velength jre+ .
2

boring antinode is equal to one fourth of the wavelength i-e-

standing wayes,
inothers

the energy is not transferred from one particle

When the cord vibrates
harmope.

It s represented by
In tase

oF two loops,
r!Pflientgd by "ﬂg"

Itﬁll‘

and is given by,

SI'MI.fdrfy' Fa = 3f

\“ﬂ‘ < QF"FS

= 5, f, = 66

nf.

fodes or two consecutive antinodes is equal to half of the we-

While the distance between a node and its neigh-

In

to

in one loop, then the frequency is called 1"

the frequency is called second harmonic It is




Chp.g.
; b Vo
Thus we can say that the frequencies with which tphq o m“is
brate are quantized: That is the string can Vibrate with ;a'ng N 2
of frequencies i-e: Fr0 26, 36, 46, e , nf, Serey, %

QI8: Discuss the formation of transverm )
stretched string: (OR) What do you mean by ‘tﬂtion,,:;“ in s
and more loops

Show that as the string vibrates in more
_quency increases and wavelength decrease-
Ans- Stationary Wayes:

When two waves of same Frequency.
are travelling along the same line in opposite
each other, then standing or stationary waves q
Transverse Stationary _Waves in a Stretched
A standing wave obtained due to the superp
waves is known as transverse stationary wave-

Now consider a string of length “L”

— X

period, amplityd, an
direction 4
re produced.
String:

o0sition of trﬂ'ﬂsversg

stretched between t

WQQI’?
v itg Fre-

d Ve!ocft,

nd ov‘ﬂ'ﬂp

w
ports “A" and “B” as shown in the figure- This string can b: .r;::z;
to vibrate in any number of loops-
Case=: Vibration of String_in_one Loop:
In this case, the string is made S
to vibrate in one loop: For this BF > A
purpose, the string is plucked at ,S,_‘f'_“_?‘.‘fl.
its mid point “P" due to which Y A .
two transverse waves originates o - W
from point “P”- One of these I_/-\‘ " I
waves move towards the right - (A o A8
end and the other move towards I-/\ /\-I
the left end- When these waves

reach the fixed ends, they are

A

- 1" Year
~Physics Notes 2 1 Yoo Che-8 Waves —ag7
Naus Lase of one loop, the frequency ;s called fundament 4
n

i : " fre-
Now ! or first harmonic: It is represented by “gn o is given by,
y
40‘” v (1)
i ——
fioa
for ;ne loop, we have,
Now P77,
N
b2 (2)

- W
M 2

= equation (2) in equation (1), we get,
in
putting v (3)
prpee—
3 2?3) represents the lowest frequency which s called funda-
Equwfﬁfrzqucnfy or {irstNdirmonic:
menté know that the velocity of wave in a stretched string in
Now W‘F sansion S and mass per unit length “m" s given by,
terms o
el (4)
m :
putting cquatfan (4) in equation (3), we e
ucer

(3)

tion (5) represents the fundamental frequency or first harmon-
&w‘tiﬁ which the string vibrates in one loop-
t:;-z.- Vibration of étr_r'gs:ig,_,tuzo:i:gg?i 2l 1,
m, the same string of length “L” is made to vibrate i
two loops: For this purpose, the
string is plucked from one quar-
ter of its length and as a result
the string vibrates with frequen-
w“f" in two loops as shown in
the figure: Here we have,

—_— S
reflected back: They meet at the X ‘
middle where they superpose each
other and as a result a stationary /’; &
wave is setup: The whole string Ng
will vibrate in one loop, with two |___,_?L+—-1
nodes and one antinode, as shown A +___.-f—-—-4
in the figure- z =

te—._____ &)
12
In case of two loops, we see that,
L = ..11 }.3_ = ﬁ
2 2 2

+

(7)

J
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Putting equation (7) in equation (6), we get, \ o 1ta With WY 16E OF Fraquancies e —
f o o O 38, 46, 56, GF,y v,

2 (2‘:'3) 'Iampd”'”’ equations (2), (7), (11) ete, we see that ;

Fd
Now ¢
\
= f, 2( L

e * ;‘; < k,
J (8) s ShOWS that the wavelength decreases qs the number of loops
2L j

v
23

mparing equations (9), 13), (14
. . , radses’ Now ci? ing eq (%), (13), ¢ ) 8¢ W 'aay
Putting equation (3) in equation (8), we ges, uhe 6> 66 frequency of vibrating seri
O e (9) s shows that, the frequency 1orating string increases as ¢4,
.' .
In equation (9) "f," is called second harmonje: of loop increases
mber
Case-3: Vibration of String in_three Loops: o

In this case the same string is made to vibr
this purpose, the string is Plucked at one
@ result the string

shown in the figure:
Here we have,

W‘m the following: (a) Fundamental frequency,
loops. For sones, (¢) Quantization of frequencies

ngth and o | g (o) Fundamental Frequency or First Harmonie:

s Ans know that a string fixed firmly at its twe ends resonates ¢o
uﬁy certain very special frequencies i-e: f, f,...... wnfyt The lowest
0

Jaracteristics frequency of vibration f is called the fundamensal
tha :
fraquency or first harmonic:

ate in three
sixth of jes
vibrates with frequency .

(b) Over

fy = ..t{_.__________(;o)
Ay

In case of three loops, we have,

(b) Overtones or _Harmonics: o |
Ryl Xy . A 3 The other possible modes of vibration whose frequencies are all
&/ -.2i * —21 i _2;. SRR integral multiple of a lowest frequency are called overtones or har
ok %L- s Eﬁ:’a stretched string is excited by a small periodic force having a
Putting equation (1) in equation ( 10), we get, friquency equal to any of the quantized Fr'equencr‘zs. of the scrfng;
L & o 3. =S = 3(-“-) ‘ (72) the phaqamana of resonance will take place and stationary wave will
[2%) LN <k ba setup on the stn’;g}; ;
' . ' ' t) Quantization of Frequencies:
P“:-;ni ;q:amn R 'q"(‘;g)o" i e . ‘ f{t)i:%mrvsd that stationary waves on the string can be setup only
Similerly, in cass Ve loops, we have, with a discrete set of frequencies f,, £y, it This shows that the
fu = 4, (14)

nsonant frequencies of the string are quantized, meaning th'at thc.?
ire separated by frequency qapes: In other words quantum jumps in
frequency exist between the resonance frequencies: This phenomenon
W known s the quantization of frequency:

———

And in case of N-

: ] ?
20: Dy ' roduced in the air column
number of loops, we have, Q""‘"‘-—D"w“ how stabianarysiavas are p ) ir column: In
Ans: The Stationary wave can be also setup in the air vtad
fes the o d with water is conne
Conclusion: From above discussion It is clear that the 'r"qu‘::m to #Ven arrangement, a glass tube filled wi
With which the string can Vibrate are quantized- That is the St L reservoir
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Now if we bring a vibrating

Tuning

tuning fork over the open fork —CF*C
end of the glass tube and at b I[FM 1

' lowl ! C
the same time we Sow'y " '_:_\Axr ;r
lower the water surface in B | column
the tube with the help of EL tbe T
reservoirs During this process, -:'f__“lawr }
a stage comes when at a cer : 4

tain height of water level,
the air column in the tube
will resonate loudly due to
sound sent into it by the

.

tuning fork-
The resonance occurs when the frequency “f" of the Periodic fore,
due to tuning fork becomes equal to the fundamental Frequmcy “pu
of the air column- The resonance can occur several times by Chﬂﬂ'gf:?g
the height of water in the tube-

In above process, the waves produced in the air column are reflected
from the surface of water- The reflected waves and incoming waves
superpose each other and as a result standing or stationary waves
are produced- The antinode s formed at open end of the tube while
the node is formed at the other end-

Note: Using the resonance tube apparatus, we can also calculate the
speed of sound through air column- For this purpose we consider the

distance between node and antinode which s equal to koo, This
¢

:"“”“ Tpresegis W length “I” of air column in the tube 5o we
ave,

_ A
f'z:)l—‘h’ )

We also kno %
W that, v = £ (2)

Putting equation (7) in equation (2), we get
N (3) ; '
In equation 3
(3) f= frequency of air column = frequency of tuning

fork and ;4 = length, ;
of : -
ated glass type. g air column, which can be noted from gradu

" other end: When a jet of air is

orsics Notes 2 1" Year Chp-8: Waves —411]
Nduﬁb ke ngug.‘ Af " and 1" in equation (3), We can calculate
ﬂ:sd of sound in air’

We organ pipes? Discuss the formation of statio-

o Jes in an organ pipe: (ii) Also show that an open organ

pary w,-;;,gr in harmonics than a closed organ pipe-

ipe s .
es:

Ans' (‘) _Q_ﬂ,ﬂ__m— implest example of an inst 1

n pipe is the simple P inscrument which pro-

an or;s‘; und by means of vibrating air column: The organ pipes are
dytls

of two tYPes e
. 3 Closed organ pipe

» Open organ pipe
-{l) Cﬂ‘Gd Orgqa ipes:

4 dosed organ pipe is that which is
(osed at one end and open at the

qnt through the open end inside
the pipe, then the columns of air
are set into vibrations: These waves are reflected at the closed end
and forms a system of standing waves- There is an antinode at open
wd and node at the closed end-

Gase-l: In first case, a half loop is formed as shown in figure (a)-
We know that the distance between a node and its neighboring an-

Fig(a)

tinode is equal to "% " so we have,
L= -}: A= 4L
h o= 4L )
Now the frequency in this case js given by,

v
OV, e ()

Putt; J
q Ueting equation (1) in equation (2), we get,

—_—(3)
Equation

3
Mone. (3) represents the

fundamental frequency or first har-
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Case=2: In second case one com=

plete loop and one half loop is
formed, as shown in Ffgure (k) In
this case, we have,
LE%+$$L‘2A+A
L a3k
= A= %‘1 = A, = %11 (4) For 2md o, = .

put A=)

Now the frequency in this case is given by,
v
o (5

2

Putting equation (%) in equation (5), we get,

et~ g} —e®
3

R S
4L
Putting equation (3) in equation (3), we get,
N

Equation (7) represents the second harmonic or first overtone
Case-3: In third case, two complete loops and one half loop is

formed, as shown in figure (c)* In
this case, we have,

L e At2he2)

4
d

i 4 ; k > e
o LeltEn . 5 oY% h
7 14 Iig (¢)
4L —
= L= —
5
4L
= a P e
P (8)
Now the frequency in this case is given by, m
v
b (%)
3
Putting equation (8) in equation (9), we get,
v v v
f ® o—.ee. = — — ?0
gy
5 __________.—-"

f b Ph gles Notes Z 1_T22
o . :
ation (3) in equation (10), we ge¢
it 40 (1) N

il be formed at both ends

; :L!—2-:> A P 2L

Chp.g, Waves - 413 E

(72)

il 1)
v equation (A) can be also written as,
(8)

he possible frequencies are,
ﬁu‘vt V s'i/__ ....... '(2n,’)_y-_
.--,3'_" " 4 ] 4!—

v
53(25-7)};{7

4L 4L L \

() Qpen Organ. Pipes: -

(ETEA 2009,2013) 1 -..,._::'—"'—“:::: ....

B s that pipe which is open at e

oth ends: In such a case, antinodes fe— 7 , % "
4 4

Fig (d)

lase=l: In this case, the air column
i the pipe oscillates for stationary wave and form certain loop with

ntinodes at both ends, as shown in figure (d): (n this case, we
heve,
L

+.}-12i
I

A

L
4 4
A

b SIS
Tie frequency in this case is given by,

Piting equation (1) in equation (2), we get,

o ;- |

;:uman (3) represents the first harmonic or fundamental frequency:
42 In this case, the air column in the pipe oscillate for statio

L] y
A " wayes and form certain loops, as shown in fgure (e)' In this
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' - SICS Notes = 1 Y?Gr- Chp-B Waes o S
b |
NoyS (77)
gk 22 —TNY 2

(A+20+1%) _ %A 5,-,,,;!«"9- £ '

— 2 B T & P .
.

NWNT ;

_ 4L . (A)
S Ay - (4) - ook m JEEECSEEEEe

Now the frequency in this case is given by,
)
Putting equation (4) in equation (5), we get,

v v v
® o com ] O = 2 P
fa 4L [‘IL] {ZL]
4

Nf-'——-\

(Vv
-1 2 6
= f ‘\ 2LJ (6)
Putting equation (3) in equation (6), we get,
f, = 2f (7)

Equation (7) represents the second harmonic or first overtone-
Case-3: In this case, the air col-

.,
)

umn in the pipe oscillate for sta-
tionary waves and form certain

3 VoA U S
1 A A 4

sz

loops as shown in figure (F) In
this case, we have,

‘ 2 ‘ X l 3
Fig (f) 4 ) 2

Aok ok B

7

L= _ %22 322 8%
4 2 2%
” L=(}‘+2}"2)'+;')=E‘i=:?ir; L
5 4 2 2
B - 2L _ 2L
il " (8)
Now the frequency in this case is given by,
"4
o=

b ———(9)

b |
Putting equation (8) in equation (9), we get,
Y v v
r T e = 3[__ - = —
ST 2L] s 3[2:.]
3 )
F‘uttr‘ng_quation (3) in equation (10), we get,

(10)

[ ———

bl G - - Wve = il
-

the possible frequencies are,

Thus v (v
S Y. - _,,L_]
!"221.'32‘-' 2L 2L
NOTE:

'F;,--;ct of frequencies in case of closed organ pipe is given by,
", = 3Bty = Shufa)= 76 F, = (22~ 1)F)
2

While the set of frequencies in case of open pipe is given by,
F2=2ﬂ.ﬂ=3ﬁ-ﬂ:4ﬁ-ﬂ=5ﬁ. ........ 'F.:”F;]

¢comparing the above sets of frequencies, we see that an open or-
qon pipe_is_richer in_harmonics than a closed organ pipe-

-52_2; What is Doppler’s effect? Derive expressions for the fre-
quencies heard- (a) When the sounding source approaches a statio-
nary listener? (b) When listener move towards a stationary
sounding source? (¢) When the source and listener are moving to-

wards each other?

ETEA 2010, BISE DI Khan 2019

fins: (a) Doppler's Effect:

Definition: The apparent change in pitch of sound due to the rela-
tive motion between the source and listener [observer] is known as
Doppler effect-

Explanation:

Consider a listener standing on a railway platform+ An engine sound-
9 whiste is approaching the listener- The listener will find that
h.‘u Pitch of the note of the whistle appears to increase as the en-
¢ approaches the listener- The pitch of sound will be maximum
When the engine is just crossing the listener: This pitch will decrease
g the engine moves away from the listener:

gt o be the actyal frequency of the whistle and “I" " be the av-

] . --',. I'f.
L frequency of the whistle appears to the listener: The valic o
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Chp-8: Wayes - i
“I'" will be different from “f' due to the relative motion be
source and the listener Let "v" be the velocity of sound
Case I: When the source is_moving towards a 1_stationa
“Cor-n.-‘der a listener "L" situated at a distance
“5" as shown in the figure:

Let the sound waves starting from “S5" reach “L"
second: Now when the source is at rest, then the
waves in distance 'v"+ Now

tw‘ en
n air:

ry. fr‘s_tcmr:
Bl 14 from the IOUP“

in exactly op,
re will bg “F‘l

\ T
. g
the wavelength of sound is 3
s " I,
given by, O~ — VQ::QL
total distance x
) E
total no: of waves L Mop%c. L
. !‘. 3
= A -‘; 1) Dot L2

Let the source is moving towards the liste
such that it reaches the point *P"
number of waves “£' will be com
the wavelength “)' " will be,
) distance
AN
no'of waves

ner with velocity “g»
in one second Now the same
pressed in a distance “V-a" Now

o an 8 LN\

Now the apparent frequency heard by the
g o W
i MEEINERE . .3)
Putting equation (1) in equation (3), we get,
[V
Fraolat
O R s Pl

Nawas (V-a)'.'l./.—.; [ v J)f
V-a

50 equation (%) = F>¢

Thus the @pparent frequency increases when the source of sound is
moving towards

the listener and as a result the pitch of sound in-
creases- Similarly, when the source of sound is moving away from
the listener, then equation (%) can be written as,
' v
Fal.
) [V - a]r —(%)
e

listener Is given by,

quctly one second” When the

- 1" Year
~Physics Notes - 1_Yed Chp-8. Waves - @
yayd -
<1, so equat; i
rvd-ﬂ)"’v - [Ufa] 9 ton (S) =f <o b
Fs

the apparent frequncy decreases when the source of sound ;s
ﬂ'us. away from the listener and a5 q result the Pitch of sound
mﬂ\”n’

ases’ i .
J""'z, When Este%iﬂqwiéﬁ_@_“_iﬂ__idi_stﬂtigngrg source:

A T : L‘t‘—‘" o ===
Q‘%‘:’d listener “L" situated qt a distance V" from the source
f:"";uﬂ 4 “S" as shown in m

s )
ﬂ | ___‘—‘_‘*
the figure’

s the sound waves starting
:m “5" ﬂnd rgaches “L" in
0

S@
\/n\//\uw L
S 0— 2
then he—

waves in

[stener is at  rest,
shere will be “f’

d.s“nc‘ nu"- Now thc Wavefcngth "l”
| total distance

V-(-b)

a
total no- of waves

2 B E (?)
f

Now let the listener is movin

od reathes the point e

woety of sound waves wit

g with velocity “b” towards the source
as shown in the figur

e Now the relative
h respect to the liste

her is given by,
Ve(-b) =V + b
Now the dpparent frequency in this case is given by,

pe(V+b)

X ——(2)

Puttr‘ng equation (7) in equation (2), we get,
pa(V+ b)
—_ 2

G T

— ()
‘Q‘(V*b)>1/: (V+b

| e &

v

S"!qlme,‘o,, () sopia £

T g,

€ q
Wards , :lparmt Ff‘equency increases when the listener is moving
a . - -
s”afarj f«'onm—y Source of sound, and thus the pitch increases-

% wh
)en th IS moving away from the source, then

uatiop (3 e listener
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= £_U Pl
v
As [V o
v
Thus the apparent frequency decreases w

away from the stationary source and th " 3
creases- &

Cd'se 3: ‘_L_jheﬂ source aﬂd J’St ner b F
- et ] efle Obh are mav’n ta
e —._._—n-qi—‘sa-;__ wafd:

Chp%

(%)

] <1, so equation (%) =f <

hcn the !f'stencr is
us the pitch of s,

each other:
Let the source and listener both ar
with velocities ‘a” and “pn
such a case is given by,

P

Tr— ()

[ "?o“n"”g towaf d‘ Cﬂ\’:h

- Othgr

I eSPcCtJchy' ] ;18 appaj !J,t chuency ‘!]
]

Here “V'" represents
and |s given by'
vVisv+p

whﬂﬂ ”l’ "

L2
' f ———

equation (2) and j I 7
- (2) equation (3) in equation (7), we get,

{v;aJ’[:f:J’” "ﬂtff}f (4)

In equation (4 V+b ;
quation (4), V-go) T S0 equation (4) =
This shows that the a

and listener both are
Similarly,

the speed of sound relative to the listener

ST,
represents the apparent wavelength and s given by

Putting

F =

pparent frequency increases when the source
moving towards each other-
when the source and

listener both ,
each other, then equation (4) ¢ are mmoving away from

an be written as,

, = v-b

(Jr (5)

u V-5 .

Here [—_MJ <7, so equation (5) =

n'.
an: !shaws that the apparent frequency decreases when the source

1stener both are moving away from each other-

b '

Chp-8: Waves - 419 ]

0!
- f Doppler_ Effect:

. akioNS
b h;.:zlpappfer Effect is not limited to only sound waves- It is also
r.

gppficabie to light waves: The ~
l i . Transmutted Reflecio d
anugncy ol !’9ht #ﬂng e pulse ’ pulse /—:L-_/
ceived  from certain stars 7::"&
; moving towards = ; A
which are g )

7,

carth or moving away from
the earth is. found to be
slightly different than the
frequency of the same light
mitted by a source on the
earth

The reflection of radar waves
from an aeroplane is another

application of Doppler Effect: ’
The frequency of reflected waves is decreased, if the aeroplane is

moving away from the source: The frequency of reflected waves is
increased if the plane is moving towards the source: From this
frequency shift “Af ", the speed and direction of the aeroplane

Receved "

pulse '/
/""Tmmmsnrd

i
F r"' poiss

Aemal

Radar detects the aeroplane due 1o the
reflection of waves from asmoplane

L

can be determined: !
3 When sound waves are reflected from a moving submarine,
change in frequency, we can calcu-

their

frequency is changed- By this
late the speed and direction of the submarine: _
4 The Doppler shift in the frequency of radio waves [which .they
transmit] can be used to calculate velocities of earth satellites:

s? Discuss the uses of ultrasonic waves:

Q23: What are ultrasonic wave
| Ans Ultrasonic_Waves:
Definition: Those sound whose frequenties are
are called ultrasonic waves:
Explanation:

A normal human ear can hear a s0u
20 Hz and 20 kHz- If the frequency of >0F
tbove 20 Mz, then human ear cannot hear it
¢annot vibrate the membrane of our
The. sounds whose frequencies below 2
Waves while the sound whose frequencies

higher than 20 kHz

nd whose frequency lies between
¢ sound is below 20 Hz or
because such sounds

ear:
O Hz are known as infrasonic

‘are above 20 kHz are




called ultrasonic waves:
The term ultrasonic means above or beyopnd sound.
waves can be produced by an object whose fre
higher than 20 kHz: An ultrasonic waye ;s a
has an extremely short wavelength because of
fact an ultrasonic wave of frequency 25 biljiop
of 10°m, which is smaller than the wavelength o
and is comparable to the wavelength of x-
Uses of Ultrasonic Waves:

As the ultrasonic waves posses shorter wavele
and energy, so these waves are widely used
for various purposes: For example:

I+ The ultrasonic waves has a great importance blood|ess Sury
and diagnostic work in medicine: In diagnostic work gp 9
signal is transmitted through a patient- By the analysis ¢
ed or refracted signals, the ¢ysts and tumor can e located iy g,
body: It has also a great imp,

£ ulty,,

‘?wncy of v,brﬂ:_:',

Pressure - o
its high ¢,

Hz has 9 gy,

£ Visible light (?;j;

rays (70"°m). L

wh
equl Ney

ngth, higher Fregy,.
in varioys departm,:

Uftm:.;-‘
f refy

W . #g
Ik

|

ortance in surgical departments
The ultrasonic waves are used in industry for the tes
materials-

.Jf.j ﬁ

For this purpose a beam of ultrasonic wayes of hyh

frequency is allowed to penetrate through the maters) Th
reflection of these wayes

from certain Spots explores the phyr
cal defects in that material

The ultrasonic wayes are used for ¢
can remove the traces
The ultrasonic waves
bacteria and other mi
The ultrasonic waves

leaning purposes: These wi
of foreign matter sticking to the mete®
of high intensity can be used to destry
troorganisms present in liquids and air:

play an important role in neurosurgery T
ultrasonic wave of high intensity can be focus in the requred 1€
91on without dr'sturb:‘ng the surrounding tissues: For this purpi
Special type of ultra

of arthritics, musculg

r rheumatism and sciatic diseases-
The ultrasoni, wave

¢£at107
S are used in the process of cav

91 a small spaey i
The liquid js r*ridly volatized and a large number of bub
formed- Ths process The collapse a‘
1 a g
TUctive forces near the surface i1

bles o™
F Lhest
bubbles produces dest

d‘u:d’.
liquids, very high intensity can be pro

atment §
Sonic equipments are used for the tre

s s—r— b ‘ d to determin
- |¢rasonic waves can be use ermi
ot er in a container:

Cho-2 Wiaves —471 }
ed the quantity

of wet onic waves can be used to determine the depth of the ses
5
The ultra

‘¢ waves are used to check an unborn baby in the
The u!trasamf mother: For this purpose, an ultrasonic transmit-
) [-.{J:av'er the body of the mother: The ultrasonic waves
VA flected from different layer inside the body are picked
et r; 10" The signals are then focused on the screen and
A d:‘::tor can see its final image: From the final image,
t:”‘ ;;::or can get information about the nature, cize,
the

age,
ment etc of the unborn baby in womb of the mother-
move

Wugs the following: (i) Generation of ultrasonic waves-
Q[) ;pgeg.:t.v‘on of ultrasonic waves-
[} -

] s:

. (1) Generation of Ultrasonic Wayes _ e

zfsas(azz-;a;es can be generated by any object which is capable of
tr _ '
oscillation at a frequency higher than 20kH:z
Method a: _
Ih most of application, ultrasonic waves are generated by applying an
dectric current (electric field) to a specialized kind of crystal kr??wn
# piezoelectric crystal This crystal converts electrical energy m.to
mechanical energy, as a result the crystal is set to vibrate at high

frequency, generating ultrasonic waves-
Method b:

h another technique a magnetic field is applied to a special crystal
which Causing it to oscillate at a frequency higher than 20kHz,
¢Mtting ultrasonic wayes-

() P-E_t!_'ieigﬂ_gf_t}ftmsanic;w_ngs_:

“¢ are 50 many ‘methods by which ultrasonic waves can be de-
ke
(i) P

ted Som, Methods are given below: _ e
$ons and rarefaction so when ¢ ey | s

, Juartz ¢rystal, a certain potential difference is P"’fj”“ b

the Crystal faces. This difference is amplified by an amplifier an

' .’fﬂ.!on,‘; Waves are detected-

s
p:it':t!ndt'; Tube Method: Kundt's tube is a long glass tube su
td )

n N adium p;;,.:e'
rizontally withway air column in it~ The lycopodiu
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is sprinkled in the tube: When ultrasonic waves are
through this Kundt's tube, the lycomodium powder
lects at the nodes and blown off at the antinodes

used when the wavelength is not very short:

allowed bos,
" the tup, ca;f
This Method

} Solution of Examples & Assignments \

EXAMPLE 811

A wave generator produces 500 pulses in 10sec:
and frequency of the pulses it produces

—_—
Find the Period

Solution:
Given data:

e

Number of pulses = n = 500, Time taken = ¢ = 10sec

R_gg'_u;'rcd: (i) Frequency of puise = f= 7
(i) Time period of pulse = T = ?
Caleulation:

(i) We know that,

No-of pulses 500
fix = ‘F = 50pulse /
time 0 = billen £ s

(i) As T = : =—£—sec=> T = —?—sec
F 50 . 50

ASSIGNMENT 8-1:

Compute the speed of sound in sea water-
7025kg/m’ and elastic modulus is 21 x 10° N/m°

lte density is

Given data:

Density of sea water= § =1025kg / m®
Elastic modulus = E = 2.1 x 10°N/m?
Required:

Speed of sound = V = ?

Caleulation:

We know that,

= |
veyz_. € \aj

V husics NOLES —_ ) s
" P ; uation (1), we get,

et = 1 0-1430 x10* m/sec
! : \2%5_2‘_5’___ =

Chp-8 Viaves - 423 i

LE ak 40 waves passes through a

"t r:'PF::: the wavelength of the waves is
J.

;.wﬂ

u
/
Al P ¢

—

certain point in one
Sem, then find the

1J of the waves?
§

Mtﬂ:

Jut
e

Mbar 4 = = # 5
:;iu!mﬂth =\ = 5em = 00 ﬂ: Ve
R ived: Speed of the mass = U = 7
pquired
ey - 6 (1)

know that, .
% values in equation (1), we get,

f waves per second = £ = 40wave/sec

P”tifﬂf ::;xO-OS) m/sec=> V = 2m/sec = [U = 2m / sec|

[55IGNMENT 8:2:

256 Hz and 259 Hz are sounded together?

Wow many beats per second are heard when two tuning forks of
ow

—_go.'utr'on: Given data:
frequency of T** tuning fork = f, = 259Hz

Frequency of 2™ tuning fork = £, = 256Hz

Putting the values in equation (1), we get,
N=259-256 = W= 3beats pzr@

Required:

Beat per sec = N = 7

Gleulation:

We know that, N = e (1)

EXAMPLE &.3;

Find the speed of sound in a steel railway track,

if the density of

; "N/ 2,
Steel is 7800 kg/m* and elastic modulus is 2 X 10"N/m: ___—

%ﬂﬂ@ Given data:

N~
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Elastic modulus = € = 2x10"N / m?

Required:
Speed of sound = V = ?

Calculation:

We know that, V = \/—E )
Putting the values in equation (1), we get,

2x10" .
V= 1’ e 0-0506 x10°m / sec = |y = 506 x10°m / ...
ASSIGNMENT 8-3: S © o
A 409 string 2m in length vibrates in t

the string is 270N What is the wavele
_(1-33m, 87-1Hz)

Solution:

Given data:
Length of string = L

Chp"a: WQVE; _42“

hree loops- The tension jp
ngth and frequency?

e —

2m, Mass = /M = 40g9m = 0-0%kg

Mass per unit length - N, 004

= z_ 5 = 00245 /' m
Number of loops = n = 3, Tension = T = 270N
Required:
(i) Wavelength = b, =7? IV\/-\/\]
W\/}
(ii) Frequency = £, = 7 . ¢ Sy
Calculation: '
(i) We know that,
2 o Rl _2x2 e
A, n:?.,—-—‘B‘—-—Em:Ils-FS.?m,
(ii) We know that, v = £
3\/-7{11::; f:1=_v_. (’)

A

W

f T f 270
HJ'SO " Rl p
v i< ——-—902 m/sec(d?.?SOO) m/sec

Putting the values of “
[ 3

1716:2m/sec = 116 m/sec

V" and “L," in equation (1), we get,

JHz = 872Hz = |f, = 87-2Hz

3

—_—

733

v

ﬂ

noyd
LE 8:4:
fxﬂ”"p l d

Chp-8: Waves - 425 |

of sound in a neon gas at 0°C- Yy for monatomic

.J th‘ SPGG = J/K_ I.K f F s =
Fi 66 [Tﬂ'kﬂ R = 8314 mol-K, molar mass of neon &
s " i
:;s' 20-18k /K-mol]
ution
é’,w;pﬂ:;- T=0C=0+273 = 273K
YRg- g314J / Kmol'K, M = 20-18Kg / Kmol
cquired: L
bpeed of sound = V = :
Caleulation: y L
WL Jr-sa;&s 4 x
We know that, V = == o

- = 432m £ sed

e = A
ASSIGNMENT 8°4: |
What length of closed pipe will
256Hz at 20°C?

Solution: Given data:
Fundamental frequency =f, = 256Hz
Speed of sound at 20°C = 343m/sec
Required:

Length of closed pipe = L = ?
Caleulation:

We know that for closed pipe,

produce a fundamental frequency of

343 _
T g (AT = 0-334Sm

4 4f, " %x256
> L=03349m = 0.3349 x100cm = 33-49cm = |L_= 33-5¢m|

-—-________-_
EXAMPLE 8.5, .
TWo pianos sound the same note- If the vibration from one is
221601, and that of the other is 221-40 Hz: What is the beat

~quency between the two tones:
tion: Given Data:

"uency o e = f, = 221-60Hz

= f, = 221-40Hz
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Required: Beat frequency = N = 7

Caleulation:

We know that, N = ¢ - £, )

Putting the values in equation (1), we get,
N = (22760 - 221-40)Hz = 0-20Hz

L&:at frequency = N = 0'20@

ASSIGNMENT &8-5:
(a) What frequency is received by a women watching an oncomin
ambulance moving at 110km/h and emitting a steady 800K, soun:
from its siren? The speed of sound on this day is 345m/s. (b)
What frequency does she receiye after the ambulance has passed?
(a) 878Hz, (b) 735Hz
Solution: Given data:
Speed of sound = v = 345m/sec, Frequency of sound = ¢ = 800H:;
Speed of source '

=a=7I0km / hr =

———

110 x 1000

/sec = .
3600 mssec = 30-5m/sec

Required:

(@) Apparent frequency when source is approaching = f* = ?

(b) Apparent frequency when source in receding= £* = ?
Calculation:

(a) We know that, when source is approaching the listener, then

i JSOO = 878Hz = |F' = 878H:

LA P
v-a 345 - 305
(&) When source is moving away, then we have,

949 Jeoo = 735Hz =

f': -4 J ={
v+ta 345 + 305

EXAMPLE 8-6:

The speed of a wave on a particular string is 24m/sec If the
string is 6m long, to what driving frequency will it resonate?
Solution: Given Data: Length of string = L = 6m,
Speed of the wave = V = 24m/sec
Caleulation:
2L
We know that, ) = 2= e 1)
n

r'=[

e 4 =g Notes - 1 Year
h
Chp-8. Wayes 0% hiuﬂbp 5 il equation (1) becomes,
z 0

—

Chp-B.- Wﬂves = 47'

B—],

pt ! Efﬁ =12m= A\ =12m

=

5. in equation (1), we get,
Z &

1
Ml L2265 2, = 6m
]

b

. 3 in equation (1), we get,

e " =
Pl-"?‘ff'ﬁ Ay = 4m
]

he possible frequencies are given below:
wt
el =
! 1’
.
13

2

3 o).

LE 8-7:
_9 4m long has a mass of 39m: One end of the string is

@sted to a stop and the other end hangs over a pulley with a
219;" mass attached- What is the speed of a transverse wave in

this string?

Given Data: Mass of pulley = m = 20kg,
length of string = L = 4m

Mass of string = M = 3gm = 0:003kg

Mass per unit length = m' =

Tension in the string = T = w = mg
2 T=20x98 = 196N
peed of transverse waves = V = ?

M‘M"

We know ¢4, w [T . B Y
at, V e =4/ 7-5170'*'

2= 160 x10%m / sec
)

\__
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EXAMPLE 8-8: T e

The lowest resonance frequency for a guitar string of length 0-75
m

is 400Hz- Calculate the speed of a transverse wave on th, strin

Solution: Given Data:

String's length = L = 0-75m, Lowest frequency = f, = 400 H;

Required: Speed of transverse waves = V/ = ?

Calculation: We know that, 1, = £ DA, = -27—L
BR— n
= 2 =2x075> ), =7-50m

Now V = Fh= V=FL = 400x1'5 = [V = 600m / sed]

EXAMPLE 8-9: =

A pipe open at one end and closed at the other end, is 82¢m long-

What are the three lowest frequencies to which it will resonate?
Take the speed of sound as 340m/sec-

Solution: Given Data:
Length of pipe = L = 82cm = 0-82m
Speed of sound = V = 340m/sec

Required:

Three lowest possible frequencies=? e
(i) f =7 (il) £,¢ ? (iii) £, =7
Calculation:

(i) In case of closed pipe, we have,
v 340

ﬂ B i R ercmermem——n = ?qu
7 72083
Now (i) £, = 3f, = 3x10% = [f, = 312Hz
(i) f, = 5f, = 5x104 = [f, = 520H:
EXAMPLE 8:10: '

A car is moving at 20m/sec along a straight road with its frequen-
¢y SOOHz horn sounding- You are standing at the road side What
receding from you at 20m/sec? Take the speed of sound _as

-

s NoLe2 2 Ch

N —

o DOEE
vell 2= =
g,gti o0Hz V 7 340 m/sec

d of sound source = a = 20m/sec
fpet

paguirt?
T) ppparen®

(i) ﬂPPar‘nb
) We know Ehits

k
f ;.:(_L%[ﬁ-j"‘—_"z—o]xsoo:

frequency when car approaches= ¢ = »
frequency when car receding= f* = 2

V-a
v _ 340
) fnd £ = ("F ,,]f i (340 v 20}*500

Ws, occurs on the surface of
the sun due to fission and fusion
nactions but we can't hear, why?
fns There is about 150 million kilometer distance | I
between sun and earth* Sound waves are longitu- L R
dnal waves which needs a material medium for their propagation-
But the space between sum and the earth is mostly a vacuum
through which sound waves cannot pass+ There is not sufficient
mitter to transfer the sound of explosion on sun surface: Thus
(% «nnot hear the sound of explosion occurs on sun's surface:

—

Qi-T: Describe a situation in your life when you might rely on the
Doppler shift to help you either while driving a car or walking near traffic:
Ang. 1f | am dn'w‘ng and | hear Doppler shift in af ambulance siren, |
“Ud be able to el when it was getting closer and also if it has
Pised by. This would help me to know whether | needed to pull .

Over a

~ L4 let the ambulance through:
I k - ———— -—‘—‘q"—_;"h

e Al
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2: Three stationary observers observe the Doppy,, i
from a source moving at a constant velocity: The obseryey "
stationed as shown below: Which observer will observe th, 4. h“
frequency? Which observer will -observe the lowest ,t'ar-ec.vufn“t
What can be said about the frequency observed by obseryer 3,cy?
Ans+ (1) Observer (1) will observe the highest frequency -
(2)Observer (2) will observe the lowest frequency

(3)Observer (3) will hear is higher frequency than the source fre-
quency, but lower than the frequency observed by obseryer @) s
the source approaches and a lower frequency than the source fr,-
quency, but higher than the
frequency observed by observer
(1), as the source moves away
from observer (3)-

ChP-B.‘-WGves -

IO VAVes - 431 H

I Exercise \

le answer:
from one medium to another medium, which

t"‘ bé!t Pass’.b

(oot g wave 99¢¢ .
! M'Mg; i following characteristics of the wave remains con-
one
7
sean?’ J/ b+ Frequency
it
o Velod! J d- Phase

. wavd!”?‘h ;
. nsverse wave Is reflected from the boundary of o

yhen @ €4 g
2 Jenser £ a rarer medium, it under goes a phase changes of:
[
b- E JSeon d 2n
Y 2
If the tension in the string is doubled and its mass per unit
3 length is reduced to half+ Then the speed of transverse wave
on it i8¢
/a- Doubled b+ Halved
¢ Constant d- One fourth
ol We know that,
v = i, (7)
m
Now if tension becomes double and mass becomes half, then we
have,
7'=2T and m' = .’%
for “T'" and “m' ", equation (1) can be written as,
S |t
¥ mr —__....(2)

Putting the values of “T'" and “m'" in equation (2), we get,
(S 2T 4T
v:J:: ﬂgﬁ:} v'=2J’I_i (3)
\ m m m m
2

P"Wﬂi eiuation (1) in equation (3), we get,

B Bl
. U the speed becomes double, so option (a) is correct’

?}hi‘.h one of the following properties is not exhibited by the
'M waves? A ——




ey

[ Reeedidetiies

a- Reflection
¢+ Diffraction

5- A sounding source and a listener are bot} at re
each other: If wind blows from the listener toy,

b+ Interference
v d- Polarization

Ln‘p%
i
St relgg,

v
rds ¢, ‘b

[
then which one of the following of sound will change? souqq

= Physics o
wow 7%, (4%)

V] (2)
.,2 T | ——
- ﬂ‘ [zt’a

equation (7) in equation (2),

SNp-8: Waves - 433

gting

a* Frequency vV b Speed pu v

" Phas ¢ Wavelengeh "t | ST
6 Which one of the following factors has no effect on the i the amplitude of a wave is doubled, then its intensity js:

s T .

of sound in a gas? Peed § 11 " poubled b+ Halved

a+ Humidity v b Pressure 7 Quadrupled d- One fourth |

¢ Temperature d- Density | Intensity i proportional to the square of amplitude: So when am-
7-  There is no net transfer of energy by particles of - %udt becomes double, then intensity will becomes four times i-e: qu-

. i
a- Longitudinal wave b Transverse wave erqu od-

¢+ Progressive wave v d- Stationary waye

& Which one of the following could be the frequency of ultray,
let radiation?

A sound soucrce is moving towards stationary listener with
i 1710 of the speed of sound- The ratio of apparent to real

a- 1-0 x10°He b+ 1-0 x10° Hz s gl ny 97 10
¢ 10 x107 Hz vd 10 x10° Hz Ty Ll ¢ [—] v r)
\ 10 70 70
9. When a stationary wave is formed then its frequency is:

v a' Same as that of the individual waves
b+ Twice that of the individual waves .
¢ Half that of the individual waves

d- 2 that of the individual waves #e

v
- 5ol Speed of sound=V, speed of source= a = -5

When source is moving towards listener, then we have,

e ()

(v-a)
10- The fundamental frequency of a closed organ pipe is F If both Putting the values in equation (1), we get,
the ends are opened then its fundamental frequency will be: v G £ v _1Tov
a b- 0-5F Ve 2F d- 4f [v_ ] [ [IOv-vJ 9v
Sol:Case-1: When pipe is closed then 10 @
p X A — £% 14 Z
L =1 - = J e v f 7 . . &
7 A, =L 1* 3 B, i so option (d) is correc
vV v v
Now £Le— = " .
R rEE At k
Case-2: (Yhen Pipe is open, then
L= 3: + —}l = ._2i
4 ¢ g
= A= f.t_'
2 I, WA T —
- "~ - ‘H‘\
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3\ X
fshort Questions\

QI: What is the difference between progressive and ’m

aiven below:

2

3.

G-

Progressive Waves

7- A disturbance of some

kind produced due to a
source as a result of
which energy s transmit-
ted from one plece to
another place is called
progressive waves:

Progressive waves propa-
gate in the medium and
transmit energy from one
point to another-

Proaressive waves are not
confined in bounded system
but travel unrestricted-

In progressive waves we
have no nodes and anti-
nodes:

5: The frequency and wave-

length of & progressive is
equal to ‘ne frequency and
wavelength of the source
producing the wave-

r' fdheﬂ tWO Wwaves

Stationary Waves

having _the
same amplitude and ("“?“‘"Jy
with proper phase re!at;o-—;;,,p
traveﬂr'ng with the SGMe speed
In opposite direction through
a medium are superposed and
@ wave obtained, is known g
stationary or standing waye-
Stationary waves do not prop-
aqate, so they do not transmie
energy from one place to
enother place: Stationary wave
tan occur only in a system
which has boundaries such as
string or spring stretched be-
tween two clamps:

Stationary waves of discreet
set of frequencies can be pro-
duced in any medium when its
particles are disturbed:

In stationary waves we have
nodes and anti-nodes:

The frequency and wavelength
of a stationary wave are equal
to that of either of the su
perposing wave*

Stes = 1" vear =
e —3 _"aves - 435
m the difference betm“
ra

Weves?

Ans: The difference between progressive and stetionary (.,
‘es cre

ng-

©  waves

~«t we Y wah &r "‘—--—-._.__________‘
- The 4 Frerence batwesn Cransverss and longitudinal waves is giy~
(L)

. b O

" Cle arly

' s Longitudine] liayes

sransverse waves the|l- In longitudinal wayes the

par-

I ’.I_f‘.,l!‘ of the medium ticles of the medium execute

ﬂg'ut! 5”/}1 per‘pfﬁdiﬂlfd" SHm a!ong the d:récg,’gn of
el )

:0 the direction of the the propagation of the waves:

Fmpa;atr‘on of the waves:
ransverse waves consist | 2- Longitudinal waves consist of

2 of crests and troughs: compressions and rarefactions

3. The distance between two |3+ The distance between two con-
consecutive crests or secutive compressions or rarefac-
troughs i called wave- tions is called wavelength '), "
,lgngth ‘}k"

4. Transverse waves may be |4 Longitudinal waves are only
mechanical or electromag- mechanical waves:

netic in nature:
5. Water waves, waves along |5+ Sound waves, waves along a
a string, light waves, ra- spring or slinky etc are the
dio waves and T-V waves examples of longitudinal waves-
etc are the example of
transverse waves:*
6 Transverse waves can be| 6 Longitudinal waves cannot be

polarized polarized- B

7 Transverse wave equation|7- The longitudinal wave equation
is given by, is given by,
X=x sinwt @) x = x, coswt (7)

©: How are beats useful in tuning a musical instrument?
#s Beats are useful in tuning a musical instrument:

 Reason and Explanation:

fuats represents the periodic variation in the loudness of sound

heh can be heard when two notes of slightly different frequent :‘
i A' -

Mtaneouﬂy— When two sound sources of slightly @




—

‘Year ——

ferent frequencies are sounded at the same time, q e, ~d
" : Z

heard which rises and falls in intensity: As a result, a Joyy Tote i

and ra

it

cound is heard periodically’ The phenomenon of beats plgy,
£ musical instruments- " gy

[[Nayab Physics Notes I

portant role in tumng 0
" Tuning is the process of adjusting the pitch of one or mp.
€ tone

from musical instruments until they form a desired arrangems
Tuning may be carried out by sounding two instruments and ad-:t.
ing one of them to match the frequency of the other- Thys i::
we are tuning, we are trying to match the frequency of one not:

to another:
Example: Consider a tuning fork and a guitar

as shown in the figure: Let “f," represents
the frequency of tuning fork and “f"
represents the frequency of guitar: Let the
two instruments are sounded simultaneously: In
the beginning when “f," and “f;” are slightly
different, then beats occurs and we have,

N=f, -f; (7)

Now for tuning the guitar, we should match
the frequency of gquitar to the frequency of
tuning fork- For this purpose, the tension in
the string of quitar is adjusted until the beats
disappear- Under such condition, we have,

fo =f and N =0
Thus the frequencies of both instruments match each other and the

quitar is tuned-
L —

Q4: Two wave pulses travelling in opposite direction completely

-
ancel each other as they pass: What happens to the energy pos”
sessed by the wayes?

P

Ans- Th, : =
e energy remains conserved when two wave pulses travelling

in opposite direction-

Chp-8: Waves - 437 |.

gxplanation:
ulses “A" and "“B"

direction, as shown

A

ﬂQ,-«*’ =
ggaiﬂ.ﬂ“ -tw‘ﬂ waves P
«— i

’..-rf-'d‘r osite

v il 9 in OPP Fig 1: 3

t'-"""" () Let the two pulses overlap ig 1: Before interference

o Fgur . as shown in figure (2): The

jth 9 g cancel the effect of each oth- ¥
R

2 pu’f /- ',:emgnt beCOJI?GS Ze
(W e ngt 'SF
f lig 2: Durir g nterierence

m,r:::':}”= point of superposition (over
s the total energy becomes

M=

WPM& the point of superposition”

z:m awhcﬂ the two pulses cross each | B\ _/

M:r they ¢ravel in their own direction Fig 3: After interference
“,"am shape and speed as shown in

yith 5(3). Each pulse maintain its initial energy and thus the law
f;i:nsaﬂdtf"” of energy is satisfied in the above process:

05: What are the conditions of constructive and destructive inter-

ference?

fns- Conditions
for constructive and destructive

tions must be satisfied-
7. The two waves must be phase coherent:

¢ arrive at the same place at the same time:
same direction:

“for Constructive and Destructive Interference:
interference, the following condi-

& They mus
9. The two waves must be travelling in the

10-The principle of linear super position must be satisfied'
Extra Special Conditions for Constructive Interference:
They constructive interference takes place only, if the path differ-
ence is zero e+ an integral multiple of et W O L%
Path - difference=mi
(0R) Path - difference= 0,14, 2}, 3%,

(Where m = 0, 1, 2, 3, #,uueee]

Era Special Conditions for Destructive Interference:
if the path differ

Th P
M: destructive interference takes place only,
¢ between the two waves is an odd multiple of half of the W&

thmgth ie-
/
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(_:hpa WQ*ES -4

Path - difference= m%
h. 13X 8K 7A " ?J
y e | e — —— "y — )L
% €O,z 2273 [mz
(Where m = 0, 1, 2, 3, 4,.......]

Q6: How might one can locate the position of nodes__;m
nodes in a vibrating string?

Ans No-l: We can locate the
position of nodes in a vibrat- A

SR v
A:

ing string 1t is be- \/\m,

tause, at ncdes point, the \_/\_lj

tension is maximum and the
emplitude of vibration is ze-
ro: The nodes are at rest and the string appears to us in the form
of loops with nodes which are located at the enf:r'.s.,_cf aach !ao@:

———

easily:

shown in the figure:
Similarly,

we can locate the position of antinodes in a vibrating
string easily: It is because, at antinodes point, the tension is min
mum end aemplitude of vibration is maximum- The string appears to
us in the form of loops: At midpoint of each Joop, the amplitude is

maximum and thus the antinodes are located at the midpoint of
each loop above or below the

“A" in the given figure-

Ans No-2: We can locate
the position of nodes and an-
tinodes in q vibrating string
with the help of Melde’s ex-
pPeriment: In this experiment,

mean position, as shown by “A," and

E_UQ. -

=

g iz s A
Fig (&) ¥ i

S

stationary waves are produced in the string by means of clectric Vi* ;

brator as shown in figure (a):

cati Nodes: The points of the string which do not vibravé

Fepresent the nodes- The displacement of the particles is zero a¢ the
nodes and can be located easily: The nodes are denoted by “N™

%M: The points of the string at which the am”

plitude of vibration is maximum represents the antinodes: The an
. o

Chp-8' Waves - 437 |

it Year
rsics Notes :
N:J:DP p Lhe partr'Cks is maximum at antinodes and can be [o-
o
m‘ﬂt

ntinodes are denoted by “A":
Jasily’ The a

pted “ible for an object which is vibrating transversely to
pos

qr: Is it

n 7
uce_s0Y :
rod v s possible

"
fnse Ve ‘
sy produce sound wave

225011 and_Explanation:

—sed and percussion instruments, when played, produce
i S . And the enerqy from these vibrating instruments

Wﬂ:‘:ir in the form of sound waves: The human ear can
e thmuj whose frequency range is from 20Hz to 20kHz: So if
s ange of the transverse waves of the musical instru-
:h: frfqu;”‘:c:min 20Hz and 20kHz, we can hear the sound of
T;::i:;t‘rumme which were vibrated transversely:

for an object which is vibrating transversely

sransverse

"08: Why does a sound wave travel faster in solid than in gases?

fns Sound waves travel faster in solids than in gases, because ior
wids the ratio of elastic modulus to density is greater than for
gases-

Reason and _Explanation: |

We know that the speed of sound waves in a medium of elasticity
"e" and density “8" is given by,

(7

" ase of solids, “E" is taken as its Young's modulus while in case
o guses, “E™ is taken as its bulk modulus-

ks trye that density “8" of solids is greater than that ofl ] S?as.r
We gt the same time, the Young modulus of a solid or elasticity 0':
Blds is fop greater than the bulk modulus of a gas or elastiiey o
’.““' 30 the term “E/5" becomes greater for solids thanl I gases
e ,ou

w"“‘u! faster in colids than gases:

s with
i : s wit
39. Why does the speed of a sound wave in @ 995 oy
Btraturep OS—
h

15 The

’ rature’
waund in a gas 5’14”9“_"%"'
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Chn%
Reason_and Explanation:
We know that the speed of sound in a gas is given by,

2 R
Equation (1) shows that the speed of sound is inversely Propors
to the square root of the density i-e:

vx\g 2)

Now we know that when temperature increases, the volume of ¢,
gas increases and its density decreases: So according to relation ()
the speed of sound will increase: And when the temperature of 50;
decreases, its volume decreases and density increases- Sp according
to relation (2), the speed of sound decreases, that s why the
speed of a sound wave in a gas change with temperature-

Ans-2: We know that the speed of sound in the gas at tempere-
ture “T is given by,

V:ﬂ
Wz

i 1R
In equation (1) ’E =constant, so equation (1) becomes,

10ng]

(3)

v = Jconstant x T
= v = constant xJ‘T' =y T

e )

Relation (2) shows that the speed of sound iz o r.rtly proportiond

to the square root of absolute temperature oi .he gas' i'e: when
temperature increases, speed of sound also increases It is because at
higher temperature, the molecules of the gas have greater mobility
to transport energy from particle to particle:

Relation (2) shows that the speed of sound increases by a factor
0-6m/sec for each one degree rise in temperature: Thus the speed
of sound wave in a gas changes with temperature:

@10:

J—

Is it possible for two astronauts to talk directly to oné

another even if they remoye their helmits?
Ans:

I

another even if they remove their helmits-

_——'—-'_.-—

It is not possible for two astronauts to talk directly to 01 |

notes - L T2 : e ChpE Wi ]
P -
fits 4 EX lanation: I
L stro- |
&ﬁi’ﬂg pass:‘b.’a for two a A ﬂ
It 18 no palk directly to one ‘ |
paus y hen they remove their i :) ﬁbﬂ} v
grothe ,.; space, because ordi- ) = 2 B} =2
I ] 1 { 0 ! X P | 1
pelme? 4 waves are longitudinal %ﬂ;‘.ﬁé-j’? 3-4.*-;__:_1 _:5_“;" |
ury 04" waves: They always Z 1 5 |
ani : " | |
“h.n medium for their props: { ‘ |
ﬂn since in space there is et &_} {
on’ X . Y s —
gt mospheric gas, so it Is not i |
n "b.‘z for astronaut to talk | |
55i to one another, even if - Y- |
sreitly their helmets 5 % g%
they could remove

o the space* They can use Blecs
I

. communication system for contact with each other
troni

W‘ the frequencies at which a test tube 15¢m long re-
;an;:tcs when you blow across its lips-
e Length of tube = L = 15¢cm = 0:15m

in.ai s /sec
6peed of sound in air = v = 332m, -
H:-; the test tube behave like a closed pipe for which the Funda

mental frequency is given by,

%
S ey 7
fr (D)

Putting the values in equation (1), we get,

332
£ | 2222 g f, = 553H:z
g e > =555

The sezond harmonic is given by,
f,= 3f = 3x553Hz = |f, = 1659H:z

L —
Sinilely, f, = 5¢, = 5 x 553Hz = [f, = 2765Hz]

.

& les

(2n-1) 5531’-!':l

I T k‘T_';_:——__
re i 1 eay (S WA al B )y
-fLbﬂ/}uﬂ.’.'ﬂnb’mpﬁ'u!‘jwjdﬂf;'}&f o4 'L/‘t) Y .

%wuiéwdg Ljﬁc:f_fl:—ﬁ““’“";—’——
A Y ——
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. ; . ; -4 a

oscillation of the particles is maximum is known s anti- | {1 \ AN

; Node.
represented by Ay Az Aseeeenn’s 05 shown in the Biarrs: “ g

Q4: What do you means by stationary waves? Sho, that
string vibrates in more and more loops, its frequency -"ﬂtrea:s th
wavelength decreases: &5 ong

Ans: See answer of question no 18 in the text: \

Q5: Explain Newton's formula for the speed of‘m
how it was corrected by a French scientist Laplace- that

Ans- Ses answer of question no 7 in the text- Y-
Q6: Explain the speed of sound in a gas and give m
which affect the speed of sound in the air- "

Ans+ See answer of question no & in the text: A
Q7: How the speeds of sound in the air varies with m
and hence show that for each one degree centigrade rise in tem
perature the speed of sound increases by 0-61ms’'?
Ans- See answer of question no 9 in the text-

Q@8: What are beats? Explain how they are produced and show;!;t-

the number of beats per second is equal to the difference in frequen
cies of the two sources:

) Numerical Problems \
/mt—mavdengths of a television station which trans-
I

SW 500MHz and sound on S505MH; respectively? Take
el JJectromagnetic wave as 3 x 10° ms". (60-0cm,
&

P ta:
gﬁéﬁf‘—’i"; f, = 500MHz = 500 x10° Hz 10%)

- £, = 505MHz = 505 x10°Hz
opeed of clectromagnetic waves= ¢ = 3x10°m / sec
pt&

uired: .
“?f‘)iﬂaw'ength L, =7 (b)Wavelength= 1., = ?
Calculation:

?;jw'g know that,
prFAD c=Fh D A= BN o (D)
!
Putting the values in equation (1), we get,
3x10°

N =
' 500 x10°

Tm = 100em |
—_— e

A= 0:006 x10°m = 0:6m = 60cm

Ans: See answer of question no 13 in the text-

@9: What is Doppler's Zffect? Derive expression for the frequencies
heard- (a) When the sounding source approaches a stationary listener

(b) When listener move towards a stationary sounding source:

—

Ans: Sze answer of question no 27 in the text:

() Now %, = -:—______(2)
2 i
Putting the values in equation (2), we get,
3x10°

w DRI » O 4 x10°m = 0-594m = 59-4¢n
2" 305 s7gF = M = 0°0059% x10%m = 0-594m em

B

Q0: What are organ pipes? Show that an open organ pipe is Tichel
in harmonics than a closed organ pipe-

)—-—-_—--‘

Ans: See answer of question no 20 in the text-

_A-—-—.-_.-.-_-’
Q77: Explain the vibrations in a clpsed organ pipe and show that the

frequency of third harmonic is Sy/4L.

.—‘-/

B

Ans- 5zz answer of question no 20 part (a) in the text:

—~} l}_z = Sg.qcm\

l@ and |\, = 59°‘fcml
"—-—.—_

Q: A person on the sea shore observes that 48 waves reach the
If the wavelength of the waves is 70 meter,

shore in one minute-

Mme velocity of the waves- (8ms”)

Ution: Given data:

N
mber of wayes = 48, Time = t = Tmin = 60sec

FP‘?Utn:y Of wayes= NM9° 0f waves
.K time

o e
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48
f=—2=08Ht = f =08H:z
-

Wavelength of the waves = L =10m
Velocity of waves
Caleulation:

We know that, v = F )

v=7

.

Putting the values in equation (1), we get,
v=08&xI0m/ sec = 8Em / sec = [m

@3: In a ripple tank 500 waves passes through a urtm'nm

seconds, if the speed of the wave is 3-5 ms’, then find th, e

length of the waves: (7c¢cm)

Solution:

Given data:

Number of waves = 500, Time = t = [0sec

——

Frequency of waves= f = Mo Snds = f= L 50H:z
time 70
Speed of waves = v = 3-5m/sec
Required: Wavelength of the waves = ). = ?
‘Caleulation:
We know that, v = fr.= 5 = < (7) Im = 100¢m |

Putting the values in equation (1), we get,
— -
=

= = L=007m=

lﬂawr’ength =5 = 7:;|

Q4: A string of a guitar is 1-3m long vibrates with % nodes, 2 of
them at the two ends- Find the wavelength and speed of the wave
in _the string if it vibrates at 500Hz-
Solution:

Given data:

In case of 4 nodes, the string will vibrate in three loops, ¢ "~ .
Length of string = L = 1-3m, f; = 500H:z

Required:
(1) Wavelength= 3., = 2 N N

——

(ii) Speed of the wave= y = 2

.

- - 1" Year
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ulation”

Q““‘.G know that,

O ", .2 (1) E
e _;_.: L3 B S Putn = 3, for 3 loops|

pysting the values in equation (1), we get,

U .
\¢ %_f_-?_ = 0:866m = ), = 0-866m
Ay

(i)fs v = Fr = v=Ffi (2)

+ing the values in equation (2), we get,
d , = (500 x0-866) m/sec = v = 433 m/sec

) [oz 0:886m] (i) lv = #43m 7 sed

%: A tension of Y0ON causes a 3005 wire of length 1-6m to v

brate with a frequency of 4O0Hz: What is the wavelength of the
sransverse waves? (7-15m)

—

Solution:

Given data:
Tension in wire = T = 400N,

fzss of wire = m = 300gm = 0-3kg
Length of wire =

7-6m, Frequency of vibration = £ = 40Hz
Required:

Wavelength of the waves= i = ?

Caleulation:

We know that, v = Fr =M = ;

(7)
We also know that speed of transverse waves in a string is given by,

a (2)

m
Putting the values in equation (2), we jet,

Lf M = ’_64__0 = 46 m/sec = v = 46 m/isec

V03 Vo3
Now Putting the values of “f" and “v" in equation (1), we get,
Ls| %6
y [;‘3]”’ =NI8m= ) =1'I5m

3 ;Wﬂu:’en’”’ =) = 1:-15m

\
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Fp T o
QG: Compare the thegretfca{ speeds of soundm
2:09/mol, v, =14) with helium (M, = 4-0g/mo|, Yo = ?éé” :
R = 8334jk'mol) at O°C: (v ang
Solution:

Given data:

Mass of hydrogen M, = 2-0¢/mol
Value of "y" for hydrogen= y, = 1-4
Mass of helium= M, = 409 / mol
Value of “y” for helium=y, =166
Gas constant= R = 83347 / kmol
Temperature = 0°C = 0 + 273 + 273K

Required: Comparison of speed of “H" with “He? =p2
Calculation:

We know that the speed of sound is given by,

_ |IRT
o g (7
For hydrogen, equation (1) becomes,
. [LRT
T, ————— )
For helium, equation (1) becomes,
i, = JYaBT (3)
oM,
Dividing equation (3) by equation (2), we get,
Y . [1uRT | M, Vi 'f“
Putt

ing the values in equation (%), we get,

Vie . |2x1:66 _ [3.32 B
v, ,' % x4 ,}—-——5.6 =077
— S 077 = v, =077

= fuz077]

el
Q7: The speed of sound in air at 0°C is 332ms"- What will be o
speed of sound at 22°C? (345-2 ms")
Solution:
Civen data:
Initial temperature= T, = g°¢ = 273K
Speed of sound at 0°C = v, = 332m / sec

——-——'_—_‘.‘"

-
e —

-

- " .
s Notes -1 Tee”
[

yymperature= T = 22°C = 22 + 273 = 2954
frel ed: Speed of sound at 22'C m y u 7
wﬁit‘!‘gn, Wa know that,

lat! =

:_l I_: y = 7—_-]5" __________(’)
put:;ﬂ! thl‘ values in equation (1), we gat,

)
Vp'dtr'tyzl'_; » 345:2m / uc]

Chp-B: Waves - 449 |

o8 Two tuning forks "P" and “Q" 9ive 4 baats

wp" is 512Hz: (516Hz, 515Hz)

per second: On
lading “@" lightly with wax, we get 3 beats per sacond: Whos s
she fraquency of "@" before and ofter loading if the frequency of

Selutlon:

Given data: Number of beats before loading = n = 4
Number of beats after loading = n' = 3

Frequency of tuning fork “P*“ = f = 5/2/4;

B> e -f

ﬂngufud:

Galeulation:

() We know that, n = £y« f,

() Frequency of tuning fork “Q" before loading = £, = ?
(i) Frequency of tuning fork “Q" after loading = £, = ?

[Pue n = 4, f, = 512H:

D4 512 £, = 4+ 512
9

(1) Afeer loading, we put n' = 3,¢, = 512Hz
we get, n' = fq“ - ﬂ;

Paaf o5 fo = 3+512= [ = 515He)

®: 0n q

of thy sou

%duu per sound? (24 beats approx)

, ) I

sunny day, the speed of sound in the air is 3Q0ms;'

- tuning forks A and B are sounded simultaneously: .Tha wavelengt
nds emitted are 1-5m and 1-68m respectively: How many

[ut:jgg.' Given_data:
Ped op found = v & 340m/sec
\




Wavelength of tuning fork “A"= Ay =1-5m
Wavelength of tuning fork “B"= Ay = 1:68m
Required: Number of beats = pn = 2

Calculation: We know that, n = 5=%

v v

7

2> n=s—-—= —I—'——3n=340—7-—--—___7
ho  Ag A, )_s -5, 1-68
= 1= 340[0-666 - 0-595] = 340(0-077)

Ans. |n = 2% beat approx:'mate!yl

Q10: A sound source vibrates at 2004,

and js reced;

n
stationary observer at 18ms’. If the speed of sound ,.f ;’;;”‘r
then what frequency does the observer hear? 189-684, ms
Solution: —(189:681g) _

Given data: Frequency of sound source = f=
Velocity of sound = = 33Tm/sec,

Velocity of source = ¢ = i8m/sec

Required: Apparent
Calculation: (hen

200H>

frequency= ¢ = »

- = 1" Year
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f horn, when
ent frequency o -
" HFP?;:rain approathes the person= f' = ? B
({{’ Train moving away from person= (‘ = 7 NI
L ncy observed by engineer traveling on the trai 7
ue
(5) Frea
) W : rent fre-
Qi“u%.—whgn train approaches the person, then the appare
4 quency is given by,
| |f (1)
Felv-q

putting the values in equation (1), we get,

%0 ]x?SOHz . [M]m = |f = 167Hz
= (m 305

' can
(ii) When train is moving away from person, then equation (1)
i
be written as,

' (v:a]r___(f)

Putting the values in equation (2), we get,

~ _3&],50,_,, . {M}g F = 136H:z
sound source js moving away from the Stationary $ 340 + 35 375 o
observer [listener], then we have, b) As engineer is present on the train, so both are the part o
= [ X ‘\II" 3 h me system- So there will be no apparent change for en
— | (1) the sa ¥
Putt; ;; N gineer in frequency of horn- '
utting the values in ¢ uation (7), ; fre-
g = 3371x200 q' ¥ e QI2: The first overtone of an open organ pipe has the same fre
iLJ33?+78 M o quency as the first overtone of a closed pipe 3:6m in length-
Ans- | = 189-68H; What is the length of the open organ pipe? (7-3m)
'__'-'_-—-______
QI 5
in still

‘ Uppose a train that has a 15014, horn is moving at 35-Om/s

air on a day when the speed of sound s 340m/s- (a) What
frequencies are observed by q stationary person at the side of the
tracks as the traj after it passes? (b) What fre-

N approaches and
quency is observed engineer traveling on the train?

Y the train’'s
167H;, 136H;
Solution:

Given data; Freq

Velocity of train = ¢ = 35m/sec
Velocity of sound = , = 340m/sec
Requfr_-gd:

\
h

€ncy of horn = £ = T150Hz,

Solution:

Let the frequency of 1" overtone of an open organ pipe =f, and let
the frequency of 1" overtone of the closed pipe = f,

Length of open organ pipe = L = ?

Leﬂgth OF CJ'OStd Of‘gdﬂ PI;P¢= L' = 3'6"‘.’ l;‘r:nl_:i“ P,
By given tand;‘t;on, ] : . For closed pipe,
= £ ..V_ = i -v_ L = — = }\' =4L
f F’:k. N, 2t 42w \
2 2L =4l L = I 2536 ::»m
\ * ™ I, — - .
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' - - CHD-.:Q' Waye,
Q13: What length of open pipe will produce

a Frequancy of
as its first overtone on a day when the speed of sound

(28:3cm)

340y,
Solution: Given_data: Speed of sound = v = 340m/u¢\ %
First overtone = £, = 1200Hz

Required:

Length of open pipe = L 7

Caleulation:

In case of "' overtone, we have,

f
r,-zk"\nr,-iaz.--”-‘

2L T 3 (")
Putting the values in equation (1), we get,
La[39) ) u 0283
\7200, A
= L = (0283 x100)cm
= |L = 283m

Ans: (Length of open pipe = L = 283cm|

+44

- LRI b il P iy

®

widseugdwtEldostne LA 2y pital BE bl ®
-&‘Fuijfl/f!r!ﬂ.)’“l):-":’-

rﬁo’nJﬁuc‘ff,du-m.uJﬂ.fuﬁ.cr;.ﬁ.u,wfgw’-L—L.‘Tr" ®
.E_Jr__-)r:;ufr.';ryi

FE TN o L1300 e psp ans P Srf i @

Lh e iz gcjg'q_dl,mtfm? AT

» ){! ‘JL?”'P"':‘?J*TJAP?DIIWJJF‘?}L U’n. ®

NS EULI DN P SIS AL Sttt e NG oo @
- nmufuiuw;,,uz_t,nruf,,IJ;‘Cw'-u!?

g

- 45 NaY

D

! 200.!;! (V4

% Chp-9: Physical Optics = 453 |

: PHYSICAL

Ik \ OPTICS
mcanc by the dual nature of light? Discuss the histo-

01-”0“ vhe nature of light in detall:

A il Nature of Lisht:

Light 18 @ form of energy ‘wfth the help of which we can see objects
¢ surrounding: The light shows dual nature ie' in some cases,
;.n ::;,,v.s like a wave and in some cases it behaves like a particle:

'; case of Compton effect, photoelectric and pair production pheno-
menon's, the light behaves like a particle: While in case of interfe-
wnce, polarization, reflection, diffraction, the light behaves like a
wave: Thus the light shows dual nature:

History_about _the Nature of Light:

ps the light shows dual nature, so in the beginning it was a great
problem for the scientists to explain its real nature: The scientists
qave their ideas about light in the form of following theories:

I' Newton's Corpuscular Theory of Light:

The corpuscular theory of light was put forward by Newton: It is
dso known as particle theory of light: According to Newton, light
travels from one place to another in the form of extremely small
particles known as carpuscless On the basis of this theory, Newton
Td; able to explain the phenomenon of reflection and refraction of
ight

2 Wave Theory of Light:

Tﬁl theory was put forward by Huygen: According to this theory,
;’:t travels from one place to another in the form of waves: This
th“”‘? was able to explain reflection and refraction: However, this

;r.gry was failed to explain the phenomenon of polarization, dif-
;CHM and interference of light

‘M ' 0 ‘.gﬂ_:

Thi )
L was put forward by Maxwell in 1873+ According ¢

v

~theory
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- _{:ap-? Pl_'tgsi;u_l_ﬁb_l_ucs-;;t
Maxwell, light is electromagnetic in nature: It consists of both e,,,._
tric vector “E " and magnetic vector “H " and both are osc,l,
perpendicularly to the direction of propagation of the waves- 7, |
speed of light is 3 x70%m 7/ sec- This theory tells us that light wm,";'
needs no material medium for their propagation- |
Beside it, “Thomas Young" performed an experiment on tie basis o
which he explained the diffraction of light-

In 7907, “Plank”™ introduced the “Quantum theory" of light- 4,.
cording to this theory, light travels from one Place to another ,
the form of pockets or bundles of energy which are known o
tas or photons: The energy of photon is equal to “hf'-
mass of photon is zero-

The Quantum theory was able to explain the phenomenon of pho-
toelectric effect, Compton effect and pair production-

tina
)

s Quan-
The res¢

Q2: (a) What is wave front? What is the difference between
spherical and plane wave fronts? (b) State and explain Huygens
_principle:

fins: (a) Wavefront:
The locus of points in a medium with same phase of vibration
known as wave front-

Explanation:

When we throw a piece of stone into a pond of ' .iter,

then cireulsr
waves are produced- Now the crest produced here is a wave front, be
cause all the points on the crest will

have same phe » of vibrations
Types_of Wavefront:

There are two types of wave fronts which are given below:
(i) _Spherical Wave Front:

A wave front which have concentric sphere
with centre at its source s known as spheri-
cal wave front, as shown in the figure-

In case of spherical wave front, the ener
99 of the wave is transmitted

—_—

equally in 3
all directions as the waye propagates: The |
direction in which the energy travel s
known as the ray-

[T:gt‘ff‘hgmcs Notes - 1" Year Chp-9, Physwcal U _}
1
.'-—‘_—__

(”) Plane Wavefront:
At very large distance, some portion of spherical wavefront appears

s plane: Such straight portion of the wavefront is known as plane
a
wavefront:

The plane surfaces are parallel to each other: The rays are perpend:-
cular to the plane surfaces:

(b) Huygen's Principle:

According to this principles, “all points on a spherical wavefront acvs
as poimnt sources for the pro-
duction of secondary spherical
wave which are

known as
wavelets-
Explanation:
Consider a

Source
source

“S"  which |
produces a wavefront “A" as

shown in the figure: Let us take several
points in the form of dots on the wave-
front “A", as shown in the figure: These
dots act as secondary sources and each pro-

duces spherical wave, as shown in the figure-
Thus  using

sources,

these points as secondary

we can draw spherical circles each
having radius “¢at ", where “C” is the ve-
locity of light and “At" represents the
time interval during which a wave propa-
gates from one wavefront to another:

Thus the “A" gqive rises to

v\ ;
1
. o |

another wavefront “B" as shown in the fig-
ure-

wavefront

Similarly, the wavefront “B" will give

front “C" and so on- This phenomena also occurs in case of plane
wavefront- Such principle is known as Huygen's principle-

rise to another wave-

Q3: What is meant by coherent and incoherent sources of light?
Explain how coherent sources can be produced?

Ans- (i) Coherent Sources:

Two sources of light are said to be coherent, if there is

a constant

s
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phase relationship between the waves produced by them. 3

(/1) I[ncoherent Sources:

Two sources of light are sald to be Incoherent sources, if ther
constant phase relationship between the waves produced by ﬁ,:: ™

Preduction of Coherent Scurces:

When light from a single source “S" s allowed to fall op , i

having two narrow openings, then the light which €Mergey ;“
through the narrow openings becomes coherent: Thus the "P'nmﬂ
or slits of the screen behaves as coherent sources of light: "

Examples:

7+ The two vibrating
that produce the
waves are
because the spheres
up end down together:

2: The ¢two slits
double slit experiment are
herent sources because

light from these sources originates from the same primary

source:

spheres

water
coherent sources
vibrate

in Yeung's

co-
the

@%4: (a) What is interference of light? (b) Discuss the types of
interference: (¢) Discuss the conditions for interfersice

Ans: (a) [nterference of Light: (ETEA 2012-2: ¢ )
The superposition of two coherent light waves travelling along the

same medium is known as interference of light:

terference of Light:

There are two types of interference which are given below:

(b) Types

(1) Constructive Interference:

E—

Waves are said to be inter-
fere constructively when
they reinforce the effect of
each other:

Rewultunt wave

sics Notes — 1 rea —

N SDP&H <"5-9 D';T", ":'::"EIJ
: light increases and a5 4 i i ——
"Hllty 9; ) resule bh,‘!ﬁ bands {fr:c,.l} can

cen 0N the screen’
ructive interference, the creps

h of the other wave:
ructlve [nterference:

bo !
the groud

of 0ne waye Should coineide

S?,.“ are said to be interfers e

Jlmutt!ufy, If they cancel v| _

she effect of each other: Dus | O o P
destructive  interference, (—?.}L N\

ohe intansity of light decreases ¥ Y;/ 7 X

d a5 2 result dark bands % *.u wive

[ﬁfﬂ"‘] are Prﬂdﬂdld oen the
srasn’ In case of destructive Interference, the amplitude of the re-
sultant wave will be less than either of the Individual waves: For de-
structive Interference, the crest of cne wave coincide she trough of

the other wave:

(¢) ¢onditlons_for_Interference: (ETEA 2006-2008)

1. The waves having same wavelength and period should be emit-
ted continuously from the two sources:

2: The distance between the sources should be minimum:

3 The amplitude of the two waves should be the same-

4 Both light sources should be narrow:

5 For constructive interference, the path difference between the
two waves is an integral multiple of the wavelength i-e:
O o

Where, m=0,1,2,3,++++1erreeenne

fird b.= wavelength of light coming from the sources:

6 For destructive interference, the path difference between the
bwo waves is an odd integral multiple cf half of wavelength i-e:

Pd = (m+ ';')}. (2)

Whare MBO.T,2,8;000nsregmmgeN

Due to constructive Inter- nd
d ) m
ference, the resultant in- % \fﬁiwhngth of light
iy,
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js situated at a
‘up" and at a
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Do you know!

Different colors can be seen on the soap sereell

d’,‘;tdﬂcﬂ
distance “r,” from slit

ug,” respectively:  While

bubble whenever the light of the sun is fall-
ing on its surface' It is because the colors

seen in a soap bubble arise from interfe- separation between

the
rence of light reflecting from the front and the two slits is
lack surfaces of the thin soap film- reprcScﬁted by “d"- There
e —) i.s dﬂather narrow Sht ::umg s bl sl SAPErIIL fgr 1
¢ MO i e iemed n'"‘ﬁ' Grnce of ligiy

For your information: g " placed closer to the — £ mma e kg
Distortion of the picture on a television receiver: source of monochromatic light, as shown in the figure:
This occurs when an aircraft — Now in the given arrangement, a beam of o

d to pass through the n T .mﬂﬂochromat,; light is
passes low overhead The % allowe P 9 arrow slit “S." and then through slits

" ” " ” -

wives Waokdy  directly “5" and 52", asd shm.vn in the figure: The waves passes through
from the transmitting an- © 5" and "5;" produce interference at point “P" on the screen:

Path Difference: (ETEA 2013,2016)
From the figure, we see
that, r,>r The difference

5 _._‘\_\ between them is known as |gq

tenna to the receiving aeri-
al, interferes with the
waves reflected from the
aircraft+ Usually the reflect- AU

i

'}2“&
:t'_-“:-
J | ‘i%

. | EX @k di . o
ed wave is much weaker and 2 AR 1L F E{L the path .'m!mn“ To find T
i i IR T III I > sy the pﬂth daffer‘ence, we draw S. P
so the interference is never o paspeniliiilan: Bl SR R o W VA
f on
completely destructive as a result the distortion of the picture on “, 3

r;", as shown in the figure: Now in “ASDS,”, we have,

television screen takes place:

simy =30 = Ar=dsind __ )
Q5: Describe the experimental arrangement for the production of P d ' ‘ _
interference fringes by Young's double slits method, and get an quation (1) represents the path difference: Now there will be con-
structive interference, if

expression _for the fringes space- - /2
[ £7E4 2009, 2016, BISE Mardan 2019 :j

rin, : i v in which,
3¢5 on the screen we use the triangle “ROP * M 22—

_ mental Where, m= O,21, 42, # 3, reerensruinens
Ans- The Young's double slits experiment gives the exper! d\- And A= wavelenath
verification of wave theory of light* This experiment was parforiiy Now there will : d - i
by Thomas Young in 1801 for studying the interference phenomé will be destructive interference i
non of light- Ar =dsin® = (m + %)}j (3)
Experimental Arrangement: p ) .
== — e wen ts osit, . . . creen.
The experimental arrangement consists of light source &'y 6 S %ﬂfi{o_ﬂ_gﬁ_ Bright _Fringes [Band] and_ __L_fﬁ_ﬁf‘:&lﬂi‘?.‘.-.aﬂ_tﬁ‘ 5, g
“S," and “5,” and a screen as shown in the figure: __— order to find out the position of bright band [fringes] ¢

4
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oz (4)

tan = _E‘_.. = yarlbtald

Now if L.>>d and point “P" Is very close te point *"O"

» We py,

tar) = sin0) 5o equation (4) becomes,

g, =lsimd__________(5)
Now for constructive interference, we have,

dsin) = mh,
= sr'min%}-m--~-(ﬁ)
Putting equation (6) n equation (5), we get,
D P (7)

Equation (7) represents the position of mth bright fringe on ¢he

screen Now for destructive interference, we have,
1

dsm(]-[m-f%])_ = sfno-gim*s]}. (&)
Futting equation (8) in equation (5), we gct,
- :
s v M

Equation (9) represents the position of mth dark fringe on the
screen:

Fringe Width: (ETEA 207%)

The distance between two consecutive bright fringes is known as
fringe width or fringe spacing:

Now for finding the fringe spacing for dark
fringe, we subtract 1" order dark fringe Y. .ﬁrm+l)k
from 2" order dark fringe i-e: d\" 2
Fringe spacing=y,-y, For 1" order we put m =1
: ; SL) 3L JLA
= Fringe spacing]y,.,= - S0y, =——
I ge spacing]y,,, 2d 24 oY 2 d
; ‘ LA =2
= (Fringe spacin ,r—-’ Form
ge spacing),,, 7l (70) 1%
Sr‘m‘ﬁ‘arfy for bright fringes, we have, Y 24 IO
(Fringe spacing)y. =y, -y,
= (Fringe spacing)g,, .= Bl Ak
d d
= /(Fn'ngc 5pacing s, ., -%ﬂ__.__.(n)

s Chp-9: Physical Optics - 461 |

L of Young's Double Slits Experiments: _

f'- | gives us the experimental verification of wave | /=" 4™"
theory of light: For me}

5 ¢ can be used to study the phenomenon of in- y,-f'-k
gerference’ , d

g I is used for the determination of fringe width: For m=2

4. & can be used for finding the wavelength of ,J.ﬂ:l
light" ’

ulz:

Youny's double slit experiment breaks a single light beam into two
ources’ Would the same pattern be obtained for two independent
sources of light, such as the headlights of a distant car?

Ans+ No, two independent light sources do not have coherent

phase’

06: Explain the interference effect produced by thin film:

Ans: Thin_Film:

A layer of extremely small thickness of certain transparent medium
is known as thin film:

Examples_of Thin_Film:

Surface of soap bubbles, a thin layer of oil on the surface of water,
cracks in glass plate etc are the examples of thin film in which phe-
nomenon of interference takes place:

Explanation:
Consider a thin fAilm of a refracting medium, as shown in the figure:
Let a beam “AB" of monochromatic
light Is allowed to fall on the upper C
surface of the film+ At point “B" the A
incident ray is divided into two parts:

One part is reflected in the form of

beam “Ben while the other part is Ale
refracted in the form of beam “BD" Oil W
% shown in the figure: Water "‘
':WW at “D" the ray "BD" is divided
i’_‘f:_t_wo partss One part is refracted

.

Eye

Ceometrical construction of interference
l1f]i;;".'llhlr1.- il il film ]

: e




~

| Nayab Physics Notes - 1" Year

the beam is refracted in the form of ray “EF" as shown in the fig-
ure As the beam “BC" and “EF" are the parts of the same prim,-
ry beam “AB", so both beams are phase coherent: As the film is
thin, so the separation between the beam “BC" and “EF" be
very small- Thus both beams superpose each other and as a resylt,
interference takes place which can be observed with eye, as shown n
the figure:

Now if the two beams reinforce each other, then constructive in-
terference will take place and the film will be appear as bright-

And if the two beams cancel each other, then destructive interfe-
rence will take place and the film will be appear as dark-

Film of Irregular Thickness:

If we allowed a white light to fall on a film of irreqular thickness at
all possible angles, then the interference can be observed due to
each spectral colour separately: It is quite possible that at a certain
Place on the film, its thickness and the angle of incidence of light
are such that the condition of destructive interference of one colour
is being satisfied- Hence that portion of the film will exhibit the
remaining constituent colours of white light-

Q7: Describe the construction and working of Michelson's interfe-
rometer:

ETEA 2006, 2010

Chp-9: Physical Optics - 462 ﬂ
end the other part is reflected in the form of beam “DE™. Q¢ wgpn

Ans: Michelson's interferometer is an optical instrument which is used

to study the interference of light waves and find its wavelength:
Principle:

It splits a light beam’ into WET e
two parts and then recom- :{;‘I':':""""""' '--I 1l G~ M
bines them to form an in- o 3 /: s """"/4 >
::rfere;'?Cg pattern after ljn‘al" {'..n.w:..nw%

ey have travelled Gl Plate " Fined Minmof
different paths- ik JT':L__’ b=
Construc tion: .
[t consists of Ehea Fa[fow;ng Telescope
parts: AirEye

Chp-9: Physical Optics - 463 |

physics Notes — 1" ‘fear
b S
NasS £ monochromatic light-

rce ©

4 f-m; plane mirrors M, and M,

W " "

Walf silvered glass plate “6,"

6!955 P!ﬂta [Compcﬁsﬂbor‘ P.’ate] “62"'
working: nt, a beam of monochr o B
n the 97" g g thromatic light originates
Int

the source “S" as shown in the figure: This beam of light is
ot jlowed to fall on a glass plate “G,” which divides this ray into
ther! ¢ 0”. One of these rays is directed towards the mirror “M,”
- P:" other is directed towards the mirror “M," These rays are
and tc:d from the mirrors and travels back towards the glass plate
:;ﬂ:c Both rays transmit through “G," and enter the eye through
gd[-.scopr Both waves superpose each other and thus the phenome-
non of interference takes place:
Now if the paths “L,"” and “L,” are the same, then we will observe
constructive interference: As a result bright fringes will be produced
which can be seen with the help of telescope, as shown in the fig-
ure We can change the length of path “L,” by moving the mirror
“M" and as a result, we will observe both constructive and de-
structive interference:
flernate Bright and Dark Fringes:
If the mirror “M,” is moved through a distance “;i” backward,

then the path difference between the two beams will be equal to *

) "

3 and destructive interference will take place and thus we will ob-
ferve dark fringe-

I the mirror “M," is further moved through a distance }? " then

the path difference will become V_ i },l “)L" and as a result
2 2

:ﬂitructfve interference will take placer S0 we will observe bright
Jﬂ’e-

In ¢4 3 : .
) his way, if we move the mirror “M,” slowly through distance

§ tah time,

then bright and dark fringes will be appear alter-
ncte,‘y.
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Determination of Wavelength:
To determine the wavelength “." of the given light, let “pn e
the total number of observed ﬂ-lnga.:- Now if the mirror “Wr

moved backward through distance "-;; " each time, then ¢h, total

distance "p" is given by,

)3 mh 2p
— e [ D E = | ) w2 !
p""{# 4] Pe2 - L

Using equation (1), we can calculate the
for given values of “p" and "“m":

Uses of Michelson Interferometer:

T It is used to observe the interference of light-
2+ It is used to caleulate the wavelength of light-

Q8: Define and explain rcion of ht-

ETEA 2005, 2013
Ans: Diffraction of Light:

The spreading of light waves round the edges of a narrow opening is
known as diffraction: (OR)

The spreading of light into the region behind an obstacle is known as
diffraction:  (OR)

The deviation of light from
its original path is known as
diffraction:

Explanation:

wavelength of giyen light

Consider a wedge placed in the Original path
path of a beam of light coming ’
from its source “S" as shown Weige v

in the figure: When the beam e o
of light strikes the wedge, it
deviates from its path through an angle 0,.0, etc as shown in the fig
ure' As a result, the original position 0" on the screen will appea
dark and we will observe the diffraction fringes at points “A" and "E'
above the central point "0". Gue) deviation of light from Its original
path is known as diffraction of light:

LA LA T &g byt S0 bn

—

= - V hyslcs Notes — 1" Year pliss
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_ munhafer diffraction at a single slit- (OR) Discuss
!

4

.
Chp-9 Phusical

g due to a narrow slit-

e d,fm-actfaﬂ
ﬁ rdan 2019 ]
[ M:‘M” a beam of monochromatic light of wavelength "5 "

e ¢ lit AB having width “d" as shown in the figure: In order
falls on @ ‘thg diffractian pattern, a screen “5" is placed parallel ¢o
i ob’frv:ﬁsm the rays [wavelets] are focused on the screen with
o, fa ""”V"" lens: A small portion of the incident wavefront
" M‘:‘:"”ﬂ’ the narrow slit- Each point of this section of the
uu:?anc sends out secondary wavelets to the screen:

“1::‘ wavelets interfere to
produce the diffraction pat-
tern on the screen' Now let
the waves “7" and "5 are
in phase: When these waves
reath the wavefront “AC”,
wave “5" would have a path
difference "“ab"- ' e
If ab = 3— then the two rays will reach the point “p" on the scree

and destructive interference will takes place: Similarly, each pair ¢ ﬂ:m
o ) they will also
6, 3 and 7, 4 and 8, differ in path by % and hence they

interfere destructively: _ “gh”
Now to find the value of path difference “ao”,

in which we have,

we use the AzbA,

er
sin0 = PR
hyp |

. si) s ———
(A
\2 J
= ’b'ﬂzgll'-m}:}ﬁb"dz'ﬁ’ﬂ___(’) [Ag:dl
For destructive interference, we have,

‘b'% 50 equation (1)

= %'%n’rﬂ = |(dsimd=h|_____ =)

Equation (2) represents the first order minimum [dark]: In genera.

B
r‘ﬁ

f_‘[‘_‘f_@_ﬂ_(z,) can be written a5

I e T SR N

- Ty
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{d's:.'?‘.i =mals (3)
Where m=1,2,3,4,+erveremenne Wi
s Ist mn
The region between any two :llnllln.n

2nd man
consecutive minima will be max- . . '“'Ilj
ima [bright]- Thus a series of P
bright and dark [maxima and
minima] regions are observed on
the screen' The first bright re-
gion is situated at the centre of

the pattern, as shown in the figure:

QI10: Discuss the difference between interference and diffraction.

INTERFERENCE DIFFRACTION.
Interference is the super-| 7+ Diffraction is the bending of
position of two waves- waves around an obstacle-

2+ Two separate wave fronts| 2-
originating from two cohe-
rent sources produce inter-
ference:

3: The region of minimum in-
tensity is perfectly dark in

Secondary wavelets originating
from different parts of the
same wave front cause dif
fraction-

3: In diffraction they are not
perfectly dark-

interference-
4 The width of the fringes is| 4-
equal in interference-
S+ The intensity of all posi-| 5-
tions of mdxima are of the
same intensity in interfe-
rence:

In diffraction the width of
the fringes is never equal*

In diffraction, only zeroth or
der maxima has maximum in-
tensity while all other maxima

are of lower intensity than|

the zeroth order maxima:
—

QIT: (a) What is diffraction grating? (b) What is grating ‘I"'._
ment? (¢) How can the wavelength of a beam of light be meas®

ured with diffraction grating?

[BISE Kohat 2017, 2019, BISE DI Khan 2079, BISE Bannu 2017

Ans: (a) Diffraction Grating: lits
A glass plate having large number of close parallel equidistant SI |
mechanically ruled on it is known as diffraction grating: (95)_-—-—-—‘!

lend th 0

Chp-9: Physical Optics - 467 |

eract of light
A d"i constituent colurs or wavelengths- 7
pint0 17 "
(1) GratinaElement: e
1(% separation between two slits is known as grating element- 1t is
prcﬂ”“d by “d"+ lts value can be obtained by dividing the unit
re

£ grating by the total number of lines ruled on it: j-e
unit length of grating = | 7
szed number of lines ruled on it

() Grating Equation for Measuring Wavelength of Light:
Lonsider @ grating plate which consists of a number of parallel siits,
i shown in the figure: Let parallel rays of light are allowed to pass
through this diffraction grating, as shown in the figure-

The diffraction grating diffracts the rays towards a convex lens
whith converges these rays to a single point “O" on the screen as

shown in the figure:

Now consider rays “1” and
“" we see that ray ‘1"
covers longer distance than

ray “2" S0 for finding their
path difference, we draw a
perpendicular  “Br” from ray
“2" on ray “1"+ Thus “Ar"
represents path difference be-
tween the two waves:

Now in “AABr ", we have,
sr’rﬂ=% = Ar=ABsim

(7

In equation (1), Ar=path difference, AB=d
50 equation (1) becomes,

Path difference= dsim) (2)

For Constructive interference, we have,

Path ditterence=my, (3)

c"mpdring equation (2), (3), we get,
(%)

Where m=0.7.9.3 4 .49,
R rte

DO e D% e
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pd=mi__ (Y ¥V 75
Comparing equations (%), (5), we get,

Chp-9: Physicq| Optics - 4;10
(2d5im0=m7.] >

Equation (6) represents the Bragg's equation or Bragg's [qy. Fo
given values of m, d, 0. we can calculate the wavelength ; orr

the given light- Similarly, for the given values of 3.0.m we can q.
culate the interplanar spacing “d" between the smaller parqjjy
planes of a crystal
QI3: (a) What is polarization of light? (b) Define plane m
light- (c) Explain that how this phenomenon decide that light

waves are transverse in nature?
IETEH 2005, 2070, 2011, 20712, 2013 ]
Ans- (a) Polarization of Light:

The process in which an ordi- T
nary light js allowed to pass I T T 1 ]‘ I T
through calcite crystal, then =

the light which is emergent l l I I l ﬂ
out s known as polarized 4 \

light and the process is called e s
polarization of light-

(b) Plane Polarized Light:

The process of forcing or confining of light waves to vibrate only in
one plane is known as plane polarization and the light is called plane
polarized light-

In polarization process, the electric and magnetic vi'rations of light
waves are restricted to a single plane of vibration-

(c) Polarization is the property exhibited by tr.nsverse waves
only: It does not occur for longitudinal waves such as sound waves:
Experiment with Transverse Waves:

-"""ﬂol}s - 1" TeuF S : Lnp-y _}:r_.t,.s_mc;.-;p;,t._' ~4711
$IC5 | == ; —_—r = ¢ _l
= g of the transverse vibrations, the wave passes through
2 rurbed: But if we held another slot at right angle to
the an-dis il i i il
then no wave will pass roug e one-

placed by a spring and longitudinal wave is sent int,
will pass through the slots regardless of the orien-

This shows that longitudinal waves do not show

¢ one,

irs ;
$e string 5Nl
the wave

v of = smc:-
N Pmpg; ihe Nature_of Light:

'qﬁi’-‘-""’-'jfs;‘usg‘;o;,' it is clear that polarization phenomenon
. cr:msverm waves only: It is not applicable to longi-
t'o Now as we can convert ordinary light into polarized
wudinal waves the process of polarization and polarization is applce-
[ght through e waves only, so the phenomenon of polarization
e tO t:r:ﬁ;:ig;‘uﬂy decides that light waves are transverse in na-

; ,Ppﬁcabi’ﬂ

early a7

gure’ What is meant by unpolarized light and polarized light?
Q;j:.ﬂ’(r':fuss the various process through we can obtain polarized
E‘,ht-

s (a) Unpolarized Light: i A\

The light which vibrates in all d."r'ectr'onbs
i known as unpolarized light- The ord’:.—
nry sun light, light emitted from ordi-
nry incandescent bulb etc are the exam-

ples of unpolarized light- ‘\<ij

Polarized Light: p

 the electric and magnetic vibrations of redtight, duc to
lsht waves are restricted to a 5’”9!."' th. has vibrti
pne of vibrations, then such light is

To study that only trans-
verse wave exhibits polariza-
tion property, we consider a
transverse waye on a string
which passes through a slot
“P” in a wooden board, g5
shown in the figure:

Polanization of (RINsSyerse waves

When the slot is parallel to

Wown as polarized light~
() Production of Polarized Light:
We can obtained plane polarized
3t from un-polarized light by
"“Moving all the waves from
t beam except those having :
Unpolan7ec

jﬁrations along one particular - '
*kion: This can be achrM
\_

L

Polanzed
hght
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by various process given below:

Chp-9: Physical Optics I3
:" 2|

(i)_Polarization by_Selective Absorption:

Consider a beam of un-polarized light is allowed t

line crystal as shown in the

Unpolarized light Vertica) Posilign
figure: : 5
x
The intermolecular structure ™ _BelyB "
of the crystal is such that it | soiee © 28423 "
; v ligh % Anyiyaed
allows only those electric and

magnetic vibrations which are
parallel to its crystallographic
axis and absorb all the re-

° fall on 4 tourm,

No polgri,
&
A light

Horizon) Position

maining vibrations: Thus the light p
the fields of vibrations in one plane
rized light-

Now when another tourmaline ¢
polarized light parallel to the 7

Now if the 2™ crystal js rotated

transmitted light decreases and when it bec

the 1" crystal, then no light will ¢
the figure-

If we rotate the 2™ crystal furthe
appear again Thus the 2 crystal js

——-—.._______-I
assed through thjs crystal has 4

and is known as the pPlane pola-

rystal is placed in the path of thi
tourmaline
rized light will completely transmit through it-

crystal, then the pole-
gradually, then the intensity of
omes perpendicular tg
ransmit through it, as shown in-

r, the transmitted light will be
known as anilyzer In this way,

we can obtain a beam of polarized light-

(ii)_Polarization by Refr action:

The polarization by refrac-

tion can be obtained by
using  calcite  crystal- | [ vem
the given arrangement,

I - od]

unpolariced h [ Onsdimurypotanized |

| heam )

z : | v e

-.*,”e
un-polarized beam of light
is allowed to fall on caleite

heam

> - "

—

¢rystal-  This beam afer

falling on the crystal is divided into
as ordinary ray and the

shown in the ﬁgurg-

two parts: One part is known

other part is known as extraordinary ray.
: re
When these two parts of a single beam we

B

~

~Notes - 1" Year Chp-9: Physical Optics - 473 |

o Physic .
; ~d by analyzer, they were found to be polarized beam- Such
obse

on is known as polarization by double refraction-
n
haﬂom‘

v Polarization by _Scattering:
! ,,.; ;n-pofar.-'zed light is

4 ] - Unpolarised l-r::'.r\yr{
Wh od t0 fall on a certain ti s p i s
i reicle or molecule, then | 8

a
"i.‘pbgam js absorbed by the
- i n' mits Molecule
. molecule e A
aecale: Thi S

beam

he absorbed beam in the form
“,';ngarfy polarized beam and
Cycly polarized beam, as
Fhown in the figure: Such phe-
showti n is known as polarization by scattering:

Partially
polanzed
beam

nomeno i
(iv) Polarization by Reflection: dlil g
Consider t;ﬁuglass plate “1” and “IlI” of the same dimension whic
onsi

are placed in such a way that
their normals “N”, “N'" are pa-
rallel to each other as shown in
the figure:

Let un-polarized beam

“AB" s

unpolanzed

diowed to fall on the T glass 2 light
plate as shown in the figure: Yy - %%%1;
Now the reflected beam "BC v

from 71* glass plate and reflected ' "
beam “Clg)" from 2™ glass plate becomes polarized- Such phenome
non is known as polarization by reflection:

QI5: Describe Brewster's law of polarization:

BISE Abbottabad 2019, BISE DI Khan 20?‘9 e
Ans: The Brewster's law gives us the refatfor? b.etwun :

dex of two medium and tangent of angle of incidence: i

Broof:

fac
Let an un-polarized beam of light is allowed tc‘r fall or.r t‘::n::r :n:
of medium (1) as shown in the figure: At point of inci d




[ Nayab Physics Notes - 1" Year _

Chp- ‘?._F’Pfg src_c‘l_l_O_ﬁt'iEs_J

part of incident beam s re- Unpalariscd m
flected 2 is found to be pola- e :»:_::_:.‘:.:;',““'
rized totally: The other part is | == oy
refracted and is found to be | | . —
partially ~polarized- Let “igt
represent the angle of incidence i
or polarization angle and “r" polain e
represents the angle of refrac- o
tion, then from figure, we have,

i, +90° +r=180° Formula: ﬁ
= redf-j, (1) [51“(8|+Bz)
Now from Snell's law, we have, =sin0, cosd, +sin0, cos, |

,8inip = N, 5000 2)
Putting equation (1) equation (2), we get,
m,s5ini, =nas:'ni_90" - a’P:]

= nsiniy = n, | sin90°cosiy, + s:’m’,cosQO‘]

o W . ooy & 4 = ;
= msinip =n, | 1Xcosi, +sini, X0 | = n, | cosi, +0 | = n,cosi,

. : n, _ sini,
= WS, =nyeos, = —<=—
n, cosi
P
n . n ;
= 2 =tani, = |-Z=tani, —_—(3)
n
! ’

Equation (3) represents the Brewster's law+ This equation shows
that for given values of n, n, we can calculate the angle of inci-
dence or polarization angle “i,"

' ¥
=i Notes = L
NogC
y g Glare:

Do you know!

When light is reflecting from the glass then it is partially polarized:
It is because some part of it refracts and some ‘part reflects:

Do you know!

It is very effective to use a polarized sun glasses than using ordinary
sun glasses+ It |s because the polarized sun glasses protect our eyes

from the harmful glare of the sun light-

I

Q6: Discuss the application of polarized light- > ¥

Ans- Some important applications of polarized light in our daily life
are given below:

e

Cho-9: Physical Opties - 475

1 Red¥

d by light reflected from a smooth syrs,

o . 5 e such as rogd
5r¢rj o5 can be reduced by using polarizing materials as the reﬂejtf
o -dh# is partially or completely polarized-

L

of phatagraPhy- the Polaroid discs are placed

¢ i in front of ¢4
R f‘:’m lens whith enabling us to see the details which would b:
N::erwfn pidden by glare:
0

: tf“’ Activity:
When @ beam o.f‘ h?ht-d’s !r':ade to pass ’chrough certain crystal fike
e o certain liqui s ike sugar- so!uf:on, .then the directions of
bration OF the transmitted pofar.;zcd light is found to be rotated-
this phenomenon is known as optical activity: The angle of rotation
for a solution depends upon its concentration- The concentration of
the solution is measured by using a device known as polarimeter: For
wemple, the polarimeter is used in sugar mills to measure the sugar
wncentration in the solution which is obtained from sugar cane-
3. Curtianless Window:
Two polarizing sheets are fixed in a window, one inside and the oth-
o outside: The outside is kept fixed and the inner one is rotated in
suth ¢ way to adjust the amount of light to be admitted-
4 Control of Head Light Glare:
The head light glare in night driving can be controlled by using pola-
fzing viewer-
5 tress Analysis:
When a glass or plastic material is subjected to certain stress, then
“ain is produced- If the strain is viewed in. the presence of white
ffght, we see Polaroid’s colour fringes around the strain: This effect
irlknawn as photo elasticity and is used to analyze stresses in plas-
:‘ :G‘dcf of various structures-
e 5;:: polarized light is restricted to one pfanc. only, so such
ouig us"”9¢"‘0us for human eyes: To awrcor.nc this P“’i{:m-r::
s p“:msu::!asns wh.;'ch are made of po!a.nzed s:uft-d :d ;ghus
e gy, o h’ rough this sheet becomes partially polarized a

St will remain unaffected-

\
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} Solution of Examples & Asslgnments\

—

EXAMPLE 9-1:

Vellow light from a sodium vapour lamp of wavelength 5893 x107,,
is directed upon two narrow slits 0-10cm apart of the Young's ex-
periment: Find the position of the first bright and dark fringes on g
screen 100em away?

Solution:

Given data: Wavelength of light=%=5893x10"m
Separation of slits=d=0:10cm, 0-001m,
Distance of slits from screen=L=100cm=1m
Order of fringe=m=1

Required:

(i) Position of T* bright fringe= yg,,. =7

(ii) Position of 1" dark fringe=y,,, =?

Caleulation:
(i) For bright fringe, we have,
Lx
Ys = -';— r———l)

Putting the values in equation (1), we get,
_1x5893 x10™
%" T 0.001
= y, =5893000x70"°m =y, =5:693x10"m)|

(ii) For dark fringe, we have,
L

9= 5g (2)
Putting the values in equation (2), we get,
_1x5893 x10™

= = y,=2946500x10""m
% = ~r2x0-001) Yo

= y,=2:9465x10"m = [y,=2.95x10"m|
Ans: [4,=5-893%10" m| and [y, = 2:9465 x10" m|
ASSIGNMENT 9-1:

The 3" bright fringe in a double slit expeniment makes a 2:4 angle with

respect to the central line: The wavelength of the monochromatic light
two sources* 0-0344mm

—

Y
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W;tﬂ-' For 3™ bright fringe, we put m=3
W’: g=2:4

!
g == 480nm =480 X10°m

Waveleng®

Ec!ufgcd:
ance between two sources=d=7

pist
W: We know that for bright fringe, we have,
gimamh = d= S

putting the values in equation (1), we get,

o Znz ) 0-042

2 4=34285'7 x10°m =0-0342857 x10°m

- ld= 0-:0343mm
Fﬂ-—____

‘?O" = milli|

Light of wavelength 546nm produces Young's interference pattern:
fhe 2¥ order dark fringe is along the direction that makes an angle
of 18 min, related to the direction to the central maximum: What
is the distance between the slits?

Solution:
Given data: Wavelength=)=546nm =546 x10°m
Order of dark fringe=m=2

Angle =0 =18min = 1 . 0-30°
60

Required: Distance between the slits=d=7?
Celeulation:
For mth dark fringe, we have,
“"nﬁ-{m%]x 0
Putting the values in equation (1), we get,
* dX5in(0-30° ) =(2+.’2.)x545xro" =-52-x546170"

Ef’ B GOminutas!

= %5236 X107 =1365 x10°
S 42 1365x70°°
Toae—— =260:7x10%m

used is 480nm- Find the distance “d” between the L

—--"'-"'_-'_-_'_-
i10°® = micro= Wy
jv__T =

5236 x1077
=Y
.

\

—A

- A —
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A beam of x-rays of wavelength 0-3nm is incident on q Crystq)
gives a first-order maximum when the glancing angle is 9.o de. and
Find the atomic spacing- Iress
Solution: o e )
Given data:

Wavelength of x-rays=)=0:3nm=0-3x10°m

Order of image=m=1, Angle=8=9"

Reguired:
Atomic spacing=d=7?
Caleulation: (Ve know that, 2dsird=ma

m (")

2simd
Putting the values in equction (1), we get,
7X0-3x10° _0-3x70°°
= $ . = d=0.9375x10°"°
2x5n(S°) 2x016 SE m O

d=0.9375nm)

A red laser light of wavelength 630nm is used in a Michelson inte~
ferometer- While keeping the mirror M, fixed, mirror M, is moved-
The fringes are found to move past a fixed cross-hair in the Viewer

-

d=

———

Find the distance the mirror M, is moved for a single fringe to
move past the reference line-

Solution:
Given data: Wavelength of laser light =5.=630nm =630x10"°m
Order of fringe=m=1

Reguired:

Distance travelled by mirror “M,”= p=7?

Caleulation: We know that,
ma

v

NI "
Futting the values in equation (1), we get,

_(71x630x707)
p—[———z—-ﬁjm=375-r?0"m =

g r——————r———

TP

* Year
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M‘,f the second order diffracted image formed by an '

dg\(.l'-ﬂ A

“ 4l 9ratfn9 having 5000 lines per centimeter is 32° Calculate
chmwwekn th_of light used-
the

ution: i
5:’ - data: Number of lines per centimeter= 5000 lines

(ven £ :
4 ﬁngk:us,ﬁ}‘?

of image=m =2
Order Tem

5000

=0-00020cm

c;ratf”? element= d=

Required: _
o fdavz!cngth= LET
sleulation: We know that, dsind=m).

C
= . dud
RC. . 0

putting the values in equation (7)) we get,
- o-ooozo; 5in(32°) . 5.3x10%cm

Ans: Wavelength = & = 5-3x10%cm,

X-rays of wavelength 3nm are incident on a crystal for which the

lattice spacing is Snm- Calculate the angle at which the first Bragg

diffraction is observed:

Solution: G
Given data: Wavelength =% = 3nm = 3x10"m

Lattice spacing=d = Snm=5x10°m order of the image = m =1

Required: Angle=0 =?
Caleulation: As 2d sint = mh

m)
= sinh = — 7
e g o (7
Putting the values in equation (1), we get,
X L
o LX2 2 e m sind = 0°3

2x5x10°m
= 0=sin'(0:3)=17"=
Ans-

—
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,) Exercise \\

Choose the best possible answer:

- The principle of Yeuag's double slits experiment is based on ¢
division of: :
(a) Amplitude (b) Frequency
(c) Velocity v (d) Wavelength

2'  Which one of the follewing properties proves
wave nature of light?
() Interference (b) Refraction
v (¢) Polarization (d) Diffraction

3+ Coloured fringes observed in soap bubbles are the examples of:
(‘a) Diffraction vV (b) Interference
(¢) Polarization (d) Reflection

4:  During a sunny day we see the objects in a class room
when all the electric lights are off, due to:
(a) Reflection of light (b) Refraction of light
v (¢) Diffraction of light (d) Interference of light

S- The principle of Michelson interferometer is based on the divi-
sion of:
(a) Wavefront v (b) Amplitude
(c) Frequency (d) Speed of light

€' In the Young's double slit experiment the separation between the
slits is halved and the distance between the slits and the screen
is doubled- The fringe width is:
(a) Halved (b) Unchanged
(¢) Doubled v (d) Quadrupled

Sol: We know that the fringes space is given by,

the transyers,

even

p L
Fringe space= - )
Now when slit separation is halved, then

= |

d = 5 (2)

And when distance of slits from screen becomes double, then _

L= 2L (3) !

—

T

LA
= New fringe space= 4[_;)

! % Chp-9: Physical Optics - 481 |
g ics Notes — 1" Year _ _
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L' equation (1) becomes

LA
o fringe space” 5 )

putting equation (2), equation (3) in equation (%), we get

Now for .

2L xh _ 4L
New fringe space= P = —d"
2

(5)

Putting equation (T) in equation (5), we get,

New fringe space=4 (initial fringe space)

Thus the new fringe space increases quadruple i-e: four times

7- Signal from a remote control to the device operated by it tra-
vels with the speed of:
(a) Sound v (b) Light
(¢) Ultrasonic (d) Supersonics

& Light of wavelength “)." is incident normally on a diffraction
grating for which the slit spacing is equal to “3i"- What is
the since of the angle between the second order maximum and
the normal?

1 1 2
L] b) — V() = d) 7
() = (&) 3 () 3 (d)
50l: For diffracting grating, we have,
dsin0 = m (1)

When d = 3\ and m = 3, equation (1) becomes
3Xs:'n0 = 2){ = 3sinb =2

= sr'n0=2/3

9 Which of the following gives three regions of the electromag-
netic spectrum in order of increasing wavelength, visible radia-
tion? '

so option (c) is correct:

(a) Gamma rays, microwaves, visible radjation

(b) Radio waves, ultraviolent, x-rays

v (c) Ultraviolet, infrared microwaves

(d) Visible radiation, gamma rays, radio waves
10" Two monochromatic radiations X and Y are incident normally
—27 a diffraction grating: The second order intensity maximum
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p ] I-|||J\1| al 0 e ,
o (]
for X comncides with the thad order 'nf"’“ltlj maximun y
: . ' for

!t”n‘ll is e ratio wavelength of X

wavelength of ¥V
!

. 2 3 2
(a) > (k) 3 v (o) 2 (d) 7
Sol: We know that,
dsint = m) (1)
For x-radiation, we have, m = 2 and A = X,
comes,

$0. squation (1)%,
dsinl = m A

(2)

For y-radiation, we have, m = 3 and )\ = ),
. ¥

dsint = 3) (2
Dwiding equation (2) by equation (3), we get,

dsin ) 2) 23 i i
TR

.
does not give a sharp image, it is due to-

3
50 option (¢) is correct
(b) Interference
(d) Refraction

50 equation (1) becomes

dami  3n,

- The tip of a needle
(a) Polarization

v (¢) Diffraction

) Short Questions \
Write short answers of the following questions:

Ql: A soap bubble looks black when it bursts, why?
BISE Peshawar 2017

Y

Iy

Y

Ans: (When a soap bubble bursts, it looks black due to destructive
interference:
Explanation:

Here the soap bubble behaves like a thin film: Let “)." represents

the u:'.av:ffength of light, “n" represents the refractive index of wa
ter, “t" represents the thickness of film and *
order of fringe, then we have,

2nt = m. ()
Now when bubble bursts

m" represents the

v its thickness become so smaller such that
we put t - 0, so equation (1) becomes,

W q (
T Physics Notes - 1 NeC]
o

H

| ,
0 s m¥S\mA = 0= |m 20l (2)
nx .
2 v (7) shows that we get the first order dark fringe due to
Equmiti'ﬂ interference: Thus when a soap bubble burst, the thick-
“;trﬂ

¢ Yhd film becomes zero: Under such conditions radiations of
ness 0

ol wavelend

th disappears, and the soap bubble appears black when it
pursts dus 0

destructive interference:

mchc difference between Interference and diffraction?
e
fAns

INTERFERENCE

. Interference s the super-
position of two waves:*

DIFFRACTION
Diffraction bending

waves around an obstacle

1-

15 the

of

2. Two separate wave fronts
originating from two co"
herent sources produce in-
terference’

3- The region of minimum

intensity is perfectly dark|
4. In diffraction the width of thj

2+ Secondary wavelets originating
from different parts of the

same wave front cause diffrac-
tion:

3 In diffraction they
perfectly dark:

are not

in interference:
4 The width of the fringes
i fringes 15 never equal’
5 The intensity of all posi-| 5 In diffraction, only zeroth or-

is equal in interference

tions of maxima are of

the same intensity in in-

terference:
[

der maxima has maximum in-
tensity whi
are of

le all other maxima

lower intensity than

the zeroth order maxima

e

Q83: In a Michelson interferometer g second glass plate is also used, why?
fins: The principle of Michel- |
s0n's interferometer is based
0n the division of amplitude,
Usually by partial reflection
and transmission- Therefore, a
s¢cond glass plate B, equal in
thickness o plate A is placed
"I the path of the horizontal
"% 2: So that to introduce

e - SO
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the same retardation ; Chp-9. P"y?“"{opnc; e ~h <ics Notes Chp q,,Pys_{_m_[PPtf_? _'j‘aﬂ
n ray 2 as is introduced in ray 7 b_ ~ |4 N "
: ; 3 Y s .;‘ = tani, (3)

its ¢ n ni
wo f; = tan',

Will the 2 7
n r : ‘
the pat), fguat0” (3 represents the Brewster's law: This equation shows

length of the
two rays- Therefore th
an equalize » the second glass plate | : values of n, n, we can calculat o 3%
r of path length of the two T € is used g b for given r 2 ate the angle of inci

[T

olarization angle “ip

Q4: How
You can explain Brewster' nee OF P
s law of o i L e — d’g// = .

7;:':e Brewster's law gives us < hmatwn?——-—________ & What 15 meant by the P"H; difference with reference to the
¢ I 'npolar| —— ' ve motion?

. ; relation between refractive .‘ui’;‘.'..,‘::;.’ Totatty yan pterference of two wave

index of two medium and ¥ :’:!'Ii::t;d . = The difference bctwccn.t'h’c lengths of the path covered by
gent of angle of incidence- fre: Medium (1) ,‘p.; iy ray o WaVES having the same initial and terminal points is called as

Eﬁ - ‘_’ Medium (2) y — pﬂth d,-‘ﬁ'g-rgncc'

- lenationt
Proof: When two waves pass through a medium at a point, then the resul-
Let an un-polarized b ::Ir::,".’dp,";"' d gant d-"spa'aczment at that point is the vector sum of the displace-
1Z€ ; 3 elracte : : - 7
light is aliowed to fall R HF ”\| nents due to two component waves: This modification in displace-
e D e A po‘nta irrm the surface of medium (1) as shown in nent as a result of superposition of two waves is called interfe-
li of inei . . , .
flected 2™ s found ¢t :ade:u' one part of incident beam s re- rencer For constructive interference, the phase difference is:
o ‘ . . = - RS

fracted and is found to bepo::::.e: tataﬂy‘. The other part is re- Phase difference= 0 = 0,2n,%n,6m,
Bha anale oF incidanie Br paf;:'za::‘ Y polarized- Let “i)” represent Which correspond respectively to the path df_FFercncc of:
angle of refraction, then from £ uhGW angle and “r” represents the Path difference= d = O,k 21, 3h, -0 = M4
. r ] r. 2
1, +90°+r=180° = r=90° -, P e ha:;)' Where m = 0, 1, 2, 3yeuene
Now from Snell’s law, we have for destructive interference, the phase difference is:
n, sini, =n,sinr ('2) Phase difference= 0 = 37,57,

Sl e Formula: _ _ | 3

. - . th difference of:
Putting equation (1) equation (2), we get, [sin(0, +0,) sl rc!peCtJ: e!y3-t05t}:‘1€ g !
inf = H ] . L A == i
nsint, ”25*"'?[90 - ;’] = 5in6, cos 0, + sin0, cos, Path difference= d = 5 .—3.*2—."" = [m # 211
= msini, = n, - & . /
[Si'ﬂgoatdﬂl + sini 90° __tre m = Ol Il 2! 3!----"
" _co .
= nsinj ’ 7 - ] Q6: Why it is not possible to see the interference where the light
mi =n ; )

i : .» 2[ Xcosi, +sm-‘, .xO] _éa_a_rr.ls from the head lamps OM e
= n,sini, =n, [casr, +OJ = n,cosi fns: It is not possible to see the interference patern due to lig
= nsini, = nycosi, > 72 = 545, ' ming from the head lamps of @ i

n cosi, - QM; i 4 o
In aboye case, we cannot see the interference patern

sin i
[

= a,sini, =n,cosi, = a8, o
dllowing reasons:

L cosi, . i
" The light beams coming
‘-—_‘____

from the head lamps of the car are
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not phase coherent- The crest of wave of one hea
not match the crest of wave of the 2™ head lamp-
not observe the interference-

2:  We know that the fringe space is given by,
rL

LS £ (7)
Here the separation “d” between the two head [lam
as compare to the wavelength of light emitted-
value of “d" the fringe space becomes too smaller-
dition the interference maxima and minima would
spaced to be observable-

_c_)phts - 456

d !amp does
50 we tan-

Ps is very large
0 due to larger
Under suc, con-
be too dasgfy

ee the interfe-
car-

Thus it is not possible to s
rence due to light coming from the head lamps of q

Q7: A telephone pole casts a clear shadow in
tant head lamp of a car, but no such e
sound from the ca- horn- Why?

the light from a djs-
ffect is noticed for th,

Ans: A telephone pole casts a clear shadow in the light from a dis
tance head lamp of a car but no such effect is noticed for the sound
from the car horn- This is because of the diffraction of waves:
Explanation:

The diffraction of waves depends upon their wavelength: Sound and
light both travel as waves- The properties of these waves differ
quite considerably: Sound waves travel a million times slower than
light waves and have wavelengths ranging from Tem to 10m, and will
easily diffract round corners- Light waves have much smaller wave-
lengths, and only diffract through very small holes- Since diffraction
depends upon the wavelength of waves and the wavelength of light

waves is very much shorter than those of sound waves, so light -

waves cannot diffract around the telephone pole,
shadow, while sound waves diffract
such effect is observed-

hence casts clear
about the pole, therefore no

QE: Why it is not possible to obtain the diffraction of x-rays by
Young's double slits ex eriment?

W

Ans: It is not possible to attain the diffraction of x-rays by young's
double slits experiment-

—

w —

Year . _Chsfi th?m—a'{ Optics - 4‘3?.[

. - F
- tes —
SIS Nf_d_,__,,
7o PR

3 nd gxplanation:

“sagﬂ_.‘- n of radiation depends upon the wavelength of radia-
| diffractio Jiameter of the siit: The diffraction will occur if the
1a

t
it

e
Lo ond th 13 slit is either equal to or less than the wavelength

.J.:_"Jg“" of ¢

trhghc used” ; " wavelength of light is of the ardevr of 10°m
Ia'e know! ke elength of x-rays is of the order of 10 °m- .Eut in
while b Wav' double slits experiment, we use slit whose diameter
e of )’OU”:; of 10°m- As the wavelength of light is comparable

s Ch; . ter of the slit, so light can be used to produce d'ﬁ’“‘_'
jame ; i . t use I‘l"dyf n

g the @12 e double slit experiment We canno

) g ung s ou

:_\ﬂﬂ n yo

rimen a ‘am r F ‘1! sl‘rt s
1 ] t bﬂc use tht dla ete (7] t

“bl‘lﬂ Sht 8xp¢.|' ]

Fguﬂ’ da

- s‘
to wavelength of x-ray h
ot cornpﬂrii:: of x-rays can occur in case of crystals Whe": tth:
e stoms is of the order of 10"°m- For example
between

space ¢ Nacl crystal is about 10"°m- So the x-rays

n atoms 0
space betwee .
un be diffracted by NaCl crystal :
principle_to radar waves?
e to radar waves:

e 3
09: Can we apply Huygen e to ra
fns- Yes, we can apply the Huygen's princip!

Resson_and Explanation; radar wave behaves as a source for

In this way the wavefront propa-

Fach point on the wavefront of
the secondary spherical wavelet:

-r ace*
on to another in sp
gates from one regio e LR

re
tating aerial of radar after

'« 3¢m: These waves
5th s fec-

The radar waves are microwaves:
; )
are emitted and picked up by a I

tion from a aircraft:

P
IS

» Transmitted Reflected . :
The received signals are P Pube 2
displayed on a CRO with a *'_\@ —CRO L
' ] Recene ,
tlibrated time baser On g =5l

the CRO if the amplitude
of the reflected signal re-
teived increases, it means
that the aircraft or mis-
sile is coming- But if the r.’JrJ':*P”‘t“de » g
0 CRO decreases, it shows that the
o S

; L e
';:.d::..m(r Aerial
sad Recan el

f the reflected signal received
bject js moving away: Thus
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we can apply Huygen's principle to radar waves:

Q10: How would you Justify that light waves are m

ture?

Ans: The transverse nature of light can be Verr'ﬁedm
non of polarization- The theory of electricity and magnetism tey, i
that light is transverse in nature: The light consists of electric and
magnetic field which are oscillating at right angle to the direction , ,

propagation of light waves-

Experimental Verification:

We can justify the transverse nature of light with the help of fy-
Un polarized light
E

lowing experiment: ) Vertleal position “
iX
3 XA a
n 3 g
| E

In the given arrangement, a
]
Polarizer™  tah

beam of un-polarized light
is allowed to fall on 4
tourmaline  crystal which
acts as polarizer j-er |t
converts the un-polarized
light to polarized lighter- g
This polarized light trans-
mitted through the 2"
tourmaline crystal which acts as analyzer j-e- jt is used for the con-
firmation of polarized light, as shown in the figure (a)
Now of the analyzer is rotated gradually, then the amount of
transmitted light decreases- When the analyzer becomes perpendicu-
lar to the 1" crystal [Polaroid], then no light will be transmit
through it as shown in the figure (b)-
If we rotate the analyzer further, the transmitted light will appear
again- In this way, we can obtain a beam of polarized light- As pola-
rization occurs in case of transverse waves, so it shows that light
waves are transverse in nature-

Source

Horizental position
Fig (1n)

Source ¥y'

%_;;”‘;Jpj,ﬁ,wl?Hé_fdfﬁijxdp[ﬁwLuiwmﬁ;CdﬁZ‘:J :;_ut,jb’f.}‘f—/’" ®
LS
RTINS SN B Qi . p S 5 LI )L o @

ol l’,jﬂnfgf;'d;uf_kq.ﬂfjdg-m}.&-qfﬁ’f‘ﬁ/_ai.

' _ 1" Year
; . sics Notes :
Chp9: Physical Gpriey 483 @

Chp-9. Physical Optics - 489 |

fComprehensive Questions\

__—< meant by the dual nature of light? Discuss the history
s Me ' ar
& NG ‘nature of light in detail

e : ;
gbout_th ewer of question number [ in text
a
e See

i”"!?a;d;ﬁ'mctfan of x-rays by crystal an‘d denvad:n ex-
Q2 B g's law to find the wavelength of light used:

-n for Brag : ;
i nswer of question number 12 in text
a

. Gee . ;
s the experimental arrangement for the production of in-

Ga: escrbe by Young's double slits method, and get an expres-

terference fringes

inges space’
on for the fringe ‘ .
;ﬂ See answer of question number 5 in text
ns:

] i nce
State and explain Huygen's principle: What is the differe
: State a ]
bojtwcen spherical and plane wavefronts
fns- Gee answer of question number 2

; oduced by thin film-
Q5: Explain the interference effect pr i

in text:

] er 6
Ans- See answer of question numb

46 w’la rin f ff ren { ’f‘g;‘lt: DISCUSS th‘ ne-
t -S‘ the p f‘ tf‘p!e o l'ﬂf.'c erence 0 H
. I

cessary condition for interference of light

. ber 4 in text-
; of question num
oo Sae wnpuwer g8 > How can the wavelength of a
g1

Q7: What is diffraction grat:'n. ]
beam of light be measured with it

] in text:
Ans- See answer of question number 11 i . —
d working of Michelson’s i
n an

the wavelength of light used by

@8: Describe the constructio .
rometer- How one can determine
Lhis instrument? —""'_7-_; text:
Ans See answer of question number /! ht? How does this phe
-E’_QTWhat is meant by plane Po;ariz::a:sgver-se in nature?
Momenon decide that light waves 2 13 in text
fins: See answer of question number
AL

—
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/ Numerical Problems \

@Q7: In a Young double slit experiment the separation of g1 .

on of the [
falling on j¢. Dete
nd and the fires,
the slit:

Tmm and red light of wavelength 620nm is
the distance between the central bright ba

fringe on the screen which is 3m away from
Solution:

litg is
FiMing
hr;‘?ht

Given data: Separation between slits
=d =1mm=17x10"m

107 = i
Wavelength = ). = 620nm = 620 x10°m 10" = nang
Distance of screen from slit = | = 3m
Required:

Distance between central bright band and fifth bright
Fringe= Ay = Yo =Yy, = 7

Caleulation: For mth bright fringe,

we have,
o= 7)
Yo = <M (
Now for central bright fringe, we put m = 0 n equation (1), so we
get,
Y,=0

For 5% bright fringe, we put m = 5 jp equation (1), so we get,
. . '
Ye = 7073 x5 x620x10°

= Y5 = 9300x10°m=y, = 93707 m
Now Ay = (y, - VoRAl o (2)

Putting the values in equation (2), we get,
Ay = (9-3x107 - 0)

= Ay = 9-3x703%m

s

Q2: Two paralle/
of which is 5-8
known

107 = mill]

“its are illuminated by light of two wavelengths, one
x 10°m- On the Screen the fourth dark line of the

velength coincides wit}, the fifth bright line of the light of
unknow: wavelength: Find the unknown '

Solu ition: Given data: Wa velength= )

V

Chp-9: Physical ”E"" ) Q
']

Chp Y "'IU’.II"I' Oplits - A9 r]
L '
hyslcs Notes - 1. Yeq
hF

Nl il

g;qw’rod:
Unhrmw “y," represents the position oF fourth dark frings
JJeulation’ Lat “Ya

191 5 ] Lhern actord
wosition of 5 bright fringe,
o ¢ ,,pfnrnts the ;o
‘m'f Jm

f wavelength= 1 =

he given conditions, we have,
e

For W' dark fringa,
wa put m = |

= for 5% bright fringe,

we put m = ]

7h
= % -5V = A Ib
. 7x58x10° _ L 06x10"m
= A" 10

= [ 406 x10"m|

ter 15

/ Michelson interferome

vable mirror of a e

i wh;n? - ;;Zv may dark fringes pass through thc)n.ﬁrmcr
: mm. . P - “ 1 ‘

mowtd if light of wavelength 580nm 15 used?(345 fringe

point, if ligh

Solution:
Given data: ‘melx10'm
m“?ggéfh&istam'c- p" Otmm = Ol ‘”1 anihin
Wavelength= 2 = 580nm = H80 A 10 "m
Required: :
Number of dark fringes = m r‘ rferometer, we have,
nce
Ea’gu’atfan: ’n case or f”l(’ll‘l‘nlfl i

2p 1a10” = 0:003448 107
Yu 2P 21 .
m

milli # {O'

riano = 107

o m = 2 g .‘".‘-', \ h)'

= m = 0:00345 x10" = 34 fringes

——

e —— thick must the
Q4: A soap film has a refractive index of 1:40+ How
. (]

b F d ] l “‘ﬁ ‘*"‘” mer ‘l“} ffqht of wav'
F, a . ] ele

o 71,06 x 10'm)
S46-1nm falls on it narf"“"","-'«ﬁ—&"\"_
Solution:

———



Wavelength of light= A = 546-Tnm
= A =5467x10°m, m=1

Required:
Thickness of film = t = 7

Caleulation: We know that,
ma & I x546-71 x707°

2nt =mh o> t=—
. 2n 21740
= t=7195x10"m
Ans- ]c = 1-95x?0"m]

@5: A diffraction grating has S000 lines per centimete

———-—___‘_\“
r- At What

angle does the second order spectrum of the sodium Yellow [ighy
of

wavelength 589nm occur?

Solution:

Given data: N = 5000 lines/cm = 500000 lines/m
= N = 5x10° lines/m

For 2" order, we put m = 2

Wavelength = 589nm = 589 x 10%m

Required: Angle = ¢ = 7

Calculation: We know that, dsin® = m3j.

s e PR (2x5&9x10‘9]
0-2x70°

= sing = 2X589X10°5 '
$ ———————-0_2 = sin0 = 5890 x10™* = 0-5890

= 0= s;'nd(O-Sg'gO) = -

Ans-

—_—

I

‘/Q:’-'n Ll":flz is fﬁ‘fdent ﬂaf‘mﬂ”y on a ’ratl'.ﬂg Whi"ch hﬂs 250 fines
ind the wavelength of spectral line for which the deviation

in second order js 72°. (A = 4158 x707° )
m

é.g_fggjgg: I
Given data: N = 250/ .
- X ines/mm = :
= N = 25470 lines/m 250000lines/m
___-—:'"""

' it Q. 2 - "
[Vayab Physics Notes - T_ Yedr Chp-9: Physicars tics ~Physics NOI= L /4 :
Given _data: Refractive index = n = I-40 ) 2% order, M =2,0=12°

Chp-9: Physical Optics - 493 ][

Na
Farqur‘rcd: Wavelength= 2 =7
ReqC=== : 7
3 — that, dsin® = mi o i
allation: We Knov N
! in0=mi = sin® = N'm M\
oL
::‘)n(} = 2:5x10° x2x\
= 12 = 5x10°\ = 0-20791169 = 5 x 1052
= §i
0:20791763 . 4.041580 x10°m
> 4" T5x10°

fns: [n = 4158:0 x10"°m

q7: In a certain Xx-rays diffraction experiment the first order image
is observed at an angle of 5° for a crystal plane spacing of 2-8 x
0°m- What is the wavelength of x-rays used? () = 0-49x710"°m)

Solution: A
Given data: m = 1 [First order], 6 = 5%, d=28x10"m
Required: Wavelength= 2 =7

Caleulation: According to Bragg's law, we have,
2dsind _ 2x2:8 x10™ xsin 5°

2dsin0 = m\ = A= = 7
> = 0-4880 x10™°m = [n = 0-49 x10"m|
Q8: An x-ray beam of wavelength 0-48 x 10°m is used to get
Bragg reflection from a crystal at an angle of 20° for“thf- ﬁ:“‘a’t or
der maximum- What are the possible layer plane spacing which give
lise_to this maximum? (0-70 x 10"°m)
Solution: }
g-’!ﬂ'_é_ﬂ_ég: Wavelength= A = 0-48 x10 "m

0= 20°, m =1 [First order]
Required: Layer plane spacing = d =7
%!@ELQQ: According to Bragy's law, we have,

1x0-48 x10"°
2d sing = __m -
O = mh=d = ol Ngxmn20
= da  OF8 10"
= 2 x0-342020143
R~
E Y
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Q9: The spacing of ame set of ¢rustal planes in Nac) (tak
; e ol
= 0282~ & mamachromatic keam of A-rays F‘ﬂ-\fu:“ < T

L W

. @ Brogy n,
imum when its glancing angle with these planes is g 5. # e
thet this is & frst onder maximum (n = 1), find the

the x-rays: (0-0882m)

‘.:.ﬂ‘_-
W ban
““il,.,t‘ F

—_(

Solution:
Given data:
Piane spacing = d = 0-:282nm = 0:282x70%m, .
LSRR YT

Angle =0 =7, order=m=17

Regquired:

{avelength= 3 = ?

5
Caleulation: Aecording to

frage'’s law, we have,
, . 2dsn )

2dsinf=mil = A =

Putting the velues in equation (1), we get,
% 2x0:282x10'x sin(7°)

= !

= A=0069x10"m

Ans- 3 = 0-069~m

= 2x0:282x10°x0122m

+++

= 'i;' A, = .

ORI o U L LIS ogen S e g e JWbs > §
f y p Ve ?u.‘a;i?_‘dd;ktr,‘f}d‘ﬂ'&.rl';,"."i&' ®
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pe =T 2L s 3
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Point to Ponder:

—L (omes 0 thermal equ

stes = 17 Yo

i s P ' 0
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1l \ THERMODYNAMICS

\ CHAPTER\

\

axplain tharmal equilibrium:

2o Thermal Equilibrium:

Gades are caid to be in thermal equilibrium if they are at the same

pmpenature and there is no net exchange of heat between them:

fplenation:
Consider @ solid hot sphere is placed in cold water
2 shown in the figure: [n the beginning, there is a
pempenature difference between water and sold
soheres e the solid sphere is at high temperature
o cold water s at [ow tempenature:

Die to the temperature difference, the hot
sphere losses heat and the <ol water dan the
heat' A5 @ result, the tempeniture of sphere de=

creases and that of the water inireases gradually
This process aces on till the water and

sopen ppoy

with the passage of time:
Sphere attain the same temperature:
heat stops and they are said to ke i thermal equilibriam:

Mt this stage, the net flow of

Two bodies, one hot and the cther cold, are Rept i vaduum: What will
kppen to the temperature oF the hot By after some time?

Ans: Kot bodies emit thermal radiations which are electromagnetic 1t na-
ture: Electromagnetic waves don't requine
through- beat energy is transmitied even thntigh Ll
Weryy From sum in this way: Heme the tempenature of kot body will fall

untl ¢ by with the cohd badye

materal medium to pass
e (Ve get heat

B ——
Q2 Define and explain the toliowing terms used in thermodynamics:

—QM(M MHeat (¢) Internal eneryy

fns- (q) Work:

e . R . ol " N sue d
\__::?:_rg which is added to the system in such a wav,

thdt a d’r fA'
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ference of temperature is not directly involved, is known a¢ B k.
la. O

Explanation:

Besides supplying heat to a body,
thod of raising the temperature of a body: The method

form work on the body, for example:

7+ When a tyre is pumping up with the help of a heat ——
pump becomes heated- y the

2. When we churn curd in a vessel, the contents becomes bscied

3. When we hit a nail with a hammer into wood or wall, ¢}, N

there is another very gep,,,
Me-

N to Per

becomes heated:
4. When we rub our hands together, our hands become warm.

From the above examples, it is clear that work can be exthangeq
between an object and its surroundings by the overall displacemen,
of the object without requiring the difference of temperature- TL:
work is not a state variable: It depends on the process performsd
on the system:
Quick Quiz:
The temperature of a normal healthy person is 37°C+ What will be
the temperature of a dead person?
Ans- After the heart stops beating, the body immediately starts
turning cold- This phase is known as algor mortis, or the death
chill- Each hour, the body temperature falls about 7-5 degrees Fo-
hrenheit (0-83 degrees Celsius) until it reaches room temperature
At the same time, without circulation to keep it moving through
the body, blood starts to pool and settle-
(k) Heat: .
The energy which flows from hot body to cold ba;:fy due to Ee/mpﬂ'
ature difference between them is called heat-
Explanation: :
Heat represents the total kinetic energy of molecules of a body It
gives us the sensation of warmth- Heat always flows from hot body
to cold body- The flow of heat from cold body to hot body is poss”
ble only with expenditure of energy [like refrigerator]
Let us take a piece of ice in a vessel and keep it at room temF"T
ture: After some time, we see that the ice begins to melt and
__—-—-""/

P‘ ra”

B

b Ph iicsﬂofgs: 1" Year Ly _Chp 10. Thermodunamics - ﬂ;]

ol il sttt 10dy ']
;nto water:

(7

% H”’P‘mc”“ of room and temperature of water becomes the
o and in this wa¥, 4 thermal equilibrium, is established between
g sten and 1ts surroundings: In above case, the ice [cold body]
the $Y heat from its surroundings [hot body]- In other words, we
hat heat is a form of energy which flows from one body to

ue to temperature difference between them: Heat is

ﬂ,;arbs

t
can $0Y
gnother body d
ot 0 state variable

ynits_of Heat:
f heat are, joule, calorie, British thermal unit [B-tu]

The units @

1 8T-u = 1254-87 joules

1 B-T-u = 251°996 calories

1 calorie = 4186 joules

7 joule = 0-238 calories
(¢c) Internal Energy: (ETEA 2013)
The sum of kinetic and potential energies associated with the ran-
dom motion of the atoms of the substance is known as internal
energy of that substance:
Explanation:
We know that matter consists of molecules which are in state of
constant motion- Due to their motion, each molecule posses certain
kinetic energy and potential energy: The kinetic energy may be in
the form of translational, rotational or vibrational kinet.. energy-
When we heat a substance, the motion and ener3y of it molecules
increase- Thus in this case, the heat energy is converced ‘nto inter-
nal energy of the substance:

Simirar;y_ when work is performed on a subs
that the random motion of the molecules of the substance increas-

¢, then the work is converted into the internal energy of the sub-
stance-

Th‘ internal energy resides in the system and
U It is a state variable and posses @ unique val
on the system:-

tance in such a way

is represented by
ue in a given state

Brain Teaser:
Does ¢he temperature of a child increase with the growth of the
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[ehia?

Ans: {When o o :
(hen a child ;s born jts temperature js low and ¢ s A
& warmmer for 9 i =
varmer for about an hours After sometime jts temperqe Pt

” 0 ACure
and remains 986" Fahrenheit for rest of j¢s ped be-
ire-

sMMes pormal

Can you tell?
Kore w: o
SO wich a small drill into q hard board: The drill becomes
Couch: (Why? What he i

: ens ’
e ppens if hard board |s replaced 4y
f;l . ar )

ns T?u drill becomes hot to touch while drilling because
;'t Of Work done against force of friction is converted jnt, ;same
- ;,“..n.,f board is replaced b a soft board then less re:;'stg,,w“..
of¥ered during driliing: Hence drill will be less hot as compar. : i
ed to
-

bﬂt to
a ]a&

Previous case:

Quiz:

/. 1L .
Why @ spark is produced when two stones coliide against each ot

er?

. ¥l " .
Ans. lWhen two stones hit against each other with very high
e : ] f
sPeed, the total energy of the impact gets concentrated q¢ 9;,

small spot at the point of contact of the hit- In many such occq-
sions, the energy is sufficient to chip off a tiny and hot mass qf
the stone carrying enormous amount of energy, thus moving w.«':h
very high velocity. This motion in air further heats H:D the spark
due to friction with the atmosphere: This heated particle chemi-
cally reacts with the oxygen of the atmosphere and glows as a

bright spark-

Efrain Teaser:
Is the temperature of a normal healthy old man is less than that

of @ normal healthy Yyoung man?

Ans: Hum.?ns are warm blooded species and their body tempera-
ture remains constant throughout their lives- There is no differ
£nce in the temperature of a normal healthy old man than that

of a normal healthy young man-
4 glass full of water contains ice cubes floating in it- What will

happen to the water level when ice melts?
Ans-_The water level does not change: When the ice is floating,

7 Notes - 17 Year
Chp-10. Themmdgnum“ ol rh _Sl(s : 5
=498 L ng t0 Archimedes] it displaces water equal to the weight

—

"_P\J[; 11y Ir.;-m.-,d’ym.: ; f.'f-rj

[ﬂf"’rd'

¢ e For example,
0

y jm’ ice is floating
J water weight= weight of ice= density of ice x volume x 4

pisplace /m’ x Tm’ x10m / 5* = 9000N
mg __ 9000N

—— 0 el

lume= —
puploced water VO e oy ™ tio00 x10)
- sed water level)=0-9 cubic metre
. the ice melts, it melts equal to its weight [i-e: mass], not

When : ' ‘ y
s volume [ice shrinks as it changes its state to water]:
ds ht of newly formed water = weight of ice= 900kg
Wers 900 _ ,
=0-9 cubic metre

1000
Which is_same_so_no change in water level
smesm— » .
03: Explain equivalence of heat and work- (OR) What is mechani-

level raise=—=
o new water o

cal equivalent of heat?

fns- Mechanical Equivalent of Heat: -y
The ratio of the workdone in joules to the heat produced in calories
s known as mechanical equivalent of heat: (OR)

The amount of mechanical energy or work required to produce a
unit quantity of heat is known as mechanical equivalent of heat:
xplanation: ‘

chm-—:o the mechanical theory of heat, ‘the heat is ; :::;Z'af'
energy which is associated with molecular motion of the s;r :4 24l
This theory tells us that when two bodies are mbbf‘m :datm;
then mechanical energy is converted into heat energy: The

between work and heat is given by
wa« H = w =constant x H

2 (1)
In equation (1), “J" is constant and is kno /
lent of heat- When 4186 joules of work 15 done,

of heat is produced- i-e
IJ’ = 4186 joules / calories

Note: The nature of heat can be also explain
ki theory of haate Bccdrding t0 this theor
---_-_-_-__ _—-—-—'_'-._-._--__

wn as mechanical equiva-
then one calorie

ed with the help of
y, heat is a_form of




st L1 Thermgo=~
I

e Rty

fluid which is weightless, invisible and self repellent ;... . =
flow from one substance to another: Such fluid is calleq wat
When calorie enters a substance its temperature Fises- Calory,
rie is removed from a body, its temperature falls down- _ﬁ;:ﬁ Caly.
ic is produced during combustion or when matter IS broken ::zo,.
L.*'nta pieces: Oy

e

Quick Quiz:
What is the significant of Joule's experiment for
value of J?

Ans- It gives us the relation between the amount of work 4,
and _heat energy thus proc ced- e

de l‘:erm.f'm}-;g bhe

How can you measure the tetmperature of the mosquito?
Ans- We can measure the temperature of an jnsect With an ing,.
red detector, perhaps a pyro-electric sensor - depends op how hos
Is the environment around the insect-

@%: Define the following terms: (a) ﬁcrmoa'ynamr'cs, m
(¢) Surrounding, (d) Boundary, (e) Closed system, (€) Open sys-
tem, (g) Isolated system
Ans. (a) Thermodynamics: The branch of Physics in w;'mcm
study the relationship between heat and other forms of energy s
known as thermodynamics-
(&) System:
The quantity of matter or region of space whose behavior is being
studied is called system- (OR)
Anything which is under scientific observation js known as a system:
For example, a gas enclpsed in a cylinder represents a system-
(c) Surroundings:
Anything outside the system is known as surrounding-
(d) Boundary:
The region which Separates a system from its surrounding, is known
4as boundary of the system-
(¢) Closed System:
The system in which there IS no transfer of mass across its bou"
dary is known as closed system- B S

C’!I’J 1_0 “Te:rﬁ;&l‘:qgm;(.g - 5‘0_1-5'

heat energy can take place from
the surrounding and vice versa: For example, hot wa-

[ cte 0
s

the :'a jpsed vessel

o ! .

t 0pgn__551'5b-‘m I fer of mass across its boundar

fl in which there is a transfer of ma A y
tem

¢ 545 23

W in a5 0pen s95te from the system

s ko tem, the transfer of mass takes place from the syste

i oP¢" Sysoundmg and vice versa: Plants and animals are the exam-

to the e system because they exchange materials [food, oxygen,
pert

pkf of 0

¢ proa'ufts] with the surroundings-
wasve

: A 2007)
d System: (ETE
(v !gaj:_ﬁ;:; 9which there is no transfer of mass and heat energy
fhe sy_st: boundary is known as isolated system:
> 'rafated system, both mass and energy cannot enter or leave
|n an 1S ’

across its boundary- Tea contained in a well insulating
em

he syst . '
:h rmya flask is an example of an isolated system
(-]

our information: b

E:mpty polythene bag burns or melts on a ﬁa@e of a s;{;«:d

However we can make a few cups of tea by placing water fi
wev

polythene bag on a flame of a stove:

Point to Ponder: . When the dish
An ink dot on a white porcelain dish ‘?PP‘”’sdd‘:ka Li;:' brighter
is raised to a very jarge tempemtur‘e the do PP
than the surroundings- Why? . mperature it emits all
Ans: When dish is raised to a very hrgh. :ef:e ink dot starts to
the possible wavelengths bccause_m" whit

9ppear brighter than its surrounding:

. V8 ol lication of
Why do heels crack in winter? What effect does the appli

lubricants have on the heels? vor during winter seasons so

s: Since we don't drink a lot of wate he feet become
loss: When the

the arteries contract to save water sily: The heel pad wants

Y0 dry, heel fissures can develop quite € liable enough to expand
b expand outward, but the skin IS not pha

With it, so it cracks-
--"‘-—-—_.___ -
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sents the mathematical form of first low of

I'F‘C"!"l

Q5: Define thermodynamic state and thermodynamic s, e Var'; ; repre
[ .

Ans- The particular condition when a system has spe.in v : les w,,-nodb’”"m'“‘

a ¢

pressure “P", volume “U" and temperature “T™ o4, . fmaue’ 2 Kk Quiz:
W.q‘ W“ .
i

thermodynamic state of the system: ce when pressed together, combine to form a single
The variables or functions which determine the physicq state o

how this happen?

: . lain
system are called state variables or state functions of the Sys:r the piece’ E:P cwo blocks of ice are compressed, the ice at the point
e ; em. . When
If the system has the same compas;t:an ev:rryw‘"""‘ [i"e the Syst Ans wtact melts but when compressing force is removed, the
; re, volum ¢
is homogenous], bthen pressure e and temperatyr, - ”: of €on  saain freezes and a single block of ice is Girtriad:
cient to determine the state of the system: The Mathemay, Ut melted water 49
lation between the variables is given by, al rp. ~— 0 Ponder:
PV = nRT @ oy arth is receiving heat from the sun continuously- In this
: e 4 ) e
Equation (1) is known as equation of state of a system- [ The the earth will be as hot as a furnace in no time As such
Equation ph what compensatory measures does earth

(7) “n” represent the number of moles: o s i
intain the temperature?

Equation (7) is applicable to an ideal gas only- It s B
, not appj; have to M two bizgest
to solids and liquids- In addition to pressure, volume tempfpr:abf, Ans: Several things requlate the temperature but the two 53¢
] rg
the other state variables are internal enerqy “y", entropy “s» o factors are: .
v fre + The oceans and

enerqy function “F", Gibb's function “G”
“H”.?y i ion “G”, enthalpy of the system

y osphere ' )
e e s lot of energy [heat from the

! ter is able to absorb and hold i
Q6: State and explain first law of thermodynamics- l:‘;':]’m'd give it off slowly, thus keeping the earth warm at

ETEA 2006, 20712, BISE Mardan 2019 and moving warm water to cold regions, like the pales: Tk

Ans: Statement: mosphere regulates it by allowing hed : i ¢
- e h - asses that keep it in Thus EHTERTTE
This law states that when heat energy is converted into mechanial countered by green-house g i A B diativeNGaT
; ; ; + ¢, mperature by o€ing In ,
energy or when mechanical or some other form of energy is cor faing = relabivaly GRENG- ;p ¢ wave solar radiation and the
’ : ‘n ing snor - -
verted into heat enerqy, then its total vl FaEis e saie incoming

h h Each of these, short wave
hus the first law of thermodynamics satisfies the law of conserve ok o = o
tion of energy- .

Explanation:

Consider an ideal gas filled in 4 eylinder

having a movable piston as shown in the

figure: N, ;
bzat “35“: if we supply some amount of

. €o the cylinder, then this
heat ;s' absorbed by the system to in-
crease its internal energy as well qs to do

WOH'I’ dgq."’nst th: fStO
| 5
: P l mathemﬂtfcahy,

Jil"?:

-
<

¢ to radiate out into space,

ance between the el
outgoing long wave infrared radiation:
and long wave, are modulated by clou
earth’s surface such that a balance s @ -

. R
Q7: Discuss the applications of first law of therm?dyn:::c:o"gim)g
In the light of first law of thermodynamics, describe the

] /
processes (a) Isobaric process (b) Isochoric process (¢) Isotherma

rocess (d) Adiabatic process
BISE Mardan 2019

Ans- (a) Isobaric Process:

Definition: The process ifl which the pressure

known as isobaric process:
-‘---__;

chieved:

is kept constant IS

—




(2) Isccheric Process:

"7 & cylinder having [
\_—_'_-T-_'—"’ |

$Ten, 25 ske g .
s ROWn 15 the figure- leg
- . A
o ¢ 15 supplied o the Sys- —
“em- s the volume
c ¥olume remzins constzne “
onstant 5o no work will be dore o=

w thermedynamics, we haye
W Aw = AQ = Au+0 .

= e = Su (3)
guatson (3 | . Ela
PREL TN showes: thot: the amount of heat supplied to the sys-

cem under isochoric or y
- Frocess is toeslly used
e€reriy of the System- 7 to increase the internal
(¢) Isothermal Process: (ETEA 2015)
Definition: 7 ’ :
n: The process in which the internal energy of the system
remains constant is known as 1S0thermal process-

1T WwWriEnR ReEaT 45 MeSmes aven -

F‘) adiabatic_Process: (ETEA 2007, 2011, 2015)

nGaition: Tre F
f::_::- emoved out of the sysytem s &nown as adabatx
:;':\.'ess‘
Erplanation: | ) .
tamsider an ideal gas filled in 2 tylinder rav= | N I P
~ m—avskle piston as shown in the figure It | :L\
1 _
A |

v best is supplied to the system, tren we

rve, AL = Q
Now by first law of thermodynamics, we

'ﬂ'ot.
AQ=Au+tAw =0 = Aur \w |

= \w = -\u k-;:) ‘!

fguation (5) shows that under adiahatii ev

pension process, the work is done at the (OS¢ of internal eneray:

more

decreases graduslly as m

-

Can you tell?
The rate of formation of ice on pands
end more ice is formed, why? -
Ans: The ice formed on the surface of water floats on water sy
face a5 density of ice is less than water and therefore t serves as
- -y -
This resuics

Nl

to the water below it*

sheld from the cold clmate
detress i

ed rate of formation of Ke
— ot onges
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Q8: Define and explain the fo
(a) Specific heat of a substance,
(b) Molar specific heat of a gas:
Ans- (a) Specific Heat of a Substance: i
Definition: The amount of heat required to raise the top

of Tkg of a substance through one degree Kelvin (1K) ;s kiergeu.!
specific heat of a substance: own g

Explanation:
Let “m" represents the mass of a substance, “AQ" repres
ents ”"E

amount of the heat supplied to the substance and “AT ,
: ePresens;

the rise in temperature, then we have,
\Q« m (1)
& 3AQx AT (2)

Combining relations (7), (2), we get,
AQu mAT = AQ = constant-mAT

= [pe=cm7|____ (3)
In equation (3), “C" is constant and is known as specific h
substance: From equation (3), we have e

= ﬁégi = '\o -

mAT  Tkg-TK

50 th . “wen
amou,,: :;w:ﬁc heat. C" of a substance can be defined as ¢k
gl eat rctfurred to raise the temperature of Tkg of a sl:
e rough 7K is called specific heat of a substance: Th 'u
pecific heat of a substance is J/kg-K- ‘ e

1(3 -‘-"i_ Molar Specific Heat of a_Gas:
efinition: The amount o e
of T mole of :9::1 ot::;uO: h‘”ﬂ" required to raise the temperature
il 9h 1K is known as molar specific heat of ¢
Explanation:
Let “n” repr

P esents ehﬂ ﬂumbﬂr 0; mo’ﬂs OF a 9#5, “AQ" rgpfﬂffﬂts

the amount of h
. eat supplied ¢ %
in temperature then we haye © the gas and “AT™ represents the rise

ARxn_______ 1)
& AQu _\T_________(z)
Combining relations (7). (2)

The amount of heot ,,.
quired to raise the ‘ep:-
perature of a body thrg_,lg‘

Ugh

7K is called h
(ETEA 2070)“% capacity:

we get,

. C AT (3)

§ known o5 r—:’:- specit

;s constant and is

P e *

dyu’ffaq (3) & .

I N gus° From equation (3), we kave,
L -/ 109

B =T = TmolK
molar specific

heat of o gas is defined es the emount

-
or
gs Lhrougnm

he .
‘o t,—gqui"d to raise the temperature of 1 mole of a ¢

*
m-s called molar specific heat of a 335’
K !

terms: (@) Molar specsi
nse

-

explain the following
¢ volume, (b) Molar specific hest at ¢o

W

. De ﬁne and

feat ot constan

_pressure_———
s (a) Molar “Specific_Heat_at _Constant Volume:
: ¢ reguired to raise trne temper

Definition: The amount of hea
of 1 mole of a 9as through 1K by keeping e folume

called molar specific heat at constant volume:

Explanation:

Let “AQ,” represe
supplied to “n” moles of a gas enclosed
der at constant volume: Now if “AT"
emperature of the

gture

- - % 4
----- = >

-
ac

nts the amount of ke
in a

cylin
represents the rise in t
system, then
AQ, = n (1)
& AQ = AT 2
Combining relations (1), (2), we 3¢t
AQ = nAT
2 AQ = constant mAT

> [e=cmr]____ (%

In equation (3) “C,” is constanc and is known as molar Specitic hest
at constant volume- Its unit is “ J/mole-K™"

ant Pressure:

ant Fres2=— ;

(6) Molar 52§C_f_ﬂ__ﬂi?=€=ﬁ=-c—@£
The amount of heat required to réise
a gas through TK at constant pressure ©*
heat at constant pressure’

Ex B
__f{am;_‘____{;__,qi, ’
L‘ L) ” - z :t
_____‘3?» represents the amount 0Of re

re of T mole c

the cemperatu

known as mol

supplied to “a” moles of
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durne

a gas by heeping the pressure constant, and
."ct' “AT" represents the rise in temperature,

then we have,
L (7)

Combining relations (1), (2), we get,
\Q v omnT *AQ =constant x nAT

. QR BT SA—

> [’\{-" - (f-’?\'rr.]____,(3)

Equation (3) represents amount of heat
\Q " supplied to the system at constant

pressure: In equation (3) "C." is constant and is known &
- : olar
Specitic _heat at constant pressure: Its units 1s “J/mole-K". a

QIO: Show that, for one mole of an ideal gas ¢ - E_;T\\
BISE Malakand 2019, KISE DI Khan 2079, BISE Pesh 2019, BISE Banny 207
Proof:

We can supply heat to a gas enclosed in a cylinder a¢ con
sure as well as at constant volume- Now consider *p»
ideal gas enciosed in a cylinder as shown n
stant volume, we have,

\Q = nC \T____-(T)
Now according to firse law
s, we have,

\Q = \u+ Aw (2)

At constant volume, we have,
Aw = 0, so equation (2) becomes,

Stant pres-
moles of 4n
the ﬁgure- Now at con-

of the rmodynarm-

AQ = (3)
Futting equation (3) in equation (1), we get,
Au = pnC AT (%) y
N d ’ h
ow consider ¢ e sam
il N e systesrr; at constant pressure, for
Now accordin to first |
P ‘u{ c 7 aw r;‘; thermodynamics we have,

oy

— s due to the Fact, when a gas
/"fg) - {' £ C" ft :
Fquation (

nt volu
seant vol

#—-—_ .
Pal-nt to Pona'er.

putt’” “ i | |

iy o scaT ¢ ART |
m-:r'(,'.- f‘.\T_C.oR_ | leiie s

s ) | oo
—2¢C *R .

-

2 — (10) -

5

) s

Note: il
at (an‘ y JLJ ¢ conitant
§ htatfd tht ‘,ntcrﬂa! energy of the system (WVhile a
nter
inirats me amount of heat 15 used to increase the
the sa

k against ‘the pis”
well as to do wor
e system & in both cas-

A | 'f
t volume, then heat supplied s totally u

to
P"“urer

nal energy of

Now for

etting the same rise i internal energy
9
t supply more heat at constant press

: re than at con”
ton u

e IMus .
o, me- That is why, €2 C,

t of door on a
ball is inflated in a warm room: & is used ou
otball 1 -
A r“"d . What happens to the ball? Why Lo ot
o ;y the temperature outside the roo
Ans: Since

¢ and
de 1t will contrac
; door, the gas insi

| is taken out
when footbal

Putting equation (%), (5); ;

PEAT = nCAT 1‘)m'( ) in equation (6), we get,
- T =

AT S aCT PV s Lgr) [aw = PAv]
We also know that,

B . |

. flated:
the football will be less i1 rocesses’

QI1: Explain with examples reversible and irreversible p
& X ]
IBISE Bannu 2017 |

Ans: (2) Reversible Process: N n be ratraced &

Befinition: A process = ko Z cng any change 1N the surroundings:
; thout produci
actly in reverse order wi

e reversible i

tem or gas] passes

Explanation:
e but thermal and

In the reverse process, 4
through the same stages as !

. ¢ch state are
RN, s S iF heat s absorbed

the working substance [sys
direct process

sed-
exactly rever
in the direct process.

|& means that

during a reversible process,

rocess:
it will be given out in the reverse p
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;;mf!ar!y, if work is done by the ufﬁar‘kang substance |, the

ual amount of work will be done on the o d"ect

Thus the working Substqn, "9 sy,
e

[9#;] i

process, an eq
stance in the reverse process’

restored to its original condition:

Examples_of Reversible Process: |

}'t-- The liquification and evaporation of a
substance performed slowly are reversi-

ble process:
2. A gas enclosed in a cylinder having fric-

tionless piston is another example of re-
versible process: If the gas is compressed
gradually by increasing pressure on the piston, then 0N detrey,,
the pressure, the gas can expand and can regain its original cond;‘c,g:

3+ The gradual compression and extension of a spring with il
limit is reversible process:

(b) Irreversible Process:

Definition: A process which cannot be retraced in the backwarq (o

posite] direction by reversing the controlling factors is known o o

versible process:

Explanation: :

Most of the processes in nature are irreversible due to dissipation

of energy through friction, canduction, convection and radiation phe-

nomenon:

Examples of Irreversible Process:

- An explosion of bomb and other explosive materials is irrevers
ble process:

2+ Production of heat in electric circuits is an irreversible process:

3+ Workdone against the force of friction is an irreversible protess:

4:  Rusting of iron is an irreversible process-

Q72: What is meant by a heat engine? What is its main purpose?

_Describe an expression for its efficiency- B e
[£7€A 2016, 815¢ Abbottabed 2019 T
It is a device which converts heat energy into mechanical work:

2 Moy Hony
LI ™

tqﬂs' Hﬂat Engfne:
Construction:

It consists of hot body [or source of heat, or high temperature re
s - - " r
servoir H'T'R], cold body [or sink or low tempemt_”:‘__r.‘-ff-'f"

! of Working:
g- of heat engine. i

dy- Some part of “Q," is converted into mechanical
is rejected to cold body:

‘ne is that an amount of heat “Q,” is tak-

hab ba [ "
¢ w and some part @,

w™ cat e:

W%:f: of certain gas: This engine undergoes vari-
The heat €"%' d then come back to its original state: These

an _
pra“‘;‘:m one complete cycle: After one cycle, the internal
0 . -
mu““f the gas regains its original value
Efficiency =§%g‘::;:0;¢ku¢ and input is known as the efficiency of
e
The ratio

peat €ngine g
” output (1)

nE Lg%
il “Q" s taken from hot

puring the whole process, amount of heat
uri

body which 1 taken as input: i€

o ———_——_-(2) d body, so the enerjy
Q," is the amount of heat rejected to cold body,
H‘ " 2 i

7 ug - @," This me-
verted into mechanical work will be equal to “Q = @
con .
n as output i-e

3)

= @ = Gag——f’
Output = @ - @
= , (2), (3) in equation (1), we get,

¢thanical work is take

Putting equations
(@) 2.2
TTTANJ 4 &

4)

=2 In= J-—= (
- tten as
uation (%) can be wri )

In terms of temperature, €4

n=r-= .T:i (5)
. of heat engine which

b
Equations (%), (5) represents the efficienc

is always less than 100%"

—
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Brain Teaser:

— Chp 10 Thermadgnan

What is the function of spark plug in a petrol engine?
Ans: Spark plugs are used in the piston chambers of petrof .,
for ignition of air-petrol mixture: When the cylinder draws

and compresses it, the spark plug creates a spark [much |k, the
ones created on a gas stove] which ignites the petrol and pu

She;
the piston back up: The piston is connected to the crank

shafy
which, through the

flywheel and the propeller shaft makes your
wheels turn- The spark plugs don't actually help your car stom
up* Instead, there is a separate motor [the starter motor surpri-
singly] which is electric and helps turn the main engine over g,
that the pistons will start moving in the first place

Ans: When compressed beyond a certain point, an air-fuel mixtyre
becomes so unstable [due to heat and closeness of the molecules)
that it ignites without spark- The enerqy produced from the com-
pression and the subsequent collisions of atoms takes the place of
the energy of the spark- To withstand this extra compression the

diesel engine is made of stronger construction and thus is Much
heavier-

‘ - e Chp

Gines
ue/l jp

—

There is no spark plug in a diesel engine, then how does fuel burn in jt?

QI3: State the 2™ law of thermodynamics in its alternative
forms- Discuss the assertions of the first and second laws about

_heat and work energies-
[e7ea 2017, 2016

- —

Ans-The second law of thermodynamics is a generalization of the law
of conservation of energy- It tells us that heat and mechanical work
are mutually interconvertable:

The second law of thermodynamics tells us that how heat energy

can be converted into useful work- This law can be stated in a num-
ber of forms, two of which are given below:

7 Lord Kelvin Statement:

It states that, it is impossible to construct a heat engine, operating
continuously in a cycle, which takes heat from hot body at higher

temperature and performs an equivalent amount of work without
rejecting any heat to a cold body at low temperature-

-10. Thermodynamics - 513]{

'_‘_’"" . ctatement, a heat source at high temperature
. Helf® d body] at low temperature are essentials for
" [claf ¢ into mechanical work: Heat cannot be com-
pvers 0; ;::; useful work during a complete cycle: A heat
yeeld convert amount of heat from hot body and c:onvcrts some
P sorbs 4" useful work [mechanical work] and rejects the re-
'+ jnto
¥ A cmto cold body’ A Il be less than the
gt 1 work performed by the heat engine wi be lways less
furefore: th;. Thus the efficiency of heat engine will be aluays le

gbsorb"ﬁ Kelvin statement gives us the principle of heat engine:
e
0% The

dt o sion

e

110 JF Clausius Statement:

I
2 Eﬁig’ -+ is impossible to make the flow of heat from a cold
i :

that, ' o i
:,d sta::’,, hot body without the expenditure of energy
H

B hot
lanation: ience we know that heat flows from
' daily life experien

from our

1 | contact: But heat
he two are in therma )
e v an expendi-
> Pk :0 to flow from cold body to a ho.t body byh e
) For example, in case of refrigerator, de A
i ’ ot
5 F"f “;:gycoo! interior part to the warmer surriun ing
B it ‘nciple of refrigerator:
j the princip .

s statement gives us m0d ek
(:M:'u:'ons of the First and___ﬁgg:gd_lgag_ig__gf_:_&ec_,_ﬂ
ssertions _of ‘vhe L=-=——= . S
about Heat and Work Energies:
The first law of thermodynamics te >
md work- The first law asserts tfiaat it
wnergy flowing into the system is eqd
system j-e-

7 conversion
The second law is concerned with the gl
The second law asserts that the wor
the heat absorbed: i-e-
or ‘w < Ql

lls us of the equivalencs of heat
a cyclic process the heat
the workdone by the

of heat into work:
d will be less Ithan

———

: £ led Carno
Q4: What were the basic questions 4

Larnot_engine? W

q m that €
ns- A |} ] s a doua‘ syste
_________le_at engine is

-~

-

{

.
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work with its surrounding and that operates in tucles A Cyche &
engines derive heat from hot body and convert seme of o ... :c:
¢hanical work and reject the remaining heat to the cold g;:_. .,'
to dissipative effects, the efficiency of all heat engines ¢ -,‘:':
sufficiently, and thus the efficiency of ¢ heat engire s elweys “;
than 100%:

But here, some questions arises ebout the efficiency of the 5ne o
7 What should be the maximum possible efficiency of an e aine
working between two heat reservors at different temperat yre

e;?
2 Can we improve the efficiency of heat engine?
These were the basic ques*tions that led Carnot to mvent armot

engine: Carnot was a Fre..h military engineer- In 1824 b, cons-

dered a hypothetical, idealized heat engine which was free from

sorts of heat losses and friction and is known as
gv‘ﬂ'lh'

all
“Carnot heat ¢n.
The efficiencu of an actual heat engine is always less ¢hqn
that of Carnot heat enaine: He told that the efficiency of an engine

can be improved by ihireasing the temperature of the hot reservo,r
and by reducing the frictional effects:

QIS: Discuss the construction, working and efficiency of Carnpt
heat enagine in detail-

| ETER 2009, 2015, BISE Peshawar 2017-18m BISE Mardan 20717 '

Ans: The Carnot heat engine is a hypothetical, idealized heat engine
which is free from all sorts of heat losses and friction and posses
maximum efficiency than all other heat engines-

Construction:

The Carnot engine consists of the following parts:

- High Temperature Reservoir [H-T-R]:

This part was used for supplying heat energy to operate the engine
for mechanical work: The heat absorbed From H-T-R is taken as input-

2 Low Temperature Reservoir [L-T-R]:
This part was used to accept the amount
engine during its operation-

3- A Block of Insulator:

This part was used to prevent the flow of heat into the system or
out of the system during adiabatic process-

4- Cylinder:

It was used for maintaining gas inside it-

of heat rejected by the

(¢): As N0 he
is done at th
thus the temperature 0
from “T," to “T2™ :
The adiabatic expansion is repres
curve “BC" in the g:‘ven.ﬁ‘gurc-
¢[sothermal Compression: Pee—
In this process, the 445 is allowe aa; o
press isothermally by pfacmg‘ the base o
eylinder on L-T-R as shown in the figure :

“ " ‘S c-
In this case the amount of f‘reat Q: Lo
jected to cold body for keepin§ the te p,,;-
ture “T,"” constant- The isothermal comp

“ L in
sion is represented by the curve cD” i
given figure-
d-Adiabatic_Compression: -
In this case, the gas is allowed to{:the i
adiabatically by placing the base ©
linder on an insulator, as show? ! * .
(e)- As no heat leaves the s’“e;,r.., hia
temperature of the system risés 'F

e cost of internal energy and
£ the system falls

ented b? the

the

n C;‘E ‘T‘JJPC

1)

f‘!'rt: ey Cd’”:t end ne LoMtitts _‘!’ J'_ Ir proleties wh L L8
p'h.' arkir?d © " o srdar Thate
e ¥ e after the other 4 certer orde
c- ol s
re '-"'"d .m one cycle whick is known as Carmot iycle s
Priiad ; *
av Sas ars 91VeN below:
P lad !;E!ﬂ!fﬂﬂ"
# ] n‘f At narma g By :‘I." l
" 088, the 9as is allowed to expand st 2
; ‘ 4 " ) - ” ' ir f
o thiS P’cf the tylinder on “U-T-R", as show the figure (&)
the b‘“;,omaf expansion 1s shown by the curve “AE" in the give
& t el
ﬁ. rid
-
’: ure’ -on. s
abatic_Expansion: |
*.ﬁdmb'at --S the gas is allowed to expand | | :
g s L 1 1
this pract h . | 4
0 icallf by placing the base of the ¢y |
o ‘nsulator, as shown in the figure | #-4#
ron an t - k P d L L)
et at enters the system, s0 wor | —T

O em—

—
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co l‘|-?-,9l' = -
. tion:
The adiabatic compression is shown by the i‘Pfﬂnaw that the efficiency of Carnot engine is given by
curve “DA™ in the given figure: In this way, e K 7, (1)
. M=
n- T,

one cycle is complete which is known as Car-
shows that the efficiency of Carnot heat engine de-

not cycle- n (1)
Efficiency_of Carnot Engine: favet'® ture diffe '
e e " s upon the temperature difference between the two reservoirs:
During Carnot cycle, the amount of heat “@Q," ﬁ;,g fhicienty can be improved by raising the temperature of H-TR
supplied to the system is taken as input: ot bodd] o by decreasing the temperature of L-T:R [cold body]
[ 7. = OK, then equation (1) becomes,

If we put '2

(While the amount of heat “Q," is rejected to
)
-7-0 = n=1=100%

cold body- Thus “@Q, - Q_? " will be the amount Figi)  Insulagy, 2 g —
of heat used for mechanical work- S0 “@ - @Q,"” i '
Now the efficiency of Carnot engine is ;ieﬂ f; " AN Output. e if the tempfrature af pid biody i1 OK, "then She wIXORFY oF
. output (@-2,) @ @, ) carnot €ngine will b‘e 100%- But practically, it is not possible, be
input @, T ) Q cause We cannot achieve the temperature of absolute zero ire: OK-
! g From this, Carnot deduced that no engine could have 100% efficien-
d that the efficiency of the best heat engine that

= n=171- % — ) tyr He showe
' . could be made was a function of the two temperatures at which
heat was supplied and rejected in the cycle and was independent of

This statement is called Car-

In terms of =
thmperature, the efficiency can be written as, the nature of the working substance:
ficdes ?‘1 e iR not theorem:*
The real heat engine cannot attain Carnot efficiency due to presence

of friction and heat losses by conduction and radiation-

u mean by a refrigerator? How does it

Equations (1), (2) represents the efficiencies of Carnot eng;
efgine:
& function?

T ;
70;’;;: :rqb:::mth:f?o:?;:fc! the efficiency of the engine is never Q17: What do yo ]

, perature of hot body [HTT-;]n?aytb: nearer to 100%, if the tem- Derive an expression for the ccefficient of performance g Lol
effects are reduced as much as ;::s;;f:-ﬂ i e e #//j
;r_::erestmg Information: ' Ans- Rfi::ggeratar‘
th: ;:: ;;;‘g’:ﬁj '::;:r‘;-mgm‘ Dfms invented by Nikolaus Otto in The device in which the working substance performs cycle in a B
the Gredy jesel engine was invented by Rudolph Di tion opposite to that of a heat engine is

known as refrigerator:
QI6: State and explain Carnot theorem- — Explanation:

A Carnot Theorem: . The refrigerator can keep 4@ body cool or it

Statement: This theorem states ¢ . ¢ can maintain a body temperature belo tha_t

ing between two heat reservoirs can :t’ { o h-eat; e apemc of the surroundings: When @ vefrigerator *

engine, operating between the sam e more ef{:’c:ent than a Carno l:IScd for cooling purposes g Aummery A :F

e two reservoirs: is called refrigerator: When a T efrigerator 15

____..--'"""—‘

welll
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used for heating purposes in winter, then it is called 4 heat B
P'

Principle of Refrigerator:

The principle of refrigerator is that, a working substance (calleq

frigerant] is taken through a cycle in such a way that som, a e

of heat “Q," is removed from a low temperature source ¢ temp

ature T, with expenditure of work energy “w”: This worx e "

formed by the compressor of the refrigerator on the refrigerant.

If “@," is the amount of heat rcjected to the atmosp[,ere [h'

temperature source] by the radiator of refrigerator, then we 4 w
& twr @y LX)

Coefficient of Performance of Refrigerator:

The ratio of the amount of heat removed from cold body to ¢y,

work required to do so is known as coefficient of performance o¢ Fie

frigerator- i

(a) Now in case of cooling, the coefficient of performance is given by,

caolng & -0_2 (2)
w
From equation (7), we have,
QEw+@, > w=0-9Q, ____LN(I)
Putting equation (3) in equation (2), we get,

@
£, =-—X2
i = o (4)

In terms of temperature, equation (%) can be written as,

TZ
}sm, ey (5)

(&) In case of heating, the coefficient of performance is given by,

B g 18

w

@,
= |E = !
mem, { Q‘,, i 0’)

In terms of temperature, equation (7) can be written as,

mqut

Per-

aq l,fgj

(7) [W = QZ = or]

Chp-10: Thermodgnamics 3

prm— - .
For your Information:

_E_h_p 10 Therfl_odlz,'rtcmic_s ;?_! 9

enditure of work: This statement s referred to as
atement of the second law of thermodynamics:

th
phout
v (lausiv o
nt t0 ponder:

freezer in the upper part of the refrigerator?

in the upper part of the refrigerator due to

Ans’ that most units have the compressor at the bottom:
gk

o ssor generates heat and would interfere more with a
ompre _ '

- than it does with the frig section-

freezel .
do we nat keep bananas in the refrigerator?

WH :h cold temperature of your fridge encourages an enzyme
. The _
e henyl oxidase, naturally found in the banana to polymerize

c - .
P""ypr ‘n the banana skin into polyphenols: Polyphenols are similar
s i . ;
tha[n'n the pigment responsible for the blackish colour in our

to melanii, . .
ckin- This s what blackens the skin of bananas
#“__7

/I keep your banana

the cold temperature Wi
r the

¢ was left at room temperature fo
hat break the starch into

d ripe] work better at

Despite the color,
firmer then a banana tha
same amount of time: The enzymes t

sugﬂf l Wjﬂch fn’ﬂkﬂs ‘:he ba”dﬂ' Soft an
* i ‘
room t‘l‘”PGl‘ ature* {F akﬁ athf r IJ-“t IJF&J] QUN-‘"H.

' a+ The
stick the unripe fruit in a bag with a blackened fridge b;n:n o

e N g
cthylene being given off by the damaged banana skin will tacit

you want tom

the quick ripening of other fruits:
- ly with

o I
/E;...m, = (7. - T,j’ (8)

No cyclic device has ever been built that will extract heat “@"
from a cold reservoir and rejects it entirely to ‘a hotter reservoir

. ‘ntermittent
Why does the refrigerator switch itself OFF inte
some noise?

Ans: That is actually the
r which switches OFF

se of @ thermocouple called Relay: [t
‘ .
) and ON it automati

is set in the refrigerato N and OFF for tem-

‘tches O
cally producing some noise’ Relay switche

| perature requlation:

DN
s J

—
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QI8: Explain the concept of entropy: How is the second |,
of

Ans- Entropy: T

The unavailability of energy for its conversion into useg, work
;

thermodynamics expressed in terms of entropy?

known as entropy- (OR)
The measurement of the disorder of the system is known g entr
ﬂpy.

Example-1:

Consider two tanks of water such
that one containing cold water and
the other containing hot water, as
shown in the figure: Thus there is
an ordered arrangement:

Now if we connect both tanks by
means of a pipe, then the water
molecules of both tanks will mix up

and thus transfer of energqy will
take place: Finally, a stage comes when both the tanks will acquire

the same temperature: In this way, thermal equilibrium exists b
tween the two tanks and under such conditions there will be no
transformation of heat energy and no useful work will be done- This
unavailability of enerqy for its conversion into useful work is known

Hot water :
Ol wapg,

as entropy:

Example-2:

Consider a box which contains

DOOE®O®®®®OG)
OOOOOOOOOOD
COOOOOO®®®O)

PO®OO®OO®O®O®
OOOOOOEO®OOO®OO
PEOEO®OEEOOO®OOOO

red, blue and yellow colour

balls as shown in the figure:

In the beginning, there is an

ordered arrangement: i-e: all

red balls are present in first

row, all yellow balls are

present in second row while all blue balls are present in third row
I——

Chp-10: Thermodynamics - 521 |

‘ T — 1!! Year i
10, sics Notes - ¢
S Thermodgﬂﬂﬂ‘lt(s yayd Ph

- 520 rink the box, then all the balls will be mixed up and

e iF we sh
w will be 19 chance for each ball to occupy their original posi-
(here G disorder of the balls is known as entropy
tiom

ond Law. of Thermodynamics in terms of Entropy:
et

2 ates that, the entropy of the universe either remains constant
it $

or i ncreﬂsﬂs
he passage of time: Finally a stage will come when the temperature

The temperature of universe increases gradually with

fthg universe will become the same- Thus thermal equilibrium will
o energy will be available for its conversion into useful

oxist and n
ok Every living things will face certain death which is known as
w
heat death of universe:
Now if “AG" represents the change in entropy of the system, when
on amount of heat “AQ" is supplied to the system at temperature
W then

\§ = rﬁ B |

Equation (1) represents the mathematical form of second law of

thermodynamics in terms of entropy:
The change in entropy is taken as positive when heat is added to

the system and is taken as negative when heat is removed from the

system:
Unit of Entropy: (ETEA 2015)
As AS = aeQ &

K
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) Solution of Examples & Assignments E
A heat engine operates with 65-OKcal of heat supplied and e
%#0-OKcal of heat- How much work did the engine dp» Usts

Solution: Given data: Input heat= @, = 65Kcal

Heat rejected = Q, = 40Kcal

Mechanical equivalent of heat = J = 4184J

B_qu:rid' Workdone by engine = w = ?

Caleulation: The relation between * b
w = J(@ -Q,) (7)

Putting the values in equation (1), we get,

Y184(65 - 40)J = (4184 x 25)J

Chp-10. Thermodyncmm{

Q" T and “w” s give, by

w =
= w = ]04600-0J = 104-6 x10°J
= w =705 x710°J = 105K [10° = kilo |
Ans:
An ideal gas absorbs 5-00 x 10°J of energy while doing 2-00

10°T “of work on the environment during a constant pressure
process: (a) Compute the thange in the internal energy of the gas-
() If the internal energy now drops by 4-50 x 10°J and 7.50 X
10°7 s expelled from the system, find the change in volume, as~
suming a constant pressure process at 1-07 x 70°Pa- (3-00 x 10°7,
-2-97 x 10°m’)

Solution:

Given_data: Part-a: Heat supplied= AQ = 5 x70° 7
Workdone= Aw = 2 x70° 7

Required:

(i) Change in internal energy= Au = ?

Part-b: Change in internal energy= Au = 4-5 x10°J
Heat given out from the system= AQ = 7.5 x10° J
Constant pressure = P = 1-07 x 105P,

Required: (i) Change in volume= AV =2

- 1" Year
Shgsics NI
s 922 il Ci - Parb-a; We know that,
o E:'QQ- Au = AQ - Aw

ég,_fgﬂf.";»w -

--f?‘.p-m Thermodynamics - 523 ]

(7)

: 1 1), we get,
Jues in equation ( 1
e V- 2x10°)J = (5 - 2)x10°J

Futc::gs (5 x1
2 constant pressure process [isobaric process] we have,
ot Fa-"f Aw = AQ = Aut PAV |Aw = PAV |
= Au ti
8@ = ° AQ - Au
pum AV = 2 (2)

5 e 88T
< he values in equation (2), we get,

7.5 x10° - 45X 703.',,,?

7-01 x10° ]
(7:5-45) y10°m° =
> AV = 71 x10°

- 3
= '97X?0 zm |
- Y out from the system, so the volume decreases

av =
3 _10° #10%m®
707

ven

is 9/
s heat “«AV ” as negative, 50

Thus we_take

B —

In a certain process,
ond at the same time :
is the increase in_internal energy o

400J of heat energy is supplied to a syst:r:
150J of work is done by the system: Wha
the system?

Solution: . ]
Given data: Heat supplied= AQ = 400J
Workdone= Aw = 1507 .

Required: Increase in internal energy= Au =

Calculation: We know that,
AQ = Au+t Aw = Au = AQ=AwW S

(1)
§ t,

Putting the values in equation (1), we 9¢

Au = 400J - 150 = 250J
Ans:
ASSIGNMENT 10-2:
During one cycle, an engine extracotJ
_reservoir and transfers 1-50 X 1

¢ 2-:00 x 10°J of energy from a hot
7 to a cold _reservoir (a) Find the
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3252 gb PR——
thermal efficiency of the engine: (b) How much work does th S g_gjj‘ii] watt = 8 x 107 watt

s “"S‘r'ne
rate ;¢ it
0 x 702J

do in one cycle? (¢) What average power does the engine gep,
goes through four cycles in 2:50s? (0-250, or 25-0%, 5.0
8:00 x 10°W)

Solution: e
Given data: Input heat= @, = 2x10°J

Heat rejectec}= Q, = 1-5 x10°J, time=t = 2:5sec

Required: (a) Efficiency of engine=n =7

(b) Workdone in one cycle = ?

(¢) Power generated in four cycles = ?

Calculation: (a) We know that,

Q

n=1- 7
) (7)
Putting the values in equation (1), we get,
_.’-5x?03 _7-5x?03 s Pl

b T T L L
(OR) n = (0-25 x100)% =
(k) We know that,
. output
input
Here output of the engine represents the workdone in one cycle, so
equation (2) becomes,
Workdone in one cycle= nx input (3)

= output = n x input 2)

Putting the values in equation (3), we get,
Workdone in one cycle= 0-25 x2 x10°J

= Workdone in one cycle= 0-5 x10°J

= @arkdonc in one tycle = S‘OXTOZJJ

(¢) We know that,

workdone in four cycles

Power=

time 4
We are asked to calculate the power generated in four cycles, so
workdone in four cycles given by,

Workdone in four cycles = 4 x workdone in one cycle
= Workdone in four cycles= % x5 x102J = 20 x10°J

Putting these values in equation (4), we get,

V
Mngg in internal energy of 2009m of nitrogen as it is

th
(What “,q-am 10°C to 30°C at constant volume? For nitrogen gas,

J
t”:“zo-s?SJ/ mol K-

igﬁ,ﬁ;tn.’ Mass of nitrogen = m = 2004m
jyen 24== . ¢ i
%%;;;;rmass of nitrogen = M = 28"gm

en mass
per of mole of nitrogen=n = giv

Num molecular mass

= E?—o— = 7{43 mo:"es
e T : )
nitial temperature of N, gas =T, = 10
Final temperature of Ny gas = T, = 30°C .
Change in temperature= AT -T,-T, =30~ e

- AT = 20K
Specific heat of nitrogen

Required: Change in internal energy

quired
Caleulation: At constant volume, we have,

AQ = Au
= nCAT = Au = Au = nC AT

L}

= ¢, = 20-815J/mol"K
of N, gas= Au = 7

[.-SQ_ = HCVAT]
(1)

Putting the values in equation (1), we get,
Au = 7:143 x 20-815 x 20J =

Ans-

d when it melts
(a) Find the change in entropy of 300 % ’Oggr ZF;; x 10°J/kg- (b)
at 327°C+ Lead has a latent heat oF‘fusfof;‘; melt part of a piece
Suppose the same amount of energy 15 US€ 9

h . 961°C- Find the
of silver, which is already at its mdwg J;;mts.;gjﬁ{)
_thange in the entropy of the silver (12 ‘

Solution: Given_ data: -3 x 102 x 107k

(a) Mass of lead = m "‘Wﬂ/-
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F‘T  —— 7Eﬁ, — moc‘l'ﬁ"loml“ﬁ
= m=30x70"ky = 0-3kg 3%

Melting temperature of lead= T, = 327°C

= (327 +273)K = 600K
Heat of fusion of lead= H, = 2:45 x10°J / kg
Required: (a) Change in entropy of lead= AS = ?
(b) Melting temperature of silver= T; = 967'C

= (9671 + 273)K = 1234J
Required: Change in entropy of silver= AS, = ?
Mass of silver=m = 3 x10°gm = 0-3kg
Heat of fusion of silver= H, = 2:45 x10°J / kg

AS = ¥ &= ) &
Also AQ = mH,, so equation (1) becomes,

mH
AG A T
A (2

L
Putting the values in equation (2), we get,
_ 0-3x245x10°
aS, = —op— = 45 T'23x10°210'F / K
= A5, =123x10J /K= (A5 =1237 /7 K|
(&) For silver, equation (2) becomes,

.355='?$!- (3)

Putting the values in equation (3), we get,
a6 = OInTHG 2107 _
. __E-q—-——a‘lss =(5-96 x10°x10° )J 7 K

= [s5, = 5967 7 K

EXAMPLE 10:43

A reversible engine works between two tem
is 100°Cc- |f

: peratures whose djfference
p o : it absorbs 746J of heat from the source and rejects
J to sink, calculate the temperature of the source and the sink:

Solution: Given data:
Change in temperature= AT = 100°¢c = 100K

Heat -absarbed = & = 7467, heat rejected = Q, = 546J
Required: Temperature of source = T,=7?

h‘?i

Chp-10. Thermodynamics - 527 |

ylation:

. 5 3 (1)
n- '

We 4ls0 know thats
ne i™ 9'1 %)

uations (1), (2), we get,

!
ing eq
mparing e
50?-_1}_: _9_2_ [T'-Ti‘:"lr]
7, 7
T—'}}-Q,-Qg $£=2'_.:.92.:L= Q"
R T T, @ ~ AT @-@
' e AT = 146x100
= ‘ﬁ’}bf‘-’@jx (746 - 546)
5\ _____7"500];4 = T, = 373K
= Vi ¥\, 200
N #(373- 273)¢ = 100°¢ = [T, FTORC
!
#AT
As T, - ,=4
5 T, = ;- AT = 100 -100 & Y, =€
A Carnot heat engine has a maximum efficiency of 55% It takes

certain amount of heat from a source, converts a part of it into
; he remaining heat towards the heat sink: If the

jects t
work and rejec find the temperature

temperature of the heat source is 600K then
of the heat sink:
Solution: Given data: Temperature of source

5 -r; = GOOK, 1 = 557% = 0-55

Required: Temperature of sink=T,=7
Caleulation: We know that, " .
T, . T 2 L pEE-T = -0%
Tl"'?j:) 055 =1 600 600
-7, 2-045= T, = 0-45 x600
600

Ans: [T, = 270K|

__(iz;) G 28 L) ";;,.,:A-Jd;é_:/gc.-d'

=2

D R o
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EXAMPLE 10-6: e — ) Exercise

A refrigerator has a coefficient of performance 8- If the temperat
ature

;:r t:i;c freezer is -23°C- What is the temperature at which it rei the best ossible answer:
- b W
- jects 5&0"" e we can change the equilibrium state of a system via
In

Solution: — - different processes: Assume that the initial and the final
Given data: Coefficient of performance = F = & mie are the same: Which of the quantities AU,AQ,AW, and
T, =-23'C = (-23 + 273)K = 250K L St; st bE the same for the two processes?
Required: Temperature of heat source = T = » A only 6@ and AW Y (b) Only AU and AT
Caleulation: We know that, ™ :’ only 6@ and AT (d) Only AU and alW
= 2 - .= 250 |n any process the maximum amount of mechanical energy that
G =71,) m z can be converted to heat:
= T, -250/= 250 7(a) Depends upon the amount of friction
2‘;0 (b) pgpends upon the intake and exhaust temperature
= T,-250 = o 37125 > T, = 31.25 + 250 (© Depends upon whether kinetic or potential energy is involved
= T, = 281-25K (d) Is 100%
EXANPLE 107] (x] Ducrudsds N Gadveins constant
r emai
What is the change in entropy of 309m of water at 0°C as it js e f“:'::s ::t:.-'e containing hot coffee is vigorously shaken
changed into ice at 0°C? ¥ A2 _;r offee as the system, then its temperature:
2elution: ' j"; :3 jr:cieases (b) Decreases below than 0°C
Given data: Mass of water When heat is removed (¢) Remains the same  (d) Decreases p
= m =.30gm = QSNEN from the system, then 5 Maximum work can be obtained in the process called:
Latent heat of fusion of ice the change in entropy is ' (a) Cyclic J(b) Isothermal
= H, = 3360007/ taken as negative: e R D (d) Isochoric
e o ikl s 6 E;)heat' e takes in B00J of heat a¢ 1000K and exhastss
= AQ = mH, P 6007 of zeat at 400K: What is the actual efficiency 0
= AQ = 0-03 x336000J = 100807 .
Constant temperature at fusion point = T = 0°C :ng;r;e :25% (b) 40%
or T = 273K (‘) 50% (d) 75% L . 4 the effi-
Required: Change in entropy= AS = ? % ke ::em erature of the heat source 15 increased,
Calculation: We know that, ' ciency of a PCarnot's engine 'l
(b) Decreases nstant
then becomes co

AQ _ 10080
v (a) Increases (d) First increases

Rl i . 273 :
Ans: (A5 = -58u827 / K| (¢c) Remains sa,m///
— rﬁ.ﬂ"‘ﬁﬂ’-"m‘ — -

l-“-... : —
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& Triple point of water is:
(4) 27316%F (h) 372:16K
(¢) 273:16%F Vd) 27316K
9 A real gas can be approximated to an ideal gas at:
v (a) Low density () High pressure
() High density (d) Low temperature
10+ If the volume of the gas is to be increased by 4 times, thes,
(@) Temperature and pressure must be double
Y (k) At constant P the temperature must be increased by fp,,
times
(¢c) At constant T the pressure must be increased by four
times
(d) It cannot be increased
77- In which of the systems listed below is the entropy decreasing?
v'(a) A gas is cooled  (b) A plate is shattered
(¢) An eqq is scrambled
(d) A drop of dye diffuses in a cup of water
12: If the temperature of source and sink of a Carnot engine hay-
ing efficiency "1 " are each decreased by 100K, then the effi-
ciency “n'"
(a) Remain constant
v (¢) Increases

(k) become 7
(d) Decreases

A .(Jmﬂ){ﬁf’-&/t’v’bU»ld:jl'dv"l'-{,dﬁ:.J(/..,.qﬁu,;f,éL}‘g,u,,r&

lh]ll 10 ”Il‘l‘lluuhjnum
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pu' ’,mjml,wme as shown dn Lhe figura
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Q2: When a block with o hole 107 N ond moks 1
material around the hole 'M-tz;‘ The meterisl seons
Ans Ulhen a block with 4 ot " e e

the hole does not espand wth *F
Mﬂiﬂﬂﬂ-‘ cands on neatily
Ue knowr that most of the ‘"’”':ﬂ”:’;, sls the

racts on cooling: In case il

-
’
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A
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their equilibrium position [rmean position]

Now when we supply heat to @ sold block, t""."f E or s s
increases: Due to niredie in KE, the amplitude of Vibret,pp ,

A 5 in se in ampl ’ 5
molecules increases: DPue €01 ”'; . ’ phtude of Vibrat,on of o ¢

ands an ks volume ncreases. he
molecules, the block expan 1 5" Such LI
own as volumetric expansien: he mo- b

lecules situated around the hole are pulled out-
ward due to which the diameter of the hole

sion s An

Block With hg )
inig

increases’
A useful analogy to thermal expansion is that

of photoaraphic enlargement: Fvery linear di-
mension of the object undergoes the same frac-
t.onal chanae: Thus increase in temperature will

expand the hole and will not reduce it

Q3: A thermometer is placed in direct sun light- (Wl j+ read eh
temperature of the air, or of the sun, or of something else?

o ey
% it will read
the temperature of the surrounding air because ——em
the thermometer is in contact with th: air

Ans: (When a thermometer is placed in direct sun light,

Explanation:

iWhen we want to measure the temperature of
an object, wé place the mercury bulb of a
thermometer in that object: For example,

7* When we want to measure the tempera-

culive

1 Cwp ol containing

ture of coffee, we place the mercury bulb =
- of thermometer inside a cup containing cof- -
fee as shown in the figure (a)- Thermometer :;:
2:  When we want to measure the tempera- :."E,':‘::d"" :
ture of the room, we suspend the ther- o2z
memeter inside the room as shown in the ___—':——-

figure (5)-

3 When we wani to measure the temperature
of a patiene, the doctor placed the ther
mometer below the tongue inside the mouth
of the patient as shown in the figure (¢)-

Thermumeiit plasrd e

the mowth
e

P

o Lo B

. bhat wher o bhermom N
PN citnionsthows that when o thermomete i
o faht, it w read the terpersture of the sur-ou s @
wt ! Snghe thermometer is in direct fontact with surrounding
’.‘q.fnl‘ g
J J ot W th sun
t-l as (gfn’hf'r containin hydrogen will lnok
b pressure in a 9 1 !
The
™ kly than if it 15 containing oxyqen, w!.;; ? .
e quit : . .
% 1@ qas (g nder contaimng il}f’_"" " I'rL
Th
= quickly than f it 15 contaning oxygen
mare E .
Reason and Explanation: - ‘
‘ Graham's law of diffusion, the rate of diffution of a

;i;{.‘,"ding to

gas s jnversely proportional to its molecular mass and dens

oA maller the molecular mass and deniity, gqreater will be the
. ,Irfsd;'m;sion and vice versa: As the nydrogea is lighter than
g e- jts molecular mass and density s lower than that of
ﬂ”!: f:a the pressure in & 44s ¢ylinder contaning hydrogen w

2?;9;;r¢ quickly than if it is contaimng oxyjen: -

r

| el
XY rIrrrl

Mathematical Proof:

Consider two cylinders such that one contaning

hydrogen gas and the other containing oxyjen §as "':":"m'h by o=

s shown in the figure (a) and figure (b) re” fmraemen | st
ctively: ’ L € 3§

P, d’ﬁg""—' ‘ Fig « 0

Let “U." represents the velocity of hy

-
molecule and *“V," represents the velocty
Now ac- | e

c

oxygen molecule inside the cylinder: g | Cytimater .
;grd1n9 to ideal gas equation, the velocity of .' ‘u-au----»... ..'..‘;
gas molecule is inversely proportional its mod l"‘*"'-‘ 2N
mass, so we have, = ! . B
7 ., G ... N

nt
consta \

UI----: U:
m

. = written a5, V.
For hydrogen molecule, equation (1) ¢an be

stant I‘_r__.._-—(.':')
'mn 1Y +an be written s,
gtion (') can o

And for oxygen molecule, ¢34

e —
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I7
V, = constant\fF

Dividing equation (2) by equation (3), we get,

7
onstant |—

Vv, \ M, v, ,74—
e = i = =—= |t (9()
v, R4 UC‘ \ mad
8 constant |—
\/,
As molar mass of oxysen = 324m and molar mass of hydrogen = 2
0 equation (40 becomes, o
/ | —_—
L—'—'— !'325”? =4\l6 = ¢
V, \ 2¢m
vV

=N -"'"‘:’U-=""Vcl (5)

Equation (5) shows that velocity of hydro
greater than velocity of oxysen molecule-
will leak more quickly than oxygen molecules:

S|

gen molecule is four times
Thus hydrogen molecules

@5: What happens to the temperature of a room in whicm

conditioner is left running on a table in the middle o

f the room?
Ans- (Jhen an

air conditioner is left running of a table in the middle
of the room, it will increase the tem
rather than cooling:

Explanation:

Consider an air conditioner is kept on
a table in the middle of the room as
shown in the figure: (When the air = -
conditioner is turned ON, it absorbs U U
heat from the room from one side and

expels the same amount of heat into
the room through coil of the condens-

perature of the room slightly

lf'uh]
il

™
i

)

Alr conditioner hept on table in
the middle of room

er at the same time: Thus the same amount of heat which is at-
sorbed from the room is transferred to the room again- During this
process, some heat is produced due to workdone by the compressor
This heat is also given out from compressor into the same room: As a
result, the temperature of the room increases slightly:

* hysics Notes = Fedr Lhp-1U: Thermodynamics - 533 }
P - -
&t the pressure of the air in automobile tyre increase
>34
(3)

% . .
f the aut ssure of the air in an automobile tyre increases if the
! re

e P

ns’ ﬂ’b'ft js driven for a while
1

mobile_is driven for a while?

,;;tarf’"

gagf.’!-:‘-: autam"b”‘ is driven on a
w&:ﬂ an " while a force of friction —
roﬂd for tween road and tyre: To .
st - this force of friction,
This workdone ap-

CESLEERY S8

as
‘:;Matur: of the tyre: Due o
te

jn temperature of the

the temperature of ?:r mole-
o side the tyre also increases:
gy ult, the kinetic energy of
g rfe:s f:'rcreasc due to which
mo!ecul city of molecules increases:
g ";mdc with each other and
:::ywith the walls of the tyre and

. Thus the
e pressure ; .
i mo; thep air in an automobile tyre in

mc_rgﬂsz

1 5 h other an . .
which collide with e3¢
walls of Bvre

-1
¢creases if the qutomobile

Pr;ss ure 0

is driven for a while: tube

Q;. G” ref lOWil‘g thﬂ vaiv tht air esta HJ? ffo-'" a ‘y‘l’g
! e, p

cools, why?

BISE Kohat 2017, 2019
Ans- On removing the valve,
comes cool*

Reasons: )
When e open the valve e D
the inside air escapes from ¢

re work is
an adiabatic process, bd:‘u“::«' h:reat enters
m and N
done by the syste 1,. G0 we
35 tuie [system] from outside

have, AQ = O

hermody~
Now according o first law of the

e be-

the air estaping from a cycle tub

£ a cycle tube,

moleculey
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namics, we have,
AQ = Au + Aw (7)

Putting AQ = 0 in equation (7), we get,
Au=Aw =0 = [Aw = -au (2)

Equation (2) shows that work is done at the expenditure of iran
nal energy- UWe know that the internal energy s q function of tem-
perature: S0 when internal enerqy decreases the temperature also
decreases: Thus the temperature of air decreases and becomes ool
after escaping from a cycle tube-

@8: Write the limitations of first law of thermod namics-
l BISE DI Khan 20719 :3

Ans:
7- It does not indicate the direction of heat |[Sourccornem
having temperature (T4
transfer:

2: It does not tell us anything about the
conditions under which heat can be con-
verted into work:

3 It gives no information about frictional
effects-

4 It does not tell us that why the whole

cold budy

of heat energy cannot be converted into having denpra Th
mechanical work continuously- b= '
5 It gives no information about the principle of . eat engine and re-
frigerator-
6 It gives no informations about thermal equilib-~ium and entropy
of the system:

@Q9: Is it possible, according to the second law of thermodynamics,
to construct a heat engine that is free from thermal pollution?
Ans: According to the second law of the thermodynamics, it is not possi-

ble to construct a heat engine that is free from thermal pollution:
Reasons:

According to second law of thermodynamics, it is not possible to con-
struct a heat engine which, would convert whole heat “Q," taken from
the source into mechanical work- It means that during operation, some
" is rejected to the sink i‘e: surrounding: Thus when heat en-

sink or l

'+ converts some part of the input heat “@" into use-
¢rat¢$- ' ot the remaining heat to the surrounding: As a re-
o 0; and rejec ture of the surrounding increases. his ifhict &
,@*;" h tcmp::apoﬂution- Thus the heat engine causes thermal pol-
. "B ds we can say that, it is impossible to construct a
n other words

¢ hich is free from thermal pollution-
s W ith
gineé

mab of a gas be zero or infinity? Can specific

. Can $

Qm' athG? : A
s infinity or negative

peat ;; the specific of a g9as may be zero or infinity g

ns. L}

ﬂ Jor certain conditions
g

,fgr_mtit.?ﬂ-' )
Y ow that, AQ = mCT

e knot
39 A )
mAT
(ASE-1: Zero
ebla gas/enCY
upﬂ"d adiabatic

2(*

cific Heat:
f‘oss.e: in a cylinder is a.‘l.’o.wea' to
ally- Under such ;c;nd::::s'n::f

¢ylinder on bloc i

e t;" :Zs:ef:i ?shgsupyph'ed to the system: 50
’m;.ut ?ﬁQ = O in equation (7), we get,
we

-

mAT . .

CASE-2: Infinite Specific Heat:
Let the gas is allowed to expanto e
ie the fall in temperature due i
balanced by rise in temperatu::ve s
supplied from hot body: S0 we '

Thus equation (1) becomes,

d ]"athgrmﬂﬁy
nsion is
o heat

; t:
LA5E-3; NcgatiVejggELM‘—q— d isobarically

xpan
Let the gas is allowed to &P e due to ex

3 tur

such that the fall in t‘mpgr-a in temperature
rise

pansion is greater than the Lot body: Under

due to heat supplied F:-O?? " pegative, 0 eqe
Such conditions we tﬂM

—




[ Nayab Physics Notes - 1" Year

ation (1) becomes,

=A@ _ -AQ
m(-AT)  mAaT
.. A0 |
R mAT | (2)

Equation (2) shows that specific heat is negative:

Qll: An inventor claims to have develo
between 27°C and 227°C having an
valid? Why?

Ans: In order to check the claim of the inven
efficiency of his engine in the light of given dat
Given Data:

Temperature of hot body = T, = 227°¢

= T, = (227 + 273)K = 500K

Temperature of cold body = T, = 27°¢

= T, = (27 +273)Kk = T, = 300K

We know that the efficiency of heat engine is given by,

ped a heat engine,

fficiency of 45%- s the claim

tor, we calculate the
a:

n=7--= ::-ﬂ
7 500
_ (500 - 300) _ 200
> T =
500 500
= n=0%= n=04%x100% = 40% = n = 40%

Thus the maximum possible efficiency is 40% which is less than the
claimed efficiency i-e: 45%- Thus the claim of the inventor is not valid-
QI12: Entropy has often called “time arrow”: Ex lain-

BISE Peshawar 2017

Ans: We often called the entropy as a time arrow-

Reason_and Explanation:

When a certain process is performed, time must be consumed i-e:
we say that how much time will be taken during the completion of
a certain process: Similarly we explain the law of increase of entropy
by giving the reference of time:

The law of increase of entropy states that all natural processes under-
go certain changes: They proceed towards a state of greater entropy
as well as towards greater disorder: This law of increase of entr-OPy
tells us that the entropy of all natural processes increases with time:
In other words, we can say that the increase in entropy describes the
direction of time: Thus we call the entropy as a time arrow:

v
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) Comprehensive Questions \

my, the following terms used in thermodynamics:
1. ExP

q - Surroundings, Boundary and State variables
5”; - answer of question number 4 in text:
fins'7%¢

/EmaMOng the three forms of enerqy: work, heat and
2 #

. | energy -
inte™> answer of question number 2 in text:

Chp-10 _Thermcdgnam.cs - 539

% explain_the first law of thermodynamics:

& 5;‘: answer of question number 6 in text:

jﬂj,‘__..‘f—-———r Wt of the first law of thermodynamics describe the
s 40 tfw ajg Isothermal process (b) Isobaric process

rocesses:_( e auashion number T ek

RS ities C, and C, for a gas, show
Q5: Define the molar heat capaciti A

ideal gas, C, = C,
r a mole of an idea 2 _ .

thet 2 questions pumber 9, 10 in text
les reversible and irreversible processes’

Ans: Gee answers of
Q6: Explain with examp S
Ans Gee answer of question number‘ / ?*’Ljhac s its main purpose?
—_ . nt by a heat engine:
Q7: What is mea é
How is its efficiency defined: ber 12 in text:

of question nuMmze .« in its alternative
Ans: See answ:"' ec‘:nd law of thzrmodgnamn: in r:; 8 e about

. the § seco

?8. St‘;:cuss the assertions of the first agd &
orms:*

rk gnergfes'/
heat and wo <tion number 13 i text

: ine?
Ans- See answer of questiol what led Carnot_to invent Carnot engine
c questions
Q9: What were the basic que ¥ et
Ans: See answer of questiol i ; by Carnot en ine?
Q10: Uhat is meant by Carnot G498 S
: What is e —— —
Ans- 5 swer of questior number veristics of @ Carnot_engine
05 oee 27 m about the charat
QI1: State Carnot theore umber 16 11 text

jon 1 o7 Derive
Ans- See answer of questiol Te——=— 1" does it fu

refrigerato’ refrigerator:
; ou mean by @ rmance of @
E;Z;xg:f::ojoﬁnyr the coeffiient o : nfo?? in text’
3 e
Ans- See answer of questi®” i
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Q13: Explain the concept of entropy: Mention its m"}"m
: "

is the second law of thermodynamics upress_ed in_terms of entr,
Ans- See answer of question number 18 in text-

-
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}-Numerical Problems \

QI: (Water at 20°C falls from a height of 854 metem
energy is used in increasing the temperature, find out n::
temperature- Specific heat of water is 4200JK’ kg"-%
Solytion:

Given data: Specific heat of water = C = 4200J/kg-K

fn;;a! temperature of water = T, = 20°C = (20 + 273)K

= T = 293K

Height of water = h = 854m

Acceleration due to gravity = 9 = 9-8m/sec”
Required:

Final temperature of water = T, = ?
Calculation: When the water falls from height “h", then according
to the conservation of energy, we have,
Loss in P-E = Gain in heat energy

= mgh = AQ

= igh = mcAT

= gh=¢T,-T,)

& c il ..
Putting values in equation (1), we get,
r =[98 x854

2 |

4200 293}” = (199 + 293)K
= T, = 294.99K = T, = 295K

= T, = (295 - 273)Kk -
e

Q2: 252007 of heat s su
does 6000 of work- Calcu,
system- (7192007)

h
= T‘,-T._.f_:} 72-9"’.,-;—,

pplied to the system while the system
late the change in internal energy of the

e m—
——

—

noyGs

plution’ ,
?"ven data: Heat supplied to the system= \Q = 252007
O Jone by the system= Aw = 60007

Wertes

geqm':ed :

Chd”?‘ n "ﬂtt-"na! efnerqy of Syst‘mr Ay 7

Caleulation: According to the first law of thermodynamics, we have,
- di \Q = Aut Aw = \u = AQ - \w (1)

" putting the values in equation (1), we get,

. Au = (25200 - 6000)J = [Au = 19200J]
Ans-

Wamp!e of ideal gas is uniformly heated at constant pres-

sure- if the amount of 180J of heat is supplied to the gas- Calcu-

late the change in internal energy of the gas and workdone by the
gas: Take Y = 1-41 (27-66J, 52:34J)

Solution:
Given data:
Heat supplied at constant pressure= AQ, = 1607, 1 = "4

Required:
(i) Change in internal energy= Au = ?

(ii) Workdone by the gas= Aw =7 - pdD
Calculation: PV = nRT
(i) From the first law of thermodynamics, we | _ (5xy = sRAT]
have, AQ, = nC AT
AQ = Au + Aw = AQ, = Au+Aw [ . 4]
> Au = AQ, - Aw o
> Au = AQ, - PAV ¢, -C =R
= Au = AQ, - nRAT k-
AQ, 5.
= Au=AQ,-nR°n—C:- P___;i_
2 3
= Au=AQ,[7-5—} -—Ta
& ot s 2%
o e [r cc,-¢)] |l
AQ, u 7D i

=




| Nayab Physics Notes — 1" Year
= AUBL\Q'[I-Iqr.E'_J i
»
= Au = AQ, [(C:—'J
= Au-= .AT& (7)

Putting the values in equation (1), we get,

L
= —_— Au = 12766
Au — = |Au J

(b)As Aw = PAV = Aw = nRAT

= Aw =nRx ’:>Aw=RAQ’
n
& =
<, x
o
= Aw = (7' E:]&Q.
7
= Aw=(?*-JAQ' 2)
i
Putting the values in equation (2), we get,
Aw = [7 2 }—;—?Jx?SO = Aw = (7 - 0-7092]9858) x 180

= Aw = (0-290780141 x180)J = |Aw = 52-34F

@4: Find the efficiency of a Carnot's heat engine working between
steam and ice points-

Solution:

Given data: At steam point, T, = 100°C

= T, § (7100 + 273)K = 373K

At ice point, T, = 0°C = 0 + 273 = 273K

Required: Efficiency of Carnot’s heat engine= n = 7

Caleulation: We know that,
D
gyt
Nl (1)

1
Putting the values in equation (1), we get,
273 373-273 100
= = = 0:268
373 373 7

> n=r-

' Notes - 1" Year
Chp-10: Thermodynamics - physlcS
y s 542] 7oueh 0,263“700% = |n = 268%

Chp-10: Thermodynamics - 543 |

) |1
Ans N :
W{; engine absorbs 20007 of heat from the source

P engine at 227°C and rejects 12007 of heat during each
sink: Calculate efficiency of engine temperature of sink and
:9:}5 t of work done during each cycle: (40%, 27°¢C, 200J)
nmﬂ”’t:n- Given_data: Heat absorbed = Q, = 20007
Ha:?:'tjcc;:;—; @R, = 1200J

rature of source = T, 2.227°¢
T¢m¥8= (227 + 273)K = 500K
:’ggt;ired.‘(:') Efficiency of engine=n =7?
:',) Temperature of sink =T, =7

(iii) Mechanical work = w =7

ion: (i know that,
¢aleulation: (1) We
al u_,__"lq '

1 = ? .t § { f)
!
: : ¢
.+ the values in equation (T), we get,
& 1200 _ 2000 - 71200 o We 800
2 1=7"2000 =~ 2000 2000

[n = %o%|
= n=04= 7 04 x100% = |n = 40

P ; (R
(@) As n=l=F-2mns]
T

¢ hoat

5 0 wd ey TN~ T, e (R

1

Putting the values in equation (2). ;’: get,
= T,=(1-04%)x500Kk= T, =30

= T, = (300 -273)°C=

S sy €
Putting the values in equation (°/:
- = 800J
> w = (2000 - 1200)J = ﬁ YT

k that
Q6: What is the least amount of warm“m of a reFrr'geratar? ‘i"::n'i.c
at O°C by 37°¢- How much heat is

freeze one gram of water el
the temperature of ch; sur;o::dﬂliis rocess? (45:54J, 381-54J
ing du
_passed on to the surroundin
\ Solution: A oy v e




| Nayab Physics Notes

- 1" Yeau

\hl‘ 10 ”]“”n"“h{n\lmh W
('l.\-'f" Jnlfd.' Masg O water = m = lam
L ; q

>m =1 x10%g
lemperature of L-T-R (cold body) = T2 = O'C = 273K
» T, 2. IS8

Temperature of H-T-

v ]
> Y, L R . S B

R (hot bod) = T, = 37¢
310K > T, = 310K
Required:

(1) Amount of work = w = ?
(1) Heat transferred to surroundings = Q, = ?
Caleulation: (i) For refrigerator, we have,

a )

= )
W
T
Rlso £ n —2 S ___ro
7,37, (2
Comparing equations (1), (2), we get,
Q iy f__ N W Tr & T: L; = Latent heat of
" T - T.‘ b Q. '—'—T.“* fusion
fr/e T, For water,
LA [ 2 e, (3) L, = 33600077k

Here Q, = ml, so equation (3) becomes,

Tf-r5
wn[ —2|xmt, (%)

Putting the values in equation (%), we get,
S '[-3—3,5;;—73-])(:0’»\'336000 J

J

I 37 x10"x 336 x10° )
- w" 277 ]J:)w“ﬂS-S‘!JI
(ii) In case of refrigerator, we have,

Q=Q, +tw= Q =mL, +w
= Q =10°x336 x10" + 45-54

2 @, = 336 + 45-54 > |Q = 381'54J

Q7: Calculate the change in entropy when 10kg of water is heated

from 90°C to 100°C Specific heat of water is 4180J/mol-K-
Solution:

Mass of water = m = JOkg

1

= 90°C

172 ures T, = 100°C =T, = 100+ 273 = 373
il ¥P° F water = C = 41803/mal-K

cr:::‘ﬁc nyé

jred:
i in entropy= A5 = ?
(
(aleulation
w" kﬂaw at.

i

85" Tp

\Q = mCAT = AQ = mc(T, - T,)

Here

\Q = 10 x 4180(373 - 363)
’ ‘\Q = 47800 x10 = 418000J
-2 &

; = #5000

wT" represents the average temperature, 50 we puc,
Here

(T, +T;)  (363+373) 1 368K
Te=—">% 2

putting the values of “AQ" and “T" in equation (1), we 9¢&
uttin

4?8000]J 7 Kk =[a6 = 113587 / K
A% =\ 368

@& tam absorbs TT76T oF heat and @& the some L3 rd:Z:
il cmtemai work- Find the change in internal cncriy a‘t o
352'&7 ;‘Fdexthc change in internal energy c':f' the syst;m u;f;n;c o
be 1050 F heat while 84J of work is done? W at e
’c::f:g:{ifoiiaina! energy of the 9as if 2107 of heat s re

constant volume? (1260J. 1092J, -210J)
Solution:
Given data & Requirement:
(a) Heat supplied= AQ = 11767
Work= Aw = 352:8J,

Change in internal energy= Au =

Given_data & Requirement:

. 1o A0 = 10507 o
(b) Heat suppfwﬂ'; ;Qa ange in internal €nerdy® AU SN
= # T

Work= Aw L///’-T:-

— § — i
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Given data & Requirement:
(¢) Heat removed= \Q = -210J
At constant volume, Aw = 0,
Change 1n internal energy= Au = ?

Calculation: (a) AQ = 1776J, Aw = 352-8J

e know that, \Q = \u + A\w

= Au = AQ - Aw = 1176 - 352:8 =
(b) AQ = 1050J, Aw = 84J

Again we have, A\Q = Au + Aw

= A = AQ - Aw = Au = (7050 - 84)J =[\u = 9667]
(¢) AQ = -210J,Aw = 0T, Au = ?

Again we have, AQ = Au + Aw

= Au=AQ-Adw S A= -210 - 0= [Au = -270]]

@9: An ideal gas at 20-0°C and a pressure of 1-50 x _755_;;_;:;""
container having a volume of 1-00L- (a) Determine the number 0:
moles of gas in the container- (b) The gas pushes against a piston

expanding to twice its original volume, while the pressure falls t'

atmospheric pressure- Find the final temperature- (6-16 x 107 g
395K) :

Solution:

maol,

Given data: Temperature = 20°c,
Pressure = 1'5 x 10° Pascal = 1-5 x 105N/m?
Volume = V = 1-00L = 0-00im°, R = &36J/mol-K
Required:
(a) Number of moles = n = 2
(6) Final volume = twice the nitial volume
= V' =2V =2x000m’
Pressure= P' = 1atm = 1.01 x70° Pascal = 701 x10°N / m?
Final temperature = T' = »
Calculation:
(a) We know thac,

PV = nRT - W
= R —— (1)

l?Pascm" = IN / m?]

Putting the values in equation (1), we get

e

Chp-10: Thermodynam ,‘_u',]

vV
g v o PV ———(2)
- & nR

the values in equation (2), we get,
1.01 x10° x 2 x0:001
T' % —5.97x10' x836

v 2 2-69x10' = 26:9°C = 269 + 273 = 27°C

27 + 273 = 300K = [T' = 300K

puttl'ﬂ9
= 2-69x10° x10*

Sy A

'f?;f;ck of ice at 273K is put in thermal contact with a con-

fff,",- of steam at 373K, converting 25:09 of ite to water at
ai

273K while condensing some of the steam to water at 373K: (ﬂ{
Find the change in entropy of the ice: (b) .Fmd the change in en-
tropy of the steam- (¢) Find the change in entropy of the un
iverser (30-5J/K, -22-3J/K, +8:2J/K)

Solution:
Given data: Temperature of ice T, = 273K
Temperature of steam = T £ 373K

Mass of ice = m,, = 25gm = 0-025kg b
Latent heat of fusion of ice= H, = 3:33x70

First we calculate the thermal energy gained b

into;;t:r,mp;hicj (;fog';e:;;,-? . p—
geggir:d: (::f)r Change in entropy of icf: A, =%
(b) Change in entropy of s<eam= AS 4’
(¢) Change in entropy of universe= ARt -

Calculation:

¢ = w____—)
(a) We know that, A2 = ¢
For ice, equation (1) becomes

2)

y ice for converting

_ B N
s s e NNY O

Vi

.
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Putting the values in equation (2), we get,

A, » S50 1 0.0308x10°T 7 K= 30:5T 7 K (A5 = 3055
273 .

(b) The change in entropy of steam is given by,

6 = A

\5, .. —3)

ey

Here the thermal energy gain by ice is equal to the thermal energy

lost by steam, so we have,

AS, o = "AQ., > AQ,.. = -833x10"J

whaam

S0 equation (3) becomes,
-8:33 x10° , |
stadam s & v = J /hn 'O'O-?-?J-\"OJ/!(
e 373
- '\Sntum ¥ ~22:3J / K|

S

AS

(¢) The change in entropy of universe s equal to the sum of change

in entropy of ice and change in entropy of steam i-e-
'\sumorw = ‘\sno . '\5 (('f)

oA —

Putting the values in equation (4), we get,
Vo * 3057 7 K ¢ (-22.37 / k)

> Adwane ® 3057 / K=22.37 /7 K = 4827 1 K

> |AS,.. ® m‘-.’m'/}é]

+4 4
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