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. 1, PROF. AZHAR IQBAL, am teaching Physics

Zayan PU blISher . last 12 years. Since long, I have been observing the problems of Students of MDCAT, as well
as feeling that for the preparation of MDCAT, there are no such books in the market that can

solve the problems of the students. Therefore, in order to solve the problems of the students

of MDCAT, 1 decided to write comprehensive book.

to the students of MDCAT and F.Sc from the

All rights reserved. No part of this publication ma
4 y be reproduced, distrib,
by any means, includi 3 : g ibuted or transmitted i
Kk {vm mciss‘ ing Mfﬂn ying, recording, or other electronic or mechanical :lt;d in any form or
permission of the publisher. ethods, without the Now, by the grace of Allah, The Almighty, I have s
of MDCAT. The book contains two portions 1.
practice book. This book is a combination multiple extraordinary qua

been observed in any other book

uccessfully written a book for the student
MDCAT preparation book and MDCAT
lities that have never

All the topics have been written in quite an easy way.

The book has been written according to prescribed syllabus of MDCAT

Difficult questions have solved by using short tricks

A chapter consisting of short tricks have also been added in the book

Difficult concepts have also been described in Urdu for the convemence and better

comprehension of the students

Ch. Ashfaq Shahid
Advocate, High Court

Y.
YVVYVVY

f

I hope this book will be quite helpful in solving the problems of the students of

1' Ed. o
ition
. MDCAT. It will lead them to the target learning as well.
So that 1 will make

1 am looking forward for your valuable suggestions and feedback. S

improvements in this effort in my next edition

Price :
x Rs. 1200

Composing & F 7
/1 or g by: St < J
{AMSHAD KHAN Best wishes

REVI :
TEWER: FATIMA HABIB

Author
Prof. AZHAR 1QBAL
WhatsApp: 0336 709 8894

For Online Deliver
Call or WhatsApp
0333 6509179 or 03146013833
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Important Tips to S Physics MCQ's

J\"";ﬂdl;df‘/ﬂoplc 37(-77\)"‘,»2"_,,"7-'7:;5./; FormulasJ” ¥MCQ's S 7
-uﬁﬁ,;:ﬁfaulrér)uﬁqzuLuL;Formulasmv:/:g(,)’;f:‘/FormulasL_lyJ_n

-(ﬂ}iy(/.valueJQmﬁ!yd /”0/ LLxﬂ'é‘/.LQumﬁtyu_fl 1

Example: Solution:

By increasing the distance from the positive point charge As V = K9 or v :

: e B r

its potential: , By increasing distance V
(a) Increases (b) Decreases decreases.

(c) remain same (d) either increases or decreases

.J anﬁok(ufvaluesJ Quantityy /”7:'6 d)RnﬁkoaluesJ Qumtlty..{! 2

Example: Solution:

Two bodies having equal mass are moving with velocities | As K.E = 1 mv? or K.E « v?
1 1 ; TRy 2

10 ms~! and 20 ms~! then the ratio between their KEiS | The ratio between velocity is

@1:2 ®)2:1 ©1:47 @4:1 1:2soratioinK.Eis1:4

€ n 21  Quantity I /o2 Hall Double/( Qu.nuty-{'f Si3

Kxsmple: Solution: A T—zf
If length of pendulum is doubled then its time period will e s LR
become T « V2 If length is doubled T

(a) Double (b)Half  (c) V2 timesY' (d)—lﬁtimes becomes V2 times.

(Two-Two Values Relationship)

-Juy(zk:d/m;dl;ﬂéfd:vdue-glJQtunﬁmj/»nUx_ka i ..{l/' 4

Example: Solution: i
| If at pressure 10 atm the volume of the gas is2m’. Atwhat [ 2= 5 p, Aol :
k 3 B W V2 5
pressure the volume of the gas will be Sm”. LN
(a) 5 atm (bdatmv  ()3am  (d)2am F

Lo soon okl A By AZHARIQBAL 03367098894
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BASIC TRICKS

UNIT 00 %
.g,independem&dzpendem.(Quamiti'esgr d&Qulmity < s
Example: Solution:
Speed of sound in air is independent of : N
(a) density of air (b) pressure of airv’ Asv= I= andp o« p
(c) Temperature of air (d) None of these

(Numerical Type Question)

2 S Quantities 'S s L question & £ _/solve fNumerical Type Question .6
-¢-YRelation LA TWULsI ¢ Vg yte AL

Example: If a body of a mass 2kg is moving with Solution: As K.E = F2 _ &
momentum 6Ns then its K.E will be: : 2m  2x2

36
(a)6J )91V (©)12) (D15 g )

(Re-arranging Formulas)

+¢§W(/ Ja(tVariables L /Re-arrange /Ly S ¢ 7
Example: Solution:
If T is time period of simple pendulum at a place where . ‘f
A Y 3 . AST =2nm |-
acceleration due to gravity is g then length of pendulum is: 9

4 5 \ghE

gr? 9T 4m
@57 (b)= © o= o)t i € e

(Graphical Types Question)
S tyfaread LSS tyfstope S5/ ¥nd 1/ L Quantities 8

Example 1: The graph between potential energy stored in a Solution 1:
capacitor verses voltage across the capacitor is: As P.E = %CVz
v p.eI } P.E xV?
d 04 So the graph between
v v P.E and Voltage is
parabola.
©) PE ‘ : ) PE l ,
4 v
Example 2: The slope of velocity time graph represent the: Solution 2:
(a) displacement  (b) accelerationv’ (c) momentum (d) force Slope = v/t =@
Example 3: Area under force displacement graph represent the: Solution 3:
(2) acceleration of the body (b) Work done on the body ' area = Fd =W
(c) Power of the body (d) Impulse on the body N T
_/
) By AZHAR IQBAL 0336-7098894

UNIT_00

BASIC TRICKS

Relation X increases

Important Relations Between Quantities
If value of |

If value of x doubled

If values of x are | Two-Two

then y in ratio 2:3 then " values
then y i ratioinyis | relation L
i x Doubled 2:3 1‘
Example: - 5 7 x5
P —cv Increases fY-(L‘chnngc,f\;-z Lyl sratiosxz | 2 =22 | i
Q= 2 - J ’ | 1 X {k
>QxV &y change$time<Z ! ory’ |
. £ J . S| S o S ST
yxx g ; |
ETE: Four times |
- s 70| re y 2
R.E e, Increases | U~y < /squarebvaluesx | /square§valuesx Y2 L
=—mv 2
y ¢ b Y %1
2 K& C¥change &ratiofye |
= K.E x v? 72 £ e ‘
y o« Vx |
Example: VZ times vV2:V3
D ZKJZ Increases Jy:..'-/,\/ valuesdx LY. ‘\ulucsg’x Y2 = vX2
= P N X
; -(éifchnngc Veratio Sy
=>Tx Ve
1
yx— |
b I x Halved 3:2
xample: p - P ol x
PV = Const. Decreases S Y€ Tchange~xtz Ly rratio2x2 ;VTZ - x_'
2 , i 1 2
=P 1 -§Z Tchangettime .1 Erratio 1=
14
1
ez Wi 9:4
Example ;tlmes : |
— - squarcévaluesgx
k i E : 4 g S ee N
= _q Decreases | J . oh /[ . squareSvaluesg x - —_———
2 ‘ LntioLye ¥ |y  x2
1 €& Cechange Ly P
=Ex = s d
1
yx—
o7 %
Example: A es v3:v2
V2 £~ C y; N2
1 [k 5 ek g LAV Kvaluesgx | 22 _ VA1
f=— |= creases —sWE AV Kvaluesgx b y VX
" y 1 2
2w m < natio Ly /U
J’%chhange\ﬁy; P
2 foc— 0

-&- s rconstant Kquantities 3\ & & BProportionality relation 2 quantitiess§(/2ed

1 By AZHAR IQBAL  0336-7098894
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i 611 I\r&"é(s/B

il

o

1€ %Straight line!/¥ %one U=Relation i“&k!u;ny »xSi

~(Qf\f§;origin

Graph Example 1: Graph b/w Example 2: Graph b/w time
momentum and velocity period and square root of length
Yy y=°P P| x v T=y %7V
y' xx y «xx
0 X v=x Ve=1x

i)y =mx'+c

origin Jlf 7ﬁtmaddgf‘constanté:( J-o sone J/JEJ uiuy sx

-b"_./d.‘{dﬁc_.
Graph: Graph: Example 2: v} =v; +at!
Y. b7
1fC>0 K€ <0
0 x 0 x

(i) x'+y' = Constant

Straight 1T, sumlfuic/-o stone Jnk Sudny wix )i

¢ xline
Grugh: Example 2:
g PE=y P.E + K.E = Const.
y + x = Const.
X K.E=x
1.3 iable 1./
(iv) 11_“&'3 _¥ Parabola /3 ntwo ug&_/umone ugd/vanable £
freph: Example: For 1" Quadrant | Example:
¥
: o Parabola | ¥ =X
x v=X '
x
% B A
P'E=%k"2=P-E'xx’ K.E wyt = ¥ =V
LS

{bend FS1IS J,:f,,g.!vmblefk‘—)

] By

AZHAR IQBAL 0336-7098894
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UNIT 00 BASIC TRICKS M
(v) y x \/; ¢ S o [ p
-6 » Parabola 1./ ¢y 44/ »alone siOvariable </
Graph: v4 For 1" Quadrant

Parabola

Example:
E y Parabola y=T A TxVi

x x=4¢

: 1 -
(vi) y«x = € Hyperbola l./ JUsInversely Proportional £ < 15 Livariables Uss /|

Graph:

¥y

Example : For Boyle’s Law

{pcrbola P 1
e

x

v

i)y« ;15 Hyperbola 1/ YU Inversely Proportional £Square L s yvariable -_flfl
-€xSteeper nljc

Graph:

\ Example :

D,
Hyperbola
Graph
x

(viii) y ;__ 'Hyperbola I/ JUsnversely Proportional £V L < s 1variable ._f!/"
x

Graph: £ #Steeper [ =

Example :

By AZHAR IQBAL  0336-7098894
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UNIT 00 BASIC TRICKS i1 s ]
4. Slope of the Graph:
4 oopE S
Slope = % : / : j
 /divide £quantity dlsx-axl.\yrqu:\nmy\ilsyé.LLﬂ.‘a'.ad/rcpl'cscnU quantity” slope i1
Exar-n le: Example: F '
& a4 i §0 ry ]Stope EORKQEANE Constant)
@M d Slope ===V (velocity)
t X
Example:
Example: Q_
(i) [\: Slope = % = R(Resistance) (iv) Q\ Slope = T I (Current)
I t
Example: .
Example: i A
v v Slope = % = a (acceleration) (vi) Slope =3 = C (Capacitance)
v \
t \'
Example: Example:
' E ;
' . Slope == = h (Plank's Const.)
(vii) | Slope = T G (Conductance)| (viii) E\ 3
f
5. How to Find the Slope? P
i = Tané
@®. Slope = Ta : ' -
(6 is angle of graph with x-axis) .
Example-1: The graph between voltage an_d current ?n Solution: v
S unit is shown in figure below then resistance will R= = slope

be: v

60°
1

(@) 1/v3 ®V3Y (@1

) 0.5

=Tan 60° = V3

8894

e B

By AZHAR 1QBAL 0336-709

UNIT 00 BASIC TRICKS

Zayan Publisher

Example-2: The graph between force and extension
for two spring is shown in figure below then find the
ratio between the spring constant,

Solution: As

F
K= o slope = Tan#

Ky _ Tan60°
K;  Tan30°
e Bl S g
@1:3 (3:17  (1:1 (@ 9:1 V3 1
- fae By
GD. Slope =
Example: The graph between charge and voltage for | Solution:
capacitor is shown in figure below. The capacitance of _ by At
capacitor will be: T Ax
Qo) _AQ _ 100uc
150 TAV T 20V
100 AQ
50 = SuF
10 20 30 V(volt)
(a)5uF v (b) 2.5uF (©)15uF  (d) 10uF
DIFFERENT CASES FOR SLOPE
i
\z Y

slope =0

Y
Jm/_islopc.:nHonznmal line .S/
X

slope = const. )

& 2 Ssloped wstraight line <1/ /1

¥ Slope is increasing.
#ssbend J)Jy‘l\ls—i'/)"
X

< ($sarslope?

y Slope is decreasing.
shsnbend J)J’x-axls.._:l//"

:;\,‘-'A!:’Ql(‘pa:;

Slope is negative and const.
in:‘-'ﬂopc?nt&downwud Y

X

Slope is negative and increasing

TN [/

By AZHAR IQBAL  0336-7098894
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BASIC TRICKS

UNIT 00

6. Area Under the Graph:
u). 7 J..'{ e multiply), quantitiesJ y—axisulx—axisér Lﬁ:;lct'f rcpresentf quanlityJ Area¥ 1S

e 1 # 6€quantity

Example: Example: Example:

F4 o 9 LY o
Area = F X v = power

. Area = v X t = distance
Area = F x d = work

. Y i
d ) v t
Example: Example: Example:
Polver Prifsure F ﬂ‘

o PV = work Area = F X t = impulse

Area = Power x t = work

L
t h/ :

Note: Greater the area under the graph. larger the quantity.

7. How to find the area under the graph.

y
Ve
EArea =xy
i
X
v . Area = mr?
/ a+ b) 1y @
by Area = ( > <
‘-—a—_. X I .
i ith | Solution:
iati f force acting on a body wit
Example: The variation 0 : AR .
time is shown. What is the change in momen . P e
2
B o = Area of triangle
20(--
A = lbase x height
2
- 1 Ns
. ; A =—-x4%x20= 40
" (@)10Ns (b)20Ns (c)40Ns ¥ (d) 80 Ns 3

sl
36-7098894

By AZHAR IQBAL 03
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UNIT 00 BASIC TRICKS

8. Percentage Type Questions: ‘

If percentage change in X is less than 10% then percentage change in Y is given as:

% change in Y = Power of X (% change in X ) "'}V { IJ;

Example: : = ? k) i
If length of pendulum is increased by 6% then el U ZHJ; SO DA )‘
its time period will be increased by: chige in T = l(%change o ; n |
@6% (b)V6% (¢)3%v (d)1.5% % ‘ﬁ]'v%,‘,‘»;{g
=3% ik

i ,'1].'(‘ I
mpose Xand Y are related as ¥ « X2 = ‘I" Him
If percentage change in X is greater than 10% then percentage change in Y is given as: ,"- '

(i). When X increases:
2

: % change in X
% change inY = 2(% change in X ) + (“)

10
Example: Solution: As K.E = 2= = K_F « p?
If momentum of a body increases by 20% then o 3
its K.E will be increased by: % change in K.E= 2(20%) + (%)

@20% (b)40% (c)44% v  (d)400%

= 44%
(ii). When X decreases:

0, i 2
% change inY = 2(% changeinX ) — (M)

10
Example: . r? 'Y
Solution: As K.E = — = K F « p? A
If momentum of a body decreases by 10% then T % Pz i f
its K.E will be decreased by: % change in K E= 2(10%) — (12%) Ll
(a) 9% ®)5% (c)10% (d) 19%v

= 44% LN

mhnge in X is multiple of 100%.

Example:

. g . B '
If length of the pendulum is increased by 100% Selutiss; AxT = 2"\/; =T Ve

then its time period will become: If length increases by 100% its mean

Ty

(2) Double (b) Half (c) % times (d) V2 timesv | it is doubled. Then time period will
become V2 times.

100 % 200"/»\@%
Le b ]

Doubled Three times

[
1‘ Four times

Five times

——
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UNIT

UNIT 00 BASIC TRICKS R ;
5 ﬂwﬁt—ﬁm SI BASE QUANTITIES AND BASE UNITS i
m Bae Skaniiy »
‘ V3 Name ‘ Sy I;;'NI; K 7 N 7 E ‘ 3
1 1 — =086 1 \ : W \
DR LT et L oo o006 s 2 ! ,
sin@ 0% 9 Ay ] 2 = 86% e Length L Meter | m ! 'o;‘!:'ih.?‘ \
2 Vit ’
T g )
1 S 0 Mass m Kilogram kg '\ ‘Tl’ '3 Ty
3¢ z 0% 3 . : 1 et
co =50% Time, duration t ; Second | s | {!']l_ L
——— R0 My
- ke Electric current I Ampere ‘\ A \ { L' it
i the above > . . - —
Not:C t;I/':ll\‘:e o; sin@ increases by increasing angle and vice versa. Thermodynamic T Kelvi \ K ‘ L)
» Value of cosé decreases by increasing angle a:d ;me ;irsa. temperature s i1y | 4,
L ini or = . T ‘ ;i : i
» sin@ is maximum for 8 = %?: ar;d ni\;?:nr?:nmfor' 0 = 90°. Amount of substance n Mole mol ‘ /
A : 6= and m e . |
e » cos@ is maximum for - : > t
Ev cosf ] Luminous intensity I, | Candela .
’ sinf S gl
. ‘ — 6 SOME IMPORTANT CGS UNIT AL
oL IMPORTANT CGS UNIT
\/ o AND RELATION WITH SIUNIT
. | B Wits £
Quantity €gs units Equivalent in SI units ]"n"" 1
PREFIXES con centi R
FEPAS TR AR TAS centimeter) Ui el
Prefix Decimal Multiplicr
1al Multiplier Y Wil
Prefis PDecimal £ =} d
- 024 Y Dot = ‘ s (second)
1 c b b D Y
10 | il bt ; “ orce dyn (dyne) N
; Zetta — - Milli m— : —
10 Pttt Ener, e = .
| m % P Micro ““ 8y erg 1077
‘ 10" .
m e =] L PR < m“ & (Franklin) Fr 3.34 x 10~
T L s S i —\_{
1 m G Pico m ¢ \ Current Bi (biot) e
! R Lo T .
3 = e M Fem! A cat energy Cal (calorie) 4.18) N
c88 Alto ) 3 e e e
Zepto | : e it
m“ ? mm o= Magnetic flux Mx (Maxwell) 10-8wb 02

0336-70988%4 Lol [1 By AZHAR IQBAL _ 0336.7098893 ‘
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BASIC TRICKS

Physics Quantities Having No units Note

oy D) Ty 22 <179
Following physical quantities have no units ! hl: sical quantities which are
Strain, dielectric constant. refractive index, specific Lol ac:‘ded or subtracted must
gravity, magnification, relative permeability etc. AVE Same units.

UNIT 00

Physical Quantities Having Same Units

Units

Quantities

l Energy, Work and Heat \ Joule = 1] = kgm?s~2 \ ML2T—? \
Impulse and Momentum Ns = kgms™ l MLT-! ]
Electric Field intensity and Potential l N_ — \ A \
gradient C
Plank’s constant and Angular = kgmszs'l \ ML2T- J
momentum

Pressure, Stress, Modulus of

elasticity and Energy density

General gas constant and Molar
ific heat

spec
Surface tension and spring constant

Entropy, Heat capacity and
Boltzman constant

Resistance, Reactance of capacitor,
reactance of inductor and impedence

A
SOME IMPORTANT DERIVED UANTITIES AND THEIR UNITS.
INST1RMS OF BASE UNITS

ST UN

N —1g-2
‘ F:kgm s

NI

Velocity

Acceleration

Area /
3

Volume

Density

More Notes, BooKs¥

it Now*Perfect24u.com

UNIT 00

BASIC TRICKS

/

Work, Energy i kgm?s=2 \
Power w I Jsati=ikgm?s=? \
Pressure, Stress Pa { Nm=2 = kgm™'s~? \
Torque Nm | kgm?®s—? \
Modulus of elasticity Nm™? 1 kgm='s—2 \
Angular momentum J.s l kgm?s~! \
Impulse, Momentum N.s \ kgms™! j
Surface tension Nm™! [ kgs™* T
Boltzman constant Jk [ kgm?s—2K~1 j
Gravitational constant Nm?kg™? kg~'m3s?
Charge € A.s
Electric pote'ntial V=Jc? kgm?s—34-1
Resistance ohm =VA~! kgm?s=34-2
Capacitance F=cy! kg~im 25442
Inductance VsAl=H kgm?s—242
Electric flux Nm?c-! kgm3s—3a-1
Magnetic flux Wb =NmA™' =T.m? kgm2s=24-1
Maineuc induction T=Wbm?2=Nm-14"! kgs—24~1
‘ermittivi =
Pemcabil:ly C?N~'m~2 kg~'m-3s*A2
Wbm=141
Entropy ~1 e B
General = Snvki)
ral gas constant Jmol™1K—1 kam?s-2 -1 -1
Electric field intensity NC! s 5o
Plank’s constant J.s i e
kgm?s~!

Y

——
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UNIT 00 BASIC TRICKS

~Q IT 01
SOME IMPORTANT PHYSICAL QUANTITIES Al EOCE ARE MEION
Time period of geostationary satellite z ol FORCE AND MOTION
Minimum height of geostationary satellite h 36000 km 4
Radius of geostationary satellite Y 42400 km e |
332 ms~! ;
Speed of sound (0°C) Y : - séhaniicss
= - N, 1 6.02 x 10% particles . S :
Avogadro’s number “ AT | Study of motion of objects is called mechanics. It is divided into two types.
K 1.38 x 107*° Jk 0 Ki ics i) D S
Boltzman constant = _1ﬂ (i) Kinematics (ii) Dynamics
General gas constant . R 8.314 Jkg _Ylno_ll | i. Kinematics: Study of motion of objects without referring the force.
Specific heat of water C 4186]:(29 zk — | ii. Dynamics: Study of motion of objects taking into consideration of force (the cause of
. 8.85 x107*“ C*N~'m~ motion) i
ittivity of free space €o — i
s tyl tron 2 —e -16x107C | Example: _1
| Ohiacgoon 5 T +16x 1079C | Total length of path followed by body is called distance. Consider an object moves in a
' Charge of proton : T2e l 3.2 x 1071°C » Itis scalar quantity. its SI unit is meter. closed path
\ Charge on alpha particle 2 9 x 10° Nm2C-2 » It may be zero or positive but never negative. Sm
v /| Columb constant for free space 41 x 1077 Whm~'A™! ) > Distance of a body in motion can never be zero. 4m
y Permeability of free space Ho o [ Example: (i) For one vibration distance = 4A
. : : v K (ii)For one revolution distance = 27 3m
Potential barrier for Si 03V 4\ T i I -
v : | otal distance =3+4+5=12m
N . Ge = Y
Potential barrier f:r : : 3% 108 ms~! \ : 7’
f light in free spac : = enil & )
Speed o gf A m, Zero Change |n position of a. body from its initial pesition to find position is called displacement. L s 1
Rest mass of pho 4 Zero/ﬁ > Itis vector quantity and its direction is from initial to final position. i
Charge of photon h 6.63 x 10734 s > Its SI unit is meter 4
Plank constant 2 243 %107 2m™! \ d= - T i
[ S U |
Compton’s wavelength e 0.053 nm

Radius of 1** orbit of hydrogen atom n

E v
—’TW i (Displacement = Final position vector — Initial position vector) i
T : / el % 5 It may be sifive, ti " ‘ !
Velocity of electron in | ' orbit of hydrogen __E_l__ 136eV y be po. negative or zero i
fadatlaint e o e TS e | B, | T

> Itis shortest distance between initial and final positi
| - . al position.
e oLty drog;:: e i 1.05 x 10 27]7( > Displacement is always less than or equal to distance.
f first orbit 0 | 6x 107" kg
Angular momentum 0O 1.660

= ; If a body moves in straight line its displacement
- . = 5 4 | d di
Wniﬁed e —T S0 W = 0‘00(0)«_;274 | and distance are equal.
€ =1 0
| Mass of electron R N\4 '

1673 x 10727 kg

Example:
m, Example: (i) For one vibration, displacement = 0 Consider an object moves ina
Mass of proton gl | 1@ %107 ks

Mot 1=

Tot kg (ii)For one revolution, displacement = 0 Sicand path_ .

1.75 X Sm i

7 =4 I 4m Y

e/m of electron R e N 9.6 x 10 Ckg Y
e/m of proton | 3m 1 i

e tﬂu/.lnit; 1 posiliou&dﬂ,&f/"
‘:l/e of neutron - b —

; . T 0336-70988%
BA
T By AZHAR 1Q
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UNIT 01 FORCE AND MOTION /cvan Publishe
Example: Solution: T ‘ UNIT 01 FORCE AND MOTION
Find magnitude of fjisplacement, if a body moves from d= =7 =(5t+7)) - (21 +3)) ) ii. When different velocities and time are given: v,, = v—‘:'::zl (putd=vt)
point P(2, 3) to a point Q(5,7). =30+4j ‘ 1+t
o d 1 1 . s st - . vyt +vat
u (a) 4m (b) Sm (c) 7Tm (d) 17m |d| = VBT + (@) = 5m Example: If a body is moving with velocity 60ms—" for 1" | Solation: v, = e
7 _ hour and 30ms=" for next two hours. Then its average S
o i d is velocity of the body will be ey
Distance covered by a body in one secon (a) 30kmh~v (b) 60kmh=" (c) 90kmh=" (d) 120kmh=" Aot
called speed. Speed of electro 3 x 108 ms-1 |
» Itis scalar quantity and its SI unit is magnetic waves ; =
i : 5 S sarth ar F ‘ iii.  If velocities are given and time internals are equal (t; = t;): v, = 22
ms . Speed of Earth around J 2.96 X 10* ms-1 ’ -
o s positi\',e‘ i S the sun Example: If a car is moving a velocity 20 ms ™' for 1 half | Selution: Vap = "1;“‘
e il g i 5 PR SIS o 1x 103 ms™? hour and with velocity 30ms~" for next half hour. Then its 20430 _s0_ oo
zero or negative. the earth average velocity of the body will be: R {
» The ratio of speed to magnitude of Speed of sound in air 332 ms-1 @125ms™  (b)25ms'v (c)50ms—! (d)60ms—1 :
velocity of an object is always greater (0°C) |
than one. total distance Speed of running 29 ms-1 iv.  When different velocities and displacements are given: v,, = —\::::z:::z e= d; )
g ol time cheetah
. Example: If a velocity of a body is 2ms™ for 100m | Solution: Vay = _‘:1“’3_":"2
YE mple: o Total distance _ 2rr displacement and 4ms~" for next 400m displacement. Then B z"’z 2 ‘0
’ = ) i o N\ i . x = +400)x2x4 _ 4000
4 Consider an object moves in a closed path of radius 2m | Speed Time n average vlelocxty of the body will be: G = T
. 5 ith time period 3.14 sec. then its speed is 2X34X2 _ 4l . @3ms™  (b)33ms~'v (c)6ms—' (d)6.3ms-! " :
4 X) 2ms™ 7 (b) 4ms™ (c) 4nms™ (d) zero 314 - 5
¥ ’ ;“
| i : o i 4 : = _ 2oy :
il 2 E““_‘Ple' bicct il from v. Ifdisplacement are equal (d, = d,). Vey = —22 t
i f change of displacement of the body is Consider an objec MBetcr Wil
il e of © . E one end to other 'endo .1a;n i Example: If body covers first half displacement with | Solution: L 2040,
i ey ity. Its SI unit is ms™*. of a circle of radius 1m in 5se velocity 10ms~! and next half displacement with velocity = 2"0‘"’ iV
H . t . :
i < qu.afmty- ive and zero. 20ms™!. Then its average velocity of the body will be: = 1u+:o = %
‘ » It may be positive, negative g @133ms™'v  (b) 15ms~! (c) 20.5ms~! (d) Oms~! S '
» |¥lis always less than or equal to apese: =133 il
{ » For straight line motion in one direction A

W |V| = speed

|} Total displacement
— ___-—_-—"__
i ¢ Vav = Total time

Total displacement
Total time

If body covers equal displacements in equal intervals of [f Ifbody i : ith uni
time then it is moving with uniform velocity. e watfom
2 velocity then instantaneous and

. average velocity are equal.
d v d W
t '

By AZHAR IQBAL0336-7098894

| dy+dz
: : 2 sV, = —
i.  When different displacements and time are given: Vav = o,
: i i and | Solution: Vav =
Example: If a body covers 100m dlsP]acemmt in 4:\.:mgc il S
then it covers 200m displacement 1n 6sec. The gL

= Ta+6 10
ity of the body will be: 3 3
\(,:)1?(;31:_1 (b) 20ms™! (c)30ms™¥  (d) 40ms

Lo eesoo I i

az:
ty+t2

1

|
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UNIT 01 FORCE AND MOTION

Velocity of body at any particular instant of time is called

ad

instantaneous velocity. OR limiting value of; as time interva 4 p:(t_\,\&;x';"‘;‘( I

At approaches to zero.

i ad
ns = T Ac

Acceleration:

Rate of change of velocity of a body is called acceleration.

Average Acceleration:

It is vector quantity and its SI unit ms~2.

Its direction is always along the direction of force.

It may or may not be in the direction of velocity.

Acceleration is positive and parallel to velocity when velocity of body increases.

ve and anti-parallel to velocity when velocity of body decreases.

Accelerations is negati
v

Acceleration is zero when velocity of the body is constant.
Acceleration is perpendicular to velocity when speed of
the body is constant and only its direction is changing.
Centripetal acceleration is perpendicular to velocity.

VVVVVYVYVY

Example:

Body is moving with uniform acceleration when its velocity changes equally in equal

intervals of time.

Some important graph for uniform acceleration are shown in figure below
“ 4
v a p—mm— d | d
___————"
t t

lerationy
rticular instant of time.

Acceleration, change in

ion is not zero when velocity, foree and impulse ar¢

Accelerat| ro w
either magnitude or direction O lways in same

of velocity changes

direction

AL0336-70988%4

UNIT
o1 FORCE AND MOTION
— DISPLACEM ENT-TIME APH:
Hlustrates the variati : : :
» Its slope represents the velocity e g
. f

ome |
mportant Examples of Displacement- Time Graph

Gr; {
raph Velocity Accel
cceleration
Zero
Zero
: Zero
d
Conisi; .
onstant Constant Z
‘ ero
d
Increasi
reasing [ncreasing Posit
g ositive
t i
; {
Decreasi "
asing Decreasing
: 2 Negative y
\

d “
Fi ) y
l& l:’st C!ecreasmg First decreasing then :
€N Increases i N iy |
\ . Negative and constant il

[E—
d
Negative and
L Negative and constant Ze
o
.
Example; i
ple: If the displacement time graph

of
IWo moving Solution: 2 = tan 30

I axis then the w2 tan 60 '

et il $

s bcare makmg angle 30° and 60° with tin
tween their velocities will be

@IVZ )3,

@13 @31 il

——
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; UNIT 01 FORCE AND MOTION
] Example 1: . Solution:
ich illustrates the variation in velocity of the variation in velocity of the body The total distance arfd displacement covered from the distance = total area of triangles
» Graph whi following v-t graph is 1 1
with time. ' (i mdlw g 7 @00 +; @00
» Slope of v — t graph = acceleration. ey 1 a
» Area under v — t graph = distance covered. E R et
me Important Examples of Velocity- Time Graph 5 (Distance is always positive)
So p ysp
' | -10
Graph r Vg | Slope | Acceleration il displacement = > (4)(10) —
4y Velocity lope | (a) 50m, 50m (6)'50m, 30m ; 5 (9)(10)
(c) 30m, 50m (d) 50m, zero 7(@2(10) +3(9)(10) = 30
Constant
(W =) Example 2: ) Solution:
If v-t graph for a body is shown in the figure below Si>8,>8;
displacement is maximum for
,’lfm:g)Area{;é.il/rf)
’ i t | Positive and constant
S Increasing Positive and constan (¥4 3 Displacement §
| . > ay> a,
J | Sateiapnt i p
/ . (a1 b LIS 2 il sloped i S 2
v Increasing Positive and Positive and increasing ©3 zd; :ame for all ki
Rt increasin|
(v; =0) nc e (€0t i acceleration
Example 3: Sol
oy olution:
—_’___’t_’__ g ev—t t};g:aph fo;e two bodies is shown in the figure below b a, Tan30°
3 1 the ratio betw i . : =
v Increasing Positive and Positive and decreasing een their accelerations will be 2 Taness
¥ v
decreasing :
(=0 ; < @ 1
300 R
3 (€Y)
| | First decreasing @11 & 1:v3 ¢ 3
i - then ingreaies ive and constant Negative and constant : (c)3:1 @ V3:1
in opposite | Negatve
direction
t w; #0)
' st Equation]
iive and constan
: " stant | PositiV > s
( laneas:‘)g Positive and con Ve=v +at &8 S quanting 343/ distance )
; o ey
! (vi (A1 " Equation & £

T g —
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oo FORCE AND MOTION VZayan Publishe UNIT 01

FORCE AND MOTION
= Solution:
Example: g ¢
I a car accelerates uniformly from rest to a velocity 10ms l vi =V +at

MOTION UNDER THE ACTION OF (

A A » = AVITY
in 50 sec. Then the acceleration of the \:'ill' is o =0 o
(@) 5ms” (b) 0.2 ms™ SR
(c)0.2 ms” (d) -0.2ms>

(i) When body falls downward:

» When body starts from rest or falls freely or

=10 ms~?
B T A dropped or is released = g
1 : ’ » When body is thrown v; # 0 v Z10m/ s U0 St R s tbe)
S=vt+=at? " st 2™ tion & &£ &S fquantity
- i z < 8 > a=g=98m/s’~ 10m/s?
; Solution:S = v;t + - at? Relation between final | Relation between final
Example: 2

Relation between height
velocity and time
A ball is thrown vertically upward from a 100m high tower y and time

velocity and height
with velocity 5ms” . The time taken by the ball to reach the

-100=5(+-;-(—-10) £ and time |

20=t— 2 -t-t20=0

ground will be
(a) 4s (b) 5s £2-5t+4t-20 = 0
(©) 8s (d) 10s - 1(t-5)+4(t-5) = 0

I| LJV 2 Len& s oppositeLinitial velocity 32 ll |t-5=0 andt+4=0

t= 5sec

lsrei (}"/ quantity(fr Sl “time” —2)
Ijas =vt3 viz__' (J_/’JW’B"’ Equation 4_

> Time to reach the ground: ¢t = & dia
Solution: ' .
ample: 4 : — 2l y?
lEfxa carpmoving with velocity 10ms™ is brought to rest in 25m : 2;; = ‘g))z —‘fl 10y o > \
) 5 aX = txvh
distance then acceleration of lhcgasr “"2 o a=—05ms™ fnmple:
2 (b) 0.5 ms f a ball fal)j P Selution:

@5ms” @-0.5 ms® vy Lt i :sﬂignfr;elx from a height “h” reaches the ground in since ¢ « VA

(CLQ‘Z m’:‘hese equations are only applicable for lincar motion w“}; umformpT: when body is height “2h” will b: time taken by the ball falling freely from when height beco
. ote:- 4 . sative, For exam ~comes two time

e . i Jocity are taken nega (a) 5 sel
: tities opposite to initial ve N : c b) 7 then time will b i A
. :\:’tew:\ouu:\sard !he':\p:cceleration due to gravity is taken negative. (©) 14 sec (b) 7 sec ccome V2 times
0

(d) 20sec t=v2 x 10 = 14 sec

Ty —
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UNIT 01 - FORCE AND MOTION —

Zavan Publisher

MOTION
OR

| » Sir Isaac Newton published his three laws of motion
\ in 1687 in his book ‘principia’
Example Sling body | » Newton’s laws are empirical laws
The distance sovered by a freely falling body “ » Newton’s laws are not applicable for sub-atomic
in 3" second is |

(a) Sm (b) 15m

Nobody moves or comes to
rest itself

Example :

The distance covered by a freely falling body

in three second is

(Abu-Ali- Sena)

| particles and motion with speed approaching to speed of light.
@ 45m |
(b) 15m (c) 20m @
S (d)45m Solution: =10n-5
(¢) 20m ) E

& =45 =10 x3—5=20m
Solution: S = 5t%=5x9 = 45m

A body at rest will remain at rest and a body moving with uniform velocity, continue
its motion unless acted upon by some unbalanced external force,

> It gives the qualitative definition of force

> Itis also known as law of inertia. :
> Property of body tending to maintain its state ! ¥ A
Note: . then motion is independent of mass of the body. For of r:ytt:r l{nifofm matifn is called inertia ‘ 2 i
If air friction is ignored then m‘)k , and 4 kg are dropped from same height they » Mass of a body is quantitative measure of i inerti wi!
. T s 2k . o — < > - é I f
example if two bodies of mass : g ¢ R il ats saime A eleration: s ertia )
will reach the ground in same time, Wit )p - e : A measurement of mass |
| A pe.rson standing in a bus falls backward due to independent of gravity. When it
. inertia when bus suddenly starts moving. two masses are equal the rod bt il
3 m g=-10 ms=2 > A person standing in a moving bus moye forward will rotate without wobble about AT
. > imum height v¢ = 0. due to inertia when brakes of the bus is a lied its center Ik
» At maxim & 7 SIS ARE 1A PP WL,
os™ Sy dnf10ms G0k suddenly. i
\ > A% =g =705 ial F p M
4 ‘z e Inertial Frame of reference: R
Rl s " R T
- ~ —10m/s Maximum height A frame of reference in which Newton’s 1* law of motion valid "‘“\{"{%‘!;{J'
" -each maximum height: Time of Flight ined ‘ > Non- accelerated frame (V = constant) is inertial frame. "' Hi |
‘ Time to reac " o vz ==2gh> | Example: A car moving with uniform velocity. In thrill i
i r n thrill machine rides at amusement D!
I =v; +at S=vit—5gt . =0 . men o
Vi = Vi =5 At max. height V¢ If both magnitude and direction of velocity are parks there may be an acceleration of s
. . i s 3 ? 3 X i QL
R 0 For timeloPAight 52 0 Viz not changing then frame of reference s ‘Inertiaf 3g or more. Without head rest this W
j large acceleration may cause serious Wik
¢ neck injury due to inertial effects, il
|
Non-inertial Frame of reference:
cie L8 :fmme ofrefen?ncc in which Newton’s 1* Jaw of motion not valid, Wil
Displacement Time Grap Accelerated frame (V # constant) is non-inertial frame Ay
IR I
- v Tf e} . < - I
E’ZO lfelth.er magnitude and direction of velocity are i
‘ 5 changing then frame of reference is *Non-Inertial’
{ "1
i 2
)
|

4
2 Time

8304
b T By HAR lQBAL0336'709
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FORCE AND MOTION

UNIT 01

b L of Motion I

i dy
A force applied on a bod) . ‘
acceleration is directly proportional to applied force and

bady. d :
ax—=
m

produces an acceleration in its own direction. This

inversely proportional to mass of the

SR, No force is needed to continue the
. S
. : s Lk i he object
tion of acceleration is alway 2y :
o irection of force o Force is only needed to change the
L L motion (velocity) of the object.
= Velocity Change T w
i o Direction of velocity remains
Force is parallel to velocity ; o
o |V|or speed decreases.

« Direction of velocity remains

same.

Force is anti-parallel to

velocity

perpen o [V|or speed remains cor?stam.
iy e « Only direction of velocity change.

velocity

n of

Both magnitude and directio!
velocity changes.

Force acts at some angle with
velocity

Throwing a package from a :om ;
ar
F -auses the boat to move backw
i ion”. (F= —F) causes the boa

i d opposite reaction . r Tk,
N ey eq'“'_l = | ’:,;s act on different bodies. (
” jon and reaction alwz erent bo
Qs es always exist in pairs. .
line joining the two bodies.

» According to 3 Jaw forc
» Action and reaction act on the e S
% Action and reaction never balance each 0 'S. e
Example: Swimming is an example of Newton's ...

~ H v
(a) first (b) second (c) third

(d) all of these

anything tha!
o Now it1s

ty force on
P irtue of hich it exerts a

l » The I'ﬂOVl'llg object possess a quah by Vi wi

’ tries to stop it Quahty was called quantlty of motion of the y oy

1€ X bod b Newto!

inear momentum.
e iney and its velocity is called momentum.

» Product of mass of body

/ﬁ
By AZHAR TQBAL0336-70%8
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UNIT 01 FORCE AND MOTION

» Itis vector quantity and its direction is along the direction of velocity.
» Its Sl unit kgms~ or N.s

avan Publisher

e Iftwo bodies have same mass then P % v. The body moving faster will have larger
momentum and vice versa

e If two bodies are moving with same speed then p o m and heavier body will have
larger momentum and vice versa
» If two bodies are moving with same momentum then v o(i and lighter body is
moving faster and vice versa.
» K.E and momentum are related as

p or p = J/2m(K.E)

" \ For same/constant
For same/constant mass |

For same/constant K.E
momentum

K.E K.E

Newton’s 2nd Law in terms of momentum

“Time rate of change of momentum of a body” is equal to applied force.

F=27 or F = EVeany
t
> This is the most general form of Newton’s 2™ Jaw of motion.
> Force is directly proportional to ¢

> Force is inversely proportion
Examples:

hange in momentum of the body
al to time of impact

> Helmet increases time of impact and reduces
injuring,

> Hair act like crumple zone, they increase the time of impact thus reduces the force. A
force of SN might be enough to fracture your naked skull (cranium) but with ac
skin and hair a force of SON would be needed.

> Air bags in cars incre,

the force on the head to avoid serious

overing of

ases the time of impact and thus reduces the force.

In knocking a bear down Lead bul
rubber bullet of same momenty
for lead bullet is small and it wi

Lo soome

let is more effective than
m because time of impact
ill exert greater force

—
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FORCE AND MOTION

UNIT 01

o
" Impulse:

$ Product of force and small interval of time (1) is called impulse.

» Impulse =Fxt . LY |
» Itis vector quantity and its direction is along the direction of force.
» Its SI unit is kgms " or Ns.

» Impulse and momentum have same umts
» Impulse = change In momentum of the

Moving bodies may or may not Im.ve impulse
(). 1f body 1s moving with uniform
velocity it has no impulse.

o5 ().  1fbody is moving with variable
v velocity its momentum changes and
i e it will have impulse.
I body accelerates 1f body brought
g from rest to rest

The force required to stop 2 body moving with a |
velocity v in a time 115 “F’. The force required to

stop the same body in same time if it is moving with
velocity 2v is
(aF (b) 2FY (c) 4F

V=0

(d)F2

» Area under force-time graph is equal to impulse.

/ i Solution: ]
\ ; g i F-t graph i
J ?;::l::h between force and time for which force acts on the S“:;el ::e:n“:::: or change In
5. : - below. The change in the -
body is shown in the figure momentum
& body is ;
e Py momentum of the body FIN Ap = lbase x height
100 2 5
il ot 00
X 50 4 Ap = 2 x 0.3 X 1
) ) Ap = 15 N.sec
) (d) zero

(a) 15 N-sec v (b) 150 N-sec (c) 300 N-sec

YNSERVATION OF MOMENTUM

m is called isolated system.
m—

LAW OF C(

Y ysle
7 orce acts on the system then s
» Ifno exlemal i

Total linear momentum of an isolated
5% _ o or P = constant

If Foxe = 0 then 70 =
(Both magnitude and direction of linear momentum are conserved)

-

098894
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UNIT 01 FORCE AND MOTION
» If masses m and m; are moving with velocities ¥; and v, before
velocities V; and ¥, after the collision then

avan Publisher

the collision and with

myVy + myv, = myvy + m,v,

*  When a fighter plane chasing another opens fire is speed and momentum decreases

. When pursued plane returns the fire its speed and momentum increases

Special Case:|
If total initial momentum is zero. Then total final momentum is also zero
Example 1: Spring is compressed between | (i) P =P

two masses p; = 0, when spring is released (Both masses will have equal and
then opposite momentum)

T o

(ii) p=mv=vx—
(Lighter body will move faster)
(i) K.E =;—; SKExi
(Lighter body will have greater K.E)

Example 2: Consider a bomb of mass 4kg
initially at rest explodes into two pieces of
masses lkg and 3kg as shown in the figure

(ii) p=mv=:»va<l

(Lighter body will move faster)

below . Example: what is ratio between the
(' ‘~; i) magnitude of their velocities
g gooet (a)l:-1 ®1:3 ©3:1v @i:1
@) P1=—P, (Both masses will have

(i) k.l::j’—2 >KExi
equal and opposite momentum) » 2

: ; (Lighter body will have g
Example: what is ratio between the v bhin

magnitude of their momentum Example: what is ratio between their kinetic

@L-1 )13 (31 (d)1: v |cnergies?
(@l:-1 (b)1:3 ©3:1v @1l:1
Xample 3: Consider a nucleus at rest| (i) P1=—p,

undergoes an alpha decay as shown in the

(Both nucleus and alpha particle will
figure

have equal and opposite momentum)
(ii) P=mv=vyx 2
m
(alpha particle will move faster due
to smaller mass)

O EENE o Khod

2m

m
(alpha particle will have greater K.E

due to smaller mass)

——
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FORCE AND MOTION

UNIT 01
:ﬁ:w i um: o:!elative velocities b :ORCE oMo isi
oo’ If two bodies collide with eachother and after the collision i $ before and after the collision have same magnitude but opposite
they move together then their common velocity after the direction. tl = —(Vly = Vz')‘]
collision is as .
LY » Magm(ud.es of relative velocity of approach is equal to magnitude of relative velocity
V= — of separation,
m; +m; » Velocities after the collisions are
Example: e G - Nolution: MyvLt Moy, & & (my —my)v, 5 2myv, . 2myv;  (my, —my)v,
A 2500 kg truck moving with velocity 21ms collides with a = W my +m, my +m, L= m, +m, m, +m,
stationary car of mass 1000 kg. The truck and car move
together after the impact with common velocity s 2500 x 21 + 1000 x 0 e &
@) 5 S ()15 ms” ~ 2500 + 1000 ecial Cases
(¢) 10 ms” (d) 20 ms” = 15ms’
When two bodies of equal mass e ; 5
‘ N o llision collide with each other they exchange ML VaSSms vi=3ms Vo=7ms? N
> A collision in which total K.E of the system is conserved is called elastic collision. their velocities after collision, G—o @—» @—» pecttsug|
3 - i 101 1 5 = p
% A bouncing ball will rebound to its original helg:timo B o M=m e b {2

After Collision o]

» During elastic collision none of K.E is converte
energy, heat energy etc.

ynd

e: = B

When a moving ball collides with a i v-‘,“
£ Vi=7ms™ Vy=7ms! /

> A collision in which total K.E of the system is nol'conser stationary ball of equal mass they V=0 V=0 it
> A bouncing ball will not rebound to s original height “lclh-’llge their velocities after G_—' Q Q 3 ';“,‘”‘/‘)"
collision. ]

> K.E is converted into other forms of energy. 2 i o
M=m Before Collision After Collision i

ved is called inelastic collision.

Note: \ II"
Total Energy and momentum remain conserved in both m ‘:\'(:' i
5 z o = IV
elastic and inelastic collisions. “.Ihen amoving lighter ball collides v 'l.!’l:,'
With heavier ball initially at rest then | V:=10ms® 9 i

V,=0 L

ELASTIC COLLISION IN ONE DIMENSION Bl lsion ighter ball moves | @) s Can)
> ! LS ! i ac ith s P < 4
Consider two non-rotating balls moving in same direction collide with each other and after the heavie::)d l\lwtl.l"same velocity while <—®

onsider o i ; g all will remain at rest
collision they move along same line without rotation then L m«Mm Before Collision =

; J er Collision
G—' When a movin i
g heavier ball collides
ith Ii e V)= g
fore Collision After Collision :’f‘:‘l lighter ball initially at rest then e L s Vi= 4 ms
Before Co h er the collision velocity of heavier iry V,=8 ms™!
wf:]l Femains same while lighter ball @
7 ' W move with ¢ ;
D 4V ouble velocity ¢
vitvp 2 2 heavier ball Ty Before Colision After Collision

(If any three velocities are given you can find the fourth)

T

4
By AZHAR lQBAL0336-709889
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UNIT 01 FORCE AND MOTION
Solution: V=0
% ; ; ides (my — mp)Va
ix-;a(:“pb:\ll is moving with a velocity of 9 ms’ culhdu. ey b = ,.:11 -
v g T N —_—
elastifallv with another ball of mass 140 gA\Nthh is mn:::dyyq .
rest The;\ after collision their velocities will be respec vy = Ly e
I 2myv
3ms’ -6 ms” (b)-3 ms',6 mslI v == ': ,:\z
5 " 3ms’ (d)-6 ms", 3ms’ N
(c) 6ms~ ,-3ms s
V2 T 704140
Solution: V2=0 ;
. i ! colli , (my —ma)V1
Example: with velocity of 20 ms collides w =

A 100 g golf ball is moving

|astically a stationary kg steel ball. Then after collision their
elas! .

(00-8000020_ g 5 s’

velocities will be respectively? V1 = T00+8000
£ v
(b) 10 ms” . 10ms’ P S

-1 =
() 0 ms” 20 ms V2 T +m

(d)-10ms™ , 10ms”

-1 1 3
(c) -20ms™ ,0ms ©_ 2x100x20 _ ) 5yt
V2 100+8000

i i horizontal pipe With
i ater is flowing through a
e wall normally and comes 10 rest then
1l on the water is given as
mvy — Mvi
t

velocity v strikes a
Force exerted by the wa
F=

the water on the wall is given as
mv;

Force exerted by

leration due 1o gravity

2 der constant acce
- i onsional motion of a body un.
Two dimens iscalled ijmm motion”.

SOME IMPORTANT FEATURES:
» Throughout the motion the ac

downward. T

= 2 irected vertic
celeration is constant (a=9) and'dlr

E . t‘ il \ N‘vi;(

More Notes, Books V'isit Now: Perfect24u.com
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UNIT 01 FORCE AND MOTION

» Vertical components of velocity continuously changes with time.
Horizontal component of the velocity always remains constant
Horizontal component of acceleration remains zero
For short range the trajectory or path of projectile is parabola.
For long range the trajectory or path of projectile is elliptical.

ayan Publisher

V VY

v

¥ X . - v,= constant
If a body is projected in horizontal direction with 4 v,increases downward

velocity vy. e Vs
» It moves forward due to inertia S v
» It moves downward due to gravity ¥ A
Example: A bomber moving in horizontal direction Y '[._" s
drops a bomb when it is just above its target but he y—-—» Vy
misses the target due to - >
(a) horizontal velocity (b) inertia 2
(c) gravity (d) both a and bv b

> If air friction is ignored then force along X-axis
remains zero: F, =0

> Horizontal component of acceleration is always
zero.a, = 0

> Horizontal component of velocity remains
constant (horizontal component of velocity is
same at all the points )

Initially y-component of velocity is
zero then increases linearly with time

Viy = gt

> Force along y-axis: Fy,=mg
> Acceleration along y-axis: a, = g

> Initial vertical velocity is zero and it increases
with time.

> Vertical final velocity:| vy, = gt Y-axis
OR

Vry =2gh

» Vertical distance:

—

T

sl
Ll
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UNIT 01

horiz

»
>

»

» Re

Consider Body is pr
ontal and initial velocity vi

% @ is known as angle of projection
v; is known as velocity of projection
horizontal component of el

constant

vertical component of velocity vary with time

FORCE AND MOTION

More Notes, Books Visit Now:

Zavan Publisher

sultant acceleration: @ = ’ai +a}= Jo+gi=g
» Resultant velocity: V = Iv} +vE= [vi+ gz,‘z = \m

Example: A ballistic missile fi

ojected at an angle “8"with the

ocity remains

red from a certain

v,= constant
v, decreases upward
vy increases downward

distance at a certain angle.

o If air friction is ignored then.
5 » Horizontal initial velocity: Vix
» Horizontal force: Fx = 0
» Horizontal acceleration: @y
» Horizontal final velocity:

Vrx = Vix

= v,cos0

=0

v;cos®

Horizontal component of velocity
remains constant throughout the
motion

f
» Resultant acceleration: @ =

Resultant velocity: vV = Vit vh =

[@ra= oo =
J(v;cos8)?+(v;sin® — gt)?

motion

» Vertical Force: Fy = -4
» Vertical acceleration: @y = -9
» Vertical initial velocity: Viy
» Vertical Final velocity:

= v;sin®

Viy = v;sin@ — gt

» Vertical component of vel
upward motion and increases in

ocity decreases in
downward

At maximum height the y-component of
is zero but velocity is not zero

veloci

Vy=o

Vy

ey 0 2

/
By AZHAR lQBAL0336-7098894
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Angle between velocity & acceleration:
» Anglc‘betwcen velocity and acceleration of
projectile is maximum at point of projection

» Angle between
decreases with time

» At maxnmum height velocity and acceleration
are perpendicular to each other.

> At tlhe 'p;zml where the body hits the ground the
angle between velocit i

gl y and accelera i

minimum. Caas

velocity and acceleration

At max height

» Y-component of velocity = 0.
» Velocity is minimum and v = v;cos@

: 1
K.E = 3m(vicos)* = Zmv;*cos?9

> Angle between velocity and acceleration is 90°.

P.E:mghzmg(

v;sin?0\ 1
e ) =gmisinte

Maximum Height:

(Maximum distance
& Fi
vered by a projectile in vertical direction is called maxij h
imum height )

_ vi’sin®8
29

H

: ;;depends upon initial velocit
two bodies are projected at same angle then
Hxv? and (ﬂ = i)

Hz  vy?

> If twy i j
0 bodies are projected with same speed then

H x sin?@ and (ﬂ =

. angle of pro: ection and acceleration due to gravity
y g P 1

sin?8,
Hy  sin?g,

)

His lmges{ when bOd) 1S pmjected ucmcall) up“ald (9 =90 )and Hmax

75°
19 pf:;g
4s° f 1
-0l Height¥ v ) z
- L u,__h((n.._;/é‘)()"b-./\nglc
0

e

S
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FORCE AND MOTION

LI

[rime of Flight:

» Time taken by projectile from its

v V

point of projection fo the point where it hit the ground

is called time of "flight. 2v,sinf
= _q__

It depends upon initial velocity, angle of projection .u\d acceleration due to gravity.

If two bodies are projected at same angle then t X vy (= :—;

bodies are projected with same speed then t X sinﬂ ‘2 :::;)

1f two
0°) and tpax = 3;

It is largest when body is projected vertically upward (6 =9

>
»

Note ‘t’l A

Time to reach maximum height is

2:“0 s SRl ul_./'(f-lBody ¢ £ 90° R Angle

Maximum distance covered by projectile in h
direction is called range

orizontal

‘ R=vyt 4
itial velocity, angle of

» It depends upon ini
projection and acceleration due to gravity.

> If two bodies are projected with same speed then

d Ry _ sinZB,)
R x sin26 an (Rz = 5in20,

» If bodies are projected at same angle then
2 Ry _vi?
R x v and (Rz vt) ¢}L45”&Anglc ‘x/”!’.

maxxmum when body is sk s§ rrange (£4

» Range of projectile is
projected at 45° and Rpnax 3

ons for

e: For some of initial speed. angle of projecti
al.

0°, Horizontal ranges are ¢qu
0° horizontal ranges are equal.

Not
which 8, + 82 =9
Example: At 30° and 6

___—/
By AZHAR IQBAL0336-7098394
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UNIT 01 FORCE AND MOTION

Relation between maximum height and rance:

1
H ==
i Rtané

> H=1 ~
. Rpmar  (For maximum range f = 45°%and tan45° = 1)

» For 0 = 76° maxi ;
Example: imum height and range are equal.
The trajectory of a ball thro

| thrown at an angle of 45 is show
figure below. The maximum height reached by the ball isn e

e
+——100m——>» e
(a) 100m (b) 20
(c) 400m (d; ;50'"
25m
Example:

The range of pro
jectile will be fc
an angle of our times the height of projectile at

R (b) 45°
(©) 76 @82

Example:

If the ran,

ol ge of projectile and height of projectile are related
then angle of projection will be

(a) 30u >
Lks (c) 60°v (d) 76°

Rel 110N between maximum hejoe it and time o o
i ¥ ) t ff
+d I\h(.

1
H =—g¢t?
gt

Example:

If the ratio betw
een time of f]
the ratio be ight of two diffe
tio between their maximum height wxlllebrem bodies is 2:3 then

(a)2:3 (b) 4:9v OVE3 N
2 ) 1:1

Solution:

1
H=-
4Rzane

1
= 7 x 100 x tan4s

H =25m
Solution:
H = %R tané

1
H =;><4Hcan9
tand = 1 or @ = 45°

Solution:
1
H = ;R tané

Solution:

H «¢?

Ratio between height
is determined by
taking square of the
ratio between time

Cavan Publisher
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UNIT

§

v }

ISIt No\)v: l\Pérfecf2‘4u.com |

%

&

I

x 1 42
2 ht =-gt
Ex-mp'e:ﬂ' ht of a projectile is four seconds the maximum heigl H=39 \
If time of flight 02 21 1 2
reached by projectile is ‘ =2 10 x (4)
) 10m $)20mv  (©)40m (d) 30m H = 20m
(a
nee and Time of flight: “The product of magnitude of displacement and A
Relation between Range component of force in the direction of displacement + Fsin®
3 Rib e lgtl is called work done on the body.” i N 2
ecduisd ] » Work is scalar quantity and its unit is Joule. ~ “7¥777" Feos QLA ‘ I
Solution: 1) = Kgm?s~2 i i
| AL
1 2 , )
. is its time of | R tanf== gt W = (Fcos6)(d) ) Taimeh
Exmele' £ a body is shown in the figure below. What is its 1 ? > In cgs system unit of work is erg. ,‘?_',
Tml:f,‘“y g 80 x Tan43 lerg = 1077) W = Fdcos6 = F.d i
ight? (O
flig 23 x 10 X t2 X
< Example: Solution:W=displacement(componem B! i
t2 =16 If a body is moving under the action of constant force as | of force parallel to displachmaent) it
| shown in the figure below then the H F =Fd sing ol t
«— 80m —> (d) VBsec g ; ! y Ll
(b) 8sec (c) 16 sec work done on the body is ' F Cosd SR
(a) 4sec (@) FdCos®  (b) Fd Sind 9 £ il
1
Iy (¢)Fd Tan®  (d) - Fd Cos® d [; d ‘7,:."‘! L
M initial push and then allowed to move " “)\‘ \‘ i
: ‘ectile is given an initi e
Ballistic flight is that in which prOJecu.le is give Example: Solution: ) ‘
due to inertia and under action of gravity. At what angle between force and displacement more smaller the angle, larger the value of LAl
work is done. Cosd NI
: T Y
d and unguided missile is called ballistic reseie ?‘; zg:/ (b) 40° Work will be maximum when angle MR
The unpowered and Ungs ly for short ranges. reater < (d) 80° is smallest
» The ballistic missiles are useﬁ;l (v)ni()iled missiles are used for long ranges and g
» Powered and remote controlled gu: Example: L Solution: u
reci‘sion‘ At what angle between force and displacement the Sine value of Cos60°<1/2 A
p work done on the body is just 50% of maximum work Hence work done is 50% when ¢
: (a) 30° (b) 45° _ Zno OB
g listic trajectory. ) b <hort: 0 =60 ! /
b istic missile is called bal ¥ ic and its range 1S c) 60° 0 ‘
‘ The path followed by ballistic ";ace the shape of trajectory is parabolic an © ()20 ) DRI
’ If we consider earth as a flat |Sutrhe sl';ape of trajectory is elliptical. e
| . herical, y =i
If we consider earth sphe If the angle between force and displacement is less than 90° then work is positive. - 4

Example; o
i

If the angle between force an
(@)positive v

d displacement of the body is 30° then work done will be

(b) maximum (¢) negative (d) minimum

08894

9
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WORK AND ENERGY

UNIT 02
If the angle between force and displacement is greater than 90° then work is negative,

(Work done by friction is always negative) .
Solution:

Since the angle between force and
displacement is greater than 90°.

Example:

Ifa body is moving under the action of constant force as

shown in the figure below then the work done on the
body is F Hence work done will be negative.
(a) positive (b) negative¥’ p

(c) maximum (d) minimum

en work is zero.

Solution:
Magnetic force on a moving charge is
always perpendicular to velocity or

1. If the angle between force and displacement is 90° th
Example:
Work done by magnetic force on a moving charge ina

magnetic field is always

(a) positive (b) negative (©) zerov' (d) none of these | displacement.

Work done by centripetal force is always v

zero because force is always
Perpendicular to velocity or

displacement of the body.
W = Fdcos90°
w=0

2. If the body covers no displacement then work is zero.

Example:

Work done by a man pushing ;
(a) force is zero b)Y displacement is zero :
(c) force and displacement are paral lel (d) force and displacement ar¢ perpendlcular

3. If force acting on the body is zero (body is moving with unifor

work done on it is zero

the rigid wall is zero because

Solution:

Work done by Engin
Work done by Friction = Fdcos18
Net work done = 0

(As car Is moving with uni
a=0and Fpee=0)

Example:
If a car is moving with uniform velocity then ¢ = Fdcos0® = +Fd-
work done on the car by Engine Friction and
net force is respectively

(a) positive , negative, positive

(b) positive , negative, negative

(c) positive , negative, zero¥’

(d) positive , zero, positive

form velocity

[ oo ke soo I — W

T U i g )/
More Notes, Books Vi

m velocity or speed) then

0° = —Fd.

SO

894

/
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W .
ork done in term of rectangular components
W=F.d=(Fd,+ Ed, + F,d,)
Example: -

If a force F = 41 - Solution:
F=4i+ 6] displaces the body from point

P(2,3) to a point Q(5, —2) then what is work done i~

((a;?sjj ) G =(51-2)) - (21+3)) =3i—5j
3 = = 7 - -
E W =F.d = (41 + 6)). (31 - 5))
=()3) + (6)(-5) = -18)
Ar i
ea under force displacement graph is equal to work do
Area = ) .
i ' q of rectangle = length x width i
| = (Fcos8) (d) -
: = Fdcos@ ’“;a'
L L 3
_\’d = work done i
sy
|,
Example: ;'l’
Hall

The graj : s
graph between displacement and component of force i Selution:
cein

the directiol i
n of displacement for a body is shown in the W = total area

figure below.

3 F Cos6 W=(10x2)-
Z:)O;l(()donc on the body is 10 +2 X)S) (2x5)
: d (b) 301 W=2

2 0-10+10
W=
401 (d) 501 k.

l WORK DONE BY V
N most cases force is not ¢
Examples:

ARIABLE FORCE

onstant t
hroughout the displacement but it i
IL1s variable. i

i 5
(i) In stretching a spring. Work is done

E; .
in!';l:glgel;r I:C:::e — displacement graph for
e low. Work done on the body is
M) 151 F(N)
100
(d) 1500J 50

AT

(c) 7505

a b()dy is shown

by variable force (Fxx)
Solution:
W = area of triangle
i ol
w =3 X100 x 15 x 10-2
W=175)

——
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WORK AND ENERGY

(ii) A rocket moving away from earth.
(iii) Two
1
force (F « ;—2).

To calculate work done by variable force
1. we divide the path into small intervals so that in
remains constant then we calculate wor
W, = F. Ad; = F;Ad;cos8; then

W, = Xl Fild;cosb;
II. We plot a
W, = Total area under the graph.

Example:

Force — displacement
below. Work done on ¢ g

graph for a body is shown in the figure

the body is 20
(a) 50J (b) 200
(c) 150J (d) 250] s 10 15 d(m)

WORK DONE BY GRAVITATI

» Region or space around the earth in which its gra
called gravitational field.
In the Gravitational Field:
(i) Ifa body is displaced in horizontal
direction, work done by gravity is zero.
(ii) If body is displaced in upward direction then
work done by gravity is negative
(w = —mgh).
(iii)If body is displaced in downward dir
then work done by gravity is positive

ection

positive point charges are brought closer to each other. Work i

graph between force and

; ¢ 1
Work is done by variable force (F < ﬁ).

s done by variable

there are two methods.

cach interval force approximately

k done during each interval by using relation

displacement and

Solution:
W = area of trapezium
W= w_:g x 20
W =25x10
w = 250]

ONAL FORCE

vitational force acts on the body is

w = mgh)
L. =T
it Solution:
i 4l Example: 1.) ution:
l i : A person holding a 10kg bag covers a displacement Since force of gru\{lty is
| : 5m in horizontal direction. How much work is done by perpendicular to displacement
¥ gravity Hence work is zero
(a) 50J (b) 500J (c) -500J (d) zero
B
By AZHAR IQBAL 0336—70‘)33‘)J
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WORK AND ENERGY

ayan Publisher

: Work done depends u

T —

(i) Work done by gravity is i

y is inde 3
of path followed. P
Along pathl:
Wag=Wap + Wpp=0 + (—mgh) = —mgh

1) Work done by Gravity in a closed
path is zero.

W -
apsca = Wap + Wpg + Wye + W,

Along path2:
Wap =Wy + Weg = (-
e (=mgh) + 0 Wapsca = 0 + (—mgh) + 0
W g + (+mgh)
Along path3:
Wjp = —mg(total verical displacement) gy
WAB & —mgh
c Path2 B
> c Path3 B

Path 2

»>

Path 1

Ad— T

> The force for which work don

2 e in clo:

Thy i
e force for which work is inde;
conservative force,

sed Pa[ll 1S zero is called conservative force
pendent of the paﬂ fO”Och b) the body is called

Examples:

avitational force clectric force, elastic orce. are conserva € lorces.
| fo
s C 0
Gr. vitatio t fi tive fi

pon the path followed (Longer the path, |

WOIk done in closed path IS not equal to zero

Work done on aero
followed by aero pla
Examples:

> Fricti :
fiction, Viscous force, Normal for
and motor are non

arger the work).

plane by air friction s not zero in a

i cl
ne, larger the work done by air frictio osed path and longer the path

n.

rce, Tension, Air resistance

~conservative forest , Propulsive force of rocket

By AZHAR IQBAL 0336-7098894
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—— vower [
( “Energy possessed by a body du; 1o its moi

LA
G,

tion is called kinetic energy.”

“Rate at which work is being done. s » Kinetic energy cannot be negative
OR Work done by a body per unit time is called power of the body.’ In terms of vh; Eat'l\ e
P WAVEIBBE DOV Total work _ W ) eloR In terms of momentum
Faw = Totattime ~ ¢ \ 1
» Itis a scalar quantity. It is equal to dot product of force and velocity. K.E = Emuz i p_z

| It depends upon mass of the body and its

F) = F.» = FVcos6 l | velocity

K.E o« p?

K.E xp?

» Tts SI unit is watt (1W = Js™* = kgm?s~3). I B o

‘ And K.E «=

i m I

Note: h 4 N R ] %L .
Work done = Power X time KE e . | :‘lw‘“
Unit of power X unit of time = unit of work E e ml"”

W.s. Wh. kWh, MWh etc. are units of work or energy. | !
4

2 ¥

» Power is also measured in horse power.(1hp = 746 W? ‘ ‘ - p : - | V;"L“,
» If a body of mass m is lifted to a height h then power is given as m o
b ol

_ mgh 2Y possessed by a body d A e e
o = > constrained state. Yy due to its position in the force field or due to its ;Wh’vﬂ

P.E is always determin . ety

ed relative to some refi st

i | > i some reference ‘here P E A
If work done is equal to change in KE 1f work done is equal to change in P.E Reference point can be chosen anywhere. ce point where P.E is taken zero, ’ Y“‘,{‘\,
I |

1 2 1 2 y )
= — -mv o |

e tii , _ meh: mgh, o il

t t J

l;g due to force of attraction is always negative it p{.}";.l

-E due to force of repulsion is always positive |'|'?1‘,':',4v'

e hour by an agency whose power is one kilowatt.” Examples: 4 48 )"

“One Kilowatt hour is work done in on M o Gravitational P.E = !
m o Ab e gk (if surface of earth is taken a : fidin
Mﬂical o solute gravitational P.E = — SMm s a reference point ) 4
. ‘ J

i is mercial unit of elec
S (if reference point is taken at infini " here fi :
o Elastic P.E = 1 gx2 ty where force of gravity is zero) st
; z .
p 5 A pd o energy. o o Electri D R et . ! ‘:{I
e o y cT"'( d m; :Z K.E, P.E , sound energy, heat energy, electrice! rfcal P.E between two point charges = X192 fi “lt'.»‘n:
| 8 %» There are many types of energy such as K&, ©  Electrical P.E stored in capacitor = 1 cp2 r ;:
; energy, chemical energy, solar energy etc. | e ' z |
» Mechanical energy can either be K.EorP.E i T A %“z 7
. . Stored i ; )
qualmlg J=Nm = kg m’s”) "t compressed or stretched spring is called elastic P.E. |
» Its SI unit is joule (1] = N.m = Kg [ '
5 Work and energy have same units. T i 0336_70983/‘)»1 . T
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‘ UNIT 02
s ABSOLUTE POTENTIAL ENERGY Example:
“4bsolute P.E at any point is defined as work done by gravitational field in moving the object i If 1000N force is required to stop a ca 1 ) Solution:
from that point to infinity where force of gravity becomes zero.” velocity 10ms™'then the force requi dr moving with 1
: . equi " proge N
o Absolute P.E atany distance r from the center of earth is given as | in same distance when it is mov?n ':n:) 4 ic S Bt 'z-mv‘z
GMm | 20ms-'will be 4 velocity As ‘d’ and are same so
P.E = — (absolute P.E is always negative ) (a) SOON F o 12 il
S (b) 1000N e
L (c) 2000N oo If v is doubled then F becomes f _ff{!lf]
o Absolute P.E on the surface of earth is given as 3 4 times (4% 1000 = 400 Ll“v"".’ﬂ?
PE == GMm Example: ON) }]u.m
S R What is force required Solution: Hu
o Absolute P.E atany height h from the surface of earth is given as 1kg from rest toqa V:lm:?t é;celfff_zne an object of mass 1 fﬁ
P.E = — %% ( by increasing the height absolute P.E increases) (@) 0.4N i :T:) (;ﬂxawdlstancc 10m Fd=> mu;? el
| 01
o Absolute P.E at the center of earth is zero. (c)4N (@8N o el B
o Absolute P.E at infinity is zero. ‘ 2 %14 8
F =0.8N P\}l
I/ i”
e N ERCONVERSION OF K.E ANDPE ) 4
Work done on 2 body is equal to change in its energy . ‘ i
° U
i
) If a body of mass m falls under the A ‘
- = : g | action of gravity from a hej ¢ 100
» If work done on the body is positive then its energy increases. 't y from a height h as shown in i
» If work done on the body is negative then its energy decreases. )g“{le- ! e s, 5,_!»
» If work done on the body is zero then its energy remains constant. 4 TOSS in P.E is equal to gain in K.E o ¥ Gl Bom, i;"' |
SOI E. ’
< otal energy always remains constant total enerav = mah ."“‘77‘
If work done by conservative force is zero If work is done by conservative force X H‘l
then P.E=0 and while keeping the body in equilibrium oo 4 h l s h W"
thenK.E=0 > o/olsslnAP-E = mgx B---q-- ... -E =!ng(h—-x),K_E=mgx "‘HS
= Ly, ? - 3mwl? 5 > g ~°SS 5 i % 100 T total energy = mgh '"m,
OR Fd = mvy" =gt Gain in K.E = mgx h-x . Bk
: i b
» If work done‘ on the body is positive | o > % GaininKE -~ s PR i
then its K.E increases. W = mgh, — mghi i h 0 C-% 9 -E=mgh i
» If work done on the body is negative 3 v 'n In speed/velocity = \/m tntal enerav = mah 3!
then its K.E decreases » If work done on the body is elocity of object o £ )
i z iti i i ; alling " .
‘ » 1f work done on the body is Zero then positive then its P.E increascs. R CE = loc s under gravity
. its K.E remains constant » If work done on the body is : 0ss in P.E S x
: . pegative then its P.E decreases. Sm? — p2) =
If body is accelerated from rest thenv; = 0 ; R 2 ™W2 =vf) =mg(h, — hy) A
» I work done on the body is zero at height hy body is movi ’ 2 1 —hy :
ving with velocity v, then at hll |

hej i
ight h, velocity of the body will be &

2= [2g(h, - k) + vlz

If body falls from rest then vy = 0 1

» By AZHAR IQBAL 0336-7098894

then its P.E remains constant.

;:d—lmv2

If body is brought to rest Vs = 0
1
*Fd= —-Z-mv‘z L/’///
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WORK AND ENERGY

UNIT 02

More I’@fes, Boc

/ ‘:‘\5.‘"‘

o LY

[ o= Vot |

v o [(hy — h2)
v « Vpertical distance
» Velocity only depends upon i
and path followed.
% If body reaches the ground then hy = 0

nitial and final height and is independe

nt of mass of the body

LAW OF CONSERVATION OF ENERGY

Energy cannot be destroyed. It can be
to another but total amount of energy @

transformed from one kind
lways remains constant.

Example:
Two balls of different masses roll
plane as shown in the figure

moving faster

(a) bigger ball

(b) smaller ball  (d) depend upon path length

ard then

If body falls downw.
K_E + Work done

» LossinP.E= Gain in
against the friction.

mgh =%mv2 +fd

d
Gain in speed: vV = Z(gh —L’;)

Larger the mass. greater the speed.
Larger the path length , smaller the speed.
.ction , smaller the sp ed

VVV V

. Example:
r i Two balls of differen
[ as shown in the figure below t

{ masses rolls do
hen whic

s down from a frictionless
below then which balls is

(c)¥ both are moving with same speed

If body is thrown upward then

wn from a rough plane
h balls is moving faster

Solution:
v=2gh
Velocity only depends

upon height and is
independent of mass of
the body and path
followed

% LossinKE= Gainin P.E +
Work done against the friction.

%mv” =mgh+fd

Solution:

In presence of friction

o Larger the mass,
greater the speed.

o smaller the path .
larger the speed

(a) bigger ballv’

(b) smaller ball (d) depend upon path length

(c) both are moving with sam!

e speed

7098894

ﬁT
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UNIT 03

ROTATIONAL AND CIRCULAR MOTION

ROTATIONAL AND
CIRCULAR MOTION

“Motion of a bod) inoti
Iy moving in ci :
B reracins consi A’ ircular path or motion of a body whose di .
S stant is called circular motion” distance from axis of

Examples:

» Motion of satellites around the earth
: motfon of car moving on a circular track
otion i Vi i :
of stone tied with a string, rotating in a circular path

R e ANGULAR DISPLACEMENT
e center in small internal 7
e, e ernal of time or angle AB which gives
i ody is called angular displacement”. Sopgaea
If body moves fi i
: " rom point A to B on circular path then its angular displa
cement is A@

Note One radian is the angle N
g Note

between two ra vh cL tatio moto: cither two
en two radii v - t
@
ch cut Rotational mc n is eith
e

| P
p’
m off o e circ {
R n the circumference an 3
A ot S or three dimensional motion
ar i
nd cannot be one dimensional.

: ST unit of angular dis
For small value, angu

placement is radian ¢
e tis radian and other units are degree
B lar isplacement is vector quantity R i
angular displaceme -
. g . displacement is not vector because i
commutative law (6; + 6, = g L
Example: if a body m fi e ) ite |
fx oves from on
(a;;):;cemem of the body will be
(b) 180°v

e end of i
the diameter to other then angular

(c) 270° (d) 360°

Directi
mmﬁo:n oz angular displaczment is along axis of
. . . 2 2
e ?'::, it ns.determmed by right hand rule
keeping thegt:rs ;)n direction of rotation \Vh“t;
: umb erect th indi
s en thumb indicates
s 5 icates the
ngular displacement) '

W

angular displacement

By AZHAR IQBAL 0336-7098894
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B ROTATIONAL AND CIRCULAR MOTION
UNIT 03 ROTATIONAL AND CIRCULAR MOTION

=

If a particle moving in circular path of radius r. covers

length S and angular displacement 6 then

an arc f
0 . »y Rate of change of angular displacement of body is called its
angular velocity. ]

If a body is rolling without slipping then its linear U[g-_ﬂ":'(Q—/q“)h‘ Sa S = 1" b
-e-8./E" Angle L L 2L £ B

H
}
3
Average angular v, ity is gi e
elocity is given as & :
total angular displacement ;

total time

S =

distance is equal to arc length. e kol oy
- #U~Radians £

|

solution:
_ 48

s=18=05%x3x2m w=—
=3mm=94m At

Examples:
If a wheel of radius 0.5m is rolling without slipping then its

linear distance covered in 3-revolutions will be

al = E : ' i i
(a)l.5m (b)2m (1rev 2mrad) | _L:Implel ifa ‘bm.iy covers three revolutions in 6 seconds then | ¢ : a6
@i5m e its angular velocity in SI units will be S feon:a = ac
: . (a) 2m rad a {
Conversion of degree into radian: Some important conversions e (a) 6 rad (a)  rad e =
> 1rev = 360° =2mrad » SI unit of 1 6
angular velocity is rads™! and i
e B 4 — and other units are degs ™! -1 ete
—— o N Ang.ular velocity is a vector quantity and its direction is al X and‘revs e
L _: St W - :);lnght - s along axis of rotation determined
» 45° = 45 X X . —Zvad S £ s —
1:“ : » 30° = "-6- rad = 7; T€V & ent and angular velocity are always parallel.
> 60°=60 X1 =3 rad > 450 =" rad = 1 ev Relation with time period
T 8
M&“w n ) U
SR60 = nad <i=srey /t 3
» : (J_/(}“wcrclalwn NIl AEE SR <1
n 180" » 90° = L rad =~ rev el
% = rad =——us f a ’
: X
} - 0 > 180° = mrad.=; Tev " i ‘
: - = ngul; i
: » mrad = 180 gular velocity of second hand of clock 2nrad _2mrad 4
0 -
3T"rad = 3_x_12_30__ = 270° Angul & ite e
gular velocity of minute §
. ite hand of clock s 2 rad _ 2nrad
Examplel: if a body covers three revolutions in 5seconds then ItS Solution: Angular velocity of e
i lar dis.placement 'in S| units will be 3 rev=3X 2T rad ity of hour hand of clock = JERTY L
| - = d s :
i 7 rad 6m ra < .
| (a) 2m rad (a) 3 rad & ? 1:\mdl K i (IaS) :inules Solution: Angular velocity of carth L
! 2 inute hand of the clock 10 4 ¢ — ki
anmplez. Angle subtended by minute Angle in 15min. = 90 S OWn axis w= 2mrad £ 2nrad
is 6n i =" rad Angular veloci sl
(a)= rad (a)%'— rad (€ rad (a) 2m rac L/ Vvelocity of earth around the sun 2m rad
2 8894 e " Tyear
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UNIT 03
Uniform Angular Velocity:
If body covers equal angular displacement in
equal intervals of time then body is rotating insta
with uniform angular velocity.

ANGUL

Rate of change of angular velocity of a body is
called angular acceleration.
£ Total change in angular velocity
Fav:= Total time
3 Aw _@f— @i
e

» Angular acceleration is a vector quantity
and its direction is always along the
direction of direction of torque.

» SI unit of angular acceleration israds™
and other units are degs~? and revs?
etc.

Uniform Angular Acceleration:
If angular velocity of a body changes equally Angul
in equal intervals of time then body is

moving with uniform angular acceleration

2

Insta

accele

Angular velocity

velocity. AO ‘

AR ACCELERATION

instant of time is called inst

of a body at any particular \
nt of time is called instantaneous angular ‘

w= lim—
- at=0 At \

e . (et
Sk wdﬂ-";—_f‘b(/\ngulnr acceleration

P

SNl LV

2% Angular velocity J'r

Linear acceleration is caused by
force. similarly angular
acceleration is caused by torque

t=la

ntaneous Angular Acceleration:
ar acceleration of a body at any particular
antaneous angular

. bw
QAins = Al:TDE

ration

If angular velocity is

If angular velocity is
decreasing then acce

increasing then angular
acceleration is positive and

parallel to angular velocity angular velocity

negative and anti-parallel to

If angular velocity is constant ‘

Jeration is | then angular acceleration is
zero and net torque acting on
the body is also zero

w w

a
1
" | :
If w is increasing

If w is decreasing

a=0}
If w is constant
/

——

e,
By AZHAR IQBAL0336-70988‘)"
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03
UNIT ROTATIONAL AND CIRCULAR MOTION

am—

Zayan Publisher

m A body moving in a circular path may have
i.  Tangential acceleration (due to changing speed of the

body). i
ji. Angular acceleration (due to ¢ i 1
B ) (due to changing angular velocity /a—k

iii. C'entrlpetal acceleration (due to changing direct ¥
linear velocity of the body) - (e
[;‘l;’d ¢.1t,ac a.nd a are always mutually perpendicular
ly is moving in circular path wi fini :
path with uniform speed i

e - : speed or uniform angula i 3

y petal acceleration due to changing direction of velocity bd £ ey

yanda =0anda, =0

ANGULAR VARIABLES

w (V,7and @
A dare always perpendicular to eachother )
t
are always perpendicular to eachother )

Note: For a ing rigi
polill g rotating rigid :
displacement 8 g bOd).,‘ all particles of rigid body will have
. angular velocity w and angular 7 ave same angular
2 =3

i : ) : acceleratio 3
tmay be different depending upon the distan celeration @ but values of S, v and
cer. .

e But _ R

(l),q=w3=(f) Sc>8>5, e Bl e

aA:aB:aCC Ve >vg >y, ; ; .,' o . '
ac > ag > a, o Nt B

Eaunts :
-quations of motion

for ang :
angular n .
L E B 1la notion:

W = w; + at
B Eauati rfuse £1°
quation: [/ use /1% equation 7t/ Zwithout
6 = wt A
L e i~ ats
= 2 equation #xt./ 4 £ without )
f

<A

Juse /3% equation 7t/
quation ¢t/ (‘rl".{{\vnhoul time

11108!: €quatio, cab nl
lons are aPpliLa le on yi

Al
ngular acceleration

T —

& 1s uniform

L

il is of
Axis of rotation does not change

By AZHAR IQBAL0336-7098894
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ROTATIONAL AND CIRCULAR MOTION

UNIT 03

To determine a rel

Relation

1*' Equation of motion

1 .2
0 =wt+sat

2" Equation of motion )

3" Equation of motion

Newton’s 2™ law

Momentum
Work done

Kinetic energy

CENTRIPETAL FORCE

If a body is moving in a circular path then direction of its
velocity is continuously changing with time. Hence there
must be a force perpendicular to velocity that will change
the direction of velocity.

Sk

v
v
v
v
_‘Ldu/'txb’forcc_é Lo /& {direction gA};stg " )
Solution:
As force is zero so it will not

change its direction and move
in a Straight line

Example: If force acting on a moving body is zero then its
Path or trajectory will be

(a) straight line
(c) elliptical

(b) circular
(d) parabolic

“Force needed to bend the normally straight path ofa
body into circular path is called centripetal force.
2
mv

S

e provided some agent 10 bend the body in circular path

Centripetal force is required forc
ds the center but its direction is

Direction of centripetal force is always directed towar
continuously changing with time . -

Centripetal force is always perpendicular to velocity.
Centripetal force always changes the direction of velocity it cannot ch

body .

v

v

ange the speed of the

v V

04
By AZHAR lQBAL0336-70°88 )
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UNIT 03

Various types of graph for centripetal force :

S —

ROTATIONAL AND CIRCULAR MOTION

Zayan Publisher

» Centripetal force depends upon

e Mass of the bod; .
ly F.xm | For greater mass , greater amount of force is
T T l;;(llll::rtr:l “: bend the body in a circular path
y P greater speed . greater amo  fi 1
» greater amount of force is
: : | required to bend the body in a circular .
Radius of circular path - . in R e B o
ar pa F, 2 greater amount of force is require
S L gt s equired to bend the
ly_1n a circular path of shorter radius

. v = . > 5
1

Examplel:

Satellites revolvin
! g around the earth. Fo i
provide the required centripetal force. IR

F.=F
mv:  GMm
Fo 2
GM

Example2:
El i
ectrons revolving around the nucleus. Electric

for i »
rce provides the required centripetal force. i,
fr =F g;(f il
mv" _Kaq, u.f,?? g
r r2 ';..?_.l.
AN

'} 'y "
AR
'r“‘ ‘} N

W]

Example3:

As i i

. s;;)ir:le tied tg a string moving in circul
g provide required centripetal fo

ar path. Tension
ree.

Fc' = b
Enmpl“:
charge moving in ci g
Magnetic fi g in circular path in a magneti Bin
eld fc " gnetic field.
iy orce provides the required centripetal * x
Fn=F, x
3 2 "XUZ 2
qvB = ==
x
x

g aer
m

——
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i UNIT 03 ROTATIONAL AND CIRCULAR MOTION Zayan Publisher UNIT 03 N A
— N
Example5: b ek ‘\ D CIRCULAR MOTION Zayan Publishe)
A car moving in circular road. Force of friction Constant quantiti
provides the required centripetal force. e antquantities Quantities which are zero Q
S e 2 - d 4 uantities which are
Banked tracks are needed for turns that are ; U ) are
mder the actio ch: e,
taken so quickly that friction alone cannot centripetal fnrc:f.:ptl'&::y Under the action of only . inging direction
provide required centripetal force quantities remains ing centnpetal force follow.ing 2 nder the action of only
. " | constant - a/':'ﬂl:miev remains zero. ‘ ::;;'f:e;‘" force
oh A < done . change in ki | magnitude of followi
——y 3 = g Speed, kinet y Ork done , change in Kinetic 2 wing
P 1t force acting on a body is equal to required B i speel: ;‘:ﬁr&yv s energy , tangential accclcr;:ti](:n remain constant but their
centripetal force then body will move in circular path. angular momex’-ntur: period , | angular acceleration langcntiai d"ec-"o" changes
If force acting on a body is greater than magnitude OfVeloci,ty s fOrce: torque produced by velocity acceleration,
required centripetal force then body will fall towards magnitude of linear centripetal force, change in Eomentumiand force.
momentum angular velocity and change in
an '“]‘imﬂﬂcmum
2 S0 AR

the center of the circle.
If force acting on a bod
required centripetal force then body wi

y is less than the
11 move out of

circular.
Minimum veloci i
S lar orbit ty reQulredbto put a satellite in =
is called orbital velocity Note: v o« — and independ
Instantaneous acceleration of the body moving in 2 circular path with uniform speed : sateil ;/; pendent of mass of
is always directed towards the center of the circle. It is known as centripetal > Ifsatel lli Ie‘, .
acceleration. e itst 1s revolving around the earth
» Direction of centripetal acceleration is always directed towards the center but its direction Sux;;ace thenr = R
is continuously changing with time . - gl w
g dicular to velocity. e So’éo = VIR =7.9km/s
oot % ec ~ 84
Minimum height of satellite revgllz:,g d
aroun

» Centripetal acceleration is always perpen:
the direction of velocity.
the earth is 400 km and 24

» Centripetal acceleration is due to changing
GPS system such satellites form

> If velocity of satellj
v< 27000km/h)

In terns if angu In terms of In terms of
|

me period

te is less than critic.
. . ‘l :
it will fall towards ean‘;xe'OCIty

| In terms of K.E
momentum |

In terms of speed

peec
> If veloci

27000k ty is equal to critical velocity (v <

= Oy
/h) then it wil] move in circular path

If w = constant
Far

If v = constant

> If velocity is

greater than critical velocity but

Fa-
less than
= ot 3 escaj BEEL
{ = | elliptical Path.pe velocity it will move in an
Various types of graph for centripetal Acceleration : S fvel
: ocity j
ik "‘locity?;::-;q“al Or greater than escape ._
a2 ac fe % K 4 11 escape from earth’s gravity é
il { {
b i,
v v? r 1 et
L STl
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AL AND CIRCULAR MOTION

UNIT 03 ROTATION

GEOSTATIONAR

“Satellite whose orbital motion
is synchmnized with the
rotation of earth is known as
geostationary satellite. And its
orbit is known as geostationary

orbit”.

Orbital speed Radius of orbit leight

h = 36000 km

v=31km/s v =423 x 10* km

Angular acceleration

T = 1day
= 24h
= 86400 sec

Such satellites are useful for worldwide communication. weather observation. navigation and

military uses.

» One geostationary satellite ca

» Minimum three correctly posi
populated earth.

» Microwaves are use

n cover 120° longitude of earth.

tioned satellites are required for complete coverage of

d to communicate with geostationary satellites because they

travel in narrow beam and pass easily through atmosphere.

» Largest satellite system is INTELSAT (International Telecommunica
Organization) managed by 126 countries.

» INTELSAT IV has capacity of 30,000 two way telephone
and its operates at 4,6,11 and 14 GHz frequencies.

tion Satellite

calls plus 3 T.V channels

/1
By AZHAR 1QBAL0336-70988
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UNIT 04

UNIT 04 ))

OCILLATIONS & WAVES

Ao ' [ blishe
OSCILLATIONS &
WAVES

Periodic Motion:

Motion P 3
which repeats itsel after regular intervals o, time is called periodic motion.
74 f f 44 e erva f ime

Vibratory Motion:

T motion of a bﬂd) about its mean position is called vibratory motion.

Examples:
» Mol,’on of simple pendulum.
» Motion of mass spring system. /
» Motion of tuning fork. ’
» Motion of atoms in solids.

Amplitude:
. - A

One complete round trip

" n AHA
of a body in motion is called one vibration
Time taken by b .
Y body to complete one vibration is called tim
e period .

Nmef afwbmlwns ody n requ
executed by ab dy in one second is call, df
alle equency.

Prod i i
uct of time period and frequency is
always equal to one

”'"'lbero reyo, ons cuted by a bod, in on econd is cal, d
f evoluti econ, a n, requency.,
exe
i ya ) € sec L le
a gularf que.
¢ Y

Enhp'e' and S
: An, { S n
g lar frequency of second c
ulum is

(c)”Hz

S —

Solution:As  time period of

(b)2m H ;s
z simple pendulum is 2sec

(d) 2mrad s—!

——

2n
s nrad s™!
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OSCILLATIONS & WAVES

Displacement Time taken

ol vibrations Distance

Mean to extreme

Mean to extreme
3T Mean to left
4 extreme

(9

Simple harmonic motion has following characteristics:
i, Always vibratory motion.
i,  Acceleration is always directly proportional to displacement. s
iii. Acceleration is always directed towards mean position.

» ax—x
Note

The graph between acceleration and displacement isa
straight line in 11 and 1V quadrant.

Examples:
Mass spring system executes SHM.
Simple pendulum is executing SHM for small amplitude.

ION

SHM & UNIFORM CIRCULARMOT

»  Mass spring system executes SHM with gy
amplitude X, and time period T.

» IfpointPis moving in circular path with
uniform speed or uniform angular velocity
then its periodic but not SHM.

»  Projection N of the point P is oscillating on
vertical axis and is executing SHM.

Example : Projection of a point on any diameter
executes simple harmonic motion if the point is
moving in a circular path with :
(a) uniform speed ¥’ (a) variable speed (a)uniform acceleration

g oeeioo B =

(d) none of these

!——/J
By AZHAR IQBAL 0336-709889
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UNIT OSCILLATIONS & WAVES

em—

From the figure:

: x
sinf = —

kit

‘J)I." ya

~~g[~,)3)mrma
Al

f;‘!rﬁf MRy

I'ypes of Questions:

Examplel:

What is displacement of ody e
ab / €X i S
i : Y executing SHM when its

X,
(@)= e

2 Qv (@ —‘/52"" A%,
Example2:

If a body is executin
. 2 SHM then find the val [ 6 fi
. . 3
v;l:c;oilsplacement is 70% of maximum dis;:;a:; 5
! ) (b) 45° (c) 60° (d) 73‘:“"

Example:

What is di
; tis displacement of body at instant ¢ = - where T
time period of th i Ea
e € a body executing SHM.
(b) 45° (c) 60° (d) 70°

Alternate Solution

o ind dlspla emen S give € )when displacement en.
Is given ind (p as ) h d pl 1S
F cement when 6 ORF 8(ph given

Solution
X = x, sinf

X XuSing = x, sin30°

—_ XD
2
f Solution:
X =X, sinfx = 0.7x, = %
_ LivE
=Sinf=—
V2

Find di
isplacement when time is given OR Find the time wh
e when dis

| Solution

= 4
= 0=45° = Zrad

placement is given.

t=c 9:%:450

X = x, sinf
D=8
V2

X=x i [
%o Sinf = x, sinwt = x, sinZ x (l)
s : = = SHORT CUT
o smz =X, sin45°
's .QJT#’LfrPé;JO;_Time
. -Q:/half/g&;dls;’_.um

5 —
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UNIT 04 OSCILLATIONS & WAVES
Example: Solution:
The time taken by body executing SHM from its mean . X=X, sinﬂ’r
position to half of its extreme position. x == 6=30"=¢%
il T T g g wry
(@7 ® g ©3 @ 55 7
Alternate Solution: SHORT CUT
_ Xo inBi= Xo D= n A
X —7=7x,,sm —7= ey ”'T-gJﬂgL/(}yg!JTimege
nm 2n n ’ 5
=——t=== =— >/ doubles 2adin s
= wt 3 T 3 t T &
Example: Solution:
x = x, Cos@

The time taken by body executing SHM from its

X ¥ 1 _ X ) X
position to a point midway between mean X s 60° =3

extreme

and extreme position. S
T T 1 T 4
(@) 3 (OF ©3 @33

Alternate Solution: When motion starts from extreme position

x=ox,sinf=2> 0= = then use the relation
2 2 $ x = x, Cosé
: n=2nt % 4 T
= = e — = - = —
s s g 12

3. Comparison type questions. = x.sin(wt + ¢)
Angular Initial

Amplitude
P frequency phase

executing SHM is givenas X = 10 sin(4t)

maximum acceleration, angular frequency, time period,

Example: Displacement for a body
Find amplitude, maximum velocity,
frequency and initial phase.

! Solution:

Compare the equation x = 10 sin(4t) with standal
4 Amplitude = x, = 10

Maximum velocity = X, = (10)(4) = 40

rd equation X = X, sin(wt + ¢)
Angular frequency = @ = 4
Initial phase = 0

2
Frequency = f = % =

= (10)(4)* = 160

By AZHAR TQBAL 0336-7
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UNIT 04

Graph: The graph between x and 6. or.x and time is sinusoid

al

N

I’

Example:

Plsplacement time graph of a body executing SHM is shown

in the figure below. The value of amplitude and time Périod ;
1S

YA

t(sec)=>

(a) 10cm,4s  (b)4cm.10s
Instantaneous Velocity:

(€)20cm.2s  (d)20cm,4s

Velocity of point P is always di

/ n ys directed along tan

:ulcle.and ventf'lclg component of its velocigty isgtle12t by
elocity of projection which is executin SH

From the figure: e

sin(90 - §) = ——

Solution:
amplitude

x(em
16

/

\/ \
Amplitude = 10cm
[=4s

v i
cosf = —
Vp
vV = vy

P

1. Find velocj
ity when @ is given O
E - given OR find 6 wh

What is veloci
ft i
angle is 300 ty of the body executing SHM when its phase
(a)% (b) Vo \/—
NG (c) %V3 (d) LY
2 V3
Example;

value of i
v 0 for which velocity of a body executing SHM is

2
(@)30°

en velocity is given.

A

gt
L
Ay

LT

Solution:
V= x,w Cosf
V = X,w cos30°

= L3 — Yo 3
=— T‘
Solution:

v = x,w Cosl

S — O
L

v= 7" = 0=60°= g
By AZHAR IQBAL 0336-7098894
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UNIT 04 OSCILLATIONS & WAVES m
UNIT 04 OSCILLATIONS & WAVES
4. Velocity In terms of displacement:

iven OR find time when velocity is given.

2. Find velocity when time is g

Example: Solution:
L > -
The velocity of body executing SHM at instant t = %sec t= % =0= % = 45° v=w/xl-x* = w\/m At mean position x = 0
2 IV=x.0 ( -
Ve Y v - o X5 »@ (maximum)
@ -21 ® ﬁ (©) V—D;ﬁ @ J_a§ T oy szsu?s = * Atmean position x = x,
=V_7{ V=X,0 l—x— = v, l_x_z =>V=0(mim'mum)
xﬁ o xz
Example: Solution: > Speed of projection |
* . : ; . X - jection increases whe 8 s -
At V{hat instant velocity of a bofiy executing SHM is half of its v vﬂxo“’ Cos6 ; speed decreaseswhen it is movinma:,: nfmnnb towards center of the circle and its
maximum value. ] ¢ v=—= 0=60 Example: g g )l’ rom the center of circle
T i T : 3 olution:
@ 7 ® g © 3 @ 33 Sl St T If a body is executing SHM then at what e < X, w
3 6 dlsp!acemcnt ve!octty is half of its =wx2 —-x2 = =w i
maximum velocity.
= » X 2
Alternate Solution: ()= b) Yo = ?“ S o S (e gt
+ 1 SHORT CUT 2 7z o)
v=v—°:v0cosa=-—2"-=>cosﬂ=§ %V3 @2 5.2 S i X 32
2 5 .J,/doublefzk,da,é,.uT,EJn#'L/rP,;E:JTime;,B © = 7 2= 20 2 To
s _x L
=20= 5 Dwt=73 _J_,/h;[f/z_&,di;’i_uln);JTgL/((J“‘:}-IJec—Time o
2n n T x= o
Bl = jast L te short cut solution: 2
6 .
. ; 4 s R RT  LsonE  fo :
Graph between velocity and displacement is S — direct /displacement < Velocity
As l

Graph between velocity and 8 or velocity
and time is cosine curve.

an ellipse.
: > Replace v, by x, and vice versa.

> LG
2 Replace = by < and vice versa.

R AL O :
6 ort ;
[_\/ \/ or >x= %3 2 ReplaCe 0 by I and vice versa

3. Comparison type questions.

» Replace %7 by %

v = vycos(wt + @) 'v
dltancous Acceleration:

‘ Angular nitial

Jocity frequency phase 3 e ! o
P e E::t P Is moving in circular path with uniform
| Ce 1t only posses centri i |
R . . um i petal accel |

Example: velocity a body executing SHM is givenas V.= 10 cos 2t . Find m;pl .t\:d e[ n‘:::;m > ?t:emd B e <yt f

. i ' a . . »
velocity, maximum acceleration, angular frequency, ime period, frequency in ini ;eﬁhl:t +¢) ex ins mponent s acecleraion of rojction N ;
Solution:compare the equation v = 10 cos 2t with the standard equation v = v, COSIY ecuting SHM.From the figure: i

5 a
Sin@ = —

or a= a, sinf

a4
| e I d= —wz.ﬂ a= x.,mzsmwﬂ
B KEARIGBAL 7360 R — B B
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UNIT 04 OSCILLATIONS & WAVES
1. Find acceleration when @ is given OR find 6 when acceleration is given.
Example: Solution:
Acceleration of a body executing SHM at angle 30° is a = Xow?sin 30°
a a, & XoW 5 E_
(@) ‘/-_35—“” b) 7’% ©) 2 (d) a, a= ——'02 2°
Example: Solution:
. ; . xpw? = x,w’sind
For which of 6 acceleration of a body executing SHM is T e
B =
(@)30° (b) 45° (c) 60° (d) 90° R 6 = 45°
2. Find time when acceleration is given and vice versa.
Example: Solution:
Acceleration of 2 body executing SHM at instant t = Tzis t = I 0= '_;. = 60°
V3a, b o (©) % (d) ao a = x,w’sin®
(@—— b 2 2 i _xowzﬁ_auﬁ
e =7 . 2
Example: Solution:a = Xo@?sind
3 . xow? a, ) = 9=30°
At what instant the acceleration of the body is=5— 0T 3 A=l =
T T T T Toe= I—
@7 ® 3 ©3 @ 33 3 1

a=a,sin(wt + )

{ nitial

3. Comparison type questions:
Max. Angular

acceleration  frequency phase

gsin2t . Find amplitude,

Mis givenas @ =
od, frequency and

n of a body executing SH
lar frequency, time peri

Example: acceleratio
um acceleration, angt

maximum velocity, maxim
initial phase.

Solution :

Compare the equation @ =

g sin 2t with the standard equation @ = a,sinfwt + )

g ‘ L
,_.,.-,_\,?Mosa&otes, Books V/

UNIT 04 OSCILLATIONS & WAVES

Angle of 8 which specifies the displ.

M s called phase. placement as well as direction of motion of a body executing
o Initial phaseatt =0 =0
o phase during the time t = wt
o Total phase = wt + @

Acceleration

jon starts | Initial ‘

0 from hase Displacement | /¢
phase | Velocity

....... (] X = X, i
,sin(wt + @) v = x,wcos(wt + @) a = —x,w*sin(wt + 0)
0 wt +
Mean position =
P=0 x = x,sinwt V = X, wcoswt
o w a = —x,w’sin
Extreme position = 90° =
? =90 X = x,coswt X ==X,
a X, Sinwt a = —x,w?coswt
e Phase differ i
k. diﬁer:nce l;b:tween displacement and velocity is 90°
hase nce i . .
e Phase difference b :Ween velocity and acceleration is 90° : )
etw i 2 : il
een displacement and acceleration is 180° 2o 5 ?;3'.«“() i v,"
2 ) “;‘1
X .“? Il
Rkl
‘. ST
u-'. LY
BT

”
» Mass Spring system executes sunple harmonic motion
ng
estoring force bllllgS the bOdy back towards mean position
> B y does not come to rest at mean position due to inertia

:::k::': IF |
xX=0 - | m

m Appliedforce is di
irectly proportional to extension prod, 7 i
uced in spring .
> The graph b .
et fore
I . ween force and extension is a slralghl £
Slo n:
> pe of the onstan
graph represents the spring
Area under force-exlension — .
graph represents the
Wi J
i Ol'k -(ﬂu!;d"spnng conslanlﬂ,"aulislnpcd’_j’/’gf“ |
{;rut_.'\\ ork done LP EJ,’V.D’m.-!}-\rca {’_.ZJ'/V 2

T —
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UNIT 04 OSCILLATIONS & WAVES m
Example: Solution:
Force-extension graph for two different springs is shown in the K = slope = Tané

Ky, Tan30°

figure below. Find the ratio between their spring constants.

F

o
o

(B O s L3 (31

Example:
Force-extension graph for two different springs is shown in the
figure below. In which case morg work is done.

¢ 1

X
(a) 1st (b) 2nd (c)same (d) zero in both

Example: Force-extension graph for a spring is shown in the
figure below. The value of spring constant and P.E stored in
the spring

30N

1SN

s5cm  10cm 15¢cm

Spring Constant_or Force constant &
Ratio of applied force to extension produced

in spring is known as spring constant.

K Tan60°

el
3

Slsl

Solution:

Solution:

= —

F 30N
x 15cm

30N
e
15 x 10~2m
W = Area

=115 x 107)(30)-223)

=200 Nm™*

» Spring constant and surface tension
have same units.

» Spring constant depends upon
temperature and nature 0

f the material.

Fe,

> K= Tﬂ » Spring constant is independent of
> Slunit=Nm™" = kg ms™* applied force and extension produced

in spring.
; Example: A mass of skg suspended with a vertical spring Solution:
; produces 2cm extension in the spring - The spring constant of e :
the spring will be )

B 50 (b) 5000 Nm™' (c) 2500 Nm (d)250Nm” | == ;i—’;(‘;%zsoo Nm'"

(a) 500 Nm'!

7
By AZHAR IQBAL 0336709887
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UNIT 04 OSCILLATIONS & WAVES

If springs are connected end to end this combination is k
nown

as series combination
3 g
I Keg=%
n 4 3
(uxiuf/_,{.c & L bdifferent value 'n” 1) 1
2 b e L
(Und Lz ok gl ndifferent valuen ) 2
23 1 1
3 —=—4—44
Koo K1 K3 0Ks
(unid—"/_/.{{&_';dlffcrenl value /‘") 3

Example:2
NOTE:
Equivalent spring constant series

is less than minimum spring
constant

And to decrease the spring

co )
: nstant springs are connected
in series

Parallel Combi
n ||Ll Combination of Springs|
t;:nt:igs are annected side by side X

& S combination is known as
Parallel combination

L -
Vlend l/unllbﬁ.;u;’cnd..{'b@prmg £

nZ2S

If sprin
8S are connected si
side by si i
K,,, R A : Stlde then equivalent spring constant is givenas :

2. _ n” no. of spri i
K.., =K + . Y, spnn§§ having same value are connected in parallel )
Bk aving different val g ted i
o g alues are connected in paralle] )

NCrease spring ¢
1 Pring constant springs are connected in parallel

By AZHAR IQBAL 0336-7098894
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UNIT 04

Example2: Example3:

Examplel:

K=5N/m K=5N/m

K= 10 N/m K=10N/m K=4N/m

K= 10N/m K
max.acceleration = ——x
m 0
— e Y Note: \m
. Hlence mass spring system is executing Angular frequency only depends upon spring
simple harmoni i Lo
p Sotion. nstant and mass suspended and independent

of amplitude and gravity.

Note:
If a spring of spring constant Ki
| parts then spring constant of each part

s cut into '’

As T=ﬂ

equal
will be ‘nK’
Example: . 7 =
If spring of spring constant K is cut into two A -3 o JE i
equal parts then spring constant of each part d X =0 ‘/;

- favK  and fo Ls

ill be 2K.
- Tavm and Ta—
VK

Note: Time peri
period only depends upon spring Note: Frequency only depends upon sprin
g

o two parts having lengthin  Solution:

Examples: If spring is cut int
the ratio 1:2 then the ratio between spring constants ofthe  If spring is cut into unequal parts x 2
o g e (K o %) ; :stam and mass suspended and constant and mass suspended and i
: . 5 . ¢ independ . ] and independ
12 vhZl o)ile s ratio in k will be opposite to l pendent of amplitude and gravity. of amplitude and gravity. g
If spring is bei ;
Force which brings the body back towards its mean position. ing vertically then we may write F = m
» Restoring force is the force which produces acceleration - » g
in the body. 2 Kx=mg = mislx
> B = —Foy =—Kx=-molx (K=mo®) : e
» Restoring force is always directed towards mean position .
and is opposite to displacement. g x> T=2n|= and f= 1 \/é
» Graph between rcsloringhforce and displacement 1s a = g 2N
straight line in 2™ and 4" Quadrant. Since now x g hence time peri
independent of gravity. period and frequency are stil
Example: The graph between restoring force and displacement is shown | Solution: i
in the figure . Slope of the graph is directly proponional to AsF, = —mw x Ex"'lple: Ifa2 :
¢ 1 extensi lfg mass suspended with a vertical 3
4 e ome? Period wjj) beon in the spring . If it is set into oscill Sgnng fmodooss Sol
= ations its time ution:T = 2"\/2

9

(@) w (b) w? ; slope
(b) Yw (d) 1/w? N :x 4] : @) o
! slope x W (b) 1/ (b) @?
(4) 1/w? =2 10 n
g e soos =0 By AZHAR IQBAL 0336-70988% ‘ 10x100 5
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UNIT 04 OSCILLATIONS & WAVES

v bl g

Instantaneous displacement for mass
spring system is given as
x = X, Sinwt

= si —
= m
=X Xo m

max. displacement’ = X,

max. velocity

k
=XoW =Xy |
Vo 0 ° I'm

Simple pendulum consists of small heavy mass suspended with a light and intensible string

whose other end is fixed with rigid support.
£ = length of pendulum . -
6 = Angular displacement with vertical axis
s = distance from mean position .
x = displacement from mean position
mg = weight ‘
mgcosé = component along the su:mg

mgsind = component perpendlcular

to the string

i the string is Zero-
Since no acceleration is produced along the string hence net force along
T —mgcosé =0
T = mgcosé
eig = mgcos = Mg
» At mean position (6 = 0) tension is maximum and equal to weight T g

{ ion i imum.
» At extreme position (6 = maximum)Tension IS mzlxllmu:i Lk
» If angular displacement g is very small then cosf = 1an

: 894
By AZHAR IQBAL 0336-7098
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UNIT 04 OSCILLATIONS & WAVES Zavan Publisher
The component myS.l".lg brings the body back If pendulum makes an angle 8 with the
towards its mean position horizontal instead of vertical then

F mgsin®

Tension in string is

» -ve sign indicates that it is directed
towards the mean position.

» Torque acting on pendulum is
mg¥siné

T = mgcos®
Restoring force is

F, = —mgcosO

Acceleration

Angular Frequency:

ma = —mgsiné ‘ g —_q;
a = —gsinf el 2 g
» Ifangle 6 is very small e R
P b ~£ - g

> sm0~9~l (.9_:) - 7

a= X "
TR == 1
‘ w X.,gand w x —

OR a < —x

Note:
Simple pendulum executes SHM for (i) Angular frequency only depends upon
small angular displacement '6’".

length of pendulum and acceleration due to
gravity.

(ii) It is independent of amplitude and mass of
‘ the bob

“T“\/?androcr‘_ A R o
Note: ¢ Note: J
U
* Tonly depends upon length and * Frequency only depends upon length and g

acceleration due 1o gravity |

acceleration due to gravity.
Tic: 3
1S independent of amplitude and

¢ Frequency is independent of amplitude
and mass of the body.

—

mass of the body.

By AZHAR IQBAL 0336-7098894 \
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A pendulum whose time period is two seconds is called second pendulum.
T=2sec, f=05Hz £=993cm (when g = 9.8ms ™)

Examplel: If time period of second pendulum on surface Solution: Two second
of earth is two seconds,‘Thcn time period of second n;‘"_w,’#_/,fk‘\’sccmd v Ty
pendulum on surface of moon will be

€52 sec 2%

(a) 2sec (b) 2VB sec ()26 sec (d)infinity

Example2: Solution:
If time period of second pendulum on earth is two T =2 Ga L
seconds and it is shifted to moon then its time period will 9 Vg
= dearthy Asg'=% T =V6T =2V6s

be (value of Gmoon — " ¢

@2sec  (b)2VBsec (@2Bsec (infnity

.;,f._n?,%n,('g’u\ﬂ/&‘.'gs“m j&lcf,{pcndulun\fl
£

§ il richange U°

L_/jh’pendulum v

ATION IN VALUE O

VARI

*g’ on the surface of earth is

» Expression for

% At poles value of g is maximum due to shorter
distance from center of earth and value of gis
independent of rotation of earth.

» At equator value of g is maximum due to
longer distance from center of earth and due 10
rotation of earth. (value of g varies inV ersely

with rotation of earth. If angular velocity of
earth increases value of g decreases and vice

versa).

» By moving from
decreases.

» By moving from equato
increases.

S .

poles to equator value of ‘g’

¢ 10 pole value of ¢’

8894
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» Atheight h value of ‘g’ is given as

) W 3 14 as
(R+h)?

» By increasing the height value of ‘g’

decreases. g

Grkarac hi > Gmurree > G(k-2)

2. In depth of earth:

> Atdepth ‘d’ value of ‘g’ is given as
. GM(R -
g =D
» By increasin
g depth value of ‘g’ d
L Ao g’ decreases.
2

o (-1

\alue of *g°

IS Zero in four cases:
i
At center of the planets.

Infinite distance from t € planet
il At infi d 0 I g

atellites re g arouny € ea
Inside satellit volv d th rth

N Inside a freely falling system.
ese places time period of
- In an acceley

pendulum is infini f
o > nity and fre / Wi
ating frame of reference pi fa

i Ifitis movi
2 ovi :
e ov.ng upward with acceleration ‘a’ then g =g+ g
.“'_ e all:r ing downward with acceleration ‘a’ then g‘ = ga—( mgcreaseS)
fii. €st or moving wi ift 4
oving with uniform veloci = = R
. ocity (a=0) then g’ :
iv, g g.

If it is i
L= : .
oving in horizontal direction wi

e 2 .
9 =g*+ a%(g increases)

th acceleration a then

By AZHAR IQBAL 0336-7098894

Scanned with CamScanner


perfect24u.com
https://www.perfect24u.com/

-

a"/ : \,.{: 0 4

More Notes, Books Vis

UNIT 04 OSCILLATIONS & WAVES m
L LR, S
Hlevator moving with | Elevator moving with | Elevator moving with Elevator is T
uniform velocity upward acceleration | downward acceleration falling freely

v(a=0)

SHM then P.E and K.E interchanges into each other but total

» If a body is executing
amount of energy always remains constant.

» In stretching the spring work is done by

y variable force. !
N » Expressions folr work done. 5500000 F
i W= 5 Fx
2 i y
i W= 2 kx Sexpression r’..)fZ_/u(infnnnation ufduﬂQucstions
F2
m W= 2k ./ Sdecide

Solution:

Examplel:
If two different springs are subjected to same amount of

force and the ratio between their extensions is 1:2 then .
the ratio between the work done will be. 2 al FR (Ei=constd 5
(a) 1:2 () 2:1 (c) 1:4 (d) 4:1 So ratio between work is 1:
Example 2: Solution:
i To produce 2cm extension in the spring 5] work is done W= _12_ it S

se 4
d to produce 4cm W o« x* (k= constant)

on it. How much work is require

i extension? Since extension is doubled s0 work
; @5 ®I100 @200 @40 | omes 4 times W = 4(5) = 20

g oo (3

/
By AZHAR IQBAL 0336-70988‘)"
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UNIT 04 OSCILL
ATIONS &
Example3: WAVE?
If 2N force is applied on a spring havin S e
g spri
10Nm" then work done is equal to. - - W =
(a) 1:2 (b) 2:1 (c) 1:4 (d)4:1 ) 2 )’
; LT T
=—=102] Ul
10 Lt
{ el
mm‘ ‘ i
» Since elastic force is conservative force so I @E

work done is equal to gain in P.E,

1 1
P.E == F: = L |
3 .x, BB zkxz, P'E =oF A
» Atmean position x = 0
. v Potential
P.E = 0 (minimum
E
» Atextreme position x = x, ) £ s
1 € —
P.E= Ekxf (maximum) Xo Xo ‘
Displacement e
Displacement x=0 2 - 3
oL Zo V3x
" _ 2 2 : G
0 7 =25% E=50% =
_ 5 ¥ 75% | E, = 100%
Note:
AP.E of horizontal mass-spring system is
independent of mass of the body'

Kinciic Encroy |

As K.E = %m,,z

and v= |k 32
—VZ—x

il
= K.E==
E Zk(xg—xl) or

1
E==
> K mez(x3 =68 etk = mw?)
E d.epends upon sp,
and displacement.

> K 0 )
-E is independent of mass of the body.

ring constant amplitude

—

Energy

Kinetic\Energy

At mean positionx = 0 =

1
K.E=_ 2
E 2 kx? (maximum)

) At extr tme position X=x, =
o

K.E =0 (minimum)

sX('_) XO —

Displacement e

——

By AZHAR IQBAL 0336-7098894
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OSCILLATIONS & WAVES \[__m UNIT 04 OSCILLATIONS & WAVES M
K ot P Xy X, Example: _ - Solution: P. E = K E
2 V2 2 At what displacement P.E and K.E of a body executing 1 1
By oo | E2=S0% | So=75% | Eo= 100%1 SHM are equal. ZE R =)
—_— = 4 X,
4 2 %o (b)=% V3x 2_ .2
) P x* =xb—x*
3, _ e E, _ SN El‘i - 25% 0 \ (@) 2 N (a) > (d)x, X —x
2 2 2= gt
: : e | i
0 V2
T.E:K.I:'+P.E1 : T o 2 T l - . ‘\T
Fner gy 73 - |
T.I;‘:%k(xg—xz)+§""2 ,__——-“__— = £ St 4 |
. . w T —
H . 0 = n | n
_ 2 H H = - | -
T.E= %kxg orT.E = %kmwzxg("‘ k = mw*) H TotaliEnergy 6 | 4 3 \ 2
4 []
> T.E only depends upon spring constant and i - g & X7a A= X\/—l 2= Y35 x
! € > 2 = o
amplitude. : %o Xo ‘ 2
» TEis directly proportional to square of Disglaccment == Vo = Xo V3v, Jo. ‘ Yo
amplitude (T.E@ %) ¥ 2 V2 2 g
» T.E of mass spri;\g S)'Slfl;’lt:elr;::;;endem ol 5 a, a, Vs —
displacement and mass O - — 2 == DECT = o
— sition If motion starts from extreme position V2 2 - oW
If motion starts from mean po ) 0 E E, 3E, 1
T I ' ! T o by
5 KE 0 3E, E, ] E, 7y AR
d 4 2 7w TR
T T 31 T —> : e
oTIZ T & Tt o LITT FH | W
Py 2 ; Quantity At mean Position "
Displacement 0 | :
T e [ X, (maximum) ‘
xl PE elocity X, (maximum) ‘ 0 w
. Acceleration ‘
T 0 2
T T A — B ] ) X, w* (maximum) \
Oll}lTﬂ}-T t"") 4 2 4 42 t Force BT A -
\ 40 4 §. - . jod = M - kx, = mx,w? (maximum)
1 » KE is oscillating with frequency frequency sl "o % - il mx, (maximum) 0
: ; Kot
. : uency 2f and time period 5 PE 1
» P.E is oscillating with frequency frequency B . 0 3 kx? (maximum)
K. 1 4 ‘
E 3 kx? (maximum) 0
!
L
7098894 2
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OSCILLATIONS & WAVES

UNIT 04

> Wave is disturbance in a medium which transfers energy and momentum from one

region of space to another.
» Wave do not transfers matter.

TYPES OF WAVES

v T v
Matter Waves T

Mechanical Waves Electromagnetic Waves

They reql;ir; medium for their propagation.

>
ibrati icles.
» They are produced by vibrating matter partic!
» Water waves, waves in spring, waves in string, sound waves, ultrasound waves and
infrasound waves are mechanical waves.
i is zero.
» In vacuum speed of mechanical waves is ze! : :
» When enter from rare to denser medium their speed and wavelength both increases but
frequency remains same. .
: Rare Medium Denser Medium
) Wavelength Increases.
- Speed Increase
Freequecy Remains Saive
i ecreases but
» When enter from denser to raré medium their speed and wavelength both d
en

frequency remains same.

Denser Medium Rare Medium

@ Wavelength Decrosses

@ Speed Decreases
@ [freequecy Remains Sare

7098894
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UNIT 04 OSCILLATIONS & WAVES

Electromagnetic Waves:
| 20Hz—20000H2z
Less than 20Hz
Greater than 20000Hz

Sound waves
Infrasound

They do not require medium JSor their propagation.
Vibrating electric and magnetic field in perpendicular direction.
Radio waves, micro waves, infrared, visible light, ultraviole
electromagnetic waves.

Spectrum

Visible light spectrum.

In vacuum all electromagnetic waves have same speed = 3 x10% m/s

V.VYVv

t, X-rays and y-rays are

Relation between wavelength and frequency is f o H
A

VVVVYyY

When enter fro rare to denser m uj ir a th decreases but
ter from et edium thei speed nd wavelenglh bo
ﬁ'equency remains same.

Rare Medium

Denser Medium

® Wavelength Decreases
@ Speed Decreases
@ Freequecy Remains Same

> When enter from denser to rare med
frequency remains same.
Denser Medium

lum their speed and wavelength both increases but

In medium
v

Rare Medium

I8

@ Wavelength increases
@ Speed Increase
@ Freequecy Remans &

E!lllple:
Which e ollowi 1 ‘ Answer: Infrared
@) 'Wing radiation will travel faster in glass Reason: ;
© Ul[ntmimvediolet (B) Visible light Infrared have greater
(D) All have same speed wavelength than others so
v
‘ 1] By AZHAR IQBAL 0336-7098894
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UNIT 04 OSCILLATIONS & WAVES

» Waves associated with moving particles.

» Matter waves were proposed by De-Broglie.

» For example De-Broglie wavelength of a particle is given as

1 1
Ax— and A x — Ax A — —
m v VE v

2 OR TRAVELLING WAVES

PROGRESSIV

» Waves which transfer energy by moving away from source of disturbance are called

progressive waves
» Transverse and longitudinal waves are two types of progressive waves.

Waves in which particles of the medium are Propagation —»

displaced in a direction perpendicular  to

direction of propagation.
Displacement

» Water waves, waves in string and all E.M waves (radio, microwaves, IR, visible, ultraviolet, x-

rays, y-rays) are transverse waves
» When a transverse wave travelling in rare ‘e

ium i denser medium i : _

medium is reflected from 5 Rare MSH : T N

it undergo a phase change of 180°.

» When a transverse wave travellin; :
i i flected from rare g
denser medium is rellec e M
medium no phase change occurs. e

Rare Medium

Portion of wave in which p
their mean position.

articles are displaced above

m wave in which particles are displaced below

their mean position. . i

m —
T By AZHAR IQBAL 0336-70988%4
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Distance between two consecutive crests or troughs is
called wavelength.

» Transverse waves can be polarized

» Transverse waves can be set up only in solids, in li

quickly.
Waves in which particles of the medium Propz R
are displaced in a direction along the vy
direction of propagation of waves. \
» Sound waves, ultrasound waves, Di
infrasound waves and waves in spring t t
are examples of longitudinal waves, Rarefaction {uepression
» Compression: Portion of the wave | i
ave in which density of cles is
o : sity of particles is hig
> Rarefaction: Portion of the wave in which density of particles isblo]vlfh
> Whe‘n lo.ngitudinal waves travelling in rare incdent
medium is reflected from denser medium, no
phase change occurs. : Rare K S Meck
um
ol
» When longitudi i
i ul:n.gltudmal wave travelling in denser
is reflected from rare medium it
undergoes a phase change of 180° e
’ um

180" phase change

Wavelenoth- ;
Distanc = i
e
e between  two consecutive J
compi : m: or  two  consecutive _ [T U m l
rarefactions is calleq wavelength. o i b e
A >
> . " ? f
L"“Sltudmal waves can not be polarized b BT

Ngitudinal w; et up i
aves can be set up in all type of media solids, liquids and gases

L

LL’éf4baseJ[’olarizahon ir0) L
- J/J/!!Tmns\erseul:g:Longnudinal

quids and gases they are damped out

S
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disturbances in a medium are called periodic waves.

UNIT 04 OSCILLATIONS & WAVES
UM O

PERIODIL o e
Continuous, regular and rhythmic

» Relation v = fAisonly applicable for
Speed: Distance covered by wave in
Wavelength: Distance between two ¢

cy: Number of waves passing through a point in one s

periodic waves.

one second.

onsecutive points which are in phase.
Frequen econd.

number of waves
PN L sekbhect I a2
time

BETWEEN WO POINTS ON A WAVE

PHASE RELATIONSHIP

Consider a waveform shown in figure below

Onpiacement

e Points having same displacements as
well as same direction of motion are
called in phase points.

« Phase difference between
points is even

AQ = 0,2m,4m, 6T, ... = (2n)m

£a

/)LJ@AGJ)U:AngIeJl/:—
‘4.21tJ/' gﬂmgle[..:;:lanIC/'

two in phase Phase difference

in phase points is integral multiple of

Ax=0,A4,2434,....= ni
A and E is A and path difference be

» Path difference between two
tween A and |

For example path difference between

is 24
Examples:
| > Points A, E and I are in phase.
» Points B and F are in phase.
» Points D and H are in phase.
» Points C and G are in phase.

T =

98894
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UNIT 04

i

% Points having opposite displ
splacement Site 'C -
Bhkis boiits ent or opposite direction of motion are called out of
» Phase difference between two out of phase points is odd 7
A9 =0,2m,4m,6m, .....= 2n+ Um
[Example: Phase difference between Band D = 2% — T = T
212 o

» Path differ i
: ence between two out of phase points is integral multiple of <
2

4 32 52
X ==, —, — = 4
27z =@+
For example path difference between A and C = =
>

Examples:
» Points A and C are out of phase.

» Points B and D are out of phase.
Relation between phase difference and path difference is given as

Ap = 2 .
A LIF S e Lr b Tt L8 e L 0inbO Y]

Example:
faﬂ;diﬁ'erence between two points is %then the points are:
?_l; 2‘1 phase (b) Out of Phase
¢) Coh i i
erent (d) Neither in phase nor out of phase multiple of 4 nor :
>

ee— . 0F SOUND

> Sound waves
i (pressure
longitudinal waves. waves) - are | Speed of sound only depends upon two factors

Answer:

neither in phase nor out of phase
Because Path difference is neither

)
L
. L)
!

> Inv ; ‘
e i i.  Modulus clastici
iy (free space) speed of sound is or curlrl:; ‘Tl"t:limlc”y e
g | ressibility of medium.
an ? i
: y medium speed of sound is given as vx VE or v«

s
compressibility
& ( P
LF - Do compressd?iluy)
: Yy or inertia of the medium
iii. §pccd of sound is independeﬁt of
frequency, wavelength or loudness.

v=

V. Insol;
solids molecules ar |
; ¢ closely spaced to ea 4
. ch other as iqui ;
why lhz)y respond to the disturbance more quickly ascompmed S ;
. Whic}l: - E;>Eyg>E; So vy > Viig > Vg
3 4
o e following sound waves have greater speed in air
z (b) 10,000 Hz () 20,000 Hz

(d) All have same v’

B

By AZHAR IQBAL 0336-7098894
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g speed of sound in air Newton assumed that when sound waves passes
tant (isothermal process).

!

For calculatin;
through air temperature of air r ins c
» Boyle’s law is applicable (PV = constant).
» According to Newton or for isothermal proces:
pressure of air (E = P = 1.01 x 10°pa)
» According to Newton speed of sound in air is

v=\l§ ("'E=P)
p

- 1.01 x 105
V=T 129
ntal value of speed of sound in air at standard temperature (0°C) is

s. modulus of elasticity of air is equal to

=280m/s

» Experime

332 m/s.
» There was about 16% error in Newton’s calculations.

rarefactions occurs so rapidly that heqf

» Laplace pointed out that compressions and
to the region where it is generated and

produced during the, compressions is confined
does not have time to flow to the cooler region where rarefaction occurs.
Temperature of air does not remain constant.

Since no heat flow occurs so passage of sound is an adiabatic process.
Relation between pressure and volume is PVY = constant.

EZ molar specific_heat at constant pressure
V= Cy = molar specific heat at constant volume

y has no unit, no dimensions and y > 1.

< V. 'Viv Viv

Polyatomic gas

» As air is almost diatomic s0 for air y = 1.4.

» According to Laplace or for adiabatic process,
pressure of air (E = yp)

» According to Laplace, speed of sound in air is

modulus of elasticity of air is y times

CE=YP)
0
IPEAX XD | 333 m/s
129

e
6-7098894
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04 OSCILLATIONS & WAVES
‘Example: :

If v,and v, arel speeds of sound in air according to Newto
Laplace calculations then which of the following is true g

Solution:

@n=v2 Ov=Viv, @©u=yw (dv,= v
] 1

I ffect of Pressure:

Since density is directly proportional the pressure (f =
f = constant) hence speed of sound is

not effected by variation in pressure of air

» Graph between speed of sound in air
Verses pressure is straight line
Example: If pressure of air i :
ris doubled then speed of
speed of sound in ¢
(a) Become double (b)Become v2times R

Effect of density:

> At constant pressure and tem

(¢c) Become half (d) Remain samev’

perature s in air is i
peed of sound in air is inversely proportional to root

of density.
] -
p orR H_yP:
v, ‘/E

> Since ratio between densities of 0
0z to H, willbe 1 : 4.

v
prrog 1 4 ’
=2 OR -fz2_1%
Vi, 4 Vata 1 OR VH2=4V02

Example:

At same temperature and
sound will be minimum
(@ Hv (b)0,

. : : .
2 1o Hy is 16 : 1 hence ratio between speed of sound in

Solution:

pressure in which ¢ f followin S > lowest density aj d
Ing gas speed of | H lo nsi N
T iy

(¢)N, (d) None of these e %
P

>
At constant pressure and temp
temperature,
Reason: By increasin
) of sound increases,
Atan,
o Y temperature ¢t°C the volume of gasis givenas V, =
ere 8 is coefficient [

Vt=Vo(1+—t.
273

eratur, 7
e speed of sound increases by increasing

g temperature, volume i
A me increases and densi
ensity decreases so
speed

V(1 + )
of volume expansion and § = ——

\ 273

[+3)
~
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OSCILLATIONS & WAVES
is directly proportional to square root of absolute temperature

wo L QR Txv?
v L]

Solution: vx VT or T xv?
If v is doubled, Temperature should be 4-

UNIT 04 —
> Speed of sound in air
(Temperature in Kelvin)

v VT | OR

Example: :
At what temperature speed of sound will become

double as that is at 10°C
(a) 40°C
(c) 895°C

times
T = 4(10 + 273) = 4(283)

(b)313°C :
=1132K = 1132 — 273 =895°C

(@) 1132°C

Note
If speed becomes n-times the: ‘ )
temperature will become n? times (T =7

n absolute
T) v

» Speed of sound at any temperature t(°C) is given as

if t«273 K
L e a0 sA b M >

» With one degree or one Kelvin rise in temperature speed

of sound increases by 0.61 m/s or 61 cm/s.

PRINCIPLE OF Sl PERPOSITION

sly acted on medium particle then resultant

imultaneou:
cements.

aves are s ; .
» If two or more W braic sum of their individual displa

displacement of particle is alge

ly =Y, +Y; ++i‘

[1-Wave

Resultant - wave
™Y = 142 = 3cm

‘\r,_'lo‘)ll)iq‘1

By AZHAR IQBAL 033
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UNIT 04

OSCILLATIONS & WAVES

Three cases of Principle of Superposition

with each other.

» Beats: When two waves of slightly different frequencies but travelling in same direction

superpose with each other.

» Stationary: When two waves of same frequency but travelling in opposite direction superpose

with each other.

| INTERFERENCE

» Superposition of two waves of same frequency and travelling in same direction results a

phenomenon called interference.

Constructive interference occurs if
waves are in phase and they reinforce the
effect of each other.

» Phase difference = even w = (2n)n

»> Path difference = n4 (integral multiple of|
2).

> If A; and A; are amplitude of two waves
then resultant amplitude will be A + 4,.

> Relation between intensity and amplitude is

» Interference: When two waves of same frequency and travelling in same direction superpose

D

waves are out of phase and they cancel
out the effect of each other.
» Phase difference = odd 7 = (2n + 1)A

> Path difference = (2n + 1)§(odd integral
multiple of =)

Resultant amplitude will be A, - 4,.

Destructive Interference:

estructive interference occurs if

intensity « (amplitude)?

Note ;

&~
\Yaves having constant phase
difference are called coherent

waves.

rRn et

¢

pe,/)ll

/76y vﬂuld@ (2n + 1)

e "'udd.‘z_‘f...,l:?,_'/ &/Jlnlfger

Example 1.

gnv':l':ngstie;:r; —are producing j\'ound waves of
= il ha( =2m) as s.hown in figure.

; Ve same amplitude then find resultant

nt at point P and P’

Path difference between two waves is

AS = 6m - 2m = 4m = 2(2m)
=21 (vA= 2m)
hence 2" order maxima

At poin¢ p

Si ;
Ince path difference is 2,
at point p,

4

m‘vm

——
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UNIT 04 OSCILLATIONS & WAVES

Resultant displacement= A +A = 24 UNIT 04 OSCILLATIONS & WAVES

At point P’ path difference between two waves is - Points which vibrating wii T,

& = called anti-nodes. g with maximum amplitude are

A
AS=6m—Sm=1m=—2-(‘:/1=2m)

; : ] s 3 g
Since path difference 1s 3 hence 1 order maxima occur at point P\

Resultant displacement = A — A=0

> Superposition of two waves having slightly different frequency but travelling in same

direction results a phenomenon called beats.
» Beats are periodic fluctuations between maximum and minimum sound.
» A single tuning fork produces sound waves of single frequency say f=32Hz
» By loading some wax or plasticize or prongs of tuning forks its frequency decreases say

f=30Hz
» If two tuning forks are sounded together beats are produced having beat frequency
2Hz = (32 —30).

difference between the frequencies.

fbeul = fA - fﬂ

» Beat frequency is always equal to

Example: If two sound waves of frequencies S0 Hz are travelling in same direction then
foear =54—50= 4Hz
» If beat frequency (number of beats per second) is greater than 10Hz. Beats can not be

distinguished by human ear.
» Beats are useful in tuning a string instruments.

n of two waves of same frequency but travelling in opposite direction results 2

Superpositio
es or standing waves.

phenomenon called stationary wav

Antinode

Example:
If a string fixed at both of its ends 1
center two waves of same frequency travels in opposite

n which give rise to stationary waves.
des and anti-nodes are formed.

s plucked from its | 4"

directio
String vibrates in a loop and no

Noded

Points which show permanently zero displac
Energy is bounded between two consecutive nodes.

oo oo @

ement are called nodes.

367098894
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Example:
Consider string is vibrating in three |

oops. What is distance
between first node and third anti-node. T

iy

m
P ransverse waves in 1
Speed of t a stretched strin. 1S given as
gi1sg

S —

I

o, - S B P

b

» All the particles of string execute SHM except nodes

» Distance between two consecutive nodes is >
: N 2
» Distance between node and next anti-node is >
S

» Distance between two consecutive antinodes is

N>

distance = A+ 2 =34
4 4

= nd
1TAN  2%AN 3YAN

A 31 31
@z ®5  ©F  @F b
Example: A A
If 12cm string is vibrating in four Solution: L 4(}\) 4
H segments (] - :L= -
distance between node and next anti-node will be o e A :

OO0 doloie
A= 6
(a) 0.75cm (b) 1.5cm cm  thus
: (c)3 A
¢) 3cm (d) 6cm (2) = 15cm

STAT / %% S
TIONARY WAVES IN STRETCHED STRING

. .
> Waves uavellmg in stretched string are transverse waves
-
> If a stretched string is icked two tr nsverse waves Ir;
fu p avelir

give ris Ona g :
€ 1o stationary waves. ¢ In opposite direction

z F is tension in the string
e ;
i.f mass per unit length of string
Unit of m is kgm~—1

> 5 ;
peed is directly :
ro z S, %
00t of mas yp ' portional to square root of tension and inversely :
S per unit length of string. ersely proportional to square

v=

3™

v« VF i i
> VX —
SM Ofwaves in m

stretched string is i
; g is inde : 5y
ﬁequency of vibration, ependent of length of string, number of loops and

a

By AZHAR IQBAL 0336-7098894
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UNIT 04 OSCILLATIONS & WAVES m
Example: Solution:
If tension in the string becomes four time than speed of Asv & VF
transverse waves in string will become So. speed will become two
(a) Four times (b) Two times times
(c) One fourth (d) One half jg{xpccd;_i_/\/_b’l"cnsion
.
If a string of length £ is plucked from length Lt will P Sic.
vibrate in single loop. moa.,.me
» Number of loops formed = 1 e
» Number of nodes formed = 2 3ot
» Number of Anti-nodes formed = 1 o : 2/
» String vibrates with maximum wavelength i€
A =20
» String vibrates with minimum frequency ie. fi= E‘;E

» fyis known as fundamental frequency,

| feg b5

fundamental tone or I-harmonic.

i

If a string is plucked from length % it vi
» Number of loops formed =2

ibrates in two loops.

» Number of nodes formed = 3 N
» Number of Anti-nodes formed =2 2(d)»/
» String vibrates with wavelength i.e. A = %’ =4 A=/
» String vibrates with frequency f2 = 2fi
If a string is plucked from length -:- it vibrates in two loops. — o= ___—
N N
» Number of loops formed = 3 N 00‘0
» Number of nodes formed = 4 N AN AN
» Number of Anti-nodes formed =3 3(4) 2/
: 4 Ay 26 A=
» String vibrates with wavelengthie. 3 =3 =7
» String vibrates with frequency f2=2h
™
! By AZHAR IQBAL 0336-70958‘)4
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Zayan Publisher

Such oscillations in w ich each fre is il
h quency is integral multi,
vk 'y Is integral ultiple ofﬁmdamemalfrequenc) a;
) are

» Only harmonics are produced in

stretched  stri A i
B i . string  having  frequencies
» Frequencies other than harmonics are danZ]pezj o:u.;;llm kl
1ICKIY
Example:
Solution:

If fundamental frequency is 20Hz then which of the followi
frequency waves can not be produced in stretched stri e e
(a) 40 Hz (b) 60 H. i
(c) 70 Hz (d) 80 H:

nth-Harmonic:

} String is plucked from = Z—P- Wavelength:
B » Number of loops formed =nn :
» Number of nodes formed = n + 1 3

»> Number of antinodes formed = n
Frequency: o

f=nf, —‘/
REEU 1=~ Rt
ot

Where n=1,2,3,

70 Hz is not integral
multiple of 20 Hz.

An overtone is q,
Jrequency.
Examples;

f "
equency among harmonic series that is greater lhl"lf ndame,
ny fr undamental

Frequency of 1* overtone = 2 fi
Frequency of 2™ overtone = 3 fI
Frequency of 3 overtone = 4 fi l

1

Frequency
s fx 2f, 3f, af
vibration First Second i ; :
> Third Fourth Fifth
armonic o
e First Second Third Fourth i
Over tone  IRIRAETISS —
e First Second Third Fourth

H
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Ul OSCILLATIONS & WAVES m

ge the tension in string and thus change the frequency.
t length are used to produce note of different frequencies
k of guitar to change the length of string to produce note of

» Nuts on guitar are used 0 chan,

» String of different mass per uni

» One can move hand on the nec
different frequencies.

Example: Solution:

If frequency of 5™ over tone is 60 Hz then frequency | Sth over tone = 6f, = 60

2" harmonic will be = fi = 10 Hz
(a)10HZ (b) 20HZ (c)25HZ (d) 30 HZ Frequency 2nd  harmonic

i =2f; =20Hz

Example: Solution:

If three consecutive frequencies of a harmonic series fi =75-60=15Hz
given as 60 Hz, 75 Hz, 90 Hz then frequency of 1% | Frequency of 1% over tone

overtone will be =2f; = 2(15) =30 Hz

(c)30HZ (d)60HZ

(b) 15SHZ
STATIONARY WAVES IN AIR COLU

(a) SHZ

MN

» Longitudinal wave (sound or pressure waves) can produce stationary waves in air

column.
When we blow air in an air column then

>
the relation between incident and s
o l 15
reflected wave depends on whether fmm formed
at open end at closed
end

reflecting end is open or closed

» (i) At open end air molecules have
complete freedom of motion and can
vibrate with maximum displacement
and thus it behave as anti node.

» (i) At closed end motion of air molecule:
remains permanently zero thus it behave as node.

» Although sound waves are longitudinal waves but t

e wave.

ode of vibration can not be produced in

o

(d) All of these¥’

s is restricted and displacement of air molecules
he displacement of air molecules can

be represented by a transvers
Example: Which of the following m

air column?

t closed end always node is formed.

—

'Reason: At open end always anti-node and a

o e soo i

By AZHAR IQBAL 0336-70988%4

More Notes, Books \/i’s‘i?{?'clf\lov'\}:»

R

R Ay
Perfect24u.com

(M

\“‘
o
vl

|

04
M_f OSCILLATIONS & WAVES

A

‘ase-1: Pipe is
Pipe is open at both ends

Consider a pipe of length £ open at both ends
Number of loops formed = |
Number of nodes formed = |
Number of anti-nodes formed = 2
Wavelength: A = 2¢ (maximum wavelength)
;-‘r.equ:ncy: fir= % (Where v is speed of sound in air)
1S known g T
h;monic t f:id:::s::;lli_ frequency or fundamental
» Number of loops formed =2
» Number of nodes formed = 2
» Number of anti-nodes formed = 3

» Wavelength: 1 = AL o oo 20
= SN

Y VVVVYV

N2
f 1.3f1,41,, ... ... and wave length 4, 4 A
G

) I requencie y
1es other than harmonics are ddmped out quCkl g

An ope
Ttone is qn
mples: 1y frequency

Frequency of 1* wertone = 2 fi
Frequency of 2™ overtone = 3 fi

) F . -
requency: f, = 2f; =:fz=% %'%'5"/
> Number of loops formed = n
: Number of nodes formed = n cneth:
Number of antinodes formed = n+l &
Frequency: i n.
fu=nf, [OR = 38
—w |
2¢ |
Wh -
ere n=12 3. udiie ’
....... L 2
i Where n=12,3,.. :
Such oscillati
ations in whi, i
oo = which each frequency is integral Iltiple of fund, /
A open end pipe only harmonic are
produced having frequencies

among th e i
g the harmonic that is greater than Sfundamental frequency.

F ' of 2
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UNIT 04 OSCILLATIONS & WAVES B ublisher g
f1 2f4 3f1 4f1 5 |
First Second Third Fourth Fifth w
m First Second Third Fourth Fifth |
ERaIEGES: First Second Third Fourth ﬁ\
tone

yen at both ends

Case-11: Pipeis o

Consider a pipe of length £ open at both ends. —
3 1
% Number of loops formed = 3 N 5
» Number of nodes formed = 1 :
» Number of anti-nodes formed = 1 W
» Wavelength: 4; = 4¢ (maximum) ,;\ i

(minimum)

v
» Frequency: fi =3
| frequency or fundamental

» fiis known as fundamenta
harmonic or fundamental tone.

as shown in the

Note: S

—_—

following figures

Because at open €
formed. Hence 2" harmonic cannot be prt

ingle loop is produced in closed end pipe

nd always anti-nodes and at closed end always node is

oduced in closed end pipe-

3

» Number of loops formed = 7
Number of nodes formed = 2 N %

»
» Number of anti-nodes formed = 2

A 4¢
» Wavelength: 43 =5 =3 %4'%-’
v A= 4/
» Frequency: f3 =3 =7 3

» Number of loops formed = —'21

n+l
» Number Of sodes formed 8 K n+l An = 2

$ Number of anti-nodes formed .
Fr q y:

fn = nfl
Where n=13.,5,.........

e e soo =
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i i in which each fre uency is i r i
h mﬂhhons mn q Y IS integ; al multiple of funds
S . p ndamental frequency
> If pipe is closed at one end onl y odd harm onics are pl’OdllCed having fi equcncies

fi,3f1,5f15 and wavelength 11,17111_1

» Frequencies other than odd harmonics are damped out quickly

An overtone is any frequency among the ha i i i ?

oy g rmonic series that is greater than fundamental
Examples:  Frequency of 1¥ overtone = 3f,
Frequency of 2" overtone = 5f

Frequency of 3" overtone = 7,

Frequency
W fl 3fl 5f1 7f1 9[1
vibration il Second Third Fourth Fifth
Harmonic First 2 50 7t L
oy . Fundamental Firs . ’ )
e irst Second Third Fourth

ote_: I.f pipe is open at both ends, both even an
B'ut lfplpe is closed at one end only odd harmo
Pipe is richer in harmonics than closed end pipe

d odd harmonics are produced.
nics are produced. So open end

Apparent change in frequency of w
i observer is called Doppler’s effect.
Doppler’s effect was first ob:

» Do, le ff >ab 25 0 )
Ppler’s e i ic: y "W rir verse.
ect s applud le for all t pes of waves (Iunuludmu or Transvers:

mechamcal or C]eCU’OmﬂL’nk‘UC)

=4 ‘change” distance _2obsery
; er Jslsource 2K sl uc, > requency
(Doppler's effect is observed) 4 v e

aves due to relative motion between source and

served for light coming from a distant star

> If i
Istance bet
W ~ >
I dis . €en source and observer decreases then frequency increases
Istan ween source ; SCTVerTe . ] :
> I di urce and observer increases then frequency decreases

A stt(t)nce between source an

\‘

d observer does not change then frequency remains same and

B
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stys/ observer move \xJ schange )/ Relative speed

owards the source then relative speed increases and

OSCILLATIONS & WAVES

UNIT 04

> If observer is moving t
Vet =V U
where v is speed of the wave and u, is speed of observer.
» If observer is moving away from source then relative speed of wave decreases and
Vretl =V~ U
» If observer is at rest then relative speed of wave d

(Doppler shift is produced only if source is moving)
_€ </ source move2¥ 1 4,-*J / change A~ Wave length

owards the observer than apparent wavelength decreases

oes not change.

» If source is moving t
and A =24-04

» If source is moving away from the source apparent wavelength increases
and A =2+44

» If source is at rest then wavelength remains same A =Aand AA=0

n wavelength AA is known as Doppler shift and

Change i
—-— us - |
i 01 sg? # Doppler’s shift
Where u; is speed of source and f is actual frequency o
Doppler’s shift only depends upon two factors. = o
(i) Speed of source A AU )
(ii) Actual Frequency AAdx ;
Solution:

Example:
y while approaching an Car A

If two cars A and B horn the sound of same frequenc .
observer with velocities 20 m/s and 30 m/s respectively then Doppler shift is | Reason:
maximum for? (AAxu)
(a) Car A (b)Car B (c) Same for A and B (d) Zero for A and B
Example: Solution:
If a star is moving towards the earth with speed v then Doppler shift is IR
maximum for? Reason: 1
(@) IRV (b) uv (c) Visible light (d) same for all (A). o _)
E.M waves f
= By AZHAR IQBAL 0336-70988%4
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General relation for apparent frequency is given as

7;4Apnob-erverﬁ —_

SO -ve \ﬁ
v u,

f'= X f

v _T_ Us
7,4,7,‘/.sourceﬁ < / 7
*ve/ﬁb{omsource/"

-U/_ﬂ tve :
1. If observer is movin towards stationar Y source |
g ds stationary c
(Il’ ) o) N

> & v+u,
£= ()1 R))
> Apparent frequency increases. :

» Pitch of sound increases.
> Wavelength remains same and Al=0

2. If observer is movi
ng a ;
- (u;=0) ik Haflekay aneres
> f = (_"-“o

> / i
Wavelength remains same and AA =0

3. i source is movin
(u, = 0)

g towards stationary source

e = (7

> =)

3 A.pparent frequency increases
Pitch of sound increases

> Wavelength remains same and A = =
f

4 Wsource is
(u, = 0)

moving away from stationary source
> fe v
) =

> A Te cn
Pparent frequency dec ‘
. y decreases(f <
> Pitch of sound increases. =l

P b
§/l <=/ observer/

-»«_’K‘ +veiy

> : f 3 -,
& A.pparenl frequency decreases. -
Pitch of sound decreases.
L)
v
K=d-an

Y=dear

——
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» Wavelength increases A >2)

UNIT 04

5. If source and observer are moving away from each

other. T
> f =(2)r 4 ‘
LR RN

» Apparent frequency increases (f LS
» Wavelength decreases <A

6. If source and observer are moving towards each

other. pat=
d ¢ _ [(v=Ue
P (v*u,)f % i t
X=2-a0

» Apparent frequency decreases f <N
» Wavelength increases A > 1

S OF DOPPLER'S EFFECTS

ATION

APPLI

» RADARisana
detection and ranging”.

» It uses radio waves for detection of objects.

(R = -;-ct) where

bbreviation of * radio amplification

» RADAR is used to determine the range
c is speed of light and tis time between transmis!
reception of radio signal.

» RADAR is used to determine speed o

transmitter and A4 is Doppler’s shift.
» Ifanobject is approaching the RADAR then 4 decreases.

» If an object is preceding the RADAR then 4 increases.

» SONAR isan abbreviatio
ranging”.

» SONAR uses ultrasound waves.

» SONAR is used for detection and to determine range
and speed of submarines.

» SONAR isused to fixed sea de

sion and

f objects (us = f£(A2))where f is actual frequency of

1 of “sound navigation and

pth and undersea

[ e oo i e

09889
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If a star is moving away from carth ns'
spectrum is shifted towards longer
wavelength (towards red) it is known as red
shift.

Galaxy receding

E

RADAR Speed Trap:

Doppler shift.

ngh‘ aves ar red-shi ves are sse ~S
waves are stretched (red .hlﬂ) nght waves are compressed (bl hift
r L ue-shi t)

: IS{ADAR spet?d trap uses microwaves to det
peed of vehicle can be calculated by (u; = fA2) wher fi
ere f is actu

Blue Shift:

If stolte ?

vt s‘:xr IS moving away from earth its spectrum
is s lflgd towards shorter wavelength (blue
end) it is known as blue shift.

—

Galaxy approaching

>

ermine vehicles speed.

al frequency and AA is

I,IUItmsound waves of frequencies 5
lood flow through major arteries ap)

Mw
parl:rzﬂt? 10 MHz are directed towards artery to monit
requency depends upon velocity of flow of blzfrJd

Do You Know
- now
‘ocation allows dolphins to detect small

diffe; i
Tence in the shape, size and thickness of
object.

s Do You Know
al navigates and find food by echo
location
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HEAT AND
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UNIT 05

Heat is type of energy flowing due to difference in temperature of two bodies.
» Macroscopically temperature is measure of hotness or coldness of a body.
f average K.E of molecules of a substance.

» Microscopically temperature is measure 0

"HEORY OF GASES

etic molecular theory of gases.

» There are two evidence for kin

(i) Diffusion (ii) Brownian motion

Postulates::

> All gases consists of very sm:
» Gas molecules are in state of random motion in a

all discrete particles called molecules.
1l possible directions with different

velocities.

Molecules of gas are constantly colliding with each other and with walls of container.
ctly elastic collision.

h other except collision.

Collision of molecules is perfe
igible as compared to volume of gas. (volume of

Molecules of gas do not exert force on eac
Volume occupied by gas molecules is negll

container).

entum transferred to

YV VVY

Pressure of gas is defined as mom
iner per second per unit area due to

walls of conta

continuous collisions of gas molecules with the walls of

container.

» Consider N number of molecules enclosed in a cubical
t- 5 box of side "¢".
| > If a molecule of mass ‘m’ moving with velocity Vi
‘ rebounds back with same velocity (due to elastic collision).

then

Change in momentum = Py — P = (—mv) - (mv1,)
= =2mvyx

Raipcat preee ook [107] By AZHAR IQBAL  033¢-

7098894
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» Time between two consecutive collisions At — 2

1x

» No. of collisions per second = Vix
2t

» Force exerted by molecule on the wall = <"4"ge in momencum _ 2
v
time = -

Vix

Total force on the wall ABCD = P
1x 22 + .. +Fy,

2
o mvy, 2 mvf,
4
m
2
sl +vi 4+ + )

2
(vu +v3 44 U’%x)
Ao S R

mv;;X

» Pressure on the wall ABCD =
e

mé

x 73

N

Total mass
Total volume

» Dmity of gas

> Average velocity = "Vt tvn _
N = v>=(

> A
verage square velocity = “itv’+ tuy?
N =<vi>%

» Root
me 2
an square velocity = V< p? 5= [P 2402+ 4py?
il e
#0
N

> Since ar 0] 0110 1 = = VZ >
molecules i
€ In random m tion hence < > < ) " 'z
x = U2 >=
)’y—p<v2>and z = 'z :
> smulall P 'y % p< Uz >

><2
vE>S = 2
<Vx>+<v2>+< Felle
y U,>_3<UX.>>

=<v2>=l

4 3 3<vi> andP:%p<v2>
P, = £
x=Py = P, (Pascal’s law)

> Net
Press;
ure on any wall of container is given as

P= P<v2>

Exam
ple:If veloci
ty or speed of .
of gas will become of each molecule is doubled then

(@) Doyp,
e(b) Half(c) Four Times v'(d) Remains same

N —

Solution: As P « < v? >
If v is doubled, P will
become four times.

—E—
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HEAT AND THERMODYNAMICS
Solution: As P < < v? >

If <v?> isdoubled, P

UNIT 05

Example:
If average square velocity of gas molecules is doubled, pressure of

gas will become
(a) Double v’ (b) Half (c) Four Times

will become double
(d) Remains sam¢
L 2
> W <ve>

Ry : - 1
» Kinetic equation of gas is givenas P =3p <v

1 2
= PV=§mN<v >

m 2 1
—.3 v 2
2
K.E

> 1f5 = N, = constant thenP x < K.E >

» General gas equation for ‘n’ moles is given as

Where R is general gas constant and in SI units R = 8.314 Jmol~ 1K™
If n and T are constant then P o = (Bayle s law)

If n and T are constant then V « T (Charle s law)

If P and T are constant then V xn (Avogadro s law)

If n and V are constant then P « T (Lussac s law)

vVVvyvVY YV

The ratio of general gas constant 10 Avogadro’s number is called Boltzmann constant.

f B3N 2371
and k = 555007 1.38 x 107/K

Example: The product of Boltzmann and Avogadro’s number Solution:
(in SI units) is always equal to Nyx k=R= 8314

@8314v (©)602x10%  (© 1381077  (d)ore

Example: The ratio of unit of Boltzmann to unit of General gas /S:;laltl:i-o‘?(' 1 -
constant is equal to ] _WT— = m
(a) mole ()ymole™ ¥ (© Jmole™  (d)one

I\/Iore Notes, Books VISIt Nowanérfe(':t24u com |

05 x HEAT AND THERMODYNAMICS
tion hetween Temperature and <K . E>

» Atany temperature T (Kelvin)<K.E> is I'cn a
S K.E

< K.E >= ng
2
» <K.E>xT «
» Average K.E of molecules onl
ly depends

‘f Tl P! upon temperature and independent

Example: At room temperature whi
hich of the followi
ing g 3 i

.(:;!::ulu have g(rbe)atce;average kinetic energy &0 :oluuon:

: Ince tempe e 1S S

2 (©N, (d) All have same energyv | S0 <K ;)]?:TI::)K: i
3 L same.

Example:
* At temperature 27°C, ion:
@6x1072] aVera(gg)]z_;; °f8352molecules will be S(Ohmon <KE>= %kT
- x 10721 putT = 27 + 27
(c)600 x 10-%1] @ 0:6 x 10-71 X 3 =300K)
= 3138 x 10-5)300)

_ le's Law: (PM£3X1‘33~4)

=600 x 10 /_6)<10
> ”ﬂm’ afmales as and MMPCM ure are kept constant then volume oj gas is /
0fg s ! P
fg

1
: 1’4 xz (if nandT = constant)
PV = k(where ki
s ¢l
: ey onstant and k = nRT)
Different graph for Boyle’s law:

L =

—
norp —
v

'-Il-ple Ifat two d
] i lfferem conslanl temperatures Ty and T: Soluti
8raph between P ang 1 1s shown in the figure then 2 i

Slope of graph = e

T
P T,
’ )
=PV=k= nRT
@7 >, Y = Slope < T
(G)Tla 1-2 (b) Tl < TZ
(d) None Slope of T larger then Ty

soT, > Ty
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I ber of moles of a gas and pressure are kept constant then volume of gas is directly
» If num

propom'onal to its absolute temperature.
» V « T (IfnandP are constant)
2= % orvyT; = VaTi
2 .
» [;ifferem graph for Charle’s law.

P v v =
E: L " FE T
v
v T T

Vs
=nRT =373

HEAT AND THERMODYNAMICS

v

nR
» ; = k (where k is constant and k = T) as PV
i sures P; and P, the Solution: .
Example: If at two different constant pres o - il v? 5 %

is shown in
graph between volume and temperature of a gas is sho A

the figure below then .
soP, > Py
P
> P, (byP, <P
((:)) ? = Pi (d) None of these
=

i v}‘+v%+--~+\fﬁ
» Root mean square velocity is given as Vrms ——

where ‘m’ is mass of each molecule.

2. Nature of the gas (v [+ Tl-ﬁ)

parabola
Vs W“"K
s
VT

> ion:
£ the following gas Soluti bF,
i Since Vrms & T

» Root mean square velocity depends upon
1. Temperature (v & VT)

L \_gf
ym

m temperature which 0
ot mean 5

Henc®

Example: At ro0 uare velocity

WA A
o s
gl ARG
Sit'Now: Perfect24u.com
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Other relations for root mean square velocity are

5 3RT _ [3PV 3P
Vrms = [Ty Vrms = Y PR 7

Sum of all forms of molecule energies (P.E and K.E) is called internal energy.
» For ideal gas molecule P.E = 0, because there is no force of attraction or repulsion
between molecules.
» If gas is mono-atomic molecules posses only translational K.E
» If gas is diatomic or polyatomic molecules posses translational. vibrational and rotational
KE.
» Since K.E only depends upon temperature and internal energ
upon temperature.
» By increases temperature internal ‘,L‘/ut
energy increases and vice versa.
» At constant temperature (isothermal
process) U = constant and AU = 0. #1¢ 3/ depend, Temperature
» A function which only depends upon
initial and final states and independent
of path followed is called state Sfunction.
» Change in internal energy is a state function (i.e independent of path followed)
> Ifa system changes state (P, Vy) to
(P2, V;) along two different path as
shown in figure then

|
Heat removed | Work done by | Work done on
Irom system

y of an ideal gas only depends

éu’;—i/lme 1E i el
4 mal Energy & & U= Ideal

Internal Energy « Temperature

If internal
energy
mcreases then

AU

the system the system

rl v
. < done jn thermodynamics:
Work done at

given as

> Work done by the system is taken positive.
constant pressure P is » Work done on the system is taken negative.

» Area under P —V graph is equal to work

Hy has greater Vs

ules will have greater 10

" (b) CO () N2 (d) All have same energy
2

molec
(@ H Y

W=PAVorW=P(V/ —V() done.
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Scanned with CamScanner



perfect24u.com
https://www.perfect24u.com/

More Notes, Books Vidit Now: Perfect24u.com

HEAT AND THERMODYN AMICS
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Example: If volume V of gas increased by 200% at pressure | Solution: Vy =V + 2V 3y

P then the work done by the system is W= P(‘;oo_ v
(a) PV (b) 2PV )
(©) 3PV (d) 4PV e S el

s is shown in the figure Solution: W, > W,

Example: P-V graph for two gase
below. For same change in volume which of following
1" gas

option is correct.
(@w, =W )W, <W; P
)W, >W, )W, > W, andW; =0 2 gas
-l'm:g}fwork J-case Sl éarca&:_ﬂfv)’
A

s as shown in Solution:

Example: A system undergoes a cycle proces
the figure below then work done will be 3 W, = Area of triangle
(a) PV (b) 2PV 1
==BP-P)BV -
(©) 3PV (d) 4PV glEE =GV~ V)
1
= E(ZP)(ZV) = 2PV

FIRST LAW OF 'I'HIin\I()I)\'T\X\,\II(‘S

d to system it appears as increases in internal energy which is

When heat Q is adde
he systent.

stored in the system plus work done by t

gy(AU = Up — U

Where AU is change in internal ener
Ily law of conservation of ener

» First law of thermodynamics is actua gy in thermodynamics.

When we compress the air in a bicycle pump by closing its nozzle. Mechanical work 18
done on it. Since no heat flow oceurs SO this mechanical energy is converted into internal energy-:

Thus internal energy increases and its temperature increases.

urs in an organism is called metabolism-

ess that occ
ernal energy-

stored in the body in form of int
| energy decreases. AU=Q-W

»  Energy transforming proc.
» Energy from food we eat is
» By doing some mechanical work interna

033670988

e N e

05 HEAT AND THERMODYNAMICS

A process which is carri
i ied ou g
L at constant temperature is call, 1 i
ed isothermal
process.

» Since T = consta ce i
: 4 ; nt, hence internal energy also rem:
ol it Y als0 remains constant and AU =
PV = constant. £ .

. . : Isoth
B wprfs;ntmg the isothermal process is called isoth 5 »
ke la of thermodynamics takes the form Q = W? AT;m

ost! vhic > carri : . : ,
» Fori y process which are carried out slowly are isothe = :

or isothermal process modulus of el ' iy

asticity of oas s
icity of gas is equal to pressure of the gas (E
‘ sas (E = P).

[sothermal Ex i
ermi pansion |
e Isothermal Compression
» Work done is +ve. ‘r WU — - “
» Mechanical energy is converted into | ‘ i e >
heat HL‘(H IS converted into mecl |
echanica
(Jrrb b e 59 0 ~ ) -~
A ‘;thgm 0L /s“mechanical energy 2 M) g o
x\ Y 7 O nde1uz L Swork nl fsfiheat 2 ) |
P »
: K
\diabatic Process| ;

A process in whi
> Tempc’.ratICh no heat enters or leaves from the syst
ure of the system may increase or decrez; R
se.

> Relatio VY
n between pressure and volume is
PVY = ¢
E onstant.
urve representing the adi i

4 : I e adiabatic process i i

"y : ss is called
& AFidlrst ¥ :f}j times steeper than isotherm Y : -
1 ost]prmcthemmd_\‘namlcs takes form W = —-AU( \ / —

) » : . = ¢

4 l:‘Mor iabaﬁcss which are carried out rapidly are adiab. ? = :

ad process modulus of ici s

of elasticity of gas is gi
o — gasis givenas E = yP 4
_ s Xpansion
: — Adiabatic ( ompression
r Ika done is +ve. ek
nte
rnal energy is converted into work Poiliefoi
>

> w=
e .v\'lcchamcal energy is converted into
internal energyAU = —W

(JLLH intes > g
¢ ﬂ ternal energy(§ | )’g/work L2y .er) (L
Byl U &b aZintemal energleZwaork iy M)

>
ntern;
al energy decreases so temperature >

decre:
ases, g V
rnal energy increases so (emperature

P
\ increases
P

=D B8

% E L 336-7!
v
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UNIT 05 HEAT AND THERMODYNAMICS

Examples:
i. Compressions and rarefactions of

ji. Rapid escape of air from burst tyre.
jii. Cloud formation.
yrocess (Isometric process):
hich is carried out at constant volume is called isochoric

: L—_v
» If heat is removed from system, internal energy decreases. /

Example: Pressure cooker is an example of isochoric process in which volume is kept
constant so W = 0 and heat added is entirely converted into internal energy.

air through which sound waves are passing,

Isochoric
A process W
» No work is done (W = PAV =0).

» First law takes the form. @ = AU

» If heat is added to system, internal energy increases

process (AV = 0).

thus temperature increases.

A process carried out at constant pressure is called isobaric process.

» Work is givenas (W = PAV).
» In isobaric expansion heat is partially
into internal energy and partially into work.
» In isobaric compression work done on the system >
d into internal energy and partially into work.
Adiabatic

P s Y
converted

is partially converte

Isothermal

Amount of heat required to raise the temperature of a substance through one Kelvin is
called heat capacity. Q

» Itis denoted by C and C=27

rms of base unit is Kgm2s—2K7.

heat capacity have same units.

factors

(ii) Amount of substance.

» Its S unitis JK~* and inte

» Boltzmann constant, entropy and

» Heat capacity depends upon two
(i) Nature of substance

(m is mass) and or

» Heat capacity for adiabatic process is Zero. (= Q=0).
» Heat capacity for isothermal process is infinite. (~ AT = 0)

oo —@E o AZIARIGBAL

(n is number of moles)

0336-70988%
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Amount of heat required to raise th
g et
R lvin 1s called specific heat: emperature of 1 kg substance through one
» It is denoted by ‘C’ and
Q

» lIts SI unit lSng K and in terms of base units is mesT°K V
> C111C heal f ¥ :
Spe fic h lOllIy depends upon nature of substance and independcnt of amount of
unt o

substance.
» For adiabatic process Q = 0 = ¢ = -2 —
» For isothermal process AT = () = c": TL o
%gl{i:ﬁo of specific heat of 2kg water to :;erciﬁc Solution: 1: 1

Amount of heat requi
equire i
< B i cal quired to raise the temperature of one mol,
called molar specific heat. e substance through one

:> It is denoted by C and Q

> Its SI unit is Jmol—1K -1
> Gene
ral gas constant and molar specific heat have same uni
same units

> Molar speci
pecific heat only d
B e y depends upon nature of substance and independent of am f
ount o

> P
For adiabatic processQ =0 =C=-L=
naAT

> -
For isothermal process AT = 0 = ¢ = - =
naT ~ ®

> When S i T ains constant
) olid. i i y
S or lquldS are heated their volume appi oXimate] remai
g

AV = OandW‘—O
> HC&( i nti o doing work
1S e Vi 1 i n doing
1rely converted into internal energy and no heat is used i i
1 1 .

Qy, =nC
m And AU = nCyAT
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UNIT 05

» For gases, there are two types of molar specific heat
1. Molar specific heat at constant volume
2. Molar specific heat at constant pressure.
Molar specific heat at constant Pressure
» W =PAV
» First law take the form
Qp = AU + PAV
» Heat is partially converted into internal
energy and partially used in doing

Molar specific heat at constant volume
» V = constant = AV =0 =>W=0
5 First law takes the form. Q = au
5 Heat is entirely converted into internal

energy and no heat is:used in doing

work
AU = nC,AT work.

> Molar specific heat at constant pressure is always greater than molar specific heat at

constant volume (Cp > Cy)
» (Cp—Cy=R)

molar specific heat at constant pressure
» v= =
molar specific heat at constant volume

$ The value of y is always greater than 1 and

it has no dimension and no unit.

Polyatomic

_»/multiply ;g/ g 14 LiSe#Ce
_»/multiply a—%fx_"—:dl’/':lﬁyd_ LS Cpet
Solution:
: i is atomic
ﬁ\x::sl: ::f Helium Gas the value of molar specific heat at constant Helium is a mono at¢
a8
3 volume is L s &
@3 Ok © 5 @ =
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ELECTROSTATICS

Charge is property associated with matter due to which i :
and magnetic effects. it produces and experiences electric
» There are two types of charge (i) Positive charge (ii) Negative char
5 v ‘ ga arge
» Like charges repel each other and unlike charges attract each ulhurE

@F F
—_—-—{+
O

Example: Which of the following is greatest value of charge?
(');°1C.h 3 (b)20C (©)-5C (d)-50 Cv¥
e smallest value of charge which can exist independently ise = 1.6 ,< 10719

S
Electron or - ve Proton or +ve Neutron or
y-rays a-particle

—e=-1.6x10"1° = = ’
C | +e=16x10"19¢ Zero " +2e =32 x10719¢

: IS; unit ofch‘arge is coulomb (in terms of base units A.s)
% | very atom is electrically neutral (No. of electrons
mple:  He-Atom »

_,,Q#P Electron
Al SN
\

= No. of Protons )

! N Net charge = +2e —2e =0

Proton

>

Charge is i i
> quantized (charge is always an integral multiple of ‘e”)

f conservation of charge

Charge neither pe
R ol 'crealed and nor be destroyed but can be transferred from one body to
3 .‘Cme ; al charge always remains constant
harge give . i
&iven to a conductor always resides on the outer surface.

‘ i
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UNIT 06 ELECTROSTATICS
1. By Friction: By rubbing two bodies together both bodies are equally and oppositely » €, is permittivity of free space and K = . M
1 1492 4ne,

charged due to transfer of electrons from one body to another. » F=—r
2

Examples: (i) When glass rod is rubbed with the silk. the glass rod becomes positively ige
Examples: Three equal and similar charges are placed

charged and silk is negatively charged. (ii) Clouds also get charged by friction.
2. By Electrostatic Induction: 1f a charged body is brought near a neutral body one side of at the corners of an equilateral triangle as shown in th Solution Horizontal component are
€ ancelle: artics X
figure then resultant force on q is acting along ‘u',";i‘d ‘J: and vertical component are

charged and while the other side is

neutral body (closer to charged body) is oppositely

similarly charged. o
i q q"

3. By Conduction: When a charged conductor in contact with an (A) towards right (B) towards left So tt
* S0 the re z - .
(C) upward (D) downward qua&rdrti\lkrttltxll([)rl\“M = gy

charge is transferred to uncharged conductor thus both conductors are similarly charged. ‘:(
.".—l(f "JA 7] /
& sl /resolve Uzcomponents £ ifforces 44£L1);01VC

. fquesllons Lipu
g .
:i } < ) ~U= & ncancel < W
? #l & svicomponents add

.
-V rtalong Cline Jisé [
g < line Os_tk/ charges 2 Force -1

uncharged conductor, some

Force between two point charges is directly proportional to product of magnitude of charges slsine iv&componem R I A o le s
—angle & & <_kcomponents -2

and inversely proportional to square of the distance between them
J¥Cos Sl i

F. 4—@- ......... A Ol e ! ®_. F =

L) a2 [0
Coulomb’s Law is applicable only » Force exerted b ;
and F _13 for point charge. Y 41 0n q; Is given
r l k F Kq T
Ka1q Wi #21,= 1Zq_2 521 @ ---------- @3_‘.;
= F= K192 | \yhere k is proportionality constant r - o
=) > Force exerted 1 92
S ed by g, on q is given as
Example: If charges are placed at corners of a square as Solution: g3 and q
F ; : B EY 4 = K =
figure below then force is maximum between = GSGET = T2
s:m_vn nost e £ ¥ stk jproduct Echarges F Frz 212 Fyz .i\@ ___________ @
4 7g . o Nl >
(a) g1 and G2 (b) q; and 43 oS force > Bo a0 @
th forces are alwa

iy ys equal in magnitude but opposite in directi
s law obey the Newton’s 3 law of motion e

| (c) g3 and qs (d) q; and q4
qa = 3uc qz = 2uc

. In terms of base
gyunit units

Dimensions

Constant Value in Shunits

ln.ple-
the ¢ 1f4C and 6C charges are pl

| —4 A2
{ K MIAT*A ;
; m e 1140 ana Wi
e $2 )
(c)4:1 (d)1:1v Al[charge LI 12 force

sl /9
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ELECTROSTATICS

» Presence of dielectric medium (insulator) always reduces the electric force between
the charges by a factor €,.

UNIT 06

Foac s pand ik 3
Fined = % v/ S A c_rclalmnv"iux(}“oummncs vd)//‘i)
o
Relative permittivity
1 : : X
Fi%a = W92 €, is known as Dielectric constant
or 4me €, T A - =
Dielectric coefficient

» €, is constant for given material and different for different materials.
» Value of €, is always greater than or equal to one for vaccume: €,=
materials €, > 1, For metals: €,= ®

» €, has no units, no dimensions.

1, for insulating

Air 1.0006 Ammonia Liquid |
5-18 Germanium 16

Bakelite |
Glass 4.8-10 Paraffined paper 2 |
2.94 Teflon |

2.1 Water g8is |

provide information about strength and dire

Transformer oil

» Lines which ction of electric field are called
electric field lines.

» The concept of field lines was in

(i) Electric field lines due to positive point
charge are radially outward.

~ )

troduced by Michael Faraday. .
(ii) Electric field lines due to negative point

charge are radially inward.

eld lines due to two opposite

(iv) Electric fi
charges are pulled io!ards charges.

(iii) Electric field lines due to two similar
charges are repelled away by charges.

)

336-70988‘”
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06 ELECTROSTATICS

given point.
If the distance betwe i :
g en the hr?es remains same then field is uniform and if th
0es not remain same then the field is non unifo R aatinice
Uniform field =

ij.  Electric field lines are imaginary lines to visualize the electric fi
ji. No. of electric field lines & magnitude charge ric field.
jii.  Electric ﬁe:d lmeshongmate from positive charges and ends on negatiy I
i re closer wi is y 3 : gative charges
4 ;fmes att field li ere field is strong and lines are path farther apart wh t"bl\i
ent to fie s at any point gi ape ere field is wez
v. Nantgw A Ines at any point gives the direction of electric field at that BN
o] 0 ne Ines can ¢ 2qC. S at point
v'l. n cross each other because electric field has only ons et
_ J irection at a
vii.

Non uniform field

o RN
—

—_— __’,/'
e —

-
illlllple: A non-uniform electric field i

xan d is shown i
the fi then at whi { i i 5
Mmi;ufn which of the following point electric
@AY (b)B (e)C

(d) same at all =
points %:L

The space around i ich i
spakﬁdd nd the charge in which its electr,

ic force acts on other charge is called

ELEC

ik:l’kf"ldime RIC FIELD STRENGTH/INTENSITY

nsity at any point is d. ined as electric orce per unit charge laced at 1)
P p at that

E=

Q| ™

> . . .
Electric field Intensity is a vector quantity.

> Slunit= NC-
=NC!= Vm—! g e
; . unit b
> Dimensions = [MLT-.?A—:I]m (2 tems of base umits = kg A,

Fo ting on'a ¢ T | ==
rce acting on a charge °q’ in an electric field E is Fe=qE

> Electri
¢ forc:
> Blectic forc: :)sni:: dceharg; only depends upon magnitude of charge and electric field
cctri pendent of mass, velocity or direction of motion of charged par.ticle

Jorce on positi i
el 1o zlectrif;;g';:jve charge is always | Electric force on negative charge is always
Paral A anti-parallel to electric field.

————

=

——
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ELECTROSTATICS

UNIT 06

» Electric force can accelerate, decelerate and deflect the charge particle.

In case of positive charge

(c) When % is perpendicular

(a)When  is parallel to E | (b)When V is anti-parallel
to 1o E 1
R _— ‘
E |
R 1= Dl P i S E |
S~—~

cae e O3 ‘
|

Electric field accelerate Electric field decelerate the Electric field only deflect the

charge charge o |

the charge
In case of negative charge.

(b) When 7V is anti-parallel (c) When % is perpendicular to |

(a) When v is parallel
toE to E “
- _
E E E
T

_— _— _
Electric field decelerate Electric field accelerate the Electric field only deflect the ‘
the charge charge charge

ELECTRIC FIEL INTENSITY DUE :
Electric field intensity due to point charge at any distance 7 is giyen as

_Kg \
.

It only depends upon charge, distance from the charg€
And nature of the dielectric medium
1
Exq OR Bl =3
ight parabgla
. More steeper Hyperbola n Straig 5
E than hyperbola
= 1 7
2

es the electric field intensity by factor €, times

Presence of dielectric medium always reduc

Evac (u/()"fd/:arclationdl;un(y"'ouamilics ngjy(/l)

T 0336-70%
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T 2

f nbetween Czllg-‘/.‘?zero field 7U»similar Zhe= | zside Yy L S22

: /e 2 zero field :._‘.v.‘nppnmlc Zlo>
.()f-,/_/&smullcr charge s |
IfE=E —E; =0 then £, = E,

_{,;.',_/ g(',/?‘mallcr » €y

IfE =E, —E, =0 thenE, = E,

kql—ﬁ Ne |91
T R ~Slan_fu
S =—andr, = —" e it
dz Qi T andp, = —
‘/‘:+1 q_-*.1 “9_1_1 < ;g.l
; V& \J"Iz—l

Where r; and r;, are distances of zero field

Jocation from the charges g, and g, Where r; and 7, are distances of zero field

location from the charges g,and g,

respectively
- respectively
Examples: If 44C and 16,
5. UC charges are separate. d
by distance 3m. Then zero field loaanor':“:spumud iolurmn: ‘
<----- 3m---> 3 n=—=
@___ E, E, J‘ﬁﬂ
5 ? st 3 3
q1 =4uC q2=16uC n= =A%
(@)1m from 16, 16 ., 2+1
(©) 1m from 4 uC/ (b) 2m from 4C 4
1 m 4uC (d) 4m from 4uC Rn=3-1= om
hl.pk.. If1
* + MHC and —4uC char
£€s are se; t P
3m. Then zero field location “espara od | Solution:
- - 3M -~ > As n= __l_r
@ """" Lol \74‘-1
. @ gnd =g 3
2 q1 = 1uC n=——=——_133
(@)1 4 2-1
i from -4, 1-1
(©)3m from | Cv (b) 3m from -4pC 1
H (d) 6m from 1uC n=3+3=6m

By AZHAR IQBAL  0336-7098894

Scanned with CamScanner



perfect24u.com
https://www.perfect24u.com/

Perfect24

ELECTROSTATICS
UNIT 06
e

u.com

| lectric Potential: (Absolute Potential)
Electric potential at any point is defined as work done in br
rge to that point while keeping the charge in equilibrium,
sphere (or shl:ll of ‘c‘hﬂg :«] )spherc L from infinity :
the hollow char

w charged sphere behave like a point charge. w > Potential is scalar quantity.

inging a unit positive charge
(i) Charge conducting

o Electric field inside
L e h?“o s i 90 » Slunit=volt=jC-1 = kgm?s=3A~1 Dimensions = [MLZT—3A-1]
Electric potential inside the sphere ¢ s zoelectric field F region 2

_€ v “¥potential mregion 1 . y 3
. Potential difference between two points is defined as work

done in bringing a unit
positive charge from one point to another while keeping the charge in

equilibrium.

. w w
! Va—Vg=— AV = —

9 qo

Work done on the charge: Change in potential energy:
. When a particle of charge g and mass m | When a particle of charge q and mass m passes
Jectric field interference passes through P.d V then work done on it is | through P.d, V then change in P.E is given as
To eliminate the s.tri:iy of E escuch SR oer e os
tive electronic devices .

ensi i s
: =
are often enclosed in metal boxes b=

> AP.E x qand AP.E x V
istance fi e »> Waxgand W < V > 2ok i
(ii) Infinite sheet of charge: ¢ is independent of distance from the q B ibeindeon of roass of

i »> W isindependent of s
» Electric field intensity pendent of mass of particle

P B electric field is same. B—aerticle = =<Zz020 |
sheet. For example at point Aand Gain in speed: e

due to infinite sheet of charg

3 ns Gain in momentum
~ o 1 The gain in speed ofpgnicle when it is The gain in momentum of a particle when it is
E= %, Efb— accelerated by P.d V is given as accelerated through P.d V is given as
> pxym
! Y = p=y2mgV | > px fg
OR E= —-Zfe ] - PV
4
o) Change in kinetic energy: Example:
. - 2 lates (c 3. f : a particle of char, d If an electron and a t lerated
% itely charged p : endent 0 8¢ q and mass m proton are accelerate
(ii) Between two closely spfn:zd lmde :t’:: oppositely charged plates is also indep Passes through P.d, V then change in K.E is | through same P.d then which of the following i
» Electric field intensity betwe! 8iven as statement is true 5
distance.
E : AK.E (a) both will gain equal K.E
o : > (b) electron will gain greater speed
0 AK.E « qand AK.F <V (¢) proton will gain greater momentum
. Ak -E is independent of mass of (d) all of these v

Q f Particle

OR Beo \
J

‘_——/94
T 0670 h N By AZHAR IQBAL  0336-7098894
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UNIT 06 ELECTROSTATICS m UNIT 06 ELECTROSTATICS
Example:
If an electron and a proton are accelerated through same P.d then Solution: Asm, >m,
which one will gain greater momentum and P « \m
(a) Electron (b) Proton (c) Both gain same  (d) None So proton will gain Electric potential at any distance r due to a
greater momentum point charge q is given as ) Note
Potential Gradient k L. Potential due to +ve charge is +ve
av . V= =y 1. Potential due to —ve charge is —ve
L (;) which gives the maximum §i /- ¢ .o cqric field in a given region r e
rate of change of potential Ar with distance is zero then electric potential in 1 ¥ v
is called polentia! E“dice“;- > 340 this region is constant Vg and Vx =
» Its Slunitis Vm™' = NC™! = kgms ™4 o Ifelectric field is constant it ,
» Electric field intensity and potential gradient means that electric potential is 1 =
have same units. : changing at constant rate in this : ; : r
% Potential gradient is a vector quantity. regioi » In presence of dielectric medium potential decreases by €, times
Voac
Vineda = = OR = 1 9
% Electric field is equal to - ve potential gradient. | IfV is P.d between two points : r 4me,e, T
separated by distance d then Zcro Potential Location
i -A_li magnitude of electric field between a) When charges are opposite (let g, < q)
Ar the points is i l; ( : ). ............. .‘—‘{_:,_9( ) u(ng
— . — >
> IfE=0 = AV = 0 and V = constant — / L)1 4 q > Zero Potential 7y sopposite 24/
> IfV = constant thenAV =0=E =0 (#* quantities sl SdLENSD n_q et ‘ i
irection of electric field potential decreases. ) ¥ v —=— -8 sz LT dgsmaller s e 52 A
: i: gg;;sile direction of electric field potential O {§ A~ relation J19Ux 2 q T
increases. 4 .
; irection of electric field Distance of zero potential point fr . :
. lgoezr‘:[t’;ﬁlecn\ilaai;gls:;e - qr i ?hl stance of zero potential point from second
o tion: e arge
Example: . between two opposicly charged parallel - Sl v "Taa @t
plates is 12V as shown in the figure then electric field E= 5 1 - - e
between the plates will be ¢ 12
“10x 1072 Example: Potential at 2 point mid
i ! }(km - opposite charges is point midway between two equal and ~ Solution:
= 120NC @_ ________ s @ V=V, +V
o2y i
@12NC- () 12NCT (@ 120NCTH (D Zer @ 7 EN- Jta ke
i ion: @2 2kq kg o’
; llel platesis ~ Solution: - (b)&a (byke @
:P.d. een two oppositely charged para . d 1 3 = zero
Example: P.d. betw! h pi(l’ectric field between the plates Correct option IS wic field Example: If —14uC and 2uC charge i '
12V as shown in the figure then In direction of electric ! 6m then fing the xR g¢s are separated by distance  Solution:
will be T + 3t potential decreases b'uln‘“ on of point where potential is zero ar
icular directio 6m x=
il *8} perpeqdlc o ostn. [ Y , @ +a :
*A potential remain e %
: e - U b T
. o s a . 5 s
(a) Potential is maximum at B () Potential is minimurm at A @ 2m from 1, zero potential point lies

©lm P (b)2m t:rom 2uC 2m from —1uC charge
- H (d)Im from 2uC and 4m from 2uC charge

By AZHAR IQBAL  0336-7098894
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b) When charges are similar (both are +ve or both are —ve) then zero potential point lies o,
infinity.

UNIT 06 ELECTROSTATICS

Electro Cardio Graphy:(ECG)

An ECG records the voltages between points on human skin generated by heart and it provide
information about the performance of heart.

Electroencephelography:(EEG) B _

An EEG records the potential difference created by brain and provide information about for
abnormal behavior.

Electroretinoraphy:(ERG) )

An ERG records the potential difference generated by retina

O CAPACITOR

Capacitor is a device which can store electric charge.
When battery is connected across the plates of parallel plate ik
capacitor, battery removes electrons from one plate and e \

transfers electrons to other plate. ol
» Capacitor continue charging until its P.d becomes equal to P.

v
+
o
e

of the battery. :

» Net charge on a capacitor is always zero. ¥
Charge on the capacitor is directly §
proprfnianal to P.d across the plates of a o Slope==C
e l—‘—j o Area under the

| QuxV IOR Q=Cv graph =P.E
1
v S

Where C is proportionality constant known as
capacitance.

Electric force between the plates of capacitor

is given as

Electric field intensity between plates of

F =QE

d P.d across

Relation between electric field an
the capacitor is

7098894
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06 ELECTROSTATICS

ClP””‘"'“ of parallel plate capacitor is defined as amount ¢

raise its pamnial by one volt w.r.t. other plate.

_Q
oy

» SI unit of capacitance is farad.
» F= CV = kg 'm %s%A?
(Dimensions = [M-IL—ZT4A_ZD

» Capacitance of parallel plate capacitor is given as

of charge on one plate necessary to

Note

C is proportionality constant and it is
independent of Q and V

A€, €,

Cmed OR

d Coac = —~

Ae,
d

It only depends upon three factors.
(i). Area of the plates C « A.

(i) Distance between the plates C o *
d

(iif) Medium between the plates C o €,

Lo

"

( ' ¢
dielectric s Lplates © Capacitor

O byalille, -‘/_‘Icupacnancc;é/

Examples:

If length, width and thickness of i
5 t plates of a
doubled then its capacitance will become Copan

(a) Double

Solution Since C is
independent of thickness and
C x A= C xlength x width

(b) Four Times
(d) Remains same

(c) Eight Times

Diclctric Constance]

a ratio of cap. ci w e

j I acitance of pﬂl‘ﬂ"tl plate capacitor hen dielectric is as medium between th
p llel pl capa itor acuum is mediu ee| € plﬂ

llh” to Capacitance of aralle! ate capacitor when v uum is medium betw n th tes.

Hence capacitance becomes
four times

® Itonly depends on nature of the medium

Its value is always greater or equal to one
It has no unit no dimensions

o C""d > Coqc

2 €>1

——
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alternatively capacitor is a device

UNIT 06 ELECTROSTATICS

Energy Stored in Ca yacitor:
» Capacitor is a device which can store the charge,

g which can store electrical energy.

» Charge stored on plates of capacitor posses €
battery to deposite charge on lhe'plat.es. ;

» P.E stored on the plates of capacitor is given as

1
i P.E='2‘QV I

lectrical P.E arises due to work done by

J-question ,_,.q,t/use A relation Uy’

P

ii. ‘P.E= -;—CVz c‘-r/depend 4information
Ll

. PE=%

red in the capacitor can be regarded that energy is stored in form of electric field
o

» Energy st P.E of the charges on the plates .

between the plates instead of

1 2
Energy density = 'Z'EafrE

And
P.E= -;—eos,Ez(Ad)

apacitor
across capacitor or capacitors are ¢

(%

e e

Q Q0 G
or

iree Important cases for ¢
L If battery remains connected
then V = constant

AP ELE

onnected in parallel

P. E] 3, EL
Solution:

As V = constant 0
Q xC zmdP.EAcXC b
By introducing dielectric ‘
increases so Q and P.E also

Example:
A capacitor is conn;cled
‘ h dielectric medium 18 introd

i is true.
i following statement 1S Lru€.
whieh pE I (b)Charge increases

across a 12V Dbattery. If a
uced between the plates then

a) Capacitance increases 7 increases.

ME 1 Ec; Energy increases (d) All of these

L = Solution ..

i & 2 : at | :Since V = constant:

" Enmple;l 6uF capacitor are connected in parallel th:al’ :Since AR
Hauron b e stored in capacitor and energy | Hencep =7, = 6
the ratio between Ch'arie BlENG = 4 — 23
stored in capacitor will and " 0 ¢

(3)2:3and2=3/

-7
__-————BTAZHAR [QBAL 0336

£

(b)2:3and3:2 P
(d)312and2:3 M

‘

SRR Al W)
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!ﬂﬂ
If battery is not connected to capacitor (isolated capacitor) or capacitor are

connected in series then Q = constant

4 V«; anda  V1_G

Q? P.E,
d P.E =— =| P.E and -1
an 2C E

- Example: If distance between the plates of a charged
capacitor is doubled then energy stored in capacitor will
become

(a) Doublev’
(c) Four Times

(b) Half
(d) Remains same

Example: If C; = 2uF and C, = 4uF are connected in
series then ratio between their voltages will be

(@l:1 (b)y1:2

©2:1 (d)1:4

3 If area of plates distance between the plates and medium betyween the ;

then C = constant

pAs | Q=cv | =| QuxV | ot

Q@ W

and | P.E =%CV2

- [ ]

Example: If voltage across ca
~ energy stored in capacitor will becomes

(a) Double
¢) Four Timesv’

(b) Half
(d) Remains same

SERIES COMBINATION OF

If cap.acltors end to end such that same cha
n is known as series combination.

Example -

Example 2

i ;—Imp

pacitor is doubled then Solution: As ¢

CAPACITORS

rge is stored across all of them then this

(Lu:fu:'/_[capacitors JUxconnected & path d-..«_f'capacitors D)
Example 3

Vi

[

Solution

As Q = constant

soP.E cxl, and C « =
C d

by doubling distance C

becomes half thus energy
becomes double

Solution: As Q = constant
so Ve« %

(5 1 v
Aol h ay

plates are not changed

3 = constant
P.E=3CV?=P.E «y?

If' V is doubled then energy
will become four times

A

__|
s

LB
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ﬂ'“f ELECTROSTATICS

4. ng < cmln
5. To decrease the capacitance capacitors a

UNIT 06 ELECTROSTATICS

» When capacitors are connected in series
charge on each capacitor is same

ﬁu = Q, = Q (Total charge) ]

(JLlyffccapacuanceJ;{;

c ) - valu
re connected in series e C,y)

»| & _ 1 (L0 Coq b £ LM g goapacitor S lfmg:ep;.c"ors.c‘ = 4uF and C; = 6uF are | Thim G (Y ».'\ 7,77‘7
Q. connected in series with a 12V battery a5 0q = m = ﬁ = I_‘ = 2.4uF
. : ' e : .m i ii. Ql:Qz:Q:Cqu:2.4X12uC=
When capacitors are connected in series, total voltage is divided among the capacitors. l—l 28.84C and @ = 1
V=W+V; - H iii. Sm s 6
J1Q nmsl jcapacitance Jvz) V= t1s S 12=172y
4

3 1 Yi = £2_ (¢ »Dro .:Ugnaccmss e l [if: Va
As Q is same so V T and V3, P oL - % V=12V [

Voltage Divider Rule:

If two capacitors are connected in series with voltage V as G G
shown in figure -——| |—“ PAR )
Vo G W_G , LHL COMBINATION OF
Yl T2 and —_=— K80 nected are connected side by s
- z Ut l N € by side such that sam, 7
2 1 4 ied across all of them then this combination is known as = € potential difference is
: ( tﬂpﬂmllel LaTca acitors 7 ; P .
Voltage drop across the capacitor C; and C; U—Il’i = = P SsUrpath whic L L,
RIS ek 2
is given as P g }——‘
TN 5 c A S IIU s capacitances Jcapacitors./1) A I , &
’ 2 =—"7>V %o 3
, n=pm ¥ LT oeg (¥ droput voluase ) |l
& 2
0 - ¢
' : -Upath »_FB < A 6 -
- P e l (Jnstore &ﬂ&;‘ﬂk{m;ycapacimnec Q) > When ; -lpath £ LFB = A
B 5 AsQissmesoP.E=L = | P.E xg €ApAcitors are connected in paralle h
en voltage across each capacitor is same

i ted in series
If ‘n’ number of capacitors are connec

’ E (2 / divide/':ujf capacitance Jursame e
n

apacitors /lu:'{;é;;../)

P
i iffere l\‘alln.’s;,'/')
scapacitor Zdifferen
ances Y

Product of capacit . .“QJ/UJ';
¥ = ~Sum of capacitances (g us L
1 1 i
V‘ . () 0., Q! s P »
! : Ly i1iyncapacitor Lipvalues differen! o ) & ((ns(ore(;&uﬁz/,u 16 vk Scapacitance (?)
: IC 4 W Juse! —
1 3. : i P& _G
; 0336-70«)88‘)J E; G (Jnstorc d/'h.v&/'/,mg;mzycapacilance o) -

o oo I T AR
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UNIT 06 ELECTROSTATICS avan Publishe) m i SRRLTION:

§ equ jvalent capacitance between the

'-" Ild B A ,_4,_| —_—
Charge divider Rule ' ; ‘ } F i

If two capacitors are connected in parallel then total charge Q is divided among them as ‘ oy . \
\ == {e
Al G, and I T T 5163 (sevtes)
176+ G — Bo_;|k“ : “
C ;
i 1 : Lok "jf\,ﬂun!._}capucilunccévrf) . ‘ ;
As V is same and P.E =3 CV? so (Lrstore.Awts :

1 = 3 (cupau[m s huve same value)

‘ Ceq = C + Cy(parallel) = ¢ +% O

If ‘n’ no. of capacitors are connected in parallel J same 5§ capacitors /'dft“k.—lzc-r—’)

[ T 14
] 4 s EXAMPLE4: | SOLUTION:
then Cog =NC (u_;fmuluplyéJ‘A”l(cﬂpacmmcu Find equivalent capacitance between the |

’ C,q > Cmux

points A and B \‘erws)'\ —H—ﬁA Wi

_/?uncapacimls.)_lsdll‘fcrcnl values./1) et

Ceq =C, +C + Cyiteitn (/> sumbcapacitances B ZC C‘(Se”es z.'\‘
-[ }_—-I- L |__-] (i

rs are connected in parallel.

~ ., e
.
K 0%

1)

To increase the capacitance capacito ‘ e i

> G NGy = o C (cupaumr.\‘ have same value) ik
" c i |

I — _C . e

g =) 3 (capact!ars have same value) \\

EXAMPLEL: : 4 . A : ]
Find equivalent capacitance between the e A Cg =C+ 2 (parallel) =— I

points A and B

il

2 il
\ EXAMPLES: SOLUTION: il

Find equivalent capacitance between the

‘\ ?‘hﬁAmdB

by}-‘

AuF
) H ,'_’ C, (series)

6uF

“\

15

EXAMFLES: & 5 ance Betwoen (ROl e o~ | DR X | T e ]
between the ‘

Find equivalent capacitance !
points A and B i/ Eox "
G =— (capacttors have same value) 2

.
ke
oo oo

c,q =C+C,=2+24=44yF

Ceq

—
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ELECTROSTATICS
uUNIT 08
UNIT 06 ELECTROSTATICS __ D, =
EXAMPLES: SOLUTION: \ ’-‘ﬂh\ oqﬂ""" capacitance between the aa "\
Find equivalent c:p-cinnce between the C &Cy(paralle| \ '.u.Annd B i . '
points A and B ‘ m V
1 (series) = C
Ae—iy $A B
There are three path from A to B hence three
: capacitors are in parallel
: Ceq = 3 (capacitors have same value)
B €, = = (capacitors have same value)
c 3 o EXAMPLEG: . SOLUTION _.---=---_.
C=C+6 = C =l Find equivalent capacitance between the
points Aand B L4 ,
€ XT 4C \‘/\_‘\ et
Ceq 5 4 12 A N T
B
EXAMPLET7:

20 B \/ ..... ‘ </

«A - 2 &V\ﬁ > (series)
\ < :

Find equivalent capncltance between the
points A and B,

,,i
: l LN :; Cl(parallel)

; Since Wht:a(slone bridge is satisfied so 20F
. 2 : rale) = capacxtance can be deleted
A “2 \ “ 2 8¢ ,‘—£7.( ertes) 3 § e 3 Byben: ‘l ’
A : 7 ; N’ 4+12 2
o] LRARALY &P : =3415=
a o2 & Cyseries) 2. Iy e
B ',lj C,=2+2= 4 ’ Cl(seriES)"'——"' ~~~~~ ¥
— Y e »—F :
Ci=2+2=4 . | " | : = -
A 3 - -".’ o
Ceq = - C ._L[J_"H }__J_-’l"'
= e SOLUTION : ok
XAM SR itance between the series) ‘P
Find equ“’;';“t capac =" Gi( o Since Wheatstone bridge is satisfied so 2C
Fid cqu ﬂ capacnance can be deleted
B G= E (capacitors have same value)
1 | o c l
| ) . (series) e{ : C = 3 (capacitors have same value)
{ : > Col'= ¢ + e c
i ,v G = S (capaators have same value) ey
1 2
C;= ';'(Capacitors have same value)

C.GC
= = 2C
(;,q_-(:+2+2

—s
3] By AZHAR IQBAL 0336
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ELECTROSTATICS

UNIT 06

capacitor is connected with a

% To charge the capacitor ,
own in the figure below

: voltage source(battery ) as sh
» Charging of a capacitor continues until the potential
difference of capacitor becomes equal to the potential
difference of source. \ [

» Atany instant the charge on the plates of capacitor is Vv
given as
[ Q= 0,(1 ") l
. s . ; . Large RC
» With the passage of time charging of capacitor Q 2
/! Small RC

slowly.
» Charge increases exponentially with time

» Time constant: Time required by a capa
deposit 0.63 or 63% equilibrium charge. :

citor 1o

J_/()”d/.-c_relation Jl;unéfd:Quantities » f}f)'!

RC
IU's unit is second.
Large RC

apacitor:

Discharging of C
pacitor at any instant "t charge on

» To discharge the ca
the capacitor is given as

Q = Q.€

—t/RC

Large RC

5 Initially discharging is fast, later on it slow down and

r

then stop
» Charge de
» Time constant:
Time required to discharge 0.6

g[/()"d/.’-:.-relationw;ux

» Unitof RC is second ohm X forced = sec
» After time equal 10 time constant (£ = RC), 6
charge on the capacitor is 37%.

creases exponentially with time.

3 or 0.63% of equilibrium charge is called time constant.

L"fd’Quamities » J}’/I
maining

39 capacitor s discharged and re
—

some windshield wipers of cars to be

de of operation the wipers reme
le is determined by time cons

______.—-/’4
[134 By AZHAR IQBAL 033670988

Interesting Application
The charging and discharging of 8

used intermittently during a light
for a while and turn on briefly. The timing
of visitor-capacitor combination.

capacitor enables :
vin oft

drizzle in this mo!
of on-off cyc¢

tant

P BOOK
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- & CURRENT ELECTRICITY

» Rate of flow of charge is call tri
.. ) g .ed electric current or charge passing th
nductor per unit time is called current. e e
» Average current is given as '

_AQ <SG A0 b Uhesl iy

av — At-
- NP2k s i
v & ¥ ek rCurrent <

» Slope of Q-t graph represent the current

] Q Steady current

B e Q =it Q4 Increasing current Decreasing - :

. Q asing current ;‘(

3

l ‘»

» Current is a scalar quantity. s
» Currertt is a b; i 1

C ase quantity and its it i ‘
gt q ty and its SI unit is ampere Ht

i) \

» Current is one ampere if U-/“L i
o one coulomb charge is ‘ ) (|
pass! u i ZALL ‘ .

> Ifnis gh conductor in one second R et U Cureen !
£ number of electrons (or protons) passin | i
; ] } g g -<scalar qua A

. throug| ‘a point in time t then Q@ = ne and average itk |
7 3 B 2t crage )
W

ne ;
- T - Note N
ne ampere current means 6.25 x 1018 |
[\ |

electrons are p T C A conductor
ASSINg 20 a col d DT 1
€ second r
m =

Metals

Qi
ubstance
Electrolyte
l‘ tes Gases Semi-¢
¢ Semi-conductors

Positive and
negative electron

Free electrons and
holes

lons and free e~

nullinnul Current:
valent c ;
iy ﬁomu:;;rl\( due to flow of positive charge
sang . N potential (o low potent j
€onventional current i

Electronic current:

Current due
e to fl slectr
¢ to flow of clectrons (negative charge

| carme
ters) from low potential to high potential is
called electronic current.
R

S — :
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! UNIT 07 CURRENT ELECTRICITY 07 CURRENT ELECTRICITY
———
s o e oo
; A | device Which maintains a  constant | 1dea) cu =
-&-t»Conventional Currentsl £ & 192 L/ =LY current S ~ L delectronic current (4 _ M””" QRS across the two cndl of alA  Wece i e,
- | current source w v V. |
conductor is called source of current, current irrespect vhich mainiains a constant ‘
Source of current converts some non- | ideal current el ‘
energy into electrical gy

electrical B8y energy. Its internal resistance is infinite l

Other Types of Current:
(iii) Alternating Current (A.C)

(i) Steady current (D.C) (i1) Pulsating (D.C)

14 1 1
t t ; Chemical
. emica :
Curre - prp 3 Mechanical Heat energy

ent though metallic conductor: energy into energy into g3 Light energy

; into electrical W5 b

electrical energy | electrical energy | B into electrical

il JSTICIRY energy

» In metallic conductors charge carriers are free electrons.
» Free electrons are in state of random motion like gas molecules, electrons collide with cach

other and with lattice atoms and thus they change their direction.
» Thermal velocity of electrons is several 100 km/s
» When no potential difference is applied across
e Average velocity of electrons is zero.
e Net flow of electrons is zero.
e Current through conductor is zero.

» When p.d.is applied across the conductor.
e An electric field is produced in the conductor which exerts force on electrons in

Ideal voltage source:

A voltage source whose output

voltage is independent of current
from it is called ideal

voltage source.

Its internal resistance is zero.

Lok

B LL L L,
i ¢
~ 7 current (£ conductor _;4'(

At

oy, -
Jufchalgc camers ,fCundu\;:or 1

¢ . 5 7
Vs At sedifference <. 9
€& = Jacross £ Conductor n

-

opposite direction of electric field.

4 e Electrons are still in state of random motion but flow of electrons towards high
potential (+ve) is greater than flow of electrons towards low potential (—ve) and m.f,&
i Current )
P . B> Wh Ppassing through a conductor produces heqy ;.
i e FElectrons are drifted towards high potential and an electric current passes through s €N current passes through conductor e ot at 1],7 the conductor.
some ectrons ¢ e wit e y
energy to atoms thus average KE of atom ollide with atoms and transfer
S INCre.

c . i
onductor increases. Creases and temperature of

. Drift velocity: - > . 7
when a potential difference is applied . ons: Electric
9 ~ bulb, toaster etc.

Average velocity gained by electrons

conduc!
tor €ater, electric stove, CICC[IXL ketlle, electric ron, filament

b across the conductor is called drift velocity.
E » Drift velocity is of the order of 10~3m/s or imms ™" ' %ﬂ
3 » Drift velocity of electrons is always opposite to direction of electric H When Bliten; e,am-' :
IS passi
e field. passing  through i,
1] of resj o . e anall. 5
| ! 14 : : it volume) hﬁltpmdu ! istance R for time t then (Feletidiic
i g Vis = WO v, =—— | (nisnumber of charge carriers per unit Vo ced in conductor is oj ¥ T tJcurrent (Ldevices o
15 4~ neA 4™ RneA SpYo e (heat Lo Sbpl U "J:!‘J‘ Resistanc -
H = 2Rt ; ’ ance
& nformation: When eel senses danger it turns itself into a living battery The = bum el
i - ipotential difference between head and tail of an electric eel can be up to 600V.
_———’/«4
36-70988
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UNIT 07 CURRENT ELECTRICITY

Magnetic effect:
» Current produces through the conductor p.
conductor.

» Strength of magnetic field depends upon amount of current.
» Pattern of magnetic field depends upon shape of conductor.
» Applications: Voltmeter, ammeter, galvanometer, motors, electromagets, speaker
etc.
Chemical effect:
Current passing through electroly
Electrolytes: liquids which can

electrolytes. J
Electrodes: rods, plates or wires which load current into electrolyte
and out of electrolyte are called electrodes:

Anode: Electrode connected to +ve terminal of battery.

Cathode: Electrode connected to —ve terminal of battery.

te produces chemical changes in it.
conduct electricity are called

At Anode: S0;2 ions move towards the
anode and remove one cell atom of anode.

Voltmeter: vessel containing the electrolyte

and electrodes is called voltmeter.

e When CuSO0, is dissolved in water it S072 + Cu CusS0, +2e”
cess of coating a thin

splits up into Cu*? and S0 ions.
Electroplating: Pro
layer of some expensive metal on an article of

Cuso, —— Cu*? + 5072
cheap metal is called electroplating.

At Cathode: Cu*? ions move towards the
cathode and get deposit there

Cut? + 26— Cu

anode U/’ Iq,.t/ dissolve S metal S U-//»‘k
-Ldfl‘r.calhode u";.t/deposiu,f 2

tial difference applied

. directly proportional fo poten
is directly propo! o peralirt

ugh conductor
(Area, length, volume,

“Current passing thro i
vided that physical conditions

across the conductor pro

strain etc) are constant”
v
IxV orl=3

- [Tr-n v

Where R is constant and known as resistance of conductor.

‘, LA i o R
tes, Books'\isiFNow: Perfect24u.com

" / i
ST o\

el |
'

CURRENT ELECTRICITY
ﬁw nce is measure of opposition in the flow of
ns due to their continuous bumping with atoms

Resist is i

2 a;p?i:cde:);;;znd\::lor is independent
' and current i

o the latice *a ; through the circuit. e

» SI unit of resistance is ohm (ohm = &)

ampere
» Resistance is one ohm if one ampere current passes through conductor in
» In terms of base units the unit of resistance is kgm?s=3 42 o ecend,
(dimensions = [ML*T3472])

Devices which obey the Ohm’s law are called ohmic devices.

o Conductance is reciprocal of resistance I-V graph for Ohmic devices

is a straight line.

Conductance = ;
resistance !

e Resistance and conductance i i
- of an ohmic device remains

. L{::i::ors and metallic wires for constant temperature are Sl £
i ope of I-V graph represen
ts
the conductance.

Non-Ohmic Devices:

DeVlceSWthth y C 10n-ohmic de
» not obe ()lunslawale alled non-oh icd

o . o’ vices.
b graph for non-ohmic devices is not a straight line (non-linear)
1 ope of I-V graph represent the conductance ‘
Resistance :
= and conductance of a non-ohmic device does not remains constan
ament bulb, diodes, dischar; :
¥ ; ge tubes, transi i i
e 1stors, capacitors, inductor etc. are non-ohmic
Filament Bulb:

Semiconductor Diode:

£
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ted end to end such that same current is passing through all of them
tors are conneci 3

If resi -
this combination is known as series ca:.m-m R
Ry R‘ :
Rz R3
R

Usconnected ~ path ' Liresistors )

UNIT 07 CURRENT ELECTRICITY
UNITO7 __  ___———

3
(Lus Lz Lresistors J
» Current passing through each resistor_is

same l
’l=12=' and

the resistors

%{_LL/'r}“currcm fhiSe l‘esis\onj{uj)

» Voltage is divided amon (‘/-/(}"Req

V=V1+Vz

P
)

* AsV=IR = (£ dmpvl)&acmss voltage £ 1S mbresistance (U2
s 2)
7 ol Power AU Jﬂi)L/l’ESlS(ance Su
* AsP=I7'R='r (res ok

andRzaminscrieswithvo

ltage V then

If two resistance Ry

= = i iy

Example: Two resistances Ry = 20 and R; = 44 are_connec'::led in Solution:V; = e =
= 5 resistor wi

series with a 12V battery then voltage drop across 40 i be 4 Soret

(@) 2V (b) 4V ©6v

. s .
If ‘n’ number of resistors are connected in series the

.
R.=R{+ Ry + - + Ry (g,l)/ sumb resistances -f’;u”nﬁsuncc
“2 ot

3. Req > Rmax
4. To increase the resistance, resistors ai

3 & :zp_.,//')
(J;/mulliply;,:Iifrcsislance U/l sresistance S

Jisvalues M

re connected in series.

L T 100w

By AZHAR 1QBA
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” 1= Equivalent resistance when resistors are connected in parallel.
—m By AZHAR IQBAL  0336-7098894
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: CURRENT ELECTRICITY )
f-f-k: 'I. Reqq=R, +R,=2+4=60
l[twol:esiswrs fap < and R; = 401 arc b 1= B - -
ted in series are as shown in the figure D ' Ry s
w.mec' _ Ry e 2
below: Ry R, P hERY = =t =
4 2 V=%(12)=%(12)=8V
b, A 351
v 2
s 6. L
V=12V ¢
7. L=1I*R, = (2))(2) =4x2=8W
P, =1’R; = (2)’(4) =4 x 4 = 16W

If resi Drspa;e.conncl(':tzd side byl lsid; such R R
that same P.d is applied across all of them

then this combination is known as parallel A '_m‘B A m 8
combination.

R
» Voltage across each resistor is same. L
» Current is divided

v s
* As| I == > [l ,
R R (Fe./ H’..‘/'fcg;g’lgfmﬂ_.}resislancc \,(u)‘)

1
= - 3 - 3 -
LS R (J"é‘iﬁ/%wﬂv’:u '.;ﬁngnesmancc i)

If two resistors R;and R, are

. . R
connected in parallel with total current / then WSt and -
current through each resistor is given as Do SES

7 :

I£“n’ number of resistors are connected in series then

l‘ m ( [ { g2 f : {
o/ divides sl 2y 2L lsvaluesl zresistors J V’.‘::éc__//')

=
~
Il

2. th = RiR; _ Product of resistances
Ri+R, sum of resistanc e (Usresistors_svalues i1 /1)

) 1 : nJ
3. =t et RL(q/use/Ly‘/bg’liuncapacilor Lisvalues different 4./1)

4. To : ;
decrease the resistance, resistors are connected in parallel.

5.|R = n2
fities = N Rparallel

R

series = Equivalent resistance when resistors are connected

R

A
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CURRENT ELECTRICITY — z : CURRENT ELECTRICITY
e 1. Reg =t = 50— = 800 “ ’ . & [ Solution:
§ resistan e
B ors Ry = 1000 and Ry = 4000 | gy, = ;=¥ =20V o | points Ty " gy . R
i = — = =_=2 seri J
are connected in p;rallel then i it 024, I, B o = ‘ A 2(series)
A 0.05A \ "R A
VE_20X20 _ 4 p V2 \ & . Ri(series
ol -t R R R e
z:;o —1w
S ’.‘—_—"—‘-:ﬁﬂ-:i B
T SR 100 Ll p Ry =R
v=12v 6. ==y H 1=R+R=2RandR, =R +R = 2R
t Vs 20
e 2R
. Req = 7 = R

Example 5:

2 Solution:
=T Solution: ~ R, (parallel ) Find equivalent resistance between the s
Find :quh:llent resistance between the points A - : | points A and B .
and B J

‘ 0
R B 200 300 ] > Ry(series)
; |
A B 4 z
R ) con - Ry (series)
R R, = = (resistors have same values 400 oo o
%2 R_3R Ri=20+30 =500 andR,=40+60=100
RN_R+_2-- 2 _50)(100 100
Solution: ies) eq = m = —
E le 2: R (series
nx:dmrqnlvnle-t resistance between the points A 2 i
and B . Example 6: :
Solution:
S , Find :qllivalent resistance between the i
100 200 i B i e ;
‘ 209 A R
A B R1=10+23%=3°“
3 20 x
200 REn= oo = 120 R R \ .

Solution:
Example 3: it
Find equivalent resistance between the poin

-y R&R, (parallel)

Ri=R+R+R=3R

h (/5 {l |
E R R RXx3R 3R
Rg]\/‘/‘/‘/‘%k 5 |
RENYI
R - ]

T
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CURRENT ELECTRIClTY
= Solution:
ll?x::l peI;:i:valent resistance between the

i
points A and BA 1 \-
A
2 2
B

Example 8:

points A and B

Example 9:

points A and B

e et o

i th
Find equivalent resistance between e

i the
Find equivalent resistance between

=1a1‘ldRz=1+4=5

2x5 _10
Bi=ges=7

10_66
Req=4+4+'—']"' 7

Solution _.-------._ s

R l o — Rl(series)
__> R, (series)
R " /

R1=R+R=2RandRz=R+R=2R

1 1

Solution

There are three path from A to B hence€ three
ere

resistors are in parallel ‘

lue)
- B—(resisters have same va
Req =3

CURRENT ELECTRICITY

Solutio

n
12— R, (series)
) o

6'-’ R, (series)

Since Wheatstone bridge is satisfied so 20 ohm
resister can be deleted
Ri=4+12=16andR; =2+6=8

points A and B

_8x16 16
=816 3

Example 11: Solution: g

Find equivalent resistance bewween the Ry (series)y¢—=-""2"

—~~~—» R,(series)

Since Wheatstone bridge is satisfied so 2R
resistance can be deleted

Ry=R+R=2RandR, =R+R =2R

Req =5

o

inversely proportional to cross-sectional

l‘.il found that resistance of a conductor is W‘ Resistance is property of a wire and it
My proportional to length of conductor ‘ depends upon.

i

area of the conductor ii.
L L

Ro— pL iii.

Length of conductor
Area of conductor
Temperature of conductor
Nature of material

Relation with area

radius ol

Relation

with

L
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UNIT 07 CURRENT ELECTRICITY %
: ire is stretched to twice of its ‘
Example: II::E:I’: then its resistance will become L stretch fwire oz @
(a) Double (b) Half o - Jﬁng}lcngm e
(c) Four Times (d)One Fourth {Lh’&
Solution: If length is doubled, area will become ¥ bl time

resistance will become 4-times
e R is cut into three equal | Solution: If wire is cut into three
ted in parallel then its | equal parts then resistance of

half R « § s0
Example: If a wire of resi

parts and these parts are connec A ‘
equivalent resistance will become each part is Eby connecting iy
- d) 3R
(@R ®) ©3 @ paralie g = 12
Example: If a wire of resistance 12 ohm is bent along the | Solution: P
sides of an equilateral triangle then the resistance between | Ry = 44+x48_ :
its any two vertices will be N Ry = ==3
(a) 6 ohm (b); ohm (©) ; ohm (d) 4 ohm z 4+
il 120 - ol
NOTE: As triangle has three sides so resistance of each side =—=4
Example: If a wire of resistance 12ohm is bent al?ng the | Solution: e ;
sides of a square then the resistance along diagonal wn}l‘lmbe R, = 44+x48— A 3
o d) 4 ol e _8
@6ohm  (b)ohm  (c)zohm @ Ru=2=3 A
: 12
NOTE: As square four sides so resistance of each side == 3 J
Example: If a wire of resistanc.e 20 ohnt is bent along the Solutlo;l(.) . :
circle then the resistance along dmn;eterwxllbed o 1 R ===
@60hm  (byiohm  (c)zohm @40

and it

__——/"’T = ire
» Reciprocal of resistance is called Conductance is property of a wir
depgnds upon.

conductance i. Length of conductor

ji.  Area of conductor ‘
Temperature of conductor

Nature of material

ii.
i -1 ) iv.
» Unit of conductance 1S ohm™! or mho

or simen

Relation with

Goolwie

diametd

L 0336-

70035""

Ayl

> Resistance of a meter cube of a
material is called resistivity or
specific resistance. RA

[

2

» SI unit of resistivity is ohm-m
(kgm®s3A~?) and dimensions are
[MIPT3A7?]

onm™

\;"‘ _" . 2
I\ ""\‘1:.”

1

Dependence:

> Resisllvil} is property of material and it

1S independent of length, area or
dimensions of conductor

» Resistivity only  depends upon

temperature and nature of material.

- Ut’”i

Sl gfrnl‘;_‘—ﬁj(pmpomonalily L

Resistivity

-t'/:ﬁ'depend.{quantities J@JL}‘/GJ'-'a-':/'l’propomonalny

> Reciprocal of resistivity

(oo

is called

g=

Bl=

1
P

> Its SImitahm“m"(kg"m‘353A2)

By increasing temperature, average K.E of

_"@In_ons f)f atoms increases thus probab
Increasaes. Since resistance is due

: to collision
Tesistance of conductor increases by

‘ Akﬁsmance or resistivity of metals

linearly with temperature.

—-——

Dependence:

» Conductivity is property of material
and it is independent of length, area or
dimensions of conductor.

> Conductivity only

depends  upon |
temperature and nature of material.

als

atoms increases due to which the amplitude of
ility of collisions of electrons with atoms
of electrons with atoms hence resistivity or

increasing temprature

R P

T°0) T(°0)

T —
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__ Ve,

> For all metals (Cu, Al Feetc.) a g
positive which means by il\Crc;\\l‘,,“
temperature their resistance incrc;\\\i ‘;
(conductance decreases). |
For semi-conductors insulators uml\
electrolytes (C,Si,Ge) @ is negative |
which means by increasing temperature ‘
their  resistance  decreases  (and
conductance increases)

ELCTRlCITY

B
Temperature € ocfficient of Resistance

Fractional change in resistance per Kelvin
is called temperature coefficient of resistance.

CURRNT

UNIT 07_

» Its ST unitis K.
» It only depends
material.

upon nature of

Temperature oefficient of Resistivity:

Fractional change in resistivity per
Kelvin is called temperature coeffiecient of
resistivity.

T

VitF Ltemperaturc /1.1 o A fi sl ivalueda
_Pt—Po . -
— _§2_T Change »2kj=tU=~ Resistance ¥ Tchange

T pot

a

» Its Sl unitis K.

“Energy supplied by cell or battery per unit time is ¢

, _ Energy supplied
= Time

alled electrical power of the battery or cell.”

p=VI

or

—
Charge Aq move from high potential to Jow potential and
dissipates its energy across resistance R and comes 10 low
potential. Battery supplies the energy to charge and move it l
from low potential to high P otential. Cell R
Power dissipated across resistor: =

power dissipated T
: “«—

Power supplied by the battery is equal to
across the resistor R

P = IR iund F i~ essor )

RV

or Py = IZR or
I = j . prefer P =yn‘z?Un¢J'ﬁresis‘°"'

oo v rioo il

: ?»*f;

V

o

vy

s .
B S
BT

w: Perfect24u.com

CURRENT ELECTRICITY

isit No

+n’ number of devices are connected in series then

If

(«y/d J 3
[/ divide 4;!»’1(Pr>wer Isame izks device )'V‘t/a )
- "2 'L-_'/
- . PP, = product of power
“4 p+P sum of power

( k/_ . (o( 3 e
d . e
L b roff §* LI sroff d"dewce - UJ// J~series )

(y A .7
[/ use Uy i ./ Urndevices L hdifferent value s r“)

& s¢ by devices L_lsva »
J/u {
Yy Jridevice lue »slJ /1)

5. To decreases the power devices are connected in series

Example: Two filament bulbs havin,
C T g power rating /|

are connected in series as shown in th e 10 W | Soluti
‘ p : olution:P,, = F1f2 _ 100x
oA will be? S EEGRcipw. Then l10(';()[):zo(JP"P2 oo
@ B)1S0W  (c)240W  (d) 300W i i 6w

bt 3
If‘n Pmmber :f devices are connected in parallel then

-.,, =n - Smulti 3]

[ ply <2y Power 7 _gsa s b | ok
s Power ¥y fsame J=sQdevice /1S -4;_/

-u:/sum ower J—/ evices L_sd Tent value »
3 p g
] JUndevi ifferent val /

B T6 increase :
el the power devices are connected in parallel
Tm ﬁhl‘lmn 4 !
connected int bulblse:l?r\;llng power rating 200 W and 500 W are | Solution:
(@) 140 W Pﬂlal(b) 25en equivalent power will be about? Fq=P +P,
OW  (©350W  (d)700W = 200 + 500 = 700 W
- txslzvol o 2
3 cl/voltage Ul:&j¥,,|vz;’:i ':b’ln 4 Sevides 2 )’
i U adevices (U RUs A
2 e b lSipd
p= VT e S % 1 :'J.W&v r[v./.‘ipjowcr rating 4devices (.2 .
% pborthick : - 'A‘dﬂf resistance ({' Il jpower device 2 3
filament O""G—I'rdﬂ[rcsism“ Stilament & £ &_tfilament bulby! bl
x power s/

U « thickness of filament

Vior P x f i [
1 L/ draw 0L current o3 %alipower Sdevice © 4

o
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UNIT 07 CURRENT ELECTRICITY m NITO7 CURRENT ELECTRICITY o
burn LaL/on /oﬂ's—L/rcmnvc Lc—L,fadd dcvnccu!(g):l’arallcl . hteed Cifcuic:
-l’Z.U:{.J/;J!(/,devlccs JEL\J:P‘“"“""""”(WC'\ il Consider an external resistance R is connected across a b i L
L EMF ‘E’ and internal resistance ‘r’. s
5 s ! g
Example: e B, s""‘;t‘;“j " E » Current drawn from the battery is (=
If three bulb By, B, and B3 ar¢ 1 1s burnt then it ; otential drop across ext i
connected with a battery as will break the circuit d P_ # 8 external resistance or terminal Potential R
shown in the figure. If By is and stop the flow of difference is | V: = IR
burnt then what is effect on current thus brightness ' » Potential drop across inte ; .
brightness of B, and B3. of B2 and B3 becomes * on of cell/b e e,
. » Equation of cell/battery when it is discharging i =
(ayincreases  (b)decreases (@ remain (&) pecome zero. . i A< 1
same Zero » Power dissipated in external resistance is P = V,] = |2R v2 E2R
: SR 5 pihe inbumZB, < 5 =R CERR
L SfenixSBrorBs Gi’JJI"“‘-"“."“?‘:’ :’currenl ‘L'“:“ S " » Qumut power drawn from battery is maximum when R=r ek
total & 23§ & »wkjequivalent resistance Seircuit B AP AN /,brighmcsst; B, iz brbumlB, /1 < (internal resistance = external resistance) o LT
_JL\,A[brighmess JB./;ikan[cunem i - R B2 g2
B max 7 Pmnx = Ty P
wpm— » Current drawn from battery is maxi
/ ; | i im -
-fc.?.}),‘d/,dcvicelufserics;z_/ removeladd device S 3 E i when R :
M | R ) E =
_JL(’,,fbﬁghmesg /,I(L_\!)f&mnl current JLl_o"/.Re../" ‘ Imax = 2r Imax = R F =il L
: : 0 A : - NOTE: when battery is being ch
’ -»‘f'—'”'“"- curentis gventobatteythen
ELECT ROMOTIVE FORCE J V.=E+IrandV,>E
graph between Terminal Potenti
g . 3 3 ential and For x- = L
Energy supplied by bliizy Do St 6-' {2/ Coulomb Battery t.z,/)& current is a straight line  V, hat ng
is called electromotive force or EMF of battery. ¢ — B O ey £ |
ed S EMEn /i Enerey e€ For y-intercept I= 0 ‘
Energy supplied ‘ s v
EMF = Charge (g/gCoulombﬁBanerleZV/f’) : . SELGP (it
y i J;{ - B I G b & U7 Internal resistance SEMF < i/
4 L it VJ-/' 12 z E=Ir
» Itis a scalar quantity. S Open Circuit:
0 e -3~ ;
s volt(Jc™* = kgm’s When no ¢ .
e S.l uoe U 27-3471) said to urrent is being drawn from battery or cell it is £
» Its dimensions are [ML‘T § be open circuit. ﬁ A
Current through circuit= 0

> i A
Terminal potential difference is equal to (V, = E).

1 dence:
i due to presence of electrolyte Depen :
} B 3 i || i, Distance between electrodes (7 X d) > Potent:
between the electrodes 1S called internal | 1 3 otential drop a ! '
) 4 trodes (r [ —)A ‘ 3. Closed p across internal resistance and external resistance i
i ii.  Area between electrode 2 ‘ A Circuit: R

resistance. It is denoted by ‘7 :
» EMF and internal resistance act 1 [

series. _“E‘ "m iv. Temperature \‘

an ideal voltage

rolyte €1 two termi joi
\ " nals of cell or battery are joined together by thick wire. ¢

um current is drawn from battery

Nature or concentration of elect

>

Termina| S
E potential difference is zero (V = 0). e
it — 8]  ByAZHARIQBAL 0336-7098894

» Internal resistance of

098894

source is Zero. /
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CURRENT ELECTRICITY m o7 CURRENT ELECTRICITY

s m‘;;?lgfure shows a network of current.  Solution:
i Total out going current = 7A OR

'(
I
I
|

b T - 2A ..
L M nnected with each other. Equivalent EMF is given as Sum of all the currents meeting at point is
If opposite terminals are coO ~ Epq =Ey +E; +E3 equal tozero”" L | = ()
F—W—-{ﬁ F—V;zﬂ—'h"m' Equivalent internal resistance is given as 1 ]l LA+ /41/ 0=1=7A4
__{ Tq=ntnt+n ! : Incoming Outine
Ey E; Es ! e urrer Ii ”
. N on >
@ 1A (b) 3A (c) 5SA d) 7A convention current

ed with each other. Equivalent EMF is given as

If similar terminals are conngzc‘ Eqq =E1—E;
n . o
__“ AWw— ‘—-JIM" Equivalent internal resistance is given as
E E, T =Ti+72 Example: 3A Solution:
Figure shows a network of currents then 3=
S nt I will be 7
» If cells are identical R k1
ivalent EMF is | Equivalent internal resistance | Current S 2 2 e d
Equivale Ba E 5A D) 7A e
2 Ty =NT I= i =n— (C)
E. =nE eq R¥Teq Ppax =1
eq 4r Ry Ey
| 4 Bt A
2. Parallel Grou : h i i "
- } Ees j‘Alg::;a’w sum"of all potential changes in closed circuit _L ," I )
£ similar cathodes terminals are connected together E, n L - \
point and anodes are connected together at other point. —" >
: h each cell i ad i ;
Equivalent EMF Equivalent internal resistance Total Current | Current throug] » Kirchoff’s 2™ Rule is also known as Kirchoff’s Volage R,
i % : E = Rule (KVL) and Kirchoff's Loop Rule.
is =- =
E, =E o R+ Teq » KirchofP's 2" Rule j +E1— IRy —E; — IRy =0
% choff’s 2™ Rule is manifestation of law of 5

FOR BATTERY FOR RESISTORS
Traversing from | Traversing in
tve to -ve

ff’s current

Traversing in opposite |

» Kirchoffs first rule is also known as Kircho!
direction of current | direction of current

rule, point rate or junction rule.

_ conservation of energy.

i : » Kirchoff's 1° rule is manifestation of-law of : R I
, conservation of charge. < —l\/vvv\,— I : £
5 “Sum of all the currenis flowing towards a point is equ 3 I } e - B &

sum of all the currents flowing away from p.oint. 4 .
“sum of all the currents meeting at a point is equal to zero

./,.‘
L
B e

0336709889
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» No current passes through the

UNIT 07 CURRENT ELECTRICITY m
Wheatstone bridge is a circuit which is used to
determine unknown resistance of a wire. R R,

It's circuit diagram is shown in the figure:

Balancing Conditign ¥
o S} LI §
Rz Ra f BT R Ry Rs

-’Q.l'rd.n/.u. ratio JAdjacem resistances
2. R1R4 = RzRg
-&-etxs1. Product ¥Opposite resistances

Under Balancing Condition
To find equivalent resistance of the circuit

bridge resistor (galvang r)Lis remOVed

galvanometer and shows zero
deflection.
» Point B and D are at same potential.
Vg =Vp and Vg=Vp=0

.

r R1R4 = RzRg

relation 19U #* resistances oL 3N
y-nE /P e
Ry and Ry are in parallel
Example:
Five resistors are connected with a 100V Solution: RiRs = R2R3
battery as shown in the figure below: = 100 x 400 = 200 x 200
400 = 400

Balancing condition is satisfied
» No current passes through 50092
resistance.
VB_VD or VB_VD
i i atent st
R,2=100+200=300 and R;4=200+400=600

300 x 600
_ 300602 _ 7000
Req =350+ 600

894

033671098
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ELECTROMAGNETISM

Zavan Publisher

SN ELECTROMAGNETISM

» Branch of physics which deals with study
‘Im’g“‘sca”ed ecolione ly of magnetic effects produced by motion of
> Ifa magnetic compass is placed near current
carrying conductor, the magnetic field will

N .
ote.. When a steady current is
passing through a conductor then

deflect its direction.

» In 1820 Orested discovered that current passing | :::;h the Outside the
through a conductor produces magnetic field E gk o eondueley
around the conductor #0but B l B #0butE

=0
=0 |
=
Viagnetic Field Due To Current Carrying Str:

it n h
> Mngnetlc . ﬁeld pl’oduced b) current carrying 5 —
conductor is circular (concentric circles) Faen b I
» Magnetlc field lasts onl: UIT
y as long as ¢
e 2 ent is passmg lhrough

.ﬂ»lf‘l 18 current passmg thr ough conductor the; ny distance
nata y
7’ from the conductor magnetlc field gwen as

_“”I =
B x| and B

2nr
' 5

r
1r T

Whete 4, = 47 x 107 Whm-24-1 and
4s permeability of free space.

i . Note
» ris distance from the conductor and it is
not radius of wire of conductor.

> Direc
tion of ma
neti
e 2 ¢ field depends upon direction of current and it is determined by right

p the cond, i i
gy uctor in your right hand with thumb pointing in the direction of current
gers represents the direction of magnetic field”.

YR —
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UNIT 08

+ b

S Thumb S e

_¥ s Lanti-clockwise direction e

_Exclockwise esidel/»al 3

side sThumb 2

Current I is out of the plane of paper

From above: eepane
Field is anti-clockwise ~ + ,7_ Sy
: tiO*4
From below: o
Field is clockwise S

When two

Attract

C.

=B, +8, U B=B-BU

C

» Wires attract each other.
» Since direction of force is always from
strong field to weak. Hence

» Field is strong at X and Z
(Buer = B1 + B2)
» Field is weak at Y
(Bret = B, - By)

Current [ is out of the plane of paper |

From above: s
Field is Clockwise S
From below: ?‘ A \, ¥
Field is Anti- clockwise X, ge s ,,’

\

current carrying wires are placed near each other.

4

B'—‘B]+BZ

| current is in opposite direction

1
Repel -‘

5

B =B - B, 3=B,+tl3

» Wires repel each other.
» Since direction of force is a
strong field to weak. Hence
» Field is strong at’Y
(Bpet =81+ By)
» Field is weak at X and Z

(Buee = B1 — B2) “

Jways from

R

0336~

70988%

T
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ELECTROMAGNETISM

a current carrying conductor is placed in magnetic
field it will experience force given as

F = ILBsiné

» Force on the conductor is directly proportional

to current passing through conductor.

» Force on the conductor is directly proportional 10
length of::l:')nduc(tior ig:ifjedt'he r:;agnctic field
Force on the conductor is direc i

E external magnetic field. a5 e _m

> Force on the conductor is directly proportional to sinf where
magnetic field and direction of current through conductor.

Magenetic Induction:

Magnetic induction is defined as magnetic force actin
conductor, placed perpendicular to the magnetic field lines w

‘8’ _is angle between
g on one meter length of
hen one ampere current is

passing through the conductor. F
. B=—n
,/, v IL sinf
-

» Its Sl unit is Tesla (T = Nm=14-1 = kgm®s=24-1)
> Its dimensions are [ML°T2471) ‘

o

Mlgnetlc induction 1s one tesla if one newton force is actin, n one meter length
1 () N
g g

rpendicular to i : ;
t I B icioc magnetic field lines when one ampere current is passing

Magnetic  force on current

. carrying
conductor in vector form is given as

ﬁ:l(fxﬁ)

always perpendicular to length of conductor and magnetic field lines i

<192 Seross product Kvectors uu".,egf’u&

-&-F rperpendicular £ Uil 2xvector U

> Magnetic force is
4 FlLand F1B,
Magnetic force is

lines,

> -
Mc force is zero or mini
Magnetic field Jines.

maximum when conductor is placed perpendicular to magnetic field

mum when conductor is placed parallel or anti-parallel to *
LF,,,.-,, = ILBsin0° = 0 l

-]
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ELECTROMAGNETISM %

Apply Right Hand Palm Rule |

ELECTROMAGNETISM
; Find the direction of magnetic

UNIT 08

. Answer: Direction of force is d :
the current carrying conductor (if | js ’ wfownward
|

- g —_—
i ., =2

_J_)’sel.i) Jﬁgdimﬂiﬂ“ Jl’mgcrs ) —_—

Direction of force can be determ
following rules.

. H 1 F
i.  Fleming left hand rule. st e direction SthumbL SRotate /4, 3 Example 5: Find the direction of magnetic | Answer: Directi i
' ; i 5 ion of force is out of pla f
ii.  Right hand rule for cross produc S Force A direction (Palm S 427 4 R st cry o6 co%gucmr T =
iii. Right hand palm rule I ] £ W | ﬁ
Fleming left and rule ' Right and rule NS ol Fuke ; l I ﬁ_l)
: I

[Example 6: Find the direction of magnetic
force on the currex;: ca;ryix;g cgnductor

Answer: Direction of force is upward

b s b B OB
£ F
B XX X X X X|x x
@& TR X X X T =% ¥eie™% dix
‘ L X X X X X X X X
i

7: Find the direction of magnetic

i Answer: Since current is anti
e on the current carrying conductor g -

line so magnetic force is zero

X X X Xx
X
- — L J;‘;f' ¥ % g X X X
Example 1: Find the direction of magnetic | Answer: Direction of force is into the plane of ‘ - @x . @X !
X : ! |
force on the current carrying conductor it ‘ : 5\ e
- X X X X
—_—}F - : - XX X X
Example 8: Find the direction of magnetic | Answer: Direction of force towrds left

force on the current carrying conductor

e L2 ;
-5 off F<T®)
e | N =
lﬁ.::r 8: Find the direction of magnetic

ey

e ———
Example 2: Find the direction of magnetic
force on the current carrying conductor

F

N S N.I_E_—

ertically

— T
Answer: Direction of force 18

downward .
N S

Answer: Direction of force is out of plane of

T irecti pnetic X
Example 3: Find the direction of mag the current carrying ‘conductor paper

force on the current carrying conductor

N S

o)
— N
™

1

Z
JJII\

7098894

1
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M EL
UNIT 08 ELECTROMAGNETISM ECTROMAGNETISM

“Number of magnetic field lines passing Ay
through certain area is called magnetic flux through
that area.”

» Magnetic flux is denoted by @g and

» Ampere’s law is stated as

« Sum of all the quantities (B. Ai) Jor all path elements inty
has been divided is equal to i, times the

which complete loop
fotal current enclosed by loop”

n
WB =B.A=BA casi] =4 L=3 , Z(E AL); = p,1 Where i, is permeability of free space and
Example: = Ho = 47 X 10~ Whm=14-1
(Where @ is angle between B and vector area) » Flux passing through A, is four. B B used to doter : _
» Itis ascalar quantity. - » Flux passing through A; is three. [ ampere s etermined magnetic flux density.
» Its SI unit is Weber (Wb =T:m? =NmA™' = : = ‘
kgm?s~2A7Y). LD DUE 1O A CURRENT CARRYING SOLENOID

» Its dimensions are [ML*T~2A7*].

% Flux is minimum when area is held parallel to magnetic field

. : 5 h]'r.
: - : is parallel to = is a long, tightly wound cylindri i i 4 i

» Magnet}c f_fl\lx‘;(rlsesm?)x};mum when vector area —— 5 m:usﬂlmugh e Ylindrical coil which behaves like a bar, magnetic when “,‘Jr
ines. 3 . . ST k

I ! iane Jist Beld eti -outside the solenoid is non-uniform i

» Magnetic flux is maximum when area or plane 18 (can be neglected). M'

perpendicular to magnetic field lines. 2 i M .tic. field produced at the ends of )

¢ =BA 7 ‘solenoid is non-uniform and "'}‘v i

- ':ﬂ — Beenter '!"‘

Ninimun Fl A i

; - i ¢ field produced inside th : e

3 A 1 e LEXE "

» Flux is minimum when vector area 1s per pendicular to magnetic I/W strong and nearly uniform. e solenoid jum 2422 322333550 o my }"l )..‘
field lines. OR » r v

; Wh;ellldis.nuwber of turns per unit length.
"‘ﬂ €ld Inside the solenoid depends upon.

(g; Number of turns of solenoid (8 o ) )
- ~Hent passing through solenoid (BxI)

i Length of solenoig (B o« l)

b N L

lines.

Short Cut Method
When plane or surface makes an angle ‘6

with magnetic field lines then use the relation.

of core material

@ = BAsinf ) (by increasing iron core inside the solenoid magnetic field nm
Ly ;““’ u

'+ Solenoid jg . ! . | it

ies i called Mwmﬂched then its length increases but no. of turns remains same so magnetic D

5 -4 touls agnetic field lir z’ ¢ : S. N
Magnetic flux per unit area when area is held perpendicular to mag Mld i compressed then its | ; : ) i k7
¢ field inc en its length decreases but no. of turns remains same so its :

iy

magnetic flux density.

[ o 22 m 101d is cut ingo two parts and same ¢ asses th Y each part th sneti
0. §1 unitis Tesla (T = Wbm™2) Held wil) po, > current passes throug each part then magnetic
B A, SIS ( hain same because both no. of turns and length become half.

736.70988%
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ON MOVING CH ARGE IN A MAGNETIC FIELD

current carrying conductor in magnetic field is actually force g, ing

ELECTROMAGNETISM

FORCI
» Force acting on a
on moving charges.

No. of charge carriers per unit volume =n N
No. of charge carriers in volume AL of the conductor=n A L 1 1 w A §

Charge on each particle =q 3
Total charge in the conductor of volume AL = nqAL = 2 ‘r&—m; 1

L
Time taken by charges to pass through conductor ==
Current passing through the conductor = "JEL— = nqAv \

When charges are moving in the magnetic field they experiences the magnetic force and the
resultant of magnetic forces acting on moving charges is the magnetic force acting on currey

carrying conductor
» Ifa charge q is moving with velocity vina magnetic field B is given as

F = quBsin@ | @ is angle between # and B

» Magnetic force depends upon NOTE: Magnetic force on moving

(). Charge of the particle m charges is independent of length area
(ij).  Velocity of the particle

or dimensions of the conductor.
(iii). Magnetic field
(iv).  Direction of motion of charged particle.

Maximum Force:

Force acting on a moving charge is maximum whe

faiid lives. | Frax = quBsin90° = quJ

Force acting on a particle is zero or minimum when
(). Charge is zero (neutral particle) =F = (0)vBsing =0
(ii).  Charged particle is at rest (v = 0).= F = q(0)Bsin6 =0
(iii).  Magnetic field is zero (B=0),2F= qv(0)sind =0 '
(iv).  Charge is moving either parallel or anti-parallel to magnetic field lines.
F = quBsing° = quBsin180° = 0

Vector Form:

Magnetic force on moving charge in vector form is given as
F = q(# x B)
: k ic field.
» Magnetic force is always perpendicular to velocity of charge and magnetic fiel —
6-

[\vipcaT rREr BOOK]E [15) By AZHAR IQBAL (%3

n charge is moving perpendicular to magnetic

More Notes, Books Visit Now: Perfect24u.com

ELECTROMAGNETISM
ork done by magnetic force is always ser,
e i endicular to 1 i
1) A ;s;;efp o lfeloctty and displacement)
» Magnetic force is only deflecting force and it cannot acce| ‘ t
*lerate or dec

When charge in moving in uniform magnetic field its spe
iod, frequency and angular momentum remajn, com\t “peed, K.E, angular velocity, time
. » Angular acg':eleration and torque by magnetic force is / ‘am'
» Only direction of velocity, momentum. uccclurulmnbmtjnn‘] \gnetic f
é agnetic force

elerate the charge.

are uhunging
ion of force acting on a moving charge
in a magnetic field is determined by

@) Righthand palm rule How to Apply Right Hand Palm Rul
m Rule

(ii). Fleming left hand rule

o d
VAT | oh
V. RwLMhamié‘ﬁ"___, 5

=L seto 20 W direction QFmgcr\' 6

Jri,ht Fx—ve’slf-J +ve e ﬁ"(, ok
£ /U 1Left hand palm rule Z

A Sset S PSS 1 L
/ ..')J.r/ direction $thumbZ J Rotate /4, 7

-J&/fFurcc.J)v'ld’ndxrccuon SPaim i b 2y
v

: find the direction of ma i
: 4 gnetic force = =
moving charge in magnetic fiel Direction of force is into the plane of

N (& s e

—W
Example: thy i
! e direction of magnetic force | Answer: Direction of forc

ing on a movi i i
acting ving charge in magnetic field

Answer:
paper

|z ]

Sy paper e is into the plane of ’
- N7 s N7 s
iy ] ¥

Example: find the direction of magnetic force

) ; . Answer: Directi 3
lﬂingonamovmg charge in magnetic field o Dctione eSi

ertically

- downward
t v
% N}({ /s N
. t‘ "
a:'mo"mg on of magnei;:c force | Answer: Direction of force is out of plane of
*in magnetic fie1q paper B
- |
v v
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ELECTROMAGNETISM »
Answer: Direction of force is into the of plar
ane

UNIT 08

Example: find the direction of magneiilerce
acting on a moving charge in magnetic field of paper

|——l r‘m charge is moving either
@-“) "‘M or anti-parallel to
magnetic field lines its %
| S l ajectory will be straight linc. 4
TR —
— [— Fn = quBsin0° = S \
Answer: Direction of force is towards lefi | 2 Cit e %ﬁ%}

O

S

Example: find the direction of magnetic force

acting on a moving charge in magnetic field X X X X |
X X X X
00 XK X i :
X X X X When charge 1s moving —
gt S R \ ular to magnetic F =F
y o o ‘ field lines then its trajectory ;
X X |x X e ‘ will be circular. qvB = [T
F \ -
3 5 — ‘ i _v |
Answer: Direction of force is towards right | m~ Br ;
\

Example: find the direction of magnetic force
\

acting on a moving charge in magnetic field Yoo XXX
XX e e X XAX X ‘ | Angular frequency
X XAX X OR Time P l
5 . C Feriog :
d 3 X X F Angular Velocity : Frequency
X X X X
X X X X
Example: find the direction of magnetic force | Answer: Direction of force is upward
acting on a moving charge in magnetic field ol » B
fw\
1S mo i —
paralle] or ving neither parallel, anti- e T “,l“
4 5 2

L = 5
™. : §+_)2—v
\ Q 5 = :
: s SRR

——
Example: find the direction of magnetic force | Answer: Direction of force is downward |
X X X X

acting on a moving charge in magnetic field

X X X X X X
v
x@-‘)J‘ xxix
™1 A

@is otherpem?:dicular z 7’{ K‘\
e o 0°,90° or 180° [ ‘ ST
lx'!‘ljectory is helical or heliyz_ ‘, 1{ T } - \)\‘\* X*___

X
X A x & x Bl
¥ - Magnetic Force '
X 'X X X . - " (34 f ];mc/l’l ‘ 2 =qE. Magnetic force is gi » VxR '
Example: find the direction of magnetic force | Answer: Direction of force is out ol P | o i il | \ ¢ force is given as Fy = q(V x B). ]
acting on a moving charge in magpnetic field paper \ : dlI'ech'ICI'eld and independent of ‘:]“‘ir:( & Lllgncnc force depends upon charge, |
3, Bkclnc ft(::n of motion. City 11\;‘:‘:'1'[],\ magnetic field and direction of 5
foree is always . g =—
) d‘?‘nc field. vays along the direction Magnetic force is always perpendicular to
,‘ Ekclnc fore direction of magnetic field and velocity.

—G

|

€ can acce % [ ‘

— ; tIiech«tl.r e. lerate, decelerate and I Magnetic force is only deflecting force and

i T e TOBAL 0336-10%8 cannot accelerate or decelerate the charge.
m i By AZHAR IQBAL  0336-7098894
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UNIT 08

“If a charge q is movin,
is B then the net force on the ci

q@ % ﬁ)"

It is known as Lorentz force.

F=qE +a(¥x B)

s
w1
“’ {

i

More Notes, Books‘ Vis"i
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g with velocity U in a region where electric field is E and magnetic el
: eld
harge is vector sum of electric force qE and magnetic force ‘

» Only these charges passes undeviated

» #,E and B are set mytually
perpendicular. for which
» E and B are applied in a such a way Fn=F
that they may exert force on moving quBsin90° = qE
charge in opposite direction. e E
B

E
.- Fn>Fe (v>;)

Fm=Fe (V=§)

Example: Alpha particles ranging i
enter into a velocity selector where €
and magnetic induction is 0.20T. The particles which move
undeviated will have speed

(a)1000ms™  (b) 1250 ms?  (c) 1500 ms™
Example: A velocity selector has magnetic field of 0.30Tand
perpendicular electric field of 10000Vm'is applied .Then the
particles which move undeviated will have speed

@330ms”  (b)3300 ms”

Example: If a charge q is moving in a velo
will move in a straight path if :
(b) E is perpendicular to B.

(d) All of these¥’

n speed from 1000ms 2000 ms
lectric field intensity is 300 Vm'

(d) 2000 ms™

(c)33000 s (d) 3000 ms™

city selector. The charge

Sag E
Fn<Fe (V< 3)
Solution:
£ E
Wi
300 _ =1
y =55 = 1500 ms
a Solution:
= E
V.= B

T

By AZHAR IQBAL
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ELECTROMAGNETISM

TO MASS RATIO OF

CHARGE | E
AN ELECTRON

. l %
» Charge to mass ratio (m) of a particle only depends upon nature of
- :
~ » Incase of neutron or any other neutral particle < = ) 5 im e
m nd — = oo,

q
> (2) >(3) 4> l
electron M/ proton ™M/ a=particle

etermination of Charge to Mass Rati
' o M atio of an Elect
» To determined charge to i o CHeice
i g r'nass ratio of electron beam of electrons is pro i
g ¢ eld in perpendicular direction, T R
» Magnetic field exerts the force on electrons and bends th
S €

beam in a circular path.
Fm =X F::
2
qu = m_v
4 T
q_v
co m Br

.4@ Btdetermi . + -
) T ne radius o I ar pe am of C S 0jec
€ fci cular path cam electrons 1S projected in a gl |
th { glass bulb filled

- with H; gas at low
ress ionizati
i pressure due to ionization and de-excitation path of elect be
: ctrons becomes

> Ifbeam i
of electrons is accelerated through potential difference V th
Gain in Momentum: =

[Gain in K.E:

[ Gain in Velocity:

> .
-Mng value of V in eq(i) Qs Z_V

) Acc“!ltcl Kno m fi s 1.75
: Y Known value of e/m for electron is 1.7588 x 10“(;/19 l

iof charge particle is moving in a circular path i
3 magnetic field. By increasing the magF:\clicl r;'ald
4 ie
'8¢ to mass ratjo of the particle will:
(b) decrease

Solution:

Charge to mass ratio only
depends upon nature of
particles.

(c)Remain samev"  (d) None

By AZHAR IQBAL - 0336-7098894
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ELECTROMAGNETIC INDUCTION

ELECTROMAGNETIC

UNIT 09 ) [NDUCTION

Electromagnetic Induction:
“Changing magnetic flux through a coil induces emf this phenomenon is known g

electromagnetic induction.”

overed that when magnetic flux linking with conductor changes an emf js

Michael Faraday disc
s induced emf.

produced in the conductor this emf is known a

Examples:
1. Consider a coil placed between the two poles of a

magnet.

» When coil is stationary no current or emf is

induced because magnetic  flux is not
changing.

» When coil is moved along the field lines
again no emf is induced because magnetic
flux is not changing. S
When coil is moved across (perpendicular) to
field lines, magnetic flux changes and emf is

induced.

v

ced current depends upon
Applied magnetic field intensity (¢ « B).
iv. Induced emf is independent of resistance of
the coil. But induced current depends

: 1
resistance (/ 'E)'

i. Speed of the coil (£ x v).
jii. Number of tumns of the coil
(e x N).

2. Consider a stationary coil and 2 bar magnetic is
moved near the coil.

» When magnet is at rest no emf is induced g

because magnetic flux is not changing.

» When magnet is moved towards the coil
magnetic flux increases and an emf is
induced.

» When magnet is moved away magnetic flux
decreases and an emf is induced.

[ vibcat ki soo

==

098894

[16 By AZHAR IQBAL 03367
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ELECTROMAGNETIC INDUCTION

5 a circular coil placed in a magnetic field directed
ﬂ“i’l gince area of the loop is constant hence magn -tc~e g
: flux is constant and no emf is induced in the C()EII -
» When coil is distorted its area decreases th
magnetic flux through the coil decrease an;i é '“\
o an emf

S v

€ plane of paper.

4, Consider 2 rotating coil placed in uniform magneti
field directed into plane of paper. N
~ » When coil is rotated in magnetic field angle betwee

field lines and vector area changes thJs ma 'K-m
~ flux changes and an emf is induced. R

XX XXX
XX XXX

Co r a primary coil i
5 C_!lllu‘ P ' ry con.nected with battery and rheostat and coi
’lvnometer is placed near it as secondary. =S¥ Smaechd ik«

fg-:When current through primary coil is

constant magnetic  flux through

3 secondary coil is also constant thus
~ no emfis induced in secondary.

> ,'When current through primary coil

. Increases, magnetic flux through

fecondary coil increases and emf is

)m:.l‘;l:ed in secondary coil.
dec::as::rt:ant lh:ough 'primaryA coil decreases,
us an emf is induced in secondary coil.

Primary

Secondary

flu -
% ux through secondary coil also

6. M 1 coil is placed the I 4
in th magnetic field of elect omagnet
) Wheﬂ current through electro-mdanl is constar

no emf is ind
uced because ms: ain C
changing. ause magnetic flux is not

- » When ¢
N ti;Jl’tl]'ent.lhmugh electromagnet increases,
mmagnehm ; UX Increases thus an emf induced due
Changing flux.

N curre;
£ ﬂnl through electromagnet decreases
magnetic flux decreases ; d
decreases thus an emf is induced due to changing flux

QO
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ELECTROMAGNETIC INDUCTION %

UNITO0S
magnetic field is called motional emf.”

“Emf induced by motion of the conductor across the

| ‘ Statically induced emf:

d ced emf: -
uctor when it is

tic field.

Emf induced in a conductor when conduc\:\
is stationary and magnetic field is moving or

charge.

nn
Emf mduced in a cond
moved in stationary magne

J b

Consider a conductor of length L placed on two rails

connected with a galvanometer, a uniform
Magnetic field B is applied into plane of pape
moving with uniform velocity V.

rand rod is

a

» When a conductor is moving in magnetic field charges inside the conductor experience
tic force.
7 g F, = quBsind = qvBsin90° (-v1B)

» According to right hand rule direction of magnetic force on +ve charges is directed upward
ccording

and it move the charges from a to b.

i‘ ve charges are concentrated at point ‘b’ these

d -
+ve charges are concentrated at point ‘a’ an R,
i +:: :nd Evc charges induces an electric field E which exerts an electric force on

charges in downward.

Induced Electric field in Conductor: L
At equilibrium electric force will be come

iszero. b =F, 2 qE= quvB Y

» Induced electric field depends upon:
(i). Speed of conductor (E « v)
(ii).  External magnetic field (E' < B)

equal to magnetic force and net force

\c

336-7()95%)4

% ..
e "
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ELECTROMAGNETIC INDUCTION

duced Potential Difference:
= —vBL
AV = —EAT vB. ’
o AV = —vBL

» Induced electric field depends upon:
() Speed of conductor (AV « v)
(ii)- Length of conductor inside the

magnetic field (AV e L).

(iii). External magnetic field. (AV « B) |

Amount of induced charge in the conductor in
atime interval At is given as

induced emf =

induced p.d |

€= —vBL

If R is resistance of the current loop abed then |
induced current is given as

_ vBLAt
% LR

AQ = 1A

Ifthe angle between velocity of conductor and
magnetic field lines is 6 instead of 90° then

Induced electric field:
\ E = —vBsinf

£ B
lnigud potential difference:
- | AV =—vBLsing

lldlted emf:

¥
v
)
|
|

= —vBLsin8

Induced emf depends upon

(ii).

(iii).

(

(1).  Speed of the conductor
(exv)
Length of conductor inside the field
(ex L)
External magnetic field
(e x B)
1v) Angle between velocity of conductop
and magnetic field lines.
(¢ x Sing)

Induced emf is maximum when conductor is

Minimum emt 45

Induced emf is minimum when conductor is

moving perpendicular to field lines. 8
moving along v i ~ TS
€ =vBLsin90° lir:cs_ g along (parallel or anti-parallel) to field :._ )
Emax = VBL S= st 0 ‘
e
E“Pk- ’h\v\
An emf of (5 Vi Solution: ,,}"..
Moving theo 1S induced between the ends of a metal bar (exB) f’lf';l‘:
bem:dgh & magnetic field of 0.20 T. What field strength | B, & pe
of the bay. Ualed to produced an emf of 1.5 V between the ends ) B, &
@037 Lother factors remain same. | g lsx02_ o
~(b)051- (©09T (@127 A= T
171 By AZHAR IQBAL  0336-7098894
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ELECTROMAGNETIC INDUCTION

ROMAGNETIC INDUCTION

UNIT 09 ELECT

If a plane is perpendicular to field lines @ = BA Cos0°
ant and area is i @ A

~ve of rate of change of change of

“Average induced emf in @ coil of ‘N’ turns is equal to
. ) When B = const

(i) When A = constant and B

1S changing then
A9 = (AB)A and

M‘BM and =N

magnetic flux through the coil.
i n
changiné 0 BAA
e=N

If a plane is not perpendicul i
. ar to field lines = BA Cos0° = BA

Explanation:
Consider a rod is moving on two rails connected with a galvanometer in presence of magnetic
field. As area of loop increases magnetic flux changing through the flux and emf is induced ¢ (i) When B = constant and area (i) W
¢ =-vBL S is changing then ':3 Chhm? A = constant and B
e= ST AQ = BAA Cos6 S changing then
AD =
LXA s S_NBMCOSG 9 = (AB)ACosf
E ey e ad | ¢ = y{EBACOSH
At
Induced current depends upon —
|

No. of turns of coil (I & N)

| g}u resistance of the coil then induced [ (1)
Rate of change of flux (I o E)
ac

L |

current is givenas | = —
b R (11).

» Induced emf depends upon
(). Number of turns of the coil (£  N). ¥ AD
(i) Rate of change of flux through the e Py change < U Magnetic flux B o =N (iii).  Resistance of coil (I x % ) ‘
coil (e < l—:—:— : 2 i/ change/ WMagnetic () : ‘
garpn ey, &8 [*
» Faraday law is used to determine amount S change L )
A 2 SAnglegr 2 & Arca i Magnetic (i)
of induced emf or induced current. ¥ fin duced ch ? A
» Slopeof@—t graph is directly ¢/ change m'g:Al: a time interval At is given as
AQ = IAt = — x At OR
b RAt AQ = NAQ
AR

proportional to induced emf.

» Asslope = 8% o slope x (—¢)
at

BV

o emfis - Ve maximum-

— t graph is +ve maximum. S

e Atinstants A and E slope of @
— t graph is zero emf also zero.

e Atinstants B and D slope of @
o Atinstant C slope of @ —t graph is - ve maximum. So emf is +ve maximum
Information
Faraday’s designed a Homopolar
generator with which he was able to
produce continuous induced current.
T

Lenz poi
nted R
out that —ve sign in faraday law (s = —N22) indic
3¢ ) Indicates that

]*G d"CC‘loﬂ of induced current is a ways so as the oppose that change which causes
f / ) 8

> Whenever i
! mxignhi etic flux changes a current
g oppog:: ich produces a magnetic field
vo thf: change in flux.
-dehm flux increases it tends to
- Wh:ases flux.
flux decreases it tends to
the flux

the current”.

V
iN—)F\
N :
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ELECTROMAGNET
ELECTROMAGNETIC INDUCTION % - - IC INDUCTION
UNIT 09 = 3 ‘When magnetic flux is increasing or decreasing:
NOTE:Lenz's law is used to T 1:When magnetic flux is increasing:
NOTE: determine the polarity of induced om y
s isi ing to law of Lty cec X )
Lenz’s ]a‘.” i l?:::::;mg emf or direction of induced ’)\ W/ f"""‘“:—-«‘}fstepu;,,,p
rvation O - s L2
conse! current | : <{¢3’»”"\’-«5,"?;'m-umw' (5
s . : N S b g iy A
TO DETERMINI DIRECTION OF INDUCED ( RRI 1 5 J -{Q/u_r'Al."-—c‘g’upp(v\I(cé.&L/ffﬂux&/lnduncd Gi)
i asing or decreasin; ) xdx x
mWhen . between coil and Illl‘llc“lc is incre 14 T B X J’rlk()u( of paper Mjlrigmm the paper y&,, (€5)
W foﬂowe«/;'m‘} KX yx x X o e
Example 1: 05 o Glu)'dlrccnmu, </ Vﬁf I SAWLHLE Sout of paper i (iv)
Magnct is movmg away from coil - Jﬂ,«.— attractionJ= g1y ’f_/bu: I () ‘ x X X I ;
v JuNY /i) goppositesidedisMagnet (i) Example 2: Y
magnetic flux is decreasing: St o5 L
4 EI%) S N P -(nu_r,d{samt:/,side m . L f°“°w“"="’("fpﬂtl’?“/
B, X X -£¢ fluy 713 Ffs
] mticlockwisc.:iﬁu.‘{lc.sidcdlm (i) " f U‘LJVU&"CX"" I Y

B Hie o = S -
g X _(gﬁﬁﬁug-.&gﬁsame dlrecllonn)_c&)nt 79 flux2’/Induced (i)

J’_LT};'/'l:.fl.‘turrcn(;sidcdly's‘

-¥ 5l sout of paper 2447 into the paper & & £ (Giii)

(Ga =k \
‘jl o/ V_\fg,t_«l"\;.(“_hg/ direction _}.’a_);u:_r",&.\ifl (iv)

(.
-0 Ldelrcclmn

X X X X

i/ followe— o 79 steps L2 4

Example 2: §
Magnet is moving towards the coil _J,rlﬁrepulsiomﬁc)';uﬂ,cﬂv./ﬁ o)

,,I('q,d{...@.c' samesidedsMagnet (i)

— v
4 @I% » P --fmg,dgc)pposite/,sidcdl;Nd /9

; R Rl :
l"ClIITCnl,ilnllClUCle.\'C!V'..‘t«'é—bldl‘éllN (iii)

'lul \,

X W 3¢ ‘n.y urﬂ'
x X (‘ any
L2 X Since magnetic flux is not 'n“. S |
X gt .‘

x | 1)

x
et -
Example SR chang; ;
X x ging hence no current is
Epipe: they are moving in same direction wuh same AR R :
~ Magnet and coil are stationary ya — BRS 5 x induced in the coil.

When current through one coil is increasing or decreasing,
M 1:When current through one coil increases [ followe o2 7 stepsif i 21

L e SKeoild ’7!;{.’_'/,_‘//’"\:0I];)L‘_) 0]

| & 5 \ < -as
. 3 ? d Since magnetic flux is not changing and “; ~ ; ) Sl
! Since magnetic flux is not changullg av 'L‘: current is induced. Hence Lenz's law is 1 A Curent YY LS RSFSS nieclockwisees /2SR Gi)
| is induced 2 is n (Increases
': currfnt ixing Eence L anes B appllcable bt ) -(:f'g,nml-clockmsc
SUPHCRE Answer clockwisW val s ’—V\E G S L 3 AT AN i

LIRS0/ ""‘,-‘:'dl(CCll«\ngJ/,/uCJJ/&{ (iii)
: %Cmm (

N Induced Current is anti-clockwise - seopposite £ 1directiony

Example 3: A magnet is falling over a Joop as shown in the figure

below viewing from above direction of field is
i (a) clockwise

(b) anti-clockwis.e . . ; é
N

(c) either clockwise or anti clockwise o iz

(d) no current is induced

736-70988%
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DUCTION
LECTROMAGNETlC IN
UNIT 09 E - % - ELECTROMAGNETIC INDUCT|ON
s/ followe o 7o steps )5 nr

ne coil decreases. .

Example 2:When current through © "!l./w_.;/(coild/ui(nﬁ’.;;/s’u».d‘f-,_, G
: i (VA . current passing through the coil changes an ‘emf is induced in the coil itself”,

=3 ..‘/'.‘(u(;;v(’rd ; ‘,-.-'..-_clnrk\uhc..'z'/"uf\_’ EN G

= | s ing through each turn of the coil is directly
DC“"‘:S‘CS) Kl ac mk?mc ional to current passing through coil
( si—«i:' _—l:}_—- JU:J’/J/nu'd-"'(>difcc"““k;~'/'/L/:vy’(uL-l' Giii) No &

<) (x g}ndircclmn;},.:;,f Al

Al
T — Sexl and —
e=-Lg F % ac

- I N@ = LI and NAD

Liiﬂﬁpo“ionamy constant and it 1s known as self inductance.
Self inductance depends upon

(). Shape and number of turns of coil
(i1) Nature of core material

>

Clockwise Current Induced Current is clockwise

LEN'Z LAW AND CONSERVATION OF ENERGY
is consistent with law of conservation of energy. whenever current is indyceq
rience a magnetic force which opposes the motion of coil o,
position is converted into electrical energy

LAl

Lenz's law
by motion of coil or magnet they expe
magnet. Thus mechanical energy spent to overcome op

NOTE 4 1
NOTE o : Cior » Whenever magnetic flux increases,
When current is induced in a con g magnetic force is repulsive.
ic

Ratio of average induced emf in the coil to
rate of change of current through the coil.
» Its SLunit is henry (H = VsA™1) (1i1) Area and length of the coil |

< - = e N o

\ Information

Induction l.1e.ater operates on_the principle of electromagnetic induction. The water

placed on it in the metal pot is boiling whereas that in the glass pot is not. Even the
top of the heater remain cool to touch :

due to its motion it exper iences magnet » Whenever magnetic flux decreases,
force opposite to velocity. magnetic force is attractive.

« When current passing through primary coil changes an emf is induced in secondary coil this

: i ion”. .
phenomenon is known as mutual inducti The coil just beneath the topy cibriEied

> Flux @ passing through each turn of secondary ‘.:Oil is peimasy Sccol\l’)’ b Muces & Msing "fag"ﬂic flux. Flux linking with pots induce emf in them
directly proportional to current through the primary = Iﬁ*\iluu"i‘h 7 Current is generated only in the metal pot et el e !
|
coil. N5 x I or WARREEY, E3
N,@s = M, or N;A9 = MAL, A.C GENERATOR 1.3
s¥s “y b
T darvicoilis w“‘*‘ Wwhich converts mechanical energy into Pry -
P Dudigod emiin gecoscay Al . energy is called generator.” ‘Fﬁxﬁ
= -M—Al lGenem.tor w9rks on the principle of Faraday {':!‘
t EW of induction. When coil rotates in magnetic £
inu:;)‘:hanlges through coil and an emf is induced :, Wi
o Jy primary e coil. A
i “Ratio of average induced emf in secondary coil to rate of change of current through Pri . . i
: 2 ; » Y induced along the conductor AB A
2 coil is called mutual inductance. and CD becay - ; p
k- Its SI unit is Henry (H = VsA™) 8, S€ lorce acting on the charges is ﬂyov,‘
‘ € wire, iy
3 » Mutual inductance depends upon: > indu
; (i).  Number of turns of coils. B b ced a!ong the conductor BC and DA is
i (ii).  Area of the coils. Wi ause force on charges is not along the
3 (iii).  Closeness and orientation of coils. /
(iv).  Nature of core material. —— 08894
[176] By AZHAR 1QBAL 0330 W
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ELECTROMAGNETIC INDUCTION
% neoy ELECTROMAGNETIC INDUCTION

emf and it is given as ’ gum of +ve pea‘l; \ﬂl;g :nsz peak value is called peak to peak value

UNIT 09

Emf induced in generator is dy’ ‘namically induced

o
Bsinf or £ = g,5in0 1 7y W
o s : ¢ A > lyop = lo 1o = 2lo

e N is number of turns of the coil.
w is angular velocity with which coil is rotated. = 2y 6 : e value of alternating current or voltage obtained by tal
n Bﬁecn - y taking s < :
is called root mean square value & square root of mean square

value !

e A is area of the coil
| magnetic field in which coil is rotated.
and magnetic

e B isexterna
e @ is angle between velocity of coil
field lines.
» Maximum induced emf is ngen as

or & =N (—) AB s
: ;
_ el ! i
Angle @ which specifies the instantaneous value of [ i
alternating current or voltage is called phase. | 3
I =

i iné
Induced current is given as / =% = t.,s:- Current and voltage produced by A.C gencmﬂ
are continuously changing with time ‘)JM 8= .m' current is zero I T —
. When 0 = 2 % curr T\ 3 I 3
L ent is maximum. - e 2 3K i)
2 2 ——
o _ NwA 2 \ 2
Where I, —7=—MT£ - W 2 )
xample: e expressi it = \
In one revolution of generator one cycle of A.C 4 - V= Solz‘inlOOm T: Zlon o alt.em(mng voltage is < N TN N )
» Current reverses its direction once. 1 . s[:n :n y comparing with the standard V=t 50 sin, 1007 : !!l
» Current reaches to maximum value twice. } ! | «d bSinwt we can find the following as == d S N '.
» Current reaches to zero value twice. l 7\ 3 /on 6> I I )
. . = e 8
» Emf or voltage reverses Its polarity once. 2 Pedt v 3 b
=] cak to peak | ' ;
4 | rms value } Angular [
Frequency Time period

frequency

Value of alternating current or voltage at any particular instant of time is called instantaneous "
alue. P2 ;
value Vp—p = ZVO ms \/i l 7 ‘"
e V = V,siné v =Vsinot | V=Vsin2nft ooy S | e=100n | P i g
Instantaneot 5 | =50H 50 3
R 1 | = I,sinwt | = I,sin2nft 3 =35V ] z ‘ i
cuIrTrem |
E“m —_— | 3
ple: &
3 . [f.lm‘mS voltage is Solution : !
Maximum value reached by current or voltage in a cycle is called peak value. “h""fVoltage i given as V = 350 sin100mt then rms ..f
> Peak value of voltage =V, = NwAB il be V = 350 sin100mt 3
» Peak value of current = I, = % = N“’R“ t‘) 175v V, =350V ‘
©)350v (b) 700V v
————————
; v, =—=
Frequency of A.C used in Pakistan is (d) 240V 2 =0.7x350
= 240V
\

[ 50 Hz

m T By AZHAR IQBAL 03361098
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Ul ELECTROMAGNETIC INDUCTION M

«Transformer is a device which is used to change a given alternating emf into larger o

smaller alternating emf™.

» Transformer works on principle of Secondary Secondan
mutual induction. Alternating current coil R
passing through primary creates a
continuously changing magnetic flux 1_(;‘_, z
through secondary that induces an emf v E:E:
in secondary. T—t':'

» Transformer only works on A.C and I
never on D.C.

» Coils of transformer are not connected electrically so there is no transfer of charge frop

primary to secondary. :
Coils are connected magnetically and power is transferred from primary to secondary

magnetically.
» Coils of transformer are over an soft iron laminated core which concentrates the magnetic fie|g

lines.
» Rate of change of flux through each
cell must be same.

Note:
When a D.C source (battery) is connected with
primary then output voltage and power are

R y POV 5 A Sy
b o i s
u;»\.. o - \ ! b
44 . } KA LUt O Qe
it " i Wy S
il it VLA S At
(| §

More Notes, Books VisiN

Thes always zero

AQ AQ
v —N"_A_t_ and V‘=N’Kt-

ox |k N

A o /b
/ Where == is known as
NP
transformation ratio.

Step-up transformer:

A transformer which is used to change a given
alternating emf into larger alternating emf.

» Increases the voltage level (V, > V,,)

» Decreases the current level (I > ;)

» Power level remains same (P, = Poye)

» Time period or frequency of A.C remains same.

6_70985‘”
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transformer:

| err which is used to change a given allﬁrn;;([;;? ®
emfinto smaller alternating emf. 5

» N, <Ny

» Decreases the voltage level (V, < 1))

» Decreases the current level (A V)

» Power level remains same (P, = p, )

» Time period or frequency of A.C remains same.

b former in which output power is equal to its input power (P,

= 0) is known as ideal

transformer.

If a primary coil of 2 transformer is connected
to A.C mains then V, = Constant

and I, < P,

ut

(l).> : ansformer in Power Tr
IfR ls. fesistance of transmission line
A effect is given by /2R,
The
p:wer loss can be reduced by decreasing current level.
2 pow,,.‘-, transformer is used at Power generating st
1s i i
- tn?nsmmed at high voltage and at low ¢y
v IS considerably reduced.
t other end 5 step-down tran
current leve|.

ansmission:

then power loss in transmission line due to heating

ations

rrent and thus power loss in transmission

sformer is used to decrease the voltage level and increases

The ratiq
of outpyt 3
POWer to input power is known as e

fficiency of transformer

By AZHAR IQBAL  0336-7098894
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7 =100% (Py = Pout) M

due to power losses in transformer Py,; < Py, and efficie,
ey |

UNIT 09

> For an ideal transformer

» For a practical transformer
less than 100%.

Vel Pout Pin + P -
OR = 35 %100 [ OR = OR =" “loss
n »ip Poue + Ploss . Py X100

1. Eddy Current Loss:

“When a metal con
metal conductor this current is known as eddy current”.
» Some power is lost in form of heat due to eddy current produced in the core of transforme
eI,

To reduce the eddy current loss core should be assembled with laminated plates of iron

ductor is placed in a changing magnetic field a current is induced
in

>
2. Hysteresis loss:
“Energy expended to magnetise an

called hysteresis loss”.
» Some power is lost to magnetise and demagneti

» To reduce the hysteresis loss soft iron core shoul

d demagnetize the core material in each cycle of A C js

ze the core again and again.
Id be used having narrow hysteresis loop.

3. Culoss:
» When current passes through primary and
to the resistance of coils (P = I*R).
» To reduce the Cu loss thick Cu wire is used for winding.

secondary of transformer some power is lost due

4. Magnetic Flux Leakage:
» Flux passing through primary is not co:
» To reduce this loss secondary coil is
plates of iron core.

mpletely linked with secondary.
kept inside the primary coil by using “E shaped”

=04
0336-71)0»

[182] By AZHAR IQBAL

More Notes, Books VigitNow: Perfect24u.com

(WS D

ELECTRONICS

P-type semi conductor

n-type semiconductor

Trivalent (III-group) impurity atoms

3 . > Penta-vale ”
~ are added in pure semi-conductor. ‘ a-valent (V-group) impurity atoms
% Trivalent atoms are known as stonor are added in pure \L‘ﬂ]l-\undtlcllvl
i » Penta-valent
atoms e.g. B, Al, Ga, etc. a-valent atoms are known
» Majority charge carriers are hol atoms e.g. P, Bi, Sb, Sn 1\ e
s are holes kS S
!  Minority charge carriers are e]e::. » Majority charge carriers are elect
‘| » Holes move from hi g » Minority charge ¢ g
I : rom high potential to low 3 Y charge carriers are holes
. > Electrons move from low potential t
; )
~ > Mobility of holes is low high potential. :
> E(\hl]l[\ of electrons is high

 “When a crystal of Si i
- of Si i
impurity and al{er horlc'e ™ grown in such a way that one half is doped with tri
alf is doped with pentavalent impurity p-n junction i l} bl
n is formed.”

i Junction
. i
b da 55
)
! électrons are Qifclfong 8'9 i
° I .0,
mlmrlty'chayge,__g.o o @'e Thite electrons are
carriers °p o @.e ® 0w [ Majority charge
ca
holes are majority D10 120 @:8 s . o
charge carriers -0 o0 o : « o ho
%0 o0, D'O . 8O peaac oty
@Ie e charge carriers

Elec ns fro -reg diff ) h 3 - b d in
fre m n-region di S eglo S a lay I +ve immobile 1ons 1S formed 1
> tro| >
210 € 1C regi thus a layer of 1 ile i fc i
1

P-and n-region and around the junction.

Pmduced acro.
_ cross the j ? inii
€ Jjunction conmmmg i ] i
mmobile ions and no L'hﬂfgf carriers is

|€tlon region
g contair immobile t a0 >
001le (Stationary) 1ons which d Lactas i ‘
A CL as charge carriers.

lal barrje s O ;
R Knee Voltace:
.’*m‘ldiﬂ'" nee Voltage:

ence produced acr. j ops the
across the junction which st iffusi
u s 1 i i
: L p: diffusion of electrons is

N&SOJV for germanium and 0.7V for silicon.
183 By AZHAR IQBAL  0336-7098894
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UNIT 10 .
“p-n junction is said to be forward biased if P-region is - H Nlot::Net current through the Jumetion 1 o
connected with +ve and n-region with —ve terminal of 4 g G:' electrons and holc; \:/hllch is vl
i = Poloe & =L +1,
» +ve terminal repel the holes towards the junction and — o
ve terminal repel the electrons towards the junction 8,@

AP-n junction is known as semi-conductor diode.

: P A =
Symbol bArow L5, -5, (o)
- —7 by directiony o/ Arrow
Cathode ¢ C .S
i <direction § /1319 _(F ) < '/_.— directi
= 4 on

LSS

thus width of depletion region decreases.
» When applied voltage is greater than potential barrier

electrons and holes crosses the junction and a current

starts flowing through P-n junction.
» Forward current is due to majority charge carriers and is order of mA.
» Maximum current limit for a junction is decided by power.

Forward Resistance: T

Resistance of P-n junction when it is forward biased is !
called forward resistance.
av Al
r, = H -:
(its value is very small in few ohms) o

Forward biased diode
Examples

Reverse biased diode

, Example

Ex . » ¥ es

atl h”,mgm)*:eb’anode gcﬂForwmd biased §cathode ssllow ~
V

-&-btrlow J:‘:.z

e 3—{>|.__.
g

= z!/amvdc & L xReverse biased |

Reverse biased P-n junction:

P-n junction is said to be reverse biased if P-region is
connected with - ve terminal and n-region is connected with  _

+ve terminal of battery.
» +ve terminal pull the electrons and —ve terminal pull
the holes away from the junction thus width of

ov

il e

v -5V
-3V
: 2 NS
4 2v E I ,5: ov [ ~

depletion region increases.

» Reverse current or leakage current through P-n
junction is due to minority charge carriers and is of the
order of pA.

» If reverse voltage is increased covalent bonds break and large number of electr
released. This causes a sudden increase in current. This is called Zener effect.

> If reverse bias voltage is increased further, minority Vg =V
charge carriers attain high velocity and knock down
the bound electrons from covalent bonds by collisions
and current increases rapidly this is called Avalanche
effect or avalanche break down. l

> reverse resistance of P-n junction is very large and is
of the order of mega-ohms.

ons are

E By AZHAR IQBAL  0336-7098894
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“Process of conversion of alternating current into direct current is called rectificatioy, »
» Device which is used to convert A.C into D.C is called rectifier. '
» Diode can be used as rectifier.

» There are two types of rectification.
i.  Half wave rectification ii.

Full wave rectification

> “A type of rectification in which only one half of A.C is converted into D.C is called half
wave rectification.”
» Minimum one diode is required for half wave rectification.

Diode is forward biased.

Resistance of diode will become very small.
Output pulse is +ve.

Voltage drop across the diode is
approximately zero.

Voltage drop across the load resistance R is
equal to source voltage.

VVVYV

v

v“‘" A4
! Ay
i AT

More Notes, Books Vjsith

Note
Peak Inverse Voltage: (PIV)

PIV is maximum reverse voltage thata

Lo

L_134sI¥A.C source & &>+ ve half .i

-Luf-’i-vef’l‘enninnl diode rectifier can block in reverse
output 7srdownward 2SR i biased state.
-LJ&pulse +ve

During e half o cle:

Diode is reverse biased.
Resistance of diode will become very large.

Output voltage is zero- : !
Voltage drop across load resistance R is zero.

Voltage drop across the diode is maximum
equal to source voltage.

-0
4 R—"

of input 872

VVVVYYVY

1 o If'f is frequency |so havé
Input AC Inpu frequency = then output ripples 215
frequency ‘' £ input s

e |If‘T'istime period ©
then output ripple

ripple frequency = 1 :
i time period T

i

A T
W: Perfect24u.com
ELECTRONICS

Output rms Form factor

aluc

Ripple Factor

Input signal applied to the circuit is shown in the figure,

put waveform of the circuit will ?

(b)v N
@ AN

Solution: -
During positive half
diode will become
reverse biased

| During negative diode
will become forward
biased and output will
be negative pulse

circuit will be

: Input signal applied to the circuit is sown in the figure. The | Solution:

During positive half 5

< ‘
; 3 diode D will become \ i
[Av—o 0, | reverse biased. /

- ”
During negative diode b !
D, will be : by

£ ) come reverse

tg; ;ul] \;ave D.C ‘ biased and output will i

T ero be zero in both halves :

| Decreases 0)
en to following circuit:

k /T 1
. 2

- Voltlze during 0- T will be:
Positive half RE ®)
d AC

Z
3 0 rent obtained in five seconds is:
v 60 B 00

(b) 2 () 3

gion during forward biased mode of a PN-junction diode:

Increases (c) Remains same (d) None of these i

Negative half

T is being used to rectify an A.C voltage of 110 V, 60 Hz. The number of pulses !

cente {
T tap transformer rectifier, how many diodes conduct at a time?

(d) 120

d) 4

By AZHAR IQBAL 0336-70988%4
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UNIT 10 ELECTRONICS n

> Atypeof rectification in which both halves of A.C are converted into D.( i calleg
ante(

full wave rectification.
% There are two types of full wave rec
i. Full wave bridge rectifier.

tification.
ji. Center tap transformer full wave recyjf;
Cr

» Minimum four diodes are used for bridge rectifier.

s Dy forward biased and D, reverse biased.
forward biased and dereverse biased.
do not conduct the current.

» Point A becomes +ve which make
» Point B becomes —ve which makes Ds
» Diodes D; and D3 conducts but diodes D, and Dy

» Maximum voltage is dropped across the load resistance R.

> Point A becomes which —ve which makes Dy forward biased and D; reverse biased.
» Point B becomes +ve which makes D, forward biased and D, reverse biased.
» Diodes D, and D, conduct but diodes D; and D3 do not conduct the current.

» Output is +ve pulse.

e —

If ‘¢ is frequency of input S‘S"al,m,e A

output ripples have frequency &
1f T is time period of input s18"% :
output ripples have time perio

Tl

By AZHAR 1QBAL %
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Example:
In the following figure what happens for the positive half
cycle of the input?

(a) Dy and Ds conduct (b) Dy and D, conduct
(c) D3 and D2 conduct (d) D4 and D5 conduct

t 0.48 \ 812% |

— . TRl s

|

55

mz The output of the following circuit will be:

Volll

(¢) Sinusoidal A.C (d) zerov
In'both halves current through resistance is zero

4
it
(a) Pulsating full wave D.C  (b) Pulsating half wave D.C

| Solution: dur pe +ve half

-:Ji
HEL
V. B
it

During —ve half

| i‘ ]
V. il

E b

1. The time peri i
: period of the ripple at the output of the following circuit is:

V =230sin100n

s oy

t R

@ 100
2 i (b) 20ms 5
I (c) S0ms 1
figure what happens for the negative half cycle of the input?. b I

i Wia &
k R
!) D, and D; conduct H o
(@ D

D1 and D, conduct

and D, conduct
and D; conduct

By AZHAR IQBAL 0336-7098894
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TRANSFORMER RECTIFIER

UNIT10

CENTER TAPI
mer rectifier uses transformer with center-tapped secondar,

A center-tap transfo
arts and two diodes which condy

winding which splits the secondary voltage into two p

alternatively.

» Point A becomes +ve w.r.t B and diode Dy

becomes forward biased.
5 Point C becomes —ve w.r.t B and diode D; /\ §
b reverse biased 0 7§ >
2

» Only diode D; conduct the current.
» Output is +ve pulse.

» Point A becomes —v w.r.t B and diode D,
becomes reversed biased.

» Point C becomes +ve w.r.t. B and diode
D, becomes forward biased.

» Only diode D, conducts the currents.

» Output is a +ve pulse.

A
Input A.C i o If‘f is frequency of input signal then output
{ ripples have frequency ‘2f
' e If T"is time period of input signal then
output ripples have time period ‘T/2'
Output A.C}

Note
» A circuit which converts pulsating D.C into smooth D.
» Capacitor, inductor or their combination can be used as fi

C is called filter.
Iter.

Solution: .
o ~v = S0HZ
Input frequency _j00He

Qutput ripple frequency
1 _|0ms

Example: :
If a full wave rectifier circuit is operating from 50 Hz mains,

then the time period of output ripples will be:

(a) 20 ms (b) 40 ms (c) 10ms (d) 30ms Output time period = 755
Example:
p atement 1S true

In case of center tape transformer full wave rectifier which of the following st
(a) minimum two diodes are required (b) only one diode conduct
(c) frequency of output ripple is half of input signal ~ (d) all of these ¥

T8  ByAZHARIQBAL
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Hallwave rectifiey Full wave brigge

| Center tap

, ; rectifie | .
imum of diodes = transformer rectifier
- required \ | 4
. 2
Output ripple f
G cy
ey = S i
[ Wn?ple time P 0 R |
| period 2 Bl
[ Average output in a o 8 :
- cycle 7;2 Ez
I W rms value &
Form factor 1.57
D le factor 1.21
3 4
; o |
W
Pﬁclency 40.6% 81.2% s
:-'!te‘bllowing circuit represents: . 4
|
i
'4','
Rou i
zg 1(';!1“;"-t wave rectifier b i)
2 Inafuy er wave rectifier (L S kv ectifie !
l Wave bridge rectifier, h i LA el |
& f @ 1 s 07w many diodes conduct at a time?
&“un::'ﬁ?d-OTA-C source ;pplied on the in u(RC)f I‘3 e
(:)"P'T l;];e is T,, then the relation between rhes: tv:c:li:m" A T Thee !
0= T : ’
a ful : ® T=1 &
Wave recti A vz €} Te=V2T, 3
will be; fier circuit is operating from 50 Hz mains, th he ti . e i
» then the time period of output b
S Thooutpu - v
e output vy, B 40 s o i3ty
@ ge of a rectifier is e i
) ght line b) S
| g (b)  Smooth B rulsai ;
i ing (d) None of these \
(/
-~ : :
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DAWN OF MODERN
PHYSICS

UNIT 11
I

’HOTON THEQRY

Il ",
» Photon cannot be subdivided (elementary particle).

» Restmass of photon is zero.

But according to classical elcclronm
theory of radiations energy was emitted or
absorbed by atoms as a continuous wave. Apq
energy is uniformly distributed over the waye.

“Energy is emitted or absorbed by atoms in
discrete packets called quanta rather than as
a continuous wave.”

waves with energy about10-100)
of radio waves predominates

Their qua

» Radio

" wpccording 10 Einstein photons (discrete energy packe,
j"‘"‘ radiations. " '
M pholons carriers energy and momentum

k Charg on the photon is zero. Hence they are not affected b
1; 'Y-ndi'ﬁ°" with energy about1MeV . Their quanta can be e:

Is) are integral part of all the

Y electric and magnetic field
sily detected

nta cannot be detected and wave

—— =y
Quanta Continuous Electromagnetic Wave min terms of | Energy of photon in terms of | Energy of photon in torms of 1
‘%E W velength is given as momentum is giv:
‘wvl“' “wvﬁ“ given as
hc
E=— B =
Wi~ p pc
Plank’s Law: ool s
Energy of each quantum is directly proportional to its frequency.
Slope = h
Angular momentum and Plank’s K
Where *h’ is plank’s constant and constant have same units.
h=6626x10"%].s or h=6.63x107%].s 3 -
» SI unit of Plank’s constant is /.5 = kgm?s~ Short cut formula to determine energy of photon :
» Dimensions of plank’s constant are [MLATY] e
E= 1 eV
The graph between energy an_cl frequency of p Slope
photons is a straight line and its slope represent
the Plank’s constant. ] : z 1240x10~7
J 1 S e =
ue llll'ltPhOton having wavelength 4 = 400nm is olution:E e

(b)3.1eVv
(d21evVv

» Atoms or molecules emit or absorb energy
when they jump from one quantum state 0
another.

(Emitted or absorbed energy = difference
in energy between two levels).

o

@)

(b) microwaves
(d) x-raysv’

5709889

‘ follow; iati
i Wing radiations photon carries the most energy

12.4
= TeV =31eV

Solution:
x-rays have shortest
wavelength

1
Ex—
A

[\VIDCATPRE BOOK] M@ b azuarIQsAL (¥
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:NIT 11I Solution: ﬂ DAWN OF MODERN PHYs|CS

xample: ; ; 1 . —-—aaan m
Two photons have energies 2 eV and 4eV then the ratio Since E T s
between their wavelength is S0 ratio in wavelength wi)| AGNETIC W AVES SPE(‘TRUI\’I

@1:2 (b)2: 1V be inverse ratio of energjes : Wavelength (meters)

©1:1 d)1:4 Microwaves Infrare Visible

t Radio ) P N Ultraviolet X-rays  Gamma
Momentum of photon in terms | Momentum of photon in terms | Momentum of photon in term;
of frequency is given as of wavelength is given as of energy is given as
h E
p= ﬁf_- p= -A- p= ? Red Orange  Yellow Green Blue ndigo Violet
c g
T e N NTAVAVAT TV
px— « E o Red has longest waveleng:’ in visible region of spectrum
pxf A B » Violet has shortest wavelength in visible region of
J region of spectrum
5 P E Slope =c
' _/_ n of electrons from surface of Light
0 2 p | when exposed to light of suitable ¢
ency is called photo-electric effect”. Filter

» Emitted electrons are known as
. Photo electrons and current due to
~ photo-electrons  is  known  as
- photoelectric current.

!wvemng the connections of battery (anode becomes

Yoo

If a beam of light contain ‘n’ number of photons then total
Or i Or

Relation between

energy of the beam is given as

Relation with frequency Relation with wav elength momentum

ve and cathode becomes +ve)
s are reppelled by anode and photo-electric current
% tive potential at ano

decreases

de at which photoelectric current becomes zero is called

If two beam have same > Fhl Potential.”
have same If two beams have same ) V, is stopp; ; . :
If two beams V‘C Snerg . Energy no PPINg potential then maximum K_E of electrons is given as
Energy n«- k - -
1. ¥ e K. Ema.x = eVD
: c acuum is 3 X 10%ms™ m 1| s
> Speed of photons in free space or vacu s il sto fential is 0.25V then K. £,y = e(0.25V) = 0.25eV

L

» Speed of photons in a medium depends upon wavelength

4L stopping potentialL £i /-»K.E, .. = stopping potential
K.E,,.

0.12eV

of electrons is 0.12eV then ¥, = 22 = .12V

e

et p - : -
L Wketete g o K.Epmay & LZi /7o stopping potential< K. Eypax
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UNIT 11 DAWN OF MODERN PHYSICS —%

Note:
Inverse Phenomenon of
photoelectric is x-ray
production.

» Photo-electric effect was observed by

Heinrich Hertz in 1887.
> Einstein explained the photo-electric effect

r

on the basis of photon theory in 1905.

By increasing intensity of light and keeping the
frequency (or color)of light constant.
» Photoelectric current increases.

» K.Empgy OF stopping potential remains
same. Vo Voltage 10

Current High Intensity

Low Intensity

Conclusion:

> Photoelectric current is direct'y proportional
to intensity of light.

Lo

gRy o u_y ~ sisource 2 £ & /change fntensity
» K.Eq of electrons or stopping potential are ]
independent of intensity. I /.-ILV_’.) change Sdistance UZcathode
1

MSity. X7
ARLENINLY (distance)?

Intensity
By increasing frequency of light while keeping Current
the intensity constant.
» Photoelectric current remains same.
» K.Epqx of electrons or stopping
potential increases.

Conglusion:

> Photoelectric current is independent of
frequency of light.

» Stopping potential increases by increasing
frequency and decreases by decreasing

frequency
% K. Epa of electrons varies linearly with the frequency.

[NAMIDCAT PREP 50O 159

WS TN el
Voltage

MR

Sk

cequen |
Llight 2 L. Jehange S Frequency
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frequency of light required to'emit the electrons fro
S )

«Minimum
called threshold frequency.”
Note:
Threshold frequency only depends
upon nature of the metal.

m surface of th :
e
KED: metal is

5

slope = j

e
_,,,} E
X-intercept— f,

-intercept— @
w the -
% Bel.‘:tedd;m::r:hshold frequency K. E.of electrons will be - ve Hence electrons
emi e metal (photoelectric effect does not occur ) howev ectrons will not be
light may be. wever large the intensity of
» Electrons are emitted from the me
tal surface(photoelectri
; : tric effect does
X when frequency of photon is equal or greater than threshold frequency ==z caly

“Maximum wavelen i 7 7
“Ma . gth of light required to emit the electrons from 3 i
‘ Aot surface of the metal is called
Electrons are emitted from th
e metal surface(photoelectri
h ic effe:
¢ ;'hen wlaveleng;h (l:f photon is equal or less than cut off wavele:(gc:}(:es N
> Ifwavelength of photon is greater than cut off v :
‘ wavele:
»the metal surface (photo electric effect does not occur:\g‘h e e

- Note:
Cut-off Wwavelength only depends S
upon nature of the metal. f—
o

o unction: (0)

M energy require 7
3 - quired to emit the electrons Srom the surface of metal is called work

Note:

Work function only depends upon

nature of the metal [ |
Al 4.08

> Electrons are emited ] o q
effect does no(ml‘lled from the metal surface(photoelectric & = ]
e OLC‘lIl’) 0.n|), when Energy of photon is equal or Ag |* 4713 ]
> work function, 4 T ]

Pb 4.14
Fe 4.50 ]

of i
el ﬁ[:lolon is less than work function ,electrons are
m the metal surface (photo electric effect does

Yt Oceur),
-
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UNIT 11

» Relation between threshold frequency an

| (wé,jk}"f‘_/melllmndl;n(r"‘.{k}/;ufg}n o f,/n

d work function is

» Relation between cut-off wavelength and work function is

Q= he (uﬂé.fl‘}"{‘_ ,’-Jrclalmnv";""\"‘“.-‘:"v"”"—V':U;” o A( o)
“2 l

C

Short cut formula to determine work function from cut off wavelength OR cut off
wavelength from work function is

1240 x 10~°
= ¢V

A
» According to Einstein beam of light consists of stream of Atom
photons and energy of each photon is ‘hf’ and it only
depends upon frequency. @ %5

» According to Einstein: Intensity of light is directly hf
proportional to number of photons .

©

Intensity « no.of photons 3 ;

* By increasing intensity number of photons
increases thus current increases.

: 5 A f
» When a photon strikes an electron it transfers its energy to electron. Some amount 0
. - Ep—_: ctron as

energy is used to remove the electron and rest amount of energy is given to electron

KE.
» Einstein’s photo electric effect equation is based on conservation of e

hf = K.Epax +0 | OR [ K. Epax =hf-0 |

nergy and is given &

Where
hc
K.Epox =€V, and @ = hf, = T
C
e
B oo TR

"

More Notes, Books Vistt l(l“ow: Perféct24u.com

MTBy increasing frequency of light K.f
+Emay

; 4
8

f> o . Photoelectric effect 3
: ;‘_ /; £ > ¢ OR A< A, occur but K-Enax =0
i 1=0 Vo =0
| —~
Wi =f£ OR “ Photoelectric effect
:O\E .- ¢ e &= Ac oceur but K'Emux #0
A 1#0
w ® OR 1> 1 Photoelectric effect not X.E 0
: oceur *Emax =

" (] - » - S
¥ W,

A :
“;‘ WS TR

DAWN OF MODERN PHYSICS

s H > » 4
increases and vice versa creases thus stopping  potential

, * By increasing work funcfion or threshold fi
stopping potential decreases and vice versa.

requency
| Y K.Enqe decreases thus

K.E

. »
“max and V, decreases by

‘] Increasing the energy o “CL]\L Cy (1) Je € € g equ Y
1 Creasing th nergy or f
juenc

ofphOlO.n- g of photon
i) Decreasing e wavelength of (ii). Increasin
g the wavelength Z
thotol.l- R photon . 5
- |ii). By vsing a metal having larger work |(iii). By using -
' - DYy using a metal having smalle
ﬁmchf’ﬂ of threshold frequency. work  function  of “E{}Sf?dlltf
(iv). By using a metal having smaller cut frequency Syl
_ wavelength. iv
| off ng (iv). By using a metal having larger cut

& =

off wavelength

For two different metals

» Slope of the graph remains same.
» f

X-intercept represents the threshold frequency

* Y-intercept represents the work function

T
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aan Pubighe)

velength of scatt ;
n is scattered from an electron the wa scgt'tere'g R Phoron

“ n x-ray photo
A of incident photon ¢ x-ray photon

greater that wavelength

_-(Eé---
{l

W--

Incident
x-ray photon

electron it transfers some amount of its energy and
hy Scattered photon will have less energy, frequency ang
photon.( Wavelength of scattered photon is greater than

» When photon strikes with an
momentum to electron that is W
momentum than incident x-ray
incident photon )

Compton’s effect is best
Change in wavelength bet\a{een scal
By using law of conservation of energy
shift is and momentum formula derived for

evidence for particle nature of light (photon theory). gl
ttered and incident photon is called compton’s shift.
y and momentum formula derived for Compton’s

Compton’s shift is

V VY

AN _h_(1 — Cos6)
m.c

Compton's Wan clengh:

h__ 243 pm =243 x107m

" Quantity _"_is known as Compton’s wavelength e
m,c
} ‘ 4 0° AA=0 a1=0
9 e gl 2.43 X 10~%m
myC
h 107?m
TAY X 486 x
180° a=2 (m,,c) <

» Compton’s shift is maximum for 8 = 180°

More Notes, Books a\'/is;i
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DAWN OF MODERN PHYSICS

A ‘i‘l energy ¥ — ray photon interacts with » heavy ny
duced this ph i

cleus a pair of particle and
oduction”,

1 is known as pair pr

Electron

?Posmon

s
» In pair production a photon (energy) is converted Into mass in
~ equation E = mc?. Yy ret +e

» A photon cannot create a single electron or positron alone because it w
conservation of charge.

» Pair mduchon cannot take place In vacuum (without interaction with nucleus) because it
will violate the la\fol of c.onservauon of momentum. To consery
pressure of nucleus is required.

» In order to create an electron-positron pair minimum ener
‘needed and surpless energy is given 10 electron

accordance to Einstein

ill violate the law of

e the momentum the

gy 2m,c® = 1.02MeV is
and positron as K.E

hf =2m.c? + (K.E),- + (K.E),+

1l wum frequency of

Maximum wavelength of

hoton required hoton required

fnin =247 x 10®°Hz | A, =121x10"2m

foduction can not take place in vacuum because it is against: “5"
of conservation of energy \
law of conservation of charge

(©) law of conservation of momentumv’
(d) all of these

; det Fﬁina ray photon havin

Positron are g ener.gy }.04 eV interacts with a heavy nucleus and an electron
 @004ey produced. The kinetic energy of produced electron will be:
g (b) 0.02eV
(d)0.1eV

m = 1638 x 10~4)
=1.02 MeV

©0.01 eVv
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By, ATOMIC SPECTRA

nd its anti-particle combine with each other, they destro, each
f two y — ray photons ,this phenomenon is known as annihilygj,, ‘
ation

When a particle a
other with the emission o
of matter.”

converted into energy in accordance to Einstein equation E=mc?

J'M"“"-V g/vavelength and intensity of electromagnetic radiations emitted or absorbed

s is called spectroscopy.

» Massis
e- et =———=v Y Oy

5 Annihilation of matter always produces two gamma ray photons having same energy. by .
frequency and wavelength . : Il the wavelength of electromagnetic radiati, i
¢ ause it is against the law of conservation of Setof a tations emitted or absorbed by a
» Single photon cannot be produced bec 2 ) dbstance is called spectrum.
momentum ) il 3
» Single electron or proton cannot be converted into energy because it is against the |ay, of
conservation of charge . o g
» Minimum energy of photon emitted is m, . ; {
E=0.51MeV » “Spectrum which consists of sharp lines with each line representing a specific
moc’ =0.51MeV (PPositron wavelength emitted or absorbed by atoms is called line spectrum.”
y-ray Photon ‘ » Lfne spectrum !s characlernst{c§ of emitting elements.
» Line spectrum is due to transition of electrons between energy levels within an atom
:> : » Each element has a unique set of energy levels, hence each element has a unique line
~ spectrum.
N esay,Phaton » It !s used to identify the gas or element
mec’ = 0.51MeV (-)Electron » Itisalso known as atomic spectrum.
E = 0.51MeV Line emission spectrum Line absorption spectrum
= Lm.e . spectrum_ of electromagnetic | Line spectrum obtained by passing
f Anti-particl re(.]icled by Dirac in 1928 md}auons emitted by a substance is called | electromagnetic radiations though a
> i ti-particle was ; ion li : .
» Existence of Anti-p: p emission line spectrum substance is called absorption line

Positron(Anti-particle of electron) was discovered by Anderson in

1932 from cosmic radiations

X
* spectrum

Each line represents the energy or | Each

J Savel ! line represents the energy or ’.
1 ! Maximum wavelength of . Sho ength emitted by the substance wavelength absorbed by the substance i
o M Minimum {requency ol i gy~ - - : . s ;
F T i . o 1. d >hoton emitted WS colored lines with a dark | Shows dark lines with a bright background VL
. ¢ ted [\IJ«'IH.L\,H'H\J | bd g 2 "\',,
2 :
m,c
2 » 0
/ Emm =m,c fmin b h ] [ ]
p v 14 B j:“l.‘,‘
Emin = 8.19 x 107%) fmin =1.23x 102 Hz ,j"tl
=0.51 MeV l‘rﬁ’:,p
m R

“Spectr,

to ““ﬂld :’” which consists of group of lines so closely spaced that each group appears’

M called band spectrum or molecular spectrum.”
3 (_-va\'h . .
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ATOMIC SPECTRA
For example: Nitrogen spectrum %

» Band spectrum is produced when molecules radiate their rotational ang vibyr.
at

energies. o
“Spectrum in which there is no gap or space between spectral lines i "
calleg

continuous spectrum.”
» All the solids, liquids an

HYDRO(

d very dense gases when heated produced continuous Spectruny,
‘N EMISSION SPECTRUM

When hydrogen gas is placed in a discharge tube and high voltage is applied across the tube
gas starts glowing and give off bluish red light. ¢
There were five types of series observed in emission spectrum of hydrogen atom

1. Lyvman Series:

» Lyman series lies in ultraviolet region of spectrum.

» Lyman series is produced when an electron jumps from higher energy level to |
energy level.

» The Rydberge formula for Lyman series is

Lew (l z _1_) Wheren'=12.3, ...
A H\12  n2

‘Maximum wavelength of Lyman series is
produced when electron jumps from 2nd to 1*
shell of hydrogen atom.

4 P
Amaz =35> = 1227m

Minimum wavelength of Lyman series is
produced when electron jumps from infinite to
1* shell of hydrogen atom.

- =F‘;= 91 nm

2. Balmer Series:

» Balmer series lies in visible region of spectrum.

» Balmer series is produced when an electron jumps from higher ene
energy level.

> The Rydberge formula for Balmer series is

1 1 1
R (if'n—z)

iR
Maximum wavelength of Balmer series is
produced when electron jumps from 347
shell of hydrogen atom.
4
Amin = e 365nm

rgy level to 2

r series 1S
finite 0

Minimum wavelength of Balmer s¢!
produced when electron jumps from in
2™ shell of hydrogen atom.

2 4 — g56nm

" 3Ry

.
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- ATOMIC SPECTRA
Paschan series lies in infrared region of spectrum

! g ) Paschan series is produced when an electropn Ju
~ energy level.

~ » The Rydberge fo

- 1

A

&

mps from higher energy level to 3

rmula for Balmer series is
1 1
R (32~ 2)
wavelength of Paschan series is
when electron jumps from infinite to
of hydrogen atom.

2.5 =%= 820 nm

Where n = 456 ...

Maximum wavelength of Balmer series is
produced when electron jumps from 3"

G

o

ke to Z:Hl
shell of hydrogen atom |

! 144
i L= T 1874 nm \
I g ] Eket series lies in infrared region of spectrum

> Bracket series is produced when an el, ji 5.
‘ % ectron jumps from higher energy level to 4" o
- » The Rydberge formula for bracket series is
, ’ 1 1 1 ..:A‘I
4 ) :
1‘ 2 T Wheren = 5,67 ..... i
k. P
n wavelength of ies i 7 I
i kL gtllnju]::(;k;:) IS:ltlefS_ 1'S Maximum wavelength of Bracket series is ,’I’
rodu Infinite t 2n ele i f
m’ ' owllcnfhy mgm o 0 pmducgd when electron jumps from 5" 1o 4™ !
”iﬂl' dro, com- shell of hydrogen atom i
) Amin = —= 1458 n ]
& S Ry m Amur = 4050 nm = e ’."
3 3y (el
> . . ok . 0 !
Pfund series lies in infrared region of spectrum. b

) . .
Pfund series is produced when an electron
energy level,

Jumps from higher energy level to 5"

>
The Rydberge formula for Pfund series is
1 1 1
=Rz

Wavelen R
ele::o OfPfund series is Maximum wavelength of Pfund series is
ofhy N jumps from infinite to | produced when clectron jumps from 6" to 5"

drogen atom.
s
Anin = 7= 2278nm

Wheren =6,78.....

shell of hydrogen atom.
900 _

11Ry

7455 nm

> Apax =

By AZHAR IQBAL 0336-7098894

Scanned with CamScanner


perfect24u.com
https://www.perfect24u.com/

B e ™

N ot oy i -
7 i 4 A ¢ 4
iF e f

¥ o g ! \ i i

T I, R g A A

WAL AL i

More Notes, Books Visit Now Perfect24u.com

M—Ww

» In order to explain emperical results
obtained by Rydeberg formulated a
model of hydrogen atom.

» Bohr’s model is semiclassical model
based on following postulates.

ATOMIC SPECTRA

h
—_—=h
L‘Zn

1.05 X 10735

“When an electron jumps from high energy stare
E toa low energy state E, a photon of energy hf
is emitted so that,”

According to classical physics
accelerating charge such as
electron  must  continuously
clectromagnetic energy ;

an |
m!mm;J

radiate

Postulate I:

“Electron in an atom can move around nucleus in T R
certain circular orbit without radiating. These :‘ . \1', ||
)
A} \ !
i

orbits are called discrete stationary states of the

\ \ ’ e e a
3 it i <% . A RS BT T séi « - P ; . o
Bohr. s 1* postulate is contradiction of classical B . ‘According to De-Broglie electron in an orbit behave like a wave and produc 7
physics . g orbit. Sa length of orbit will be nA.” € stationary wave
______ ﬁ;‘ £=ni
3 h 77 K
- : 2nr =n (—) —~ (- )
Postulate 11: /A_tgm___\ rr;lv i \ e N0
> Sk R mvr =n (—) <n=3 \ n=4 ( /A‘(
“Only those circular orbits or stationary states are o ee— 2 N 2m N A N gl
allowed for which orbital angular momentum is Ao id %) NI . < o Nk
: 5 G O (SN - > Electron can move j in ci
an integral multiple of —.” 5 o e Soram ‘ n certain circular 000 ..o . _
= 1 e oo | orbits.
h h e sty Y. @ [ 3 P
gt (ﬂ) s i (ﬂ) \ l‘\ \ ,’l ," ," > Radius of nth shell is given as e 3';’%? ‘
‘\ \ 3 I ’ / n2p2 i ik e b2 '\ al
o S el ey ' P o T . ‘
Where n is principle Quantum number and Y B 5o e ; 25 FITEE :
n=123.. I 2 5 ; S e @ st \
N > Pt (WA |
E““‘[’“’ i ~b=oz- Short cut relation to find radius \ R ;
What is the ratio between angular momentum of \)\.”\
electron in 1* and 3" shell of hydrogen atom Wwhere 1y = 0.053 nm R o
(a)1:3v (b) 3:1 By
©1:9 () 9:1 ' ik,
Example: o T T oM
In which of the following shell the electron in hydrogen atom will highest angular momen b 2" shell
(a) K-shell (n=1) (b) L-shell (n=2) () M-shell (n=3) (d) N —shell (n°
Example: 13 =9n =16 SRS 257
3 T t
Angular momentum of electron in 3" shell of hydrogen atom is 2212 nm ok 0427 1l 2 8 m iad it nmJ

n incr
% €ases radius of orbit increases and dmangc between two uonseuullvc orbits are

s
@105x10%s  (b)210x10%s  (©315x10MLsw  (d)420x 10 also jn
Teases,

( b"u
[VDCA T kLD 5OOKS T VA
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LR g ATOMIC SPECTRA
: discrete velocities. w‘h—-'mmion to find K.E is
Fon o a0 s Qe O % s
y ey e R e Y e | - | kg
2mke? 4 o= - V. n n?
o bl P -, Total Energy:
n nh nj ; K e _‘%‘ (m)' n b )
bell véloci / S TR » TE of electron is given as E, = P.E, + K.E, = cke? | kel _ —ke?
i igher shell velocy ! | VT - : > =
» In moving from lower to higher ty : P @ , ,Shortreltion to fin e e o 2
decreases \ SRR !
1 1 K X \ . / Fes -1
» Short-cut relation t0 find velocity g nia (E,, \ F)
1 = 6 \ X5
_1 | Wherev, =219%x10 m/s y o
" n 1 R - - » Ratio between K.E and total energy of electron is always 1 : —1
. T s » Ratio between K.E and total energy of electron is always 2 : 1 g
Example: Find the velocity ofielectron in 3" shell . » Ratio between K.E and P.E energy of electron is always 1 : —2 !

2 106 :
v3=z31-=219; 0 m/s=7x105m/s___7)<105m/S 4™ excited State ; n=5 E =-0.54eV
3" excited State n=4 =
E =-0.85eV
& 2™ excited Stat =3
; e ,‘%_“ exci ate n =-1.5eV
v =219 x 108 vy =73%x10% | vy =55Xx10° | vs =44x10°| . 19ev
6 = L = V—l Vi = E-l— Ve = U_l T
v =219x10 VS U3 = S ST | 1% excited State : n=2
3 E=-3.4eV
. _ 1475 ev
L. A Pt \
: ; rbital electrons ha ‘ y gap .
().  Potential Energy: ’ of energies where as free electron can Mgt ¥ 1 Between four
> Electron posses P.E due to attraction § . e any amount of energy. 10.24ev s andone” ~
between electron and nucleus. ) W
» Electron moving around the nucleus
: ; ) _ kawaz _ k(e)(ze) _ ke’ g
has discrete values of P.E givenas: P.E, =——=——"" =", Ground state n=1
i ! A # ' & Example 2.
» Short relation to find P.E is PE of electron ;
Note tron in ground state will be. hi .
i -2E, 1 By increasing n P.E increases. @) 13.6 ev 5 potential energy S 2 zshens’’
P.E, =—— P.E«;ﬁ y g ©-2 (b)-13.6eV b :
n =272 eV (d) zero eV _J,:[J’,-.;J‘;'J;JJ[
Where E, = 13.6 ev Fop piste
of i m!‘m"‘dstaten=1and E = -13.6eV
(ii). Kinetic Energy: PE=2(-13 6eV) Faioel
» Electron posses kinetic energy due to its motion. Erxampie 1, What K [—: }27]'28"
4 - .E of electron in 1™ excited stz <
> Electron moving around nucleus has dlscrﬂ: values °kf‘§-5‘ :‘; 136 ev ®) ;oremv Mexcited state. - ¢3¢y g 280 2hell s’
e c) 1 J ’ 07 S
KBy =m0 = o Answey, 02ev () 12.1 Ev npositive £ 11 LE4
n

!;;r 1" excited state n = 2 and
= —34eV soK.E = +3.4eV
209

OA)KS‘”

267
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“Energy required to remove the electron from an atom is called ionizatioy, energy »
» Itis the energy required to make the electron Jjump from present state to infi, ite slz;llg
» lonization energy of electron in nth shell is given as

+E, 13.6 ev 1
Eionization = Sl o ionization = o Eionization F)
» When an electron jumps from lower to higher orbit ‘n’ increases and ionizatio, enery
decreases. !

Example 3: What is ionization energy of electron

moving in M-shell of hydrogen atom. ionization energy ol 21 2shell &

» (a)13.6eV (b)34eV RS- n
> (c)1.5eV @d12.1eV Sonpositive 2L 5135y
» Answer: For M-shell n = 3 and

E = —1.5 eV 50 Eionization = 1.5€V

lonization Potential:

“Potential through which an external electron need to be accelerated so that on collision
with bound electron it may supply required ionization energy is called ionization potential.”

ol Eionization or E; =eV
Vionization =—¢
Example 4:

£/
v

Minimum potential required to

may k k Ol ial 2 L hel
i noc; ionization Polcmml oS
lerate an external electron so that it y ]

jon

out the electron for 1* excited state. -«L{J/rcmove!( et s Lo
@136V (b)3.4V
©15evV @15V

Answer: For 1* excited staten = 2 and E = —3.4 eV

30 Ejonization =34 eV and Vignization = 3.4V
> “Energy required to make the electron jump from lower state 0
called excitation energy.”
» Minimum energy required to excite an atom is called excitation encrey:

| fale ¥
higher eners) -

Eexcitation = Eﬂnnl — Einitial

¢
;6.70“
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ATOMIC SPECTRA

Energy required to excite the hydrogen atom from
excited state (n = 3) is

(a)10.2 eV (b) 1.5 eV

(c) 12.1 eV (d)3.4eV

Epye =136 — 1.5 =121 ¢V

5:

ground state (n = 1) to ™

Answer:

«Minimum potential through which an external electron need to accelerated so that on
collision with bound electron it may supply the required energy is called excitation potential.”

s Eexcitation
Vexcitation = e

Example 6: Minimum potential required to excite the atom from ground state to first excited

state is
() 102V b)) 15V
(© 121V (d)34vV
F‘lec'r"n ]ump\ e Elcunm ium’“ o
: lower to higher state higher to lower state
Radius =R Increases Decreases
Velocity = L2
T Decreases Increases
: mV;
Momentum P, = = Decreases Increases
h
L, =n (ﬂ) Increases Decreases
i +E,
il K.E, = n—zo Decreases Increases
PE a2k
- RIE, = o=y Increases Decreases
Total —E,
,\&lergy Ey'= nza Increases Decreases
dNizatj +E,
wrgy B, = nz" Decreases Increases
Excitation
\“& E =E, - E, Decreases Increases
Me Period Increases Decreases

By AZHAR IQBAL 0336-7098894

Scanned with CamScanner


perfect24u.com
https://www.perfect24u.com/

ATOMIC SPECTRA

When an electron jumps from high energy smeAE,,
to0 a low energy state Ey a photon of energy hf is

emitted so that,
hf = - E,,

[ P N

|

o
2

Where Ry = 1.0974 x 10" m™!

>

n=6 | K 2 Pfund

he E = (_ E) ,,.,
TS eme p? /

nth-orbit

o H bade ——»

n=4 l Paschan —»
3 Balmer ——»
n=2
Lyman —»
n=1

Maximum
Wanelength

I'ransition From

S s N\:
e Mg Higher shell to

Minimum
Wanvelength

1% shell
Lyman P=1
= = 122nm = 91nm
” 36 x 4
Balmer 2| shell Amax ='5i; min R
% o = 656.1nm = 365nm
, 3 shell 0wl P
e Paschan P - 3 7R” RH
= = 1874nm = 820nm
% 400 s 16
Bracket 4 s_hell 'lmmr _QRH min R”
= = 4050 nm = 1458 nm
900 25
h . ey =
Pfund 5P s_hesﬂ 11k, Amin =7
4 = 7455 nm = 2278 nm

o
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NUCLEAR PHYS|CS

ONIT 13 ))

NUCLEAR PHYSICS

= discovered the nucleus and protons
g liﬂhﬂf"rd predicted the existence of neutrons
» Chadwick discovered the neutrons.

[Lomic Nucleus]

: « At the center of each atom there is massive and positively charged nucleus
o “‘nmn&” con
» About 99.9% mass of an atom is concentrated in the nucleus
» Size of nucleus is 10* — 10° times smaller than atom
"5 Volume of nucleus is 10’2 — 10'S times smaller than atom.

taining

Nucleus

. "Orae twelveth of mass of carbon-12 is called unified atomic mass unit.”
IR T 12 606 % 107
P =1 kg
Mass of proton = 1.673 x 10~ kg = 1.007276u
Mass of neutron = 1.675 x 10-2"kg = 1.008665u
Mass of electron = 9.1 x 10~3'kg = 0.00055x

The 2
4 number. of protons in a nucleus is called atomic number.”
°ts are identified by their atomic number.

number is also known as charge number and it identify the charge of nucleus.
Charge = Ze

Ple atom; ;
o Mic number of alpha particle is 2 so its charge will be (+2e).

BE
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UNIT 13 NUCLEAR PHYSICS

r of protons and neutrons in a nucleus is called its mass y,, mbepn
r .

«The total numbe

5 Mass number identifies the mass of the nucle!

us for example ma;
> P SS number of oxyy., s 13
3

so its mass will be 16u.

Nucleus is represented by symbol ;X 4
» Superscript ‘A’ represents the mass number of total number of nucleus in the nucleus

» Subscript ‘Z’ represents the atomic number or total number of protons in the nucleys

For example symbol for uranium is 233U

No.of nucleus = 238
No.of protons = 92
No.of neutrons = 238 — 92 = 146

“Atoms having same atomic number but different mass number are called isotopes.”
Isotopes of hydrogen are {H', \H2, H
Isotopes of carbon are CE G G4
Isotopes of oxygen are 40'%,50"7, s0'
Isotopes of Helium are ;He’ and >He'
Isotopes of Neon are 1oNe?, ;oNe?!, ;oNe?
Cesium and Xenon have 36 isotopes.

VVVVVY

(i). Different mass no.

(ii).  Different no. of neutrons
(iii).  Different mass
Different physical

(i). Same atomic no.
W Same no. of protons
Fiii). Same no. of electrons
[(iv). Same chemical properties (iv).
[ (v). Same position in periodic table

Isobars:

“Nuclei having same mass no. but
different atomic no. are called isobar.”
» H'and 3He3 are isobars.
» «C"and ;N" are isobars.

Isotones:

“Nuclei having same no. of neutrons are
called isotones.”
» 6C” and 7N“ are isotones.
» H®and ;He are isotones.

ok

€ sameS & Qlosie —Mass

Lo

—

~ Wl I 5 (Neutrons
K sameS* Uy &PV e
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“Nuclei for which the difference between ney trons and prot
y 2 ons is sam,

;xﬂplﬁ
‘Hf (2 -1= 1) and 6“713 (; -6= 1) are iSOlehcrs

e are called

“Mass spectrograph is a device which is used 1o separate the isoto,
their masses and abundances.” pes and to determine

() Charged isotopes are accelerated through p.d.v they gain K. E = qV and v = JZTV
m

(- Then they are pr(?)ected in r?agnetic field which exerts a deflecting force which bends
cucularpath ofdlfferent radii depending on their masses. r o Jm i
@ii). By measuring their masses by using the relation

“The difference between total mass of nucleus
and experimental mass of the nucleus is called
mass defect or mass deficit.”

> Loss in mass appears in the fo 0 =
rm of energy according to Einstein’ i
3 i I Lma.tun s Equations E = Amc?, ‘;"

| Am =Zm, + (A - Z)m, — mNucm.f] )
P : .
: Mass-defect increases from H to U (~€ s mass=de ot s ;€0 €5 Nucleus! 42 th

= Yy ]
Am =2m, +2m, — My v:

(Am) L)
— (|
A ';

Mass-defect per nucleon is also known as packing fraction.

-defect per nucleon:

> Mass-def
= . 3
Ct per nucleon or packing fraction measures the stability of a nucleus.
A 2y
Stabtlttyo($ el S
/ A A
g dm increases fi 4
A s from H to Fe -0.007 L
S 4 X

4 'Smaximum for e -0.008
.
4 decreases from Fe to U 4

Fe 7—
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NUCLEAR PHYSICS

T ——

“Energy required to break the nucle

binding energy. < 3
» Energy appears in increase in mass.
» Binding energy of a nucleus is given as

OR

'7, = [Zm, +A- Z)m, — Myucleus ]Cz

» Binding energy increases from Hto U.
(S binding w35 1€t Nucleus!5%)

®+E :’O

More Noteé, Book

Py,

us into its constituents protons and neutrons i ¢y,
S is calleq

£ TR

®
®

O

“4verage energy required to remove a single nucleon from the nucleus is called binding

energy per nucleon.”
» Binding energy per nucleon measures the stability

of a nucleus. Fe

» Binding energy per nucleon increases from H to Fe. T

» Binding energy per nucleon is maximum for
(z‘,Fe“’) and its value is-8.8 Mev.

> Binding energy per nucleon decreases from Fe to U.

> For U?*® binding energy per nucleon curve rises, H?

Eg
A

products are more stable than reactants and energy
is emitted (e.g. fission and fusion).

“Unstable isotopes or elements emit radioations spontaneously these elements are kn

radioactive elements and this phenomenon is known as radioactivity.”

» Radioactivity was discovered by Henry Becquaral i
uranium. :

» Marrie Curie and Piere Curie discovered two new radioactiv
polonium.

» Radioactivity is pure nuclear phenomenon and it is independent ©
conditions such as temperature pressure, electric and magnetic field etc.

T BE

IMDCAT PREI

n 1896 by observing radiations

e elements radium
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NUCLEAR PHYsICS

electric field

ns are of three types @, f and y
traight showing that they are neutral

are deflected towards +ve plate showing that they are

ly charged.

» q-rays are less deflected showing that they are massive and
p-rays are more deflected showing that they are lighter

In presence of magnetic field:
» y-rays are not deflected by magnetic field because they are

» « and B rays are deflected in opposite directions because they

~ are oppositely charged.

» ais less deflected than f3 because a is massive than f.

Helium Nuclei

Electrons or
positrons

|

i

E.M. photons

Radon-222 Strontium-94 Cobalt-60 1
A=4 A=0 A=0 1
2=4 Z=-1lor+1 Z=0 ‘
4uor4 Lo |
r4m, m, \‘ Mass less
+2e —eor+e zero
~107
107m/s ~10%m/s ~3 x 10%m/s
Several centimeter Several meter b o
£ square law
' ~10* ~10? =1

Line and discrete

Continuous

Line and discrete

Deflected

Deflected

A paper

—

1-5 mm Al shect

Not deflected

1-10 cm of lead

sheet

N
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i NUCLEAR PHYSICS
NUCLEAR TRANSMUTATION

«Conversion of parent nucleus into a daughter nucleus by emission of radiq

called nuclear transmission or nuclear decay or nuclear disintegration »
XA (parent) - 2 Y* (daughter) + radiations

tiong is

» Alpha decay occurs with nuclei that are too large to be stable.
> Alpha decay is caused by coulomb repulsion.
» General reaction for a-decay is

I XA o 5, YA™* + He} |

» If a nucleus emits an alpha particle its
(). Mass No. decreases by 4.
(ii).  Atomic No. decreases by 2.
(iii).  No. of protons decreases by 2.
(iv).  No. of neutrons decreases by 2.

). ;ratio increases.

» Beta decay is caused by weak nuclear force.
> There are three types of f-decay

(i) - ve beta (B~) (i) +ve beta (B*)
» General reaction for ™ is

(iiii) electron capture

Note
B is due to neutron decay into a
proton, electron and anti-neutrino
in > 1H+el +7

XA g YA +el +7

» Ifanucleus emits a §~ particle its
(i). Mass No. remain same.
(ii).  Atomic No. increases by one.
(iii).  No. of neutrons decreases by one.
(iv).  No. of protons increase by one

> General reaction for f* is

XA YAted v

—_—

B is due to proton dec

neutron, positron and ant
0
In IH+ep tV

ay into a
{-neutrin0

0

» Ifa nucleus emits a B* (positron) its
(i). Mass No. remains same.
(ii).  Atomic No. decreases by one
(iii).  No. of protons decreases by one.
(iv).  No. of neutrons increases by one.

—

T

By AZHAR IQBAL 0

BB

More Notes, Books \/i’sit'vﬁiow:_ Perfect24u.com

1 '\ LR {4y X "
i ’ e AR

NUCLEAR PHYSICS

F“wnuclci electron usually from K-shell

nucleus
js captured
le + 89.1 = z_lYA +v

» Ifa nucleus captures an electron its
Mass No. remains same.

Atomic No. decreases by one

. No. of protons decreases by one.
@iv)- No. of neutrons increases by one.

()

Note
Neutrino (v) and anti-neutrino (v)
have zero charge and approximately

Zero mass.

(@i)-
(ii)-

Gamma rays are photons just like ultraviolet and X-rays and only differs on the basis of its origin
or energy-

» As there are energy levels 1.: electrons in an atom similarly there are energy levels for
nucleons in a nucleus. ;

» Energy gap between nuclear levels are of order of MeV but in case of atoms energy gaps
are only few electron volt. o §
When a nucleus is excit j i i

> wh is excited ( a nucl.emtljumps from low energy state to higher energy state)

~ itcan decay to ground state by emission of y-ray photon.

» General reaction for y-decay is

XA o XA 4y
Mass No. and atomic No. of the nucleus remains same

n0 Q
2 E,

. S

I‘{eutron Jjumps from Proton jumps from
3 higher to lower state higher to lower state

— MALFLFE

“Time

W no. of radioactive element decay is called its half life”

A process wi
[Process without defined pattern, rule or method is called random process. Nuclear decay

i"‘lldom

roc C itk : . :
wll 1s unpredictable that which atom when will decay

A proce: i
SS OC! i 3 S
N% curring without apparent external cause is called spontaneous process.

w Meayn;s Spontaneous process it cannot be speeded up or slowed down by physical and

N‘

By AZHAR IQBAL 0336-7098894

Scanned with CamScanner



perfect24u.com
https://www.perfect24u.com/

NUCLEAR PHYSICS

W”. : wever the ili %
— 7, XS isi ns are random, ho T th probabilit of P
» Since md]Vldllll disintegratio 1ty d(‘c(\) (half life) ™

a sample has fixed value which is characteristic of that material.
“No radioactive element can completely decay or infinite time is required f,, all the
aro,

”

decay”.

1

According to Rutherford and Soddy law for radioactive decay
“ Rate of decay of an element at any instant is directly proportional to number ,of aton
% s
present at that instant”.

AN —N
At

2.

(.+uzxﬂligfnomf‘¢3fﬁw,—ve sign)

: N,

l 2—’: « —AN 4
N

If N,, are number of atoms at t = 0 then
number of atoms at any instant ¢ are given as =

Decay Constant (4):

“Fractional decay per second is known as decay constant or disintegration constant.”

AN/N
At

A=

» Its S unit is sec™ .
» Its only depends upon nature of element or it is characteristics of radioactive element.
» Itis independent of time or amount of radioactive.

ms g,

e 1 g
plipee '
a a
[ T TN Y S
t-»> N~
“No. of disintegrations per second is called activity or rate of decay.”
Sty OR R =R,e™
OR A=A,e”™ 0 tially with

Activity decreases exponentially with time. Rate of decay decreases expone

A, time. R,
$ t
A R
g —_’/
T o

L By AZHAR IQBAL 03"
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NUCLEAR PHYSICS
rra ‘Ofdeh.y d.epe“ds upon time, No. of atoms and Nature of radioactive ele
unit of activity is Becquaral: 1 Bq = one disintegration ¥t ment.
» A unit of activity is curie: F

1Ci=37% 10'°Bq = 3.7 x 10'° disintegration per sec

m Half life of a radioactive element only depends upon nature of eleme;

»
time and no. of atoms.
» After each half life no. of atoms will become half of its initial value.

nt and independent of

Blw s =N

(Pmixd:ﬂi(fbalf—litbﬂg_u(fmble LU/'JI)

(di)?y,‘;qfha[f-lilé;nd;ﬁaclian /flg‘,gé/’ One curie is approximately equal to

activity of one gram of radium.

»

If‘t’ is total time for ‘n’ half lives then

i

» No. of atoms of undecayed after nth half life: N = e

> No. of atoms of decayed after nth half life: N= &
3 2"
- > Relation between half life and decay constant is

S
1 Short Cut
0.0693

Ty, =

.‘,_’/’“!"'!‘J/J:;Lr‘;\i,’f;x()“’.gld/c_J‘_)l"N/"

_Time in whj L
‘m In which 63% of a radioactive element is decayed is known as mean life.
L ) 1
mean life=T" = -
e T :
s 093 — 1.44 Ty

) lif .
€ 18 about 44% more than half life.
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NUCLEAR PHYSICS

i 3 Sodium-
Uranium-238 4.5 x 107 years odium-24 Zmn
1620 years Iron-59 g
45 days
23.5 minutes Technetium-99 i 5
) hourg
3.8 days lodine-125 —
2 . 60 d(\) 3 |
Plutonium 2 4000—;%}; d

«Radiations present in the environment whose source unknown is are calleq
ack

>

ground radiations. 5
» Background radiations varies from place to place.
» Source of background radiation are
e Cosmic radiations
« Radioactive substance in earth’s crest.
e Building materials containing small amount of radioactive substance.

Radioactive radon gas enters buildings from ground.

L]

e All types of food contain small amount of radioactive substance common are
potassium-40 and carbon-14 isotopes.

« Radiations added in environment by human activities such as medical practices

diagnostic x-rays.
o Other sources include radioactive wi
research centers, colour T.V, Juminous watches a

aste from nuclear facilities, hospitals and
nd tobacco leaves .

th in form of high energy electromagnetic

“Radiations coming from outer space to ear

radiations and charged particles are called cosmic rays.”
some of these radiations.

hich causes eye and skin diseases-
floro carbon

» Atmosphere acts as a shield to absorb
» Ozone layer absorb ultraviolet radiations Wi
» Recently a depletion in ozone layer was obse
which is used in aerosol sprays, refrigeration,

BIOLOGICAL EFFECTS OF RADIA

“The energy E absorbed from ionzining radiatio

body is called absorbed dose.” E
D=—

m /

35108

By AZHAR 1QBAL
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NUCLEAR PHYSICS
it is gray (1GY = 1/kg ™).
unit is “rad” (radiation absorbed dose)
1rad = 0.01 Gy or 1Gy = 100 rad
dose of different radiations don’t prod i
; g::d ical effect depends upon two factzrs o
1. Types of radiation
2. The part of body absorbing radiation
')‘ Neutrons are more damaging to eyes than other parts of body
» For same absorbed dose a-rays are 20 times more damaging’ than x-rays

“Jhe product of absorbed dose and RBE (relative biological effectiveness) of the kind of

]

radiation being absorbed is called equivalent dose.”

D, = D X RBE

» It’s Sl unit is sievert (Sv): 1Sv =1 Gy x RBE
» Irsold unit is “rem” (Rontgen equivalent mass)
"‘l:' 4 e 1rem =0.01S5v or 1Sv=100rem
> Back radx'atlou to which we expose on average is 2mSv per year
» Doses of 3Sv will cause radiation burn to the skin weekly dose of | .S‘ S ¢
safe for the workers of nuclear facilities or mines ‘ N a1

LifTect Dosage in
microsievert
6 e ili

1x10 Radiation sickness 2.5 x 108 “‘ Sterility for about

2 : —— | Ay two years
5% 10 QEATYAIOW, 40 [ o TR (7] e F60% of
e 1 4% 106 Death of 60% of
) | |  people exposed

> . .
f v'l;h:nddamage from a-particle is small until it enters the body
B particles cause redness and sores on the skin.

Low level radiati fi
¢l radiation effects High level radiation effect

Disrupt blood cells seriously lead to

e anemia and leukemia

2 g‘:fen_msof ?ungs ¢ Chromosome

mu]')tsln ir\lwhlte. l:)lood cells which m}ftation may cause delayed genetic

e vom?:r: :\ess ‘panem of effects such as canc_evr z‘md eye

E mdial,ion B fnb and fever known | cataracts and abnormalities in future
ickness. |

. T B ByAZHARIQBAL (336-70988%4
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{ ) ‘“""' OGICAL AND MEDI( AL USES OF RAl)lATI()NS &“WC e T by Faraday and
’ | » Radioisotopes are used to find out what happens in many complex chemic 70, Glashow Weinberg and Abdus Salam shared Nohe| SR

al aciic In , : the unification of
ons gng el magnetic and weak force (electroweak force)

5 Itis expected that strong nuclear force will unite with electro weak e

they proceed. R a
» :: :ioltzizal they have helped in investigating into chemical reactions that

ake plac € resulting in grand
, ace R ¢ troweak force.
plants and animals. : 5 E umﬁed elec
» Radio active isotopes are used to delermm.e p_rope; mouné o lfenll.IZL‘r taken up h) plang ) X - Carnier Relative
» Radiation induced mutation improved varieties of crops. Such as rice, chickpeg Wheat 44 ‘ ‘ particles | strength Lffect
cotton etc.
Long range | ” Binds the masses with each |
infinite Gravitone | other such as stars and galaxies |
. : ttractive obe; -38 3 5 \
“Tracer technique is to substitute radioactive atoms for stable atoms of same kind qpq < u(wer:e cfi:f)w) 1 " e e
_ . A SN 4 i n ver, the satellite, atmosphere and sea ‘
then follow the radioactive atoms with the help of radiation detector. These radioactiye , lements square Jaw) iR e
g ” —
are known as radioactive tracers. : — |
5 In medicine, tracers are used to detect malignant tumors. ‘ | > Responsible for spontaneous
» In agriculture, tracers are used 10 study the uptake of a fertilizer. Risive Short range | W+ w~-,z % breaking up of radioactive
1 o —-17 = element
3 identi derground pipes. (~10"7m) | (Bosons) y :
» Tracers are used to identify faults in undergr pipe > Responsible for §*and ‘
Radioactive Isotope Use in medicine J B~ decay
lement T T
Mostly absorbed in thyroid gland ‘ Wil W AT i iif:'? 1 > Binds together atoms, ‘
3 ; = Hyper active gland absorb more than twice amount of iodine ‘ -~ ‘Electro. - ey = o ey m\))lv.\.\llr:.\, crystal, trees
Todine I-131 | gland Fl etic. kv - | # Responsible for various
than normal gla g ‘ : 3 repulsive inverse macroscopic forces such as
e Used for treatment of thyroxd gland cancer | g square law) friction, adhesion, cohesion etc
Phosphorous | P-32 | Mostly absorbed by bones used for treatment of skin cancer. > Effective only within \i
i subnuclear distances L
: vi by liver used for treatment of cancer. [
Cobalt ‘ Co-60 | Mostly absorbed by : W Attractive Shor(_rlasngc Ghions 1 > Binds the neutrons and protons bw‘,‘,'v
It is uniformly disturbed throughout the body and used to study the (~10"5m) i within the buckae (Ot
1 - 5 | . cikle £ ST
Sodium Na-24 Cisigtian of blood. e w‘ > R:\hpo;‘mhlc for binding planets A f‘,‘,\'
3 ~ | vt | with the sun -
Strontium Sr-90 | Used for treatment of skin cancer. N ™ X 2
. g i i [ brain & :
» The y-rays radiograph is used in medical diagnosis such as internal imaging of br m

determine precisely the size and location of tumors. > W
)t\"flmi quarks leptons are elementary particles.
> s are not elementary particles but are composed of quarks.

10 quark theory by M. Gell Mann and G. Zweig the quarks are basic building block

BASIC FORCES OF RAI

» Basic forces of nature are: > ;f:uons and baryons.
1. Gravitational force Proposed that there are six quarks
g. }g::ﬁ:fn; force 17 |Up B B 8
: ic force 4, i v
4. Weak nuclear force 5. Bottom 6. Top
5. Strong nuclear force

70988%
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UNIT 13

Six Types of anti quark

Six Types of Quarks 7
Name Symbol |

Name Symbol Charge
- K Ee Anti Charm
L% 3
Up u + g- e Anti Up U
2 s T AN ”
Top t 4 % e Anti Top t
m‘_ — - ik %—e Anti Bottom b | % % e |
Down d - %e Anti Down d 1 4 i e i
; 3
. 1 & & 1
Strange s -3¢ Anti Strange § + 3¢

r Sub Atomic Particles J

A A A A
rBosonsJ ﬁeptoni] @uge BosoE] ﬁiggs Basoﬂ

“Subatomic particles which experience strong nuclear force are called

hadrons”.

Hadrons consist of quarks.

Example: mesons and baryons

Mesons: Subatomic particles having mass less than the proton are called

Hadrons mesons . Mesons consists of a pair of quark and anti quark.
Baryons: Subatomic particles having mass greater or equal to
called baryons. Baryons consists of three quarks

Proton and neutron are baryons

“Subatomic particles which don’t experience strong nuclear force ar

leptons”.

don’t consist of quarks
Example: electrons muons, tau and their associated nexm__,,_/n-

“Gauge Bosons are exchange particles or carriers of basic forces of nath
Example: photons are carriers of electromagnetic force

Gauge Bosons [EEECIIIHEEIE carriers for strong nuclear force.

« W+ W-,2Z° Bosons are carrier of electro-weak force.

o Gravitons are carrier of gravitational force

Hioas Boson Higgs Bosons are discovered in July 2012, provides an explanation i
"‘ the other particles get mass by interacting with it.
w
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