Nauab Physics Notes — 1" Year

Required: Rerofoil lift=F=7?
Caleulation: We know that,

Fressure=
rFea

. ;::-p__:% = F=A(R-F.) (1)

From venturi meter, we have,
E"‘“:i‘*"'l“::'vf) (2)

Futting equation (2) in equation (1), we get,
s %*“(v.f -v?) (3)

Putting the values in equation (3), we get,

F=0-01x % x1.28(9°-7%)=6-4x107 (87-49)

= F=6-%x707x32N =20%-8x10"
— |F=20%-8x70°N, or F=G-2048N or [F=0-2N

Q7: During a windstorm, a 25m/s wind blows across the flat roof of
a small home- Find the difference in pressure between the air inside
the home and the air just above the roof, assuming the doors and
windows of the house are closed- (The density of air is 1-28 k¢/m’)

Solution:

Given Data: Speed of air=v,=25m/ sec

Density of air=5=1-28kg/ m’

As the doors and windows of the house are closed, so we take the
speed of inside air to be zero i'er put v,=0
Required: Pressure difference=F -P, =7

Calculation: We know that,
7

Fi-PJ:E..i(vj-v;"] (7)
Putting the value sin equation (1), we get,

P -P, =[%;;-23(252-a")]m’m1

=~ P -P,=06%Xx(625-0)N/ m*

= [R-P,=400N/m?| or [B-P,=400Pa
+ 4+
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..--?-13;; ne and explain oscillatory motion: Give examples of oscilla-

tory motion”
Ans’ pscillatory_Motion:

Definitiont: The back and forth moticn of a body over the same
Defimier=—

path shout its mean position is known as oscillatory motion-:
rplanation: |

The oscillatory [vibratory] motion can be
itiated when a body is displaced from ,
its mean position due to external applied <
treer When the external force is re- ‘

moved, the body moves back towards its
mesn position: O the way its velocity [Meanvoster #__.
o |
Eutiem __-,..In';*\uJ

increases and becomes maximum at mean
position: As a result the body does not
stop at mean position and moves towards the other
position- On the way its velocity decreases and finally comes to rest
¢t extreme position The bodu then moves back towards meah posi-
ton due to restoring force: In this way, the body performs oscilla-

side of mean

Yory motion about mean position-

Eamples of Oscillatory Motion:
» Motion of a body attached to an elastic spring’
?' Motion of wires of a sitar:

- Motion of simple pendulum-

2 Define the following terms: Periodic

motion, vibratory mo-

t;d' vbration, - time period, frequency, displacement, amplitude
an an ]
lqn!. 1. requenc \

Esﬂfﬂdfc J—
mohhﬂ' o — mQtfﬂﬂ-

ch i s known as
\‘l’"rh IS repeated in equal

;ntervals of time |
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periodic motion-

" | - - | : ﬂ)
2 _Lfié{-gt:wy_!?’fﬁ_*fﬂﬂ- % 5 ow €

The to and fro [i-er back and forth] o 4e0 §-H-M

motion of a body about the mean po- 5 ‘1. ﬂ;ﬁfﬁaw that mass-spring system execute 5-H-m?

sition is known as vibratory motion- In ' ‘ ﬁttﬂbﬂd 2019

N O on™ tomards raine I ) | ) Simple Harmonic Motion [SH-IM]: ETEA 2010, 2073
from f'mnt I:?war‘";"pmn: HE ,;Einb ::tinfﬁﬂﬂ: The type of motion in which the occeleration of the
o e B O e | @0 A |k always directly proportional to the displacenzent of the body
from “B" towards “A" throuzh *“O A ;: mean poSition and is always directed towards the mean posi-

represents vibratory motion-
3- Vibration:

The complete round trip of a body about mean position is known o5
vibration- In the given figure, if the body moves from “A” towards
“B" and then again reaches “A" from "“B", then urnder such cond-

von is known as 3

wards the mean position*

imple harmonic motion [5-H-M]- i-e-

=

fhe negative $ign shows that the acceleration is always directed to-

() Motion _of a_mass attached to an Elastic Spring:

m"” is at-

tions, the body [i-e: bob] completes one vibration-
4- Time Period: ;

The time required by a body to complete one vibration is known s
time period- It is represented by “T”- It is usually measured in

seconds:

(onsider @ body of mass
tahed to an elastic spring lying on
¢ smooth frictionless surface as
shown in the figure- Point “O"
represents the mean position or

tquikbrium position of the mass:

5+ Frequency:
Now if we displace the body to-

The number of vibrations in one second s known as frequency (OF)
The reciprocal of time period is known as frequency: i-e ]f':faﬂ

The 5:| unit of frequency is Hertz or cycles per second

werds right and bring it to point J‘owmmm |
A" and then released, the body . _

foves back towards mean position
0" due ¢ restoring force “F.”- In this way,

the body begins to vibrate about its mean
Pasition "o,
S*Mil'arfy_

Md brfﬂg

FHert:%’:y:fﬂ /' sec=>THz=1I¢cp-s

6+ Anqular Frequency: L
b o

The number of revolution per second of a body is Known @ MW;,,-

frequency: If “w" repressents the angular velocity, the” the angy

# we displace the body towards left
't to point “A'" and then released,

bod .
y J Moves back towards mean position

frequency is given by, (F = %n

7+ Displacement:
The distance of a vibrating body from its mean position at
stant is known as disolacement- It is represented by “X°

& Amplitude:

any i 0"

B
R ass=spring system is given by,

"L" s t.‘.']“i.‘n.] h[‘fin',.‘,

constant. Its value de-

[‘t‘ﬂdh upon the p’i‘l‘\!l‘-
cal shape and structure

of tl'u: Il'l.:'ltl;ri.‘.ll.

rat "¢ to restoring force “F."- In this way, the body begins to
B . v — |
Eﬁﬂut its mean Pﬂiitiﬂn 140". Nﬂw thf rfstﬂn'ng il s o I.V.\t'ln'fh

o5t .
The maximurn displacement of a vibrating body from mea’ F o s (1)
/5 Known as amplitude- It is represented by “x,"- a4 3 men'i 28 L::q.-. the applied force S given by,

_--.-—-.—_n..__"—-__- = - pra—
=i F - [

19
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(2)

Here the applied force and restoring

so we have,
F = -F

epred reitorng

F = ma

(3)

Putting equation (1) and (2) in egquation (3), we get,

ma = -k x
PP £ 7 (4)
. m
As lil = constant, so equation (4) becomes
\ m |
ax(-x) (5)

Relation (5) represents the mathematical
form of 5-H-M- Thus the motion of a
bedy attached to an elastic spring ex-
ecutes simple harmonic motion [S5-H-M]-
Time_Period of Mass-Spring System:
ETEA 2012 -

We know that,

5=vt:t=-5-
v

MERALLL - F
Here we put, $ =08 =22, v=n &t =T
50 equation (6) becomes,

= (7)

¥ 2 e
k . )
Put o = J-;- in equation (7), we get,

)
T=2n\/E
k

(&)

Equation (8) represents the time period of mass-spring Y5
Conclusion about Time Period: Equation (8) shows that
period depends upon the mass of the body attached to the Pl
greater the mass, greater will be the time period and vice

Frequency of Mass-5pring System:
We know that,

. (%)

Putting equation (8) in equation (9), we get,

force are oppos;t,. id
ir::tih

—_———

iy Em? "Etna-t.un+ 341 |

L

- —. — e

(10)

1 K
F=2:\m

P

L.---"“{a rzpresent;s the frequency of mass=spring system-
ti0"

| ¥ - sbout Frequency: Equation (10) shows that frequency
mﬁs of the body inversely- i-e- greater then mass of
cmaller will be the frequency and vice versa-

_—— .he relation between S5-H-M and circular motion:

. Discuss ; .
: Dis wat if a particle perform circular motion then its

g) Show b
{ﬂjictfﬂ'ﬂ ﬂgfut'ﬁs E-H-m.

OR) Show that motion of projection of a particle is simple har-

F =l

E hawar 2017
tor complete round trip ETEH 20&9. EISE;ftf —— . q
0 =1 revolurion = 27 radin| fns: Consider a body of mass “m" moving along a circular path of

el

| wdigs “r" as shown in the figure:

Now when the body is at point “A"”, its projection will be also at
.pmt ag”. When the body moves from “A7
Also a = —()x (b) [f towerds “B, its projection moves from “A"
Comparing miu::l;;_-m_:hﬂ 42 “0" Similarly, when the body moves from

(n)—
a==]—|X (2)
.M

we pot R *5" towards “C" its projection moves from lt
. R | K 1 0" towards “C"- >
B =—20=,— o
m \'m Now when the body moves from "“C" towards

A" through “D", its projection moves from
(" towards A" through “0O"+ In this way, l
the particle perform circular motion and its

Projection executes S-H-m along the diameter
of the Circle-

Now in AOPQ of ﬁgurg (ﬂ). we have,

osi) = X

r

Y.
cosO __ (1)

em”
he timé
g ¥

; W
versa :::ﬂ'w thﬂ't. 0= pe (2}
| .
3 ‘ftquatmn (2) in equation (1), we get,
. ‘ I"iﬂi(l-:.t) (3)
"tion (3) r - oction from “0"
Now ;p AOP epresents the displacement of proje
SUFQ of £
__‘_.______,..--" \ Fﬁur! (b)l Wwe hﬂVEl -

ol
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¢asﬂ=§= a = AcosH (4)

Putting equation (2) in equation (%), we get,
a = Acos(ot) (S)

In ﬁgﬂrﬂ (b)r -1 FEPFESEHtE the ﬂﬁntrﬂp!tﬂf affﬁfﬂ'rﬂt;ﬂn
have, :

") [fEntﬂ"FEtﬂf cccel

¥
Al (6) ‘ >

eration,
L

r

Putting equation (6) in equation (5), we get,
2

a = Er-m:(mt) (7)
We also know that, v = ro (8)
Putting equation (8) in equation (7), we get,
2. .4
= Y = r? 1
e ” cos(ot) = a = r mj{mt} The nepative sign is used

> a=o’(rcosot) (9) which '.uhm:.-.s li:.al the ac
celeration is directed o

Putt:‘ng equation (3) in equation (%), we get, wards the mean position
ﬂ‘ - mix ‘-D"'n

(OR) |a = -&°x (10)
Equatr’an‘ (70) represents the acceleraticn 57 7. . i=~tion of the body
at any instant- In equation (10), o’ =constar:
50 equation (3) = a = constant (-x)
= |ao (-x) (77)
Relation (11) represents the mathematical form of S5-H-M, 50 tht
motion of projection of a body is simple .

) 1 In cuse of cir
harmonic motion-

we put S=0

Time E:rfad of Era[,acb : For one trip we Al

We know that, S = vyt 0 = | revolution- =
5 radian

:____ - (12) —_
Here we put, $ =9 = 2r = § = 2p (713)
Putting equation (73) in equation (12), we get,

b= 28 (14)

cular motiof

P

= .0 =

| Chp-7- Uscillation - 343

S0 equation (T4) be-

Sin“ W +cos” 0=
ot = s 4 l—-u.u.‘l}
on-: . f T
Mit;'an about_Time_Period: — s
PR sk 1 he ti - | Ao V =
( : 75) shou hat the time pe 50 = T ()
. Equﬂtfﬂ” ( ) |

depends upon the angular speed of

the body  1'e” « eater the ﬂnguf?r speed, smali- e
er I..H"J"“ be the time pfrfﬂd and vice versa- oS
2 Eguation (715) shows that the time period does " s
:Er depend upocn mass of the bﬂdy' U = X )
- jection: ETEA 2009
Frequency of Projection: ETEA 20715 l
fs £ = ;_- (76)
Putting equation (15) in equation (716), we get,
[
£ (17)

Equation (17) represents the frequency of projection 7 5-H-mM:

Conclusion about Frequency: Equation (17) shows that:
I The frequency depends upon the angular velocity of the body
ie: greater the angular speed, greater will be the frequency

and vice versa-
2 The frequency does not depend upon the mass of the body:

Q5: Find an expression for the velocity of projection of a body in
JHM- (OR) Show that, v=wr-x’ ] . _

Ans: If we resolve the velocity “U."” of the body into horizontal and
verbical components, then we have,

Ve = I cos () (D
Vo =V sin0 (2)
Now

We see that the component “V," is

P"rﬂ'" I 1 iy . .
we h:v: 0 the velocity “V" of projection, so
V=
e (3)
l:r‘ns- *quation (2) in equation (3), we get,
=V sin 0 (%)
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o

_ “B" jts weight “w"” \
_ — components i-e-
We know that, Siﬂ:ﬁ*-ﬂﬂﬂ:ﬁ tgd ' Wnd |
sin@ = N1 - cos* 0 (3) 5 5 | 450V
= SIn {}_15.:(,5.1’ !
And V, = ro (6) —Sra - he ¢
: . 1 - " o, " n=-
Putting equation (S) and (6) in equation | = “"n““‘mﬁ'ﬂ .“,5_,';19 nt weos)” balance the te
(%), we get Also V =t e mmpﬂn“:thg string, while the compo-
] ¥ n
V' =r 1-J-.u.'rf - Eu‘.'-'s‘i o (7) ) pﬂﬂ -f" .‘?ﬂ . ;5 &;‘r;ﬁ'tﬂd tawards thg N
. - 34 L o - ""E‘
As we know that the displacement of projection from mean posit;o, ot Wf;_pn and thus 1t acts as restor- gs
I I I
“O" at any instant is given by, y pos c, wi eve; -
(e’ 7
x = rcost =>cosl = ; (6) 4 F:: s (7) 2)
. . . . = W sin 0
Putting equation ‘(3) in equation (7), we get, & Faner L Newton's 27 law, the applied force is given by,
X" e rg!
I/ = f"l"l,\-l.r - F Haw ﬂufﬂ= - (3)

¢

> L
royr = x

: v and “F,. .4 are opposite in direction, so we have,
ol pos Fmrn, 1S (%)

> V= olr? -2 (9) F:“:qua;'”” (2) and equation (3) in equation (%), we get,
Equation (9) represents the velocity of projection of the body in Futt;,,t -wsin B (3)

5-H-m- '

de know that, w = mg (6)

- = 5 “ﬁ'*— - w
Q6: What is simple pendulum? Shouw that motio Putting equation (6) in equation (S5), we get,

n of simple pendy-
lum is simple harmonic motion [S'H'!?i-

o = -ﬁn’nﬂ > a = -gsin0 (7)
Ans: Simple Pendulum: ) Now for correct time period, we keep the amplitude to pe very
Definition: A simple pendulum consists 2§ — . . small- For smaller ar olitude, we keep “0 ” to be very small j-e-
a small heavy mass “m" [called bob] sus- 4

g <<

pended by a light scring of length “|”

fixed with its upper end. as shown in the -
figure (a)- 2 1

Explanation:

Consider a simple pendulum as shown

| +¢: tionless supporter Under such condition, we put sin®=0, so equation (7) becomes,

a=-90 (&)

Now according to the figure, the displacement “x" of the body is
Proportional to “0 ', so we have,

Inextensible string

in | ) IXUS X = constant © = x = (0 (9)
figure (b) At point “A" the we/ i
ght of I f-qﬂdtian 9 u’-u . .

_ | : s ¢co
e pend.ufum is acting downwards while T aeosocs, o - N (9) Is constant which represents the length of the
the tension in the string s acting up- I Now from equation (9). we have,
wgrd;- S?th forces balance each other and thus the simple pendulum i £~ (?O)
Femains n state of equilibrium- f
No F ] . vhin . ‘
c:-.:t: .-,[:;'“:i:”ﬂt f isplace the bob from Its mean position “A" towards "9 equation (70) in equation (8), we get,
P through q displacement *“x due to external applied force PR

e

o I 2R (1)

e
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In equation (17), 2| = constant, so equation (77) becomes

a = constant (-x) = ax (-x) (72)
Equatiorn (12) represen! the macthematical form of Simple hg,
. _ m
motion, so the motion of simple pendulum is simple —— on

u;

negative sign shows that the bob is always directed towards The
mean pos twn: . . Che
; : Points to be Nored
Time Period of Simple Pendulum: For ot
: " X Titine
(ETEP? 2007, 9,?0??) SHAM e L_“l_“lw'“:.
We know t. it, ditons e Iy satisfiad,
::}.,. l‘ Ihl' I'r.'ut'n““; 1*"'!..1'
5 = _1 (ﬂ) must be 401 on the
; : [ ] shaleim.
In case of circular motion,“we have, S adins shoui
) - sl shoug
¢ = ~°K (b) have inertin,
In case of simple pendulum, we have, 3. 5.-H.M s pertormed
{ a9 :l_lun;.: a straight line.
53 fgt‘t (‘:.) 4. The sstem should
. be trictionless.,
Comparing equitions (b), (c), we get, 5. The Hook's Lw
2 _ 9 should be saristied
« E T il‘l. Casy l."'[ Mass-
i'. sPring svsivin.
a2 (2 d
= |
0=\ (d)
Putting equations (d) in equation (a), we get,
n
!T = 2=z |- (e)
| \g

Equation (e) represents the time period of simple pendulum-

Conclusion about Time Period:
7. Equation (e) shows that the time period of simple pendulum

depends upon the length of pendulum i-e: longer the pendulum,
greater will be the time period and vice versa
2. The time period of the pendul.m does not depend on the mass
of the bob:
Frequency of Simple Pendulum:
/

As F = (f)

-h-E:M::':lﬂhﬂﬂ - 347 [

--rfprﬁf”“ the frequency of simple pendulum:-

e Frequencd .
» frequency ©

2. rﬁ: t‘ﬂb‘ - —— —
//E;"""‘ equations for K-E and P-E of a body of mass "m"
o (ﬂ) GH m- (b) Show that energy is conserved in case of

¢ the pendulum does not depend on the mass of

T —

‘;.ll'.: Hrm’

sHi: = -
W 2019 . =
(o) Kinetic Eneray:
113 2=
KE = .;-mv'? (?)
—cular motion, we know that,

case of circd
3 s " (2)
iy case OF mass-spring system, we put

rea .. (3)
frd © = J—:?__ (4) |
Putting equation (3) and equation (%) in equation (2), we get,

V= JE Jai -« (3)

Putting equation (5) in equation (1), we g ,

fr;la 2‘}:
KE = —m| [—yx =" |
2 (\m
7
2 K-£=imx-—#-(.tf-.x‘?)='(1f"‘i)
m 2

> ﬁf-%x(;f-;’) __(6)
Equation (6) represents the K-E of the body cxecuting S:H-(T

laimum Kinetic Energy: |
Tf"l K'E will be maximum if we displace the body through maa::mum
“splcement “x,". So under such conditions we consider “x" and

$ore “x" So we put x =0 in equation (6), we get,
(KE).. =Ly (42 -07)
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e 4 M
= (K. =555 Ser x ] (&)
| __'2 30000 m""—u I J - -
Equation (7) r‘c,f::reunts the maximum K-E of ""‘"L-;—-'k —*;7}) represents the maximum P-E at extreme position
the bﬂd? Eﬂﬁﬂﬂtlﬂg 5‘H';M' g_-%gl;'ﬁf“nr-ﬂ. ks ~ W | E_‘;ijf
: . Z ooty | . " :
(b) Potential Energy: (ETEA 2009) = ‘f-.u.“:.:k;:-_-.[ 3 | " ryation of Energy in 5-H-M: (ETEA 2015,2016)
Consider ¢ body of mass “m" attached to an S : ‘ cons b of conservation of energy is satisfied in ssimple harmon,e
elastic spring, as shown in the figure: Initially " 5 & | The ner K-E may be converted into P-E and P-E may be con-
when the body is at mean position “0O", then elanng spring Wt'? nto K-E but its total value remains the same:-
the initial force acting on mass spring system will be zero- ;.. L‘:: the total energy in simple harmonic motion is given by,
Fou =0 (1) ¢ = KE +PE (V)
Now if we ,in{rmiﬁ the applied force and finally displaced the body We know that,
towards point “A through a d:spfm::m:nt “x", then the final force KE = 1#[13 . 12] (2)
acting on mass-spring system is given by, |
F.. = kax (2) . %kf (3)
Now the a::rag:pfarf: on mass-spring system is given by, putting equations (2), (3), in equation (1), we get,
Bo- " el | ) r
F;u-:l ;. Ii" 3 =l,,?__..?+__k£
1 > | (3) E, 2#{;} .:; ) - X *
Putting equation (1) and equation (2) in equation (3), we get, e O L . ?kf - ?/ﬁ; x?
kx + 0 7 s E
b ® [, R (4) '
2 2 o [6, = L (%)
Now the workdone in compressing the spring through a displacement L 2
“x" is given by, Fquation (4) represents the total energy of vitrating body in
Work = F - x (5) | SHM- This energy is totally present in the form of K-E at mean
Putting ﬂ?“”:"f?” (“4) in equation (3), we get, position 'LH-EM = lk:fJ and in the form of P-E at extreme posi-
— Mark=5hx-x =9 Wﬂrk=%kr’ (6) r ; 2~|
tion |PE = [ 21, ; ] 1m h i
This work appears in the form of P-E in the spring, so equation (6) S RJ“J TS TN S GO ENGT <e TRCCi
becomes, motion-
! & . o :
RE S Ly x| (7) Sraphical Representation of Law of Conservation of Energy:
‘ 2 | lastit The graph between K-C and P-E is
Eq“.am’l (7) P the P-E of the body attached to an ¢l | ‘:"“'ﬂ in the figure: The graph . -
3’1"'”-9 a ”’g ‘””:T’j i_ﬂwi that when the body moves E.'\_p" 1
N r oL ' otenha
qxrmum_l__a_f,:_qq_ ial Enerqy: (ETEA 2009) oM mean position “0" toward 3 Y energy
The F-E will be maximum, if the spring is compressed through méx Utreme position 44" . N I Kineti w
imum displacement “x.", under such condition, we replace “y" by the p.p increases and K-£ d : -
“x,", so equation (7) becomes, ®* Similary h SR y . 0NN +A
e T J When the body moves i 4

w
. T
et
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AT - . 1 — a e — - o '._ r.[_.p ! F LY ||q'”-::”1-- jE'.-ui—.
- - L1 — -..::_ .. - i |
» e _ towar Y _. _ | | |
from extrefme position or “-A owards mean Positiq, . N: small periodic driving force is known as N
| ] TP
the P-E decreases and K-E increases - ]

. ' on shows that dur at'?
Conclusion: The above d;sr:uss:ra | uring the Mot o, fIFMﬂ ' found that when the frequency of the external drivin
;:;sprmg system, the K-E is converted into P-E ang T past | to the natural frequency of llati :
rted into K-E but the total enerqy remains Constant o ¢ pecornes fgve J OF oscillating body,
ve ' :

: 0 lates with larger amplitude: Such pl
mass-spring system obeys the law of conservation of energy. the oscil P uch phenomenon s

’ nance-
: : free and forced oscillations- as res? :
Q8: Differentiate ;etwcen ions : (oW . ot also occurs when the applied force has q frequency
R ¢
Ans: 1- Free Oscillation: O tegral multiple of the natural frequency of the body e
Definition: A body s said to be executing free oscillation if it hich aT¢ :f;t:f nf o Yy ie
: 2 500~ q; y esssnses "9
‘ : | frequency without the interf ¢, 3 :
lates with its natura g Yy erence of op . 2t . g Demonstration of Resonance:
ternal force: grifr $NE ===

Explanation:

Free vibrations are oscillations where the total energy st the
same over time: This means that the amplitude of the iy
stays the same: For example, a simple pendulum vibrates freely wie

cider three pendulums A, B, C which

N5

n‘.',ﬂ‘ mspﬂnd;d from a stretched rubber i Z y F ..—E
ar

cord, as shown in the figure-
Now if the length of pendulum “A” and

its natural frequency in the absence of external forces: Ths g .g' gre the same, then by disturbing |- ‘B L
theoretical idea because in real systems the energy is dissipated 4, dlam A’ slightly, the pendulum .‘“ QO
the surroundings over time and the amplitude decays away to zers pe

: “g" glso starts vibration due to the phenomenon of resonance-
This dissipation of energy is called damping-

s —— = ——f_ —= —

Definition: If a freely oscillating system is subjected to an exterr same, then by g

to vibrate due to the phenomenon of resonance:
Applications of Resonance:

I- Radio and Resonance: Tuning a radio is the best example of
tlectrical resonance: When we turn the knob
of ¢ radio to tune a station, we are chang- : : \
"y the natural frequency of the electric cir-

force, then forced oscillation will take place-
Explanation:

Forced oscillation takes place under the action of external aFPM_
force: For example, when the bob of vibrating pendulum is push r¢
peatedly, then forced oscillations are produced:- The vibrations of ¢
factory floor due to running of heavy machinery, the loud mus

produced by sounding wooden boards of strings instruments are the
examples of forced oscillations-

Wit of the receiver to make it equal to the
transmission frequency of the radio station-
When the two frequencies match each oth-
“ Tesonance will occus- Under such conditions, the absorption of

ergu ; ;
49y becomes maximum and as a r-sult we Yzar the program of
 Onceny station t:.\'earfy- '

—

i = - dar
Q9: What is resonance? Give some applications of resonance I" &=

ly life-

_—-#
— — g

—=== S

Ans- Resonance:

. am 1§ .
Definition: The phenomenon in which large amplitude m"w 3 Rﬂsanam::a Image [M-R-l]: Magnetic resonance scan-
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greatly impreved medical diagnoses: With the heip ¢ _—

ning has
machine, we can gec phatagrapk .

. . '\-"'f.
parts of the body+ For this purpose, radio waves of higl "

o p LD Y pscillibe the nuclei of atoms: [When rescnance o, ° |
% I_‘t-:
the molecules absorb the energy- The pettern of cbsorbed ener

can be used to produce ¢ computer enhanced photograpl;-

3- Cooking of Food: (BISE Mardan 2013)

an important application of resonance-

The microwave oven is i

- i~ i = -
microwave oven, typffﬂf microwaves or Wﬂ“"ﬂ-ﬂ”guh I’A?L'm and ;'Ea:._.'u.r-.

cy of 2450 MHz 1s used- Such frequency of microwaves is simigr ..
the natural frequency of vibration of water molecules and f5¢ -"7:':'4rj

cules in the food i-e
Frequency of microwaves = Frequency of water molecules & fat molecules

——

Now wher the fod containing water is placed -

w the sveth the weter molecules and fet mo-

ccules in the food resonates under the action

of periodic force of microwaves: As a result,
the molecules absorb eneray from the micro-

waves due to resonance: The energy of micro- h

waves heats up the food items- In this way, MRI (Biain :

the food items are heated or cooked in the
microwaves oven due to resonance:

4. The amplitude of & swing can be in-
creased due to the phenomenon of re-
sonance by applying small periodic force- =

5 We can use resonance to find natural "J'fu“m_w“m, l
frequency of different bodies-

6+ The resonance phenomenon can be used in vehic
able journey-

7  With the help of resonance apparatus,
sound-

les for comfort’

we can find cpeed &

_-l--'.'-'.-I

Q70: Explain the waveform of S5-H-M- —
displacement ©

Ans+ In case of circular motion, we know that the %
tant is 9ve" 7

_’—/ﬂ-”r‘

projection of a body from mean position at any ins

x=xcos(wt) (7)

e film of brain, backbore opms L

I.' -.'.E':]' - . — I! _
Chp-7: Oscillation - 353 |

The waveform of equation (1)
A

" hown in-Figure () IF we | oo
determine the value of “x” _

¢ different instant and plot ; Pf\ : Gﬁ/\’ e
¢ against time, we get a J \'/ : \/;“f )‘
curve as shown in figure (a)- figii

This graph gives the displace- et
ment as a function of time and is known as waveform of S-H-/A-
;_Efﬂﬂn‘:_ﬂ?ﬂ_ﬂ_; for getting the Wave form of S-H-m:

Consider a body of mass “m" is attached to an
elastic spring as shown in the figure: A sheet
of paper is placed behind the mass in such a4

l.l :]'.n"ﬁ'"--l‘ ot

way that it can move horizontally with con- | = ;
stant speed- The mass is provided with a pen v% -/\
which can touch the paper slightly- \'/ =+
When the spring is compressed through a displacement “y” and then
released, the mass execute S-H-/¥ having amplitude “A" as shown in
the figure: During oscillation, the pen would mark the position of the
mass “m" at each instant on the paper- In this way, the pen will trace
out the waveform of 5-H-M on the paper, as shown in the figure-

Ql: What is phase? Explain-

|ET€A 2017

fins: Phase:

f::: :o;jc quantity which shows the state of motion of an oscil-
The angle 0=wt which satisfies the displacement “x" as well as the

direction of moti )
mwon EF a Pﬂlﬂt Hg;utfng S'H‘m ' l'.'-'ﬂ” d :
QPIE{IFEM: v € PhﬂSE

W

as:wknf:w that the equation for instantaneous displacement of an
tiating body executing S-H-m is given by,
X = x cos 0 (7)

In equat; "o
quation (7), “x" represents the instantaneous displacement

o rﬂpi‘gjgnt; th! ‘f-t Wy M
6‘”"‘”9‘- ok 2k amplitude, “0 " represents the phase angle:

____ﬁ=mf;+¢_ (2)
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In equation (2). “o " represents

represents an angle
phase of an oscillator:

ference between the states of nial
Now putting equation (2)

tion of

two oscillators:

in equation (1), we 9¢¢,
x = x cos(ot +0) (3)
If we put ¢ =0, then equation

Case-l1:

(3) becomes,
x = x_cos wt

(4)

Now for different values of “t" we get a graph between ‘x»

wg” as shown in figure (¢)

the anqular velocity

Case-2: If & = 90°, then equation (3) can be written as,

x = x (ot +90°) (3)

Now for different values of “t", we get a graph between

“e™ as shown in figure (b)

Now comparing figure (4), (b), we see
that the curve in figure (@) leads the
curve in figure (b) by 90° [i-e: %._ ]
Case-3: If & =180°, then equation (3)
becomes,

x = x_cos(ut + 180° ) (6)

Now for different values of “t”, we get a
graph between ‘x" and “t" as. shown in fig-
ure (c)

Now comparing the figures (a), (c¢), we
see that the curve in figure (a) and curve
in figure (c¢) are out of phase by 1807
[ire: «]* In other words, we can say that
the phase difference between the two o0s-
cillations is 180°-

Thus the angle 0 = wt which specifies the

displacement “x" as well as the direction

24

. . o
which gives us information about ¢}, a
The quantity ..¢ " represents the Phase

urm'
d/f

and

“x" and

4 Xg | Ampitute remaincanyan =
SEIRIRY

'It.

ai @ie Pend foauli et

| - Ampiitudederoraur
e Vi Poin Fea® Bogr P

of motion of the point executing S-H'M is called phase

r———

-7. Oscillation - 355

-E}';F Explain_what _is mean by damped oscillations?
a1 Abbottabad 20719

e gﬁﬁgiﬁ_igg: The oscillation in which the amplitude decreases
steadily with time is known as damped oscillations- (OR)

4 process in which energy s dissipated
from the oscillating system is known as
demped oscillation-

Explanation:

In case of mass-spring system, motion of a
body along a circular path, motion of simple
pendulurn, we say that the total mechanical
energy of the system remains constant- This
is an ideal situation for which we ignore the
frictional forces such as air friction-

In real situation, some part of mechanical
energy of the oscillating system is used against the frictional forces- As
a result, the amplitude of oscillation decreases steadily with time-
Such oscillation is known as damped oscillations-

The undamped oscillation is shown in figure (a): The damped oscilla-

tion is shown in figure (b)-

Applications of Damped Oscillation:

I Shock Absorber of Car: The shock absorber of car is the applica-

tion of damped oscillations which provides a damping force to pre-

vent excessive oscillations as shown in figure (c)- If the shock absor

bers are worn badly, then the car becomes too bouncy and thus be-

tomes uncomfortable-

2: Shock Absorber System of Human Body: Another application

ﬂF'dampcd oscillation is the shock absorber system of human body-

53{::"5 body moves over the bumpy snow smoothly while his / her

thighs and calves act like a damping spring: That is why skiing in-

Séructors always saying “bend zee knees"-

3- T?:e racing cars and hydrofoils can be fitted with active suspen-
sions These involve computer operated hydraulic systems in which

bumps or waves are sensed and the suspension system is adjusted
—__9¢cordingly-

VWhena=180 )
Figle)
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4. The computers are used to control the angle of ¢4,

c Lu-'a"i.

through the water to achieve remarkably stable Movemens 5
the hover craft-

Q13: Discuss the sharpness of resonance - e

Ans: At resonance, the amplitude of vibrations becomes
when damping is small- Thus the damping prevents the aMplit ug,
from becoming excessively large: The amplitude decregses rapidly q¢
frequency which is slightly different from the resonant Fr:qu.:ncy.

The sharpness of the resonante curve of a resonatin

———

9 system d,-
pends on the frictional loss of energy: It can be explain with th,
help of following experiment:

o
N
g
3
o
=
>

Consider two bobs of simple pendulum
that one is a pith - ball having lighter
mass and the other is a lead bob having
heavier mass- Let both are attached to a
light, incompressible string to make two L
simple pendulums: These two pendulums
are set into vibrations by a third pendu-
lum of same length, attached to the same rod- It is observed that
the amplitude of the lead bob is much greater than that of the
Pith = ball- It is because the damping effect for the lead bob due
€o air resistance is much smaller than that for the pith - ball

Thus, the sharpness of resonance curve of a resonating system de-
pends on the frictional loss of enerqy-

Amptitude

" Drving frequency (1)

(rEx”f”"’)-.;_rynu}.J;.:.z—j;m_.; @

CF e L st ss Sy in Lo o st iy Kt @

L-?.’I‘i'-'uﬁd;rﬁu’lq_t'f}"U"I:JE-T.-?_L.JZ._:;ngujhﬁdlf_r/f(d:ju”,1- @
(e e o)

P Erve)ndia g pr L 9JNL eni ©

Chp-7: Oscillation - 357 |

Solution of Examples & Assignments

gEXANPLE 7:1:
ﬂ‘r Q'Skg is susp:nded fram a EPPH'TQ* Thia

mass spring s
: tched by 0-038m: Calculate the spring constant of the mass
st:n it is given a small displacement-
whe

Colution:
Solution

Given data: Mass of body = m = 0-Skq
Fﬂf:fl acting on body = F = w = mg = 0-5 x 9.8 = 4-9N

Extension in the spring = x = 0-098m
Required: Spring constant = k = ?

Calculation:
e == B k ) F_
We know that, F = kx = = (1)
Putting the values in equation (1), we get,
" e = SON 7 m = |Spring constant = k = 50N 7 m!
0-098 )

ASSIGNMENT. 7-1:

A 2:Okg block hung from a verticol Spring causes it to stretch by
20-0Ocm- If the 2:0kqg block is replaced by a 0-50kg mass, and the

spring is stretched and released, what are the frequency and period
of the afzfﬂat:t’ans?

Solution:
Given data;:

Mass of block = m, = 2-0kgqg
Displacement of block = x = 20-Ocm = 0-20m
%Pring constant = k = F . W _ 9
i P T
0-20 " li e T
Mass

of another block = m, = 0-50kg
Required:
1.
l?m: Period of oscillation = T = ?
4 €quency of oscillation = £ = ?

\
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Calculation:
7+ We know that,

P P L P L)
T En*\/: 2n k:T 2::.&* (1)

Putting the values in equation (7), we get,

lo-50 b
T = [24’3‘?#;\’ s J‘;ngc = 0:0448sec = 0-0455ec

= |T = 0-045 sec

2+ We know that, 3
W
f = (2)

Putting the values of “T" in equation (2), we get,

7
f = = - - &
Lﬂ*":‘SJ Hz = 2:2Hz = |f = 2:-2H=

7+ |Time period of oscillation=T =0 -%5sec

F

2° |Frequency of oscillation=f = 2-2Hz

NexampLe 7-2:

A spider swings in the breeze from a silk thread with a period of

_O-6s- How long is the spider’s strand of silk?
Solution: Given data:

Time period of spider = T = 0-60sec
Acceleration due to gravity = ¢ = 9-8m/sec’
Required: Length of thread = = ?

Calculation:
We know that, T = 2=x i
9
t '
=:-T'?=‘Fr:'?;:::f=z‘ﬂ2 (7)

Putting the values in equation (1), we get,
o 9-8 x(0-60)*?
4x(374)°

Length of thread = { = 0-089293m

Jm = (= 0-089293m

A p{ﬂdﬂfﬁ'm ﬂtfﬂd!‘ﬂ" from the fln":."?f almost touches the floor
ey shat its period is 125+ How tall js the tower? (l = 36m)

e od of pendulum = T = [24¢;

ﬂm‘ P,g'l"l'

Arceleration due to gravity = g = 9-8m/sel”
uired:

Red®= =(=7

Length of tower =

Calculation: 5

We know that, T = 2= |-

Vs
/ $ gT:
- rf.—.#:r:*;:* £ =, (7)
putting the values in equation (1), we get,
_[9-8x(12)* |

= m =358 = m= 36n =
{ 4;(3-?#)EJ m m=£{=36m

As the pendulum almost touches the floor, so the lenath of pendu-
lum will give us the length of tower
Length of tower = £ = 36;:7]

EXAMPLE 7-3:

A mass at the end of a spring vibrates up and down with a fre-
quency of O-600Hz and an amplitude of Scm- What is its dis-
_placement 2-56 sec after it reaches a maximum?

=

Solution:

Gfgm data: x = xcos{wt)
Frequency = £ = 0-600H:z, x = ; c:;(.?-. Ft)
Amplitude = x, = S¢cm = 0-05m : w

Time interval = t = 2-565sec f = 2=

B.ﬂ_ﬂ_fr_gj: = w = 2=f

Displacement of mass = x = ?

Eﬂfcu!ntign:

We know that, x = x cos(2zft) ()
Putting the values in equation (7), we get,
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x = [0-05 xcos(2x37% x0-600x2-561m
= 0-05 x0-9858615948m

. vibrates with an amplitude of 6¢em and a frequency of

= = 0:04929307974m = 0-0493n : okject :
Z'ﬂﬁf“g:ﬁ’; I e o ﬂﬂ‘f‘?ﬂﬁz' Starting from maximum displacement in the positive
= - s ) ;
— Py .0 grﬂﬁﬂ"’ when will be the first time that its displacement is
I - ' ol f ify
‘D;S_ﬂ'."d':.!"ff’?t of mass = x = #-93.:;-,-,: zgm?
- Solution:
ASSIGNMENT 7-3: —— =

, : ven_data:
Determine the period end frequency of ¢ cer whose mass is 1400, EJ:;,;;: x, = 6cm = 0-06m,

and whose shock cksorbers have o spring constant of €.5 frequenty = £ = 0-490H:z

IO°N/m after hitting o bump: Assume the shock absorbers ., D';pf;um:nt =x=2m = 0:02m
_poor, so t.‘rf car rcaﬂy oscillates up end down- l Rggm'rei'
Solution: ~ | ime interval = t = 7
Given data: Caleulation:
Hess of car = m = ?400*9' Sprfﬂg constent = 5-5 X ?oqN/m w‘ know thﬂt, > il A fﬂf(f-l'ﬁ)
Reguired: o x=x cos(2aft) > cos(2zfr) = = (.= 22F
7- Time period = T = 2 2- Frequency = = ? ~ e - _
Calculation: - 23R = r:a:"{iJ: 2x180 x0-490 x¢t = cos” f-ﬂi
7+ We know that, . e .
m 176°4t = 70-5 = ¢ = (70-5 | se¢
7 () : \1764,
| | ¢ = 0-399 sec = 0-400 sec x radian = 180°
Puttmg the values in eguzti 7 "
' ?&":.:} mn-'( L 0w 25 = 't = 0-400 sec!
T =2x374x |2 Plasares] 10 ..
\6-5x10° | V65000 °°
= T = (628 x0-147 ) sec = 0-921652028%sec
= [T = 0-927652 se: RIS L S Sa S S S
2- {We know that, <RSIl MG ,79F £/ S ORIy, 7 f P 22l B =
7 . ad o = r - - - e
R (2) LI L B ETIL L g SRerficds &
. | : rass - e -3 &
Putt.-ng Fth: values of “T in ezustion (2), we get, Cf'r_:..!.:.}?)_u, h'jf:}”iz;—fﬂw -
7 \ . ” g Lai, F o= 28 ne, R 0
- | - - E ' - o P o .,__"d ! IH =
£ ',_5.92;552 ;_H.: = 1-085Ms — 7 = f‘ﬂESsz C&}{"J)—JJJI:-)MJ: PR J | il
P i0eP)dnlc2 lyfS cinnZeiif &
- ——— /S ) ) %
- =R f TBLL p 3005 2 .
= — ~ e e
- N
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A simple pendulum is suspended from the ceiling of q station,
elevator, and the period is measured (1) If the elevator mw’?
with constant velocity, does the period (a) increase, (b) dﬁru:
or (c) remain the same: (2) If the elevator accelerates up“'ard'
does the period (a) increase, (b) decrease, or (c¢) remain th;
same?

==

Ans: Part-1: We know that,
T =2n E (7)
Vg

When the elevator is moving with constant velocity, its acceleration
“a" is zero* 50 there will be no change in value of “g" 50 according
to equation (1), when “9"” remain the same, time period will remain
the same- Thus in part (1) the option (¢) is correct ire: “T” re-
main the same-

Part-2: When the elevator is moving upward with acceleration “a
then value of acceleration due to gravity becomes “g + a"+ 50 equa-
tion (1) can be written as, ‘

————

(
T = 2 2
1‘!(?*#) (<

L

Equation (2) shows that “q + a" increases, so time period will de-
crease Thus option (b) is correct i-e- “T" decreases:

Consider a graphical representation of

simple harmonic motion as described

mathematically in equation 7-21 (ii)*

graph, what can you say about its position and velocity? (a) The
position and velocity are both positive: (b) The position and ve-
locity are both negative: (c¢) The position is positive, and the ve”

QUIZ.7-2: +X
%&
o O

When the particle is at point A on the

locity is zero* (d ! The position is negative, and the velocity is Ze~

——

Chp-7: Oscillation - 363

" |

» and the velocity is negative: (F)
Jsition is negative, and the velocity is positive:-

%ﬂ{!ﬂfiﬂﬂ about Position of Point “Qn.

or from the figure that point “A" is in negative x-direction:

it 'i-::::"" the position of point “A" s negative:
?;‘fuﬁan agbout Velocity of Point “A":
mfaﬁty of the particle is equal to the slope of position
H;t graph at a7y point: 50 we have,
1] & _{-'3_"'____ (?)

At "
1 equation (1), "’M‘ represents the ch?nge in position and “At"
epresents the time interval- Now at *pamt “A", the slope of the
,mpa‘l is ppy‘t;‘vr ﬂmrcfar:z, the v:h::ﬁr:rty at point “A" will be also
ositive Thus option (f) is correct: i-e: the position is negative and

velocity is pﬂﬁtﬂ’g-

Choose the best possible answer:

I

Tuning of a radio set is an example of: .
g+ Mechanical resonance b- Musical resonance

J ¢+ Electrical resonance d+ Free vibrations

2. The heating and cooking of food evenly by microwave oven is an

example of:
a- S-HM
¢ Damped oscillation

v b+ Resonance .
d- Free oscillation

3 The time period of the same pendulum at Karachi and (Hurree

are related as:

7 =17, b 7, > T,
Jo T T, d- 2T = 3T,
Sol: The time period of a simple pendulum is given by,
T 2nf (1)
g

buation (1) shows that greater the value of “3" smaller will be

the time period and vice versa- Now we know that value of 9" at
"--_._________._-_

e —— —
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Karachi will be greater than the value of “3" at Murre,. e
cause the value of "“g" decreases with aft;tude Now ““”'d.‘s by
equation (7), if “g" f'f greater than “T will be smaller- 9 to

Thus value of t:rme period pendulum at Karachi will be Smaller 4
er Ue

to greater value of “9"- While value of time period of pendul Sol: We know that,
“n at ==
2 .ErtJE (7
q

Murree will be grcater due to smaller value of * 3" Thus
X T 0F (T, 51

- In an isolated system the total energy of vibrating mass and
n

For f#ngth ‘o', we have givcn thﬂt T = 2sec
length becomes four times, then we put
so equation (7) becomes

spring is:
a* Variable b Low ¢ High v d- Constant pas. 8 2 Gy 7
S+ While deriving the equation of time period for simple pendulum T =2n = =T =2“J; =2[2“£J (2)
which quantity should be kept : T - :
ich g ity e kept small putting equation (1) in equation (2), we get,

w TP 2T (3.)
putting T = 2sec in equation (3), we get,
r'=2x2sec = |1 =%sec

3. To make the frequency double of a sprig oscillation, we have to:
Amplitude Ja R:du;: the mass to one Fﬂ'urth

b+ Quadruple the mass

a- Length of simple pendulum
v b Amplitude

¢+ Mass of simple pendulum
d- Gravitational acceleration 4

Sol: When we are deriving equation for time period
of simple pendulum, we put sin0 = 0 i-e- we keep

‘0" very very small- Now for keep “0 " to be small, we should keep ¢ Double the mass d- HEIF the mass
the amplitude to be small as clear from the given figure- 7 g
6:- If the period of oscillation of mass (/M) suspended from a Sol:We know that, - 22 \m (1)

spring is 2s, then the period of mass 4M will be: _

g Ts b D o R W Now when frequency is doubled, then we have,
Sol:We know that : fr=2f (2) |

T - 211'\/? (1) or “f .? we represent the mass by “m'”, so we get,

i . Y pal R (3)

For mass “M" the time period is 2sec, so we have, 22\ m’

T = 2sec P"“'”? equation (?) and equation (3) in equation (2) we get,
Now for mass “4M", equation (1) can be written as, J— . J‘ J- J—

- i % o —_—= X 4
21:,/4’” 2;-:J—J: = J4 2:1:\/: (%)
’ Squarin
9 both sides, =

~ T,_z{zn\(_ff__] (2) | | 9 es, we get, m' m:: *ﬂ

. " The restoring fe : h ticle:

; ' ; : i g force of 5-H-M is maximum when particle.
Pubtrng_ ;q:ﬂtfﬂﬂ (7) in :qt;z;ﬂn (2), we ge Y @ Displacement is Mmaximum b+ Half way between_ them

B ) ¢ Cross; - .

Putting T = 2sec in equation (3), we get, S N9 mean position d- At rest
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70- Two springs of spring constants
k, and k, are joined in series:
The effective spring constant of
the combination is given by,

a (k +k, )72 b- k + k, { '
S kk, /(k + k) d Jkk,

When two springs are connected in series then the zﬁt'ut:“

K Tﬁ\*‘
U oy

Sffl'{"'i ( aomban 1o

Sol:
spring constant ‘K’ is given by,
I=I+I=I=i\£_+‘}\, K:rk’h':
K K, K, K KK, K+K,

Short Questions

QI: Give two applications in which resonance plays an important rof..

Ans: 1- Microwave Oven: BISE Mardan 2077
The microwave oven is an important applica-
Cion of resonance: In microwave oven, typical
microwave with a wavelength 12¢m frequency
of 2450 MHz is produced- Such frequency of
microwave /s similar to the natural frequency

Microwave oven

Of vibrations of water molecules and fat mo-

lecules in the food ;-e-
Frequency of Microwaves = Frequency of water molecules & fat ma!:cu.-'cigl
Now when food s placed in the oven, and the set js ON then the
water molecules and fat molecules in the food resonates under the
action of periodic force of microwaves- As a result, these molecules
absorb energy of microwaves due to resonance: The energy of micro-
waves heats up the food item- In this way, the food items are
heated or cooked in the microwaye oven due to resonance:

2+ Radio Receiver:
Tum’ng of radio is another

¢ h iMmportant application of resonance: When
we turn the knob of 4 radio to tune q sEation, we are changing the

Frcqueniy of the :fﬂﬁtr‘fﬂaf circurt of :‘.:hg receiver, to make it '5“7”#!

——

{;rﬂf?frﬂiﬁfﬂﬂ ﬁ'Ei?UE”f'j of radio sta-
,n the two frequencies match each

resonance occur- Under such
maximum absorption of energy
thus we hear the concern

ﬂf"fr

t,’ﬂﬂi
cond:
pfﬂ'c# and

pokes
Itﬂ,t,'gﬂ FE"'F e . :
?'2' what happens to the time period of a simple pendulum if its

learly due to resonance:-

—_—=

len th s Jﬂﬂbfﬂd?
;;;,Lﬂ,; time period of a simple pendulum will increase by a factor

J2 -times if its length is doubled-
Reason_and_Explanation:

We know that the time period of a simple

g

Now when the length is doubled, then we have,
r=2f (2)
Now for “U' ", equation (1) can be written as,
T = EIJE (3)
9
Putting equation (2) in equation (3), we get,

pendulum is given by,

¥ e dn <t = T'=\E(2.-:_EJ (%)
g Vg

Putting equation (7) in equation (%), we get,

T = J2r (5)

Equation (5) shows that the time of simple pendulum will increase
by a factor J2 - times if its length is doubled-

Q3: What will be the frequency of a simple pendulum if its length is

im?
H— -
A

5. The frequency of a simple pendulum will be 0O-5 Hz if its
length s Im-

EE'EE.L ﬂgﬂ'___Eargtangt_:_faﬂ: We
Pendulum is given by,

7
oot 9
2rn Vs (7)

k -

know that the frequency of simple
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Now we put, { =1m, 9 = 9:8m / sec’ in equation (7), we i

e
,/L:; can you compare the masses of two bodies by observing
jes of oscillation when supported by a spring?

7 9.5 3.13
o fF=——=Ff=0-498H
CNoaawV 1 - " 628 S

chei
- |f = 0-5Hz ﬁ;dﬂ a mass-spring system as shown in figure (a): The fre-
Conclusion: The frequency of a simple pendulum will pe 0'5 1 jency of m,ﬂjjﬂjp-rfﬂg system is given by,
its length is Im- £ q .:_.‘!.- k (1)
2z VM

_Q4: Give one practical example each of free and force oscillation.

Ans- Free Oscillation: i
When a system oscillates with its own natural frequency and n, net

-
force acts on it, then such oscillation of the system is known as

Ne

(lastic SPT ing as

case-1: FOr “m’

shown in figure (b) and figure (¢)-

* equation (1) can be written as,

free oscillation- i_{_ LA (2)
Example 1: When a simple pendulum is displaced o N " 2nym; )
from its mean position and then left free, it ex- Case-2: For “m," equation (1) can be written as, FIEHT]
ecutes free oscillations, in the absence of external ; "“"_d-____r__ 5 (3) |
or resistive forzes+ For the oscillation, the time pe- ?m_*.‘_... f2% 2 m;
riod of simple pendulum is given by, ® Now dividing equation (2) by equation (3), we get,

T, = 2x ]l 1 [k

L2 §_2rx\m,

While the frequency of simple pendulum is given by, }i’T’T

K s e

A N

Example 2: Oscillation of a swing in the absence of external force is L6, & K 1K
another example of free oscillation- b, (kK Ym \m,
Forced Oscillation: E
When a system oscillates under the influence of a net external S I J& . Jk& _ |m2 . ﬁm:h hg;::"'
force, then such oscillation is known as forced- oscillation f, \m, k km, \ m, =
Example 1: If the mass of a vibrating pendulum is struck again and BVE m, .
again then such oscillations of the pendulum is called forced oscille™. f, \m,
tions: _ Squaring both sides of squqtion (%), we get,
Example 2: The vibrations of a factory floor caused by the T unmig i _m, o m, _£; 5
of heavy machinery are another example of forced oscillations’ Fj--nT,' 5 —ﬂf:E:}“»mz i f e

Example 3: Another example is a child’s swing that is pushed of
each downswing-

: consider two bodies of mass “m,” and “m,” attached to an

Using equatic (3), we can compare the masses two bodies by ob-
#Ving their frequencies of oscillation when suppor ted by a spring:

T i L .
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_mine the hm’ght of that tower?

Ans. We can determine the height of the A
tower by using the relation of simple pendu- kit oy ?
lum- For this purpose we connect a bob to =
the lower end of the wire so that the ar el % o e
rangement becomes as a simple pendulum- —er %
Reason and_Explanation: —
Consider a wire of length “I" s hanging from ;H%
top of the tower as shown in the figure (a)- Fig1ai
Now for finding the height of the tower, we : —~
attach a bob to the lower end of the wire so el
that the arrangement behaves like a simple
pendulum, as shown in figure (b)- — Wie
The length of this pendulum will gives us the
length or height of the towerr Now the @b by
time period of the simple pendulum is given
by, y e
T=2n\/£ (1)

g t e

5quaring both sides of :quatian (1), we get, ?“-—rgq—-"’g
riegnl 5 (=90 (2) o
g 4x

Now make the pendulum to vibrate about mean position “O" as
shown in figure (¢)- Note the time for one vibration with the help of
stopwatch- This will gives us the time period “T of the pandulum:
Now by putting the values of “9", “zn " and “T" in equation (2),
we can calculate the length of the pendulum- Such length of the
pendulum will represent the height of the tower-

—
e e —_—

Q7: Why in 5:HM the acceleration is zero and the velocity is great
est?

Ans: In 5 H'M when velocity is greatest, the acceleration is zero-

Reason and Expianation:

The velocity of a simple harmonic oscillator is given by,

2. w®
\E’;—

gcceleration is given by,

2 (2)

Fr

Jﬂ

and then
4, the body executes S-H-M and e velocity beco

lease Vi _ mes maxi-
& at s Mear position: For maximum displacement. we consider
7] [ S S -
" w gnd ignore "X I'¢” We put x = 0, 50 equation (7) becomes,
= : s (3)
il
o put x =0 in equation (2), we get,
a:f-m‘z*'o = [a=0 (%)

Jation (3) and equation (4) shows that in S'HM, the accelera-

?ﬂﬂ is zero when the velocity is greatest-

T aﬁ;t is the total distance covered by q simple

—_—

‘ ' harmonic oscilla-
o in @ time e ual to its period? The amplitude of oscillation is A7

Anse The total distance travelled by a sim-

ole harmonic oscillator in a time equal to ""'"'f"""" .
s time Pgn'ﬁd s aquaf to "‘IIH", whgrg '.' "‘
“g" is its amplitude- . %

Explanation: s
I this question, the total distance in a O N WS
time equal to period means the distance 0 C

wvered during one complete vibration- Oscillating Simple Penduhun
Consider the oscillation of simple pendulum ' =
@ shown in the figure-

When the pendulum moves from mean position “0" towards ex-
treme position “C" and then moves back from “C” towards “0”, it
“Wmpletes half vibration- During this half vibration, the pendulum
Wvers a distance “A+A=2A"- Similarly, when the pendulum moves
fom “0" towards “D” and then from “D” towards “0”, it com-
Petes half vibration- During this half vibration, the pendulum covers
¢ distance “A+A=2A "+ S50 during one vibration, the time taken by
the Oscillator s equal to its time period and the total distance cov-
" during one vibration is equal to “2A+2A=4A""

\ - o = _ Ay,
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ﬁ Nauab Physics Notes - 1" Year

Q9: What happens to the frequency of a simple pendulum —_—

as fts

oscillations die down from large amplitude to small one?
BISE Kohat 2019 “‘j

Ans- When the amplitude of a simple pendulum dies down from large
amplitude to small, it behaves as a damped oscillator- Damping pp,
only reduces the a}uh’tudz of the oscillator but also reduces the g-

quency of the oscilldgor while increasing the period of oscillation-

Explanation:

If we set a simple pendulum in a laboratory and put it into oscills-
tions- Its amplitude decreases with time and finally comes to rest
due to air friction- Since, the amplitude of the pendulum decreases
as a result the energy of the oscillating system decreases due to
work against the air resistive force: This energy is dissipated in the
particles of the surrounding medium- Damping not only has effect of
reducing the amplitude but also the effect of reducing the frequency
or increasing the time period of oscillation: We know that,

7
== 7
s (7)

Equation (1) shows that frequency decreases when time period in-
creases due to damping

+ X.,
Nine
> r— —-X
Simpi ;Un..."f fram <} Damped Oscillation
mpie pre FRETL i

= L. = e e, ;
Qh"?: A singer holding a note of right frequency, can shatter

_glass? Explain: I Y =
? Ans- A singer holding a note of right frequency can shatter a 9
Reason and Explanation: y

very soli
It is possible .r a singer to shatter a glass, because every

. 14
body has cereain natural frequeney &% VB r.:tc of particular

elasticity, mass, shape and size: A singer sings @ i

]

p-7- Oscillation - 373 |

- ———

= - --- ' hen this |
ency & and whe is frequency of the Note becomes equal to

patural frequency ‘f," of the air in glass ;...

tﬁ‘@_ (7)
kes place: Therefo oy !
% rﬁangnc: takes p re, the air in glass will also begin

vibrace with large amplitude due to resonanc,. This |
to Lration mMay shatter the glass:

tbl‘d‘ Vi
Comprehensive Questions

-ET';' Show that motion of a mass attached with a spring executes

ﬂm- ———

fns+ See_answer of question no 3 in the text- -

ﬂ',l"gg ﬂmph‘-

—52: Prove that the projection of a body motion in a circle describes
SH-M:

Ans: See answer of question no 4 in the text-

-;_?3: Show that energy is conserved in case of 5-H-M-

Ans: See answer of question no 7 in the text-

04: Differentiate free and forces oscillations-

Ans: See answer of question no & in the text:

05: What is resonance give three of its applications in our daily life?

Ans: See answer of question no 9 in the text:

Q6: Derive equations for kinetic and potential energy of a body of
mass “m” executing S5-H-M-

_#_“_5;5& answer of question no 7 in the taxz:'

L7: Explain what is mean by damped oscillations?

fins: See answer of question no 12 in the text:

Hh = s

<t /T, =y Jine or AT S S O KPP o/
EMAIL IS fre Sl oToe fond LIPS

e —

__-_’A
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Nayab Physics Notes - 1* Year ;

Y Numerical Problems

QI: A force of O-4N is required to displace a body ﬂttﬂﬁhgd_?
spring through O-Im from its mean position+ Calculate t}, ip“.;'
9

constant of the spring: L

Solution:
Given data:
Force=F = 04N, Displacement=x=0-Im

Required:

Spring constant=k=7?

Calculation:
We know that,

e —— e

Fake & KWL (1)
. X .
Putting the values in equation (7), we get,

k=¥Nz’m =4N/ m= |Spring constant =4N /' m

—

@2: A pendulum clock keeps perfect time at a location where the
acceleration due to gravity is exactly 9-8ms*- When the clock is
moved to a higher altitude, it loses 80-Os per day- Find the value
of ‘g’ at this new location-  (9-78m/s’) S

;' - r [ ¢ e

i VI RS (O (R PR

F’rrfi‘u‘ia‘u'ﬂ.
2% | P
q

Vg
| 4 (3)
27 \9 *
5'””.”9 both sides of equation (3). we get,
q ; T2
i s gl 4)
T2 ¢ 7

oytting the values of “9”, “T" and “T'" in equation (%), we get,

L x1? 3 :
P o — ﬁ — = 9‘ fy a m IE 2
g %O = g9=9-78m/ sec 9:78m / sec
(1-00092

03: Calculate the length of a second pendulum having time period
2ec at a place where g = 9-8m/sec -

8/SE Bannu 2017 .

Solution: Given data: Acceleration due to gravit g=9-8m/ sec’

Loss in time per day= 80-0sec,
80

86400
Loss in time per second=0-000926 sec

The loss in time shows that swinging of clock beéam:s slower- Thus
if the time period “T" at the location where g=9-8m/ sec® is Tsec,

then the time period “T'" at new altitude will be equal €0
(7+0-000926)sec i-e* T'=1-000926sec
Regquired:

Acceleration due to gravity at new altitude=g'=?

€a£cg£a tion:

We know that, the time period of pendulum is given by,

Iday = 6400 sec

Loss in time per second=

Solution: Given data: :
Time period= T = 2sec, Acceleration due to gravity=9=9-8m/ sec

Required:
Length of second pendulum=1r=7
Caleulation:
We know that, T =2n [E
\9
54ﬂﬂn'ng both sides, we get,
f F
’ TM“JH = oL (1)
7 4x°
9-8xr2)?
D 122 (2) f=()
4x(3-74 )7 = =0-992m
- l:uggzm

. —_—
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suspended from a sprfr;g with for.
stant “K” vibrates with “£"+ When its length is cut into b
the same body is suspended from one of the halves,
is “f": Find out f/f;

e

Solution: - —

Gjven data:
Mass attached=m, spring constant=k

Frequency of whole spring=f,, frequency of f,
half spring=f, f, 11-.:2%
Displacement for whole spring= x, "

I
Displacement for half spring= x,= -g- W =mg

Required:
Relation of in? W

mg

€ con-
'ﬂfF ﬂnd
the fr:quen;y

¥
Calculation:

] F = weight of suspended
For mass-spring system, we have,

mass = W = mg

7 |k
= 7
2 21':‘/1': (7

We know that, F=kx

— w:fk.x = mg=kx

= k=2 (2)
X
Putting equation (2) in equation (7), we get,
7 |[mg I |g
-7 F=o = (3)
g 2n Y mx - 2n Y X

Now for T spring, equatian (3) can be written as,

=’f (4)
"' 2a\ 4 ;

While for 2™ spring, equation (3) can be written as,

Xy
. 12 X2=>5
" 2xx,
7 (29 - 9] (5)
— f‘:-‘. ‘—é; : ::'I‘-: J—-[ZH X,
e —————— e E

.5 ﬂuatfﬂ” (;;) in equ:ta‘ar; (S), we get,
4 F. = L= =0-
F;#ﬁﬁ:}ﬂ 731 f2 ?5 e

5 A mass 4t the end of spring describes SHM with T =

L

p40sec Find out acceleration when the displacement ;s 0-04m-

Given dat%:

ﬁm: PE rfﬂd=

ng’rad:

Aeceleration=a= ?
tion:

Caleula

W’# know that, a="l‘-.l]=.:' (?)

2
o T2 = 0= (2)

1 =0-40sec, Displacement=x=0.04m

Pytting equation (2) in equation (1), we get,
<

2 _ 4xx
"'('F“} x > a=-n (3)

' Putting the values in equation (3), we get,
-4 x314° x0-04
(0-40)"

Acceleration=a=-9-86m / sec”

=-9.86m/ sec?

06: A block weighing %4kg extends a spring by 0-16m from its un-
stretched position+ The block is removed and a 0:50kg body is
hung from same spring- If the spring is now stretched and released,

what is jts Earfad of vibratiafj_f? .

lution:

Giten datq:
() Mass of block=m, = 4kg, Displacement=x=0 16m
IMess of body=m, = 0-50ks
\———. —
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p-7: Oscillation - 379 |
Required: Time period=T =7? —

1N
Caleulation: ;

First we calculate the spring constant, we know that

F=kx = w=kx m

L£ind the values in equation (2), we get,
Pu

;:i;ydﬂfﬂﬂ = F-?;-P.s

@5’;’—' or |F=Tcp-s

—

= mg=kx = k=12 (1)
)

A spring whose spring constan

+ Putting the values in equation (1), we get, ¢ is 8ON/m vertically Supports a

: s the rest position- Find the dist :
4x9-8 ¢ of Tkg Is ¢ istance by which the
= = mas "

. 0:16 = k=29SN/m mas$ must be Puﬂld. down, Sla that on being released, it may -y
Now we know that wﬂ,ﬂ@_’wﬁh—m‘a"tﬁ. of one Meter per second?
e s dm s _ 5 Solution:
. ZKJ; EEH'T i 2“\', k (2) Given data: Spring constant=k=80N/ m
Putting the values in equation (2), we get, Mass=m=Tkg, Maximum velocity=V,,, =1m/ sec
'0-50 jred:
T=213-?‘1“|}’§TE§ =0-28sec T =0:-28sec MLL

Amplitude= x, =7
Caleulation:

Q7: What should be the length of simple pendﬂfﬁm whose time pe-
riod is one second? What is its frequency?

* QTS LY (1) a=uix
2olution: e -
('Shfe.n data: Putting the values in equation (1), we get, m o
e —p— . la-a 4
Time period=T =1sec e —r'-". = 1=8-9494x, : =T .
R ] d: = E
Require 12— =[x, =07Im . ‘JIm
(a) Length of pendulum=r=7? 8-944
(b) Frequency of simple pendulum=f =7?

> [x,=07Im

Calculation: @: A 80009m body vibrates S-H-M with amplitude 0-30m- The
(a) We know that, restoring force is 60N and the displacement is 0-30m- Find out, (i)
/ ¢ o time period (i) acceleration (iii) velocity (iv) K-E (v) P-E when the
T=2nJ: ::T?=G‘rr2—:af=1 - (7)
9 q T

Sisplacement is 12¢m- _ ra— =,
2lution: o — |
Siven data:
':::H:r body=m = 8000gm = 8-0kg
ude= X,=0-3m, Restoring force=F = 60N

“Placement = , -
2 x=12ecm=0:12m

Putting the values in equation (1), we get,
is D& XL
4x(3-14)°

(b) We also know that,

=0-25m = (=0-25m

—
— =

__*—
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ayab Phusics Notes — 1" Ter

Required:

(i) Time period=T =7

(ii) Acceleration=a=7?

(iii) Velocity=v =7

(iv) KE=7? (v) PE=7?

Calculation:

(i) As T-21:J-T:
- 1‘=2:r,f’":' (1)

Putting the values in equation (1), we get, A%
F
§-0x0-3 kT —
T=2x3-14 | T =1-
~\|’ 50 = Jsec X,
) A L2084 _ K JA'SD{:_l:]rE
(i) As a=wx Da=—-x (2) | ) e
k
Putting the values in equation (2), we get, “J‘T:;
a=25ﬂ X072 = |a=3m / sec”
(iii) As v=l.-1.,.,l.::f -x* > y= ‘:EJJ;?-:I (3)
m
Putting the values in equation (3), we get, F =60N
v= 1222 x J0-37-0122 Ly
_ |
= v=(5X0274)m/ sec = |v=1-4m/ sec X
| N
(iv) We know that, K =E}_=2{Jﬂ._
7 03 m
KE = Zh(xi 5 ) - (4)

Putting the values in equation (4), we get,

7
K-E ==X 200(0-3% -0-12 ) =100 (0-0756)) joules

= |KE=7-6J

(v) PE= %hx? —(5)

Putting the values in equation (5), we get,
!
P-E=3%200x(012) = [P-E=1-44J

/. C lation — 1

e amplitude, frequency and time

Eg_guiréd,-'

(i) Amplitude=x, =7
(i) Frequency=f = i 4
(i) Time period=T =7
(iv)

Caleulation:
—
The instantaneous displacement in 5-H'M is given by,

Displacement after Dsec=7?

,:=x_:asmt (2)

Comparing equation (1), (2), we get,

T
x=025m, w=—
: &

(i) |Amplitude = x, =0-25m

(i) We know that,

O
i 2n (3)

Putting the values in equation (3), we get,

P2 _ .l ?
8x2g (IE){JI

e

period of an obj
' ; ject
llating at the end of a sinnin if the equation for V55 foitin
1 : o g ¥ 's -V n : - . . ‘
ot anY instant t l given by, x = 0-25 cas{'}/&)t-ﬁnd the dis-
jacement of the object after 2-0 seconds-
e
L e
plutiofi
. ta.
Given 4 |
n
=2 7
4 =0-25¢05 S]t (7)

Tl
K £ (4)
\-..,_‘-.-__ L -9
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-

= (T =]6sec|

(iv) Put t=2sec in equation (1), we get,

F [ )
x=0-25 * ¢cos ':2'=ﬂ-251cas~;‘j
= I=ﬂ'251£05. oy r=0'251£ﬂ$(¢5'] nrad = [|80°
J
— x=0-25x0-70/m
— :_J'ﬂ'?Em
+ 4+

sfin S e Sti s it i Nd sl s SuS P SF ®
AT

L2 Szt ::»:‘:JEJJJ'%—&J#UL? o1 )y 0P s ps” BN L BF 2dr, @
“cQuzihs

28\ 2N AN ST e L ind ST E " 4L B i)r, @
((_,( PR W 1 r_..:/:F:uﬂH ;E,;.:J.:f[r..{/

.;;.-_.f Wl ez il p e $AL = f NATEXTIF A1y BFidr, @
a2 S A iis) '.q..&ffdﬁg}:’ :'..F o Lz

BFs2 NP s g adpidntl @

B s n 3 fterdas LIz e f wisls @

BNty Ggstedts ©

(Al ).?:fszﬁLﬂ:M"ﬂg ®
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m

@wﬁﬂt is @ wave? (b) Define and explain wave motion-
fns’ (a) Wave: :
pefinition: Wave is a disturbance of some kinds

gh a medium and carries enerqy-

that pPropagates
trrod

(%) wave Motion:

M: The mechanism by which energy is transferred from one
soint €0 another point is known as wave motion-

E,E@E_a__tia{r:

Wren we throw a stone on the still surface of water in 4 pond, a
jsturbance is produced in water- In another words enerqy is trans-
trred to the particles of water due to which they begins to oscil-
wte chout their mean position- The oscillating molecules of water
sransfer the energy to their neighboring molecules- This process con-
snues and finally the enerqy is transferred to the edge of the
pord- This motion of the disturbance is due to the transfer of
eergy from particle to particle is known as wave motion-

The waves transport energy from one place to another but the par-
tiles of the medium does not change their position permanently-
They perform only vibratory motion about their mean position:

2: What is a periodic wave? Explain with sxamples-
frs- Periodic_Waves:

Ybinition: If a medium is disturbed periodically [i-e+ disturbed after
il intervals of time], then the waves with same frequency and
Mplitude gre produced, which are known as periodic waves:

: iMples eriodic Waves:

;--‘5’.!.__"'-! produced in q rope:

Cons; :
ider an ordinary rope whose Transverse periodic
ene end i

IR
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support, as shown in the
figure If we hold the other
end of the rope in hand
and give a sudden up and
down motion periodically,
then a train of transverse

periodic waves ere produced
in the string, as shown in

the figure: The waves travel Waves in nipple tank

: Chp-8. Wa J-E'_‘E -

e

385 |

—

1 uss the propagation of waves in detail.

towards the fixed end,

while particles of the rope vibrate up and down about th,,

mean position-

2-  The circuler periodic waves can be produced in a ripple &

any instant of time is shown in the figure-

——

-

K
when spherical dippers just touchin the water surface- This is

done by means of @ mechanical acrrangement driven by a small
electric motor- The rate of dipping the rods is controlled by
¢hanging the speed of motor- The pattern of waves obtzined at

fp;;nrgﬂﬁiﬂﬂ_:ﬂﬁ*‘ﬁ’ﬂiﬁ: =
ﬂﬂi- e —— X h -
The Prﬂpﬂﬂ“"’" "i ’::f ::'T waves occurs due to the interaction
' e medium w;
of the P"rt'ﬂﬁ i " with each other- The particle by
sicle wave propagacion can occur .
g I ] 3 U‘
P o elastic medium: s
2 A=
.n of a stretched long elastic 3332,
ybratio o . U
ol which consists of equally spaced 2 - C
r . siwk.a
grticle such as 1. 2, SLR Pi 6, | Qepsnax® R AN o
.along its length as shown in |a-
g—— )] 2"“" .
faure (a) A'tt“:‘l r'_,..t'_:..._.. ol
\ow if the particle “I" is given a i B3

o ypward motion at right angle tc the cord, the particle “2" will
fllow it due to elasticity of the cord- The particle 2" will lack
sehind the particle “T" due to its inertia-

_@3: What are progressive waves? Explain-

fins: Progressive Waves (or) Travelling Waves:

Definition: Those waves which transmi¢ energy from one place to

another place are known as progressive waves or
Explanation:

When we drop a stone on the still surface of
water in a pond, a disturbance is produce in
water: Due to this disturbance, the particles
of water are set into motion- These par-
ticles transfer their energy to the neighbor-
ing particles: This process continues and fi-
nally, the energy recches to the edge of the

pond of water Such waves which are pro-
duced

N water and carry energy from one

—

travelling waves:

Protograph ot shadows

circular waves on the watd
surface

Now when the particle “2" rises, the particle “3" will follow its
bt will lack behind the particle “2" due to its inertia-

5."m:.|’ar.\‘y
* the particle “4" will follow particle “3" and so on-

Wren the particle “1" reaches to its highest position “+A/" the
particle “5" just begin to moves up while at that instant particle
*I* starts downwards motion- The particle “2" will continue its

spward motion due to its inertia until it reaches to its highest po--
stion “+A/"-

Ll . T & :
wken the particle “1" reach 1ts mean position “O" it does not stop

th
tre and move downwards from mean position “0O" as shown in
Faure (c)-

wh ' I AL
€ particle “1" reaches to position “-A", then it returns to-

'i'dli lts m o i E
€an posicion “O"- When it reaches “0O", one vibration is

“mpleted
¢ and as a result the other particles become disturbed as

place to another are called transverse pro-
§ressive waves-

ﬂ'?h‘ﬂ N
" figure (d)- The particle “I" js now ready for second vibra-

" In th;
: * Way, the waves propagate towards right and the par-

s of th ~
-.._________ g mEd'um [Eﬂrd} ﬂSfl‘HﬂtE ﬂ'na"‘y ﬂbﬂut thg,ﬂ'r mean position
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Q5: Discuss the types of progressive mechanical waves- (OR)
Describe transverse and longitudinal waves with examples and cle
ar-

ly differentiate between them:
]

ETEA 2006, 2009, BISE Abbottakad 2079

Ans- T- Transverse Waves:

Definition: Those waves 'n which the particle of the mediym "
brates along e line perpendicular to the direction of Propagation
the waves, are known as transverse waves*

Explanation:

¥ )\. : B
(Whenever a disturbance is prop- '{ 3'

[ -t L rosd
agating through a medium, x/'\ /\
then the particles of the me-
d.fum are dfsturbcd ﬂnd Stﬂrt T'n._*:ht k H "m,.i:‘.‘-
vibration- If the vibration of A

the particle is perpendicular to the direction of the propagation of the
wave then it 15 called transverse wave pulse: The particle of medium
does not change their position permanently and performs only vibrato-
ry motion about their mean position: In transverse waves, the par-
ticles vibrate with the period and freaquency of the source:

The transverse waves consist of crests and troughs which are pro-
duced one after the other in a certain order- The distance between
two consecutive crests or two consecutive troughs is known as wave-
length- It is represented by “1.", while the distance between a crest
and nearest trough is equal to the half of the wavelength i-e: “ :,”é T

The number of waves passing through a certain point is known as
frequency of the waves- It is represented by "f'

The velocity, frequency and wavelength of the waves are related to
each other by the following equation i-e-

v=~FfA

The transverse waves can propagate through a medium whose elas-
ticity is larger- So these waves need a material medium for their
propagation-

Examples of (ransverse Waves:

The examples of transverse waves are given below:
» Water waves

Ll
oo
Sl

; s

u,’ﬂ'fﬂs Fr,ﬂdu-ﬁﬂd in a strﬂtﬂhﬂd 5tr,n9.
r

't;u_di”?!-— Waves [Compressional Waves].

Long! - -
f’hﬂ;t waves in which the particles of the Medium vibrat b
b - . e abo
.r mean position along the direction of Propagation of 4. -
tﬁ;nawn as longitudinal waves or compressional yyq,es. e
i$ .
Janat1o0: :
gid:r g slinky spring placed on a smooth table top qs sho
i = wn
& igure- Let one end of the SPring is free and the other end r
. s

octed t0 @ fixed support, as shown in the figure-

i .
iia free end of the spring towards right, then the

nd are compressed towards right due to the applied force- T
e
ompressed loops then exert a force on the loops to the right side

a compressional pulse travels towards right

When we pysh
fﬂﬂps near the

dong the spring:
ow when the spring is pulled suddenly in backward direction, [i-e-

- spwards left], the loops near the end are rarefacted due to the ap-

rled force: The rarefacted loops then exert a force on the loops of

the right of them- In this way, a rarefaction travels along the

jpring:
Now if the spring is pushed forward and backward at o cons

tant
ute, a series of longitudinal waves s setup: As the

wave moves

through the
Wave e e
l-'lﬂky Sprl'ﬂﬂ. Free “'$ rarefachions f__1+ ompeessions [ oed sy -
' Push — — —— —
wmpression and l mwwﬁ\mwwﬁ.
’ r . Pu” hand : f: \ : ; = . # .
creraction  can movement 4 negave ) Posane ! ' . : | H
repeated e H - . ' '
it seen ﬂ,ﬂng rc[u!!lqu :h' T EL - r I: - ; ‘
' L] i i . - -
the spring- ¢ f 3. f & 1.3 i
- drsplacement : ; ; : v A ' :
The longitudinal A - : !¢ : }L : . e .
_ ' ; . > v— >, \
Pvtstor | ¢ ] Mt i 1.3
| L] i L]
“Mpression and | © ' : ' : ' , ' :
""r‘ftiﬂns - t ! ! ! distance
1 rartfaction rarefacton COMPICSSION LOMpression
th gre Prﬂ_
“\__---‘-__ —
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duced one after the other in a certain order- The distasc el
; e

two Consecutive COMPpressions Or two consecutive ror,y Oetiy,,,
ac

known as wavelength “A"- The wavelength *}. ", *’f‘rquen:y :far,, .
velocity “v" of the waves are related to each other b4 o

equation e

hE rﬂ”ﬂ w';;
SRR

Examples of Longitudinal Waves:
r Sound waves

r Compressional waves in a spring

r Railway engine connected to boggies with buffer
tween them-

» Shock waves [seismic waves] produced during an earthguake.

@6: Define the following terms: Wave speed, frequency of wayes

time period of waves, wavelength, amplitude of wave
wave, phase- 3

Ans- 1- Wave Speed: (ETEA 2006) . ik

The distance travelled by a wave per unit time is known as speed of
@ wave: The speed of a wave depends upon the type of wave as wel
as the properties of the medium-

For example, the speed of transvers: wave pulse in a stretched

string depend upon the mass of string “Mm”, length of string “L"
and tension in the string “T" and is given by,

: iﬂt:nsity of

v = \,’% (7)
If “m" represents mass per unit length, i-e
m=2 L em (2)
L
Putting equation (2) in equation (1), we get,
v = fIE = vy = f__-[ 2
\mL \'m £

These equations show that the speed of transverse waves wel
stretched and thin string is greater as compared to a loosely and
thick one: While in case of longitudinal waves, the speed of .*
depends upon the modulus of elasticity “E” and density “0" o 4
medium, and is given by,

S . __--—-"""-'-.

erd

SPrings in p,.

- 5__ . -"f_g;'_';r

_Chp-8 Waves - 389 |

[ (4)

gases are more compressible, so the elastic modulus “E" s

As L‘ﬁ: S solids® That is why, the longitudinal waves travel faster
51'1""""*;:{5 s compared to gases: The unit of velocity is m/sec
in 50

2. gsgy_gﬂfysgﬁi&ﬁ_;: | y

The number of waves passing through a certain point in unit time is
known as frequency of the wave: When a wave progresses, each par-
vicle of the medium oscillates periodically with the time period and
frequency of the source: Thus the frequency “f’ of the wave is
cqual t0 the frequency of the source:

number of waves passing through a pm‘ntq\

Frequency = time taken by waves |

The unit of frequency is Hz or cycle per sec (c-p:s)-

3. Time_Period of Waves: |

The time during which a wave passes through a certain point is
called the time period of the wave: When a wave progresses, each
particle of the medium oscillates periodically with the time period
and frequency of the source: Thus the period “T" of the wave is

equal to the time period of the source: The time period is equal to

/
the reciprocal of frequency i-e: T = 3

The unit of time period is sec:
4 Wavelength:

The distance between the
two  successive  particles
which are exactly in the
$ame state of vibration is

known as wavelength- It is

Fepresented by WM. s
Wit is meter- The relation between velocity, frequency and wave:
nsth of @ wave is given by,

"ﬂ" 5 F?&I

e
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5- Amplitude of Wave:

The maximum displacement covered by

a vibrating particle from its mean posi-

tion on either side is known as ampli-
 tude of the wave: In above figure,
y," represents the amplitude-

6 Intensity of Wave:

The amount of energy transmitted per >—
second per unit area placed perpendicu-
lar to the direction of propagation of

waves is called the intensity of the waves- |& is re
Its unit is “J/sec-m?"-

7+ Phase:

The state of motion in a wave is known as phase-

ol

Area

—

presented 53 “m,

- Q7 Explain Newton's formula for the speed of sound- Show that
how it was corrected by a French scientist Laplace?

BISE Malakand 2019, BISE Mardan 2019, BISE Peshawar 2019

Ans: Speed of Sound: '

—

The distance covered by sound wave per unit time is called speed of

sound wave-

Newton's Formula for Speed of Sound:
The sound waves are longitudinal waves [meche=...' waves] whith
need a material medium for their propagation- T} 'p-:ed of sound

waves in a medium depends upon the density “O6 Jf the medium
and E!ﬂftl.ffty EY of the medium- fe*

—
'3
e \/3 (7)
According to Newton, the temperature of air does not change when
sound waves passes through it- Newton told that heat which is pro”
duced in the compression reqion leaks to the surrounding, th"’: ”’_"
decrease in the temperature which occurs in the rarefaction region

compensated by the flow of heat from the surrounding- A
In this way, the temperature of the medium [air] remains consten

; £0 o
50 under such conditions, the elasticity “E" of air may be equal

the pressure of the air: i-e* E=P

Thus equation (7) becomes, =

-8 Waves - 391 |

T*ﬁ"’#mwr of air whose volume is “V" and pressure is “P"-

ggns:dgr a o B P_.-pduc:d in this layer due to which its volume

i L

w," and pressure increases by “p", so the final volume
v and the final pressure becomes “P+p"-
temperature was assume to remain constant, so the

s isothermal for which we apply Boyle's law ie*, we have,
cess !

W:(P*P)(u'v)

=W=W'W+PU-PV

prﬂ

:} - -Pv+pV-0=0
L -PvtpV - PY 0= *Pv*p
5 PPV
pv _ P
2 PR
p . stress =Efﬂ$tfcity ~
= Py (v/ V) volumetric strain

= EP = E|

Which is the required proof- >
Vow to calculate the speed of sound in air, we put,

P = §'gh (3) | \
In equation (3) “8&' " represents the density of standard fluid me
cury and “h" represents height of mercury at atmospheric pressure

Putting equation (3) in equation (2), we get,

- 2 (4)

Put § = 13-6 gm/em®, g = 980cm/sec’, h = 76¢ of Hg,
b = density of air = 0-001293gm/cm’ in equation (%), we get,
V= JB*S x980x76 _, = 28000cm/sec [approximately]
0-001293
= V. = 280m / sec | —
But the above value is about 16% less than the experimenta r_‘e '
whith is about 332m/sec- So we cannot ignore it as anlexp:rrﬁel |
%l error- This error was then removed by Laplace and is Koou®

Laplace torrection- ——
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Laplace Correction:

According to Laplace, Newton was wrong in assuming ¢,
ac ¢

Waves Pﬂﬁe i
Pression and
the temper,
in Cemperatyr,

n temparature du,-,-n?
50 Llaplace assume adiabatic process instead of ;

for which he put, £ = v+pP -
Where “v" is constent and
the gas: For air, v = 1-42.
To_show that, E=yP:

Consider ¢ loyer of air having pressure “pr and volume Le
compression is produced in it, such that the pressure iNcreases t
Y a

factor “p" and volume decreases by a factor “v”- Now we have
P/ =(P+p)(v-v)* |

= P =rP+p)V’1("E;J

perature of air does not change when sound en.

* throy,

Fa Fe Faf i

v-is_pr

Cure of ,
|

it He told thnat sound waves consist of com
which are produced in air so rapidly, that
does not remains constant: j-e: the rise

pression cannot balance the fzll dur"”i om.

its value depends pon the pae,,
€ of

The term L :: y

small, so we neglect it

IS very ven

e i
= PP P)!:f '(U,U (5)

E-*’Pandmg the second term of RH-S or Binomial Formula, ‘
equation (5), binomially, we get, n(n=I)x’

.‘

(J+x)"=1+nx +

'I" 4 ”‘1 4 ” 2!
-I[ “EJJ o ‘r’!\* EJ tneglected terms
— I - 'F_r‘_ Il.F' - ? = IE ]'HI i Lol O We nfq#ﬂft-lr

| its high power tcrms
Putting equation (6) in equation (S), we get,
P=(P+p)(?-£]

L ¥
> Pap. IV
T
v

:}'IEEJ-P-I_F.E-

v v

.rF'.\“,

B ke @ a

Y,

T Chp-8: Waves - 393 |1

= ﬂ:rfﬁ = Elasticity = £

3 ] e T volumetric stramn

8
:t;ﬂf equation (7) in equation (1), we get,
u

= .ff. P = d'gh
y'= 1; 8 '

[ sk _ o - J’?-‘i‘.?x?}ﬁx?&ﬂx 76

5 V=18t 0-007293

- Y 33353cm/sec
y = 333-53m/sec = V = 333m/sec
?Tr's value agrees with experimental value which is 332m/sec-
I

"ég. Explain the speed of sound in a gas and give all the _ﬁ:ctars
which affect the speed of sound in the air-

(8¢ Abbottabad 2019, BISE DI Khan 2019, BISE Marden 2017 |
Ans- The speed of sound in a gas depends upon various factors which
are qiven below:

I- Effect of Density:

We know that,

=
v = 1P (1)
Vo
Put yP = constant in equation (1), we get,
]
- 2

Relation (2) shows that at constant temperature and pressure, the
Speed of sound in gases is inversely proportional to the square root
of their density i-e+ smaller the density of a gas, greater will be the
fpeed of sound through it- As hydrogen is less denser than oxygen,
0 sound waves travels faster in hydrogen as compare to oxygen-

& Effect of Moisture:

The speed of sound increases with the presence of moisture in the
It is because the moisture reduces the resultant density of air
When the d:ﬂﬂty decreases, the SPE».'.d of sound will increase: Thus

the Velocity of sound in damp air is greater than its value in dry air

> Effect of Pressure: (ETEA 2007, 2011)
"S been found that the speed of air Aoes not depend upon the

—
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pressure Of the air i*e* UV = constant

Proof: e know that,

wP
V Fyre= (7)
V3
We alsc know that,
§=— (2)
L
Also PV = nRT [Put n = 7]
RT
::»PU=RT='U:F (3)
Putting equation (3) in equation (2), we get,
mF
- P i -
B e (%)
Putting equation (%) in equation. (1), we get,
RT vRT
U = B2 = [
"'."_mP \'m
IyRT
= el (5)
\'m
Putting s = constant, so equation (5) becomes,
r
V = constant! (6)

Equation (€) shows that the speed of sound is independent of the
pressure of the air- '

4- Effect of Temperature: (BISE Mardan 20189)

The speed of sound increases with increase in temperature: It has
been found that the speed of sound in gas increases about O-6m/set
for each I°C rise in temperature-

We know that,

= !
5 (7)
7R
Put — = constant, so equation (1) becomes,
m
V = econstt- vT = IV = a.:r'l’—' (2)

Relation (2) shows that the speed of sound in a gas
proportional to the square root of the absolute temperat
gas: i-e* when temperature of a gas increases, the speed 0
also increases and vice versa-

ure of the
F sound

—

: et of
e ﬁ&-f;’;g velocity of sound and “V_" s the velocity of wind

: J‘L"r" i " , . - .

If £ the wind is moving in the direction of sound waves, then
v i . ]

:: lative velocity becomes (V + V_)- 50 relative speed of sound
g

h a case increases, and if the wind is moving in opposite direc-
he sound waves, then the relative speed becomes (U - V)
ive speed of sound in such a case decreases-

" §us
i) of ¢

e relat
5; tneé

e —————

‘E,; Yow the speed of sound in the air varies with temperature
ond hence show that for each one degree centigrade rise in tem-
the Igc_ed_af sound increases by 0-61m/sec?

perature A
Ans: Tre speed of sound in air depends upon temperature of the

gir- If the temperature of air increases, then the velocity of speed
of sound wave also increases: It has been found that for each one

degree centigrade rise in temperature, the speed of sound increases
by 0-61m/sec-

proof:

Let “U," represents the speed of sound at temperature “T,” and
“U" represents the speed of sound at temperature “T- Then we

have,

] (1)

-
— -

v, \T,

We have, T, = (0°C + 273) = 273K and T = (t°C + 273)K

50 equation (1) becomes,
V ,"{t’f: +273)K _ IIrt."z: ¢ 273

vY 273K \ 273
v _ e ( t°C /2
D = )= |1+
v V273 < l? ’ 273]
. v _ l? ) e V2 2) - | Binomial fermula : s
v, \ Z?JJ - (I +a) = !+nx+n(”2r)x + ee

ffpundm’ the R-H-5 of equation (2) binomially and neglecting the
"gher power terms, we get,

o VA
e I

=]+ —

2(273)

Cho-8. Waves - 395
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Fy

' e \d e
- | 74 4 A a4 g
| 27, 546
So equation (2) becomes,
vV [ & V.t°C
2 GF | P+ = |/ + - 3
. 546 ) B ¢ 544 (3)

At 0°C, we have, V. = 332m/sec

Put V, = 332m/sec in 27 term of R'H'S of equation (3), w, get

U=li+—3-§2t£—

5465

= |V = ¥ +0-67¢°C (%)

Equation (%) shows that the speed of sound increases by O-67Tm/ser for
each one degree centigrade rise in temperature:

Q10: State and explain the principle of superposition of waves-
Ans. Statement: —

It states that whenever two waves are travelling in the same re-
gion, the total displacement at any point is equal to the vector
sum of their individual displacements at that point-

Explanation:

When two waves travelling in the
same direction are superposed, the
shape of the string at any instant
can be determined by applying the
principle of superposition:

In the aiven figure, the displacement
‘y," arising from the wave “1" are
given by the dotted curve- While the
displacement "“y," arising from the
wave “2" are given by the broken
curve: The resultant displacements
are qiven by the solid curve which is
obtained by adding the displacement

“w," and “y," for every point along
the string e

¥ =9+,

The resultant wave will travel along
the string with same speed as that

Y=Y+ Y2

e to which q resultant wave of

——ﬁ‘.—_'—_r_-z-_-____‘___.
o - —— Chp-3: Waves - 397 |

nt waves' The principle holds for mechanical wave and c.:H_-

ompone ;
A itramd',?”"tn v .
elet “narﬂﬂ"" of interference, diffraction, beats and stat:r'anary waves
" T consequences of superposition of waves-

e
gre t;,r Lhe two waves posses same frequency and same phase. then
1  cnomenon of interference will take place-

l;;_ Lhe two waves posses slightly different frequencies and are
2-  ovelling in Same direction, when phenomenon of beagts will

take place’
. If the two waves of same frequency are travelling in opposite
3-

directions, then standing or stationary waves will be produced-

-E’”' (a) What is meant by the interference of waves?
(b) Discuss the types of interference:
(¢) Discuss the conditions for interference:

ans (a) Interference of Waves:
Definition: The superposition of two waves coming from two cohe-
e — .

rent sources at the same time thraugh the same medium having the
came frequency and amplitude is known as interference of waves:

(b) Types of Interference:

There are two types of interfe-

rence, which are given below:
I- Constructive Interference:

When two waves arrive at a cer-

tain point in the same phase i-e
when the two c¢rests and two
troughs falls upon each other,

they reinforce each other- As a result, the intensity of waves in-

reases and a resulting wave with large amplitude is produced: In the
jiven figure, wave 1 and wave 2 interfere each other constructively

large amplitude s produced- | /
ft; Destructive Interference: s //\ —

. . " 'h
hen twp waves arrive at a cer- \S( e ST

B
" Point in opposite phase i-e* 1 Wesuhan
When the i

~_ "¢ ctrest of one wave falls Way |
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upon the trough of other wave, then they are said to be jpy,..
rfne

destructively- In such a case, they cancel the effect of each o4
o s

end the resultant intencity becomes minimum or Zero- |n -

wave 1 end weve 2 interfere destrur:tivefy and as T

ure, a fffuft We

get a resultant wave with zero emplitude-

(¢) Conditions for Interference:

For interference, the following conditions must be sctisfied-

The two waves must te phase coherent:

- They must arrive at the same place at the same time-

+ The two waves must be travelling in the same direction-

- The principle of linear super position must be satisfied-

The constructive interference takes place only, if the pat

difference is zero i-e: an integral multiple of “7."« j-e-

Path - difference = mh.

(OR) Path - difference = O-T:, 2%, 3i,......mk.
[Where m = 0,1,2,3,4,......]

6 The destructive interference takes place only, if the path differ~

ence between the two waves is an odd multiple of half of the

h e N

wavelength i-e

Path - difference =

|
3

[Where m = 0,1,2,3,%3..%]

Q12: Explain the interference of sound waves- Also discuss its ex
_perimental verification-

Ans- The effect produced by the superposition of sound waves from
two coherent sources, passing through the same region is known as
interference of sound waves-

If the phase of the two waves is the same, i-e: when two compres
sions and two rarefactions falls upon each other, they reinforce eath
other and constructive interference will take place: The intensity
and amplitude of the resultant wave increases and we hear a 1042
sound-

If the phase of the two sound waves is not the same, then '
tompression of one wave falls upon the rarefaction of the s

Chp-8: Waye, o

they cancel the effect of each other due to which the
¢

: of the resultant wave becomes zero and' thus we hear no
:J’-"Fi’:uﬁm type of interference is known as destructive interfe-
gound:

€ 1 Verification of Interference of Sound Waves:

rimen=s _
P:Pc;;zrf:r:ﬂu of sound waves can be verified experimentally by
The ’ﬂ u.;;,apgd tube apparatus as shown in the figure-
nda
;‘; muﬂd waves are pro-
¢ .
Juced with the help of tun- l—_—fghh _—
¢ “A”+ These waves 3 nrce of fonsd muves
eaches the ear which is kept 5
pear at point “D" by travel- ¢
lng along the path “ACD” “
- Ly
ond “ABD", as shown in the .

figure:
Now if the lengths of the two paths are the same, then the waves

reaching at “D" along the two paths will interfere constructively
end a loud sound will be heard-

Now if the U-shaped tube is moved towards right such that the
length of path “ABD" increases gradually, then a stage comes when
the ear will hear no sound because at this stage destructive interfe-
rence takes place at point “D"- This happens when the lenath of
the path “ABD" is greater than the length of the path “ACD" by

-]‘H

— L

2
Now if the pinch cork at “C" is closed, then the ear will hear the

sound which is due to the waves coming to the point “D" along the
path “ABD" only-

U3: What are beats? Explain how they are produced and show that
the number of beats per second is equal to the difference in fre-
%ﬁ' the two sources?

n""_ Beats: The periodic variation in the loudness of sound between
mju'm"m and minimum due to superposition of two waves of
Sightly different frequencies is known as beats: ( OR)

¢ rise and fall in the intensity of sound waves per second is called

blﬂ'ts-
N ——
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Explanation:

- One maximum and one minimum form one beat- The Numbe.
beats produced in a unit time is equal to the differerce 5““{:;
the frequencies of the two sources:

For beats to be heard clearly, the difference between the Freouin.
cies should be smell- The difference between beats and interferen,
is that, in case of interference two tuning forks of equal Frequen.-:,ﬁ
are used, while in case of beats phenomenon, two tum‘ng forks of

slightly different frequencies cre used-

1

Consider twe tuming forks “A" and “B" Imw‘ng frequencies of 256U,
and 25%Hz respectively: Both the tuning forks are placed at th,
same distance from ear, as shown in the figure: Let the two tuning

forks are sounded together by striking them on a rubber pad-
Case-1: At t = 0, both the tuning forks

1 7 ,
send compression towards right as shown in | A \) =256
figure (a)- These compressions reinforce . — 1 =0 9

eacth other aend as a result, a loud sound J =254 Tyzia
will be heard: - I
? . i L ‘1‘ \) "\

Case-2: At t = Z 5 the tuning fork “A o= Vsceond 9

will send compression while the tuning fork = \,} Fig ih)
“B" will send rarefaction, because at A :)"
r = 1.7 o :

t = Z 56 tuning fork “A” will complete = ..5}
B ) .

64 vibrations while the tuning fork “B” W} g

|
complete 63-5 vibrations: The compression ""*5" :
and rarefaction cancel the effect of each
other and thus no sound is heard: Case .
_}-

number 2 is shown in figure (b)-

. =34 second
. T
\) Fag (¢
=

7
Case-3: At ¢ = 5 S¢6 the tuning fork “A" | A \)

s =1 scvond
complete 128 vibrations and thus it will "'y
send compression towards right- While the ‘I}

*ltlh'

Beals are P i edd Wile

th‘ﬂiﬁg Fﬂfk “E" fﬂ'mpfﬁtﬂ ?2 7 Vflbrﬂtf.aHS' 5"-'1”‘” III”'”E fiirks s il
S0 it will alsa send compression towards |shehtly diierentiicar

am

she compressions reinforce each other and a5 , result o

und‘ is pf‘ﬂdu:'d' Case ﬂﬂfﬂbli" 3 is shown in ﬁ’ur' (';)-

50 3 -1

L AE b E’“' the fork “A" complete 7192 vibrations and
yill send compression towards right: While the tuning fork

190+5 vibrations and thus it will send rarefaction ¢p-

lr n’mpfltl { d

1 right" The compression and rarefaction cancel the effect of
wi - and thus no sound will be heard: Case number 4 s
yqwn in F19Ure (4) |
' ¢t = Isec, the tuning fork “A" will complete 256 yibra-

At
Qi and thus it will send compression towards right: While the

gns . :
::nfn; fork “8" will complete 254 vibrations end thus it will also
towards right Both the compressions reinforced

uﬂl‘ ;pmpr#.fﬂ'ﬂﬂ
ich other and as a result a loud sound is produced: Case number 5

s shown in figure ()’

Juts Frequency:

0, difference between the frequencies of the two waves is called
hat frequency® It is represented by “N" and is given by,

Nehhy 1)

Now if “T" is the time interval between two successive loud
wunds, then the number of oscillation of the first wave will be
wual to “RT" and that of the second wave will be equal to “f T
bt the first wave should have made one oscillation more than the

wond one* S0 we have,

fT=FT =]
S (R=-F)T a ] i",-F,--,:-. (2)

“mpering equations (1), (2), we get,

45 of Beats:

4 We ¢an use beats to tune a string instruments such as piano

9" violin by beating a note [sound] against a note of known
r"‘"‘”‘?' The string can then be adjusted to the desired fre-
fuency by tightening or loosening it until no beat are heard

“ats phenomenon is used for Ainding the unknown frequency

o Thmemedaia., -

=

LB __ =8 -
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3- Beats are used to produce variety in music

Q74: Discuss the reflection of waves and phase changes th;:;;\
during reflection ury
Ans: Reflection_of Waves: e
Definition: The bouncing back of waves from the boundary of , el
tain medium is known as reflection of waves-

(a) Reflection of Mechanical Waves:

Consider a string whose one end is free and the other end is ¢qp.
nected to a fixed support [wall] as shown in the figure-

If we hold the other end of the string in hand and movye it up and
down, then a crest [an upward pulse] is sent towards right g
shown in the figure: —
When the crest strike the fixed s
support [ier wall - denser 2 P '

medium], some part of its
enerqy is absorbed and the rest
is reflected: As the wall does
not move up with the crest in
same way as it pulls the string

reflected wave pulse

upwards, so the wall exert

downward pull on the string: As a result the crest is reflected in
the form of trough as shown in figure (b): In this way, a phase

thange of 180° or = radian occurs which is equal to half of the we

I.l"

velength i-e E " between the incident crest and reflected trough’

On the other hand, if the end of the string is connected to a ring
[rare medium], then when the crest strike the ring moves up and

down and reflect the crest as
crest, as shown in the figure-
Thus there is no phase change
in this case:

From the above discussion it is
tlear that wher a transverse
wave on a s.ring is reflected

fetlectcd wave pule

from a denser medium, there is

=5 PhysicS N — .
change of 180° or = radian- While when a Eransverse waye

g phase < reflected from the boundary of a rare medium, 1t sus-
on pase change: The same principle is applicable for longitudinal

waves” vion of Electromagnetic Waves:

() Eﬁﬂf»:;;’# also occurs when electromagnetic waves such 45
The pﬁﬂf‘; are reflected from the boundary of a denser medium.
light b:ﬂ:“hniqﬂﬁ have been developed for locating the position of

lariOu
Varic by reflecting the waves of known speed from them as radar

objects

waves’ = - - -
Eg_ Discuss the reflection of sound waves-

s Reflection_of Sound Waves:

Definition: The bouncing back of sound waves from certain surface
ms reflection of sound waves-

ation:
%:ﬁ;j—ww:s can be reflected from large flat and hard surfaces,
cuch as wall, cliffs, clouds, ground etc- Like other waves, the sound
waves also obey the laws of reflection-
Applications of Reflection of Sound Waves:

- The reflection of sound waves can be used to determine the
depth of the sea- For this purpose a sound pulse having fre-
quency greater than 20KHz is sent out under water from a
ship- When the sound waves reach the bottom of the sea,
they reflect and moves back towards the receiver fitted on
the ship: When the receiver detects the sound, the time in-

terval “T is noted- Now we take the half of “T" [i-e

T
t= E} which gives us the time taken by the sound waves in

reaching the bottom of the sea- Now we use the following

formula for determining the depth of the sea- i-e

$=vt| The velocity of sound in sea water is 1450m/sec-

2 The reflection of sound gives us information about an obstacle
n the path of various insects and birds: When an insect travels
in a dark night, it emits ultrasonic waves whose frequency is
reater than 20KHz- These waves travel faster ahead the in-

——
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sect and strike any obstacle in its way, they reflect and
back along the same path- The insect detect the re
sound and thus change their direction: In this way, the insecs
continue their journey in safe and sound conditions.

3+ The reflection of sound is used in defence and de
partments for various purposes:

4 The reflection of sound waves gives us information about

flecteq

tection de-

€chp,
reverberation etc:

t??é‘: Write a note on, (a) Echo, (b) Reverberation e
ﬁﬂ'f" (ﬂ) E_.ﬂﬂf .3

The reflection of an original sound from a certain object s received
at O-Isec later than the direct sound is known as an echo-
Explanation:

Echo is a factor due to which we cannot The speed :f-muml o alcde
hear the sound clearly: This phenomenon mostly taken as 340m/s, 5o
occurs in those halls, which having large | the effective distance for echo
size and smooth walls

. 340=0.|
Is =
.1
To avoid or minimize echo, the dimen-

e —— m

sion and size of the hall should not be too large: Also the distance
between source of sound and the wall of hall should be less than
7m- It is because, if the distance ‘s greater than 17m, then the
time intervals will be more than O-i seconds and under such condi-
tions, our ear will hear two Separate sounds: To avoid such two
Separate sounds, the time intervals should be less than O-71 seconds:
(6) Reverberation:
It is that effect due to which we cann
original sound and reflecting sound and ¢
sion of the sound impression on the air:

QI7: Write a detail note on ‘5ta!-:fan-n£g ‘waves or standing waves:
ETEA 2006,7,11,13,14,16, BISE Peshawar 2017 ]

Ans: Standing Waves [Stationary Waves]:

When two waves of same frequenc
velling along the same |in
each other, then standin
Explanation:

Consider an elast/c cord

e

ot distinguish between the
hus causes a general confu-

¥, period and amplitude are tra-
€ in opposite direction and superimpose
g or stationary waves are produced-

whose one end is fixed and the other is held

M

A

n har

‘ e Set up in
Now ! 4. These waves travel towards the fixed end of the cord

r - L]
the €0 reflections and travels back towards the hand. The incoming
w{fp"!

b reflected waves overlap each other and thus
8

of standing waves: _
el Jre certain points on statio-
There

ary Waves nt. which th: :n::;t:des
of vibration 15 ."’.El‘ﬂ' an e I
mum: Such points are known
rﬂﬂﬂﬂdﬁ- In given figure, N, N,,
::,L; represents the nodes: While
.-;; points where the amplitude of
Jbration is maximum and the ten-
jion is mimmum, are known as an-
sinodes: In the given figure, A, A,
it¢ represents the antinodes:
The nede and antinodes are pro-
duce in such a manner that there
s one node between two antinodes
end there is one antinode between
two nodes- k = %}( = .
The distance between two consecu- - -
tive nodes or two

form g sys-

: .i\\\l |

|
|
l
|
1

consecutive antinodes is equal to half of the we-

velength e % While the distance between a node and its neigh-

boring antinode is equal to one fourth of the wavelength e+ =. |n

P
tanding waves, the energy is not transferred from one particle to
Nother

When the
hﬂfmnﬂjp
In case 0

cord vibrates in one loop, then the frequency is called 7"
't is represented by “£"

f two loops, the frequency is called second harmonic- It is
"tPresented

59 "£" and is given by,
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p..

=
——

Thus we can say that the frequencies with which the st- -

brate are quantized- That is the SEring can vibrat, with h.”g cer
of frequencies i-e: £, 2f,, 3F,, 4f,, «----. , nf, d

— e e —

Q78: Discuss the formation of transverse St";:;?“"yh
stretched string: (OR) What do you mean by ‘tﬂtfana:“s .

in
Show that as the string vibrates in more and more e ;
quency increases and wavelength decrease- .

__—_-_'_'_-'-—-——____
Ans: Stationary Wayes:

When two waves of same frequency, period, amplitude g, "
are travelling along the same line in opposite direction and g:nty
each other, then standing or stationary waves gre Produced. ¢riap
Transverse Stationary Waves in_a Stretched String:
A standing wave obtained due to the superposition o
waves is known as transverse stationary waye-

Now consider a string of length “L” stretched between tu, Sup-
ports “A" and “B” as shown in the -figure: This string can be made
to vibrate in any number of loops-

Case-1: Vibration of String_in one Loop:

In this case, the string is made
to vibrate in one loop- For this
purpose, the string is plucked at
its mid point “P" due to which P
two transverse waves originates
from point “P”- One of these
waves move towards the right B VY L A
end and the other move towards
the left end- When these waves
reach the fixed ends, they are
reflected back- They meet at the
middle where they superpose each
other and as a result q stationary
wave is setup: The whole string
will vibrate in one loop, with two
nodes and one antinode, as shown
in the figure-
- — P

e

ts Fr;.

—

———

of one loop, the Frequency Is called fun

g damentql ¢,
- ;ﬂ'f‘ e 1 o= 9 Fl"t
rﬂﬂr fGirst harmonic It is represented by “£" and ;s given by,
#.J;HE!)' Y, ('?)
F T
’“1;”‘ loop, we have, AsV = ¢y
Hﬂ"':’ X 3- ’ % =Ff = g_
2 2 '
ke ation (2) in equation (1), we get, Ay
seing €44
Putti®® "y (3)
T he lowest £ hich i
- (3) represents the lowes requency which is called funda-
n .
gqu#t';’ frequency or fiFsclearmonic:
menta hat the velocity of wave in a stretched string in

know t
Now weé tension “T" and mass per unit length “m»
T

(4)
m -
pytting equation (4) in equation (3), we get,
i

F= _f_ﬁ (5)
I ZL m

it (5) represents the fundamental frequency or first harmon-
won ;

Fqua-ﬂ, which the string vibrates in one loop-

it wi

£ is given by,
ttﬂﬂf 0

In this case, the same string of length “L" is made to vibrate in
A (] (]

two loops: For this purpose, the
string is plucked from one quar-
ter of its length and as a result
the string vibrates with frequen-
 “f,” in two loops as shown in

P » | € = >
the figure: Here we have, S, 2
- (6) i =2F
ll
I tese of two loops, we see that,
L = -}-i + .;-‘:l = ._2}"2
£ 2 2
e (7)


https://v3.camscanner.com/user/download

\

Putting equation (7) in equation (6), we

——

get,

= v L 2...1{.
2
(2&,:?) 2L
= f, 2(—;{;—} (&)

Putting equation (3) in equation (8), we
3™ B il 9
In equation (9) "£," is called second harmonie-

Case-3: Vibration of § tring in_three Loops:
In this case the same string is made to vibrate |n three |
this purpose, the string is plucked at one sixth of jts

a@ result the string vibrates with frequency "
shown in the figure:

Here we have,

gec,

ops: f,,
flﬂgt}, and o
in three loops, o

g-i_____nw
1‘1

In case of three loops, we have,

= A, = -:?;'-______(??) ——
Putting equation (77) in equation ( 10), we get,
£, = i 3

vV i )
BTN 3(35]____(12)
Putting equation (3) in equation (72), we get,

f, = 3f (13)
Similarly, in case of 4 loops, we
a9 _ "NV —(74)

have,

And in case of N-
fo=nf

fes
Conclusion: From above discussion it is clear that the frequentit
with which ¢

n
he string can vibrate are quantized That is the striM
\—_’,

numoer of loops, we have,

- 2.8: Waves - 409 ]
sa with discrete set of frequencies i*a :
ra

¢ 2F, 36, 46, 56,66, w0,
,f;ﬂf;dﬂ‘n’ 'quatf'ﬂﬂi (2), (7), (71) etl, we see that
Now ¢

;'3' - ;‘.I €A

hows that the wavelength decreases as ¢}, Aumber of Jogps
ﬁri:“r Now comparing equations (9), (13), (14) ete we See
nere

::n > 6> H0H>6

hows that, the frequency of vibrating string
s 5
:::btr of loop increases’

. Explain the following: (a) Fundamental frequency, (b) Over
o Quantization of frequencies

s, (¢
n

know that a string fixed firmly at its two ends
w:'! certain very special frequencies ie+ £, faremnnnnnfy The lowest
on

paracteristics frequency of vibration £, is called the fundamental
tha ,
Fﬂqu‘n;y or ﬁf‘ffe’ harmonic:

() Overtones or Harmonics:

The other possible modes of vibration whose frequencies are all

integral multiple of a lowest frequency are called overtones or har
monics*

When a stretched string is excited by a small periodic force having a

frequency equal to any of the quantized frequencies of the string,

the phenomena of resonance will take place and stationary wave will
be satup on the string:

(¢) Quantization of Frequencies:
It is observed that stationary waves on the string can be setup only
with a discrete set of frequencies f, £, fyunin  This shows that the
fsonant frequencies of the string are quantized, meaning that th:.y
¢ separated by frequency gapes: In other words quantum jumps in
frequency exise between the resonance frequencies This phenomenon
s known as the quantization of frequency:
"'l-_______—_-___ _

Q20: Discyss how stationary waves are produced in the air column?
M_&-‘_ R ———————————

; - « In
Ans. The sbutianﬂr‘y wave can be also setup in the air column

- | cted
e given arrangement, a glass tube filled with water is conne
% 4 reseryo;p.

\\___

increases as the

resonates ¢o

e —

— ———
———— —
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Now if we bring a vibrating

Tuning |
tuning fork over the open fork =< ¥C _—-“\'
end of the glass tube and at - Ifﬁh 1)
the same time we slowly — 5 C

: reservorr | == |\ Arr L3
lower the water surface in B —1=| [| column
the tube with the help of é -'::'—EubcT |
reservoir- During this process, : ; i
. 4— water
a stage comes when at a cer- ’

tain height of water level, (]

the air column in the tube w
will resonate loudly due to
sound sent into it by the

tuning fork-

. (s) Closed Organ Pipes:

The resonance occurs when the frequency “f' of the Periodic for,
due to tuning fork becomes equal to the fundamental frequency -.;:
of the air column- The resonance can occur several times by chan )
the height of water in the tube- A
In above process, the waves produced in the air column are reflected
from the surface of water The reflected waves and incoming wayes

the node is formed at the other end-

Note: Usi
ote: Using the resonance tube apparatus, we can also calculate the

speed of sound through air column- For this purpose we consider the

distance between node and antinode which s equal to “ X o This
distance represent i jos :
have, PrEseass M length “I” of air column in the tube: 5o we
f = i p— l =
4 g (1)

We also know that, V = 3 (2)

Puttf‘ng equation (7) ; .
i ion (1) m(?}ua#ran (2), we get,

ﬁ‘equency of air column = Frcqugncy of tuning
of air column, which can be noted from gradu-

Fr—

——

close . Eh
' sther end- When a jet of air is - .
ent through the open end inside =

Fig(a)

411 |

,.gfuzi of “f" and “I" in equation (3), we can caleulate

d in air*

n
the 5P wan pipes? Diccuse S T
m organ pipe Iscuss the formation of statjo-

Q21 (i) in an organ pipe: (ii) Also show that an open organ

aves )
nary :n';h er in harmonics than a :_!au_d organ pr:-
g ! s

ans' (1) gﬂﬂ_ﬂﬂ'ﬂ

pipe is the simplest example of an instrument which pro-
nd by means of vibrating air column+ The organ pipes are

H

Jf two types €
5> Closed organ pipe

» QOpen organ pipe

A closed organ pipe is that which is

the pipe, then the columns of air
are set into vibrations: These waves are reflected at the closed end
wd forms a system of standing waves: There is an antinode at open
end and node at the closed end-

Case-l: In first case, a half loop is formed as shown in figure (a):
We know that the distance between a node and jts ne:’g}}bgﬁng -

tinode is equal to "% " s0 we have,

A
lz—= A =¢gL

4
A, = 4L (7)
Now the frequency in this case is given by,
v
A
= (2)
Putt; ,
9 equation (7) in equation (2), we get,
f = .E__
e 7 (3)
Equatiop

3
Monje. (3) represents the fundamental frequency or first har-

\

—
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Cnu-E.' In umnd case one com-
plete loop and one half loop s
formed, as shown in figure (b)* [
this case, we have,

L=i+.’l;:.-2“""
4

TP .

Y

4L ‘HL

- 1

=% A 3 = 3 (4‘)
Now the frequency in this case is given by,

N

% .
Putting equation (%) in equation (5), we get,
v V v
; F—Ej kad’ 3[;,:) (6)
3
Putting equation (3) in equation (3), we get,
f, = 3, i 7))

Equation (7) represents the second harmonic or first overtone:
Case-3: In third case, two complete loops and one half loop is

formed, as shown in figure (c)* In

this case, we have,
g o At 2+ 2_'.»*:

[7
3 LHP_*"Z?.*EF.:‘L-% % % %

. e
5
D g, & (8)

= A

af

Now the frequency in this case is given by, For 3rd cast.

put }-=}-;

Wi

B

%
G'g; S . . L

Putting equation (8) in equation (9), we get,
f -_E’__.g_‘:’_:,;a.s(-"_J (70)

tion (3) in equation (710), we get,

—(77)
N “4f, (}'2)
(A)
i V50 equation (A) can be also written as,
B L 4L
v
a(2n-1)0r (8)

f
possible frequencies are,

ﬂ;ﬂll
v vV
AETTTTT TN ¢, I ) R
%13;&-—.5#‘-! ( n )‘?L
) open_Organ Pipes:
(1A 2009,2013)

B is that pipe which is open at
th ends: In such a case, antinodes fe— % e 7 R
4l be formed at both ends: f .

lasel: In this case, the air column - X
" th pipe oscillates for stationary wave and form certain loop with

meinodes at both ends, as shown in figure (d): In this case, we

have,
L= .l.- + .!L- = 2 i
¢ 4 4
=:.-.§:=~, A, = 2L (1)
T frequency in this case is given by,
4
ol (2)
!
Pitting equation (1) in equation (2), we get,
V
F _—
A3

tution (3) represents the first harmonic or fundamental frequency:

fm-z In this case, the air column in the pipe oscillate for statio-
) weves and form certain loops, as shown in figure (e)* In this

lll“’lk
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—

A A LA
= e P —= -
¢ 4 2 4 "
_(ALRL®) %
= g . 7 4
s N
= AE—
4
L |
> 4, =2 (4)
Now the frequency in this case is given by,
V
fy = ()
'
Putting equation (4) in equation (S), we get,

() )
L)

= f3=zlzi1

(6)
Putting equation (3) in equation (6), we get,
f, = 2f, (7)

Equation (7) represents the second harmonic or first overtone-

Case-3: In this case, the air col-

umn in the pipe oscillate for sta-
tionary waves and form certain
loops as shown in figure (F): In

b
-q.
Ll

-

1-'.‘

&

i', "

this case, we have,

s ! s ]
L = !

. A s

-
Fig (f) 4 2

Jﬁrm

» - - & & -
H " f" -".. r'l .'. r+.

t‘
.
)
2

P |

4 2 2%

" L=(A+2l+2).*?.)=6l.§i._} Lo 32
& “ e 2

= }=£:} ). .-

3 3 3-——.3._ (3)
Now the frequency in this case is given by,

B

F.]"i‘ (9)

3

Putting equation (8) in equation (9), we get,
. v

fy B 3[—— = . v

g le 21.] =h 3(35]
3

Putting

L T

equation (3) in equation (70), we get,

(10)

ﬂnd'

w. Lhe Paﬁ,'bfg frequencies are,
u

v .V (V)

vV s V. 3V gL e _nl_

R VAT 2L )
WoTE:

e set of frequencies in _case of closed organ pipe is given by,
F, = 3.6 = Stafo)= TF, (2n - 1)F|

While the set of frequencies in case of open pipe is given by,
F}’-ﬂ?ﬁ'-*‘j:aﬁ:l‘;:‘?ﬂ,& =5ﬁ1 ........ 'F..':nﬁ.l

¢comparing the above sets of frequencies, we see that an open or-
 gan pipe is richer in harmonics than a E}'ﬂfgd organ pipe-

-522: What is Doppler’s effect? Derive expressions for the fre-
quencies heard: (@) When the sounding source approaches a statio-
nary listener? (b) When listener move towards a stationary

sounding source? (c¢) When the source and listener are moving to-
wards each other?

ETEA 2010, BISE DI Khan 2019
fins: (a) Doppler's Effect:
Definition: The apparent change in pitch of sound due to the rela-

tve motion between the source and listener [observer] is known as
Doppler effect-

Consider a listener standing on a railway platform: An engine sound-

,:: W»fn'sﬂg is approaching the listener- The listener will find that
-: Pitch of the note of the whistle appears to increase as the en-
1 9PProaches the listener- The pitch of sound will be maximum

wh : _
1 the engine s just crossing the listener- This pitch will decrease

e — =

———

% th .

Let :P:!”ﬁﬂ: moves away from the listener-

Parent be the actual frequency of the whistle and “I" " be the e
-..._______fﬂ;fuen;y of the whistle appears to the listener: The _n:-'m' >
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Chp-8 Wu“,_“ﬁ
“t'" will be different from “F' due to the relative motion
source and the listener: Let “v" be the velocity of sound
Case I: When the source is_moving towards a_stationa
Consider a listener "L" situated at a distance "V
"5" as shown in the figure-

Let the sound waves starting from “S$" reach “L"
second* Now when the source is at
waves in distance "v"+ Now [
the wavelength of sound is
given by,

X i tet:! distance

S
Cotal no- of waves | @ QABAALUAA py ¢
v . p
i v F—— (7) I u e - ¥

—

be tw“ﬂ
,” 'n‘.ri
ry lis tenep.

from the SOuree

rest, then there wijl be pm

e ! y

Let the source is moving towards the listener with
such that it reaches the point “P" in

number of waves "F' will be compressed
the wavelength “).' " will be,

3 - d:’:tnn::__= . (V ~-a)

velocity *g»
one second- Now the same
in a distance “V -y ". Now

no'of waves F —(2)
Now the apparent frequency heard by the listener Is given by,
v
FFe
< —)
Putting equation (1) in equation (3), we get,
[V
FF o
(B

Now as (V-a)<l = [ 4 J:-f
-a

50 equation (P> £o¢

Thus the APparent frequency increases when the source of sound is

moving towards the listener and as a result the pitch of sound in-

Creases: Similarly,

when the source of sound is moving away from
the listener, then equation (%) can be written as,

R —

Jecredses” , . e &
2. When_listener_is_moving toward
(st L=

s stat;gggrg Source:

‘Jgr a fjﬁstﬂnﬂr IIL" 5;‘tﬂﬂt£d ﬂt a dfitdnﬂg "U"
!

(o0

. from the S
of sound “5" gs shown in < -
she figure’ _ . "
[ tho sound. WSVSS: SUCrET0 WWQW%QL

«" and reaches “L"” in

> S 80— P
yactly one second When the - A% .
e 4 . o r::st, th=+n k V+{-b) b _*
shere will be “f° waves n "}“‘L
dstance “V"+ Now the wavelength *“3 »

of sound waves js given by,
total distance

total no- of waves
V

3 AF— 7
: (7)

Now let the listener js movin

g with velocity “p»

» @5 shown in
woiity of sound waves with res

towards the source
#d reaches the point “pP»

the figure: Now the relative

Pect to the listener ;s given by,
V-(-b) =V + b

Now the apparent frequency in this case is given by,
re(V+b)

) (2)
Pufﬁ'fy cquation (7) in equation (2), we get,

& (V+p
F = )
-y 3)

B sy o {VH:]”

B
3 vV
o8 (3) 5p 5 4
Thus the

“arg TR i

- quency increases when
S Sta Cionary
lap

5 the listener s moving
Y, Whe ource of sound, and thus the pitch increases-
“wt‘.ﬂﬂ n thl! Hstﬂﬂﬁr‘

3 'S moving away from the source, then
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V-5
As [ y ]ﬁ' I, so equation (4) =¢ <,

i ,‘.s

F ffght bﬂ"ﬂg re= Transmuted Reflecied

pulse pulse

ceived  from certain stars ’-:L"_‘,/:..._

m : RO /4 =T
ﬂwn! Wﬁf‘:h are moving tﬂWﬂl‘d'&' 3

o
nd 4.. - ' /
c 3 de earth or moving away from —_—
Case_3: When source and istener both are mov: the earth is. found to be e g/
each other: ovi

3 _toward, lightly different than the
. frequency of the same light

emitted by a source on the

-'{‘I'l'.mtrn!l'lrd
A s
7

'-' '-"
|
'
L
i

Let the source and listener both ar

: e movin
with vfl‘rﬂ-ﬁ:f-tfﬂs ‘a" and "b" g tﬂWﬂ'rdS

; each ot}
respectively. The apparent f ¥

Such a case s given by, rﬁqUEn:y in ecarth el
& v 2. The reflection of radar waves NPT ORI
B N ves from I
. e from an aeroplane is another refiection of waves from aevopiane
Here “v' "

represents the speed of sound application of Doppler Effect-
and is given by_

relative to the listener The frequency of reflected waves is decreased, if the aeroplane is

sl (2) moving away from the source: The frequency of reflected waves f..s
While “}.' " represent creased if the plane is moving towards the source From this
gy presents the apparent wavelength and s given by, ;;,-;:ugncy cpiee “Af ™ the speed and direction of the aeroplane
P - 1 can be determined: bmarine. Ehai
" 4 ¥ . #!
Uetiny equation (2) and equation (3) in equation (1), we get 3-  When sound waves are reflected from a moving suomarine ’S
P (F B F - V+b A ry frequency is changed- By this change in frequency, we caf caict

{” - #J & il {v - a JF (%) late the speed and direction of the submarine-

£

4. The Doppler shift in the frequency of radio waves [which Ith:y
transmit] can be used to calculate velocities of earth satellites:

/ - V+b
N equation (%), (U - #} > 1, so equation (4) = |[F>F

| pparen + What are ultrasonic waves? Discuss the uses of ultrasonic waves:
his shows that the o : Q23: '3
and list arent frequency increases when the source Ans: Ultrasonic_Waves:

iIstener both are moving towards each other- 3 -

51- .
.*n;:!arfy. when the source and listener both are moving away from
€ach other, then equation (4) can be written as,

Definition: Those sound whose frequencies are higher than 20 kHz
are called ultrasonic waves

¥ =i EELMM: lies between
[ (v + nJF (S) A normal human ear can hear @ sound whose F:q-ut,:? ! 20 Hz or
H V-6 20 Hz and 20 kHz- If the frequenty g : 'E:WSuch sounds
t, because
e [:_;J <1, so equation (5) = [f < F ebove 20 kHz, then human ear cannot hear 1%, G€

tannot vibrate the membrane of our ear o known as infrasonic
The. sounds whose frequencies below ki st #

o0y A e 20 kHz are
waves while the sound whose frequencies are abov <C
e —— = —_—

This
an;’ :hmﬂ that the apparent frequency decreases when the source
istener both are moving away from each other

LY
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called ultrasonic waves:
The term ultrasonic means above or beyond sound.
waves can be produced by an object whose frﬁqutnﬁy 5
higher than 20 kHz: An ultrasonic wave js |, Pressur, i
has an extremely short wavelength because of jts high rwr:re ah
fact an ultrasonic wave of Frequenry 25 billion Hz ha : ®quen, 4
of 10°m, which is smaller than the wavelength of Visible |; wﬂ?:;'{.:i:
and is comparable to the wavelength of X-rays (1Q7°,, )_%t ”‘:”fg
Uses of Ultrasonic Waves:

As the ultrasonic waves posses shorter wavele

and energy, so these waves are widely used

for various purposes: For example:
I The ultrasonic waves has

Fy,

h‘ﬁ::

Hﬂth; -‘ﬂghcr ﬁ_t‘?' L
N Vvarioys depars s

b |
Mo

:
nostic :
signal is transmitted through a patient- gHy the :::;;:;ftmﬁ
ed or refracted signals, the ¢ysts and tumor can b,

body- It has also 4 great importance in surgical departmenss.
The ultrasonic waves are used in industry for the t;s* " 4
materials: For this purpose a beam of ultrasonic wayes af,
frequency is allowed o penetrate through the maters) T':

reflection of these waves from certan Spots explores the phy
cal defects in that material-

The ultrasonic waves are used for ¢
can remove the traces
The ultrasonic wayes

leaning purposes: These wee
of foreign matter sticking to the meta®

of high intensity can be used to destryy
croorganisms present in hquids and air

It : play an important role in neurosurgery T
u. rasonic wave of high intensity can be focus in the requred €

L] }
liquids, ' ! ; be produ
The liquid ;s residly quids, very high intensity can

1
volat; £ bubbles®
formed- Ti,s process T S il s ¥

15 called ; 4 . collapse ©
bubbles Produces dog4 ed cavitations The P

. R
Fuctive forces near the surface 119 "

F thest

— Sl

;':i"' Year
e —— =

e

Cho-2 Wayes - 41

. Jlgrasonic waves can be used to determined ), quant;
¢

°y
£ water in a container-
0

;% Jlerasonic waves can be used to determine the depth of the
¢

ses-
§ fhe ultrasonic waves are used to check an unborn baby i £hs
9 b ua] of mother: For this purpose, an ultrasonic transmt-

ter i moved over the body of the mother- The ultrasonic il
which are T eflected from different layer inside the body are picked
up by @ detector: The signals are then focused on the screen and
thus the doctor can see its final image: From the final image,
the doctor can get information about the nature, size,

age,
movement etc of the unborn baby in womb of the mother-

" ?2‘3‘-' Discuss th.: following: (i) Generation of ultrasonic waves-

(i) Detection of ultrasonic waves:

hs- (a) Generation of Ultrasonic Waves:

il e —
- = S

Ukrasonic waves can be generated by any object which is capable of
pscillation at a frequency higher than 20kHz-

Method a:

b most of application, ultrasonic waves are generated by applying an

dectric current (‘electric field) to a specialized kind of crystal known

8 piezoelectric crystal- This crystal converts electrical energy into
mechanical energy, as a result the crystal is set to vibrate at hign
frequency, generating ultrasonic waves-

Method b:

" another technique a magnetic field is applied to a special crystal

Whch causing it to oscillate at a frequency higher than 20kHz,

tMicting ultrasonic waves-
‘(’:'iEetecb[@r of Ultrasonic Waves:

" are 50 many methods by which ultrasonic waves can be de-
z;t';: Some m:tthads are given below: I
“‘;-;’E-"-_ﬂ:ffctnc Detection Method: As ultrasonic waves mns:sf:ng
'quw::!ﬂmns and rarefaction so when they are .ﬂ.-'-'ﬂw-!d to fall on
“rystal, a certain potential difference is produted across

s* This difference is amplified by an amplifier and the
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_ __  Chag  values in equation (1), we get,

: : . * | e o the

:;, SPP:T,H:f.:n the :.':ube When ultrasonic waves are allowed to pﬁ!‘”’ m = 01430 x10° m/sec
rough this Kundt's tube, the lycomodium powder in the . = 025

lects at the nodes and blown off at the antinodes- This mUbt 5 ram/ sec

used when the wavelength is not very short- ¢thod z 143 ——

V | -
2 82
gﬂmpr,, vank 40 waves passes through a certain point in one

X _ % ;
ripP ¢ :
Snlutiun of ExammEE&ASSIgnmEnts .fl'-"d_ H‘ ﬁhﬂ WﬂVEfﬂngth of h‘ﬂ waves s S:mr then find the

e = e =, Hw‘: of the wgvli? = o B

EXAMPLE &-1. — n:

Al wave generator produces 500 pulses in 10sec Find the per; Matn:

_and frequency of the pulses it _produces:- riod ﬂiﬁ%}'w aves per second = £ = 40wave/sec

. - : e = -_-_'—-—-——.______‘- er = ®. '

Solution. Mlngth - ) = 5¢cm = 0-05m

Given data: ;;!w:fﬂd_ Speed of the mass = V =7

Number of pulses = n = 500, Time taken = t = 10sec Rkufﬂtran.

Required: (i) Frequency of puise = f= ? r%':‘;;:";;mt. vV =FfA (1)

(ii) Time period of pulse = T = ? ting the values in equation (1), we get,

Calculation: P"tt: E (40 x 0-05) m/sec— V = 2m/sec = W = 2m / sec!

: Ve

i gy e ASGIGNMENT 8-2:

F = Pt « 200 = ' d heard when two tuning forks of
time 0 = \f.= SOpulse / sec Uow many beats per second are heard w 3

. d 259 Hz are sounded together?
(i) As T=%=—E—5¢¢=:T=_L5¢; 256”5_5" :

Solution: Given data:
frequency of T** tuning fork = f; = 259Hz
frequency of 2™ tuning fork = f; = 256H:z

ASSIGNMENT &-1.

Compute the speed of sound in sea water ke density is

1025kg/m® and elastic modulus is 21 x 10° N/mr ] Required:
Solution: Beat per sec = N = 7
Given data: Caleulation:
Density of sea water= 3 =1025kg / m’ We know that, N = f, - f, (1)
Elastic modulus = £ = 21 x 10°N/m? Putting the values in equation (1), we get,
Required: N=259-256 = |N = 3beats per stcl =
Speed of sound = V = ? '

EXAMPLE 8-3:

. = . F
Calculation: Find the speed of sound in a steel railway track, if the density ¢
We know that, steel is 7800 ka/m® and elastic modulus is 2 X 10" N/m* ..

_ JE lution. g,
V= |— 7 lon: G .

5 (7) %%;L E. iven data: .

' - — R Y of steel = § = 7800kg / m°, e
Y
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Elastic modulus = E = 2:?0”1‘9’ /' m?

Required:
Speed of sound = V = ?

Calculation: i
We know that, V = J—;i (7)

Putting the values in equation (7), we get,
2x10"
7800 ‘|

ASSIGNMENT 8-3: B Ve X

A 40g string 2m in length vibrates in three loops-

the string is 270N- What is the wavelength and frequency?
(1-33m, 87-1Hz) '
Solution:

Given data:

Length of string = L

b=

= 00506 x10°m / sec —

V = 506 x10%,, /

Sec

The tensiop, in

2m, Mass = M = 40g9m = 0-04kg
Mass per unit length = m = .":_1 = o"g"‘

= 0:02kg / m
Number of loops = n = 3, Tension

Required:
(i) Wﬂh’:fﬂﬁgth =2, =7?

T = 270N

(i) Frequency = f=P

Calculation: |
(i) We know that,
. ok 2x2 4
A“-——r;-::- ?.3=T=§mﬁ Ay, = 1-33m

(ii) We. know that, v = £}

= VEhi, FJ:IF- (7)

[ "3

=
Also ""=\E, = ,‘% m/sr.::( ?3500)#:/:;: = 116-2m/sec = 116m/sec

Putting the valyes of “v" and “L," in equation (1), we get,

£ = 16 -
2 " \733)H2 = 872Hz = [, = 87-2H:
——

__'H = ==

===

EXHMPL ﬂ,,_ga' of sound in a neon gas at O°C- Y for monatomic
£

ﬁﬂdﬂﬂ;i 66 [Take R = 8314J/K-mol-K, molar mass of neon gas =

#  o18kg/Kemol] = & A

@’iﬂjﬁ' T =0°€=0+273 = 273K
'; _ 8314 / KmolK, M = 20-18Kg / Kmol

speed of sound = V
on:
Caleulation RT _ . [F66x8314x273

We know that, V = M - ‘\' 2018

=7

Y = 432m / sec

=

55IGNMENT &-4.
.lmt length of closed pipe will produce a fundamental frequency of

256Hz at 20°C?

Solution: Given data:
Fundeamental frequency =f, = 256H:z
Speed of sound at 20°C = 343m/sec

Required:
Length of closed pipe = L = ?
Caleulation:
We know that for closed pipe,
343
F = __I'"_ = L = = 03349”?
’ qL:}L qﬁ:L 4 x 256

> L=03349m = 0-3349 x100cm = 33:49cm = L = 33-5cm

--*I_-ﬁ'——-— -
EXAMPLE 8.5

Wo pianos sound the same note- If the vibration from one is
260Hz and that of the other is 22140 Mz- What is the beat
requen between the two tones:

EﬂL‘-‘fQﬂ:

; Given Data:
"quen,

; Yy of It piano = f; = 221-60Hz
¢
\%J.? ﬂF 2"‘ Pfanﬂ- = f; = 22?‘40”5
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Required: Beat frequency = N = 7
Calculation:

We know that, N = A (7)
Putting the values in equation (7), we get,
N = (221-60- 221-40)Hz = 0-20H;

Beat frequency = N = 0-20MHz

ASSIGNMENT &-5. N

(a) What frequency is received by a women watching an oncomin
ambulance moving at 110km/h and emitting a steady S00H; saun:'
from its siren? The speed of sound on this day is 345mye. (b)
What frequency does she receive after the ambulance has passed?
(ﬂL&'?&Hz, (b) 735Hz L B . R

Solution: Given data: -
Speed of sound = vy = 345m/sec, Frequency of sound = £ = S00H;>
Speed of source '

—_h__._

—

_ 170 x1000

=a=1[110km / hr = m/sec = -5
r 2600 se 30-5m/sec

Required:

(a) Apparent frequency when source is approaching = f' = ?

(b) Apparent frequency when source in receding= f* = ?
Calculation:

(a) We know that, when source is approaching the listener, then

- 345
Fo= F = 800 = 878 F = 878H.
lV*aJ [3#5-30-5] o :
(b) When source is moving away, then we have,
el a3 ooy . msire [F=73510
v+a 3-45 + 30-5

EXAMPLE &-6:

The speed of a wave on a particular string is 24m/sec: If the
string is 6m long, to what driving frequency will it resonate?
Solution: Given Data: Length of string = L = ém,
Speed of the wave = V = 24m/sec
Calculation:

We know that, ) = == (7)

.- p equation (1) becomes,
= 0y

?ﬁﬂ ,?..fi:fzm:? A = 12m
=

M 21:?1 equation (7), we get,
= (]

n
Pﬁl ‘E_g_f.::r oy ™ é6m

: - 3in equation (1), we get,
3 ,_'?_‘.'..s.::: A, = ¥m

/
. @ ble frequencies are given below:

U,Eﬁ:} 1‘;=2HI

4Hz

V.22, [n

f. = 6Hz
§R%3\ ¢ . . SgTTTY

-"""'—-'l—-_—
ang has a mass of 39m- One end of the string is

A string 4 ‘
fsted to a stop and the other end hangs over a pulley with a

20kg mass attached- What is the speed of a transverse wave in

this string?
Solution: _
Given Data: Mass of pulley = m = 20ky,
Length of string = L = 4m

flass of string = M = 3gm = 0-003kg
_ M _0-003
L 4

— —

= ?*SJIO-‘.‘EQ /S m

Wass per unit length = m
Tension in the string = T = w = mg
2 T=20x9-8 = 19-6N

Required:

SP"J of transverse waves = |/ = 7

Leleulation:

w“ kﬂﬂ'w th = ..1_—. = 196
ﬂtl vV = = .4/ 7.5 Jn},ﬁl

*V=160x102m , sec
@Gmfnﬁ
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EXAMPLE &-8:

The lowest resonance frequency for a guitar string of length, 0-75
is Y400Hz+ Calculate the's,or.:d' of a transverse wave on the Stri X
— j',ﬂ".

Solution: Given Data: ——~

o e e wea

String's length = L = 0-75m, Lowest frequency = fi = 400H;

Required: Speed of transverse waves = |/ = ?
3L

Calculation: We know that, 3 = i = A, -
n

> % =2x075= A, =1-50m
Now V = fi= V =FL =400x1-5=> |V = 600m / sec

EXAMPLE 8-9:

A pipe open at one end and closed at the other end, is &2cm long-

— —
—_-

What are the three lowest frequencies to which it will resonate?

Take the speed of sound as 340m/sec-

Solution: Given Data:
Length of pipe = L = 82cm = 0-82m
Speed of sound = V = 340m/sec

Required:

Three lowest possible frequencies=? j-e-
(i) £, =7 (ii) £, =7 (iii) £, =7
Calculation:

(i) In case of closed pipe, we have,

v 340
. = 104H
4L~ (4axo082) 2

Now (ii) f, = 3F, = 3x104 = [f, = 312Hz
(iii) f, = 5f, = 5x104 = [f, = 520H:

exampLg & 10 3R

A car is moving at 20m/sec along a straight road with its frequen
¢y SO0Hz horn sounding: You are standing at the road side: What
_receding from you at 20m/sec? Take the speed of sound L3

ﬁ:

Re wrﬂ! ‘
.ﬁwﬁ Pgr:ﬂt frequency when car approaches= £ = 7
o h r dina= ¢~
rent frequency when car receding= f" = ?
(i) PP°
(aloulatiO
() We know that, )
J4
[V _Ip= 500 = [f = 537
= V,dJF [3%-20]" L
v 340
1V A Pl 500
(p'r)ﬂnd ¥ (u + aJF (340 + 20],1-
L [f" = 472Hz
the surface of | e

Explosions, occurs on
the sun due to fission and fusion

nactions but we can't hear, why?
hns- There is about 150 million kilometer distance |
;w:m sun and earth Sound waves are longitu-
dnal waves which needs a material medium for their propagation:
Sut the space between sum and the earth is mostly a vacuum
though which sound waves cannot pass: There is not sufficient
mtter to transfer the sound of explosion on sun surface: Thus
¥ cannot hear the sound of explosion occurs on sun's surface:

—

QzT: Describe o situation in your life when Yyou might rely on the
“Ppler shift ¢o help you either while driving a car or walking near tr affic:
s 1f | am driving and | hear Doppler shift in an ambulance siren, [
“ld be aple ¢, tell when it was getting closer and also if it has
e by This would help me to know whether | needed to pull ;

[
“'E-T.‘f_’rft the ambﬂ,_fance thrauzh-

- Ty - )~ ol

i
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Three stationary ob N
from a Source moving at @ constant velocity: The Obseryer, s

stationed as shown below: Which observer will observe tf, high
frequency? Which observer will -observe the lowest freque
What can be said about the frequency observed by obseryer 37
Ans: (1) Observer (1) will observe the highest frequency
(2)Observer (2) will observe the lowest frequency

(3) Observer (3) will hear is higher frequency than the source g,.

quency, but lower than the frequency observed by obseryer (1),

the source approaches and a lower frequency than the source Tre-

servers observe the Dﬂpp

est
Rey?

as

quency, but higher than the
frequency observed by observer
(1), as the source moves away

O >—0-
©

——

from observer (3 2 | — _

—

POl yvaves - 431 |

Exercise

,st possible answer:

W‘ the b iy 088 from one medium to another medium, which
| wﬁ:ﬂ:;e following characteristics of the wave remains con-
one ©
itanffl Py v b+ Frequency
Velo + Phas
" waveleng® s
¢ gransverse wave is reflected from the boundary of a
2 l’ﬂ“n atﬂ' g rarer m#df‘um, it undll" goes a Phﬂiﬁ Ehﬂﬂgf.f of:
ser
e = Jecx d- 2n
o 0 2 ‘
tension in the string is doubled and its mass per unit
3 If ti’: s reduced to half+ Then the speed of transverse wave
leng
on it 5
. Constant d- One fourth

hat
ﬁ: w; know ¢ '
- ﬁ )

m
becomes double and mass becomes half, then we

Now if tension
have,
m
re2f and m' =
for “T'" and “m' ", equation () can be written as,

Tr

- (2)

Putting the values of “T'" and “m'" in equation (2), we get,
“F’fﬂ’\[f:"'”ﬁ (3)
\ m m m m
2

P"ttj”&wti'ﬂn (1) in equation (3), we get,

V= 2y

Tl'm, the speed becomes double, so option (@) is correct:
Which one of the following properties is not exhibited

“Jm._ff“dfﬂﬂf waves?

v =

j—y the

—————
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a+ Reflection b+ Interference
¢- Diffraction v d- Polarization

5. A sounding source and a listener are both at resy
each other- If wind blows from the, listener towards ::;fahﬁ t’ {21’
then which one of the following of sound wijjl change? ¢ Sourg, 2 | gqunt;ﬂ” (1) in equation (2),
a- Frequency v b Speed ' puttind
¢ Phase d- Wavelength we @
: § P2 =5
6- Which an% of the following factors has no effect op the ks amplitude of a wave is doubled, then its intensity js:
of sound in a gas? ed | 11- IF € E3 b- Halved
a- Humidity v b+ Pressure o P :'ru led d- One fourth
¢+ Temperature d- Density i Qfm i rtional to the square of amplitude- S
7 There 15 no val Nalblir 6F srisraw b _ sa;;fntsnnty is propo ' ‘ q . plitude- S50 when am-
a- Longitudinal wave 5 T I3 Y parcicies af medium ip. ;!:‘-tud'ﬁ pecomes double, then intensity will becomes four times i-e: qu-
. * Transverse wave
. led-
¢+ Progressive wave v d- Stationary wave gy : ' : ; ~
8 Which one of the following could be the " ;- A sound soucce is Mmoving towards stationary listener with
g, e, oo Y of ultrayiy 1710 of the speed of sound- The ratio of apparent to real
a- 1-0 x10° Hz b+ 1-0 x10° Hz frequency is: :
¢ 10 x107 Hz . Yd 1-0x10%H:; 1 b- [f_r " {i]i v 19
9:  When a stationary wave is formed then its frequency is: "0 i i »
v a 5ame as that of the individual waves Sol: Speed of sound=V, speed of source= a = =
b* Twice that of the individual waves . ©
¢+ Half that of the individual waves When source is moving towards listener, then we have,
d- J2 that of the individual waves f = 0 - )1" (7)
Al - |
70- The fundamental frequency of a closed organ pipe is £ If both AT _ .
the ends are opened then its fundamental frequency will be: gouny the values.ig :q:::at:an (1), we get,
a f b- O-5F Ve 2F d- 4F iy — F:%= IOV =?;J_V
- v
Sol:Case-1: When pipe is closed then [ ] ( :o V]
2 -
PG A = £ _10
4 o o . — == | option (d) is correct:
Ow f 28 — = B i ——ﬂ
Ve W f P (7) K i
-
E“._'g_-' When pipe is open, then —
L = -}: + -}.'. = _:?i
4 ¢ ¢4
— i W f_'{_'
2 o e
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Short Questions

—H_

Ql: What is the d':‘ii}rtnft between progressive and s

aiven below:

7

+ Progressive

* In  progressive

Progressive Waves

A disturbance of some
kind produced due to @
source as a result of

which enerqy is transmit-
ted from one
another

place to
place s called
proaressive waves:
waves propa-
in the medium and
transmit energy from one

point to another-

gate

© Progressive waves are not

confined in bounded system
but travel unrestricted-

waves we
have no nodes and anti-
nodes-

The frequency and wave-
lengtn of & progressive is
equa’ to ‘ne frequency and
wavelength of the source
pn:‘d.-f:ing the wave:

J

7.

When two waves having oh
; L 4

same amplitude cnd frec
L SquUency
with proper phase relet,anr

C I)"ap
travelling with the SGMe speed

in opposite direction thrs

u;l-.-
¢ medium

are Superposed ard
@ wave obtained, is known as

stationary or standing wave-
Stationary waves do not prop-
aqate, so they do not trensmis
energy from one place to
enother place: Stationary wave
can occur only system
which has boundaries such as)
string or spring stretched kbe-
tween two clamps-

n a

Stationary waves of discreet
set of frequencies can be pro-
duced in any medium when its
particles are disturbed-

In stationary waves we hw:.
nodes and anti-nedes:

]
The frequency and wavelength
of a stationary wave are equal
to that of either of the su|

perposing wave-

—

%

Ans: The difference between progressive and stationary .,
"‘"!I :-!

Ef t‘hE r'?ed'aum

pecute SHM perpendicular
rp the direction of the
Fmpg;d’ﬂﬂﬂ of the waves*

zfrnnsvr-rﬂ waves
of crests and troughs:

The distance between two

rticles

3.
consecutive  crests  or
troughs 1S called wave-
length ‘A"

4. Trensverse waves may be

netic in nature:

5. Water waves, waves along
a string, light waves, ra-
dio waves and T-U waves
etc are the example of
transverse waves-*

mechanical or c!zr:tramag-F

gves’
<t ¥ ’ -
z ¢ differencé cetween cransverse end longitudine/ waves /s 4
I
g’

'E

consist | 2+

3

+ Sound waves,

r

Longitudinel Layes
In longitudinal wayes the par-
ticles of the medium exetute
SHM along the direction of
the propagation of the waves:

Longitudinal waves consist of
compressions and rarefactions
The distance between two con-
secutive compressions or rarefac-
tions is called wavelength *). "

Longitudinal
mechanical waves-

waves are only

waves along a
spring or slinky etc are the
examples of longitudinal waves:

§- Transverse waves can be| 6+ Llongitudinal waves cannot be
polarized- polarized-
I Transverse wave equation|7- The longitudinal wave equation
is given by, is given by,
X=x sinwt (1) x = x cosot sl
e — = = —
Mﬂ.’l’. beats useful in tuning a musical instrument: _

fns Beats are useful in tuning a musical instrument:

n_and Explanation:

%; represents the periodic variation in the loudness of sound
“hch tan be heard when two notes of sf,ght.’y different frequencies

.-E-Ef?‘d Simultaneously- (Jhen two sound sources of shghtly a

f
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ferent frequencies are sounded a

heard which rises an
sound is heard periodically- The phenomenon of beats plays

portant role in tuning of musical instruments-

a single Not, -

&N im.

Tuning is the process of adjusting the pitch of one or mor, e
from musical instruments until they form a desired arrangemens.
Tuning may be corried out by sounding two instruments and adjuss-
ing one of them to match the frequency of the other- Thys when
we are tuning, we are trying to match the frequency of one py,
to another:

Example: Consider a tuning fork and a guitar

as shown in the figure: Let “£," represents F. .
unine
the frequency of tuning fork and “fg" St

represents the frequency of gquitar- Let the

two instruments are sounded simultaneously: In

the beginning when “£," and “f;” are slightly

different, then beats occurs and we have, dE
N=f, -1, (1) Fy

Now for tuning the quitar, we should match

the frequency of guitar to the frequency of
tuning fork- For this purpose, the tension in
the string of gquitar is adjusted until the beats
disappear- Under such condition, we have,

t the same time, -

i falls in J'ntgnsjty* As a rESu‘ft, a fﬂud oy FF!
- Eft

fo =F and N =0

Thus the frequencies of both instruments match each other and the
guitar is tuned-

—

Q4: Two wave pulses travelling in opposite direction :amP""‘“@

cancel each other as they pass- What happens to the energy Pos

sessed by the way~s? £

Ans- The enerqy remains conserved when two wave pulses travelling

N opposite direction-

Chp-8: Wayes - 437

u‘qﬂ and‘ uEu !"L-_}

ﬂ‘lf__.:gﬂ""*b;r: WﬂVﬂf PHHEF -
-:_*ﬁ_, grE psite direction, as shown «— B
o ;f”‘”’ in ﬂipt Lhe two pu:"iﬂs overlap Fig 1: Before interference
!"5 . [ 4
,ﬁgﬂr" f s shown in figure (27 The
i pther "nﬂ! the effect of each oth- AT
2 ca
w0 PUISE* ot displacement becomes ze- B
o ;ﬂrf the - e’ jupe,—Pgsftian (r.ﬂ-'cr" Fig 2: During interference
he P
o at © hus the total energy becomes
ﬂ f - - =
lapP' gj the Pﬂ-‘ﬁnt gf 5up£rpﬂ'5!tlﬂﬂ a3
ger0 @ \on the WO pulses cross each | B
e . ; . _

Now Wt},gy tl"‘ﬂVﬂf in their own direction Fig 3: After interierence |
ﬂ”l‘ﬂrr , shﬂPE ﬂnd Epggd as Ehﬂwn n
with 55.'1'1') Each pulse maintain its initial energy and thus the law
ure (377 ] tisfied in the above process:
f:'mnsarvatfan of energy is sacisti ik
— +inns of constructive and destructive inter-
05: What are the conditio

fgrgm.':?

s Conditions_for Constructive _and Destructive I[nterference:
s oM e e 1

for constructive and destructive interference, the following condi-
or

tions must be satisfied"
7. The two waves must be phase coherent |
8- They must arrive at the same place at the same time:

9. The two waves must be travelling in the same direction’
10-The principle of linear super position must be satisfied:
Extra Special Conditions_for Constructive Interference:

They constructive interference takes place only, if the path differ-

ece is zero i-e- an integral multiple of “1": i*e
Path - difference=m A
(OR) Path - difference= 0,7k, 2%, 3%, =" , MA

(Where m = 0, 7, 2, 3, 4,......]

E‘-‘%—_Et’“ Special Conditions for Destructive Interference: '
— — if the Path differ-

The destructive interference takes place only,
“%e between the two waves is an odd multiple of half 0
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Path - difference= m%

A 3h SA 7A &)
4= ,— dessans ; - 1A
[Where m = O, 1, 2, 3, 4,......]

Q6: How might one can locate the position of nodes and ansi
_nodes in a vibrating string? N -

Ans No'1: We can locate the — 3
position of nodes in a vibrat- A A,
ing string easily: It s be-
cause, at ncdes peoint, the
tension is maximum and the
amplitude of vibration is ze-

ro* The nodes are at rest and the string appears to us in the form
of loops with nodes which are located at the ends<qf each faa@s
shown in the figure:- y o g
Similarly, we can locate the position of antinodes in a vibrating
String easily: It is because, at antinodes point, the tension is mini *
mum and emplitude of vibration is maximum-+ The string appears to
us in the form of loops: At midpoint of each Joop, the amplitude is
maximum and thus the antinodes are located at the midpoint of
each loop above or below the mean position, as shown by "A," and
“A" in the given figure-
Ans No-2: We can locate
the position of nodes and an-
tinodes in a vibrating string
With the help of Melde's ex-
periment: In this experiment, L
Stationary waves are produced in the string by means of clectric Vi° y
brator as shown in figure (a):

cati Nodes: The points of the string which do not vibraté
'epresent the nodes: The displacement of the particles is zero at the
nodes and ¢an be located easily- The nodes are denoted by “N"

cati Antinodes: The points of the string at which the ::”:
plitude of vibration is maximum represents the antinodes: The 7

.—.—"'"_-__
R — il — -

the particles is maximum at antinodes and can be |o-

F Ll e
Prgul"‘ ”t;ﬂ The antinodes are denoted by “A"-
asi'y’ — . e = T :

sred ¢ , object which is vibrating transversely to
’}.'T;'-: possible (:r an obj s
G.d ce sound Wave: = . T

‘E'-_'E_,‘L_ s Pajsibj‘g for an object which is vibrating transversely

!

os- Ves ! .

ﬁ produce sound wave

£

sas0n_and | Explanation:

naed and percussion instruments, when played, produce
bl the itr:#:pgs' And the energy from these vibrating instruments
,'q;ﬁrﬂ

¢ b air in the form of sound waves: The human ear can
g

ou .
trﬂﬁ'; bstrund whose frequency range is from 20Hz to 20kHz: S0 (f
detec

ency range of the transverse waves of the musical instru-
o h‘:quﬂ between 20Hz and 20kHz, we can hear the sound of
s i

ment | | %
what instrument which were vibrated transversely
W:s a ;au;d wave travel faster in solid than in gases?

trs: Sound waves travel faster in solids than in gases, because for
| # " r
wids the ratio of elastic modulus to density is greater than for

gases:

Reason and Explanation:

We know that the speed of sound waves in a medium of elasticity

'€" and density “8" is given by,

- Y0
" case of solids, “E" s taken as its Young's modulus while in case
Fgases, “E is taken as its bulk modulus-
s true that density “8" of solids is greater than that m"l ) ?”5-‘_
ME gt the same tirne, the Young modulus of a solid or elastitity O

| . it ﬂ‘."
lds is fop greater than the bulk modulus of a gas or elastiicd

I-“H- %0 the term “E/3" becomes greater for solids than 7 §
e Iﬂu”d will

- Cravel faster in colids %
0; Why does s N ™~

: a
‘ the speed of a sound wave in a §
m Irﬂturl? =

brs. o i

' rgture’
{mafiﬂa‘ in a gas Ehﬂﬂrg:s with tempe 3
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Reason _and_Explanation:

We know that the speed of sound in a gas is given by,

/E .

e !

V3 (7)

Equation (7) shows that the speed of sound is inversely Propors;
Fe

to the square root of the density i-e- 'y

ation.

" on andZ2 “ two astro-
= % possitle for

L o galk directly to one
- Mwhcﬂ they remove f.:h::'r
oth” " ace, because ordi-
e longitudinal
pard mf“, ol They always

v=‘

(hamica : . .

A (2) » .o mediumm for their p rﬂpﬂ,
3 r:-‘h_u_ Gince in space there is
gation so it is not

Now we know that when temperature increases, the volum #ﬂmmph#ﬂ'ﬂ gas,
f

€ Of th,

gas increases and its d:ns:‘ty decreases: So ac:ara'r'ng €o relation (2 P,,;;iH: for astr onaut ".«o tafi |

the speed of sound will increase- And when the Cemperature of :* Jirectly €9 one nnat::m.r. :!-::: ;5 g% ;”;

decreases, its volume decreases and dens; ' . x ould remove S SRS s s =i
ensity increases- Sp nccﬂrdfn, they ¢ THEH can use elec-

to relation (2), the speed of sound decreases, that
speed of a sound wave in a gas change with temperature-

n the 5pﬂ£r. .

s why S sronic communication systeim for contact with each other:
F

Ans-2: We know that the speed of sound in the gas at tempers-

'rgn- Estimate the frequencies at which a test tube 15c¢m long re-
ture “T’ is given by, '

conates when you blow across its lips- "

fns Length of tube = L = 15¢cm = 0+15m
Speed of sound in air = V = 332m/sec
Uere the test tube behave like a closed pipe for which the funda-

T YyRT
N (3)

: ¥R
" equation (1) rﬁ = constant, so equation (1) becomes,
mental frequency is given by,

;- B
F"-E (7)

Putting the values in equation (1), we get,

338 ]
£, = 553Hz
[‘E X 0-1’5] ‘i |

The sezond harmonic is given by,
f,=3f = 3x553Hz> |f, = 1559Hz|

Sﬂm‘.\‘anfy. f, =5F =5x553Hz> |f; = E?ESHi;'

v = Jr:anstant * T

= v =constant xNT = va T (2)

Relation (2) shows that the speed of sound iz . rtly proportional
to the square root of absolute temperature ot _he gas- ie* when
Yemperature increases, speed of sound also increases It is because ot
higher temperature, the molecules of the gas have greater mobility
o transport energy from particle to particle-

Relation (2) shows that the speed of sound increases by a factor

0-6m/sec for each one degree rise in temperature- Thus the speed
of sound wave in a gas chan

f =

!

ges with temperature:-

e ——— ——'I-'-.

QI0: Is it possible for two astronauts to talk directly to oné

—_——

& [ﬂ = (2n - 1)f, = (2n - 7)553)'-1"5!
\\_—_ — 1 gi &y Ny
il ! .J.'-'""Iln.!'

another even if they remove their helmits? v M T
ible for Y R T G etk
s p 2l sy iy s Y e

: -—____-—_—_____.-
Ans: It is not possible for two astronauts to talk directly to 0N

another even if they remove their helmits-

" |

Lif_‘ﬁf@ﬁwmiﬁwé‘uj &;.JIF’J'-' Ao enkihd iV .
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- 3: Waye
oscillation of the particles is maximum is known as qpne. -

represented by Ay Az A,,

X

Numerical Problems }
/T,:;:'" the wavelengths of a television station which trans-
. W S g sQ0MHz and sound on SO05MH;z rﬁspacti\fe.fy? Take

node.
: : e .
............... , as shown in the figure. ¢ i

Q4: What do you means by stationary waves? Sho,, m
string vibrates in more and more loops, its frequency 9 the
wavelength decreases:

Erﬂﬁfes and

Ans: Seze answer of question no 18 in the text:

S 8 4 of (lectromagnetic wave as 3 x 10° ms’". (60-0Ocm,
spec
Q5: Explain Newton's formula for the speed of sound. 5;;:;:-.. 59-4¢m
how it was corrected by a French scientist Laplace- at iah!t.i?ﬁ:
' ' ’ '.”5 ta:

Ans: S answor of quesioR N ¢ ”_'? Shebunk > ﬁ!ﬁﬂ-ﬁff}: £, = S00MHz = 500 x10° Hz il"”*'?“ - m-snll
Q6: Explain the speed of sound in a gas and give ql e Fﬂ;—;—-— frequencd _ ;= 505MHz = 505 x10° Hz

which affect the speed of sound in the air- 1 frequenty "2
Ans+ See answer of question no &8 in the text:

4peed of JJectromagnetic waves= ¢ = 3x10°m / sec
Pl

——

T——

: ired:
Q7: How the speeds of sound in the air varies with tampcratu;: %ﬁ:jgngth= A, =7 (b) Wﬂ’hﬂ!tfength= A, =7
and hence show that for each one degree centigrade rise in tem- alation:
perature the speed of sound increases by O-61ms™? L=
Ans- See answer of question no 9 in the text-

(a) We know that,

c ' r .
pehp Y c=fL = A=o :v?»,*-?r (1) |Im =100cm|
Putting the values in equation (1), we get,

L
= 3X10 _ _, 3 =0-006 x10°m = 0-6m = 60cm
' 500x10°

@8: What are beats? Explain how they are produced and show thet

the number of beats per second is equal to the difference in frequen
cies of the two sources:

Ans: See answer of question no 13 in the text-

- [.1., = 60cm

Q9: What is Doppler's Zffect? Derive expression for the frequencies

(b) Now %, = T:" (2)
2 i
heard- (a) When the sounding source approaches a stationary listener Putting the values in equation (2), we get,
3x10°
A, = = 0-00594% x10°m = 0-594m = 59-4cm
TS Bate ki

h, = 59-%em

(b) When listener move towards a stationary sounding source:

_—

Ans: Sece answer of question no 27 in the text:

p——

QIO: What ere organ pipes? Show that an open organ pipe is Ticher
in harmonics than a closed organ pipe-

A, = 59-4cm

"

Q2: A person on the sea shore observes that 48 waves reach the

Ans: Zee answer of question no 20 in the text- shore in one minute- If the wavelength of the waves is iC meter,

-

e

e t"llﬂ find th . -1
e - e e v:lanty of the waves- (8ms”)
QI7: Explain the vibrations in a clpsed organ pipe and show that the lution: Given data:
frequency of third harmonic is Sv/4L. e~ Number of TSN

: waves = 48, Time = t = Tmin = 60sec
r‘*?utncy of wayes= M9 of waves

time

Ans- Szz answer of question no 20 part (a) in the text

—
_ﬁ

— 1'#"‘."'-& i
W
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48
= —=08Hz = f = 0-8Hz
— T 3 o

Chp-8: Waves - 447 |

;;.F:HE-M
Wavelength of the waves = L = 10m "'j We kno that, b
: . ' 2L D ! =

EE:‘-IEL_E.EQ — =T 5" 5 (1) Eﬂ*ﬂ = 3, for 3loops,
Velocity of waves = v = : o stird she velues in equation (1), we get,
Caleulation: Pt o x1-3 :
S — = 0-866m ., = 0-
We know that, v = f ) (7) W 0 = X, = 0-866m
Putting the values in equation (1), wl_a_get, i)hs £Fo = v=F2, . (2)

v=08&xI0m/ sec = 8m / sec=> \v=8Em/ sec p44ind the values in equation (2), we get,

y = [’50910'355)”?/51:1: = Vv = 433 m/sec

Q3: In a ripple tank SO0 waves passes through a certain 0 s 0-866m| (ii) v = 443m / sec

seconds, if the speed of the wave is 3-5 ms”,

f:nfth of the waves* (7:!1'?! _

point in 10
then find the i

=

ﬁ-_

_{E A tension of 400N causes a

3009 wire of fcn;th ?-gm 1.!:::- vi-

Solution: =~ | brote with a frequency of 40Hz: What is the wavelength of the
Given data: transverse Wﬂ% _ _— R
Number of waves = 500, Time = t = 10sec

Solution:

Given data:
Tension in wire = T = 400N,

fzss of wire = m = 300gm = 0-3kg

no-of waves 500

il e 8
time e 10 o=

Speed of waves = v = 3-Sm/sec
Required: Wavelength of the waves = ). = ?

Frequency of waves= f =

Caloulisbinng: Length :F wire = 1-6m, Frequency of vibration = f = 40H:z
Required:
wﬂ knﬂw thﬂt. VvV = F}u — }_ = .;.... (?) rm = Tﬂﬂf'ﬂ —-zg-—;

Wavelength of the waves= ). = ?
Putting the values in equation (1), we get,

s Gleulation:
h = —= 1L =007m>= |). = 7cm : v

=0 We know that, v = Fr =) = — (7)
Wavelength = 7. = 7em f

We clso know that speed of transverse waves in a string is given by,

P (2)

P““*"E the values in equation (2), we jet,

- -
! 'ﬁ[ ﬂﬂx?ﬁ = IE‘E = 46 m/isec = v = $6 m/isec
0-3 \ 0-3

i o Putting the values of “F' and “v" in equation (1), we get,

Q4: A string of a quitar is 1-3m !;:9 vibrates with 4 nodes, 2 of
them at the two ends- Find the wavelength ond speed of the weve
in_the string if it vibrates at S00H:z- N -
Solution:

Given data:

In case of 4 nodes, the string will vibrate in three loops, 1'¢" " =3
Length of string = L = 7-3m, FJ = 500Hz
Required:

: — = 7. i < &
(i) Wavelength= A, =7 N N, N ;qﬂ]m I'1Sm = 3 = I'lom
(ii) Speed of the wave= y = 2 yi":f__"”!fﬁ =) =17115m

= ______,—--:"'-55 ""-.....____.
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QG: Compare the theoretical speeds of sound

n kh - \ . Lho-8: Waves -
in hyd
2:09/mol, vy =14) with helium (M,, = 4-0g/mo], J9rogen (py

_ 449
mp

-~ & f = ?Gﬁ o 5 d f so nd at 22°'C = y »
H A Z - ' et 0 u v ?
..-_.—!._._:L'__- : 'ﬂg |'

Given data:

Mass of hydrogen M, = 2-:0g/mol
Value of "y" for hydrogen= vy, = 1-4
Mass of helium= M, = 4-0g9 / mol
Value of “y" for helium=y,_ = 1-66
Gas constant= R = 8334J / k-mol
Temperature = 0°C = 0 + 273 + 273K

Required: Comparison of speed of “H" with “He"

la
H%_-Fﬂ v J;* S

‘Pﬂt"'ﬂ’ the values in equation (?)l we get,
, 1295 4332 = (v = 3452m 7 sec

v
Velocity = v = 345:2m / sec

@: Two tuning forks "P" and “Q" give 4 beats per sacond: On

- juding “Q" lightly with wax, we get 3 beats per sacond- What Is
Caleulation: ' the fraquency ﬂfr"f?" before and after loading if the frequancy of
We know that the Epeed of sound is given byr M_____
m mq_dgg_g: Number of beats before loading = n = 4
For hydraggn, equation (f) becam:s, Number of beats after faadmg = n =3
[y .RT Frequency of tuning fork “P* = £ = 512/4;
ol \ , (2) Required:
For helium, equation (1) becomes, () Frequency of tuning fork “Q" before loading = f, = ?
. = [1RT (i) Frequency of tuning fork “Q" after loading = £, = ?
“ "\ o, (3) Coeulatlon:
Dividing equation (3) by equation (2), we get, () We know that, n = ¢, - ¢,
Vie _ |E£x m, = Yu . M " R = fe= F {Putn'#, f, = 512Hz
Vo Nl \NORT = %, " Aty (4 2 4uf-512 £ = 4+ 512
Putting the values in equation (4), we get, 3 |f, = 5161
1.:- e N‘?‘::;if i '%_3_:_ . fi.}ﬂfhr fﬂddfng, we put n' = 3, rr = 512Hz
“ _ We get, n' = f, = F,
e f 07T = Vo = 0-77v, v,. = 0-77v, S 3 ;; - 512 - £ =3+ 512 ]Fg - 5?5;}"1
Q7: The speed of sound in ajr at 0°C is 332ms"- What will be the ?" On q sunny day, the speed of sound in the air is 340ms’,
specd of sound at 22°¢c? (345-2 ms") - ':"""! forks A and B are sounded simultaneously’ The wavelangth
Solution: i“”'i Sounds emitted are 1-5m and 1-68m respectively: How many
Civen_data: Wil produce per sound? (24 beats appro)
\ Initial temperature= T =0°C = 273K &ﬂt{gﬂ: gﬁ’_lﬂ _dﬂﬁll-'
Speed of sound at 0°c = v, =332 7 sec Sbueg ¥ L aava
| G und = v & 340m/sec
B o g T —— . e w
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Wavelength of tuning fork “A"= h, =1-5m ;
Wavelength of tuning fork “B" - he = 1-68m H”"
Required: Number of beats = p = ?

Calculation: We know that, n = f, - f i_\\
E

: rELe W]
_JLYV - 7 N
:}"'T'T'[}"'-J:} n=3qo[_?_- ?J \\

= n = 340[0-666 - 0-595] = 3%40(0-0771)

e

Q?G:‘ A sound source vibrates at 25511’.: and ;
Stationary observer at I§ms’- |f .

then what frequency does the obse e, 337ms’
Solution: (189-684;)

Q{ye_n__dﬂ_qiia: Frequency of sound source = £ = 2004 B
Zz

Velocity of sound = = 33Tm/sec

Velocity of source = 4 = iI&m/sec

Required: Apparent frequency= ¢ = »
Calculation: (hen '

rﬂfedfng __'---...____

thﬂ SPEEd ﬂf - a“mm g

rver hear?

Putting the values in
. 3371x200 ,
(337 + 18) = |f = 789-68L>

Ans- (€ = 1896811,

Ql: Suppose 4 train

in still air on 4 Sl
Y when th :
frequencies are obse j spcuf of sound is 340m/s- (a) What

quency is obsery

_(167H;, 136Hz)

Solution:

—--LAva. Frequency of E
Velocity of train = 4 z 35:';:':/:” = f=150H;,,
ec

l pPﬂ””t frequency of horn, when |
: (i) Train approaches the person= f' = 7
('-,') Train moving away from person= f" = ?

[)) Frequencd observed by engineer traveling on the train = ?

Caleulation: -
ﬁ When train approaches the person, then the apparent fre-

quency is given by,

“[,, }; ()

v - a

putting the values in equation (1), we get,

Sl 200 ),:ISHH.: = 345“’50]”::: £ = 167Hz
340 - 35 305

(ii) When train is moving away from person, then equation (1) can
be written as,

;-:( S ]F (1)

v+a

Putting the values in equation (2), we get,
o [ 340 ]TSOH: ) [340::50}:?

f" = 136H:z

340 + 35 375

(b) As engineer is present on the train, so both are the part of
the same system- 5o there will be no apparent change for en-
gineer in frequency of horn-

QI2: The first overtone of an open organ pipe has the same fre-
quency as the first overtone of a closed pipe 3-6m in length-
(7-3m)

_What is the length of the open organ pipe?

Solution:

Let the frequency of 1" overtone of an open organ pipe =f, and let
the frequency of T'* overtone of the closed pipe = f,

Length of open organ pipe = L = ?

Length of closed organ pipe= L' = 3-6m For open pipe,
a o ﬂl

',-L T e B

For closed pipe,

iy = = T
A, A 2L N\4C "2t U 4=

By given tana‘itian,

B A=Wl ='C Fx36=0L = 7/-2m
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cs = 453 |

340,
28:3ecm Om”
Solution: Given_data: Speed of sound = v = 340m/qg,.

First overtone = £, = 1200Hz

: PHYSICAL
08 | P

Required: What i3 meant by the dual nature of light? Discuss the histo-
Length of open pipe = L 7? Q" nature of light in detall-
Caleulation:

AT TUT T M
ans Pual ‘Nature of Light:

In case of 1'* overtone, we have, Light 18 @ form of energy with the help of which we can see objects

f
f: lszW::.f ..‘::Lll'

" our Iurrpuﬂdfﬂg' The thb shows dual nature ie' in Some cases,
2kl J L i —(7) I: pehaves like a wave and in some tases it behaves like a particie:
I . . .
Putting the values in equation (1), we get, i case Of Compton effect, photoelectric and pair production pheno-
[ 340 ) s the light behaves like a particle: While in case of interfe-
L —— | - menon s,
l‘k?200;m = 0:283m

= L =(0:283x100)cm
= L=283cm

nnce, polarization, reflection, diffraction, the light behaves like a
vave: Thus the light shows dual nature:

History_about the Nature of Light:
fs the light shows dual nature, so in the beginning it was a great
problem for the scientists to explain its real nature: The scientists

qave their ideas about light in the form of following theories:
I- Newton's Corpuscular_Theory of Light:

100¢cm = 1m)

Ans: ]L:ngth of open pipe =L = 28*3£n?|
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® The corpuscular theory of light was put forward by Newton' It is
AT . i i dso known as particle theory of light- According to Newton, light
e, """'I“F"":‘J"‘"”L""'ﬂ ﬁtf?kﬂ‘i‘)lh'i-i%f Ay @ travels from one place to another in the form of extremely small
...:.-‘LJ.,;U)'.,:F Wn Sl particles known as carpuscles: On the basis of this theory, Newton
ﬁJUJ} L ffhﬁ, '-WL"JJ'L:)LT;.(:.UHJE‘ ££6 AL '-LFI" & was able to explain the phenomenon of reflection and refraction of
' light-
LS Dyt r.ﬁ;.!,{f 2
N2y AT . ‘ Wave Theory of Light:

J(ﬁdw‘m"‘%héé’,ﬂ) Jaf ik ._-_.-,,,_,rfﬁ'ﬁ @ F"’ theory was put forward by Huygen: According to this theory,
2600 Vo g R e Jon L w?dmé  © ;!:t travels from one place to another in the form of waves: This
o SRS e A A e © | ot e o epin rafucsion and e Howew
Lo B Zul yopndons; ; . Y Was failed to explain the phenomenon of polarization, i
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ence of light:

 Bexwsll's Theory of Light:

w&fmwm in 1873+ According £°
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