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Q

What are the types of Waves?

TYPES OF WAVES
Waves exist in vanious forms, each with unique characteristics

L

Examples: Water waves (ocean waves, pond ripples), sound waves (audible
P po PP

_-______‘

These wavo 1ypes arg
essential 10 understang
various phenomena |
physics, engineerng, any
everyday life.

Mechanical Waves:
Definition: These waves require a physical medium (like a solid, hquid,
or gas) to travel.

vibrations in air, water, or solids), and seismic waves (earthquakes)

2.

Electromagnetic Waves:

Definition: These waves do not require a medium to propagate and can, therefore, travel through, ,
vacuum

Examples: Radio waves (used in wireless communication), Microwaves (used for cookmg and ho.mngL
Infrared waves (IR or heat radiation), Visible light (sunlight, lamp light), Ultraviolet waves (yy
radiation), X-rays (medical imaging), and Gamma rays (high-energy radiation).

Quantum Waves:

Definition: These waves are assbciated with particles such as electrons and photons.

Examples: Matter waves/particle waves (like electron waves in atoms) or de-Broglie waves, ang
photon waves (light quanta).

Surface Waves:

Definition: These waves travel along the surfaces or interfaces between two different mediums.
Examples: Ocean surface waves (waves driven by wind) and seismic surface waves.

Quantum Waves:

Definition: Quantum waves are associated with particles like electrons and photons.
w xamples:

. Matter waves/particle waves (electron waves in atoms)

. De-Broghe waves

. Photon waves (light quanta), etc.

Surface Waves .
Definition: Surface waves propagate along surfaces or interfaces between two mediums.
Examples:

- Ocean surface waves (wind-driven waves)

. Seismic surface waves, etc

DIFFERENTIATE BETWEEN TYPES OF THE WAVES

1. ON THE BASIS OF MEDIUM:

Mechanical Waves | Electromagnetic waves

| DEFINITION |

The waves which need a material / medium for | ¢+  The waves which require no medium for their

their propagation are called electromagnetic waves,
propagation are called mechanical waves. » These waves are produced and propagate due to
» These waves propagate due to the oscillation of oscillating electric and magnetic fields.
matenal particles.
| EXAMPLES |
»  Waler waves * Radio wave
* Sound waves * » Light waves
= String waves elc. s Micro waves

+ X-Rays etc.

DIAGRAM |

Physics 11 (Subjective, Objective and Conceptual Questions)

3 ON THE BASIS OF ENERGY TRANSFER:
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Standing or Stationary Waves

-'""'__/_l’r_osrmlve or Travelling Waves

| DEFINITION |

[, The waves which transfer energy by moving

away from the source of disturbance are called
progressive or traveling waves

The waves which do not transfer energy are
called standing or stationary waves

| EXAMPLES |

7 Water ripples waves

Sound waves etc.

Wave in stnng,
waves in air column

|

DIAGRAM |

| CHARACTERISTICS |

o . v - » H i
« In progressive waves, no point in the medium is

at permanent rest.

« The relation v = f4 is applicable in progressive

waves

« Progressive waves may be transvers or longitude

In stationary waves, there are some points at
permanent rest called nodes 2
The relation v = f4 1s applicable in the case of
slationary waves.
Stationary  waves may
Longitudinal.

be Transverse or

Transverse Waves |

3, ON THE BASIS OF VIBRATION OF THE MEDIUM PARTICLES:

- Lon&iiudirul Waves

l

DEFINITION |

« The waves, in which particles of the medium are
displaced perpendicular to the direction of
propagation of the waves, are called transverse
waves.

The waves, in which particles of the medium are
displaced parallel to the direction of propagation
aof the waves, are called longitudinal waves

[ "EXAMPLES I

+ Waves slinky spring

Sound Wave
Wave in spring,

DIAGRAM

{
S VT

= Wavelength

| CHARACTERISTICS |

¢ In transverse waves, the Crest and Trough are
produced.

periodic transverse waves.

pressure is same everywhere.
» Transverse waves are produced only in solids.

Crest: The portion of the transverse wave above the
I mean level is called as crest.

+ The relation v = fA is applicable in the case of | »

¢ . During the propagation of transverse waves, the | »

They die out quickly in fluids. .

Compression: It 1s a region in a longitudinal wave

In longitudinal  waves, Compression and
Rarefaction are produced.

The relation v = fA4 is applicable in the case ot
periodic longitudinal waves.

During the propagation of longitudinal waves,
the pressure is maximum at compression and
minimum al rarefaction

Longitudinal waves can be produced in all states
of matter.




Chagter7Waves nd Vi IR
- yeics 1]
! (Subjective, Objective and € oreeghual Quest
14 Mana)
zr7

Trough The r where the par! a oser togethe vded frpland n: bl It waurs - i p el et Gy e et
P p(l 1on 0[ 'l.h' ransver
‘ M Wwavie belﬂﬂ e P
its mean level is called as trough o e =3 s jd * do n
Rarefaction [t 15 a regon in 4 longitudinal ] e wowchamfo P' o,
X ool - — ——— —
v ! Aoy it hr'l A Imu Jiu]'r. f-fr rritiay o ‘.i' racdics viave 8, L-tuysjcant of ¢
’{l‘r 1% Tadl hers h
DD Y @ VR s Aty
p TPy
dina "

—_—

whare the particles are farther
apart
I the period of 4w i
ave in 05 weconds, ns §
wis, reggueney e

Wavelength  The distance between two consecutive
.

criests or two consecutive trou

3 #hs 15 known as wave | Way :

1; npth -lwlcnglh The distance betwern two conseeyy ;

tis denoted by 2 compressions or two conwcutive rarefact . | (a) 0542

Amplitude: The maxi knoen as wave length ion per: (¢) 20 H by 101 3 |

Y : imum displacement cither ILis denoted by 4 ' An G b fey2NHs i y
¢ mean position is called amplitude sted by 2 | Fxplanation: Frogueey st 4) 50 Mz |

|'./.un' — 1 P ¢ . R ¥ 18 thae ree igrral A the prtsrd (=11 Ty e, 4=1/00 % ‘
[ " o . . - — - ————— ——— S Vo wrLL It
!l’ . j/? -. o ( "!l‘lf l|i gl _-'lliillu: 1 —--— A s s e |
2 r II|| s . '|1 l I T —-_‘—"-._'
* || ol 2 R SLO .
2% 1 ERERR 1 A BASED 5
/ ; il 1 R L1 . HORT QUESTIONS & ANSWERS
. — 1" T 1 Hlfji e l‘ Define avave e A . N | U RN S
3 - 2 - — — —
1 Comprrias  Barvlats s l P AN foviaieinatogular d p N A —
~ - { po  Comgrenam el : palar distirhienes ¢ —_ g 5
4. ONTHE BASIS OF DISTURBANCE l Bt vy I threugh a medium e v r e ot variatum that carrws evargy, whieh P l
of vatuum e h spreads cnat frezm g
Periodic Waves 'o List three parameter g t e BRI R p
] Pulse wav 1 | Ans:  Three patemeter s used by deseribe & waee. [
o The waves which | DEFINITION | e (non-peviodic) . i y s used W demeribe & wave ate amplitude LA . )
raves whach are i e LA ), wewselengh (0 ), fre
heytiumic dutmb,mﬂw:“up by junlmuauq and | ¢ The waves which are v b — .. What is the difference betw ). lregaemcy (1), andd pesiand |
a met . calle ; o ot : — " tween a brany, -
penodic waves ium are called disturbance in a medium Pr . ﬂll‘l;gle A s ':”'“I e wave, I pariscies ';‘fl‘"ﬂ'l WIS e Nl waar 'l
are called pulse travel Inalong srvirlon, of the grudratn vibwate patprredsul
or nan-penodic puls way ' a lngitudina! 2 durular w1
. < [ EXAMPLES (mP[m‘dL iy 2 i e i ervcion ibrate parale| 1 the igee o the duectson o wave sxeng |
SNAPPINg one end of the TP P R ¥ sehranical wave sadho: e ol waie vreery bea, o
e rope: penodically | ¢ Snapping of one end of — iA w  Twoeramples of mecharucal wayes are water » s .
cend o : . s afe wales waves and ward w
[ DIAGRAM aropeoracolspnng ] | te  Whatis'phaw”inth L '
e - " in the cunt '
Ny 7 | Ans Phaws sefers bt Ve pelats " et of 3 wave? |
- 4 4 S | erar 1) Lats bl V""-'.“"q/"l--
: 2 .‘.‘M“’m - l Hlatinn fe g, whether 1ty st a cr | prant ue the waie ot 8 gpeen bie e ]
r 3 e ) , i ating 199 sieb
" ek, b gl A i What happens when a pebble | NI, A AN, S Ca—— 7 1 slatr of I
sy ¥ Ans: The pebble | P e is drupped ints o - roitvg wp of desec ¢
" b 7 e I - P l;',,-- wiill P!y,"_‘,'_ ippbis and vpresd oauite pond? (LHE, BWP 20 G |
cai s becatse the s andd wpread cut acties the Al
- H 2use thery Carry eTetyy actons the wal .c r.” the watrr The ripples are prempln o+
I* What do you mean by the ter e sater dakolce phen oA progremice |
— o i T ; m pregpewive . oo
R — _MULTIPI:E CHOICE QUESTIONS ; . ::zﬂﬂhfrv:.-p: A v..,»'}q,“”{ ’ l._ ":ne-u"hiwdrhm- prricdic waves. (96D 2716 ¢ E
e -t ry away frum wn N etmbin ursusly traels i a parteular & D26l
e . - -— e - o = T MAULCP 8L " partrulsr disertion i /

A wave is essentially a disturbance that pri - — —— — ' Periodic waves: the s v 5 talled & pregremarie o a treuelis - rtin wraade o treddium anvd car I
| (a) Matter oy primarily carries: R o i i - o o s : ther waye which regeat ds mo saeling wave &l cares
' Answer: (b) Enetgy ) Erergy (¢} Particles == rRia M :u”f mechanical and electrumazneti meAsn aypin st sgpmn 1 calied periods |
| Explanation: Vs aves are kn . (d) Force i | L r.t” nical waves: - ctic waves? (WP, FoD), DK 2119 (9. U-z}é...—. i

L ¥V &Y  kmown o " A - W= [TML = N - 122 C
S r trarsferning energy from one point b . g D G ‘f‘ hanical waves are grrierned by all ) |
| st b 2nather without pecessanly transf | | Aecdium s reeded (o see be; "Jf all the Yoenrtesn’s baws of tnest .
e Which of the followi VAIY amiETricy e  ForExempl= - W, prupagaten of the waur e
s ing wave pa L [ ~eampl- - Walrr Vieven, S . s |
| equilibrium position? parameters represents the maximom displacement P | I Electromagrnietic Bt Ve, Serund Yigie 2
i fa) woavelength (A entl of a P,ﬂi:le Fivmis . Flectrom .
leng m i Lectpe Ay et sy :
| Answer: [c) Amplit .4’ .. (k) Frequency () £ Armobits kel . . A P Byt wades are related b elety !
j Amplitude (A) <) Amplitude (A) | | AN cectroma ety s tlemtric and mayretic felds !
! Explanation: Amplitude is the (d) Pened (1) i ety i wave, doss rvA need 8 medium b pr s I
Y » marimum displacement or dist ' | A ”."‘ o prupsgate, ¥ cartes no mas, G '
' =5 rom s equibbnum e istance merved by a nt e . | “ramples - Satellie syst 3 Tiats, Coen (afTy
prsition 7 a point on & vibraun . e gt ystem, motnle phor ’
ating bed Wh b, 104
| The relationship betw 7 bedy ot ween | . 2t is difference betwieen longitudi phomes, 1edin, muse gayet, 2o
{ 3 een wave speed (v), f ] | Gl) IDGK, 5C : ongitudinal and 11any: payet, 1-tays and myitrnge :
' a)v=M\/{ ). frequency (f JIDGK, SCD 2114 G anvierwe wave? .
by =1 cy (f), and wavelength (h) is g A 8 I (BWP 2019 € =2 (TS 2017 G115 |
| Answer: (cjv = A ) /A b gth (2} is given by: ' ; nx  Transverse Wave L1 1SGD 2021 ) ISWL 2 ay (DGK Zns
! Fepl iore Tt : (djv=T/A | = The transverse
| planation: This s the fundamental wave equaty / ; ' R i”' vl are hoae in ivhich diviction of ) |
; Wavalength quation, stating that wave speed s the product of | | . e A — that of the propagation of = son of dsturberce or displacimrant i | g
- 4 s the product of i Free asrey ard N amoks waler wave, th PALYIN 1N F YL . L1 e e om B l
| . Which type of wave does NOT requi # _ 1 Y eres | «  The spper portion :(r;. b wave in s pupe s A
4 a) Sound waves equire a physical medi | s T peortion frum the mean prait .
Answer: (c) Elect (b) Vister waves [ '_‘"ﬂ"tﬂ propagate’ ' ' Ihe lawer purtion fresen thwe e PRSEan o Comect Coemt I
s o lectromag . a t) Flectromagnets - . A Trotn U mean poataos [
R I i Pt waves iScamcove. || gt Yane an peitson is called tronugh i
VN — . ' v longitudinal waves direction F
N —— w— J i Y i E""?"‘." s wn of deturbeser or d . '
S S v r“;-gl";lkz"—‘,'_ s diplacement 1n the medium |
s i e s i



278 Chapter 7 [Waves and Vibnlioml

o — T . - — - — - — - - — -

. ]'_or-c:m‘pl.- - Sound waves
+  Ina Longitudinal wave there are regions where particles are very close to cach other are I\N’th.
compressions. The regions where the particles are far apart known as rarefactions
. What features do longitudinal waves have in common with transverse waves? (RWP, SGD 2017) (Lhg!

(LHR, GRW 2022 GII) (GRW, SGD 2023 GI) (SGD, DGK 2023 GlI)
Ans: (1) Both are longitudimal wawve

(1) They are having same mechanism of transferning of encrgy.

(u) Their veloctty of propagation depends upon clasticity and wertia

() Stationary wave can be produced both types of waves

{1v) Eoth waves satisfied the relation v = fi.

(v) Osaillatory motion 1s involved for their production

(vi)  Both are mechanical wave, as they required medium for their propagation
Phenomenon of beats can be studied in both types of wave

" 7.2 PRINCIPLE OF SUPE

RPOSITION

m What 1s the Principle of Superposition? :

Ao

PRINCIPLE OF SUPERPOSITION

Statement:

“When a particle of the medium is simaltaneously acted upon by n waves, then the
resultant displacement of the particle is the algebraic sum of their individual
displacements

Let ¥y, Y20 ¥30 — — —1 ¥n De the displacement due to individual waves then the resultant
displacement " y " is given by

Y=n+tntn+t -
Thus 1s called pnnaple of superposibon
Superposition of two waves which are in phase:
If two waves are in phase, resultant displacement after superpasition will be;
Y=Y+0
Superposition of two "out of phase® waves:
If two waves which cross each other have opposite phase and there resultant will be;
Y= ‘l'| - Y:
Particularly, if ¥, = ¥y then; Y =0
IMPCRTANT CASES OF SUPERPOSITION:
(i) Interference:
Superposition of two waves having same frequencies and travelling in the same
direction 1s called interference .
(11) Beals:
Superposition of two waves having slightly different frequencies and travelling
in the same direction is called beat.
(i)  Stationary Waves:
Superposition of two waves having same frequencies and travelling in the
opposite direction, results in stationary waves.
Applications of the Principle of Superposition
The principle of superposition 15 utilized in nowse<canceling headphones 1o effectively eliminate unwanted
noise, creating a more peaceful listening experience

s | e ] e
LT
LT

Spr— T —
ey w— . — -
—

2017 GI1) (BWP, SGD 2018 GII) (AJK 2019) (MTN 2019 GI) (SGD 2019 Gl) (DGK 2021) (MTN 2022 ¢y, | :
J B

=
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How Noise-Canceling Headphones Work:

1 Noise Capture: The headphones have microphones thal capture ™ Ponder upon®

ambient noise, such as background chatter or engine rumble

2 Signal Transmission: The captured sound signals are sent to an
amplifier and a processing unit within the headphones.

3. *Anti-Noise® Generation: The processing unit generates an "anti-noise”
signal that is the exact opposite of the ambient noise in terms of
amplitude and phase

. Signal Combination: This anti-noise signal is then played through the
headphones along with the desired audio (e g, music).

5 Cancellation: When the ant-noise signal meets the ambient noise, the two waves interfere
destructively, largely canceling each other out, resulting in a much quieter listening experience
While actual noise-canceling headphones use complex algorithms and multiple microphones for
optimal performance, the basic principle of superposition is fundamental to their operation.

An interforence pattemn fomed
with white lght.

—_— ——— —_— _—
MULTIPLE CHOICE QUESTIONS
-
o= " The Princi ple of Superpt;;ﬁ-on_sl-al:s that when two or more wayes ;v;I:p:h:: resultant d-:.!';l.\t_el;l;'l.l K

at any point is the:
(a) Product of their individual displacements.
() Algebraic sum of their individual displacements
(c) Difference between their individual displacements
(d) Geometric mean of their individual displacements
I Answer: (b) Algebraic sum of their individual displacements
, Explanation: This is the core definition of the superposition principle for waves displacements add vectonally

- —

|* If two waves of the same frequency and amplitude are exactly in phase and superpose, their resullant
i amplitude will be: .

| (a)Zero (b) The same as individual amplitude.

1 (c) Twice the individual amplitude. (d) Half the individual amplitude

| Answer: (c) Twice the individual amplitude.
1 Explanation: When in phase, their crests meet crests and troughs mevt troughs, leading to an amplification where
| amplitudes add up (y = yi*ys =2y, if y1 = y2)
. The Principle of Superposition applies primarily to:

(a) Non-linear waves (b) Very large amplitude wales.

(¢) Linear waves or small amplitude waves (d) Only sound waves
Answer: (¢) Linear waves or small amplitude waves
Explanation: The principle holds true for waves whose amplitudes are small enough that the medium's propertics
; don't change significantly, allowing for linear behavior.

. Which phenomenon is NOT a direct consequence of the Principle of Superposition?
1 (a) Interference (b) Beats (c) Stationary waves (d) Refraction
| Answer: (d) Refraction
! Explanation: Interference, beats, and stationary waves all arise from the superposition of waves. Refraction is the
bending of waves as they pass from one medium to another.
. If two waves of the same frequency and amplitude are exactly out of phase and superpose, their
resultant displacement will be: )

(a) Maximum.

(c) Twice the individual amplhitude.
| Answer: (b) Zero o
) Explanation: When out of phase, a crest meets a trough, causing cancellation. If amplitudes are equal, the
| resuitant displacement is zero (y = yy + (=y2) = 0 if ys = y2).
e S1 and S2 are two coherent sources of waves which are equidistant from P. Operating alone, 51
| produces waves of intensity I at P while 52 produces waves of intensity 41 at P. When both are |
! . — . Operating in phase, the resultant intensity of waves at P is. _ !

(b) Zero.
(d) Half the individual amplitude.

e = — - e e e e S S S S S w w— e —
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(" s | = 7ES OF INTERFERENCE:
' Solution: | [hey are two types of interference
I T T = | Constructive Interference
. yyxJl, 22y, =l =1 ‘ ( -tive interfe .
_ (1) Destruc ln.{. m. erference
! X =% #%, =3 | () Constructive interference:
| I =(x_ ) =9s0 ; When two :dcrjllcal waves mect each other in a medium then at some
. L =9 ; points they reinforce the effect of each other, result in constructive
e e e e e = - —————— o g e —_— interference
I — e e ————————— (ii) Destructive interference:
SLO BASED SHORT QUESTIONS& ANSWERS When two identical waves meet cach other in a medium then at some
- — -_— -—; -_—'.-‘-:-.-;.-- —_— -_— _-_—‘-=—:'::-._:_—_ -—- -—ﬁ —_—— e e = = — - — L i)mllL‘i they cancel the effect of each other, result in destructive interference
! . State the Principle of Supcrpmiliun of Waves, = | [nltl[crcncc of Sound Waves:
| Ans The Principle of Superposition states that when a particle of a medium is simultancously acted vpon by, ! super position of two sound waves having the same frequency and travelling in the
! two or more waves, the resultant displacement of the parucle 1s the algebraic sum of their individy,) 1 same direction results in a phenomenon, called interference of sound waves
[ displacements . ) I [nterference of sound waves can be studied by the following experiment.
. What is the effect of superposition if two waves are "exactly in phase®? : l:_..-perimenla'll Arrangement: ::g:;ﬂmmi.::m‘,fm‘xx
| Ans:  1f two waves are exactly i phase, thewr amplitudes add up, resulting in a larger resultant displacemeny | An experimental set up to observe the interference effect in sound wave 1s shown in - tyatsign i
1 (constructhive mterference) . .
| What is the effect of superposition if two waves are "exactly out of phase™? fig:
'Ane I two waves are exactly out of phase, their displacements tend to cancel each other out, resulting 1n 54
| smaller or even zero resultant displacement (destructive mterference) |
‘e List three phenomena that result from the Principle of Superposition. 1
lAns  Three phenomena are mterference, beats, and stationary (standing) waves |
e How do noise~cancelling headphones apply the principle of superposition? !
! Ans  Nowse<cancelling headphones use microphones to detect ambient nowse and then generate an "anti-noise* |
| signal that is exactly out of phase with the unwanted noise. When these two waves superpose, u;eyi
' destructively mterfere, effectively canceling out the noise i
|* Explain principle of superposition. (GRW.2015) | ':
1e Wnite three results of principle superposition i i
le Explain "Principle of Superposition®. (MTN 2018 GI) (BWP 2018 GII) (GRW 2019 GI) (DGK 2019 | ﬂ .[\' ‘[\ :
‘l GII) (GRW 2022 GI) (SGD 201,2 GlI) {GRIW 2023 GI1) _ . . i Coherent Sources: g U 17T
' Ans: Principle of super positine: When & particlé of & mediqe 1s distisoed b y .l\\o o m.orc waves; thn ' Two loud speakers S1 and 52 act as two sources of harmonic sound waves of a fixed :
| . _ _ theresultant displacement of the particle will be the vector sum of therr individual displacement. = frequency produced by an audio generator. Since the two speakers are driven from i
S the same generator, they vibrate in phase Suth sources of waves are called coherent
. A sources Fig. 8.8(c)
EIRVXEES T Cathode Ray Oscilloscope: Camructve iterer—cs
s . . - , d Loy cspocorwrt o dapdrvs? o
The CRO is a device to display the input signal into waveform on its screen e CRO srwen
What is Interference? Explain its types with experiment. Microphone: .
A microphone attached to a sensitive cathode ray oscilloscope (CRO) acts as a detector of sound waves. The
@ microphone is placed at various points, turn by turn, in front of the loud
speakers as shown n the fig, 8.8 (b). Constructive Interference
INTERFERENCE: Audio generator | ” . ) e & — .
In 1801, Thomas Young, Proposed and successfully tested the phenomenon of s, . E= & | CONSTRUCTIVE INT!:RFLRI:NCE: %
interference {75 _m' Al point Py, P; and Ps a large signal is seen on the CRO fig. 88 (c), at i oo v
Defirution: Power amplifier  ° points P, P; and P; we find that compression meets with a compression Fbeo"'
When two identical waves meet each other in a3 medium then at some points i and rarefaclion meets a rarefaction So, the displacement of two waves are .._Destructive Interference
they reinforce the effect of each other and at some points they cancel the . added up at these points and a large resultant displacement 1s produced g
effect of each other, this phenomenon is called interference . which is seen on the CRO screen fig. 88(c). . . - p—
Condition of interference: T e . Path Dif! [erclncc: M__‘
Interference requires the superposition of two waves having; + Now from f:g 8.8 (b), we find that the path difference AS between the
. * Same frequency waves at point Py, Py and. Ig;
. [ravelling in the same direction
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At point Pg

At point Py Al point Py

AS = 5,P, - 5P, AS = 5,P, = S,P, AS = 5,P; = 5,P

1, .1 b 3
55-_-454—353 AS =44 - 44 ﬁS-3z.A 4211
AS= A AS=0 AS = -4
Conditions for Constructive Interference:
. Wherever path difference 1s an integral multiple of wavelength displacements, the two wayey oy
added up. Thus effect 1s called constructive interference.
. Therefore, the condition for constructive interference can be written as:
AS=nd
Where
n=01%1424%3,.
DESTRUCTIVE INTERFERENCE:
Whereas at points P; and P, no signal is displayed on CRO screen fig. 8.8 (d). This -
effect 1s explained in fig, 8.8 (b) In which compressions and rareffactions are alternately I
emutted by both speakers. Continuous lines shown compression and dotted lines show T P
rarefactions. So, that they cancel each other's effect. The resultant displacement T
becomes zero, as shown in fig. 88 (d). +
Path Difference: 1
Now let us calculate the path difference between the waves at points P, and Py.
At point P; At point P, ﬁ!.‘.'.‘.‘..._...
AS = 5P, = 5,P; AS = 5;P, — 5, Py et L
1 1
QS=4A—3EJ. A$=35.1-4A
1 1
AS = ill AS = --_‘:i

Conditions for Destructive Interference:

e  Whenever the path difference is odd integral multiple of half of wavelength, the dlsplacemenl.s of two
waves cancel the effect of each other This effect is called destructive interference.

* Therefore the condition for destructive interference can be wntten as:

AS=(2n+1)3
Where
N=0,41 32,83, u i i i
MULTIPLE CHOICE QUESTIONS
[ T 7 Tnterference occurs when two waves, having the same frequency, travel: B

; (a) In opposite directions.

3 (c) At dufferent spoeds. §
| Answer: (b) In the same direction and superpose |
1 Explanation: Interference is specifically defined as the superposition of two waves of the same frequency (and
| typwally constant phase difference) traveling in the same direction. |
te For constructive interference to occur, the path difference between two waves must be: '
: :
] !

(b) In the same direction and superpose.
(d) Through different media.

(a) An odd integral multiple of half the wavelength.
(b) An integral mulh‘ple of the wavelength.

m Physlon 11 (Subjective, ¢ Ibjective and Conceptual Questions) b1 %)
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{od) Hlalf the wave e ngth
' Answer () Anvintegral it ple of the waye Tongth

| IIP[J""""": Constructive interflerence occurs when ¢rests meet rests and troughs maet roughs. which happens

! when the path difference (AS) s oA, where n=0), 11,12,

| " Sources of waves 1hat vibrate in phase and have a flsed (requency are called

|' (a) Independent souries () € oherent sources {e) Incoherent saurces
Answer: r: (b)) Colierent sources

[
I

(1) Pandom sources

|-np|-lfu““-"‘ Cobwerent sources are vasential for observing stable and clear interference patterns, as they mainlain a
1 constant phase relationship

. Al a point of destructive interference, a compression meets a:
f (a) Compression (b) Karefaction fe) Crest
l Answer: (1) Rarclachion
' [;Phndllﬂﬂ Destructive interference occurs when o compression (high pressure/displacement) meets a
| rarcfaction (low pressure/displacement), leading to cancellation
‘o If the path difference between two Interfering waves Is 3/2, the interference will be
! (a) Constructive (b) Dwestructive (e) Mo interference (ed) Partial comstrue tive
|

() Node

Answer: () Destruetive
;pl.lrl-illﬂﬂ A path difference of 30/ 2 15 an odd integral multiple of half a wavelength ((2ne 10/ 2 lor n=1), which
l i the condition for destruclive interference
e Waven from a sources S arrive at P through two paths as shown below.
Given that resultant wave amplitude at P is minimum, the phase difference between the two

wave trains lrom S in:
l: ‘-.
L ¥

"
1
n+ = |mrad
o (™3)

(a) nn rad (c) (Zn . %}n rad

Solution:
(2n + 1)n rad is the phase difference equation for a minimum

|
i
i
i
i
|
!

: + T Define interference of waves. - '
| Ans: Interference is the phenomenon that results from the superposition of two wavis having the same |
' frequency (and usually a constant phase relationship) and traveling in the same direction, leading to a1
| new wave pattern of varying amplitude

‘e What is the condition for constructive interference in u-nm of path difference? s
| Ans:  The condition for construclive interference is that the path difference (AS) between the two interfering |
' waves must be an integral multiple of the wavelength (AS=nh, where n=0,21,22, ) ;

. What is the condition for destructive interference in terms of path difference? 4
Ans:  The condition for destructive interference is that the path difference (AS) between the two interfering |
waves must be an odd integral multiple of half the wavelength (AS=(2n*1)A /2, where n=0,£1,22, )

What are "coherent sources® in the context of interference? |
Coherent sources are sources of waves that have the same frequency and a constant phase difference

between them, producing a stable interference pattern

. In the experimental setup for sound wave interference, what doen a large resultant displacement on
the CRO screen indicate? |

Ans: A large resultant displacement on the CRO screen indicates constructive interference, where the waves o
reinforce each other, leading to a maximum loudness of the sound. |

A _W‘}_ut_il_ lh_e _comlltion for Ealh dlﬂeltnce in :omtmdlvs n_ml; d_nl_rul:‘live lnlttfuenu? E.IIR, DGK '
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VoAna Ler et B antenteren e the path ditieenee shoukd e an integal il o waselenpih A o
| 1w comdition for comstim e terbeoenoe can e wittivn as |
' S o= =gl el 0
! Por st tive interterenes e pathdifference shouhl be odidbintegrabmultiple ofhalt ob wavelengy |
| The comdition Tor comsboimc bve idereorence can Do oswnition as '
' W et !
! .l \"'tll'll'p\ n=al, 2, |
L b e wm e wm v w e s el e e e me m e w e w e s wem “--n---"--v'-—-‘-'-'-“—-—--«-—‘._‘_‘!

ATIONARY WAVES AND THEIR FORMATION:

“ What are Stationary Waves (Standing Waves)? How they are produced? Wiite s properties,
e i

STATIONARY WAV S

Ihe resultant wave produced by the superposition of two dentical waves traveling in opposite direction is
called stationary wave

OR. '

Superposition of oo waves having same requencies and travelling in the opposite direction, resuliy j,
stalionary waves

Production of Stationary Waves:

Consider the superposition of two swaves moving along o string o opposite directions. The picture of such pwg

rT .
waves atinstants £ 0 LS and Toas shownin digure aand b

s

' L] LI | 0 ) [ [} 1] LI ' ] [ ] » LI

R S A N N

P pactating

When two waves superpose to cach other, we want to find out the displacements of the points 1,2,3,4.56 and 7
shown calculated by applyimg the superposition principle

L ) ;
e Fig (<) shows that the resultant displacement of the point 1,357 at the instants ¢ = 0, i and T, Itcan be

displacement is alwavs zero at all the instants. -

= hig () shows the resultant displacement of points 24 and 6 at instant ( = ﬂ,—r,“-,-!‘! and T, These points

movewith maximum displacement from mean positions,
PROPERTIES OF STATIONARY WAVIES:

i. In stationary waves particles of medium which permanently show zero displacement are called nodes
ii Instationary waves particles of medium which shows maximum is placement are called antinodes
Hi. The distance between two consecutive nodes or anti nodes is /2.

iv.  The distance between one node and next antinode is A/4

m Physics 11 (Subjective, Objective and Conceptual Questions) 285

v The enerpy remains standing i the medium between nodes because the nodes remain at rest, so nergy
cannot How through these points That is why stationary waves are also called standing waves

oh, Pnerpy osallates between 'E and K1 between nodes

vil. Whenanti nodes are at their extreme displacement the energy stored is wholly potential

vitk. Whenanti nodes are passing through the mean position the encrpy is wholly kinetle

| Aservcca | | wmrvenn | AT ook

(o) [oce ] " (=]

Al dls
-
- >

What is the difference between progressive and stationary waves? (LHR 2022 GI)
Ans.  Difference between progressive and stationary wave:

1] A stationary wave is formed by the superposition of two equal progressive waves travelling in opposite
directions whereas, a progressive wave is formed due to coninuous vibration of the particles of the
medium

(1) There bs no flow of energy in stationary waves whereas, in progressive waves, there is a flow of energy

(1) narticles at the node are at rest in stationary waves whereas, in progressive Waves, no particles in the

medium are at rest.
(iv)  Instationary waves, amplitude of particles are different, whereas in progressive waves, amplitude of all
the particles is the same.
(v) In stationary waves, all particles in a loop are in the same phase and they are in opposite phase with
respect to particles in adjacent loops, whercas in progressive waves, phase change continuously from
particle to particle

Ay ON

WAVES ON STRETCHED STRING

n lain formation of stationary waves on a stretched string,.

ap

Let us consider a string, of length €. 1t is stretched and is clamped at its two ends The tension in the string is
denoted by I When the string is plucked and then released, two waves are generated which moves in
opposite directions along, the string. Both of these are reflected back from the clamped ends of string with
opposite phase o generate stationary waves on the string,

As the two ends are clamped with rigid supports, so these do not vibrate and we get nodes at these emds
Examples: Stationary waves produced in the string of guitar and violin

Note:

Stationary waves in stretched string are transverse in nature

Speed of Waves in String,

The speed of wave depends upon tension Fin the string and mass per unit length m (i¢ thickness and nature
ol wire)

L
[ .
uv= ; . « wa . . 1
STRING PLUCKED AT ITS MIDDLE POINT (FIRST HARMONIC) =3 W2
When the string is plucked.at the middle of its length then the string . . -
vibrates in a single loop as shown n figure. Such a mode s called -

fundamental mode of vibration.
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. v=fidy

B

Distance between two consecutive nodes = ;

1f 4, be the wave length and f; be the frequency of vibration in this mode, then P
A
=2 [ s 2
2t i 7|
" Xy Ma= L iaese e s il 5
Thus, speed of wave v is fr=3 (;)
vefidy f3=3[,
1v The frequency [y is called third harmonic or 2~ overtone.
L= ‘g STR.[NG PLUCKED AT AN ARBITRARY POINT:
Putting value of 4;, we get |f string vibrates in nt loops then, g
‘ | h=a1

A=g s ii
Here, the frequency f, is called fundamental frequency. I from above relation it is clear that as string vibrates in more and more loops, its
Putting value of v from equation (1) in equation (3), | frequency goes on increasing(f, = n).
And wavelengthis

Weget - |

o JE ; . 1 j‘=§ Wheren=1,2345,....... ..

t Ty Crrree = gromnabove formula it 1s clear that as string vibrate in more and more loops, its wave
A standing-wave pattern is formed when the length of the string is an integral otherwise no standing waye T length gets shorter.
formed. 1
STRING PLUCKED AT QUARTER LENGTH (SECOND HARMONIC) (20 = K)'
When the string is plucked from one quarter of its length then the string vibrates into two loops as shown in . . fn=nh
figure. If A; be the wave length and [, be the frequency of vibration in this mode, Humnmc_Sencs; ) . o
Then t=214d ' So the stationary wave have a discrete or quantized set of frequendies f;, 2f,.3f,. ... .—.nf,, which is known as
i 3.3 harmonic series.

(=2t . The frequency f; is known as fundamental frequency, and the other are called over tones
The stationary waves can be set up in the stnng only with the frequendes of harmonic series

= & | .
; 2, | determined by the tension, length and mass per unit length of the string.
=3 R Waves not in harmonic series are quickly damped out.
EhuRSpeat it ivive v in v=i; | Key Learnings from the Discussion Above:
Putting value of A,, we get 11. Discrete Sei of Frequcnde-s:_Stahomr_v waves have a discrete set of frequenaies (f,2f 3fi..nfi). The lowest a
=Y |  characteristic frequency (fi) is known as the fundamental frequency (or first harmonic or fundamental |
27 t  frequency). Subsequent frequencies (f:=2f,, (,=3p, etc) are called harmonics or overtones For instance, f3 ¢
f; = % I |  corresponds to the second harmonic or first overtone
- [ '2 Quantization of Frequencies (Resonance Frequendies): In other words, quantum jumps in frequency exist '
f= T | | between the resonance frequencies. This phenomenon is known as the Quantization of frequencies. It means |
fy= Fid i fa=nfi, where n=1,23, .. (integral multiples). Stationary waves can only be set up on the string with |
2t 2 . frequencies that are whole number multiples of the fundamental frequency determined by the tension, I
f=2 (ﬁ) | length, and mass per urut length of the string. Waves that are not in harmonic senes are quickly damped out. i
f, =2f, 3. Adjusting Frequency of Musical Instruments: The frequency of a string on a musical instrument can be |
[si.nce% =£] : | O;Ihanged b)'b\'ar}':g the tension or by changing the length. For example, in a guitar or violin, musicians tune
Thus when the string vibrates in two loops, its frequency is double than when it vibrates in one loop. f; is i lh: ::::i(::ha}n;;f:'lgli‘;ﬁl:rﬁ;gi;:;8'"8 e
called second harmonic or first overtone. ) = ot TR e e e S — e R e S L e TN ]
STRING PLUCKED AT 1/6*» QUARTER LENGTH (SECOND OVERTONE): I 1
When the string is plucked from one sixth (1/6) of its length then the string vibrates into three loops as shown ' . n— . : '
in figure. If 4, be the wave length and f; be the frequency of vibration in this mode, I:‘ ) A guitar string is p_luckcd at its cenlgt. W‘hal han‘no‘mc is produced? lﬂ Brain teaser ﬂ I
=t b yAns:  When plucked at ',‘s cenlcr', the string }nbrales in its fundamental mode s .
Z R | (one loop), producing the first harmonic (f,). A guatar stnng is plucked at I
Then, (=3 ' its centre. What harmonic is
2 I produced? '
A:|==?r P e i e T . e i o e -"-_-_-_.—-_---—-_!
So the speed becomes,
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MULTIPLE CHOICE QUESTIONS
7S I ?;—I.;Ii:;l;l}'_':\:\; I\l:h-”n_ﬂ \-\-.\—\‘-:}Trv-trm;-d_lt; lhr:upv:punlllnn of two waves with: i y
| () Ditferent trequencies and amplitudes |
' (B) The same traquency and amplitude, traveling in the same direction '
| (€} The same frequency and amphitude, traveling in opposite dinx tions |
A () Dutterent wavelengths and spewds »
| Answer (<) The same frespuency and amplitude, traveling i opposite directions |
' Explanation: This spevitic condition of two wlentical waves moving in opposite ditections is what creates 40
, Mationary wave pattem |
o Points on a stationary wave that always remain at rest (zero amplitude) are called: '
’ (a) Antinodes (1) Crests (¢) Troughs () Nodes !
Answer: (d) Nodes i

1 Explanation: Nodes are points of permanent zero displacement in a standing wave !
| The distance between lwo consecutive nodes in a stationary wave is always: I
' (a)\ (byN/2 [GRYE] (d) 2N i
| Answer: (b)\/2 |
t Explanation: The pattern of nodes and antinedes repeats every hall-wavelength '
. In the first mode of vibration (fundamental frequency) of a stretched string fixed at both ends, how |

' many nodes and antinodes are present? '

() 1 node, 1 antinode (1) 2 nodes, 1 antinode
Answer: (1) 2 nodes, 1 antinode
Explanation: With ends clamped, nodes must be at the ends The simplest vibration has one antinode in lllcl

d) 2 nodes, 2 antinodes |
1

(€) 1 node, 2 antinodes
]

; muddle, creating one loop i
P The speed of waves on a stretched string depends upon the: 4
| (a) Amplitude and (requency (b) Wavelength and period |
' (¢) Tension in the string and its mass per umit length '
| (d) The point from where the string 1s pluched |

1

1 Answer: (<) Tension in the stiing and its mass per unit length
| Explanation: The specd of a transverse wave on a string is given by v=F/m, where Fis tension and m is mass per |
] S ]
e o oo s o o e e e s o 2 3 S M

SLO BASED SHORT QUESTIONS & ANSWERS _

P oo e e e e o = e e e e e e e = e e s e S = e S e e

. Define a stationary wave.

 Ans A stationary wave (or standing wave) is a wave pattern that oscillates in a fixed position, without moving |
| or propagating, formed by the superposition of two identical waves traveling in opposite directions, |
1. What are "nodes” and "antinodes® in a stationary wave? 1
| Ans. Nodes are pomts on a stationary wave where the displacement is always zero (points of no vibration). |
! Antinodes are points where the displacement is maximum (points of maximum vibration) 1
le What is the distance between a node and the next antinode in a stationary wave? |
' Ans. The distance between a node and the next antinode is \/4 (one-quarter of a wavelength). ;
! . When a stretched string fixed at both ends vibrates in its first mode (fundamental), how is the Icnglhl
of the string related to the wavelength of the wave? :

! Ans In the first mode, the length of the strng (L) is equal to half the wavelength of the wave (A1/2), so L=A1 !
i /2 |
. What happens to the energy at the nodes of a stationary wave? 1
| Ans At the nodes of a stationary wave, the particles always remain at rest, so no energy flows past these |
' points Energy is considered to be “standing® (or trapped) between the nodes, alternating between
I potential and kinetic forms at the antinodes |
' How frequency of a string on a musical instrument (guitar / violin) is changed? '
II Ans As we know that, fi= :'; \E !
| The froquency of a string on a musical instrument can be changed either by varying; the tension or by |
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R . — — . o e e — . —
= T hanping the length )

! 1 b tensaon i guitar and violin steings s vared by tightoming the Peps on the peck of the mstoament o ¥
| Onee the dnstroment s tuncd, the musiclans vary the frequency by moving thewr Tingeres along the ieck, !
i there by changing the length of the vibrating portion of the string |
I‘ Laplain why encegy remains “standing” in the medium between nodes? (SWI, 5GD 2017) ;
Yans. Ina vibrating stoing, there is no movement at the node pomts. Midway between the nodes the steing, |
l moves bromm masimunn elasthic stretch (maximum ]lull'nlldl enerpy) o pero strele I andd masaimum hinete
' envrgy,of motion It then moves, again to masimun stretch, then back 1o masonum veloaty Between th |
! podes the energy thus osollates betwecn maximum kinetic encegy and masimum potential encryyy 1
i. How the K.E and INE alternates In stationary waves? (AJK 2021 GI1) |
AN wWhen anti-nodes are all their extreme displacements, the encrpy stored in whaolly potential When they *
| are stmultancously passing through their equilibnum position, the energy s wholly ket
'y On what factors does the fundamental frequency in a stretched string depends? (SWI, DGK 2019) E
| (AIK 2021 G1) . :
; Ans. A the tundamental frequency can be expressed as | = :'r \I'r:_ |
i Its shows it depends upon the tension F, length ot the string and the mass per unit length moof string i
L}
t What are the quantities which affett the frequency of standing waves along a string? (SWL 2019) |
! Ans.  lhe natural frequency of vibration in a steetched stoing depends on length, density, radius, and tension in
the string |
! % What do you mean by harmonic series? (Quantization of frequency) (GRW 2019) (MTN 2021) '
l Ans. The frequency of stationary waves setup on strings will be !
' fy = nfy n =123, :
| The stationary waves in any medium have discrete set of frequencies i, 21, nfy s is known as |
' harmonic series. The fundamental frequency ) corresponds Lo the first harmonic, then o= 21, .
| _c.nr_n_':_]‘gm_l'- inL!u‘_sccum! Immmlllc and so on_ _

7.6

n Explain formation of stationary waves in open organ pipe.

STATIONARY WAVES

Statiopary waves can be set up in air column inside a pipe or tube. A common example of vibrating air column
is an organ pipe. Stationary waves in air column are longitudinal in nature

Organ Pipe:

Anorgan pipe is a wind instrument in which sound is produced, due to setting up of stationary waves in air
column c.p. flute,

Itconsists of a hollow long tube with both ends open or with one end open and the other closed.

Types of Organ Pipe: '

There are two types of organ pipes

(i) Open Organ pipe: Itis that organ pipe whose both ends are open

(i)  Closed organ pipe: Itis that organ pipe whose one end is closed.

STATIONARY WAVE IN A PIPE WHOSE BOTH ENDS ARE OPEN:

Ii the reflecting end 1s open, the air molecules have complete L

freedom of motion and this behave as antinodes. If the end is 1" harmonic

closed, then it behaves as a node because the movement of the BT —— A -2

molecules is restricted. et i TR £ -
— — S )

1"mode of vibration (1*'harmonic) Fundamental Mode of
Vibration:
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The mode of vibration of an air column in a pipe open at both ends are shown m fig (a). In hg (s) ™

longitudinal waves produce in the pipe have been represented by transverse curved Lines showing the var,, -~
amplitude of vibration of the air particles at points along the axis ‘of the pipe

Let

"1 * be the length of organ pipe

*A, " is the wavelength - o ~ -

*f,"1s the frequency of then the fundamental mode of vibration. = ¢ ——t E

Then the distance between cne node and next anti-node is i“-

Thus fundamental frequency ™ f; " is first harmonuc.
27 Mode of vibration:

EEI ey R swml
"A;" is the wavelength - z>< /( fi=lazs

“f," is the frequency of the stationary wave.
_12+)-z +12‘_A=
T e TR TR
_ 4k
=2
Multplying and dividing bv 2

As, v=fA

f: =2 "

This 1s called 2°* harmonic or 1" overtone

3™ mode of vibration:

Let -

"A;" is the wavelength

“f;" 1s the frequency of the stationary wave respectively
.(= “' +J" +"_‘+A_’+.“_’+t

4 4 “ 4 4

g=5

[EIEEEs: Physics 11 (Subjectve, Objectve snd Comergrusl () zv:
- L

=31
Tras s called 3™ harmonsc
o™ mode of vibration:

The wavelength of o™ mode of vibraton 15 gven b

= -
Whee n=123425
The frequency of n™ harmorac s Zven Dy

¢ =of—~

L=o{>

f,=af

ic Sers

¥ " 6" is the fundamental frequency Gwn farmorucs preset o & Opem pipe aoe o ecuencae
f:.21:.3f2. 501 — —

it means both even and odd harmoncs ere produced m o orgen prpe open Sum bl emds

STATIONARY WAVES IN A PIPE WHOSE ONE END IS OFEN AND OTHER 1S CLOSID

If the reflecong end is dosed. then it behaves as 5 node beraose S Tovemene of S Sulerules s ooy
1* mode of vibration / fundamental mode of vibration

et 'fy " and " A; ° be the frequency =md waveleng® of longituds in al

fransverse waves respectyels - il -
The distance between one node and next anti-node i - Bttt ~e—
——
t== . sl
2 i
4
A= —
= '.;
f.=v/a
f =
=2
v
This 1s the fundamental harmonac
2*2Mode of vibration:
Let” i, " 1s the wavelengts
"1y 15 the frequency of the stationary wave respectves - 222 -
S0 <
- - - T —
£ L . o -“’, A -"\
4 4 & __,1\.‘_ ‘A'
3/ i.l ": i
[ = -~
- & a
Ay =—
As v="f -
?‘:. . s
fo=— B
f‘: s T e
= = . X .
- i
e ;f g"‘l"‘-‘_‘p'q‘t‘ -
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34 Mode of Vibration:

Let e
o “
" A;" is the wavelength <
" f," is the frequency of the stabonary wave respectively ""%
Ay Ay Ry o dy Ay Shy ~ .
(-‘+‘+'+T+‘- = faxla) Py
_ Sda -~
T S~
&l
Ay =— WS -,
s renid ur
As, = 3‘-: Fig 7%
.. SRatorary
I = x »mm-“m
- /N 000 PTErEE A Srmsary
37 etrs
Sv
f; = =

So
fy = 51,
n'" Mode of vibration:
The wavelength of n** mode of vibrabon is given by

4
n= —'."I-
The frequency of n'™™ harmonic is given by:
nv
.fq = :?
fo = nf, n=1357... -

Harmonic Series

If °f,” 1s the fundamental frequency then the harmonics present in closed pipe are of
trequencies [y, 3f,,5f,,7f,, ... it means that only odd harmonics are presents in a closed
Pipe

I'hus shows that the pipe with open at both ends 1s richer in harmonics.

A flute player notices that the flute is producing a pitch which is slightly sharp. What could be "”i
cause of this problem?

I

L)

1

L 1
| Ans: I the pitch s slightly sharp, it means the frequency is too high For a r";"_'" ‘m",—. |
1 flute (an open pipe), frequency is inversely proportional to length '
| (fx1/1) So, the Mute’s effective length might be slightly too short, or the mfg":’:;“‘x?m“ |
' player's embouchure (bp and facial muscle position) is causing the air sharp What could bo the cause of '
| column to vibrate at a higher frequency To correct il, the player might  ths problem? |
' need to adjust their embouchure or pull the head joint out slightly to !
| ingeasethecltecvelength s g e e :

MULTIPLE CHOICE QUESTIONS
- In an organ pipe npen at both ends, the fundamental mode of vibration has: 3

. ]
| {a) A node at both ends. (b) An antinode at both ends. |
' (c) A node at one end and an antinode at the other !
| (d) Two nodes in the middle. |
' Answer: (b) An anlinode at both ends '
| Explanation: For an open end, air molecules have complete (reedom of motion, thus forming an antinode. In the |
! fundamental mode of an open pipe, there are antinodes at both ends and one node in the middle :
I A closed organ pipe (closed at one end) produces only: !
: (a) All harmonics. (b) Even harmonics (¢) Odd harmonics. (d) No harmonics |
:\nswcr (¢) Odd harmonics P
Exlhnahon. Due to lhe boundar\r condluons (node at closed end ammode at open er end) cios-. | pipes can nnl» nly

o, ' - ———
-5
el i ey .t‘\n 5 ‘1"—‘—- .ul i
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fmppv" odd I||Il|llj‘|i‘5 of the tundamental Ireguency (odd harmonics)
o, An organ pipe closed at one end has fundamental frequency of 1500 He The maximum number of over &
i tones generated by this pipe which a normal person can hear is !
' (A) 14 (b) 13 (c) & ()9 |
lspluh:m For n=13 it means 6" overtone fiy = 1321500 = 19500 11z Above thas it means > 20,000 Hz humans 3
L]

]

- —— e — i — e — —— — . — — — — — - e —————

# Describe the fundamental mode of vibration in an organ pipe open at both ‘ends. '
Ans: I anorgan pipe open at both ends, the fundamental mode of vibration consists of an antinode at each |
open end and a single node exactly in the middle of the pipe '

. Why does an organ pipe closed at one end only produce odd harmonics? !
Ans:  Anorgan pipe closed at one end produces only odd harmonics because its boundary conditions requine a !
node at the closed end and an antinode at the open end, which himits the possible standing wave patterna
to only those with odd multiples of quarter wavelengths fitting in the pipe .
. In the experimen! using microwaves to demonsirate slationary waves, how are nodes and antinodes |
identified? :
Ans:  Nodes are identified as points where the probe detector shows zero signal intensity, while antinodes are l'
identified as points where the detector shows maximum signal intensity |
. How does the length of a closed organ pipe relate to the wavelength for its fundamental mode? .
Ans:  For a closed organ pipe, its length (L) for the fundamental mode s oqual to onequarter of the |
wavelength of the sound wave (A/4), so L=A1/4 p
. Which is richer in harmonics, and why: (a) An open organ pipe (b) A closed organ pipe. (LHR 2017 G1) |
(MTN 2019 Gl1I) (FSD, SGD 2021) (GRW 2023 GI) '
Ans. Incase of open organ pipe the frequencies s given by |
fn=nf n=123,.n '
In case of closed organ pipe the frequendies is given by |
fo=nfi n=135 .n i
In case o! closed organ pap( even l'rm[ucnc:m are missing and only odd frequencies are present. So, |
1

7.7 EXPERIMENT DEMONSTRATING STATIONARY WAVES USING

MICROVVAVES ;

n What are Microwaves? How are Slationary Microwaves produced?

MICROWAVES

Microwaves are a form of electromagnetic radiation. They are called "micro® waves because their wavelengths
are typically in the order of millimeters or centimeters, much shorter than radio waves.

STATIONARY MICROWAVES PRODUCED

Stationary waves, also known as standing waves, can be produced by mucrowaves when they are confined to a
speafic region or cavity, such as a wave puide or resonant chamber (like a microwave oven) In these
structures, microwaves can bounce back and forth, creating a standing wave pattern wath nodes and antinodes.
This happens when the microwave frequency matches the resonant frequency of the cavity

SIMPLE METHOD TO CREATE STATIONARY MICROWAVE WAVES:

The experiment setup consists of:

* A mcrowave source (lransmitter)

* A probe detector

¢ Ametal reflector (a metallic plate for the re flection of microwaves)
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Experimental Procedure:

1. The microwave source emits microwaves towards the metal plate

2. The microwaves reflect off the metal plate, traveling back towards the source

3. Themadent and reflected waves superpose to create a stationary wave pattern

4. The probe detector is used to measure the intensity of the signal at difterent points
between the transmutter and the metal plate

5. By moving the probe or plate, we can observe antinades (points of maxamum
intensity) and nodes (points of zero intensity)

6. The distance from one antinode to the next node is A/4, which allows us to
determine the wavelength of the microwave.

Y

ot b
Sy ——

—

R ——

MULTIPLE CHOICE QUESTIONS

- ——— i — - —

: . In the experiment demonstrating stationary waves using microwaves, the detector measures the: - ?
| (a) Temperature of the microwaves (b) Intensaty of the signal i
' (c) Frequency of the microwaves. (d) Phase of the microwaves. :
| Answer: (b) Intensily of the signal = |
' Explanation: The probe detector measures the miensity of the microwave signal at vanious points, which is related 1
| to the ampfitude of the standing wave, allowing identification of nodes (zero intensity) and antinedes (maximum |
! intensity) '
! - In an open organ pipe, the length (L) for the fundamental frequency is related to the wavelength (\) as |
| (a) L=\/4 (b) L=\/2 {c) L= (d)L=2\ '
, Answer: (b) L=\/2 |
Explanation: The fundamental mode of an open pipe has antinodes at both ends and one node in the middle, E

; formung half a wavelength within the pipe length '
1e When a microwave probe detector is placed at a node in a stationary microwave pattern, it will show: |
(a) Maximum signal intensity. (b) Half signal intensity '

(c) Zero signal intensaty. (d) Fluctuating signal intensity |

L]

Explanation: Nodes are points of zero amplitude, so the intensity (proportional to amplitude squared) will be |
zero at these points !

— ————— ——— — i — i — — i — — . — — — i — —

L}
L}
|
' Answer: (c) Zero signal intensity
|
L]
-

SLO BASED SHORT QUESTIONS & ANSWERS

i- What type of waves are microwaves, and how ;-n-—lh-e)_ used to demonstrate s—uﬁo:a;\—w;t;i
M experimentally? i
| Ans:  Microwaves are a form of electromagnetic radiation. They are used to demonstrate statonary waves by |
' creating standing wave patterns in a cavity ar region by reflecting incident waves from a metal plate.

causing superposition with reflected waves |
= AT T e

m Physics 11 (Subjective, Objective and Conceptual Questions) N3

What 1s Dittraction of Waves? Where can Diffraction be observed !

PDIFFRACTION OF WAVES
Miftraction of waves s the bending of waves around sharp adges or comens of obstacles. or the spreading ot
waves bevond an operung (a shit) that is comparable in size to the wavelength o

the wave The longer the wavelengthy the greater the spreading, and vice versa
Where can Diffraction be obsenved?

mitraction can be observed in vanous types of waves, including water waves
sound waves, ight waves, and electromagnetic waves,

Eamples of Diffraction:

Heanng sound waves around comers or through a door, even when the

.
source 15 not directly visible

. Dittraction of Neravs by anvstals, where the spaang between the regular
arravs of atoms is of the order of the N-rav wavelength

significance of Diffraction:

Dittraction 1s a rundamental aspect of wave behavior and has many practical applications in vanoeus ticlds

THE RIPPLE TANK

A npple tank 1= a useful apparatus pimanly used o generate water waves

and demenstrate wave properties such as reflection. dittraction. and refracthion

How does it work for Diftraction?

T - o
»  Avibrator generates a senes of concentnic ancles (or parallel waves) on the P
water surface e 1
B =
—
] bl

e Anobstacle (e . a small gap, a newdle, or a semicincular barner) is pla‘;\\l e

in the water., =

o  When the waves encounter the obstacle, they bend or spread out bevoend it
»  Qualitative Effect of Gap Width relative to Wavelength:

o Small gap (comparable to wavelength): It the gap width is small compansd to the wavelengthe the

waves bend significantly, creating pronouncad circular wavetronts atter passing through the gap (largs

diftraction)
2 Large gap (much larger than wavelength): It the pap l l
|
2y .
1! 1NN
i I ‘| 1
N g

of whiy g™ i shce by 2

DuSmcrnn
e AN Jrawy

——— SR S -
- ——

width s large compared to the wavelengthy the waves
bend very hittle, and the waves mostly pass through in a
straight line with only slight bending at the odges
(decreasad diftraction)

This expenment visually demonstrates the relationship
between gap wadth and wavelengthy illustrating wave
behavior

“ MULTIPLE CHOICE QUESTIONS

07 " Diffraction of waves is the phenomenon ofs T 771
l (a) Reflection trom a surface.

1]

|

L]
(b} Bending of waves around sharp edges or through an opening I.
() Interterence between two waves (d) Change i spead as waves enter a new masdium |
vAnswer (b) Bending of waves around sharp edges or through an opeming \
| Explanation: Dittraction is the charactenstic spreading of waves as they encounter an obstacle or pass thieugh ashit |
e The extent of diffraction is most significant when the gap width relative to the wavelength of the wave is "

&\ Cm\\l\.lr.\l-h- () Leeelev ant

(1) Much smaller

l_ S C) Much L!rs::r
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Answer: (¢) Comparable
! Explanation: Diffraction effects are most pronounced when the wavelength of the wave s approximately “Yual gy 1

| or larger than the size of the obstacle or opening

i . Which of the following phenomena demonstrates diffraction of waves? '
. ta) Seeing, your refllecthion in a mirror (b) Sound waves bending around a corner |
1 1€) Ihe colors observed in a soap bubble (d) A straight beam of light in a vacuum [
y Answer (b) Sound waves bending around a corner |
| Bxplanation: Sound waves have wavelengths comparable to everyday objects, allowing them o diffract p adily :
o aroind obstacles y |
|* In a ripple tank experiment, if the gap width is small compared to the wavelength, the diffraction will i
' be:

H {a) Neghgible o o(by) Increased (¢) Decreased (d) Absent i
' Answer: (b) Increased, i -
| Explanation: Dilfraction 1s more pronounced when the wavelength is larger relative to the gap size, leating ol
! greater spreading -
| Diffraction can be observed in which types of waves? |
i (a) Only light waves (b) Only sound waves '
: (c) Only water waves (d) Water waves, sound waves, light waves, and electromagnetic waves |
| nswer: (d) Water waves. sound waves, light waves, and electromagnetic waves '
¢ Explanation: Diffraction Is a general wave phenomenon, applicable toall types of waves_ __ _ ____ !

SLO BASED SHORT QUESTIONS & ANSWERS

te Define diffraction of waves. e
| Ans:  Diffraction of waves is the bending or spreading of waves around the sharp edges or corners of obstagles,
or the spreading of waves beyond a barner or through an opening
. What is the qualitative effect of gap width relative to wavelength on diffraction?
Ans:  Diftraction 1s more pronounced (increased) when the gap width is small compared to the wavelongih of
the wave, and it becomes less sigmificant (decreased) when the gap width s much larger than the |
wavelength ;
(]
I
L}

Give a practical example of diffraction of sound waves.

A practical example of diffraction of sound waves 1s being able to hear sound from around a cormer or
through an open doorway, even when you cannot directly see the source

What is a ripple tank used for in the study of waves?

A ripple tank is a useful apparatus primarnily used to generate and observe water waves and demonstrate +
wave properties such as reflecion, refraction, interference, and diffraction !
How is diffraction of X-rays by crystals used? !
Ditfraction of X-rays by crystals is used to study the arrangement of atoms In crystal structures, as the !

- Spacing betwoen the regular alomic arrays ina crystal is comparable to the wavelength of Xorays. _ __j

g What are beats? Explain formation of beats and it’s applications.

BEATS
“The periodic variations of sound between maximum and minimum loudness are called beats”,
-OR-
Superposition of two waves having slightly different frequencies and travelling in the same direction is called
beat
Conditions for Beats:
Ihere are two conditions to be fulfilled,
. I'wo waves should have slightly different frequencies

5 e
a2
r

> > 5
= - |
7 z
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I hese waves should teavel in same direction

upﬂlmenlr
(‘-mud--r tworr tuning forks A and B of saeoee e dquency say 3ZHz are wnded w parately thern they el prosduee

afe notes But when they are sounded sirnultan fausly then it s dille ult b dillerertiate the rede [he wairdd
os of two will be supsrpesed on cach ether and will bae heard bry e

wav
puman car as single pure notes I the frequeney of tuming otk B s - V- prh !
jowered shphtly by loading it with some vian, nay it bae rnes 30Hz i RV R U PR P ST [
Now il A and B8 sounded together, o sound of alterrate Iy inereaning and a ) )
Jdecreasing, intensity will b heard. Such a naste 15 calleed beeat, which 15 dus wifiaf! / 4 J 5 |
o) IR RTYEY
1o interference betvecen the sound waves from A and B as sl figure : i
’ o — .

b i e |
o At some instantX is the displacermnent of the tewo waves s n the sarne | %0 peisiaces el -

direction. The resultant dl'b‘!l-l("f!ll"fll is large andd a loud sound s g lalie

4 %
heard ' "
i -
After lirm-; sec, the displacement of wave due to one turang, fork 1 s ]

apposite (o the displacement of waves due to the ather tuning fork. As a result, a roruer e displacerrent &

produced at ¥ 50 a low or no sound is heard

Afller nﬁt: sec, the displacemnents are agmn in the samne dircetion and a lenid wund s teard again at I It

represents a loud sound is heard two limes in one woond because the frequency differenes 13 2Mz

[Hlustration of Beat Formation: T |

o When the waves are in phase, their amplitudes add up (construetive interforenes),

resulting in maximum loudpess

When the waves are oul of phase, their amplitudes subtract (destractive inerferenes ),

resulting in mimmum (or zero) loudnes

o Because Whe frequencies are shightly different, the waves periodically dreift in and et of 0 S Ser G S
phase, le ading to the obaerved pulsations

Number of Beats: e —
Number of beats per second 1s equal to the difference between frequencies of turung frrks, == m—
Mathematically:
number of beats per second = [, ~ [, m R T -

Maximum Recognizable Beats: 1 = —
When the difference between the frequencies of the two sounds i [Fe== ___ T =i i
more than about 10Hz, then it becomes difficult to recognize the f_: o4 1 i1 15l
beats. s A
YSES OF BEATS: e e -
Beats are used to, 7 Il 5 é | E £3 # \ ,._..
+ Tune a stning instrument such as piano or violin, by beating a @ 14 R

note against a note of known frequency The string can then = (X

be adjusted to the desired frequency by tightening or loosening it until no beats

are heard ol -~
« Find unknown frequency of vibrating body o AT

¢ Produce vanety in music ? $ i
The difference between the frequencies of the two waves is termed as beat "3":5"' é/
A q Y i

frequency fie.. ’
One can use beats to tune a stning instrument, such as piano or violin, by beatng a S _F}*,- —_—
note against a note of known frequency. The stnng can then be adjusted to the =3

desired frequency by tghtening or loosening it until no beats are heard. o 5 5 ‘;,.ﬂ_

TUNING MUSICAL INSTRUMENTS =

Here are some examples of how beats are generated in musical instruments
L Guitar: When playing two stnings with slightly different tunings, beats are | s o o oty o t—

created For example, playing a standard tuned string and a string tuned a few



298 Chapter 7 [Waves and Vibratioml
- _ —

cents lapher or lower

2. Plano: Playing two keys white and black, adfacent to cach other, create beats

). Violin: When playing two strings with slightly different bow pressures or speeds, beats are generated

1. Drums: When two drums with slightly different tunings are played simultancously, [ oeyevsnaSiy,
beeats are created -

5. lute: When playing two notes with slightly different embouchure (lip and facial
muscles) positions, beats are penerated

. Organ: When playing two pipes with slightly different tunings, beats are created.

7. Synthesizer: Generating, two osaillators with slightly different frequencies creales
bweals

In these examples, the shight difference in (requency between the two sound sources

creates o penodic nicrease and decrease in amplitude, resulung in a “beat” or pulsation

NITTHF ) Ghars, whvy may
effect Musiclans often intentionally use beats for interesting rhythmic effects or Lo create 8 ors s s sy

a sense of tension and release. In some cases, beats can be unwanted and may require
adjustments tw tumng, pitch, or playing technique to mininmize ler irnp.ut

MULTIPLE CHOICE QU ES'I'IONS

& ™ ~ “Beats are produced when two waves of

Beats are produced when two waves of slighily different. frequencies: 1
! (9) Travel in opposite directions (b) Interfere with cach other o
! {¢) Have the same wavelength (d) Are in phase !
Answer: (b) Interfere with cach other. Explanation: Beals are specifically the result of the superposition of twol
, waves with slightly different frequencies, causing a periodic variation in loudness
| . Beats are perceived as a pulsation in: |
{a) Frequency (b) Wavelength (c) Amphtude (loudness).  (d) Pitch
Answer: (¢) Amplitude (loudness) Explanation: Beats cause a periodic rise and fall in the intensity (loudness) of[
the resultant sound
. I'he number of beats per second is equal to the:
(a) Sum of the two frequencies
(0) Product of the two frequencies
Answer: (b) Difference between the two frequencies. Explanation: The beat frequency (fu) 1s given by 1fi=f1

L]

' (b) Difference between the two frequencies.
]

I Beats are primarily used in musical instruments for:
L]

'

L

'

(d) Ratio of the two frequencies

(d) Creating echo effects.
Answer: (c) Tuning. Explanation: Musicians listen for beats to determine if two instruments or strings are
precisely in tune; when the beat frequency approaches zero, they are in tune
. If two tuning forks produce 4 beats per second, and one has a frequency of 256 Hz, the other tuning

fork’s frequency could be: |
(a) 252 Lz only (b) 260 Hz only. (c) Kither 252 Hz or 260 He.  (d) 256 112 [
| Answer: (¢) Fither 252 Hz or 260 1z Explanation: Beat frequency = [f=11. So, 4=1256-1:1, meaning f; could be |

[ 256-4=252 11z 0r 25644260 112 ’

. —— — — - - — —-

(a) Changing the imbre (b) Amphifying the sound. (c) Tuning

i . What are "beats® in waves?

, Ans: - Beats are the periodic variations in the amplitude (loudness) of the sound produced when two sound |
| waves of shghtly different frequencies interfere with each other. |
y . How is the "beat frequency” calculated? 1
| Ans: The beat frequency (number of beats per second) is calculated as the absolute difference between the |
| frexpuencies of the two interfering waves (l=16-1,1) h
| = What happens to the loudness of the sound when beats are produced? I
" Ans: The loudness of the sound periodically ancreases and decreases, resulting in a distinct pulsation or!
| thrabbing sensation

‘e Give an example of how beats are generaled in a musical instrument for or tuning.

I’hysncs 11 (Subwdu e, Ub]cdne and Conteptual Queslmns] 299

i Whu\ toning a gumr if the string is slayhll) “out of tune with a refere nce non “beats will be heard The |
musician adjusts the string tension until the beat frequency approaches zero, indicating perfect tuning i
Why must the two interfering waves have "slightly different frequencies” to produce audible beats? -
o Answer: The frequencies must be slightly different so that the phase relationship between the
waves slowly changes, causing the points of constructive and destructive interference to shuft, ,
resulting in audible pulsations in loudness. If frequencies were too different, the pulsations would |
be too fast to percerve as distinct beats. ]
Explain beats. What are beals draw the diagram to show beats. (Fsd 2018) (Ajk 2021) (Fsd 2023 |
GlI)

[
1
|
]
|
]
I
1
|
L)
IAn;_ The penodic vanation of sound between maximum and AR TIY ml
1

|

L]

|

1

I

]

|

)

|

]

|

Lavtitvni, .'

minimum loudness is called beats

Condition when two sound waves interfere having

slightly different frequencies produce beat It is noted

that number of beats per second is the number of

maxima and mmima produced in one second. -

Number of beats per second =n=f;-f, = ¥
M What is the difference between interference and beats? (FSD 2017) (SGD 2019 GI) (MTN, FBD, RwP 2021) |
Ans.  Interference: When two wave having same frequency, while travelling in the same direction will produce

the phenomena of interference.

flc.lls When two wave having slightly different frequency, while travelling in the same direction !

A A AR R T

I'H‘—l'il-

lh|"|.'1l "

710 ,INTENSITY (I) OF WAV

What is intensity? Whal is the relation between intensily and amplitude?

INTENSITY
“The amount of energy transmitted per unit arca per unit ime in the direction of propagation of progressive
wave is called intensity of wave.”

. Itis a measure of the power of a wave. <
. It1s usually denoted by the symbol of “1”.

. It's Sl unit is walts per square metre (W m?)
Explanation:

A progressive wave or travelling wave is one that travels through a medium in a consistent direction and
transferring energy from one point to another

ilis a wave that propagates or moves forward, as opposed to a stabonary or slanding wave

Examples of progressive waves include water waves, sound waves, hght waves, etc.

By definition, the intensity of a wave is.

_ E
T Amt
= e
A
I = E
Here, I = intensity of wave in (W m?)

E = Fnergy in joules (J)

t = ime in seconds (sec)

P = Power in watts (W)
Relation between intensity and amplitude
We know that in mechanical waves, such as sound waves, water waves, or waves on a vibrating string, energy
'8 stored as kinelic energy and potential energy of the medium s particles, How much energy 1s stored depends
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T——
upon the displacement (amplitude) of the particles from the mean pm.llmn n'lcu‘fuu‘ the intensaty [ of Wives
is proportional to the square of the amphitude A, Le,

1 e A

I=kaA*
Here & s the constant of proportionality and depends upon the physical properlies of the wave angd yp,
medium

- —— — — —
'w X

tsound cannot travel through a vacuum becavse there are ne particles 1o transnut the sound

T Sound cannol travel
™ e
10 trarsimd the sound wave

| The ndbit ex plains that frequency and amplitude of a travelling wave are independent.

' In sumpler terms

s Amphiude relates to the volume or intensity of a wave (how “bug” it 1s). When you tum
up the volume of a song, you re increasing its amplitude.

it Frequency relates to the pitch of a wave (how hugh or low the sound 1s).

' Because they ame independent, you can change one without affecting the other, This s why

l you can make a song louder (increase amplitude) without changing the melody or tune (which gmm&uﬂan'w;ql

MR o O I e oo s i s o e e

Frequency and ampliude of 5
raveleg wive & roepende of
aach ol That i wivy you can e
. P e voluma of & 1ong (noeesy

Brain Teaser:
Can you find the decibel level of a traveling wave whose intensity is 10 W m-2?
Ans: To find the deaibel level (Lag) of o sound, we use the formula: Lyg=10log(1/ 1)
Where
= lis the mtensity of the sound wave (given as 10 W m3)

* s the reference intensity, which is the threshold of human heaning, approximately oc‘.:vl:\:r"‘“ﬂ‘m m“
107 Wm? inensity is 10Wm*?

Now, let's plug in the values: Law=10lopu{10 W
(10'%1012) <1010 10(10)

Using the loganthm property loguw(100)=s Lay=10%13 =130 4B

Therclore, the decibel level of a travelling wave with an intermsity of 10W m 215 130 dB

m2 /1012 W/m2) =10logss

— MULTIPLE CHOICEQUESTIONS __________

L e p—

. Intensity of a wave is defined as the cncq;y / transmitted p per unil area per unil:
(a) Length (b) Time. (c) Volume. (d) Mass
Answer: (b) Time !
Explanation: Intensity 1s power (cnergy per unit time) transmitted per unit area
. The SI unit of intensity of a wave is:

r-_-._.-_-_-__

(a) Joule per square meter (J/m2)
(c) Newlon per square meter (N/m2)
Answer: (b) Walt per square meter (W/m2)

I

'

|

L]

i (b) Watt per square meter (W/ m2)
'

|

+ Explanation: Since Intensity = Power / Area, and Power is in Watts (J/s), the unit is W/m?2.
Ie

'

|

'

|

'
1"
L)

(d) Pascal (Pa)

The intensity of a progressive wave is directly proportional to the:
(a) Amplitude (b) Square of the amphitude (c) Wavelength
Answer: (b) Square of the amplitude.
Explanation: The encrgy carried by a wave 1s proportional to the square of its amplitude, and since intensity &
vm-r,-y per unit area per unit ime, intensity is also proportional to the square of the amplitude (1xA2)
If the amplitude of a progressive wave is doubled, its intensity will become:
(a) Doubled (b) Half. (c) Four imes (d) One-fourth
Answer: (c) Four times |
» Explanation: Since 1 A2, if A 1s doubled (2A), then the new mntensity s «(2A)2=4A2, so 1t becomes four himes the ,
| arnginal |
. The energy of the Sun is transferred to the Earth in the form of light waves, This transfer primarﬂf'
involves:

b SRYPINS

(d) Frequency.

e — — — e —

— ———— - =
e ————— ——— — —————— -

M Physics 11 {5Ubllxlwe Ob]t‘dwc and Cnnccplual Questions) 30
S ~ —
12 = 7 {a) Conduction (l'} (.unu\ tion (r] Radiation

' Answer (€ ) Radianhon

l},plamlmn Encrpy transfer via clectromagoctic waves (like light) s known as radiation This 1s how the Sun's
es Earth through the vacuum of space

I'd] \l:t h.mnul w-ux =
I

,-lll gy LY ach I
l-____._--—--—-‘—-—--—-——-—-——-——-—--—-—-—-_-_-_-_-_-_.__.I

SLO BASED SHORT QUESTIONS & ANSWERS

———————— P S i S s e S S g s e e L
» Define inlensity uf a w.n-c_
l.J\ru-: Intensity of a wave s defined as the amount of energy transmitted per umit area per unit ime i the ,

l direction of wave ;‘1’0[‘-1};-!!10!1 l
e What is the SI unit of intensity? .
| Ans The S unit of intensity is Watt per square meter (W /m2) |
e How is the intensity of a progressive wave related to its amplitude? '
| Ans.  Theintensity of a progressive wave is directly proportional to the square of its amplitude (IxA2) |
e If a sound source emils power ‘I uniformly in all directions, what is the intensity of the sound at 2 '
| distance 'r' from the source? |
' Ans:  Assuming uniform enussion, the intensity (1) at distance ‘v from the source would be 1=/ (4nr2), "
| follossing the imverse square law for power distnbuted over a Spherical surface |
o What physical quantity does “power/farca® represent in the conlext of waves? i
Dans:_ “Power/area represents the miensuy of thewave. _

n What is the Doppler Effect? .

L\

DOPPLER EFFECT . .

The Doppler Effect s the apparent change in the frequency (or pitch) of waves due to the relabve motion
between the source of the waves and the observer (listener).

How it was first observed?

Tus effect was first observed by John Doppler while he was observing the frequency of light emutted from a
star. In some cases, the frequentcy of emitted light was found to be shghtly different from that emitted from a
similar source on Earth. This confirmed that the change in frequency of light depends upon the motion of a star
relative to Earth

How can it be observed with sound waves?

The Doppler Fffect can be observed with sound waves. For example, when an observer is standing on a rafway
platform, the pitch of the whistle of an engine coming, towards the platform appears to become lugher As the
engine moves away, the pitch appears to become lower

General Principle:

Consider a source of sound S at rest, which emits sound waves having wavelength X Let speed of the sound tor
a stationary observer (i.c., listener) be v. Then the number of waves received by the observer in one second 1s
the frequency: =v /A

Example:

When an observer is standing on a railway platform, the pitch of the whistle of an approaching locomolive is

heard to be higher But when the same locomotive moves away, the pitch of the whastle becomes lower



an

Chapter 7 [Waves and \ "‘ulm“]

.,

Case 1

When sounce moves towards the stabonarny ebsenver (AL

Suppose the sounoe of sound moves tewands the stationany observes with

veloany Mgt as shown m g the waves are compressad by an amoeant
known as Dopplers shuit denoted by * Al
ki tad
Al = =
The wavelength tor abscrver * A 7 s then
L=4=-A2i
. . »
iy W ==

iy = t'—' )
The madifed maguency hor observer U s given

L
fa = v

r .
Iy=|—I1
. Ll ™

~ Y

L
I‘ -
s, when source 5 moving towands the stationary observer, the
trequency or pitch of the sound increases
Case 11
When source moves away from the stationary observer (B)
u, =Frad
A= “‘-'
The wavelength tor observer * 5 * s then
A, =1+Al
Vot
.|
7 g
Vo Uy

fy = —

Ig <
S0, when source 15 movipg away irom the stationary observer. the fre
or pitch of the sound devreases
NEXT TWO CASES
INFORMATION
Case Il
When observer (A) moves towards the stationary source
Suppose that
v s the veloaty of the sound in the medium
“1° s the rrequency of the sound wiuch emuts by soun

3 " s the wavelength of the sound wavy

Suenc

|
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e - . b
| Bean N maR
— | AR = NN
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Far- - X an

ARE NOT GIVEN IN TEXT BOOK BUT INCLUDED FOR FURTHLER STUDY AND

APPLICATIONS OF DOPPLER EHLCT

m Phvsios T (Subjective. Objective and Comeeplual Questions o

anid elserer ane stationary thee

o oth sonnee
v fa
" - ——
'
y ™~
I the el Nmoves toavands the sonme with o vels ity - ug © as shoven i g o \
(e relative velonaty o the waves and the observer s incmsased te (e eou,) then the p

§ L]
e o waves tovvivesh i one socoind o madditied teagueiey T s pliven Iy ..
i N - -'—-
A X P S
Pt the value of 7 47 om alsaove eaguation
; ey N
. .
vas
= 1
e
= |
!
Iy >

s when an ebserver s meving iewands o staienan soune then Trsueeii v o b ot the sonnmad i reases
Case IV

When observer (1) moves away from the stationary seuivy

Suppese the obsenver moves away from the statienan souce with tw velosy —

w5 the melanive velocity of the swaves amd the obseever is decmsased e - )

then the number of waves toveivesd i one sevond or msditisd ey Iy s

oo -\ \\ -'\

aaven n

Pt the valdue of © 1

A ¥
In <!
Snowhen an observer is mow W, awan I a stationarny sounye then Ty on it e sonmd devreases

Supersonic Speeds When an olyect tranels taster than the sproessd ot sowd it oreates a shockwave (sone
I g ovrne shaped wave tront

Wavelength v Sheckwave: The noomal wavetionts prepacate outwands When the
faster thai the waves it oreates ashockwave lormes

SOOI IRV

7.12 APPLICATIONS OF DOPPLER'S EFFECT

“T\ hat are the applivations of Doppled's etted

[he l\‘]"‘l-'l oot hoas numerons s .!l‘lﬂl\-lll“\\\ i vations ekl NS N
L Radar (Radio Detevtion And Ranging)
How it works: Radar vses radio waves (part o tw el iromagnetn
At
devioe transots radkio waves and measires the treguency shatt ot th

spectrum) o determine the veloaoty and elevation ot arplanes

wanes petlen ted trom a moving ot
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Example: It an arplane approaching, the retlected \\'-l\-‘n"ﬂl["lh will e
sharter (hogher froquency) I at's moving away, the reflected wavelength :.".‘.......-QJ
will be larger (lower froquency) This allows calculation of the airplane’s g
spwnd e
Satellite Apphication: Simdlarly, the Doppler shuft of signals from moving F 3 -~
salellites around Larth can be used o determune their \pl'l'd and posibon, & :;.ff‘-.
emahling accurate Jocation tracking v of] 2

2 Sonar [Sound Navigation and Ranging): ; x
How it works: Sonuar s a techruque that uses sound waves o detect obpects k‘

2 undenwater such as submarmes or fish schools, and to measure distances. It 3

i
relies on the Change tn relabive spovd between the source and o}-u.-f\;-t w4
Principle: A sound pulse is ermitted. and the Doppler effect on the reflected echo 1s used to detennn,
the target's speed
Applications: Military applications (submarnine control), fishung (depth measurement), and marin,
mapping

1 Astronnmy
How it works: Astronomers use the Doppler effect to calculate the speeds of distant stars and galaxies
Red shit/ Blue shift: By companng the line spectrum of light from a star with

—
Hpht trom a laboratory source, the Doppler shift of the star's hight can be ERIPR
mwvasuned l
s Redshift: If a star is moving away from Earth, its emutted waves have a I"- .
longer wavelength (shufted towards the red end of the spectrum) This
indicates the star is receding. All distant galaxies show redshaft, indicatng |
the expansion of the universe. — <)
@ Blueshift: If a star is moving towards Farth, its emitted waves have a
shorter wavelength (shifted towards the blue end of the spectrum). This
ndicates the star s approaching, .'-I .
Measuring Speeds: The speed of the star can then be calculated from this
shaft :-“‘;\'
4 Radar Speed Traps: *

o How it works: Police radar guns use clectromagnetic waves (microwaves) S
emutted from a transmitter in short bursts <
Principle: Fach burst s reflected off a’car If the car is moving, the reflected "'.]I
macrowaves expenence o Doppler shift. By measuring this Doppler shift, the

spevd at whuch the car moves 1s calculated by computer

S. Doppler Fchocardiography:
How it works: This medical application uses Doppler ultrasound to measure
blood flow and calculate cardiac output .
Principle: Ultrasound waves are directed at blood cells. The Doppler shift in
the reflected ultrasound waves indicates the speed and direction of blood flow
Applications: It helps detect cardwe abnormalities, such as valve stenosis
(narrowing) or regurgitation (leaking), and vascular stenosis or occlusion

Doppler Effect Limitations:

s Doppler Fileet 1s applicable only when the veloaities of the source of the sound

and the observer are much less than the veloaty of sound
*  The motion of both source and the obscerver should be along the same straight line.
.

MULTIPLE CHOICE QUESTIONS
—

— - — - — - — ———— i — O — - — - —— —y

. The Doppler effect describes the apparent change in the: |
(a) Amplitude of a wave due lo mothion '

- _ﬂu.l requency (of e:lr_h)_o.i_: :v:\:r_dg to -r_t:l..s.h_v_e motion between source and observer == =l

WS

. e e . e e e o o

(-I'I l‘rn.l ol & wave due b e mperature

m Physics 11 (Subjective, Objective and Conceptual Questions)

——— i — - —

- (c) Warvelength uf: wave due to medium change

=

' Answer (b)) Frosguency (or pitch) of & wave due to ielative motion letween soutoe and obaer, o

| (‘Fhmlmn' The Doppler eftect is specitically about the shift in observed Treguency when ther
'

v relatiue o '

. When a source of sound waves moves towards a stationary observer, the observed frequency will be
(a) Lower than the source frequency () Higher than the source froquerns ¢
() Equal to the source fregquency () Zero

!M’“"“ (b) Higher than the source frequency Explanation: As the source approaches w e

| "equn‘ﬂll\' ,eading to a lgher observed Irequency (gher patchy

feuls §Ffive Maire

o Which of the following is an application of the Doppler effect?
(a) Microphones for sound recording (b) Radar speed traps
' (<) (.)phul MiCroscopes (d} Thermometers

| Answer: (b) Radar speed raps Explanation: Radar speed traps use the Doppler effect of petioted radin waven t

! measune the \}ln'd of moving vehicles

|. If a star is moving away from the Earth, the light observed from it will show 2

! (a) Blueshift (shorter wavelength)
(c) No change in wavelength

' Answer: (b) Redshift (longer wavelength)

! Explanation: When a light source moves away, the observed wavelength incroases (shifts toswaris the e

(b) Resdshilt (longer wavelength
(d) Increase in amplitude

1 end ol
| the spectrum) due to the Doppler effect for light
Ve SONAR uses the Doppler effect to detenmine
| (a) The temperature of water (b) The depth of water
' (¢) The speed and direction of underwater objects  (d) The salinity of water

| Answer: (¢) The speed and direction of underwater objects Explanation: SONAKR wses wound waves and 1y

t analyzing the Doppler shift of the reflected sound, it can determine the relative velooty of obges 05 urder st

s A passenger is sitting in a fast-moving traln. The engine of the train blows a whistle of frequency n 1f
the apparent frequency of sound heard by the passenger s n’ then

1

"

fa) n"<n (b) " >n (€) W' =n d) n =

The distance between source and listener is quadrupled, the intensity will become

'

'

y Solution: Because passenger is maide train so no change in frequency will be obsery ol
|

[ (a) One sixteenth

{b) One fourth () Halved

() “hnbeen thanes

s Solution: 1= -1 Ux=dxsol -
x

— i — o — - — 4
SLO BASED SHORT QUESTIONS & ANSWERS

I Dtilnr!hcl)opplﬂf.tletl.--.—-----_.—._ --------------- o

YAns:  The Doppler effect is the apparent change in the frequency (or pitch) of & wave as s reoalt of e relative

! motion between the source of the wave and the observer I'

| . What happens to the observed frequency of sound when a source moves away from s stationary observer” I

y Answer: When a sound source moves away Irom a stationary olmerver, the observed frogquon s woll bee lower |

| than the source frequency (lower pitch) |

i List two important applications of the Doppler Fifect mentioned in the text. '

| Answer: Two important applications of the Doppler effect are radar systems (e g specd traps) and SO% AR |

' systems i

I* How is the Doppler Effect used in astronomy to study stars and galaxies? |
' Answer: In astronomy, the Doppler elffect s used to determine the radial velooty of stars s palasies Tf lighit o
| from a celestial abgect is redshifted, it means the olyect s moving away from Farth o ats Blueshatsed s |
< moving closer 2
!' What is Doppler echocardiography, and how does it utilize the Doppler Fifect” |
’J‘erﬂ Doppler echocardiography is a medical apphcation that uses Doppler ultrasound o meanure Blosd flos i
' v(’!ﬂ(ll)‘ and detect cardhac abimormahities, such as valve stenoss or regurgitation. by analyzing the .
be o o Jreguency shift of ultrssognd waves reflected ftom moviag boodcalls, _ _ _ | _ ¢ o o s it el

R ad® . g R

S S

' IR
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observe is (allcd Doppler’s effect.
It is equally applicable on both Sound as well as light waves
How should a sound source move wilh respect to an observer, so that the frequency of its sound does
not change? (BWP 2018 GI) (MTN 2018 GII) (SGD 2019 GI) (DGK, BWF 2019 GlI) (SWL 2023 GII)
Sound source should have zero relative velocity with respect to observer
What is effect on frequency of sound waves, when source and observer are moving towards each |
other? (LHR 2019 G1) (LHR 2019 GII) 5
When source and observer are moving towards each other, according to the sign conventions, v, 15|
positive and v, s also positive. Hence the apparent frequency mcreases '
Give two applications of Doppler’s effect. (DGK 2018 GI) (RWT 2023 GI) (SGD 2023 GII) |
Applications of Doppler effect: Radar is an application of Doppler effect It transnuts and receives radio !
waves to know the position and spe('d of acroplane.
Speed Trap is also an application of Doppler effect. A short burst of microwaves is umttcd from 5!
transmatter Each burst 1s reflected off by any moving object and computer program calculate the speed
by knowing the Doppler shift
Define Doppler shift. Write down its formula. (LHF 2022 GlI) !
Doppler Shift: if the source of wave 1s moving away or towards observer with certain velocity u, then a |
change in wavelength obse ncd This change in wavelength is known as Doppler shuft. H
Formula: al= }- |
What do you mean by “Sonar*? (AJK 2018) !
Sonar represents “Sound navigation and Ranging”. It 1s the name of a lechnique for detecting the |
presence of objects under water by acoustical echo It employs the Doppler Effect. in which an apparent I
change in frequency occurs when the source and the object are in relalive motion to one another X
How the Doppler Shift can be used in Radar Speed Trap? (DGK, SGD 2018 GI) GRW 2019)
Radar Speed Trap is also an application of Doppler effect. A short burst of microwaves 1s emitted froma,
transnulter Each burst is reflected off by any moving object in the path of microwave. Transmutter i |
open to detect reflected microwaves. By measuring the Doppler shift speed of object can be calculated by
compuler program |
Explain the term red shift and blue shift in Doppler’s Effect. (LHR 2019 GI) (SGD 2019 Gll) (MTN,!
RWP 2022 GI) (SWL 2023 GI) |
Star moving towards the earth show a blue shift. This 1s because the wavelength of light emitted by the !
star are shorter than if the star had been at rest. So, the spectrum s shifted lowards shorter wav elenglh I
ie to the blue end of the spectrum '
Star moving away from the carth show a red shift This 1s because wavelength of the light emitted by the
star are longer than if the star had been at rest So, the spectrum is shifted towards longer “a\ft_'h?nglhll'_|
to the red emd of the spectrum i
Why ultrasonic waves are preferred on radio waves for the use of undersea communication?
1. Due 0 the high attenuation of electromagnetic waves in sea water, radio communication between

submerged submarines in a sea is not possible I
2 Since the attenuabion of sound waves in water 1s low, ultrasonic waves are used for underwater?

communicalion

How can the speed of a car be found by Doppler's effect? (FSD 2022 G1) !
Radar Speed Trap 1s used to find the speed of car by using Doppler effect A short burst of mucr
enutted trom a transmutter  Each burst is reflected off by any moving car in the path of microwave. |
Transmitter is open to detect reflected microwaves By measuring the Doppler shift speed of car can b |

calculated by computer program
How can Doppler Effect be used to monitor blood flow through major arteries? (FSD 2018) (LHR 2019,

Gl
The Doppler effect can be used to momtor blood flow through major arteries Ultrasound wave of

lm;umum 5 MHz to 10 MHz are directed l(}\\.lrd'i lhc arler) and a receiver defects the back sc-!th""'dl

owaves I.'il

wmmmwm
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TEXT BOOK EXERCISE WITH SOLUTION

MULTIPLE CHOICE QUESTIONS

Tick the correct answer.

7.1 The simple wave speed equation s
represented by.
fajv=/,»A (b) o =3t
(€)= rw (d) Ad/at

Answer: (a) v=IA

72 The principle of superposition in waves is
stated as:

(a) the displacement of a wave is the sum of
the displacements of ils individual
components

(b) the velocity of a wave s the product of its
individual components

(¢) the frequency of a wave s the difference of
its individual components

{d) the amplitude of a wave is the ratio of its
individual components

Answer: (2) the displacement of a wave 1s the sum of
the displacements of its individual components
7.3 Anode in a stalionary wave is:

(a) a pont of maximum displacement

(b} a pont of intermedhate displacement

(c) a point of zero displacement

(d) a point of infinite displacement

Answer: (¢) a pont of minimum 1¢  zero
displacement
74 An anlinode in a stationary wave is:

(a) a point of maximum displacement

(b) a point of mimmum displacement

(c) a point of zero displacement

{d) a point of infinite displacement

Amswer: (a) a point of maximum displacement
75 Stationary waves are defined as:

(a) waves that move wilh a constant velocity

(b) waves that move with a changing veloaty

(¢) waves thal oscillate in a fixed position

(d) waves that propagate through a medium

Answer: (c) waves that oscillate in a fived po<ition

Harmonics are:

(a) integer multiples of a fundamental
frequency

(b)integer sub-multiples of a fundamental
frequiency

{c) random frequencies

(d) non-integer multiples of a fundamental
frequency

Answer: (a) integer  multiples of a Jundamental

frequency

7.7 The result of constructive interference
between two waves 1s represented as:

(a) a decrease an amplitud
(b) an increase in amplitude
i) ma change in amphitud
(d) a shift in phase
Answer: (b) an increase in amplhitudy
7.8 If the amplitude of the wave is tripled, then
the amount of encrgy is increased by,
{a) ¥ himes (b s timies
{c) 9 times i) 12 imes
Answer: (¢) 9 times (Encrgy
proportional to the square ot the
amplitude 1s tripled (factor of 3) inteasity increases by
3=9 times )
7.9 What type of waves do headphones use to
produce sound?
(a) Electromagnetic waves
(b) Mechanical waves
{c)Pressure waves
(d) Longitudinal waves
Answer: (d) Longitudinal waves (Sound waves an
longitudinal, and headphones produce sound )
7.10  The typical frequency range of microwaves
150
(2) 10" - 10" Hz (by 100 10" Hz
(c) 107-10" Hz (d) 10° 10" Hz
Answer: (d) 10°=10" He (Microwaves typrcally range
from 300 MHz to 300 GHz, which corresponds to
I=10% to I=10" Hr 10r=-10" He 15 o reasonable range
within this.)
711 The bending of waves around an obstacle is
called as:
(a) refraction
(c) diffraction
Answer: (¢) diffracthion

amd thus intensiiv. s

wmplitude )

(b) reflecthion
{d} interference

7.12  The Doppler Effect used in astronomy is for

(a) measuning the diameters of stais
(b) determining velocity of galaxies
(c) analyzing properties of black holes
(d)studying behaviour of clectromagnete
waves
Answer: (b) dt-lunmmnl; veloony of palaxies

SHORTANSWERIQUESTIONS ¥

7.1 What are the conditions for interference to

occur?

Ans:  Superposiion of two waves having the same
frquency and travelling i the same direction

results in phenomenon called interference

For nterference to occur,

meel these conditions

5  Coherent Sources: The
from coherent sources

the waves must

waves must conn
meamng,  they

;

1
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72

Ans

/0

Ans

74

Ans:

Bave a constant phase ditference amd the
s lrsguene y

o Same Directlon: The waves must s
taveling appresimately e saime
direction (or at least overlap in space)

G Same WavelengthFrequency: They must
have e same wavelength (amnd  thas

frequency) 1o produce a stabh
intetlerence pattern
Differentiate  belween  constructive  and

destructive Interference of waves,
Constructive Interference
It the path dilference between two waves
having samw fregquency s integral multiple of
wavelength  while  travelling  In same
ihirew tion, e Intedderenie will b
constructive

Al = n\
where n=0.41,12,
Diestructive interference
Hothe path dilfercice between two waves
having  same ln-qm-tny o odd integeal
miltiple of hall wavelength while travelling
i same direction, the intelerence will e
dlestrue live

AS -n: wheren = F1, 470, 44

or (Zn + l):whru' n=0%142

What are colerent waves and  coherent
sources? Glve examples,

Coherenl waves

Ihe waves that maintain a constant phase
difterence and have the same frequency are
called coberent waves

Frample: I two speabers are deiven by the
ame sdpnal the sound waves emitted from
rent

e will bae co
Coherent Sourece
o are sand o ke coberent il they
produce waves of constant phase difference
andd of same freguenc y

Example: Two speakers doven by the same
audio penerator
Distinguish  between
fransverse waves,
Transverse waves

1T he waves in whach 'I.ql"l( [

wir a

longitudinal  and

I oweshiiime are

displaced o direction perpendicular to the
dive ion of propagation of wave are called
Transversa wavies

Langitudinal waves

The waves i wloch particbes ol i are
diaplacesd along the disection of propagation
o waves are callod Tongitudinal waves

I« it possible for two  ddentical  waves

Ans;

76

Anwg

77

Ans

—
travelling In the same lreation .I'l!ll“ a

strlng to glve rse 1o a stationary wave? J1g,,
I It so?
N, it s not IK‘\\II‘II‘ for twor didentical Wavey
traveling in the same direction nlmq: i .|.|,,“
to give rise Lo a stalionary wave "'ln\lium"‘,
waves are formed  specibioally when g
ilentical waves (same frequency, amplituglg,
and wavelength) travel in opposite directiong
and SUPCTpse I they travel In the same
direction, they will interfere, but they wij)
form a  traveling  wave  with varying
amplitude, not a stationary pattern of fivey
nodes and antinodes
How would you apply Doppler Effect in
studylng cardiac problems in humans?
Ihe Doppler Fifect s applied in medicing
through Doppler echocardiography (a type of
ultrasound)  This  technigue — uses  high.
frequency sound (ultrasound)  1n
visualize and measure blood flow within the
heart and blood vessels
®  Application: When ultrasound waves are
emitted by o transdlucer amd rellect off
moving red blood cells, their frequency
changes due to the Doppler [iect
Analysls: By analyzing the magnitude
and directon of this Trequency shilt, the
velocity and direction of blood Hlow can
e calcubated,
e Cardiac Problems: This allows doctors to
o Assess valve  funclion  {eg, detet
marrowed  valves (stenosis) or leaky
valves  (repgurgitation) by observing
abnormal Blood flow patterns)
1 Measure cardiac output (the amount
of blood pumped by the heart)
G Detect congenital heart defects

waves

A Pwvaluate blood How o arteries and
veins to identify blockages or other
vascular problems

What Is meant by diffraction of waves? For
what purpose, the ripple tank is used?
Diffraction of Waves: Diffraction is  the
phenomenon where waves bond or spremd
ol as they prass thirouph an opening o
arouid an obstacke The estent of bending is
most poticeable when the size of the apening
or obstacke s comparable 1o the wavelength of
e wave

Purpose of Ripple Tank: A npple tank s 2
shalloss tank of soater tsed 1o demonsteate
Tumdamental properties of waves s primary
AL RV T R 1]
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Ans

72

Ansi

73

Ans:

Demuonstrate Wave Phenomena: Visually
show concepts ke wave Propagation,
pellevtion,  relragtion
espectaliv alitaciion of water waves

Hlustrate Relationships: Help stindents
pnderstand the gualitative relationshap

mterteremoe amd

Petween swavelength amd the estent ol
diftraction (e gz o the bending danges
with it lerent gap sizes)

CONSTRUCTED RESPONSE
QUESTIONS

Whitch measurement of o wave is the most
when determining  the wave's

|m|mll.|hl
fntensity?
I most important measurement ol a wave
when deterouning  als antensity s als
-"“l‘l"'"'" This 1s Becanse the intensity of a
wave i diectly proportional to the square of
s ,||||l|llhlt]l' (lcA%) This means that even a
small increase inamphitude can lead 1o a
merease in the wave's mtensity
foc ¥

sipiilicant

Ixamples:
i The leader a soumd s the higher the

amplitude of the sound wave
Light: Brighter light  wavis
amphitudes

Can you apply Doppler Effect to light
waves? Describe brietly,

Yes, the Doppler Fltect can apply to light
Waves

have  higher

To observer the motion of stars and galavies
we use Doppler Eltect 1 there s a
motion between stars and carth, then o
change in fregquency or wavelength observed
I the source of light moves away  from
observe a red shift and it it moves towand
observer a blue shilt observed

Applications: This ettect is used in astronomy
o measure the spead of stars and galavies,
detect binary stars, and study the rotation of
stars and galavies,

Can you compare the compressions and
rarefactions of the longitudinal wave with
the peaks and troughs of the transverse
wavel Discuss,

Comparison and Discussion: Yes, we can
compare the compressions and rarefactions ot
longitudingl waves  with (i peaks  and
toughs  of the  ransverse waves  Wihile
compressions/rarelactions  and  peaks/
trowghs descnile the displacement of particles

e ahifterent waves, they  are

alogous

types  of

e Compression is analogous to a Crest: loth

wpresent a

point of  mavimum  positive

displacement from the exquilibrium position In a

comprossion. particles are displaced formard. and
o crest pantic les are displaced upwand
*  Rarelaction is analogous to a Trough: oth

wepesent a
displacement fram the

l\(llrll ol maslmum

sputhbrinm position In a

negative

rarefas tion, particles are displaced backward. and
i trough, particles are displaced downwared

Il m

w ditlereoce bies i the directron of pari e

displacement relative to the wave s propagation
]

paratlel for
(vompressions  rarelactinems) amid
lor
concepts  fundamentally

lomgitudingl Waves
perpendicular
(ereststroughs)  DBoth

descnilye the penodic

fransverse waves

changes i the mediom as energy s transterred by

the wave

74

Ans:

7.5

Ans:

How should a source of sound move with
respect to an observer so that the frequency

of its sound does not change™ Write two
examples,

The trequency of a sound source waill not

change with respect 1o an abserver i theresas
noe relative motion between the source and e
observer along the line connecting them This
means

o Both the source and the olsenver are
stationary

e [oth the source and the observer are
moving in the same direction at the exsact
same speed

®  [he source is moving perpendicular o
the line connecting at to the observer
(though this s more comples, as theres
no radial velocity componeint)

e Source must arculate observer placed at

wenler

Why is It difficult to recognize beats when

the frequency difference is greater than 10
He? Exemplify.

Human hearing has a “persistence” or “atter-
Image® etfect The impression of a sound
remains i our awditory system tor about 01
seconds (or 1/10th of a second)

When the beat frequency exceeds 10 He the
time nterval - botween successive beats
(Vtrequency) bevomes shorter than 01
secomds. This means the human car doesnt
have enough time o percenve the individual
loud and sott sounds as distingt beats

1177 L
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Tstead of a distinet pattern of beats the car
perieines s combumed s as a4 more or

less comtimuons. Blonded i

COMPREHENSIVE QUESTIONS

71 State anad

superposiion ol

caplam the  prnaple ol
Apply - thas

prvaple to elaborate the working of noise

waves

(I TLIN Y I“l" I]l'.llll“llllll -
7.2 What  an

detmled experiment that demonstrates the

standhing waves wsing, shrelched stnmgs

stambing waves?  Muostrate a

7 Faned the freguencies of the harmenics
produced in organ prpe when it s open at
one end and when s open at both ends

o | Detine and exemplity diffraction of waves
Pesonbe this phenomenon by nipple lank
caperiment

75 Wt i mmwant by thee term beats? Prove that

mumber ol Isats per second s cqual to the
ditbervnee frequencies of
vibrating tuning torks

7h What o vou understand by progressive
waves” Dhscuss the intensity ol progressive

between  the

waves

Keopimg, i mind “Doppler elfect”, analyze

the tolloswing cases

[l when sonree of sound moves away from
e statiomary observer

{1 when sommree of sound moves tlowards the
shationary obssryver

SOEVED'EXERCISE

F 3 Two speaker are arranged as shown in the
figure. The distance between them is 3.0 m
and they emit a constant tone of 344 e A
microphone I' is moved along a line parallel
to and L0 m from the line connecling the
two speakers It is found that tone of
maximum loudness is heard and displayed
on the CRO when microphone is on the
centre of the speaker line and opposite to
cach speaker. Calculate the speed of sound.

Solution: (Diagram)

Instance between speaker S S = 30m

Fome Trequency £ V1.

Pristance letween speakers and line of motion 'S, 1'=

bihny

Spevd of sound v = 7

Fesr tome o masamum loudness or the condition for

construchive anterference. the path difference must be

Orli +24,232

72

73

At muddle point ‘0" the path differenee
between two soundwaves 1s zero (50 < .
thus at that point ‘O constructive inferengg
takes place

For the mext point I of constructive inferengg
the path difference between waves should b
A So A« Path difference S Py=5, 1,
Now, we calculate values of S: 1) from right
angle trangle S, S: 1%

Sl JIS, S (8 1)

(By Pythagoras Theorem)

S: I \'ri Tm) «idm)

- .\ﬁll: IF) w28 m - Sm
A =S P-5Por
A=5m-4m =1m
As v=fA
Putting the values, we have

v=3ms' =l m=3lms!
The wavelength of a signal from a radio
transmitter is 1500 m and the frcquency is
200 kHeo What is the wavelength for a
transmiller operating at 1000 kllz and with
what speed the radio waves travel?
Solutlon: (Diagram)
2= 1500 m=15%10"m,
fy=200kllz =20~ 10°Hz
f:= 1000 kliz = 1= 10" kl iz,
A=Y v=? Asv= [

Iheretore

Since, the speed of both the signals is same, so
v=fik
v=20=10Hz = 1500 m
v=30=10"ms'
va fiA

/;
_3x10"ms
1210" [z
2y =3x10'm
A stationary wave is eslablished in a string
which is 120 em long and fixed at both ends.
The string vibrates in four segmenlt; al a
frequency of 120 Wz Determine ils
wavelength and fundamental frequency?
Solution:
1206w 20 wat 2
100
n=4
fi=120 Hz

M Physics -11(Subjective, Objective and Conceptual Questions) 1

f fi=?
A=?
As the string vibrates in four segments
” and the distance between two consecutive
nods 1s 2/ 2 so, the wavelength of the
stning 18
A
f=n—
2
27
b=
n
; 2x12m
2] - "
A,=06m

If string vibrates in n loops, then
frequency of stationary waves will be
f.o=nf,
fi=41,
120H:z=4
1204
4
f =304
24 An organ pipe has a length of 50 cm. Find
the frequency of its fundamental note and
the next harmonic, when it is:
(3) Open at both ends
{b) Closed at one end
(Speed of sound = 350000 m s ' )
Solution:

(i)

50
(=50cm =—m=05m
100

v=350ms’
(a) When pipe is open at both sides:

Fundamental frequency fy =7

Next harmonic frequency f; =?

The frequency for nth harmonic in an open
organ pipe 15

v
f,=n— whenn=1.23,
2

So the fundamental frequency 1s
1#350ms
0 5m
[, =350M-
Next harmonic frequency 1e,n=2

putn=1

v 350ms
e S FTY
/ I 05m !

1, =700 iz

75

(b) When pipe is closed at one end:
Fundamental frequency f, = 2
Next harmonic frequency h=?
When the pipe s climed at one end, then
frequency for nth harmonic s

v

A "".} whenn =135,

So fundamental frequency s
_14350m«
 4#05m

S, =175 Hz

Next harmome frequency 1e . n =3

Iv
1%

3350 ms

fi= 105m

f,=525H:
A church organ consists of pipes, each apen
at one end, of different lengths. The
minimum length is 30 mm and the length is
4 m. Calculate the frequency range of the
fundamental notes. (Speed of sound = U0 m
s7)
Selution:

puttingn = 1

[ EE Jnﬂlﬂlr—E—M Wl m
1600

f‘_ =Am

v=140ms '
Frequency range = ?
For an organ pipe open at ane end only
* nv
I 7y
(i) Minimum length
For fundamental frequency, n = 1

A

nv

ar_
~ 1e3dim

= A.30410'm
f o = 283333 M-

(1) Maximum length:
For fundamental frequency, putn = 1
! nv
-
le34m s
from 4s4m
[ =21L25H

‘s0, the fundamental Irrannry
approximately from 21 Flz 1o 2270 He

range

Al

r‘l'

4

¥

- I'/'!' L
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2 ns)
= |
“n In a ripple tank. 3 wave generator 300 pulses . P
in 10 = bind the trequency at time period of 1
the pulses produced? - r
Solution: e
- B - =7
N = 3N pulses l\ h‘:r ‘ t Putting the values,
amder of pulses .
As broguency = —~ OSWan = ! .
0 4=3 13 m
e P=051~1304
P=532W
.. 1 (» L=05Ws:
W Know that 0 L=0235Wm:
LT | =?
== Iwo tuning forks exhibit beats a beal t=hel
trequency of 3 Hz The frequency of one 1=05Ws3+05Wm:
tork is 23 Ha. Its frequency is then lowered 1=0753Wm*
slightly adding 3 bit of wax to one of its 79 A speaker is emitting sound waves with a
prongs. The two forks then exhibit a beat power of 50 watts. If the sound waves ar
trequency of 1 Hz Determine the frequency spreading out evenly in all directions ang
of the second tuning fork. intensity of the sound waved is measured g
Solution: a distance of 5 m from the speaker, what js
Fronueny o st tuping totk = = 256 He the intensity of the sound waves if the areg
Beat traquenay betore kading = 31z of the sphere (the surface of a sphere) at that
Reat froquency atter kading - =1 Hz distance is approvimately 313 m s
Froguency o sovemd tuning fork = & Solution:
» : Power IP=30W
s h-f:=2n Arca A =34 m*
b=l 2n Intensity Power
Dutting the values we have Area
k=250 Hz=3Hz \ P
Fither b=eHer+3Hz A
| 2SoHzr-3H: W
£=239H:  or  23H2 ' T
Wt us comsader 259Hz as correct answer (Lo, ;
troquency of second tuming fork) When first ! »019 Wm™
tork s loaded with wan, the frequency of first 710 Two trucks P and Q lu\"elling along a
fork must fall below 236 Hz 1. 253 Hr 238 moterway in the same direction. The loading
Hr and thus the number of beats produced trucks P travels at a steady speed of 12 m s,
per svond will increase and will be greater the other truck Q, tr.:\.c.lling at a steady
than 3 beats Since the number of beats per speed of 20 m :-s-‘. suund_ its hotn to emil a
second decreases on loading first fork is one. steady note which p’s driver estimate, hasa
therefore 239 Hz s not cornect frequency of I'n'.'quency of 830 Hz. What frequency doss
sevond tuning fork. ) Q's own driver hear?
Thus  Correct troquency = f; =253 Hz (Speed of sound = 340 m =)
T8 {3) A wave has intensity of 053 W m? at a Solution: - ;
distance of 30 m from the source. What 1s the - !,- e
power of the wave? ug=20ms!' .
(b} Two progressive waves have irtensities i *"3401:1 s
of 05 W m* and 025 W m<. Find total :r el
Q

2)

intensities of two waves.
Solution:

1=05Wm-

T0m

Spead of Q relative to
P=u,=ug-u=20ms‘-12ms!=8ms'

!
|
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—

1,=| —=—|1.

V-u
purting thevalue. we buny
340ms '
§30 Hz = | WJ ;
[ 340ms ')
(830 Hzx332ms ')
e
£, =81047 Hz

830/

or

A train sounds its horn before it sets off
from the station and an observer wailing on
the platform estimales its frequency at 1200
Hz. The train then moves off and accelerates
steadily. Fifty seconds after departure, the
driver sounds the horn again and the
platform observer estimates the frequency at
1140 He Calculate the train speed 50 s after
departure. How far from the station is the
train after 50 s.

(Speed of sound =340 m s™)
Solution:

Original frequency of horn = f= 1200 He

Apparent frequency =f =1140H2

Specd of sound =v=3H0ms!
~lLime = t=30s

Spevd ot source (1¢. tran) =u, = ?

Distance covered by thetran=S=7?

i

0] [l ——|f

i /
Y+u |

Putting the values, we have

340y

10Ny =) —————— 1200/
P30ms + 0

' 340 =12 iz

Homs 'en =22 il
L1d01le

u =357 89~ M0

w = 1789ms!

S =, t

V4V,
S=[ - ]r
2

sz(""”'f""“ ]50’

S=448m

NUMERICAL PROBLEMS

7.1 The speed of a wave on a typical string is 24
m s' What driving frequency will it
resonate if its length is 6.0 m?  (Ans: 2 Hz)

Given

Spueed of wave = v = 2dma!
Length of of staing = 1= 6 m
Froquency =f=?

Solulion
A
"
4 M
[ — ==
26) 12
=21
7.2 The lowest resonance frequency for a guitar

string of length 073 m is 400 Hz. Calculate

the speed of a transycise wave on the string,.

(Ans B0 m s
Given

Length of stome - 075 m

L LLLN I P

1

Froquency = 1 -
Spevd ot wane = v =

Solution

As 1 X
21

(8] v=21

v=22100x075 =600 ms"'

“7.3 A tuning fork A produces 4 beats per second

with another tuning fork B. It is found that
by loading B with some wax, the beat
frequency increases to 6 beats per second. If
the frequency of A is 320 Hz, determine the
frequency of B when loaded.
Data:
Frequeney of tuning tork A =1(, = 32011/
Beat freguency = n = 4
Beat frgquency when Bloaded with was = n =6
Frequency of tuning tork = 1, =2
Solution: Before Loading
As we know that,
=l -
h=titn
i=32024 =324 Hzor3ollz
So frequency frascither 324 Hzor 36 1z
After Loading
n =fy-Ty
fa=fy=n
fn=320=z6=326 Hzor 314 H»
Conclusion

The conditions for fy - fg =4 and { -

fn= 6 satisfied
only when f, = 316 before loading and 314 after
loading Since frequency of tuning tork B decreases

A

7
4
E el o |

- o~

—

,
£
T

-~

-—
™

-

G
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after loading and difference of frequencies increases

Hence = 316 He

74 A steel wire hangs vertically from a fixed
point, supporling a weight of 80 N at its
lower end. The dlameter of the wire is 050
mm and its length from the fixed point to
the weight is 1.5 m. Calculate the
fundamental frequency emitted by the wire
when it is plucked. Density of steel wire is
7.8 x 10" kg m?. (Ans: 76.2 Hz)

Data:

Weight =W =80 N = 80 kg ms*

Diameterof wire=D=050mm =05 x10"'m

Radius of wire =r1 = -?—-'035*]0 'm

Length of the wire=1=15m
Density of steel wire =78 x 10"kg m*

Required:
Tundamental frequency = f;=?
Solution:
1 IF
Since fi= — J—
2l Vm

To find mass per unit length we know that,

Mass = volume x Density
= (Length x Area of cross section) * Density

A
m= oo B Area of cross section x Density
length

Mass per unit length = m = A xp= Trixp
So putting the values in equation, we get
m=314x(025x 10)x (7.8%10")
m=153 x 10 ' kgm !

Now pulting m and F in equation

,.LJE. L[ 80
“2AVm 2x15Vis3xi0"

h=7625'or Hz
7.5 Average intensity of sunlight on the surface
of the Earth is nearly 500 W m 2, Determine the
amount of energy that falls on a solar panel having
an area of 0.50 m?in four hours, (Ans: 3.6 x 10%))
Given

Intensity of sunhight =1= 500 W m

Area of solar panel = A =050 m?

Time=t=34h=4x23600=14400s

Energy = E ="?

Solution
et
A=t
E=Ax]xg
E =050 = 500 = 14400 = 3600000 = 3 6 = 10¢]
7.6 (a) If the intensity of a wave is 16 W m? and

the amplitude is 2 m, what is the value of

_——

constant k? (Ans: A WnrT*)
(b) If the intensity of a wave is 25 W my2 and
the constant k is 5 W m', what is (p,
amplitude?  (Ans: 2.24 m)
(a) Given
intensity of wave =1 =16 Wm:-
Amphitude of wave = A =2 m
Value of constaift = k = 7

Solution
1=kA:
16=k (2
k=4 Wm+
(b) Civen

intensity of wave =1=25Wm?
Value of constant = h =5 W m+
Amphitude of wave = A =?
Solution
1=k A:
25=5A2
Al=5m?
A=224m
7.7 (3a) A sound system produces 200 walts of
power. If the sound is directed at a crowd
wilth an area of 150 ov?, what is the intensity
of the sound?
(Ans: 1.33 W m"=)
(b) A light bulb emils 100 watts of power. If
the light is spread out evenly over a sphere
with a surface area of 400 m?, what is the
intensity of the light? (Ans: 0.25 Wm®3)
{a) Given
Power of sound system = 200 W
Area of crowd = A = 150 m?
ntensity of sound = | =?
Solution
P=1~A
200 =1» 150
I=133Wms
(b) Given
power of bulb =100 W
Surface are of sphere = A 400 m?
Intensity of light=1=7?

Solution
=l
A
1= E:U.ZS Wm?
400
7.8 A radio antenna broadcasts 500 watts of

power. If the signal is received at a distance
of 10 km, what is the inlensity of the signal?
(Ans: 4 x 107 W m?)

Given
Broadcast power by antenna = 500 W
Distance = r = 10 km = 10000 m
Intensity of signal = | =?

!

|
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Otion Fy=H5Hy
sdlo For 2% harmonic
= fi= 3
P fi= 3 KS
g o £ = 255 He

79

Data

_hpc\'d of

500

(3 14)10000°

= 42107 W m?
An organ pipe has a length of 1 m,
Determine  the  frequencies of  the
fundamental and the first two harmonics:
(a) if the pipe is open at both ends and
{b) if the pipe is closed at one end
(Speed of sound in air is 310 ms!)
(Ans: 170 Hz, 340 He, 510 Hz, 85 He, 255 He,
425 Hz, respectively)

=398%10 "W m?

sound i air = v = Hlms'

Length of pipe =1 =1m
(a) For open pipe

= ?
fy=?
fi=17
(b) For closed pipe
(=7
=7
fs= ?
Solution:
(3) When pipe is open at length ends.
_ nv
As In= 2—{
forn=1 Fundamental frequency)
O
A s
2.0
140

fi= —=170 Hz
5

1 = 170 Hz

For 2™ harmonic

t: = 21,
f=2x170
f:= 30 Hz

For 3 harmonic.

-3
fy=3x140
fi=510Hz

(b) When the pipe is closed at one end.
Inthis case only odd harmonics are present so

i y
A
gl

340

4x1

=85 Hz

fy=

For 3 harmonic
f- = SF,
fe = 5% H3=425 H2z

7.0 A train is approaching a station at %0 km h'',
sounding a whistle of frequency 1000 He.
What will be the apparent frequency of the
whistle as heard by a listener sitting on the
platform? What will be the apparent
frequency heard by the same listener ifthe
train moves away from the station with the
same speed? (Specd of sound is M0 m s')
. (Ans: 1079.4 1z, 931.5 Hz, respectively)
Data:
Frequency of source = 1= 1000 HZ
Spred of sound = W0 ms !
Speed of train = U, = 90 kmh !
90 = 1000
3600
=25 ms!
[' =2
"=
When train s approaching towards the listener, then
using relation
' = = 1
V-u,
Putting the values, we get
( - ( 340
340 - 25
1" = 10794 Hz
When the train is moving away from the hstener, then
using the relation

. (Vv
e [v-u,]'

- 4

i _[ 140
3404 25
[*=0315Hz

]xll.l{.l(]

= muu]
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