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Chapter Review

o Sound i¢ produced by vibrations: the to-and-fro (occillating) motion of an
object cuch ac a ctretched rubber band, a tuning fork, ctrings,
membranec or an air column (banscuri). When vibration ctops, cound
ctope. The object producing cound i¢ the cource. ITn humang cound comec
From the vibrating vocal corde in the larynx; graschoppers and crickets
rub their winge or legs. A tuning fork ic a U-chaped cteel bar with two
prongs; a vibrating prong touching water makes ripples.

Sound needs a material medivm (colid, liguid or 9as) to travel: we hear a
deck knock through the deck (colid), cpoone tapped under water (liquid)
and everyday counds through air (gas). In the vacuvm bell jar experiment
the bell ic ceen ringing but the cound fades a¢ air ic pumped out and
returns when air i< let in; co cound cannot travel jn vacuvm. In cpace
actronauts uce radio devicee in their cuite.

Sound waves: when & cource (like an oscillating piston) pushee the air, it
forms a comprescion (C), a region of higher density; when it moves back, a
rarefaction (R), a region of lower dencity. These alternate and travel
forward. The particles only vibrate about their mean positions; the
disturbance (enerqy) moves, not the particles (clinky analogy). Sound ic a
longitvdinal wave [,barﬁc/ec vibrate parallel to the direction of travel) and
& mechanical wave (needs & mediom). In a trancverce wave particles
vibrate perpendicular to travel; light ic a trancverce, non-mechanical wave

and travels in vacuvm.
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o Sound carriec enerqy: graing on a ctretched cheet jump when a loud cound
I made nearby [Act/w‘ty 70.6). A microphone converte cound to electrical
enerqy; & cpeaker converts electrical cignale back to cound. The graph of
density versue distance ic a wave: the crect ic the point of maximum
density (compression) and the trough ic the point of minimum dencity
(rarefaction,).

¢« Characterictice: Wavelength (lambda) = dictance between two concecutive
crests or troughs (). Frequency () = number of dencsity occillations per
cecond at a point (hertz, Hz). Time period (T) = time for one occillation
(c); v = 1/T. Amplitude = maximom change in density from the average;
larger amplitvde means more enerqy. Intencity = cound enerqy passing per
unit time through unit area perpendicular to the direction of travel; it
decreaces with distance ac enerqy cpreads over a /arggk area.

o Speed of cound: v = wavelength x frequency (v = lambda x na). It ic highect
in colide, less in liquide, least in gases (abovt 5 times faster in water and
15 to 20 times faster in colide than in air). It increases with temperature
and humidity: abovt 337 m/c at 0 C and 394 m/c at 22 C in air. In a
medivm it depends on the medivm, not the cource or frequency. Examples:
20 Hz givee 12.2 m, and 20 kfHz gives 1.22 com. in air (344 m/<); lightning
ceen 5 ¢ before thunder (390 mfc) ic 1700 m away; cteel wave with
lambda 50 m and v 5000 m/¢ has frequency 100 Hz and T = 0.01 <.
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o Human perception: pitch ic how we perceive Freqaency (A/y/r Frequency ic
chrill, low ic deep); loudnecs ic how we perceive amplitvde (larger amplitvde
ic louder). {oudnese i measured in decibels (dB): converscation about 60
dB, firecrackere over 100 dB. Audible range of humane ic 20 Hz to 20,000
Hz. Below 20 Hz ic infraconic (elephants), above 20 kHz ic ultraconic
(doge, bats, dolphins). Unwanted loud cound ic noise; noice pollution harme
hearing and cleep. A tone has a cingle frequency; a musical note has a
Fundamental plus overtones; timbre (quality) dictinguiches instruments; an
octave means doubling of frequency.

o Reflection of cound follsws the laws of reflection (w«g/e of incidence equals
angle of reflection, and incident ray, reflected ray and normal are in one
plane). Echo: the reflected cound heard ceparately; the gap must be at
least 0.1 ¢ ¢o the minimum dictance ic (340 x 0.1)/2 = 17 m. Hard
emooth curfaces reflect, coft curfaces abeorb, rough ones ceatter.
Reverberation: persictence of cound due to multiple reflections (9aps under
about 0.05 ¢); controlled in halle with absorbing panele, curtaing and
ceate. Example 10.5: echo after 0.5 < givec distance §5 m.

o Applicatione: infrasonic waves detect earthquakes, volcanic eruptions and
ctorms. Ultraconic waves are uced for ultraconography [/magz‘ug organg),
breaking kidney ctones, ultraconic welding and cleaning, detecting flaws in
metal blocks, and echolocation. Bats emit ultraconic bursts and uce the
echoes to locate prey; dolphins and whales also uce echolocation. Sonar
(cound navigation and mng:‘ng] cends ultraconic waves nto water and
uses the reflected waves to find the distance, direction and cpeed of
cubmarinec or chipwrecks: distance = (v x t)/2 (Example 10.6: 0.90 ¢ at
1530 m/c gives 688.5 m). Hearing aids use microphone, amplifier and

cpeaker.
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Key Terme

Vibration — Periodic to-and-fro motion.

Medivm — Material through which cound travels.
Compression / Rarefaction — Region of higher /[ lower dencity.
Longitvdinal wave — Particles vibrate parallel to wave travel.
Mechanical wave — Wave needing a medivm.

Wavelength — Dictance between two consecvtive crects or troughs; metre.
Frequency — Occillatione per cecond; hertz.

[ime period — Time for one occillation; v = 1/T.

Amplitude — Maximom dencity change from average.
Intencity — Sound energy per unit area per cecond.

g,beed of cound - v = wave/engﬂt X Freqaency.

Pitch / (oudnese — Perception of frequency / amplitude.
Infraconic [ ltraconic — Below 20 Hz /[ above 20 kHz.

Echo - Peflected cound heard after at least 0.7 ¢.
Reverberation — Persictence of cound by multiple reflections.

Sonar — Sound navigation and ranging.

Diagrame /[ Flowcharte

How sovnd travels

Source vibratee

J

Comprecsione and rarefactione form

!

Particles pacs energy by collicions

!

Uave reaches the ear
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Sound waves

Sound
|
| |
Characteristics Perception Ranges
I I
Wavelength Pitch from frequency Infraconic below 20 H>
1 1 1
Frequency and time period Loudnese from amplitude Audible 20 Hz to 20 kHz
1 I I
Amplitude, intencity Timbre Ultraconic above 20 kiHz

Speed v = F x lambda

Echo versvs Reverberation

Echo Reverberation
* Gap at leact 0.1 ¢ * Gap under about 0.05 ¢
: Heard as ceparate covnd » Sound persists
s Minimom distance 17 m * Many reflectione
\ - Hill, large halle \ « Halle need abeorbers

Longitvdinal versus Transverce waves

~ . ] \ -
Longitvdinal Transverse
« [ibration parallel to travel « Vibration perpendicular to travel
. Compre(‘r/‘on and rarefoction - Creste and traayh:'
» Sound waves Light
\ - Needs medium \ Light needs no medium
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Formufas
¢ v = lambda x nu; wu = 1/T; echo distance d = vt/2; conar depth = vt/2;
cpeed of cound: colide > liguide > 9ases (cteel 5000, water 1500, air 340

m/<).

Remember

o Sound cannot travel in vacuvm, co actronauts cannot hear each other

without radio. Mediom particles do not travel with the wave, only enerqy

does.

Revise, Reflect, Refine and Pause and Ponder (with Answers)
Q-1 Q1. Which observation best cupports that cound ic a mechanical wave?

Ans. (u} Sound needs a medivm to propagate.

Q-2 Q2. Increacing the frequency of a cound wave in a medivm will increace
its

Ans. (ii7) number of compressions per cecond.

Q.3 Q3. IF 20 compressions pass a point in 9 ¢, the frequency i¢
Ans. 20/9 = 5 He, option (Gi).

Q-9 Q4. The reflected cound reachec the ear 0.05 ¢ after production. Echo or
reverberation?
Ans. Reverberation. The gap (0.05 ¢) ic less than 0.1 ¢, co the reflected
cound mergee with the original and cannot be heard ceparately ae an

echo.
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Q.5 Q5. Fig- 10.30: which wave has (i) greater wavelength (ii) emaller
amplitvde?
Ans. () Wave (a), becavse it has fewer eycles in the came dictance. (i) Wave
(a), which has the emaller amplitvde.

Q.6 Q6. Fig. 10.31: A hae maximum frequency and ( minimum.
Ans. A: green curve (most cycles); B: red curve; C: blue curve (fewest eycles).

Q.7 Q7. Draw a graph with density amplitvde 3 unite and wavelength 4 cm.
Ans. Draw a cine-type curve about a dashed average-density line, with crects
3 units above and troughs 3 units below the line, and one full wave

[crect to crect} gpanning 9 em on the dictance axis.

Q.8 Q5. A movie chowe the explocion of a cpacecraft in cpace with a flach and
cound together. Errore?
Ans. There i¢ no medivm [hear vacuum) in Space, <o no cound can be heard.
Alco, light travele much faster than cound, <o even in air the flach would

be ceen before the cound i¢ heard, not at the came time.

Q-7 Q7. Wavelength 3.99 m and cpeed 344 m/c: time period?
Ans. frequency = 399/3.44 = 100 Hz, T = 1/100 = 0.01 <.

Q.10 Q10. Sonar echeo after 5 ¢, v = 1525 m/c. Depth of the wreck?
Ans. d = (1525 x 5)/2 = 3812.5 m.

Q.11 Q11. Parking cencor: obsetacle at 1.2 m, cpeed 395 m/e. Time for
to-and-fro?
Ans. t = (2 x 1.2)/345 = 0.007 ¢ (abovt 7 ms).
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Q.12 Q12. Extra time for thunder over 1220 m, <peed 344 m/c at 22 (
verscus 337 m/c at 0 (.

Ans. t at 22 C = 1720/344 =5 et at 0C = 1220/331 = 5.196 ¢. Extra
time ic about 0.2 ¢ (65/337 ¢).

Q13 Q13. Fig. 10.32, cpeed 390 m/c, 8 cm marked.

Ans. The & em spans two wavelengths (two compression-to-compression
distances), co the wavelength ic 4 em = 0.04 m and the frequency =
340/0.04 = 500 Hz

Q.14 Q14. Fig. 10.33: waves A and B at 395 m/s.
Ans. A: wavelength 2.5 cm = 0.025 m, frequency = 345/0.025 = 13800 Hez.
B: wavelength 5.0 cm = 0.05 m, frequency = 345/0.05 = 6900 H-=.

Q.15 Q15. Time to return to A (air) ic 4.5 times that for B (water). Ratio of
cpeede?

Ans. Same distance, ¢o §‘peec/ ¢ in verce/y ,bro,bakt/‘ona/ to time: v(a:‘k) :
v(water) = 1:4.5=2:39.

Q-16 PP3. Bell ringing in Jar after air removed: A and R?
Ans. (ii) Both true and R explaing A: cound needs a medivm.

Q.17 PP4. Comprecsione and rarefactione move; particles move forward with
the wave.

Ans. (i) A ic true but R ic falce; particles only vibrate about mean pogitions.

Q.18 PP5. What reachec the ear from a tuning fork?
Ans. (ii) Energy carried by cound waves.

077 PP7-9. Thin rubber band; 20 f-/z in a minute; Flg 70.19.
Ans. A thin band vibrates faster: higher frequency and chorter time period.
20 Hz means 20 x 60 = 1200 pecillatione per minute. Helf of the
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wavelength in Fig. 10.19 i¢ 1.5 em.

Q.20 PP10-13. Speeds, cteel fence, echo and conar.

Ans. Water : air = 1500 : 340 = 75 : 17; cteel : water = 5000 : 1500 = 10 :
3. Through air 340/340 = 1 ¢ through cteel 390/5000 = 0.065 ¢;
difference 0.932 ¢, co che can distinguich them (greater than 0.1 ¢).
Minimom dictance for a 0.2 ¢ echo = (393 x 0.2)/2 = 34.3 m. Qcean
depth = (1500 x ¢)/2 = 3000 .

Board Exam Questions (Important)

Q.1 Show with an experiment that cound neede a medivm.

Ans. Electric bell in a bell jar: ac air ic pumped out the cound fades although

the bell i¢ ceen ringing; it returns when air i€ let in.

Q.2 Dictinguich longitvdinal and trangeverce waves; which ic cound?
Ans. Longitvdinal: particles vibrate parallel to travel: transverse:
perpendicular. Cound ic longitvdinal.

Q.3 Define wavelength, Frequency, amplitvde and time period; write v = £ x
lambda.
Ans. Wavelength: crest-to-crest distance; frequency: occillatione per cecond;

amplitvde: maximom density change; time period: time of one oscillation.

Q.4 What ic an echs? Find the minimom distance for hearing it (v= 390

m/c).
Ans. Peflected cound heard at least 0.1 ¢ later; d = (340 x 0.1)/2 = 17 .

Q.5 Explain echolocation and conar with uces.

Ans. Bats and dolphins emit ultrasonic waves and uce the echoes to find
objects; conar uces ultraconic waves to find depth and objects
underwater, d = vt/2.

Notes by Abhichek Siv



Chapter 10: Sound (Waves: Characteristics and Applications
AT 10 - eafar TII: AT 1T FFIANT

Q.6 Write two applicatione of ultraconic waves.
Ans. Ultraconography and breaking kiduney ctonee (also cleaning machine
parte, flaw detection).
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G.17 Io-rt 4. Fofsar-TavereT gerar & @UT J99T & TTT 3719 FeAeT &
e (iii) A TF YT R 3T, VT FaeT A [l 3 ST vt 3 &)

T.18 IH-F=t 5. TR I 1T I Grda 3 FAT GEAT &7
I<e- (i) €alst goan grT of 1S IS St

.19 IH-T=l 7-9. TS 7 ds; 20 Hz FIT fasre; & 10.19]
I~ U 3 do7 YT 3T & Jifde Il 3T HH giadenter] 20 Hz &7 373 20
X 60 = 1200 et ufa fez] &7 10.19 # TG o7 37787 1.S em &l

.20 TH-F1=H 10-13. FTet, TIeT 1 &8, gfaeaftsr 3717 IR

I ofer AT = 1500 : 340 = 7S 17; o7 : el = S000 : 1S00 = 10 : 3| qT
360/3490 = | s; FleT I 360/5000 = 0.063 s; 3iFT 0.932 s, 3T I Y=<l
o7 Tt & (0. s I gifem) 1 0.2 s H Fleatar &g AT g = (343 x
0.2)/2 = 34.3 m| THg F TR = (1500 x 4)/2 = 3000 m|

15w g7 (Fgaqon)

91 5T 3 g AT B eafey 7 e R

IAT- doT AR # focrett #) g2k a1y fawrert ue Tt gord! Rzt & ue eafer ¢ffor @
Tt & a1y SHler we eater e It &

9.2 siqgef JR 39T qear # 3ia%; eala Hia-ft #7
IR- ST, FUT HRIT F Tl FTEE: AT el dgeed &

U.3 J9¢ed, Sgfs, ST TR SATactahiel uReTiia ety v = f x oissT foifap]
IAT- I offf 3 offef g Al Tl Fane glerat; ST Sk T
URAdT; JATaciehTer: O gletaT ol JH|

9.4 gldeatst a7 &2 Fetaer g3 faamifer (v = 3430 m/s)|
I~ WAl eafer oA HH I Ha 0. s F1g o9 g ¢ d = (340 x 0.1)/2 = 17

ml
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AT 10 - eafar TII: AT 1T FFIANT

v.S gldeala-Tster $1ie IR 3uAeT Tled JHFTSTI
IJTT- THAEE 3R SHoteeT WIHeT a9 prea Fideals 3 aeg Jeld & FIR Uit &
TERTE 3R aegl YT FAT F d = vt/2]

Y.6 YIS JAN o ¢ IGEANT fAfHT]
IV IR 317 IE B ot TIRAT (Frer & ye ATEH FRAT, e & F
Hlefar) |
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