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Waves worksheet!

Recall the following relationships:

e The meaning of amplitude 4, wavelength A, and wave speed c as defined in the Basic waves anatomy

handout.
e Wave period = time T between wave crests

e Frequency (the number of waves per second, measured in Hertz, Hz). f=1/T

e Wave speed equation: ¢ = f4

e For reflection, angle of incidence = angle of reflection (both from surface normal)

speed of light in a vaccum

e  Refractive index n=

speed of light in a medium

(n =1 for vacuum, about 1.0 for air, about 1.5 for glass)

e For refraction of waves at a boundary between to mediums of different wave speeds we have Snell's Law

sing, _sin@ . s . - . . . .
SO 272 which for light (i.e. using refractive index) is 7, SIn 6, =n, sin 6, . As for reflection, the

41 (&)

angles are measured from the surface normal.

e The number of waves per second entering a boundary must equal the number of waves exiting i.e. frequency
is conserved. Hence if wave speed changes, so does wavelength in the same proportion.

K

_Cc .G _G
Wavevectors Law of fe= -/’L- . Z = Z
N Reflection
k, Kk,
o _ | mile=160934m 1hour=3600s  lms=10"s
incident reflected P " ;
ray ray lps=10"s Ins=10"s 1kHz = 10°Hz
1MHz = 10°Hz 1GHz=10°Hz  1THz=10"Hz
& Speed of sound in air is about 340 m/s
n Speed of sound in water is about 1500 m/s
- ‘4, Speed of sound in rock is about 5000 m/s
- N Speed of light in a vacuum is ¢ = 2.998 x10%m/s
‘ | k l
normal to boundary, £ tapshiitien All electromagnetic waves travel
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at the speed of light.
o THE ELECTROMAGNETIC SPECTRUM
Penetrates
Earth
Atmosphere?
Wavelength
{meters}
About theQ,\/\/\/\/-\‘/\\/\/‘\[\/V\AN\m
i~ a8 & « o
Buildings Humans Honey Bee Pinpoint  Protozoans Molecules Atoms  Atomic Nuclei
Frequency
{Hz)
, bo}emper:atgre ‘
o e vaveionias - Page 1 of 8
10,000K



Question set A q - 4 om

@) A sinusoidal wave has amplitude 2.0 units and wavelength }e(fm. Sketch a y vs x snapshot of the wave below,
with two full oscillations shown. Annotate clearly what corresponds to the amplitude and wavelength.

3 ~
T T

\

o \ .3‘ <.
=4 \ N

-1 b

(ii) Overlay on the graph above a sinusoid with half the amplitude and twice the frequency as above.

(iii) A sound wave of frequency 440Hz travels through air at ¢ = 340m/s. & \;Q/¢ ‘/\q\(» ELQ
(a)  Calculate the period /s W‘O)ﬂﬁ;\
T= = ,\/ s = 0 > =3
=€ = wo X17s
C 2.2Ams)

(b) Calculate the wavelength /m
=t A %’ - JoMs {Oﬂ'?& M
Loz

to
(iv)  Microwaves are electromagnetic waves with a wavelength of about #cm. Calculate their frequency in GHz, to

1 o0y 4 R oo = 2998NTMA - 2.99pa0T Ma
( ) , X ?‘M -5 m 2 o 1
‘< bund . Many fadacs, 270 Moz > =

L p\«‘i;';‘né’ \Jarkqu s ANogngin '

) Dolphins communicate' socially with sounds between 0.2 and 40kHz. Higher frequency clicks (40-15 0kHz)
are used for echo-location. Assuming the speed of sound in water is 1500m/s

(a) Calculate the wavelength of a 40kHz 'squeak’ in metres
C= -Q—A A W 9/ = “YQQM/@ = 10:03¥ m
t Lo s\ UE

\

-\ s

\
T Rone®
_ ( - é S - é t q S
() Calculate the wavelength /cm of a 150kHz click 6 3 )(b Lm&«»

Az S - (O™ _ - oolm = [Zeml
£ \Konl® Uz

b) Calculate the period of a 150kHz click / ps T:_

! httné://seaworld.org/en/animal-info/animal-infobooks/bottlenose—dolnhins/conununication—and-echolocation
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Question set B /F;%, A ()(M . e A' M 7% (3N o QCQUUQ,

® In the equal temperament system of tuning, the frequency of semitones in an octave % 2« s h = A
C,C#,D,Eb,E,F,¢#,G,Ab,A,Bb,B,C‘_" form a geometric series. This means the frequency of each semitone is the same

ratio as the previous. This ratio is: \
2:;{ - axj 5N

f”” =2t ~1.05946 i.e. each semitone is about 6% higher in frequency
'Concert A' is often defined as 440Hz. This means: C ).
e
Bbis fy, =440x2" =466.2Hz C# g Ob '
Bis f, =440x 2% x 2% = 440x 27 = 493 9Hz 2 Y-
= P l, Xl)‘xz'
Bis f, =440x2" =329.6Hz §} Eb|D¥ l’*?"L
E
(a) Calculate the frequencies (in Hz) of: 3 \Q/ g F Q ) o
A an octave below concert A 7/?43 H z (‘ < N 2 57«\) % ?ﬁ: i&!; 2 . 4 ?}ﬁ.
— , v G 4 x ‘L %
X vz | o Ab[GHe e
C above concert A Lo x L = |S272.2 V2 X v R
| @ A ) x 2%
SR e TR Gl gt
C# below concert A ks x 27" = |'x I ZH 3-; @ 2 x 2w
6 (e 2} x 2
Eb an octave higher than the octave of concert A L\ Lkp 2 17 -
(2 xighe = 16223 V|

)] Barogue pitch defines a 'Concert A' to be 415Hz. Fill in the table below for the frequencies of notes, and also
the wavelength of these sounds in air. Assume the speed of sound is 340m/s.

Note Frequency f (i.e. pitch) /Hz Wavelength in air 4 /m

F asx2®= 229.4 | P4/ = 103
FEE | Li5x3% = 3090 | SHo/349.0 = 097
G LS s 7722103 | 340/39 X = 0292
Ab 415x27%= Q1Y 3&9/8‘315—} = O9PF
A 415 340ms’/415Hz=0819 O 3>)
Bb. 415x2% = [129,F Wo/uN3F = o PPF
B. WS x L = bps @ | 34/ ks ® = 03
C LS 172 293 & 3&&/@93“; = o.69
C# WS X 2% =522,y | Suo/<1.Y = 0.6
D | 415x2% = <3k . D ggs@fgyteﬁg = 0-b\

’A = ZL&% Page 3 of 8



® O
(i) Sound played through a Kundt's tube will form standing waves, i.e. where the nodes and antinodes don't
move. This often is a resonance situation, i.e. which produces the loudest waves. O~ [N

The Kundt's tube is open at one end and driven at the other end, which means standing waves of air pressure must

have a node at the open end, and an antinode at the driven (loudspeaker) end. L p. ?/ ‘ 3“3/ : @
7

Zx ,{

This means the length of the tube must equal an odd number of quarter wavelengths at resonance.

(a) Using the box below, sketch the variation of pressure vs length in the tube for the lowest frequency standing

wave (we call this the 'fundamental’)

v N DAMENTA L
o S e e e o e [ ; - - P Gl&ﬂQ )
— N . «&*Ma;d&m
7‘\5, Ls 0 e \?iessma, wwe oSallghzt v Hne AP

widi he wy
gy \ QB(Q«

()} Use the boxes below to sketch the pressure variation vs length for the first and second harmonics.
¢Sy |
ok 1 OF ° 1St VARMINC

A AT

o0 4

,/ T,
h L 7 ENDd Gelem
(©) If the Kundt's tube is 1.5m long and the speed of sound in air is 340m/s, calculate the frequencies (in Hz) of
the fundamental and the first and second harmonics.
L—> 06k
c= £ 1
L: @v‘w“\:}/ n=lz3k - ‘::Kk
SoA = Ll “ € -y ar de 2dd adius
-\ s 1352
= %’ Fuvdomerta]
L olx3 = [Sed Mﬂ
% = _=— . ' xS B
¢ 8 X% | '
N L g L= e |
- oy e ¥
X Q Q \ &GxhS
i - a“’"‘ ’C;/
N b - Wp = |1 ‘\
Wamvior e gb" Sk-{fi‘;‘ L ?3 My
Lyae-1
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Question set C ' d{ {(d;‘*é‘a % WAE ?m\?@@%
(i) (a) Using diagrams of slinkies, explain the differegice between longitudinal and transverse waves.

v cgmpjessm V}V(,

000 00 00 UIL e 2es P
A _

- Wade ithow)
{akochry i
f?“ L wohen
LONG TUmNA L Gis’s L &
(b)  Fill in the following table with YES or NO answers ditechmn TTANSY else
Wave P( @gﬁ{y\
Wave Longitudinal? Transverse?
Sound wave in air \/5 < No
X-ray
No YES & Elecho
Earthquake shear wave . )
No Yes - Majﬂ{\'\L
Radio signal No “ES WakeS .
Earthquake pressure-wave YEsS NO
Surface water wave N 0 v €<
Whale song in the ocean
ves No
Sunlight
g No 16
Standing waves in the air column of a ¥ x4 A:SSU
musical wind instrument like a flute ‘(6_5 I\‘Q - P
Vibration of a guitar string N S &d.:'v
R (ES Mooty
s ut premly
(ii) A water wave of wavelength 50m travels at 12m/s. How many waves will pass in a minute? f)fiﬁ :\}
- ,-\ ' ’
C= 3/ - ‘)C/‘ = Y o Lidg plessmie
T %M‘A ot~ 012
7 ongdudracd

4 Ss # wWaus Mkt e 6D
pervd L e
= D] (S W R weges)

(i)  UVA rays have a wavelength of about 350nm, whereas UVC has a wavelength of about 200nm. UVCis
absorbed by the atmosphere whereas UVA are-not, which is why you should apply sunscreen when going out in strong
sunlight.

Calculate the frequencies (in Hz) and periods (in s) for UVA and UVC, using standard form.

_ c _ 29998x 0w = ] e
g—» ,;g“ ‘%NP: = orW/S = I@xg:) xb Ha
Twa =11 F g Ss |

e 350357 T

T=

Loy | -
< “ ‘Q\NC = & 998"‘@?*&/& = 4‘50 ’(bm Hi"i Page 5 of 8
200 x5 ' M Tove = |6167 ?r\o-'u’S'L




Question set D

@) An oscilloscope is used to determine the period and hence the frequency of a wave. On the screen of the

oscilloscope the difference between peaks of an oscillation is 4.6 squares. Calculate (a) the period /ms and (b) the
frequency /kHz if the timebase is set at 0.5ms.

é_f;‘l;‘?_.-a‘ T$ L.Gx 0-C mS

= [23ms|

. I \ - 2 Ha
e = - Q”% - ’i@tﬁs | ;Lty“— 0 1
’ > [0 ke

@) A two-input storage scope is used to determine the time delay between waves arriving at two microphones
displaced by a distance of 5.12m.

The number of oscilloscope squares that correspond to the time delay between the signals is 7.5 0.1. If the timebase

is set at 2ms, calculate an inequality which bounds a measurement of the speed of sound /ms”. Assume the distance
between the microphones is perfectly precise.

(iiiy BBCRadio4is transmitted on a carrier radio wave at a frequency of about 99MHz. A special oscilloscope is

needed to measure the period of this wave. If two complete waves can fit into the oscilloscope screen (which has ten
divisions horizontally), work out the timebase needed.

- \
N A So QT Y oAk |
\/\/ ’\; > AL L & ____\,_,—» S

B S Sx0x®

“ooe o A ar ko$ b iDEL 7.0 x\gors\
wajes e i
What is the wavelength of the Radio 4 carrier wave? ( S5 abouy 2nAS Hmabge

C—“--Q\ A= %; f\m&g&\

N2 299TME T2 0Y )

—

99 A\ Uz -
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Question set E

(i) You will need (a) a sharp pencil (b) a ruler (c) a protractor to answer this question. Obtain this kit before you
proceed!

i L1
For each scenario, mark additional wavefronts to show how a wave both reflects and refracts. Bpr; \‘OA ( Lol
Perform measurements and show all calculations required. . °
o Reglechon AL

- S"\BA- - Sm&&
Ca “‘(ﬁr

[—>— fefacin - Bg= 5"4‘!346&&\4\

\ /b 14‘% ' - léq':}_af

wave speed is % \AC&J{‘QM&HA ,
now Z0%% (39/0 ! a \jﬁsat - .
higher in % 62&3{9 SA, = Sgg_ Ky \%@: N ':\‘A_[
medium B \ A
WA § AN

wave speed is half of
what it was in medium C
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(ii) A water wave from a passing cruise ship enters a shallow harbour. The wavelength of the wave when it enters the
harbour is about the same width as the harbour entrance, which is narrow compared to the harbour itself. The harbour
is significantly less deep than the water at the entrance to the harbour.

Draw a plan view to describe the wave pattern that you would expect to see at the wave enters the harbour. Clearly

explain and annotate the key features.

£ oSl s
Coep = Csvatr
@ peep Agncdrd

QA
peop

Wouks ,
S%’h"?

e Wadelength
Waues DIEERACT
Lo Wanaour
a1

SR N

Matlos Wadany
= Wak speed S

= Lo

(i) **Challenge** The same waves enter a nearby harbour, but this one has a separate entrance and exit. %Eese are
similar widths as above, and they are separated by about four widths. Sketch the wave pattern that you would expect
to see at the wave enters the harbour. Clearly explain and annotate the key features.
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