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24 The diagram shows a vertical cross-section through a water wave moving from left to right.

At which point is the water moving upwards with maximum speed?

22 A wave has period T, wavelength 4 and amplitude A. The wave is shown on a graph of
displacement x against distance d.

Which graph is correctly labelled?
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22 The graph represents a sound wave.

3_
displacement
/um
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=3 S

time/ms
)o Mmb
Which statement is correct?

A The wave is longitudinal and has a period of 25ms. /~
@ The wave is longitudinal and has a frequency of 50 Hz.

| < So W
f- DS 5
= gé u s

C The wave is transverse and has an amplitude of 3 um. X

D The wave is transverse and has a wavelength of 20 ms. ¥ ‘F-_ n 2

b 0t

28 X and Y are two poinis on the surface of water in a ripple tank. A source of waves of constant
frequency begins to generate waves which then travel past X and Y, causing them to oscillate.

waves
s

Y

TN DS\ O\
X

What is the phase difference between X and Y7

A 45° B 135° C 180°

(D) 270°



26 A wave pulse moves along a stretched rope in the direction shown.

e

Which diagram correctly shows the variation with time t of the displacement s of the particle P in
the rope?

A A A B
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24 The speed v of waves in deep water is given by the equation

- \'mead Vows

2n
where A is the wavelength of the waves and g is the acceleration of free fall.
A student measures the wavelength A and the frequency f of a number of these waves.

Which graph should he plot to give a straight line through the origin?

A f?against A 2 '1
. Y ¢
B fagainst i* —a—-—
C fagainst % (: ) );W \
. = * ——
@ f* against % ’za““"— l

.a VA N1
4 A whale produces sound waves of frequency 5Hz. The waves are detected by a microphone and
displayed on an oscilloscope.

L o2s T
L /):. ’\— = 0.25
ols <
»t\//,QN
<—>$ c)-‘ x‘oco = o m>
What is the time-base setting on the oscilloscope? t 3/&2\’
A 0.1msdiv’ B 1msdiv’ C 10msdiv’ @ 100msdiv’

23 The diagram shows the waveform of a signal displayed on a cathode-ray oscilloscope.

AV

\
VAREANY, i

[
Hagens
The time-base is set at 5.0ms per dmsm

The Y-gain is set at 5.0mV per division.

What are the amplitude and the frequency of the signal?

amplitude frequency ngx\C;)
fmv IHz
® 10 50
B 10 1ﬂﬂ7k
c 20 £ 50
D 20 * 100

25 The graph shows the variation with time of the displacement X of a gas molecule as a continuous
sound wave passes through a gas.
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The velocity of sound in the gas is 330ms™". All the graphs below have the same zero time as the
graph above. A

What is the displacement-time graph for a molecule that is a distance of 0.165m further away
from the source of the sound?
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5

(a) A source of sound has frequency £ Sound of wavelength A is produced by the source.

(i) State

1. what is meant by the frequency of the source,

prbe(%c@w\f‘cxev"“’(%‘[)*&ue&‘v\ls
...... 56 H&moicem

2. the distance moved, in terms of A, by a wavefront during n oscillations of the
source.

(i) Use your answers in (i) to deduce an expression for the speed v of the wave in
terms of fand A

«?’:l :,C =D '\I—:Q).

2]

In:m

1cm

Fig. 5.1

The time-base setting of the c.r.o.is 2.0 ms em™'.

(i) Determine the frequency of the sound wave.

Tz Ges

Q ] _ \(.,7,77

AT

frequency = \7OH1 2]
(ii) A second sound wave has the same frequency as thal calculated in (i). The
amplitude of the two waves is the same but the phase difference between them

15 90°.

On Fig. 5.1, draw the waveform of this second wave. 1]



5

{a} By referanca to vibrations of the points on a wave and to its direction of anargy transfer,
distinguish batween ranswerse waves and longitudinal wawes.

waw—ww,v\odw‘\ ................... ;
s bk s abbiad L s pad A U

(b) Describe what is meant by & polansed wave.

Vibekion, J} 28 Liclenis yehvicded Lo m\ep\o«m
H\J’ sl ..m€ mg\w\o* \‘D ﬂ‘ﬁ ”Q{(c}“d’,\ ag

: "fof'O&ﬂ«J\"’\. ﬁ% A s - |

(¢} The variation with distance x of the displacemant y of a transverse wave is shown in

Fig. 5.1.
E'lﬂ | 1 /|
L | i |
H
2.0 :
ylom . . o
1.0-H aw
0~ ‘ I T
0 0.2 0.4 0.6 08 100 1.2
-1.0 L x/m
=2 1
z
. -

=3.0

(i) Usa Fig. 5.1 1o determine
1. the amplitude of the wave,

amplitude = ............ 2% eme— W\ |

2, the phase dfference batwaan Ihe points labelled A and B
0-%
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22 A source of sound of constant power P is situated in an open space. The intensity I of sound at

distance r from this source is given by

TS T
. - )—/ '
I= ; 2
4nr? o X _l__
YL
How does the amplitude a of the vibrating air molecules vary with the distance r from the source?
1 1
@axF B e C axr D a«xr? o oL .([

26 The diagram shows a graph of displacement against time for a sound wave.

i —

displacement 1. = Iz_

71\ 71T\ N . 3

'[ \ I 1} A, a,
n‘“ * ;time ,\_i

|- _Z_ =S

Ll I il 1,\?-
a.+
P2
The intensity of the sound is halved.
Which graph shows the displacement of this sound wave? a, - ) 82 1:>o)<€)>
2=
AN B~
' 'y
displacement [[\[__[AL _TAL A displacement
= I " AT
A AR
% s Ml T time
L/ 1]
v EAVI LV EAY, ViV

'} ' |

displacement || L /]\

displacement

22 A sound wave reduces in intensity but maintains a constant frequency as it travels through air.

Which statement is correct?

@ The maximum displacement of the particles changes between one particle and the next
particle. »~—

The phase difference between adjacent particles is zero. )L

L 4 [~
C The wavelength is the distance between two particles that have a phase difference of 1Eﬂ°‘7< o / 3é°

Two particles that have a phase difference of 360° have the same maximum displacemenLX

o X 1
] N v
N4

—_— 56’°




§ A sudent is studying a water wave in which all the wavelronts are paraliel to one anotier,
Thar variation with tirme o the displacement x of a padicular particle in the wave i5 shown
im Fig. 5.1.
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Fig. 5.1

The distance d of the oscillating pariicles from the source of the weves is measured.
At a particular time, the varation of the displacemeant x with this distance o is shown in
Fig. 5.2

43

x/mim
21
mm Fllq
+1
ﬂ 2 'I.;F | 3 & /
] e ]

=1

-2

-3

(a) Define, for & weve, what is maant by

i) displacement,

(i)

S UCLES 3o EREEONR

13
(b} Lisa Figs. 5.1 and 5.2 to determine, for the watar wave,
(i} the period T of vibration,

T= 060 s[1]

(i) the wavelength -,

im ....,,,,,,-,.,-,.,‘.T.‘, S e Y [ 1]

ﬁQ’fK\o—)—> = o.OQ "\S"

(i) the speed v.

S K';L =S V= l
0-6

{el (i) Use Figs 5.1 and 5.2 to state and explain whether the wave is losing power as i
moves away from the source,

{lij Detarmine the ratic

intansity of wawve atl sourca A
intensity of wave 6.0cm from source




(a) For a progressive wave, state what is meant by (i) Determine the phase difference between the two waves.
(i) the period, S R N N
TMU‘@«\ED«MQWAQ«L@M@(”DQM T 0-be

(i) the wavelength. (i} Calculate the ratio

&‘b\;{“ce Iaek)ee,,/\ 2 W‘”&\‘% FQT'\QE STAN é'\?éﬁ.» ............................ intensity of wave Q

phase difference = \ZO *[1]

intensity of wave P
1] i, )

Lg [ I L
-] _ Lo : )
(b) Fig. 4.1 shows the variation with time { of the displacement x of two progressive waves P and 1 P = A= = 2 = Ll
Q passing the sama point. R ap Lp ap Cg >L 2

40 T

- g ’::i ratio = OL‘L( 2]

_— Q, two waves superpose as they pass the same point. Use Fig. 4.1 to determine the
(o # 2
. —>- nt attime f=0.45s.
1.0 H# l
0

X/fmm

[+ ]
=]
ki ™
¥
iast
g
0

20 : C0/60 gso s _ ) .ls
=1.0 E-‘ wave Q v - 18

. [Total: 8]

-4.0
Fig. 4.1
The speed of the waves is 20cms™".

(I} Calculate the wavelength of the waves.

ﬁ \ \}’:£>‘~

Re 2o = A%l el
o.bo

wavelength = ]1 cm [2]



D"\OP\MWS egcec}rt—'
L\I\o«w\\& N o(::sadeg Qeo\\)@w\c\a &ue_

Vv zo
'? Ce(\S\'

@!llllllfl%

Ambilace

V<o

V™ cms‘\' 1 Q ,\\ c,oﬂs"

i T T T T Y YL Y O W I

Ambilnce

&— \)"(MS\' ,'B'\l/ C.cd\bx/

Af"\lw\«»'\‘e Vv o

‘-o (A,&{\Je_ W\o‘\&l\v ]oe/O'v\)ceA\ QL.S@“'\re/\/ r/N\D SouvVce |




\/\)}%\ w\(\J( \doq\r‘a S A Ha\Neu'\V\J B)
V< £)“5 V= QX
38 - ] (150 53 (uld) - T (F8mn)

PSS (oo 325 e

«(; < Cs > S@PMA'Q_

22x\§
:Ls- hSonm ‘ 1} 7% i = 3X\°«

(‘Pﬁe& 4‘5 \‘JU’ N\ '\!oxc\)\)'f"\\

L0y

3&,3 gepw(o&\o'{\wl

bes



b

24 A vg—:hicle carries a mlsmﬂayﬂ_ltanamma that emits microwaves of a constant frequency. A 25 A source emitting sound of a single frequency f, travels at constant speed directly towards an
SEODETY PIREREE TIog I MCIDMEVS Tesiver. - observer. The source then passes the observer and continues to move directly away from the
The vehicle moves directly towards the observer at constant speed. The observer detects observer. The velocity of the source remains constant.
microwaves of frequency Fo. £ g n : I ==

5 o3 Which graph represents the variation with time of the frequency f, of the sound heard by the
The vehicle then accelerates, still moving towards the observer, travels at higher steady speed observer?
for a time and then decelerates until it stops. (,’ ﬁ S ¢
S o (<]

What is the variation in the frequency of the microwaves that are detected by the observer? s A

“~ A
A The observed frequency will fall, then remain steady then return to the frequency F.. f 54 f

*® o o
B The observed frequency will fall, then remain steady then rise to a higher frequency than F,.

e N~ .
© The observed frequency will rise, then remain s‘éd then fall to a lower frequency than F;,.+-e. [.:s ST~ ——rr e s b

v s
D The observed frequency will rise, then remain Steady then return to the frequency F.. 3 .e. (35

24 A jet aircraft travels at a speed of 0.8v where v is the speed of sound. The aircraft approaches a A A
stationary observer. The frequency of sound emitted by the aircraft is 100 Hz. R - f, f,
Which frequency does the observer hear? {, =" fs
A 56Hz B 180Hz C 400Hz @ 500 Hz
- -
fo - _Y QS = Q, = _ N A (oo - _/dz— X, \oo - S°°L\Z) time time
v-ls TR e 62

24 A siren emits sound of frequency 1000 Hz. The siren moves at 20ms™' towards an observer who
is standing still.

The speed of sound in the air is 330ms™".

Which expression would correctly give the frequency heard by the observer?

1000 x 330
330 + 20 ¢
¢
1000 = 330 g &:5
330-20 VA
1000 (330 + 20)
c (e
330 foe 22— ¥
o 1000(330-20) 22, - 2o

330



(a) By reference to the direction of the propagation of energy, state what is meant by a longitudina/l
wave and by a fransverse wave.

longitudinal: T—"\LY)"’«)—(G‘\%PGA’\(J%\S PMM\'D
&A‘Vecyﬁd\ﬁépfnfwlajhd(\ﬁéme(:xacsﬁNwe

(b) The intensity of a sound wave passing through air is given by
I = KvpfPA®

where [ is the intensity (power par unit area), g \
K is a constant without units, - —
v is the speed of sound, T
P is the density of air,
fis the frequency of the wave
and A is the amplitude of the wave.

Show that both sides of the equation have the same S1 base units.
-3

f_P_-_ N = j}il RS = F\'a‘s
A Ax(’ RS

() (i)

(il) A distant star is moving away from a stationary observer.

State the effect of the motion on the light observed from the star.

L%‘“Qw\lba'cgiv%zg/&wwcywan\j\Ju ........

A e S(XE}M(Q;LA het inelles H\%/’YQ&W ........ _
(d) A car travels at a constant speed lowards a stationary observer. The horn of the car sounds at

a frequency of 510Hz and the observer hears a frequency of 550Hz. The speed of sound in
air is 340ms™". b

Calculate the speed of the car.

ﬁo = v Cs 35 ggO ll c?D\’lo ﬁg‘o

- Vs 3)10-"‘;

Sso

-V = @L"b xSltx _1(’[0 35{:5:

SCo /
2S5

e SRS e SCRRTESIS | | o - ||

[Total: 10]

24.7°(



4 (a) State whatis meant by the Doppler affact

-
(b) A child sits on a rotafing horizontal platform in a playground. The child moves with a constant
speed along a circular path, as illustrated in Fig. 4.1. v fs
C ’\ M;ﬁxf ‘E) =
nrmw ..-.‘ "'-..‘ - '\ G?-—__ 33° xﬂSc:ng
path 1""'-.,.-" ‘\. 75»5 o 4+ 7S
“: |II | to a distant
S G ¥ '74 5 IS obsander
XY 1 i ‘CD,
751"\5 % b s

a<o

..-*""_- pl ’?fﬁms“ in;-\ ﬂ (\ f
child H«xf— Q\ — U U U

Fig. 4.1 13e '/ Q

N

An obsarver is standing a long distance away from the child. Dunng one paricular revolution,
the child, moving at a speed of 7.5ms™" starts blowing a whistie at point P and stops blowing

it at point O on ﬂ'iec:irmlarpath-\];
N

The whistle amits sound of frequancy %DHE The spead of sound in air is 330 ms™".

() Determine the maximum fraquency of the sound heard by the distant obsarver.

e LS 02 3% 150 5 L. q72
V-V Ro-7.8

(iiy Describe the variation in the frequency of the sound heard by the distant observer.

ﬁ@o}mp&gcdeoxebﬁewo\7‘o” 5 qSe.

0(30 HZBO}P@N\), @ T

\
Ve

£
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31 The diagram shows a cathode-ray oscilloscope display of an electromagnetic wave.
Nz V\, h - [; |
10ecm £ \
i _
'/\ = 2o ) -
2 ) '& - D-)" )K\O
\o ,lp L (WD 4
The time base setting is 0.20usem™.  p.7. X\o s /Cx‘\ g; 2.5 M\'\ Z)
Which statement is correct?
@ The frequency of the wave is 25 MHz and it lies in the radio wave region of the
electromagnetic spectrum.
B The frequency of the wave is 2.5 MHz and it lies in the microwave region of the
electromagnetic spectrum.
C The frequency of the wave is 5.0 MHz and it lies in the radio wave region of the
electromagnetic spectrum.
D The frequency of the wave is 5.0 MHz and it lies in the microwave region of the -~
aslartramannatic enacte im
26 What are the names of the electromagnetic waves that have wavelengths in a vacuum of 100 pm
and of 100 um?
wavelength wavelength | | ] \ -lo X \(
100 pm 100 pum ooX |O - RO
. -G -
£ y-rays infrared |O<> \[\O - l,(\ 3 _ \o . \\I\KJ
B y-rays red light %~
@ X-rays infrared
D X-rays red light <L

23 The table lists possible orders of magnitude of the wavelengths of some of the principal radiations
of the electromagnetic spectrum.

Which row shows the correct orders of magnitude of the wavelengths?

wavelength/m 3 >0 1'3 0
microwaves infra-red ultraviolet X-rays 0->-35 « w levo
A 10~ 107 107 107
B 107 ¢ 10°° 107 10" 3560w
2 -10 -
© 107 10° 10°¢ 10 -G N‘sx\a\C
D 102 10 10°¢ 10°* \ﬁ/
,Q _,'7 ‘—% < u\ A
g > Ao - Yo

o)

(a) State one property of electromagnetic waves that is not common to other transverse

(b) The seven regions of the electromagnetic spectrum are represented by blocks labelled

Ato G in Fig. 5.1. { C
visible region
3 > |o - - -2 .3 (-\o o AL
\s = \0 |o —>'° \63«-—>\° ¢ {,(’,\o ls ~\o lo - le
A B C D E F G
wavelength decreasing -
Fig. 5.1

<)
A typical wavelength for the visible region D is 500nm. %

{iy Mame the principal radiations and give a typical wavelength for each of the regions

B,Eand F. S
B: name M‘d""bo‘ﬂw ............. wavelength: ....... ("\\07 ______________________ m
E: name: . UH«(""‘/‘O Id ... wavelength: .. ‘Xloa\ m
F: name: ... ><'( ......................... wavelength: \X‘O ....................... m
[3]
{ili) Calculate the frequancy corresponding to a wavelength of 500 nm. Q
\T—,K’}-— = Sx\o% = L(gcox\o x
)
boexle

- |

frequency = .............. éﬁ S Hz [2]
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28 Plane wavefronts in a ripple tank pass through a gap as shown. 28 Which electromagnetic wave would cause the most significant diffraction effect for an atomic

lattice of spacing around 107'°m?
- L

A infra-red “;}—]°|-3 6\'\' 5'\66 ~ wwegu‘]h’\

—_ 0( \ B microwave l» - ( o ‘
. - 4 —' O
L -, : I) x C ultraviolet 1< -—}o \O S \ob — o
{ i -5 _\C 2
(D) xray 17 —'o )(va]P

Which property of the wave will be different at Q compared with P?

A velocity JTw ) da"oLTV
B frequency v '

© amplitude a o ’l“ 2

D wavelength .~ ool _—\;

27 Diagrams X and Y show the passage of water waves around an obstacle and through a gap.

The thick lines are barriers to the waves and each thin line represents a wavefront.

l A

X ¥

Which statement is correct?

Diagrams X and Y both illustrate interference.

@ Diagrams X and Y both illustrate diffraction.
B

C Only diagram X illustrates interference.
D

Only diagram Y illustrates diffraction.
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¢) Vertically plane polarised light is incident on three polarising filters.

The transmission axis of the first polaroid is vertical. The transmission
axis of the second polaroid is 45° to the vertical and the transmission

axis of the last filter is horizontal.

Show that the intensity of the light emerging from the final filter is not

zero [4m]
|
n o 1R\
1 N/ le =
/7
: I ;:‘\:;-
v | >
© I 1-0 /1:5 /l;)’ + @5@
/‘l — 2 — —
T-7e [@4653 L. T« {&,&(c}
1:-To T,.="1
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A beam of vertically polarised monochromatic light is incident on a polarising filter, as shown in
Fig. 5.1.

polarising filter

vertically polarised /l\ .

_ transmitted light beam
incident light beam l/ } -
3

direction of
transmission axis

Fig. 5.1

The transmission axis of the filter is initially vertical and the transmitted light beam has the same
intensity as the incident light beam.

The filter may be rotated about the direction of the light beam to change the angle of the
transmission axis to the vertical.

(a) State one angle of the transmission axis to the vertical that results in no transmitted light

beam.

(b) The filter is now positioned with its transmission axis at angle ¢ to the vertical, as shown in

Fig. 5.2.
Za nsmitted light beam

/i

angle = .

vertically polarised T
incident light beam

g

transmission axis
at angle @ to the vertical

Fig. 5.2

~
intensity of transmitted light 1 - 6-" b

intensity of incident light _ '> €qualto 0.75.  ——

T.

The ratio

(i) Calculate angle 6.
- - 2 =5
1. Tows®

CU;S = ﬁ -
1. D=
6= 35 ® 2]

(ii) Calculate the ratio

amplitude of transmitted light
amplitude of incidentlight ~ 4

SR
2
Al
‘\J
I
-
bl
\/‘_,
0]
pL
N\

= Ao
K- Za | T SIS
- &, ﬁ-"; - Qo
Qz R L qO _Lb
| 2 ?;Z
R O N SN

[Total: 5]



(c) A beam of vertically polarised monochromatic light is incident normally on a polarising filter,

as shown in Fig. 5.1.

polarising
filter

vertically polarised
incident light beam,T

transmitted
7 light beam,

S .

intensity I, — intensity I
l l// A

/Io transmission
axis of filter

Fig. 5.1

The filter is positioned with its transmission axis at an angle of 20° to the vertical.

The incident light has intensity I, and the transmitted light has intensity I
I
(i) By considering the ratio I—T calculate the ratio
0

amplitude of transmitted light
amplitude of incident light

Show your working. T _ 1°
/‘ —
T . ToewsO PO
l—’( = lo b 2\ Ao
- - QTL
~T o s (& = ol
Le

ratio = ..oooooeveirvennn

- 3

(ii) The filter is now rotated, about the direction of the light beam, from its starting position
shown in Fig. 5.1. The direction of rotation is such that the angle of the transmission axis
to the vertical initially increases.

Calculate the minimum angle through which the filter must be rotated so that the intensity
of the transmitted light returns to the value that it had when the filter was at its starting

position. .
[A—p
o
angle = \HO * 11
[Total: 10]
—
. 2
L = &S
—
Lo
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4

(a) Polarisation is a phenomenon associated with light waves but not with sound waves.

(i) State the meaning of polarisation.

(i) State why light waves can be plane polarised but sound wave Snnﬂt
NS DN ovle

(b) Two polarising filters A and B are positioned so that their planes are parallel to each other and
perpendicular to a central axis line XY, as shown in Fig. 4.1.

filter filter
A &
1 direction of
: N rotation
l : o
l - ~
X = | Lt 1> Yy ) 7
unpolarised I -
light : J/\

I v
I

vertical horizontal

transmission axis ission axis
FOL'\W oalj"
Fig. 4.1

The transmission axis of filter A is vertical and the transmission axis of filter B is horizontal.

Unpolarised light of a single frequency is directed along the line XY from a source positioned
at X. The light emerging from filter A is vertically plane polarised and has intensity Ij,.

Filter B is rotated from its starting position about the line XY, as shown in Fig. 4.1.

After rotation, the intensity of the light emerging from filter B is LS

4

Calculate the angle of rotation of filter B from its starting position.

Z KCoS

Z |ceS

4 A °
CoS 9 =2 ’ 20 'c\o = 30
3o
angle of REHON = .. 4. X, “ 3]
N
° | |
I | I
| I
3! |
£ : : .
3| & e e

OV
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