QL.

4

(a) State three conditions that must be satisfied in order that two waves may interfere.

Wi owasmctro s o B R A A O R S S e AR S A e S R TS N B Y SRS AN AN
T T T o W e S i e e S A S v
O e e S e S e T O R [3]
(b) The apparatus illustrated in Fig.4.1 is used to demonstrate two-source interference
using light.
- D -
ol O
light, - 1 - . é
wavelength A 1 ‘

ble slit arrangement is a and the interference
distance D from the double slit. When light of
ble slit, the separation of the bright fringes on the

The separation of the two slits i
fringes are viewed on a sc
wavelength 4 is incident o
screen is x.

H 1. Sug e value for the separation a of the slits in the double slit.

----------------------------------------------------------------------------------------------------

*

00“

®

n expression relating 4, a, D and x.

...................................................................................................................




(ij) Describe the effect, if any, on the separation and on the maximum brightness of the
fringes when the following changes are made.

1. The distance Dis increased to 2D, keeping a and A constant.
BOPAFANIONG ... i e 558 b brmane s i Ak mmmrd A AN Ao RGN AL B i ms SRR VAR SAA AL TR SN S e RS
BTN BrGHHSS cieisnissnisissunsnsmmrassnsspuesunsssipnivasiusssnisnsmoanse sosssmstassprns sansssnnn s
2. The wavelength Ais increased to 1.54, keeping a and D constant.
separation: ........ccceceenias T PR Frr o RN

maximum BrightNess: ......cociiini @B e

and D constant.

(=70 7: 1111 o g o . yisemm RN

maximum brightness:
Q2. o

2  Fig.2.1 shows the variation with dist ng awave of its displacement d at a particular
time.
A
d| P HEH
. 4 maman HH
i i siEtie
01w
) 04 6 1.0 1.2
Fig.2.1

The wave is a progressive wave having a speed of 330ms™'.




(a) (i) Use Fig.2.1to determine the wavelength of the wave.
wavelength = ... m

(if} Hence calculate the frequency of the wave.

fTEQUBNEY S v ovsrsnmrssmneman: Hz

[3]

(b) A second wave has the same frequency and speed as the wave sho .2.1 but
has double the intensity. The phase difference between the two =

On the axes of Fig.2.1, sketch a graph to show the variwx istance x of the

displacement d of this second wave. ‘ [2]
Q3. c 0

6 Fig 6.1 shows wavefronts inciden@wd emerging from, a double slit arrangement.

Q"’Q

&




—_—

>
S
N

The wavefronts successive crests of the wave. The line OX shows one direction
along which co nterference may be observed.

f superposition.

- 3]

(b) On Fig. 6.1, draw lines to show

(i) a second direction along which constructive interference may be observed (label
this line CC),

(ii) a direction along which destructive interference may be observed (label this line

DD).
(2




(c) Light of wavelength 650nm is incident normally on a double slit arrangement. The
interference fringes formed are viewed on a screen placed parallel to and 1.2 m from the
plane of the double slit, as shown in Fig.6.2.

screen

Y

v

Y

=]

v

\j

light of I
a
wavelength 650nm

1.2m
L/

not to scale
Fig.6.2 \

The fringe separation is 0.70 mm. :

(i) Calculate the separation a of the slits.@

separation =

&




(i) The width of both slits is increased without changing their separation a. State the
effect, if any, that this change has on

1. the separation of the fringes,

Q4.

(b) Light of wavelength 590 nm is incid
per millimetre.

The diffraction grating formul @expressed in the form
%Qsine = ni.

(i) Calculat . in metres, for this grating.

L
&

®

s



(i)

(i)

c)

Q5.

Determine the maximum value of n for the light incident normally on the grating.

maximum value of 1= .. [2]

Fig. 5.1 shows incident light that is not normal to the grating.

diffracte
lig

O

incident
light

N

2

Suggest why the diﬁraction@; formula, dsing = nA, should not be used in this

situation. 0

90 nm and 595 nm is now incident normally on the grating.
ved in the first order spectrum and two lines are observed in the

second orderspectrum, corresponding to the two wavelengths.
State two differences between the first order spectrum and the second order spectrum.




6 A longtube, fitted with atap, is filled with water. A tuning fork is sounded above the top of the
tube as the water is allowed to run out of the tube, as shown in Fig.6.1.

tuning fork -
512Hz S
= S

III III

| II

I'.I. III|

_______________ ~
32.4cm
IS ST
0\
Fin 61 a Fia 6 2
A loud sound is first heard when the wati is as shown in Fig. 6.1, and then again when

the water level is as shown in Fig. 6

Fig. 6.1 illustrates the stationa% oduced in the tube.

(a) OnFig.6.2,

(i) sketchth e stationary wave set up in the tube, [1

r N, the positions of any nodes of the stationary wave. [1

(ii)e
oo

2



{(b) The frequency of the fork is 512 Hz and the difference in the height of the water level for
the two positions where a loud sound is heard is 32.4 cm.

Calculate the speed of sound in the tube.

speed =...... E @ ms~ [3]

(¢} The length of the column of air in the tube in Fig.6.1 is 15.7(’0
t

Suggest where the antinode of the stationary wave
likely to be found.

he tube in Fig.6.1 is

Q6.

5 Light reflected from
wave.

Q&mooth water may be described as a polarised transverse

(a) By referenc ction of propagation of energy, explain what is meant by

e,




(b) A glasstube, closed at one end, has fine dust sprinkled along its length. A sound source
is placed near the open end of the tube, as shown in Fig. 5.1.

dust heap
tube
sound
source i ‘
i 39.0cm '
Fig. 5.1

The frequency of the sound emitted by the source is varied and, at one frequency, the
dust forms small heaps in the tube.

{i) Explain, by reference to the properties of stationary waves, why th f dust
are formed.

10




(if) One frequency at which heaps are formed is 2.14 kHz.
The distance between six heaps, as shown in Fig. 5.1, is 39.0 cm.
Calculate the speed of sound in the tube.

stationary wave, what is meant by the speed calculated in

5 (a) State what is meant by

Qr. 2
Q

(1) ressive wave,
PO A
¢
¢ o - . 2 ——— 2]
(i) peed of a progressive wave

11



(b) One end of along string is attached to an oscillator. The string passes over a frictionless
pulley and is kept taut by means of a weight, as shown in Fig. 5.1.

string

pulley

oscillator

weight

Fig. 5.1

The frequency of oscillation is varied and, at one value of frequency, the wav ed
on the string is as shown in Fig. 5.1.

(i) Explain why the wave is said to be a stationary wave.

(if) State what is meant by an antinode.

(iii) On Fig. 5.1, label the antinode letter A. [1]

12



(c) A weight of 4.00N is hung from the string in (b) and the frequency of oscillation is
adjusted until a stationary wave is formed on the string. The separation of the antinodes
on the string is 17.8 cm for a frequency of 125Hz.

The speed v of waves on a string is given by the expression
v= -
m
where T is the tension in the string and mis its mass per unit length.
Determine the mass per unit length of the string.

Q8.

Fig. 5.1

13



The frequency of vibration can be varied. The two sources always vibrate in phase but have
different amplitudes of vibration.

A microphone M is situated a distance 100cm from S, along a line that is normal to S, S,,.

As the frequency of S, and S, is gradually increased, the microphone M detects maxima and
minima of intensity of sound.

(@) State the two conditions that must be satisfied for the intensity of sound at M to be
zero.

(b) The speed of sound in air is 330ms™'.

The frequency of the sound from S; and S, i
minima that will be detected at M as the frequ

B
@Qﬁo
4

increased from 1.0kHz to 4.0kHz.

NUMbBEr = ... cecie e [

14



5 A double-slit interference experiment is set up using coherent red light as illustrated in

Fig.5.1.
double slit screen
coherent ] ¢
red light 0.86mm
24m
Fig. 5.1 (not to scale) 0
The separation of the slits is 0.86 mm. Py

The distance of the screen from the double slitis 2.4 m.
A series of light and dark fringes is observed on the screen.

(a) State what is meant by coherent light.

-1
SOPArAtON: S v rmrmmmrmone g mm [3]
(c) Initially, the light passing through each slit has the same intensity.
The intensity of light passingthrough one slit is now reduced.
Suggest and explain the effect, if any, on the dark fringes observed on the screen.
- [2]

Q10.
15

Ex



4 (a) State what is meant by the diffraction of a wave. For
Examiner.
Lize

(b) A laser produces a narrow beam of coherent light of wavelength 632nm. The beam is
incident normally on a diffraction grating, as shown in Fig. 4.1.

diffraction
grating

laser light T
wavelength 632nm ||

165¢cm

;@parallel to the grating. The distance

c]osest to P and on each side of P are X

Fig. 4.1

Spots of light are observed on a scr
between the grating and the screen is
The brightest spot is P. The spots
andY.

X andY are separated by a di 76cm.
Calculate the number of li etre on the grating.

Q

L
&

®

humber per metre = .. [4]

16



(¢} The grating in (b) is now rotated about an axis parallel to the incident laser beam, as

shown inFig.4.2. Exi
diffraction diffraction
/ grating \71 grating
=
laser WMN laser %5
light light S
%
hefore rotation after rot tie
Fig. 4.2
L/
State what effect, if any, this rotation will have on the position mpots P, X and.
(d) In another experiment using the a in (b}, a student notices that the distances
XP and PY, as shown in Fig. 4. equal.
Suggest a reason for this dEE
....................... 2[1]
*
Qll. ¢
A g
4 (a) Statet atures of a stationary wave that distinguish it from a progressive wave. o
Craminer s
v T U T s T e Y O R I R 5
T,
(2]

17



{(b) A long tube is open at one end. It is closed at the other end by means of a piston that
can be moved along the tube, as shown in Fig.4.1.

tube

/El(

piston

loudspeaker

Y

I
1
|
1
1

L i
Fig. 4.1

A loudspeaker producing sound of frequency 550 Hz is held near the open end of the
tube.

The piston is moved along the tube and a loud sound is heard when the distance L
between the piston and the open end of the tube is 45 cm.

The speed of sound in the tube is 330ms".

(i} Showthat the wavelength of the sound in the tube is 60cm.

L/

N
o

>
&

(1]
(i) On Fig. 4.1, mark all th ns along the tube of
1. the displac abel these with the letter N),
2. thedi antinodes (label these with the letter A).
(3]
*
Do
A

®

18




{c) The frequency of the sound produced by the loudspeaker in (b) is gradually reduced.

Exs

Determine the lowest frequency at which a loud sound will be produced in the tube of

length L =45cm.
frequency = .
Q12. .

5 [a) A source of sound has frequency . Sound of wavelengthéduced by the source. s
Exam
u

(i) State 0

1. what is meant by the frequency of the (o

2. the distance moved r@ of A, by a wavefront during n oscillations of the
source. 'Q

in (i) to deduce an expression for the speed v of the wave in

distance = onsnnmsnnnnnnnnsanay [1]

(i) Use yo
terms

*

"”

®

(2]

19



(b) The waveform of a sound wave produced on the screen of a cathode-ray oscilloscope
(c.r.o.) is shownin Fig. 5.1.

Fig. 5.1

N
o

The time-hase setting of the c.ro.is 20 msc

() Determine the frequency of the sc@

&

®

(i) A secon und wave has the same frequency as that calculated in (i). The

amplitude of the two waves is the same but the phase difference between them
is 90°.

freqUentY = i e, Hz [2]

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

Q13.

20




7 (a) Explain the term interference.

(b) A ripple tank is used to demonstrate interference between water waves.

Describe

(i) the apparatus used to produce two sources of coherent waves that have circular
wavefronts,

21




(ii) how the pattern of interfering waves may be observed.

(c} A wave pattern produced in (b) is shown in Fi@

Fig. 7.1

22




Solid lines on Fig. 7.1 represent crests.

On Fig. 7.1,

(i) draw two lines to show where maxima would be seen (label each of these lines
with the letter X), [1]

(if} draw one line to show where minima would be seen (label this line with the letter N).

[1]

Q14.

6 (a) Apparatus used to produce interference fringes is shown in Fig. 6.1. Tl paratus is
not drawn to scale.

two slits L/
‘\\\ ht fringe

h QP : dark fringe
—l \\
LASER \}F--——-—-—- 9 C bright fringe
I A%
Q@ screen
@o to scale)

s. The laser provides light of a single wavelength.

The light from the two 3 idluces a fringe pattern on the screen. A bright fringe is
produced at C and gxt bright fringe is at B. A dark fringe is produced at P.
() Explain aser and two slits are used, instead of two lasers, to produce a
visible ern on the screen.
* B NS
Do
A
T, oo PP PURTPRROPRI [1]

23




(ii) State the phase difference between the waves that meet at

2i P sy [1
(ilf) 1. State the principle of superposition.

2. Use the principle of superposition to explain the dark fringe at P.

(b} In Fig. 6.1 the distance from the two slits to the screen.i }The distance CP is
2.3mm and the distance between the slits is 0.25mm?
Calculate the wavelength of the light provided by th

Q15.

24
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6

(a) A transverse progressive wave travels along a stretched string from left to right. The

shape of part of the string at a particular instant is shown in Fig. 6.1.
8.0 P
displacement 6.0
fmm
2.01
1 R W W W NS NN NN RN NN N |
O 2040 60 80 .':':1(|J0::: :::‘]Ilzo
—2.0 1 ! /| distance along string/cm
40 — &
6.0 o

Fig. 6.1 0‘
The frequency of the wave is 15Hz.

For this wave, use Fig. 6.1 to determine

(i) the amplitude, c 0
plitude: S eemnnramnrramy mm [1]

(if} the phase difference b e points P and Q on the string,

0 phase difference = ..o [1]

ave.

(iii) the spe

&

®

(b) The period of vibration of the wave is T. The wave moves forward from the position
shown in Fig 6.1 for a time 0.25T. On Fig. 6.1, sketch the new position of the wave. [2]

25




(¢} Another stretched string is used to form a stationary wave. Part of this wave, at a
particular instant, is shown in Fig. 6.2.

Fig. 6.2
The points on the string are at their maximum displacement. e

(i) State the phase difference between the particles labelled X

antinode: ...
3 T T L. . S
2
(iii) State the nhumber of antinodes shov@g. 6.2 for this wave.
hu tiNodes = [1
(iv) The period of vibration ave is = On Fig. 6.2, sketch the stationary wave
0.25 ¢ after the 'nQ inFig. 6.2. [1]
Q16. ‘?
oo
A g

26
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6 (a) Alaseris usedto produce an interference pattern on a screen, as shown in Fig.6.1.

W
| e
o

laser light -
wavelength 630nm - | 0.450mm
| screen
double slit” ! 1.50m
Fig. 6.1 (not to scale)

The laser emits light of wavelength 630 nm. The slit separation is 0.450 m e distance
between the slits and the screen is 1.50m. A maximum is formed at P minimum
is formed at P,.

Interference frlnges are observed only when the light from the rent.

() Explain what is meant by coherence.

........................................................ W 4 ..[2]
(if) Explain how an interference maxi@

................................. @ Wiiennssesnses e anstenssesesssssasamesresn
(iif) Explain how [feréice minimum is formed at P.,.

G N e [1]
'Ys
A
(iv) Calculat ringe separation.
fringe separation = ... m [3]

27



(b) State the effects, if any, on the fringes when the amplitude of the waves incident on the |
double slits is increased. =3

[3]

Q17.

6 (a) Use the principle of superposition to explain the formation of a stati

............................................................ 0[3]
(b) Describe an experiment to determi Qavelength of sound in air using stationary

waves.Include a diagram of the app s in your answer,

28



Fig.6.1.

1.0

I /arbitrary |- ‘
units AN
05 L AT _

is of Fig. 6.1, indicate the positions of all the nodes and antinodes of the
wave. Label the nodes N and the antinodes A. [1]

29




(i) The speed of sound in airis 340ms™'.

Use Fig. 6.1 to determine the frequency of the sound wave.

freqUENCY = ..o Hz [3]

Q18. @
6 (a) Monochromatic light is diffracted by a diffraction grating. Byb%o this, explain
L/

what is meant by

(i) diffraction,

(if) coherence,

(iii) super

30




(b) A parallel beam of red light of wavelength 630nm is incident normally on a diffraction
grating of 450 lines per millimetre.

Calculate the number of diffraction orders produced.

number of orders = ......ooceev v @ [3]

(c) The red light in (b) is replaced with blue light. State and explain
diffraction pattern.

Q19.

5 (a) State three conditions r r maxima to be formed in an interference pattern
produced by two so iChowaves.

31




(b} A microwave source M emits microwaves of frequency 12 GHz. Showthat the wavelength
of the microwaves is 0.025m.

[3]

(c) Two slits S, and S, are placed in front of the microwave source M described in (b), as

shown in Fig 5.1. e

microwave
detector

Fig. 5.1 (not to scale)

nd S,0 are equal. A microwave detector is moved from Oto P. The
m and the distance S,P is 0.90m.

32




The microwave detector gives a maximum reading at O.

State the variation in the readings on the microwave detector as it is moved slowly along
the line from O to P.

(d) The microwave source M is replaced by a source of coherent light.

State two changes that must be made to the slits in Fig. 5.1 i observe an
interference pattern.

Q20.
Fig. 5.1 shows a string stretched betwee@ed points P and Q.

vibrator
Fig. 5.1
*
A ibr. ear end P of the string. End Q is fixed to a wall. The vibrator has a
frequency of d causes a transverse wave to travel along the string at a speed of
40ms',

(a) (i) Calculate the wavelength of the transverse wave on the string.

wavelength = ... m [2]

33




(ii) Explain how this arrangement may produce a stationary wave on the string.

(b) The stationary wave produced on PQ at one instant of time fis shown on Fig. 5.2.
Each point on the string is at its maximum displacement.

Fig. 5.20@:-3)

() ©On Fig. 5.2, label all the node@the letter N and all the antinodes with the ‘

letter A. [2]

(i) Use your answe iQ@alculate the length of string PQ.

(iii) ©On Fig. 5.2, draw the stationary wave at time (f + 5.0ms). Explain your answer.

Q21.
34




5 (a) Explain the principle of superposition.

(b) Sound waves travel from a source S to a point X along two paths SX and SPX, as
shown in Fig. 5.1.

reflecting surface

Fig. 5.1 (\

(i) State the phase difference between these wavessa this to be the position of
1. aminimum,
phase difference = ............... oe .............. U oo [1]
2.  amaximum.
phase difference = ’ .................................... UNit e [1]
(if}) The frequency of @r S is 400 Hz and the speed of sound is 320ms™.
Calculate the the sound waves.

wavelength = ... m [2]

(ifi} The distance SP is 3.0m and the distance PX is 4.0m. The angle SPX is 90°.
Suggest whether a maximum or a minimum is detected at point X. Explain your
answer.

Q22.
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5 The variation with time { of the displacement x of a point in a transverse wave T, is shown in
Fig. 5.1.

H x __‘
N 4 A 4 4 ~
\ " M / N
¥ r1
Fi
y
i p) 3 ) 5 5 r
- /S
A
y
M,

Fig. 5.1

0
(a) By reference to displacement and direction of travel of N:ergy, explain what is
meant by a transverse wave. :

(b) A second transverse wave T,, of amplitud as the same waveform as wave T, but
lags behind T, by a phase angle of 602 e two waves T, and T, pass through the

same point.

@ pn with time f of the displacement x of the point in

(i) On Fig. 5.1, draw the
[2]

wave T2.

(ii) Explainw

(ili) Forthetime t=1.0s, use Fig. 5.1 to determine, in terms of A,
1. the displacement due to wave T, alone,
HISPIEEEMBIITTE v s smene s n s n s s e e
2. the displacement due to wave T, alone,
displacemant:= soseennsmannannaiays s
3. the resultant displacement due to both waves.

displacement = ...

36




Q23.

4 (a) Fig. 4.1 shows the variation with time t of the displacement x of one point in a
progressive wave.

04 <
X/mm
02 \
0 0.1 0.2 0.3 04 0.5
t‘'ms

i 0 é
Fig. 4.1 '\
Fig. 4.2 shows the variation with distance d along th @wve of the displacement x.

04
X/ mm

0.2

Fig. 4.2

(i) Use Figs. 4.1 and 4.2 to determine, for this wave,
1. the amplitude,
-1 o] DT L2 RO mm

2. the wavelength,

wavelengihissssrammemnemannnrns m

37




3. thefrequency,

frequency =

e )
O
~o\é
&£

(ii) On Fig.4.2, draw a secon

ving the same amplitude but halfthe frequency
as that shown.

(1]

590 nm is incident at right angles to a diffraction grating having
metre, as illustrated in Fig. 4.3.

(b) Light of
5.80 %

soreen
grating ~-..
i .~} - first order image
__.-‘ _F‘_‘—___.-—-'-""’_
_.—J-"’_W"_—-J—
- "-_”_F_“_
R - L
--..H__”
o — -
i “hu_H-»_
——4 -1 first order image
e 1.50m -
Fig.4.3

38




A screen is placed parallel to and 1.50 m from the grating. Calculate

(i) the spacing, in pm, of the lines of the grating,

Spacing = .......coceiieeiinnn .

(i) the angle 6 to the original direction of the light at whichwe
image is seen,

39




(i)

Q24.

2

the minimum length L of the screen so that both first order diffracted images may
be viewed at the same time on the screen.

length= ... m
[3]
0\
The spectrum of electromagnetic waves is divided int er of regions such as radio

waves, visible light and gamma radiation.

(a) State three distinct features of waves@ re common to all regions of the

electromagnetic spectrum.
. @

3 TR @ ................................................................................... [3]
(b) A typical wa le light is 495 nm. Calculate the number of wavelengths of
this light in ength 1.00m.

*

"”

®

number = ... [2]

40




(c) State a typical wavelength for

(i} X-rays,
wavelength = ...l m
(ii) infra-red radiation.
wavelength = ...l m
(2]

Q25.

4 A string is stretched hetween two fixed points. It is plucked at its centr @e string
vibrates, forming a stationary wave as illustrated in Fig. 4.1.

! 75¢cm R /

o)
The length of the string is 75 cm. o

(a) State the wavelength of the wa

Q"’Q

wavelength = ... m [1]

&

41
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{b) The frequency of vibration of the string is 360 Hz. Calculate the speed of the wave on
the string.

Q26.

5 Fig.5.1 shows the variation with time f of the lacements x, and xg at a point P of two
sound waves A and B. Exs

Q"’Q’a

&

42



1 ITTIFIT T
..... IR RN S wave A
2 4 A : 4 .\ ' :
Xo 1 107*crm AN T AN
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Fi LY 1 F i 1
1 . . . .‘.-: c : ! :h- .
L [ H X HHH T
- £l N e oot HHHAHH
0k
! 1 piaa: Ay 4 3 5 B\ tfms
—1 % I W X
A | 1 ¥
A - : N n
—2 L] Fi I ! LY .l
-3

Y

L He.
N g R

1 tims

..;.‘.-..:
! ..::.. .;‘..I..

0

waves.

similarity: ...

, Whether the two waves are coherent.

]

43
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(c) The intensity of wave A alone at point Pis I.

- . . . .4
() Show that the intensity of wave B alone at point P is 5I.

(if) Calculate the resultant intensity, in terms of I, of the two waves at point P,

L/

N

resultant intensi c .............................

(d) Determine the resultant displacement for th ves at point P

(i) attimet=3.0ms, o
@Iacement =

resultal
(i) attimet=4.0ms. 0

&

resultant displacement= ...................coco e

Q27.
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4

{a) In orderthat interference between waves from two sources may be observed, the waves
must be coherent.

Explain what is meant by
(1) interference,

(b) Red light of wavelength 644 nm is incident normally on a @‘r

lines per millimetre, as illustrated in Fig.4.1. \ A
diffraction i!rder, wavelength A
grating
N
incident light
- zero order
wavelengths 644 nm RS
and 1
oY T
~< > 1%t order, wavelength 644 nm
" 1%t order, wavelength A
* Fig. 4.1
L 44 : . oo .
*ed li velength 4 is also incident normally on the grating. The first order

of both wavelengths is illustrated in Fig.4.1.

45
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(ij Calculate the number of orders of diffracted light of wavelength 644 nm that are
visible on each side of the zero order. e,

(if) State and explain

1. whether A is greater or smaller than 644 nmd

2. in which order of diffracted Ii@e is the greatest separation of the two
wavelengths.

Q28.
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5

(a) Fig. 5.1 shows the variation with time f of the displacement y of a wave W as it passes a
point P. The wave has intensity I.

H ;Wa‘*’eé

.........

SR
SR

A second wave X of the same frequency as so passes point P.
This wave has intensity L. The phase diffe etween the two waves is 60°.
On Fig. 5.1, sketch the variation with tim e displacement y of wave X. [3]

{b) In adouble-slit interference experi g light of wavelength 540nm, the separation
of the slits is 0.700mm. The fringe iewed on a screen at a distance of 2.75m from
the double slit, as illustrated. i -2 (not to scale).

coherent light
0.700 mm

screen

2.75m

Fig. 5.2
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Calculate the separation of the fringes observed on the screen.

separation = ... mm [3]
(c) State the effect, if any, on the appearance of the fringes observed o en when
the following changes are made, separately, to the double-slit arra n (b).

48




(b) (i) Outline briefly an experiment that may be used to demonstrate diffraction of a
transverse wave.

({if) Suggest how your experiment in (i) may be o demonstrate the diffraction
of a longitudinal wave.

Q30.
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5

(a) State what is meant by a progressive wave.

(b) The variation with distance x along a progressive wave of a quantity y, at a particular
time, is shown in Fig.5.1.

| AN
| N é@e

y

L/

‘\

Fig. 5.1

(i} State what the quantity y could represent.

.................................................................................................................. [1]
(if} Distinguish between the g fﬁ} y for
1. atransverse
............................................................................................ [1]
oo
2. ¢
............................................................................................................................ [1]
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(c) The wave nature of light may be demonstrated using the phenomena of diffraction and
interference.

Outline how diffraction and how interference may be demonstrated using light.
In each case, draw a fully labelled diagram of the apparatus that is used and describe
what is observed.

diffraction

interference

Q31.
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5

oscillator —

A uniform string is held between a fixed point P and a variable-frequency oscillator, as shown

in Fig.5.1.

The distance between point P and the oscillator is L. X/

éqe,

The frequency of the oscillator is adjusted so that the station@e shown in Fig. 5.1 is

formed. o
Points X and Y are two points on the string.

Point X is a distance é—f_ from the end of the stri ched to the oscillator. It vibrates with
frequency fand amplitude A. @

Point Y is a distance %L from the end P @ing.

(a) Forthe vibrations of point Y,

(i) the frequency (int

frEQUENCY = ittt [1]

(ii) thea erms of A).

° amplitude = e [1]

(b) State th

ifference between the vibrations of point X and point Y.

phase difference = ..o [1]
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(c) (i) State,interms of fand L, the speed of the wave on the string.

jC
Eram
T i R [ °®
(i} The wave on the string is a stationary wave.
Explain, by reference to the formation of a stationary wave, what is meant by the
speed stated in {i).
Q32.
5 (a) State what is meant by the diffraction of a wave. For
i d e
..................................................................... iE!. L(S‘e
(b) Plane wavefronts are incide t, as shown in Fig. 5.1.
slit
Complete Fig. 5.1 to show four wavefronts that have emerged from the slit. [2]
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{C] VIonochromatic igRT 15 TNCIident normally on a dimraction gratng having o0 NINes per | -

millimetre, as shown in Fig. 5.2. Examiner's
Use

third order
second order

first order

monochromatic

light b= zero order

/ first order

grating
second order e

third orger

L/
An image (the zero order) is observed for light that has *&f diffraction equal to
zero. ¢
For incident light of wavelength 590 nm, determ'@w mber of orders of diffracted
er.

A
A

Fig. 5.2

light that can be observed on each side of the

Q°Q0

NUMBEr = L. [3]
[d]og .2 are viewed, starting with the zero order and then with increasing
¢¢ gdidern
State ho pearance of the images changes as the order number increases.
.................................................................................................................................... [1]

Q33.
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A student is studying a water wave in which all the wavefronts are parallel to one another.
The variation with time f of the displacement x of a particular particle in the wave is shown
in Fig.5.1.

x/mm H 1

217 T
Hy i
0

S8 20122 24
» fl N s
2t 3
N . | aas

Fig. 5.1 L/

The distance d of the oscillating particles from the source *_‘ s is measured.
At a particular time, the variation of the displaceme is distance d is shown in

Fig. 5.2.

31—

x/mm
2

+1

‘f?:._f. H

A Fig. 5.2

®

(a) Define, for a wave, what is meant by

(i) displacement,
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(ii) wavelength.

.............................................................................................................................. [1]
(b) Use Figs.5.1 and 5.2 to determine, for the water wave,
{i) the period T of vibration,
T S e s [1]
(ii) the wavelength 4, 0
P U NN q ........... cm [1]
(iii) the speed v. O\é
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{c}) (i) Use Figs.5.1 and 5.2 to state and explain whether the wave is losing power as it
moves away from the source.

(if) Determine the ratio

intensity of wave at source

intensity of wave 6.0 cm from source '

Q34.
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3 A loudspeaker produces a sound wave of constant frequency.

Outline how a cathode-ray oscilloscope (c.r.o.) may be used to determine this frequency.

Q35.
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(a) State the principle of superposition.

.................................................................................................................................... [2]
{(b) Coherent light of wavelength 590nm is incident normally on a double slit, as shown in
Fig.6.1.
double
slit screen

AL ) Q
coherent light
14mm

2 .
wavelength 590nm

S~ SR -

B P

Fig. 6.1 (notto s
i:ed parallel to the plane of the double sli.

le slitis 2.6m.

The separation of the slits Aand B is 1.
Interference fringes are observedonas
The distance between the screen an

At point P on the screen, the pa ce is zero for light arriving at P from the slits A
and B.

(if Determine th sQ@bright fringes onthe screen near to point P.

separation = ... mm [3]
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(if} The variation with time of the displacement x of the light wave arriving at point P onthe
screen from slit A and from slit B is shown in Fig. 6.2a and Fig. 6.2b respectively.

x/ 3 ENEE
arbitrary n
units oL

A N / _Um.f!;{}
T N e R N

. ! | 11 ]

e R R T
3 LT M R EEEESEEEESEEEESEERY o 4 SEmEEE

Fig. 6.2a

X/ 2T 0
arbitrary ||
units 1 [

INIHHH 17T |
A
T iwave from slit B T

1. State the i nce between waves forming the dark fringe on the
screen o point P.

phase difference = ... ° 1]
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2. Determine the ratio

intensity of light at a bright fringe
intensity of light at a dark fringe

Q36. ’\
6 (a) State the principle of superposition. 0‘

Fig.6.1.

(b) An arrangement that can be usa@Qine the speed of sound in air is shown in

Fig. 6.1
Sound waves of constant frequency are emitted from the loudspeaker L and are

reflected from a point S on a hard surface.
The loudspeaker is moved away from S until a stationary wave is produced.
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Explain how sound waves from L give rise to a stationary wave between L and S.

(¢} A microphone connected to a cathode ray oscilloscope (c.r.o.) is positioned between L
and S as shown in Fig. 6.1. The trace obtained on the c.r.o. is shown in Fig. 6.2.

Fig. 6.

The time-base setting on the c.r.o.j 0@:

For
Eraminer s
Lisa
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2, Calculate the speed of sound.

speed of sound = ... ms' [3]

Q37. @

5 (a) By reference to vibrations of the points on awave and to its dire gy transfer,
distinguish between transverse waves and longitudinal wav%s'.

(b) Describe what is meant by a po/ari
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(c} The variation with distance x of the displacement y of a transverse wave is shown in

Fig.5.1.
301 TT] \\
2.0 _. __f o ... ......... 1l -
y/lem N
1.0 / .
01 N
O 0.2
-1.0
-2.0
=3.0
Fig. 5.1
(i) Use Fig. 5.1 to determine
1. the amplitude of the wave,
amplitude =
2. the phase difference between th: o@elled A and B.
e difference = ... [2]

(ii) Determine itude of a wave with twice the intensity of that shown in o

Fig.5.1. Examin
Lise
Do !'
* amplitude = omannnrissninisg cm [1]

Q38.
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(a) Describe the diffraction of monochromatic light as it passes through a diffraction grating.

(b) White light is incident on a diffraction grating, as shown in Fig. 4.1.

spectrum (first order)—

white light I
> 1 white (zero order)—| 0
diffraction spectrum (first order)
grating

& Creen

Fig. 4.1 (not to Scalev‘\

The diffraction pattern formed on the screen
coloured spectra in other orders.

(i} Describe how the principle of supe@@xsed to explain
1. white light at the zero order,e

light, called zero order, and
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(if) Light of wavelength 625 nm produces a second-order maximum at an angle of 61.0° For
to the incident direction. Examiner’s
Determine the number of lines per metre of the diffraction grating. bse

number of iNes = .......oo.ovoviieeeecee e m-! [2]

(ifi) Calculate the wavelength of another part of the visible spectrum ives a
maximum for a different order at the same angle as in {ii).

L/

Q39.
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4 Fig.4.1 shows an arrangement for producing stationary waves in a tube that is closed at one

end.

signal ge\nerator

o J]

/

loudspeaker tube

Fig. 4.1

(a) Explain how waves from the loudspeaker produce stationary waves in the tube.

........................................................................................................................... [3]
{(b) One of the stationary waves that may be for e tube is represented in Fig. 4.2.
ing. 4.2
(i) @ air particles in the tube at
B i . ZE [1]
>
.............................................................................................................................. [1]
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(ii) The speed of sound in the tube is 330ms~! and the frequency of the waves from
the loudspeaker is 880Hz. Calculate the length of the tube.

Q40.
5 (a) State one property of electromagnetic waves that is not common ransverse
waves. Ex

Ato Gin Fig.5.1.

(b) The seven regions of the electromagnetic spectrum ari @nted by blocks labelled

visible regio

A B C&E F G

wavelength decreasing

0 Fig. 5.1

A typical wave e visible region D is 500 nm.

Yy

radiations and give a typical wavelength for each of the regions

Do
sz wavelengthy cucss s s M
EinaMe: ....c.occoaaemmssamae o WaVBIBNGHE Lo nnnnnncasna M
F:hame: ... Wavelength: . M
3]

(if) Calculate the frequency corresponding to a wavelength of 500nm.

FRQUBACY'S .vmmmmmmrmmmsaygs: Hz [2]
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(c) All the waves in the spectrum shown in Fig. 5.1 can be polarised. Explain the meaning
of the term polarised.

e 2] |

Q41.

o

5 A long rope is held under tension between two points A and B
vertically and a wave is sent down the rope towards B as sh

is made to vibrate
. 5.1.

—— direction of travel of wave

The time for one oscillation of pai
80 mm during one oscillation.

e rope is 0.20 5. The point A moves a distance of
on the rope has a wavelength of 1.5m.

(a) (i) Explaint icement for the wave on the rope.
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(ii) Calculate, for the wave on the rope,
1. the amplitude,
amplitude = ... mm [1]

2. the speed.

(b) On Fig. 5.1, draw the wave pattern on the rope at a time 0.050s later than that shown.
(2]
(c) State and explain whether the waves on the rope are @

(1) progressive or stationary,

(ii) longitudinal or transverse.

Q42.
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5

@ (i

(i)

Define, for a wave,

1. wavelength 4,

.............................................................................................................................. [1]
2, frequency f.
.............................................................................................................................. [1]
Use your definitions to deduce the relationship between 4, fand th ed v of the
wave. :

(1]
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(b) Plane waves on the surface of water are represented by Fig. 5.1 at one particular instant
of time.

direction of travel of waves

8.0mm

B 18cm g @
Fig. 5.1 (not to scale) q
The waves have frequency 2.5Hz. 0\

Determine, for the waves, ‘
(i) the amplitude, o@

(i) the speed, @
Q”Q

ce between points A and B.

Ry 4
(iii) ’th%’has

phase difference = ... unit ......... [1
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(c) The wave in {b) was produced in a ripple tank. Describe briefly, with the aid of a sketch
diagram, how the wave may be observed.
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