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4 Two progressive sound waves Y and Z meet at a fixed point P. The variation with time { of the
displacement x of each wave at point P is shown in Fig. 4.1.

(e) The intensity of wave Y at point P is I.

B T T Determine, in terms of I, the intensity of wave Z.
4 DR ‘ ave Y T T
el . T _ﬁ.—- - 1
1
= TeamERaas J= 2ane A ,* )
ey | _w: ‘_é -
04 e ~ ( o |
1 0L _¥ - 'f"\s T 1 “— - 7
el 0 20 Jottimsito T.3 T I S5 T = 2x _aS L
2 B - - ~ A\ —c)’— =
4 b L ""HE'H'E_.E ij\o’ > Q:X ° G‘ DS \O
-6 —
Fig. 4.1 intensity = OLSL ........................ :
{a) Use Fig. 4.1 to state one quantity of waves Y and Z that is: (i The speed of wave 7 is 330ms.
0 the same '& f Determine the wavelength of wave Z.
......... “‘? eivod [ Tiex 001\( RN R ... il ||
(if) different. £; /\_ \r; ,(1'/\.

Al \u&i ..................................................................................................... 1) 24" 1), - /_ * hN

(b) State and explain whether waves Y and Z are coherent. 5 ]
X

............................................................................................................................................ [ L _ aﬁo(w\/

() Determine the phase difference between the waves.
A % - _'fég « o - Do
T 3 "

phase difference = ... | lo .................................... ® M)

(d) The two waves superpose at P. Use Fig. 4.1 to determine the resultant displacement at time

o b (—\> 2 um



s\'\\’ eﬂgej\%,&‘ -

LA
]sS'\
oq 30
425

q4 21

'3 I »LCC«:T o &YQ%

oSk

15 [ D:donie beteren ) Socemide

N

) He b

( ):A’,mte 9@ 90.\9\6
Sy N\S) sdee»é

W seo\(s/ﬁw\( SQBX'SB
NS BD. Ao, o)

ey

S °S : cw@huj&‘e ,,\‘;c,&ae,(\ce_
&j K 5?°$‘5 Yorvriodhve ;deletence

28 A double-slit interference experiment is set up as shown.

A |
red
light

source

& double screen
slit

C> () w\-\Y‘e SUiE \ a‘
isina enl\\ocﬂ\ A
Fringes are formed on the screen. The L

Amm. =L

Two changes are then made to the experimental arrangement. The double slit is replaced by
another double slit which half ing. The screen is moved so that its distance from the

double slit is twice as greal.
What is now the distance between successive bright fringes? { QN\V"\

EKP\’ ]‘ EF()\’ 2 M

not to scale
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(a) State three conditions that must be satisfied in order that two waves may interfere.

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

o 1 wémar oo

(b) The apparatus illustrated in Fig.4.1 is used to demonstrate two-source interference
using light.

light,
wavelength A

vy
o

double
slit
screen

Fig. 4.1 (not to scale)

The separation of the two slits in the double slit arrangement is a and the interference
fringes are viewed on a screen at a distance D from the double slit. When light of
wavelength A is incident on the double slit, the separation of the bright fringes on the
screen is x.

(i) 1. Suggest a suitable value for the separation a of the slits in the double slit.

Wite one. ydhoe)....

2. Write down an expression relating 4, a, D and x.

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

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

1.

. clov % X

- P
maximum brightness: \CBS ..... ‘)\I‘G\Ak”%r ....... g’ ...........................

The intensity of the light incident on the double slit is increased, keeping 4, a
and D constant.

sopargtion: WSoh G B NN et ssasasaie
maximum brightness: \AC‘QAQ,\»\;\J&Q&\A\(GA\S\ ) '““(’A

[7]
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(a) Interference fringes may be observed using a light-emitting laser to illuminate a double slit.
The double slit acts as two sources of light.

Explain

{i) the part played by diffraction in the production of the fringes,

..... A S’)LQ‘I\JU_FW%$%%°°JL'H‘€—S\k—)\.J—SPIQOMQ)b

..\Mo l"'s ,,,,,,, mmg}(CMM%l’e\J*L‘Llw‘% ,,,,, SR
«}N\Mﬂsfcﬁsm ______ c(g»"ew‘\“\h/\\’@f%@—fnﬂaw ,,,,,,,,,,,,,,,,,,,, 2]

(ii) the reason why a double slit is used rather than two separate sources of light.

S AN B L cones \Meo\mﬂ%\m\rp\/\»wu&)aﬂs\&

(b) A laser emitting light of a single wavelength is used to illuminate slits S, and S, as shown in

Fig. 6.1.
A
s
laser !
- 0.48 mm =~
light Bains _-screen
24m =9
B

Fig. 6.1 (not to scale)

An interference pattern is observed on the screen AB. The separation of the slits is 0.48mm.
The slits are 2.4m from AB. The distance on the screen across 16 fringes is 36mm, as
illustrated in Fig. 6.2.

i L) = 2 ')«S""'V i

' 3/f(, 16 fringes '

> E

36mm
Fig. 6.2

Calculate the wavelength of the light emitted by the laser.

r = _LD_ = @~)—<xé%=

o~

(c) Two dippers D, and D, are used to produce identical waves on the surtace of water, as
ilustrated in Fig. 6.3.

= P
7.2em

PO 1LY 7Y
D, |.G

water

=25

11.2cm

J
Jca\wc);\'z’
D,

Fig. 6.3 (not to scale)

Point P is 7.2em from D, and 11.2em from D.,. h ‘l : ()l\\.,-»e. &:X’S'o«w‘i@

The wavelength of the waves is 1.6em. The phase difference between the waves produced
at D, and D, is zero.

Y\)/ = w'\b\' ‘(\)(&.\"C

() Dbk

(i) State and explain what is observed at P.

TrewXee X PN BLY G\o alrkion o e

{ . 280 Solilege® GEml

{ii) State and explain the effect on the answer to (c)(i) if the apparatus is changed so that,
separately,

1. the phase difference between the waves at D, and at D, is 1807,

Boe VWK
Y

’X: L‘g flo:l ~ L‘So x\o—a\ '_\-“151 o~
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5 Microwaves with the same wavelength and amplitude are emitied in phase from two sources X

and Y, as shown in Fig. 5.1.

-l
GA
Xy (X4 ,JP,./
i
]

path of detector

'A. *
M&vw}\"b
* !:L ———————————————————— —o}.:df*— position of central maximum
i ° 5)_ -2— position of adjacent minimum
(F3N “.’

Fig. 5.1 (not to scale)

A microwave detector is moved along a path parallel to the line joining X and Y. An interfarance
pattern is detacted. A central intensity maximum is located at point A and there is an adjacent
intensity minimum at point B. The microwaves have a wavelangth of 0.040m.

(a) Calculate the frequency, in GHz, of the microwaves.

v- §h

@Klo5> 3 G) (0.6)19

(;_,_ 7S x‘\oq

TRCEMBNCY = Lo i ST i

(b} Forthe waves arriving at point B, determina:

(i) the path difference

O'g “«o .OL\O

7.5

path difference = &2 C

(ii) the phase difference.

phaze diference = . 7 o

| s

GHz [3]

m [1]

Tl L

(c) The amplitudes of the waves from the sources are changed. This causes a change in the
amplitude of the waves arriving at point A. At this point, the amplitude of the wave arriving from
source X is doubled and the amplitude of the wave armiving from source ¥ is also doubled.

Describe the effect. if any, on the intensity of the n&ntr:al maximum at point A.
i i
'Le,«&u\s\d‘“c“fﬁf/%\’}m ...... ACs &’ﬂ—cf&j'\

- 2]

(d) Describe the effect, if any, on the positions of the central intensity maximum and the adjacent
intansity minimum due to the following separate changes.
(i} The separation of the sources X and Y is increased. \L K= )\—D

b YR s ﬁmq

- 1]

(ii) The phase differance betwean the microwaves emitted by the sources X and Y changes
to 180°.

- M

[Total: 9]
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(a) By reference to two waves, state:

(i} the principle of superposition

N’l‘“\lwﬂm ..... MSWC.“’}"(Q"“%)V oJ'A()os'&—)

Al iidd empthllen

2]
(ii} whatis meant by coherence.
I‘\lem\’\ﬂ‘lﬁa\.oof)\l\‘%@ ..... &\.QCC(QACQ
—-[1]

o —> caneyrudkiie
(b} Two coherent waves P and O meet at a point in phase and superpose. Wave P has an
amplitude of 1.5cm and intensity I. The resultant intensity at the point where the waves meet

is 3L vcau\*a\)' w-'Q\")"&C SLSar aq

Calculate the amplitude of wave Q.

-l- \ - 12.
c\.L q)v’
1
j‘ - 33‘: = \_S +’Q = H'q
? S lg +°°~ QQ = 5‘-‘”’\'
amplitude = %O cm [2]

(c) The apparatus shown in Fig. 5.1 is used to produce an interference patterm on a screen.

- |
laser light

wavelength 680 nm ' I Ia
- ===l

|

double-=lit SCrean

Fig. 5.1 (not to scale)

Light of wavelength 680nm is incident on a double-slit. The slit separation is a The

saparation betwean adjacent fringes is x. Fringas are viewad on a scraen at distance [ from
the double-siit.

Distance D is varied from 2.0m to 3.5m. The varation with [ of x is shown in Fig. 5.2.

10.0
H 1 L"W‘( lw:_
80 (s )
ximm 9 e W = _&_ 1({) + o

G B R

ATEFR 1=\ w + O

20 -

0 ‘J/\L: ﬂ_ A D
2.0 2.5 3.0 3.5 o
Dim

bma¥h

Fig. 5.2
(I) Use Fig. 5.2 to determine the slit separation a.
me A
e
(7*L\> Nt @%O* :t)
> ol

.S )

al 3Malo

(i) The laser is now replaced by another laser that emits light of a shorter wavelength. )(:l/

m [3]

Cn Fig. 5.2, sketch a possible line to show the variation with D of x for the fringes that
are now produced. [2]

[Total: 10]



A 15 MHz signal is sent coherently from a pair of two antennas to a nearby train track , 20 km
away such that they interfere over the region and meet at the railway track. The antennas are
4 km apart.

A maglev (magnetic levitation) train crosses the track and is equipped with an antenna which
is connected to a CRO that receives frequency.

This train crosses the interference pattern at a constant speed "v'". The CRO receives a
frequency of 0.05 Hz. Calculate the speed '"v'' with which the train passes through.
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6

(a) Describe the conditions required for two waves to be able to form a stationary wave.

ON, wWorz w\us)' \f«we& W o _&i‘ec\\a‘\ 3 w\";\e- Ao °(<\"”’J \('("'"'J\S

“\MDQQOS‘\%&“I((&\U‘\T N\Oé"oe_, MW‘\}U"CQ
MQ&M'\*\\\\'A"U\‘\M\&)C@P‘\U\C'\AS)(LQNN"%PM

\Xﬂaoﬁk“@(}‘-o&\u\x%w\\\%fcsam&ﬁo‘was\f}o‘w‘d f:uﬁﬂe’

(b) A stationary wave on a string has nodes and antinodes. The distance between a node and an
adjacent antinode is 6.0cm.

(i) State what is meant by a node. <

(ii) Calculate the wavelength of the two waves forming the stationary wave.

A
N—?A: 5_‘>\'
bevn = I)()'
)u;ZL\Cw\’ ll’\

wavelength= ... & e T [1]

(iii) State the phase difference between the particles at two adjacent antinodes of the
stationary wave.

phase difference = .......

[Total: 5]
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(a) State the difference between progressive waves and stationary waves in terms of the transfer
of energy along the wave.

P«osvm\“ewv-“ebl’(ﬂ“ssfdwai) V'L‘\Cé’ﬂkw ..... N>

........................................................................................................................................... 1]
(b) A progressive wave travels from left to right along a stretched string. Fig. 4.1 shows part of
the siring at one instant.
o°\>
direction of
wave travel
—
L s 0055
H (@) ,01 - °-§
¥ /

Fig. 4.1

P, @ and R are three different points on the string. The distance between P and R is 0.48m.
The wave has a period of 0.020s.

(i) Use Fig. 4.1 to determine the wavelength of the wave.

G-ﬁ_')_\»_ ;o')-'% => )g-_-_ 032
L{

wavelength = o 31‘ m [1]

(ii) Calculate the speed of the wave.

£x
()6

speed = ] é ms~ [2]

(iii) Determine the phase difference between points Q and R.

)"go‘p s q(;

<o o 1259030, 3L . LsS
)’ 0.3%2

(iv) Fig. 4.1 shows the position of the string at time t = 0. Describe how the displacement of
point  on the siring varies with time from t =0 to t = 0.010s.

uJ‘\\ oo enial MU \M&\\’ A} ‘\_°c§5-

{c) A stationary wave is formed on a different string that is stretched between two fixed points

X and Y. Fig. 4.2 shows the position of the sting when each peint is at its maximum
displacement.

w A

Fig. 4.2

(i) Explain what is meant by a node of a stationary wave.

(ii) State the number of antinodes of the wave shown in Fig. 4.2.

2

I L e L - 1]

(iii) State the phase difference between points W and Z on the string.

phase difference = ... T “ 1]

(iv) A new stationary wave is now formed on the string. The new wave has a frequency
that is half of the frequency of the wave shown in Fig. 4.2. The speed of the wave is
unchanged.

On Fig. 4.3, draw a position of the siring, for this new wave, when each point is at its
maximum displacement. "\
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Avertical tube of length 0.60m is open at both ends, as shown in Fig. 5.1.
A === '\-_o.eﬁ

0.60m

0.20 ]b-\s o.}o

incident

I direction of
sound wave

Fig. 5.1

An incident sinusoidal sound wave of a single frequency travels up the tube. A stationary wave
is then formed in the air column in the tube with antinodes A at both ends and a node N at the
midpoint.

{(a) Explain how the stationary wave is formed from the incident sound wave.

et )‘MAE 9 ww& The e vefleYs ,,& R enters,

%ﬁma,‘wmw w& W&wh] ...........

S\feﬂroé M\Q C;w\

@'V\M ~f Wole . i o]

(b) On Fig. 5.2, skeich a graph to show the variation of the amplitude of the stationary wawve with
height h above the bottom of the tube.

amplitude

0 0.20 0.40 0.60
him

(e} For the stationary wave, state:

(i} the direction of the oscillations of an air particle at a height of 0.15m above the bottom of
the tube

oped)

(li) the phase difference between the oscillations of a particle at a height of 0.10m and a
particle at a height of 0.20m abowe tha bottom of the tube.

phase difference = S O[]

{d) The speed of the sound wave is 340ms~".

Calculate the frequency of the sound wave.

= c)\, _L'A.:O»CQ
2
yb: £C\'Z> A; \,2v-
p.293.33Hz

frequency = ...... 2 % o Hz [2]

(&) The frequency of the sound wave is gradually increasad.

Determine the frequency of the wave when a stationary wave is next formed.

}\/ :o~Q° v= S;’)-

o b 5 L gel
frequency = ...... §7° ..... Hz [1]

[Total: 9]
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6 A long tube, fitted with a tap, is filled with water. A tuning fork is sounded above the top of the (b) The frequency of the fork is 512 Hz and the difference in the height of the water level for

tube as the water is allowed to run out of the tube, as shown in Fig. 6.1. the two positions where a loud sound is heard is 32.4 cm.
: Calculate the speed of sound in the tube.

tuning fork \\

512Hz i : : . )

. p.';""h'[ “ Ie ) '52')'\ X\O - )’ X ‘J”, Q)v
| : o)
\octer L NgS (3(75 (Q*\% X \o
3 >\, - éll\ % A o
N ! ¢ a6
J32.4cm

i s ol Raa e l"‘.,/ speed = bbl ms~! [3]

() The length of the column of air in the tube in Fig. 6.1 is 15.7 cm.

Suggest where the antinode of the stationary wave produced in the tube in Fig. 6.1 is

Fig. 6.1 Fig. 6.2

A loud sound is first heard when the water level is as shown in Fig. 6.1, and then again when
the water level is as shown in Fig. 6.2.

Fig. 6.1 illustrates the stationary wave produced in the tube.

(a) On Fig.6.2,

(i) sketch the form of the stationary wave set up in the tube, 1]
(ii) mark, with the letter N, the positions of any nodes of the stationary wave. 1]



A hollow tube is used to investigate stationary waves. The tube is closed at one end and opan at
the other end. A loudspeaker connected to a signal generator is placed near the open end of the
tube, as shown in Fig. 6.1.

loudspeakear

signal /

generator \ N N

\\' hollow tube

Fig. 6.1

The tube has length L. The fraquency of the signal generator is adjusted so that the loudspeakar
produces a progressive wawe of frequency 440Hz. A stationary wave is formed in the tuba. A
representation of this stationary wave is shown in Fig. 6.1.

Two points P and O on the stationary wave are labellad.

(@) (1) Describe, in terms of energy transfer, the difference between a progressive wave and a
stationary wave.

Qonfwgev](\w@i’w\&(‘u@ﬂe(v kjwl’“‘f—éfj\d\w‘ (‘]

(i} Explain how the stationary wave is formed in the tube.

mwwesr{we)\s&wyuofc(lmgi\e)(s(cmtgﬁgmg
’w\x\”(wé)smm{(ﬁﬁec&\fec)r\f‘\(\’m- W\c\ooe»«}f

Mgfc}‘er}qgwaﬂ&'\"%gvg’e/«posé-mgd@y@“

e

(iii) State the direction of the oscillations of an air particke at point P,
(b) On Fig. 6.1 label, with the letter N, the nodes of the stationary wave. [1]
{c) State the phase difference between points P and O on the stationary wa:&

phase difference = ............ccoceeeee e Ciienriicmisnssscsnnes [1]

(d) The speed of sound in the tube is 330ms.

Calculate

(i) the wavelength of the sound wave,

V=

Pk

330~ b A
L. oS

(if) thelength L of the tu

ba.

wavelength = ..............

length = ........

it [

E— ] =



(a) State the principle of superposition.

(b) A transmitter produces microwaves that travel in air towards a metal plate, as shown in
Fig. 4.1.

microwave metal
transmitter microwave plate
receiver \
X
Fig. 4.1

The microwaves have a wavelength of 0.040m. A stationary wave is formed between the
transmitter and the plate.

(i) Explain the function of the metal plate.

........ hbeooatle oM blonlans o e s o

d

(ii) Calculate the frequency, in GHz, of the microwaves.

v bl
30 £<o;105
—C; 7S X(g — 7,5 CXHS

(iii) A microwave receiver is initially placed at position X where it detects an intensity
minimum. The receiver is then slowly moved away from X directly towards the plate.

1.

Determine the shortest distance from X of the receiver when it detects another
intensity minimum.

distance = ............ (o) Olo ______________________________ M

l\n\:‘ ‘\ng

Determine the number of intensity maxima that are detected by the receiver as it
moves from X to a position that is 9.1 cm away from X.

number = S
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(b) Lngn; of wavelength 590nm is incident normeally on a difracton grating having 750 ines. (ii) Determine the maximum value of n for the light incident normally on the grating.

The diffraction grating formula may be expressed in the form

dsind = ni &3’,1\% - 1\'/\.

(i) Calculate the value of d, in metres, for this grating.

\ \.3 &é\“c\o = N\ean )\

1So - * o

L ! \ Naay = _&_ = _\/—- o éc\o ‘A\c;
A (Soood

we [So _ (S0 oo \rer ee{ u\e)’e,(
Ao - 296
)—'7'(601'& Bo@(\ & 2
7506 oo - \“\

\ ' & Q:\'\\ ﬁ:& d&ws: 2()) *\ - S



(b) Abeam of light of a single wavelength is incident normally on a diffraction grating, as illustrated

in Fig. 5.2.
diffraction
grating \_

.l 1Eg .t Zerg order
light beam 16

sgecond order

second order

Fig. 5.2 (not to scale)

Fig. 5.2 does not show all of the emerging beams from the grating. The angle between the
second-order emE[%ing beam and the central zero-order beam is 16°. The grating has a line

spacing of 3.4 x 107" m.

(i} Calculate the wavelength of the light.

&5\"9 = N )\.
@hﬂ;‘) PRYTADY WSS 31

el = R Gl

-1
o

(if} Determine the highest order of emerging beam from the gratinB

@-Hx\b’LB .s’\u\c\o = N wer CJ’\,F7X 0'7

215 A 7,23

r\m,\ e — —
- Jﬂ,7«* \01

-

highastorder = ..., - [2]
[Total: 9]



4

(a) For a progressive water wave, state what is meant by:

(i) displacement

A\S\’w\tcm&%\? aew\“‘&e—t“‘\’\‘\(s“\eo"“@s‘kd\
o %ec&c\WQVJ'\MGm%-%Sm

(ii) amplitude.

Mowhmont gs(x)\ucw\\’ Mov‘c% ‘93 \ow\\dé _Q—M"‘ ‘X‘S
LMN\eoAN Q%.X\e\m (_H'c A& . WU, WS W

(b) Two coherent waves X and Y meet at a point and superpose. The phase difference between
the waves at the point is 180°. Wave X has an amplitude of 1.2em and intensity I. Wave Y

has an amplitude of 3.6cm. L>j A \:&e,/?exmﬁe

Calculate, in terms of I, the resultant intensity at the meeting point.

T .1, I, - 1@,4;-\-131
2 2

L (3G T CORRSE y A SN EC PR RVRPTTRTRE S-S -

(c) (i) Monochromatic light is incident on a diffraction grating. Describe the diffraction of the
light waves as they pass through the grating.
: <€w9>

As P \\'\V\X’ o> Wooﬂt\/\ e 5\\\’ K
‘l\\'b \"5 °\Cod\€)-(‘(— _ 5\'\:»

.[2]

(ii) A parallel beam of light consists of two wavelengths 540nm and 630nm. The light is

(iii)

incident normally on a diffraction grating. Third-order diffraction maxima are produced for
each of the two wavelengths. No higher orders are produced for either wavelength.

Determine the smallest possible line spacing d of the diffraction grating.

Ds’x‘\@ = (\x & S(_Sl( \(\o\)

Jondo - 3N
DN

RO

\c.,z%lo X

. 3iczcxo>} L \e

d= \ﬂ’(l‘;c

The beam of light in (c){ii) is replaced by a beam of blue light incident on the same

diffraction grating. —
) =Y eo/MS0 A
State and explain whether a third-order diffraction maximum is produced for this blue

Y%O\H\«fgof AN Wb

.. m[3]

2]

[Total: 11]
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(a) For a progressive wave, state what is meant by wavelength. ‘\)'
S

T\'$H~t)6\w<€\°dﬂew2$°%@»\“(’o

""Q\"“’*— [1]

(b) A light wave from a lasar has a wavelength of 460nm in a vacuum.

Calculate the period of the wavea.

ah

T: _l - )TQw\D—1
v 3xlo

1S

1S3 x\o

-\S
period = \S"\O s [3]

() The light from the laser is incident mormally on a diffraction grating.

Describe the diffraction of the light wavas at the grating.

LA Hre VY pomer Yhroodn Ba i sprends
"\\—b \’5 °\Cod\€}(\c— 5\"0\» ol e R i e R

- [2]

(d) A diffraction grating is used with different wavelengths of visible Irght The angle & of the
fourth-order maximum from the zero-order (central) maximum is measured for each
wavelength. The vanation with wavelength A of sin #is shown in Fig. 4.1.

'

sin &

0 400 Too
Alnm

() The gradient of the graph is G.

Determine an expression, in terms of G, for the distance d between the centres of two
adjacent slits in the diffraction grating.

5'.(\,6 = L ’)\_
| !

() On Fig. 4.1, skeich a graph to show the results that would be obtained for the
second-order maxima.

Dend = A Cr -
)

[Total: 10]
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