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3 2022 PHYSICS EXAM (NHT)

SECTION A — Multiple-choice questions

Instructions for Section A

Answer all questions in pencil on the answer sheet provided for multiple-choice questions.
Choose the response that is correct or that best answers the question.

A correct answer scores 1; an incorrect answer scores 0.

Marks will not be deducted for incorrect answers.

No marks will be given if more than one answer is completed for any question.

Unless otherwise indicated, the diagrams in this book are mot drawn to scale.

Take the value of g to be 9.8 m s72.

Question 1 E'- W
Two parallel plates that are 10 mm apart have a potential difference of 5.0 kV between them. - d
Which one of the following best gives the strength of the electric field between the plates?

A. 50x10'Vm! 5000

= 2O,
B. 5.0x101Vm ’0’0,67
C. 50x102Vm

D. 50x105Vm™ ' = 5’00, 000
Question 2

A loudspeaker consists of a current carrying coil within a radial magnetic field, as shown in the diagram
below. The direction of the current in the coil is also shown.

current carrying coil

it Hod B

Which one of the following best describes the direction of the force on the coil?

(A. out of the pa;

B. downthépage
C. into the page
D. up the page

SECTION A - continued
TURN OVER
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Question 3 3 4 r

The gravitational field strength at the surface of a uniform spherical planet of radius R is g N kg™*.
At a distance of i]j above the planet’s surface, the strength of gravity will be closest to

A. 0

==}

a\
O [0g | w0

p. £
16

Question 4
The Mars Odyssey spacecraft was launched from Earth to explore Mars. The graph below shows the <L
gravitational force acting on the 700 kg Mars Odyssey spacecraft plotted against its height above Earth’s Ll
surface. o
N <
7000 "2
a5
6000 \ -
5000 \ =
gravitational 4000 O\ o

f ;
orce (N) 3000 \ i
2000 &=
1000 > oy ;
. R " » \\ h
k 4 ©
3 6 9 12 15 18 21 24
surface . : 6 P
of Earth height above Earth’s surface (10° m) .

o
(@]

Which one of the following is closest to the minimum launch energy needed for the Mars Odyssey spacecraft
to ‘escape’ Earth’s gravitational attraction?

A. 40x104] E@A%“ﬂm ;/aMxﬂﬁ?{
B. 1.5x105 _ ZXW'?

C. 40x1017
12 3gpnered
iﬁ*‘“’: )

D. 15x101J
Zh5Y 9 "= 3.4mo

SECTION A — continued
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Question 5 ) V, IL W,
The ratio of the number of turns in an ideal step-up transformer is 350:1. An alternating RMS currentof ~— = — > i
30.0 mA is supplied to the primary coil. Vo I, v
The RMS current in the output will be closest to ) /
A. O0mA T 300

= S S 0
B.  0.086 v
C. 30.0mA - 9.08517] mff

D. 1.1x10*mA

Question 6 | MM% MMZW/M/ W

Two concentric loops of conducting wire are placed on a flat horizontal surface. The outer loop contains an
open switch and a battery cell. The inner loop consists of a single closed loop of wire. The diagram below
shows the arrangement of the two loops, as viewed from above.

L

IN THIS AREA

WRITE

“Which one of the following best describes the induced current in the inner loop once the switch is closed in
the outer loop, as viewed from above?
A. asteady clockwise current \> ‘9/70% . //&‘7 € -

B. astead iclockwise current
C. amomentary clockwise current

D. amomentary anticlockwise current

DO NOT

Question 7 % /4-7 ’?/4 -
A car travelling at 60 km h~! brakes to a complete stop over a distance of 18 m under a constant braking

force. /- [ W/;
Which one of the followin%dosest to the braking distance required for the same car to come to a complete
hen travelling at 40km h™! and braking with the saw V=0 &= /6.7 5> (%
A. 8m i
— 9m V?‘J;;;%ZXQNS&
- i
C. 12m a=-7-75-
D. 15m Vo w=z|llll a-= .,7,,79/
2 T T
0= -1l +2LX=)75 *
az 796b m

SECTION A — continued
TURN OVER



2022 PHYSICS EXAM (NHT) 6

Use the following information to answer Questions 8 and 9

Maya is given a light spring with an unstret of 20 cm. The force versus ext=nsion graph for the
spring is shown below. Maya hangs the spring vertically and attaches a mass to it so that the new length of
the spring is 30 cm. g R T i X e T
S
F(N)

SOﬁ
E

e
60 7
/
7
40 <
e “ ﬁ
P

20 — <L
// 7))
0 » Ax (cm) =c
0 10 20 30 40 5 — =
P

Question 8 g = k X 0¢5

The spring constant, &, of Maya’s spring is closest to

A. 1.6 Nm! [9\ = /éﬁ

B. 40 N m!
. 160 N m!
D. 4000 Nm!

Question 9
Assuming that the spring has no mass, the value of the mass Maya attdched to it is closest to

$ = 38 - LW
— 10 cm

= 0w

B. 49kg

C. 66ke I.’ = by .
D. 8.2kg ; /éo x UA]
b . V.

DO NOT WRITE

—
-—

w o W&
Wb E ZX?’CX

m= 6372

SECTION A — continued
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Question 10 M@ ﬂji Mmﬁw

Ning travels at 0.67c from Earth to the star Proxima Centauri, which is a dlstanc of 4.25 light-years away, as
measured by an observer on Earth.

Which one of the following statements is correct?
A./ In Ning’s frame of reference, the distance to Proxima Centauri is less than 4.25 light-years.
In Ning’s frame of reference, the distance to Proxima Centauri is more than 4.25 light-years.
C. According to Ning’s clock, the trip takes longer than the time measured by Earth-based clocks.
D. InNing’s frame of reference, the distance to Proxima Centauri is exactly equal to 4.25 light-years.

Question 11

The star Betelgeuse is classified as a red supergiant. At the core of this star, three stationary helium nuclei
fuse to form one carbon nucleus and two gamma-ray photons, as represented by the equation below.

, ~F
= FIx b-645x(v ¢

< “He + 4He + *He — 12C+y+7 llwry, 3 He B
L The mass of one helium nucleus is 6.645 x 10727 kg. s / ‘i 97 5 Xro
oc The mass of one carbon nucleus is 1.993 x 1026 kg, ) e YA
< The energy released from the fusion of three helium nuclei is closest to /&55 ﬂ@@z&@ = /77 )7 ‘RN 24
7 A. 50x1030] . —]4993 X0
—_ B. 1.5x102J b 2 — 39

7 = Ve =3 =
= C. 45x 101 E s . sYo
D 12%I07] E= 5X19 % (zxr0%)
Z : - . -3
= Question 12 - 5% (o

The diagram below represents a standing wave on a string fixed at both ends, with a node at the centre. The

:'_l_" wave has a frequency of 5.0 Hz and the distance between the two fixed ends is 2.0 m.
x g < bl
—
o
Z
Which one of the following would be closest to the speed of a transverse wave travelling on the string?
o A. 040ms! e L F
) B. 25ms’! ~2¢8%
C.__50ms!
e
Question 13

The refractive index of a diamond is 2.42 and the refractive index of water is 1.33
Which one of the following is closest to the critical angle for a diamond fully submerged in water?

o - - ’7*1,
Ha 20 $n e = 7,
B. - 3

@ Cnd, = *‘{Tf{
O - 33-339 .

SECTION A - continued'
TURN OVER



2022 PHYSICS EXAM (NHT)

Question 14

An unpolarised light ray is directed towards two polarising filters, X and Y, which are placed so that their
planes of polarisation are at right angles to one another, as shown in the diagram below.

Which of the following correctly describes the direction of the electric field vibrations of the light emerging

from

G ®op

A)

unpolarised light ray

Filter X

Filter Y

-
~
~~o
~~o
~~o
~

~
~
~~

the two filters?
Electric field vibrations of Electric field vibrations of
light emerging from Filter X light emerging from Filter Y
vibrate in Mecﬁon vibrate in one direction
vibrate in M direction no vibration
vibrate in one direction vibrate ip-Gne direction

vibrate in one direction

no vibration

Question 15
The Doppler effect can be observed

A.

D.

only in sound waves.
in all mechanical waves.
only in electromagnetic waves.

in water waves and sound waves but not in electromagnetic waves.

Question 16
When light of a specific frequency strikes a metal surface, photoelectrons are emitted.

If the ligg’g_mlensim_is_igcleased but the frequency of the light remains the same, which of the following

would be correct?

o

¢ 0 ¥

Number of photoelectrons emitted

Maximum kinetic energy of

photoelectrons
increases remains the same
ren‘ya'ns{e séme increases
increases debr@ses

remajns the same

remains the same

SECTION A — continued
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Question 17

Some of the energy levels of the hydrogen atom are shown in the diagram below. A hydrogen atom has been
excited to the 12.8 eV energy level. It returns to the ground state via the three transitions shown.

12.8 eV R A - ’ w2 =
i T l 12-%-12 , 1z /o.z//oz ",
" -2
102 eV 0-7 / g i
OeV

Which of the following indicates the energies of the emitted photons?
A. 07eV, 26eV, 102¢eV

B. 0.7eV, 19eV, 102¢eV |
C. 19¢V, bev, ZeV

D. 102eV, 12.1eV, 12.8¢V

Question 18
Which one of the following best describes how laser light is produced?

IN THIS AREA

A. by focusing solar radiation
B. by stimulating the emission of radiati‘og
C. byac ifig positively charged particles

D. Dby heating a tungsten filament in an evacuated glass tube

Question 19
Diffraction is a property of waves. Electrons display wave-like properties when producing diffraction

patterns. , /g Zg / Z/
This is because electrons ﬁé / Z\ 7 _ vowe /'&ﬂy “
A. always carry an electric charge. ; mé /

B. can move around nuclei in fixed orbits. Wl /gfr‘z;&{ /Z é'

C. have a wavelength related to their momentum. D

D. can jump between energy levels within an atom.

DO NOT WRITE

Question 20

The position and the momentum of an object cannot be measured precisely at exactly the same time, no
matter how carefully the measurements are made. '

This is explained by

A. Newton’s laws of motion.

B. Young’s double-slit experiment.

C. deBroglie’s matter-wave equation.
D. Heisenberg’s uncertainty principlé.

END OF SECTION A
TURN OVER
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SECTION B

Instructions for Section B

Answer all questions in the spaces provided.

Where an answer box is provided, write your final answer in the box.

If an answer box has a unit printed in it, give your answer in that unit.

In questions where more than one mark is available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Take the value of g to be 9.8 m s2.

Question 1 (4 marks)
A particle with mass m and charge q is accelerated from rest by a potential difference, V. The only

force acting on the particle is due to the electric field associated with this potential difference. <
L
O 2qV 5L ; o
a. Show that the speed of the particle is given by v =,[—— and state the principle of physics
used in yoyr answer. g 2 marks <
~ i = i .
_ k:t—_i My %&/EMMa -9V n
/ g - oJ Vv —
amr = GV =
a2, 7 ‘/ =
A, Z
4’7m i
o 1 204
o ——
(24|
b. Calculate the speed of an electron accelerated from rest by a potential difference of 200 V. 2 marks

219

WRITE

_J e
V- 200 7’:/~£ X ) 7 Mz 94x)9

V= | 2xlbp0%vz00
f*/ )('/0“3;
= 33446279 67
5T X/OZ/W/L

DO NOT

e

‘gvi'f)\'/oé ms!
(‘6‘44"2[ /s

SECTION B — continued
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Question 2 (7 marks)
s % Z o ,GM g
The speed of a satellite in a circular orbit around a planet is given by v=,/|——, where G is the
r

universal gravitational constant, M is the mass of the planet and  is the orbital radius of the
satellite.

Titan is the largest moon of Saturn and has an orbital radius of 1.2 x 10° m. The mass of Saturn is
5.7 x 10% kg. Assume that Titan’s orbit is circular.

a. Calculate Titan’s orbital speed. — 2 marks

: A 6
= | 667Xx10" X5 a0

i«Zx70)

- 5;62“5/472.

b’.é’){,oj m s

Another moon of Saturn is Rhea. Rhea is in a circular orbit of radius 5.3 x 108 m

b. Does Rhea travel faster than, at the same speed as or slower than Titan? Explain your answer. 2 marks

Feolor | |
JZKQ— a4 K Simférﬁ Vﬁ;ﬁw‘

IN THIS AREA

c. Titan’s period around Saturn is 16 days.

Calculate Rhea’s period aroun(; Saturn. Show your working. 3 marks
‘ T
kaéé b Lo =5 = lomsl
.7 G T 8.
Te /¢
PR e ; - " ;
rﬁm %wé ( 53x10°) /i—ZXIof)
/waﬁ ) T 2 Z Z ﬂ 6’ g 5

Lul
-
o
=
-
o
Z
()
o

-—

= 46943

Oty _ 4Wm
Z{‘w? days Nﬁ&t Cd-wa M —;—_g}./ TL
é éz} = - ,' (Z’ﬁ/‘ﬂ 3'D(LW

TON B — continued’
TURN OVER
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Question 3 (4 marks)

A positron and an electron are fired one at a time into a strong uniform magnetic field in an evacuated
chamber. They are fired at the same speed but from opposite sides of the chamber.

Their initial velocities are initially perpendicular to the magnetic field and opposite in direction to each other,
as shown in Figure 1.

Ap051tron has the same mass as-an ¢lectron (9.1 x 1073! kg) and has the same magnitude of electric charge

as ari electron (—1.6 x 1071 C) but is positively charged (+1.6 x 1071 C).
N — e

On Figure 1, sketch and label the respective paths that the positron and the electron will take while in the
uniform magnetic field.

positron —» <+— electron

IN THIS AREA

WRITE

Nods

Figure 1

DO NOT

éz:/m s KM&Z 7@0/
- V‘a{l&&% M[ - Al /mcﬁ /%

the came

SECTION B - continued
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Question 4 (6 marks)

Figure 2 shows a schematic diagram of a simple DC generator with the output voltage connected to
a cathode-ray oscilloscope (CRO). Saas

The DC generator consists of a rectangular wire coil of 200 turns placed in a uniform magnetic
field of strength 5.0 mT. The coil is rotated with a frequency of 60 Hz in the direction shown in
Figure 2. The average EMF generated in the coil for the first quarter turn is 35 mV, The coil is

initially in the position shown in Figure 2.
\ CRO

o
[XJ

N S
<C
L
oc
<L
Figure 2 2
a. When viewed from above, will the induced current in the coil be clockwise or anticlockwise i
during the first guarter turn? 1 mark
P
Clethuwese e
o
b. Calculate the area of one loop of the rectangular wire coil. Show your working. 3 marks E
-3 ¥ 1
25 x,0 :@x5‘0)(/0 L A =
1
<L i
- o (@)
A= &5 10 =
00X Ligg X5 -0 X/p 7 o
[ 2 )

— (4543 X10
5 X0 m 6o vy epe- N ST

-
1= Lo %O ﬁ:BIQ-

SECTION B — Question 4 — continued
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The graph below shows the EMF induced in the coil over two full turns.

On the same axes, sketch the output EMF that would result if the number of turns in the coil is

changed to 100 tyrns and the frequency of rotation is changed to 30 Hz. 2 marks
m—
EMF (V)
+

, 2z

1)

00 X —
Yo

- @0-00%7 49
- 4475 m V.

5-0) /53><‘ 5-FX10_

/
/
» £(s)
EAW
Fxz
2 1 {
¥ vxa

SECTION B — continued
TURN OVER
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Question 5 (2 marks)

A bar magnet is moved towards a single closed loop of conducting wire with the bar magnet’s south pole
closest to the loop, as shown in Figure 3. The loop is stationary.

o

Figure 3

The area and the shape of the loop remain constant and the magnet is not changed.

Z%ﬁ ﬁz %@Z/chmzzﬂwé//
?W’ J

Explain, in terms of magnetic flux, how & current is induced in the loop. <

( Yemalhe of- ( mﬂ/ Lrcpeasts x

/é Wb\t}& (el AIL// MA 6’(/ :

ﬂ M maq neloc Kebelol wrtoil s pehonto T
p

rd

SRR, W % G#
Zf% ﬂ@/z:; ;zﬁfﬂﬁﬁ&é o/ﬁs%éz’g?% Loop .
/W/%%K &wﬁf ZZ /mf /W e
o /J/M//)c % ﬁ/@/’f

%;&mq 'ﬁ/&, Clcwye M M 'Wéf wj -’

[,Aw ZZE'ZZI& ﬂ%f’t”ﬁ ;? q%

uolr: Fo %‘W - i”;ﬂWWﬁ/«lm tlonge
1@ %:»/\/‘-gf

WRITE

DO NOT

SECTION B - continued
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Question 6 (4 marks)

A laptop computer requires a transformer to reduce the voltage to its rechargeable battery while

the battery is charging. The power point supplies an RMS voltage of 240 V and delivers an RMS
current of 0.35 A. The transformer cgnverts the voltage to an RMS voltage of 8.0.V. Assume that
the transformer is ideal.

a.

b.

N
Calculate the ratio of the number of turns —2. Show your working.

- 2 marks
ﬂ s ﬂﬁ o V'/,ﬂ
M ~ Vs
- w0
= 30
30. |
/. 8 = «
& W ks T %% a rads:
Calculate the RMS current delivered by the power point while the battery is charging. 2 marks

Mo T

ps  .Tp.

30 = Is

6-35

Iz o (105 A

05 A

SECTION B - continued’

TURN OVER
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Question 7 (7 marks)

A spherical mass 0of 2.0 kg is attached to a piece of string with a lef_ngt.h—ei-ZQ_gu. The spherical
mass is pulled back until it makes an angle of 60° with the vertical, as shown in Figure 4. The

spherical mass is then released. Ignore the mass of the string.

Figure 4

a. Show that the maximum speed of the spherical mass is 4.4 m s71.

CPE 2 KE.

200540 = |

C, —/th /«/M

2 marks

_
1x9 X b = ijﬂ v
2 x9.9x1 =y~

rt =09:6

4+4171 = 4.4

W?/ g .

b. At what part of its path is the spherical mass at its maximum speed? Explain your reasoning. 2 marks

TW //'ﬂ/%[ /M—//Lé

MW /féffm/ /z,fzxy @1 M//‘ef’z’/

b i

AW ér‘zwzf jﬁm’/

/w'éaé% //4

W% zé /éﬁﬂzl CMM’[ k mgéf’ cz/l[ / /MJA%/Z/

SECTION B — Question 7 — continued
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. Calculate the maximum tension in the string. , 3 marks
T = Wéght + CMW

o M
= e
= 2mad vf
- 3494
39

A

39 ~

WitsD 3594 £ 2 Gubad
%W 3

IN THIS AREA

DO NOT WRITE

SECTION B — continued
TURN OVER
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Question 8 (6 marks)
A satellite is moving in a stable circular orbit 25 Earth radii from the centre of Earth, as shown in
Figure 5. The period of the satellite is 7.

_________
-
e b

,,,’ ---25 x RE————\—‘blf
. | e
! | -
g @ H satellite
| « &
‘\\ /,/ <
\\\\ "/ m
Nt P m
<C
Figure 5
% (7p}
a.  Calculate the magnitude of the acceleration of the satellite. Show your working. 2 marks :_:
o, __——--6‘£ M g = I, p 2/ Z L’ P
w:ﬁ: i = 6-67xl0 X 5-9%x/0
\,
290, 6\? Z
(25% ¢ .374m®) =

= 0:D15724%
o | dxroTH

Nob: I = 25 Euill ucllg

-
/Jé)(IO ms"

b.  Indicate the direction of the acceleration of the satellite by drawing an arrow on the satellite
shown in Figure 5. 1 mark

DO NOT WRITE

¢.  Another identical satellite is placed in a stable circular orbit 30 Earth radii from the centre of
Earth.

Using the terms ‘less than’, ‘same as’ or “more than’, complete the table below to describe the
magnitude of the acceleration, the kinetic energy and the period of this satellite compared to

those of the satellite that is orbiting at 25 Earth radii. 3 marks
Magnitude of acceleration L_ 2% W
Kinetic energy [ 2454 ﬁ{% n
Petiod Move than

SECTION B - continued'
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Question 9 (5 marks)
A small ball of mass 0,30 kg travels horizontally at a speed of 6 m s7L. It enters a vertical circular

Wm’ as shown in Figure 6. Assume that the radius of the ball and that the
ctional forces are negligible. -

Kb of Ais 54 T |
2-35 T o Z«%cf L5 KW{WZ@
BFPE s e bull Liacld 7o B .
Thos kbt B 4o 54-235 =305 T

T/c ézz// m/ peniein il wnéoll W / éé Zfaf%

Nobi 2 The veloeily will ey ot Bam o5 vequmet
‘ZZJW&AMMW%& M7

position B
_______________________ £
0.80 m
< z
L 6ms! |
0 > :
< _® v
position A
(7p)
e Figure 6
- igure
e a.  Show that the kinetic energy of the ball at position A in Figure 6 is 5.4 J. 1 mark
-~ i T ) . b g2
= KE-=5 My =5 K03X6
- ;A
Ll = 5% 9
-
D_: b. Will the ball remain on the track at the top of the loop (position B in Figure 6)? Give your
; reasoning. 4 marks
y ) . , = X
A B GPE= Prsgx h= 03 x7 5% 0-8
e
Z
o
o

SECTION B — continued
TURN OVER
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Question 10 (6 marks)

A basketball player throws a ball with an initial velocity of 7.0 m s™! at an angle of 50° to the
horizontal, as shown in Figure 7. The ball is 2.2 m above the ground when it is released. By the
time the ball passes through the ring at the top of the basket, it has travelled a horizontal distance of
3.2 m. Ignore air resistance. .

TII

Figure 7

a. Show that the time taken for the ball’s flight from launch to passing through the ring is 0.71 s.
Show your working. 2 marks

HM&MZ Vu - T = 4495 d: 32
; 0[ f .—0’(’_ ..Z-’—-—;é-“""/
s T ¥ U = 4995
L= (= D-.
<+ =07/l 07,

A 4

IN THIS AREA

b. How far above the ground is the ring at the top of the basket? Show your working. 4 marks
?

aﬁv/%/é T A A Y W2 %sh 252523 2=
- ) LZ féﬁf ZL\
. ( e
S5-%en £0-7 435-7-% x9-7/
= [¢337
Kéﬂfi cc/we /‘irﬂzmc(/ = 1~2372 FZ-2

— BB O

DO NOT WRITE

2,5 =™

SECTION B — continued
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Question 11 (4 marks)

An experiment is set up at a linear accelerator research facility to study muons. The muons created

at the research facility are measured to have a speed of 0.950¢ (y = 3.20).
=4

- (4 .
a. One muon has a lifetime of 2.3 us, as measured in the muon’s frame of reference.

Calculate this muon’s lifetime, as measured by the researchers, Show your working. 2 marks

t=1 &
t =23 x3.2

-é,.: ]9 4

A §
A\
Q)
A

<C
1T
o
< 7 ‘f‘

d v HUS
(7p)
i b. In one observation, a 0.950c muon travels 1.5 km, as measured by the researchers.
=

If measured in the muon’s frame of reference, would this length be the same, shorter or

- longer? Use a calculation to justify your answer. 2 marks
L Length ;( g
- & #67 n
o Loz Lp
= §
= lo 5
o - 5 »
Z
®)
(]

467 o

SECTION B - continued
TURN OVER
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Question 12 (6 marks)

A transverse wave travels to the right along a length of string at a speed of 8.0 m s, Fi igure 8
shows the wave at one instant in time.

direction of travel

Figure 8

a.  Calculate the frequency of the wave shown in Figure 8. 2 marks

LE 0-%m l‘/’va'( v =5 F

IN THIS AREA

é‘Z T 072 n

w Hz L
-
b.  On Figure 8, draw the wave as it would appear 25 ms after the instant shown. glw_@y o
calculations and state any gfsumptions that you have made. 2 marks ;
— e
V2 ¢
P )
LS >
@)
(@]

¢.  The wave source (not shown in Figure 8) is now adjusted to in‘crrgi_sg,t_he_imqum

Explain the effect that this will have on the wavelength, stating any assumptions that you have
LA AR
made. 2 marks

4%/1@/%1 W ﬁ(g 5}45%‘/ PEAILELI18 }%g Seerree
Tl o!»émz /HZ M&/M/ZWJ{? g‘ﬁf/m%%ﬂ
o Lo _dtrrenee fe waw/é/
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Question 13 (9 marks)
Students are investigating the interference of waves using a source of coherent microwaves, two

narrow slits and a microwave detector. Figure 9 shows the microwaves travelling from the slits to
the detector.

distance from
slits to detector

position of central
maximum

microwave

slits ——
source

<
- L
e i [ o
: <
E microwave
' 4 = d ! detector 7p]
ngm&i — U=z3.00D" | =
\ Figure 9 =
a. The frequency of the microwaves is 12.0 GHz. Z
Calculate the wavelength of the microwaves. Show your working. 2 marks
L
U = ,,Q £ 7 oo
o ) -
2.0V < 12-0 X[ #1/}5 ;
AQ = 2.0 xlP

¥y J ? h
17 Xty o
= 0,015 <

-~ o
4 j m = Z ) g X« D o
2°9 Y19 1 =

b. Using the information in Figure 9 and your answer to part a., calculate the path difference
between the two waves arriving at the detector. Give your reasoning. 2 marks

Cru4«7§?v7 wwm/’r\e? tfes 7 From l@w LS Foom Bollon -5
| il s Lol =l A
-~/ X0-925
=3 e 0'-@2/5/.:'1
25Xy m = 2-5%10"

™
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¢.  Will the intensity of the microwaves at the detector’s position, as shown in Figure 9, be

a maximum-or 2 minimum? Justify your answer. 2 marks
M MWMM ™ lN /«a»/% /{meﬁé/z(/%y /kzi O/ ‘%yé/%é

7/C££47 we Aﬁ//é’ {;497&

MZZJW (L -

d. The frequency of the microwavesis no lved and the position of the detector is not

changed.

]

Describe any c@wi&@tensﬁy of the microwaves at the detector. Explain your answer. 3 marks
c1 © microy e OF et .

V- .Sf

Ngzt) -

Sx[x, 3}%4:7:5/@/

30{10 %/
A - 30X)0 5% W ﬁ@ Q/
68((07 ‘ F.D.Uw/dék x e -
il 0"05/ e -_ i " *-a
-soxo"F = Pesé 2‘“()&2%

€.y DopBLE Whidill o %W

. Lea muipenr
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Question 14 (4 marks)

Students are conducting an experiment to investigate how the path of a light ray from a laser
changes when the ray passes from one medium to another. They direct a light ray from air into a
rectangular glass block and change the angle of the ray until it emerges back into the air, parallel to
the surface of the block, as shown in Figure 10.

air
>
rectangular glass block
laser
Figure 10
a. Describe how the speed of the light ray changes as it enters the glass block. 1 mark

Tl f/mezr/ docreses .

b. The students measure the angle 6,, shown in Figure 10, to be 41°.

Use this information to determine if the glass is most likely to be crown glass (refractive index
1.52), normal flint glass (refractive index 1.59) or heavy flint glass (refractive index 1.66).

Show your working. ﬂ . 3 marks
5 Ge = T,
7 . . D l‘ 00
Sen 41° = —7{;"

Type of glass C VBN (:Vét s
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Question 15 (6 marks)

Figure 11 shows an apparatus used to study the photoelectric effect. Light of various frequencies
and intensities can be shone onto the metal plate inside an evacuated cell. This sometimes results in
the release of photoelectrons. The voltage of the power supply can be varied and the direction can
be reversed.

il Y evacuated cell

metal plate

Figure 11

The graph in Figure 12 shows the variation of photocurrent with voltage for three experiments, A,
B and C, using light of different frequency and intensity.

photocurrent

IN THIS AREA

Experiment A
Experiment B 2
Bxperiment C . . S Al T T e T
>
-2V -1V voltage

Figure 12
a.  Using the terms ‘halved’, ‘no change’ or ‘doubled’, how would the intensity and frequency

of the light used in Experiment B need to be changed so that Experiment B gives the same
results as Experiment A in Figure 12? 2 marks

Intensity /,// P M e
Frequency D W __

DO NOT WRITE
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b. Using the terms ‘halved’, ‘no change’ or ‘doubled’, how would the intensity and frequency
of the light used in Experiment B need to be changed so that Experiment B gives the same

results as Experiment C in Figure 127 2 marks
Intensity /,/ 7L { /V{ﬂ(
Frequency /V P e /”MM e/
v

¢. The metal plate is made of a metal that has a work function 0f 2.93 eV.

Determine whether photoelectrons will be ejected from the metal plate when it is illuminated
by light with a wavelength of 700 nm. Show your working. 2 marks

E-—/l’,lﬂ C ¢ 54 - 122%

< i "

w E= hx €

o

< " .
——T3 4

%) -~ 419 K 3.omD

4 o

= 700 x1p

5 — 177 eV

= =t ev.

Wots: wse el version o /Wé lonsTant
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Question 16 (5 marks)

Figure 13 shows the diffraction pattern produced by an X-ray beam consisting of photons of energy
400 eV.

<C

L

Figure 13 o

a. Show that the wavelength of an X-ray photon is approximately 3 nm. 2 marks =

g ~h ¥ Cz5 £ ; o

-0 { i T

boo= 414yp £ 3.060° = 5x 9-66x0 i
1b )

¢~ 966xs0 A= Oivoopoo 00?,;” ) Z

= 3l m

- : -37
7-Jiite”" = £-63xp

7-1x0”%' X U
3

L

(3-i1xc0 =T m) -

b. A stream of electrons produces a diffraction pattern with the same spacing as the X-ray s

diffraction pattern shown in Figure 13. e

Calculate the speed of an electron in the stream. Take the mass of the electron to be ;
31 /

9.1 x 1031 kg. ] n | h 3 marks —

i i S —

b~ 3o 'm &'z BT mv =

L} Z

o

(]

J = 4-63%/p
 Giye” X3 /lx /0—7

= _2:34x70°

Z%‘FXIC’g ms!

fob M wsie Jondle vemion oA Plorlts Gonsfanf
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Question 17 (3 marks)

Describe how absorption line spectra are produced and describe their relationship to electron transitions
within atoms.

,@ ﬁ «%Mﬁlﬁ m&“&L (ﬁéfwf (pés@eefwm)

Thil 2iray (an Lo m/w%f/ A/j z%z %Zm
neltis bty

Le’d«:/wu a /4%//2 én,e o
Question 18 (3 markE{ ? /‘@ ’

Provide an example of an instance in which classical laws of physics cannot describe motion at very small
scales and explain why they cannot.

E bekon D
//WWZ m% 015 /ém,é it et
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Question 19 (4 marks)
Figure 14 shows the energy levels of a sodium atom.

} many levels
n=35 —1 3.75eV
n=4 3.61eV
n=3 3.19eV energy
n=2 2.11eV
ground state n=1 0eV
Figure 14

A sodium atom is initially in the n = 4 excited state.

a. Calculate the highest frequency of light that the sodium atom in this excited state could emit. 2 marks

‘ N mes/f Mf Q:MW/M
F=3%-6f -\ = [Z()
2.6 = 4. TR 4
L3 7920 x;0"
= 372 xip'"
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b.  Figure 14 shows some specific energy levels that electrons in a sodium atom can occupy.

Describe how the wave nature of electrons explains the existence of the energy levels shown
in Figure 14. 2 marks

ol aetgy led coppesponch T e allots
Lounbes ol < il o @%ﬂww //MW
[ ¢ 110‘%4’ M nwﬂ ,W/C»ZWZZ/;
Déj peuld/ € //ﬁh@‘éﬂc? OCCtlrs WJ%
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Question 20 (15 marks)

A group of Physics students used a double-slit interference experiment to measure the wavelength
of the light from a laser. The laser was directed, at right angles, towards a double slit in a
darkened room and an interference pattern was observed on a screen. The arrangement is shown
schematically in Figure 15.

screen

e first bright band

laser ~  frm-mmmmmmmmemeee- 1- 3 slit separation d -------- i -e central bright band
o first bright band

Figure 15

The students had access to two double-slit slides, one with a slit spacing of 0.16 mm and the
other with a slit spacing of 0.26 mm. They placed the screen at distances of L =1.5 m, 2.5 m and
3.5 m and measured the average distance, Ax, from the central bright band to the first bright band
on either side.

a. Identify the dependent variable, the independent variables and one controlled variable in this
experiment. 3 marks

ZMM%m{, Ay
MWM St Lparalionldl) Siran dlotine (L)
(ool wm/mz%
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The experimental measurements taken are shown in Table 1.

Table 1

L (mm) d (mm) Ax (mm)

L
— (no unit)
(x 1000)

1500 0.26 ( 5,7 7) iog 33
2500 0.26 (9-62) 94 55
3500 0.26 ( 13 - ¢ 4)13 5.9
1500 0.16 \{ 93¢ 7 4.9
2500 0.16 {/f{,, L3k 8.2
3500 0.16 [‘Zl - % 43) 2 123

+=

Axd

The students used the approximate equation 4 = == and a graph of Ax plotted against & to find
L d

a value for the wavelength A.

L
b. Calculate the values of 7 to two significant figures and write them in Table 1. 2 marks

¢.  Plot the values from Table 1 on the grid provided below.

IN THIS AREA

* Include an appropriate scale, numbers and a unit on the y-axis.

 Include an appropriate scale and numbers on the x-axis. L
 Include uncertainty bars in the y-direction of + 0.5 mm. e
(No uncertainty bars are required in the x-direction.) —
e Draw a linear trend line through the plotted points. 6 marks o
(mm)
(3 £ & -
(2 (27 000, 12) |
/ b oy " 2
f % A1
A I\
© r . o
| - | 0
% T e !
A%~ 7T Jomds
é T T - .E‘w? 7 ," }
12 et . s - Y
] =T/ 1o, pon | 5-3 )| : i
q’ P ] \= 7 rd
//
3 - A
T >
i L~
-~
} - | {
<0 f (L

T 4 ¢ % Lik (6 14 20 11 (5(/06’(7)
d
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d.

Calculate the gradient of the trend line. Show all the steps of your working

; 2 marks
boesile (22 000, 12) (maw S
a,w/uuz/ =[5 =

22000 —10 000
g 5

iz {M’(]

S

R
Com—

00005 44660
-4 Se¥] Ao %
5%y mm

it PM#M%WL vadue my sl verey

Use the gradient from part d. to determine the wavelength of the laser light. Give all the steps
of your reasoning,

€.

i i }‘ !:“ 2 marks
2 L. =7 SAx ="' A

Thie 5 i Bl gradiont Atlelive
) ﬁ/m/f/// //’MfC3
L= sa4rx0 “mm

b

-7
_ - Kk x 10 m.
5"(‘2)(/0 "
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