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2021 PHYSICS EXAM 2

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 not drawn to scale.

Take the value of g to be 9.8 m s72.

Question 1

The aim of darts is to hit the bullseye at the centre of a dartboard. Four darts players (A, B, C and D) each threw three
darts. The results of their throws are shown below.

Player A Player B

Player C

Which one of the players produced a set of attempts that could be described as being precise but inaccurate?

A. Player A / ;’\\

B. Player B T4
y Al Thows Uise . Pway ﬂwﬂ

C. PlayerC

Q)-\P_—‘E_-‘/—C/@’ Wé@’ €.

SECTION A - continued
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3 2021 PHYSICS EXa)

Question 2
The diagram below shows the electric field lines between four charged spheres: P, Q, R and S.
The magnitude of the charge on each sphere is the same. r he f /é //

<

L

o

<

w

= =

e

. Which of the following correctly identifies the type of charge (+ positive or — negative) that resides on each of the
spheres P, Q, R and S?

L

= P Q R S

- A. - - - +

= : - " D

s C - - - -

o .

- D. + + = =

o

(]

SECTION A — continued
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2021 PHYSICS EXAM 4

Question 3
The diagram below shows two parallel metal plates with opposite charges on each plate.
X.Y and Z represent different distances from the positive plate.

+ + + + E \

N = >

Which one of the following graphs best shows the electric field strength, E, versus the position, x, between the two

parallel plates? y

. Fosalld (1ol
/N | B. > Pl C .
(Vmt) E(Vm™) L elareer «

A T\
= p x (m) o7 Y\z & x (m)

T\ > x (m) T\/ > x (m)

Question 4
The planet Phobetor has a mass four times that of Earth. Acceleration due to gravity on the surface of Phopgtor is
18ms2 3 - &= e

If Earth has a radius R, which one of the following is closest to the radius of Phobetor? .
— : Pl

A. R Earlh o
e o 4 i Blle
§.gzCMe [8=C 2

C. 2R g

D. 4R
fle = 99 R
———
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Question 5

The diagram below shows a small DC electric motor, powered by a battery that is connected via a split-ring
commutator. The rectangular coil has sides KJ and LM. The magnetic field between the poles of the magnet is

uniform and constant. ) ﬁ ;9 /ﬂ,z - /é‘//lf( M
L E@ CW‘Z”@/ j "77 /é .
iy Fuld & rg .

/M
« =7 boree Dpwr
(51|
= = Rolals pillolnts
< split-ring commutator'J ot 24
b, «— battery
7y
= =
== The switch is now closed, and the coil is stationary and in the position shown in the diagram.
= Which one of the following statements best describes the motion of the coil when the switch is closed?
= A. The coil will remain stationary.
B.  The coil will rotate in direction A, as shown in the diagram.
E The coil will rotate in direction B, as shown in the diagram.
— D. The coil will oscillate regularly between directions A and B, as shown in the diagram.
o
; Question 6
A magnet approaches a coil with six turns, as shown in the diagram below. During time interval A¢, the magnetic flux |
= changes by 0.05 Wb and the average induced EMF is 1.2 V. W L2
o e g é = . _
g -5
Z VORI
; coil with six turns =< = ¢ at€,
8 —> AN AR A Az‘ = é_xa_ﬂz
R CLiLL 0 "z
V-V V VvV = 02 S’
®
L

Which one of the following is closest to the time interval As?

A, 004s
B. 0.0ls
D. 050s

SECTION A — continued
TURN OVER
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2021 PHYSICS EXAM 6

Question 7

A mobile phone charger uses a step-down transformer to transform 240 V AC mains voltage to 5.0 V. The mobile
phone draws a current of 3.0 A while charging. Assume that the transformer is ideal and that all readings are RMS.

Which one of the following is closest to the current drawn from the mains during charging?

A. 48A V, . T2 ze0 _ 30
B. 16A Vo o I L
C. 12A , -
’ I _ ZZX/Z'E)/ :@1%"2,‘7
Question 8 - '

The diagram below shows a simple electrical generator consisting of a rotating wire loop in a magnetic field,
connected to an external circuit with a light globe, a split-ring commutator and brushes. The direction of rotation is
shown by the arrow.

Which one of the following best describes the function of the split-ring commutator in the external circuit?
It delivers a DC current to the light globe.

B. It delivers an AC current to the light globe.

C. It ensures the force on the side of the loop nearest the north pole is always up.

D. It ensures the force on the side of the loop nearest the north pole is always down.

Cg/w%z;’“ =7 fﬂ/‘?@iﬂl /M/Wﬁéol "
lormn AC.

-5 5/45 ring Al DC

WMMM"M({W 7%

SECTION A — continuse
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k4
A. 0.8t )
o) A= CE.

Use the following information to answer Questions 9 and 10.

Lucy is running horizontally at a speed of 6 m s™! along a diving platform that is 8.0 m vertically above the water.
Lucy runs off the end of the diving platform and reaches the water below after time 7.

She lands feet first at a horizontal distance d from the end of the diving platform.

~——
S~o
~

€ -
e
=)
B
7’
4

= —

7 . o /
Question 9 /{6’7"’6 W% Z - .
Which one of the following expressions correctly gives the distance d? é 2

C. 52
D. 6t+572
Question 10

Which one of the following is closest to the time taken, 7, for Lucy to reach the water below?

il

A. 08s VM o - 9.8

7
B._Lls X=¢8 =0 T-=.
LR gness ( 7
D. 16s X=U{ t5aqt =
: _
(é:é/’\(f‘(’{}(?'@xé
L= 4-FE>
1632 = £°

SECTION A — continued
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2021 PHYSICS EXAM 8

Use the following information to answer Questions 11 and 12.

A force versus compression graph for a suspension spring is shown below.

g I{(V.ll’ /\Jgé(zgm

force (kN)

AC:."
I " |
3.0 i
204 .- -,
10 - / }

// /// s |
0 . . — compression (m)

0. 01 .02 0.03 0.04 0.05

Question 11 8 m&é/%

Which one of the following is closest to the spring constant of the spring? b

4y YA

—

A. 0.16 Nm!

A
B. 1.0x102Nm’! o
C. 1.6x10°Nm! - /0@00@
D. 10X m-

Question 12
The spring is compressed to 0.02 m.

Which one of the following is closest to the potential energy stored in the spring?
7 .
g. ggéi Us /9)[ (. ;4’/‘605 :
2 —, - X ‘ 7 'T r‘%m? g/ AL
(c. 2017 Uy~ 7 00 600 X 0-02

D. 407J]

X
ZA - ‘éX@wOZx‘é’)XIE/
i il 2/0

SECTION A — continus
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Question 13
The diagram below shows part of a travelling wave.

displacement (cm)

[ANIANIVAN
VA VARV

@ﬂrfnﬁwy% }a o éa«; - 0-06 p2

p distance (cm)

< The wave propagates with a speed of 18 m s™1.
P
= Which of the following is closest to the amplitude and frequency of the wave?
S A 8cm,3.0Hz ~ y-5Ff
< IR ‘
. cm, 3.0 Hz < oo : ’
= o 1%~ 0-06€
3 (C. 8cm,300Hz) Y '
B D. 16cm,300 Hz 37 £:-200
< =
B Question 14
Z Different regions of the electromagnetic spectrum have distinct applications in society.
= Which of the following best associates a particular region of the electromagnetic spectrum with a possible
application? . T &Z:m /.
L Heal Sz %Zé §W ' Hedial
: Infra-red Visible Ultraviolet X-rays
o . :
A. thermal / water optical medical
; imaging sterilisation microscopy imaging
e B. water optical thermal medical
o sterilisation mICroscopy imaging imaging
Z
C. optical medical thermal water
) microscopy imaging imaging sterilisation
= thermal  ,/ optical ‘/ water / medical \/
imaging microscopy sterilisation imaging

uct: F Af o %Lﬁ// 5’2&/}&/%’;7 b;wxj & ﬁﬂ,;/v

5422/4*1[ /L&‘Z}' Z%L/ é&ﬁ&jﬂﬁ; -;274’5 ZZ/;E
F é‘cfv'f’h%j r’é& %ﬁgzgf%wfm

SECTION A — continueg
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2021 PHYSICS EXAM 10

Question 15
A Physics class is investigating the dispersion of white light using a triangular glass prism. 7
h one of the following diagrams best shows the principle of dispersion? Vw’é/é \’ M“(d/; \! M{//Af/%j

Y/ W77 ad
red / M
violet violet WM

violet violet
red red

Question 16
The diagram below shows a circuit that is used to study the photoelectric effect.
—

Z variable
(i) B source
BN /]

O
\A %ﬂ by
S - filter , A
A ! MW:?!? [‘e W”/B’Z:/‘{c/ photocell 4
N
Which one of the following is to the/measurement of{the maximum kinetic energy of the emitted

hotoelectrons? - i
bk Moot = b - Qf

™ the wavelengths that pass through «‘Q)Ljilt_:_earg“# ™ {;,,/ Zé 5’
C. the reading on the voltmeter when the current is at a minimum valu@ lornectal b

D. the reading on the ammeter when the voltage is at a maximum value ' S () @ﬁ é P
,IL?./’ o ﬁ 0

Question 17

i e of the following is closest to the de Broglie wavelen%;h of a 663 kg motor car moving at 10 m s1?
Cn 105 m i h h [ E2Xi19073F
s P _

the level of brightness of the light source

B. 10 ®m - my T s X0
C. 10 m ~37
D. 10%m = T

SECTION A — continu
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11 2021 PHYSICS EXAM

Question 18 ¥ X/0 9
A monochromatic light source is emitting green light with a wavelength of 550 nm. The light source emits
2.8 x 10'° photons every second. E-hf b+ S
Wh1ch one of the followmg is closest to the power of the 11ght source? he # _ U
9 . -
71.0 x102W_J T,é/w,z{?? =2-85X/p %5 bltsre ¥ t - /—l A
B. 33x10 W 5 Y
C. 21x10°W = Q010 J A L
. e - ———
D. 63x106W p. E . 550XI0 " 9

— = 0-010]
/

1

3.616 X0 (Z;&/L /]4 o
Question 19
The diagram below shows one representation of a de Broglie standing wave for an electron in orbit around a

< hydrogen atom.
= pr 7
< i Gl
m ‘\vl’ \\vl
- = N ;o
= \\\-"L\ ——————— 7 L,'_’,
z t
EE Which one of the following values of 7, the number of whole wavelengths, best depicts the de Broglie standing wave
Lul pattern shown in the diagram?
e A. 2
~ (B. 3 )
; C. 4
D. 6
Question 20

One of Einstein’s postulates for special relativity is that the laws of physics are the same in all inertial frames of
reference.

Which one of the following besg describes a property of an inertial frame of reference?
A. Itis travelling at a constant speed.

—
O
Z
O
-

B. Itis travelling at a speed much slower than c.
C. Its movement is consistent with the expansion of the universe.
‘ No observer in the frame can detect any acceleration of the frame.

An (VegrTiaL Gramd o

NoT acwéﬂfé
Nol s /2 W»;M&M 7\/5w V sl
7@4{»& MW

END OF SECTION A
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13 2021 PHYSICS EX &

SECTION B
Instructions for Section B
Answer all questions in the spaces provided. /l/ d’é %4
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. / me} s Z’Te

é!n questions where more than one mark is available, appropriate working must be shown) &Z7€ < /&
Unless otherwise indicated, the diagrams in this book are not drawn to scale. C?c%

Take the value of g to be 9.8 m s72. % o ;

<L Question 1 (3 marks)
B Two identical bar magnets of the same magnetic field strength are arranged at right angles to each other and
o at the’same distance from point P, as shown in Figure 1. z ,g’ N
<L ‘ .
3 %—-/ :
7p) S N - Ny )
- B nlr 5
\ a).
= N
5 / s
- i (/gﬁ/‘
1 : / P
= S e
o
= N
-
O Figure 1
Z
a.  Atpoint P on Figure 1, draw an arrow indicating the direction of the combined magnetic field of the
= two bar magnets. 1 mark
£
b.  Calculate the magnitude of the combined magnetic field strength of the two bar magnets if each bar
magnet has a magnetic field strength of 10.0 mT at point P. R 2 marks
0.0 w7 . 2 5\ =32
N\ % R - |0 +i0 B :(l’owa‘)-iéum"

[N

W'&”MT =l
_, 2 x 10

s Joduy*
— W = 0 -0l4r¥ =~
o[ [ s el N0

X B = 200
N/ = )
B

N\

\1
S
oo

¥
s

Vs

SECTION B - continued
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2021 PHYSICS EXAM 14

Question 2 (4 marks)
A schematic side view of one design of an audio loudspeaker is shown in Figure 2. It uses a current carrying
coil that interacts with permanent magnets to create sound by moving a cone in and out.

F 4 <+—Cone

{ { S |<——— central pole
O coil
% N: ring pole
Ty
current

Figure 2

Figure 3 shows a schematic view of the loudspeaker from the position of the eye shown in Figure 2. The
direction of the current is clockwise, as shown.

current carrying coil

ring pole

central pole

Figure 3

a. Draw four magnetic field lines on Figure 3, showing the direction of each field line using an arrow. 1 mark

&9% LLO Mpﬁw’g ?

SECTION B — Question 2 — cor=mus
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15 2021 PHYSICS EXa

Which one of the following gives the direction of the force acting on the current carrying coil shown

in Figure 3?7 11 A/ / I mark
A. left B. right 99 ) ' p :
C. up the page D. down the page TMﬁ /(// = T
E. into the page \) F. out of the page
L/ ) Faz/zm — B .
E fﬂ aé//i &7 F
The current carrying coil has a radius of 5.0 cm and 20 turns of wire, and it carries a clockwise current
() of 2.0 A. Its magnetic field strength (B) is 200 mT. ('h éi: - ,78 L
Calculate the magnitude of the force, F, acting on the current carrying c011 Show your working. 2 marks
F-=nTI(A8 elis = 5 -0
-3 -
= 20 X 2:0 X0-3L% X 200019 =005 m -
/
, . L= 277"
z 2:6]3 . oy POS
= 0314 .

E acwzuscﬂ L
205 Thus o ﬁ st le e

At
— Shon Worteinsy 3 Mauolln!
it Gl rordss.
QT ssts flo Wlllins

SECTION B - continued
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Question 3 (3 marks) &— /fwﬂ,{'%&uf /%/W‘% W w?j
sal grdvitation and the equations of

To calculate the mass of distant pulsars, phys101sts uSe Newton’s law of univer:
circular motion.

The planet Phobetor orbits pulsar PSR B1257+12 at an orbital radius of 6.9 x 10'° m and with a period of
8.47 x 10%s.

Assuming that Phobetor follows a circular orbit, calculate the mass of the pulsar. Show all your working.

cM R’
— s T g
411 ]

M 47/2

{9

T =il
G ;

[1 = qux'/’/”i (é?xmw

e/é/;(/b x (¢ 47/(/@6) -

22
— 4xrx 3-2?)(/0 »

-

ey i — R
b-67%10" A 7-17X17

20
20 - 2‘5’4‘ X170

. sy . |
Fg:’i’_;ﬂ s 3 Lo _E; = lonsloml

ok ,méj Luweﬁwé 1 .,_:,-/-

["/c — 4P
bitrp Ol T
e Mo mass oA codonl
b =M B} /%’ :
Ea | GIM _ R
G- T

SECTION B — contimmss
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17 2021 PHYSICS EX A\

Question 4 (2 marks)

Liesel, a student of yoga, sits on the floor in the lotus pose, as shown in Figure 4. The action force, Fg, on Llesel due
to grav1ty 1s 500 N down.

T TN dael .
FﬁfgLﬁ /74"6

PN e A O

/Uaugré 7 (y{/»cw/

Figure 4

Identify and explain what the reaction force is to the action force, F’ o> shown in Figure 4.

ﬂ/@uié*r/; 7 i ZM
4 é’(z/‘Z% Afs [-Lééé/ oy Fﬂ/ig
500 quj.'&i%

NAL. These W&% be W,a(
Nolons "’"(éaw > st Adyn and Raslon are rellopid 5.

The Bolon and Poaslion 5T enveloe e Sht1E waaéeg

lij%& @M @»@oﬂam@a{#ﬂw
or ﬁZﬂ Fm%%l

Rewdin  Fova ot 2 om |, Some Sise W/M
(sz me Fzﬁn').

SECTION B — continued
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2021 PHYSICS EXAM 18

Question 5 (9 marks)
Figure 5 shows a stationary electron (¢") in a uniform magnetic field between two parallel plates. The plates

are separated by @ distance of 6.0 x 107> m, and they are connected to a 200 V power supply and a switch.
Initially, the plates are uncharged. Assume that gravitational effects on the electron are negligible.

magnetic field &
\ L o ° L] L] L] L] : _--_ *
L] L] L] L] ° o L] i +200 V
° ° ° e e ° ° i 6.0 x 10—3 m
L] L] L ° L L] L] ;
; {
7 0o
WAM Sp(/j b
Figure 5

a. Explain why the magnetic field does not exert a force on the electron. Justify your answer with an
appropriate formula. 2 marks

M«#ﬂ s %fﬂdﬁf”}/f fe., i =0
F: /9 {/ngw
\ =0 -

e =8 P

g 0

SECTION B — Question 5 — contmue
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The switch is now closed.

b.  Determine the magnitude and the direction of any electric force now acting on the electron. Show your
——

working. \/ 3 marks
F;-‘_ E N N N/ ANAA E ; 27—'
7 D.9OAN U & z,dc?
= Zém X 0633 = “Gong} =33X10M
—%/4-15

= 5 323X/0 r.:’éi”véié\
\ 8ot sk ohpserd orars -

| bolanas, Al sloing Brns

15 l/w /wgw /né{wce 7@@475122

0\2\ N Direction pﬂZ{/ﬂ fﬂﬁé .

5-33y1

S G

]

c.  Ravi and Mia discuss what they think will happen regarding the size and the direction of the magnetic
force on the electron after the switch is closed.

Ravi says that there will be a magnetic force of constant magnitude, but it will be continually changing

direction.

Mia says that there will be a constantly increasing magnetic force, but it will always be acting in the

same direction. r 7 U B

Evaluate these two statements, giving clear reasons for your answer. /7 4 marks
RM’L Moo Albdd

(Azzmé el &Z%@/ For \@r&[/é &'M&%C / wm;é 4
/mﬁ”f Thus fee | ped b suniose . Sonce
budeie by i3 Cruioraln llpililin, Bt 55 o Bl Fovoe e 2 cldiic
/Zu/nf%aﬂw//m/u%aé Sy 5 \!M/%’U/WW
Em:éi oLt ,z/fwé@’ﬂ ﬁ/ﬂmtmwzz il /L/z/zbmle @/ﬁz Gull pnirepsC,
/W/;s /Zf, ,«’4&5‘/\ ﬁﬁ /WM ! uﬂé}f Fm( Rul ULA D/@Z;m mt
j/ﬁ;/% & /’ww/z C’/»/m\a/f//z ; } ﬂ/mn/Za 4@ b5 %@gg o #//ww/

l v//#/% 4 '34/1'/13'% s Thiss aé/&fﬂ

il 6/wz?g9 & .
Ravic Goniil o copesliion, wcomed on Force besisCondlonit
/7 W (ersedl o /’//%/”/4( Zc 57@7 W on (ZMCZLM
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2021 PHYSICS EXAM 20

Question 6 (8 marks)
. Figure 6 shows a simple AC generator. A mechanical energy source rotates the loop smoothly at </
. 30 revolutions per second and the loop generates an RMS voltage of 4.25 V. The magnetic field, B, is” .
* constant and uniform, The direction of rotation is as shown in Figure 6. g _

1,50 125020 -0%

- aZ5
Vs = e
“ - N " B S ]
\p= (2 /A
~ -0\
— Y B /
: . H%{; /;/ L'(/z’ 7 Ef /F ;’,0 N
. Q é
& e / D /
Fi 6 . J
igure i 7 Fﬁ‘@( :
a. Sketch the output EMF between P and Q versus time, 7, on the grid below, starting with the loop in
the position shown in Figure 6. Show at least two complete revolutions, and include the maximum
voltage on the vertical axis and a time scale on the horizontal axis. 4 marks
N 1l el o
EMEF (V)
A
10 |- PR , o , :
L] = F [T 111 LT
T e e
P4 || IDNEEN Il
EER D / i s
‘ / - . l S g VI S £ ! | \
ANNAY EEEANEN

N e
le ‘ > ()

-10 ] i il [ |

SECTION B — Question 6 — conmumu
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21 2021 PHYSICS EXAM

b. Describe the function of the slip rings shown in Figure 6. 1 mark

Hewbosin_conlosct Wedlyisal ambic Lelien WW
Wyes mm,o/// 7L ‘%f

c. i. How could the AC generator shown in Figure 6 be changed to a DC generator? 1 mark
AWQ‘/\ ,mé SPLIT f five  Cormvrarek.
lucinn T ‘ Wik o W
&4’ YA UL ;_44% Yenwzy 4 L tts d,,c
/ J : / ( J / / g ]
ii. Sketch the output EMF versus time, ¢, for this DC generator for at least two complete revolutions’
on the grid below. Include a time scale on the horizontal axis. No scale is required for the vertical
axis. 2 marks
EMF (V)
A
/ é\ , N
N Z NN \
\ 1/ TNl |
/ / FEAENAUNARN \
,\/;__JYL_, JL 1] N
Yy : HENL"AN b > £(s)
N 082 o-0¢ |

SECTION B — continued
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2021 PHYSICS EXAM 22

Question 7 (7 marks)

The generator of an electrical power plant delivers 500 MW to external transmission lines when operating
at 25 kV. The generator’s voltage is stepped up to 500 kV for transmission and stepped down to 240V
100 km away (for domestic use). The overhead transm1s5102 lines have a total resistance of 30.0 Q. Assume

that all transformers are ideal. — (y Pawr loss in 1102 . Tover lrss i Trengmigsion Wunes.

a.  Explain why the voltage is stepped up for transmission along the overhead transmission lines.

%&@M wl =7 Wﬂg J/f/’

7 Kodpee /ﬂmff - fzz
o Mg b2 = Cunait b byl 20

=2 boer [oss ) h beclo- 10" = 400,
b. Calculate the current in the overhead transmission lines. Show your working.

Ia&aL[ Tm/wémz;w f) swer = /%*W@/' ﬂu&f

%ﬁ’%mé = spoy> X T

T = 1000 A-

o kA

,90 kA

¢. Determine the maximum power available for domestic use at 240 V. Show all your working.
buer e = I°R
= 1000 %30
= 30%0° W.

/ _ 6 5., C
Parvey ol Qﬂmét,éb wl. = 5600 X/0 —30Xp
= 470 xmé

N%/{Z%W%/ﬁ(?é%m —
470 ww|  the caludoiliir, B gain Gl rizols

SECTION B — comumu
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Question 8 (11 marks)

On 30 July 2020, the National Aeronautics and Space Administration (NASA) launched an Atlas rocket
(Figure 7a) containing the Perseverance rover space capsule (Figure 7b) on a scientific mission to explore
the geology and climate of Mars, and search for signs of ancient microbial life.

TMT/\

Figure 7a Figure 7b

a. Atlift-off from launch, the acceleration of the rocket was 7.20 m s~2. The total mass of the rocket and
capsule at launch was 531 tonnes.

Calculate the magnitude and the direction of the thrust force on the rocket at launch. Take the
gravitational field strength at the launch site to be g = 9.80 N kg™!. Give your answer in meganewtons.
Show your working. 3 marks

2F=m« .
Thall = Weig bt = 531 x10" % 7-20
Tawd = 53100 x 9-9 = 3%23 200
Theyk ~  5203%00 - 3523 200
Thrat = 9027000
= 9-03 M/l/“

9.03 w| | Upwaeds -
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On 18 February 2021, the Perseverance rover space capsule, travelling at 20000 km h™!, entered Marss
atmosphere at an altitude of 300 km above the surface of Mars. The mass of the capsule was 1000 kg.

b. Calculate the kinetic ene gy of the capsule at this point. Show your workmg

V= 20 000 Lwlla beobom ™

4

Z/
90 000 =36 6 X 000 x 5'555
= 5564 ms = o5 4 xm

[-5% 0" )

Figure 8 shows the gravitational field strength of Mars (g) versus gtltltude (A).

g (Nkg™)
40 T 7 T 1 : T 1 o
%9 - '
2o '\\<<’\\ I T
¥ | e -
L~ L1 T~
3.0 ] ]
: L1 T
L L1 S
L L —~
/ S . S il
20 ] T =t !
| T | [ aE ] | | ]
1T LT B
A 17 |
P L1
1.0 7+ -
dl NN
el :
— |
>
. - :
0 - » £ (km)
200 0 J 400 600

Figure 8
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c.  Calculate the gravitational potential energy of the capsule relative to the surface of Mars at an altitude
of %()0 km. Show your working. 3 marks

g h qm/é = frea 15 ﬂwdfd?ma/ fE. ,,,gf/gf/fmm
Lrey = ; C? -2 43 7)x 500 X/(?
= wwgaw

Grayilalonisd P.E. =1 035 000 X 1000
{e? 2 6 dao 000
1&¥xm7

%@ﬁ powrn = 5 (atF)P

o’ ‘*‘Mé /42[ /9’5”‘*/ ~

d. The capsule used acrodynamic braking as it descended through Mars’s atmosphere to reduce its speed
from 20 000 km h™! to 1600 km h™!. The capsule was then at an altitude of 10 km above the surface
of Mars and had ~1% of its original combined gravitational potential energy and kinetic energy
remaining.

Describe how ~99% of the gravitational potential energy and kinetic energy of the capsule was
transformed and dissipated as the capsule descended from an altitude of 300 km above the surface of
Mars to an altitude of 10 km above the surface of Mars. No calculations are required. 3 marks

@m@%m/ﬁE’ﬁ%mdiﬂmw
é’fwiz ‘74%*’/’5 /Jé‘?,&%

é’ l’f/,;wéo Fﬂéfﬁ‘m —) /yéaffﬂéﬂﬂx [ S/gzwm/
¥ (Cridsn duety azém/zw

/M/M fé’" a’fnﬁ szZf{;m/ /0 E. %ﬁ/ / Méé Eﬂéfffwy
(it uﬁ%mé/ muﬁd&/éﬁ@%ﬁwﬂ
@M’%%w(

N . Fow/ﬂ/mw,g@ WAA?&S Ltyhﬂf‘/’W
Mf/m%w”&t%z/*é f/wéwwﬂ/z
the mpst MWW//MwM/)
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Question 9 (10 marks)

Abbie and Brian are about to go on their first loop-the-loop roller-coaster ride. As competent Physics
students, they are working out if they will have enough speed at the top of the loop to remain in contact
with the track while they are upside down at point C, shown in Figure 9. The radius of the loop CB is 7.

X metres

R o

Figure 9

The highest point of the roller-coaster (point A) is 15 m above point B and the car starts at rest from
point A. Assume that there is negligible friction between the car and the track.

a. What is the speed of the car at point B at the bottom of the loop? Show your working. 2
#ih = 5wy y =22%
T$r5:5 U zl7:5
2% = v*

[705 ms //M ok il 2o By vz/%y
&

Bymg the forces acting on the ca_r;show that the condition for the car to just remain in contact
2

with theﬁrcack at poia; 3isA§iven by VT = g. Show your working. yﬂ) I 1/ 3 et
MU _ g+ g feordon =8 -

T /;‘:'/%Z :/{5 ’/&é%é/ﬁ'%
U.L.__

w?:-.:ogi o /ZL
J
W Hiom b ardludar —> W
L Condodiid Grez 7o Garitatsmad-amd Mot
colyghl o i 1y

#meWQNorw/Mw—ﬁ
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¢ What is the maximum height of the loop (X metres) that will ensure that the car stays in contact with

the track at point C? Show your working. 3 marks
TMEM/M JB = IH15 =1%7 m ' N@W[/‘é"é
ft CCPLE = mx 7% KF = 98 m o . &W,/%

k.o C = (97 m — 7% m X -
, 2C
gv—ﬂ? éw - 97 y /J//z@/ s =5,

/-Zm DC:/ZM‘

d. If friction is taken into account, will Abbie and Brian need to increase or decrease their predicted value
for the radius of the loop? Explaln your answer. 3 marks

F%Zm th &912{/6/2/ Some EpL. //"‘!1/ [//Z/ZC&’/# i
[ e 4% 7/7;2/7‘4/1 (ke ) ot laﬂv/mf/' ﬂw} %w’{ié
/t,/ L% /"zf&//% /’*# Zﬁ /*2’70 e

/A 1’//”&/ o DECRERSE, /

s beom fud b > = L5 i U ter 5

) ond 1V

%ﬁﬁi’/@w{
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Question 10 (4 marks)

A new spaceship that can travel at 0.7c has been constructed on Earth. A technician is observing the

. spaceship travelling past in space at 0.7¢, as shown in Figure 10. The technician notices that the length of

. the spaceship does not match the measurement taken when the spaceship was stationary in a laboratory. but
its width matches the measurement taken in the laboratory.

width

T TR,

Figure 10

a. Explain, in terms of special relativity, why the technician notices there is a different measurement for
the length of the spaceship, but not for the width of the spaceship. 2 s

[ﬂ%ﬁﬁ;(%%£ayz;h ﬂ&%%%;i%%4£% JQ
dovecloon. s Hidiimy sk il o Boluician s sy
Thues [%a o/mm 25 Ll 1/l //5»55 ol

b. If the technician measures the spaceship to be 135 m long while travelling at a constant 0.7c, what was
the length of the spaceship when it was stationary on Earth? Show your working. 2 marks |

B = u g ﬁ Li Lf;
‘1 'L ~ [”}0 X

,./'( -v‘-'-'
(e-70) - i
Ji-e2 135 = Lo

I
S

TPy | <40
Lp - /g?_
49 m

N

"’ié X /..pté r’e%km PVICescene s CONTRACTE D é/jﬂ
t Vs MMW _ Y never e bus thand
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Question 11 (2 marks)

Figure 11 shows a system of two ideal polarising filters, F, and F,, in the path of an initially unpolarised light beam.
The polarising axis of the first filter, F;, is parallel to the y-axis and the polarising axis of the second filter, F,, is
parallel to the x-axis.

y
Fl R e
L4
L4
¢' o
F ot polarising axis
2 "o'
polarising axis E ;’
L4
0"
o
P
Figure 11

Will any light be observed at point P? Give your reasoning.

/%? éﬁn//lé ﬂﬂ«L F

F 0/%*1,477 /?/f /\w/méfiv/ /ﬂ/%/é/é/:// /f dae s
ZZ/M*‘?&,ZV‘. KVZL au/ a//w%tw /4:///

F /)’f? a/&f /Wééc’[’/( //ﬂ/%’%//f /%C X - waes
%n ZL 54/7/ /M @A’Yﬂ/x’/ z@‘ﬂw/ Foos
wé’/;w%f//ﬂ/mé/lﬁ 7/47%,2///,/5///

> 7/%%/ ﬂlmfz /sz/%éx % /z/;

Nt o reAoll Plorisadbin Hoorg W@%g
ﬁL Wﬁfn 7Wm~b&7/M
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Question 12 (5 marks)

A Physics teacher is conducting a demonstration involving the transmission of light within an optical
fibre. The optical fibre consists of an inner transparent core with a refractive index of 1.46 and an outer
transparent cladding with a refractive index of 1.42. A single monochromatic light ray is incident on the
optical fibre, as shown in Figure 12.

7= 1.00

-

0= ¥ 5e® - 0-n.
)Zﬂt

L mmd e mc e e ———————- n

1.46

core

LI

Figure 12

a.  Determine the angle of incidence, , at the air—core boundary. Show your working. 2 marks

050 =M. 58 (Sadls las)
| 2in @ = 144 $.32°
n & = p=773.

O - g (07736 )
w 7 Edpmgens Ry Lo &1 WM{«
50 7 W al @g& 5%(32)

b.  Will any of the initial light ray be transmitted into the cladding? Explain your answer and show any

<

50.6%5/7

supporting working. '_ i 3 marks
. ‘ : o B J = =
46 S5, 58 =142 4Lt S Ocidi 7
’ j-¢ €
$o b~ 0.¢7| (a0 = 746

7
g — ‘ —
f C;J/}a/ Bl = 7854

6@;’; 6048

s

lpj.mf WL SSLs ;Ij' /“//1// g Sunqo

gV, (589 [Z
[ /jﬁ% &\Z gif/l{é.(é//i(e 55 ksl

@54;/ tlm‘fé =7 A://’Z

jﬁ,wim/feé il 2

o R angle -
o

L

s plocltlny
1544 Udé Lleriy
p J

Pllsel il
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Question 13 (4 marks) [/ L‘ 3
In Young’s double-slit experiment, the distance between two slits, S; and Sy, 18 2.0 mm. The slits are 1.0 m
from a screen on which an interference pattern is observed, as shown in Figure 13a. Figure 13b shows the
central maximum of the observed interference pattern.

central
S maximum
1
“ S, l

=\ i

Figure 13a Figure 13b
a. Ifalaser with a wavelength of 620 nm is used to illuminate the two slits, what would be the distance
between two successive dark bands? Show your working. 2 marks
AX P Z
e
> 620x10 'xle0

20x107°
— 0‘6"?3/ o4

055[ mm

b. Explain how this experlment supports the wave model of light. 2 marks

Waves MW/ o el . Wores bom S, and
42/ /u,%/ v»énﬂ “t.m f. aﬁ aézﬁ%ce m[ w%% [u/ut/téfﬁ; 74%52224‘5?1
L/«éﬁé@/m&ﬂ/d ) b, /)ﬂé é‘ﬂw

/0 % M eresil ﬂ'z 2 ///?Z/Eéﬂ/% ~7 ﬂ// 7Lt f w w//Z;;/ (lrecd.
4 “‘7 ﬂ&’wf/ 5//2&'/

[ %&Mw L5 e /%/m%%m/ ’Z%w_s ‘/‘W @
warl mffﬁfg/

Nt ; ﬁwém&éﬁe%ﬁﬁ% Jw’tﬁzm/vﬂ%wé//

A
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Question 14 (3 marks)

A distant fire truck travelling at 20 m s™! to a fire has its siren emitting sound at a constant frequency of
500 Hz.

Chris is standing on the edge of the road. Assume that the fire truck is travelling directly towards him as it
approaches and directly away from him as it goes past. The arrangement is shown in Figure 14.

’OL‘,'E/{Z /}M{ﬁb =

20ms W% QM%% c“éf&; U W age émﬁ /é/y /*@“/‘ﬂ; { ol
= Liorr =1 . =/ L/ 7 d/
: Ij =/ ('réj a.wvff//l\ ' 7 J
S [n én’ﬂ» 18524 %7 {ZAZZ/W//A
Figure 14 WJ [{ WM / K

a.  On the diagram below, sketch the frequency that Chris will hear as the truck moves towards him
and then moves away from him. The 500 Hz siren signal is shown as a dotted line for reference.

j000ooo

No calculations are required. 2 marks
frequency (Hz)
A
500 frmmmmmmmm o e e e e e e el
(6]
towards Chris ' away from Chris
b. Name the physics principle involved in Chris’s experience. 1 mark

D opplse Eloc1
/]
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Question 15 (3 marks)

A photoelectric experiment is carried out by students. They measure the threshold frequency of light required for
photoemission to be 6.5 x 10" Hz and the work function to be 3.2 x 10719 Lt e pp

Using the students’ measurements, what value would they calculate for Planck’s constant? Outline your reasoning

and show all your working. Give your answer in joule-seconds. Ok .
i . _ =19, )
b=b6s5xv # W= 3-2 X/p w=h(
o / 1 g , 14
epox = Nl -0 [32ug = hxésno
&5 - SR - 17 ~34
O = hxbsXo — 3-2x10 h = %9240 Js
= T .
32X h xbsas T B I Ves
-1
h= 3-2X/0
—_ T¥
63 X1
3%
o 9’“ «FIX[0 j5

r

.34
t-7 X0 " " g5

3¢
Lsf7vip T

Question 16 (2 marks)

Light can be described by a wave model and also by a particle (or photon) model. The rapid emission of
photoelectrons at very low light intensities supports one of these models but not the other.

Identify the model that is supported, giving a reason for your answer.

Model supported /7 CZ-"V‘. g /L é

¥ fwﬂﬁﬁé (/Za@r\ aw’fs wﬂ /,z% Zé 44427%1 ol ﬂ/ﬂ/’fc %Z;”r
éﬁxﬁ/%/éf/ /f /fA)/ e/wﬁgm Iy Y€ ZZ& wvré MV\
AW ’@4 %ﬁ //»ﬂé/«b/"ﬂé// ZWIS,.
huts bl pan b cxnmilld immesliotlly by Bl fi
¢ ;w;%gﬂm T L sy v Tl gl 35 sl
Nte: 1.4 fe W,Jmfo %7Wn- e e ropid emmussioy it lowr inllysil,
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Question 17 (4 marks)

A “space sail’ mounted on a tiny interstellar cylindrical probe relies on the momentum of photons from a
nearby star to exert a propulsive force, as shown in Figure 15

e —p
e —»
e —p
e —»
e —p
e —»
e —p
e —
e —p
o —p
USG

igure 15 (W )
(Vr”d‘[o'r\éb f //V@ aret'9’) L% )
The photons strlke the sail at 90° to its surface and reflectlastically
exerted by the phot?ns which have a fre

. G

at the momentum ofa7.0 x 1015Hzphoton is equal t0 1.55 x 1026 kg m s~_. 1 mark
(s . = 4
F= h . ht 1547 X(o
AT - -2£ o
=[5> KX/l¢o @Mé

cientists need to calculate the force
ency of 7.0 x 10'5 Hz.

\ )

£.¢3 xm’ Y Z.0xl0

<
3 h®

0 x 108 photons of this frequency strike the space sail every second

Calculate the force that the reflecting photons exert on the space sail. Show your working. Give your
answer correct to two significant figures.

3 marks
I = Fye &t - blGL 72P =25 ;;:},;T% stz ge.
T-4F. = 3./ )/IO/Z!'%%{ fhdei::
Tl &f = 31 xq0 Z62&7/)(/0'(g
f-2 X10 78 -

1§

K‘ZX(O%% N Neto: &P = fp-Pe

le (Tagn: 5 are Ue MW&/W
MW%L&&%'O Cotlision )
P4 AP - 2 xP SECTION B - continued
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Question 18 (5 marks)

Scientists are conducting experiments to compare the circular diffraction patterns formed by X-ray photons
and electrons when they pass through small circular apertures. The X-ray photons have an energy of 100 eV
and pass through an aperture of diameter 1.24 zm. The electrons are moving at 5.0 x 10° m s,

a. Show that the de}]Broine wavelength of the electrons is equal to 1.46 x 1072 m. 1 mark
S 7,
7/

%4

. -3 L. =34
= {-63X10 _ {63110 | %m,..s?
. Y _ : - - o 1] il L m
7319 X 5o110° 4-5% Mo
b. The scientists want an aperture for the electrons that forms diffraction patterns with the s ing
as the diffraction patterns formed by the X-ray photons. il % B
Calculate the diameter of thejs aperture that the scientists should choose. Show your working. 4 marks
¥/, . - 8
Rj%%mé%.“? Tjﬁ
- raus Eerons
= : J/ 7 /\ — i -
E=lvde . Weit 7 = ’~5’f Xio
. ‘-
; 9 A P el 4
5_;%.7‘ . _?ﬁ:% %pu,uﬁérﬁf '/Z‘U
4 he ‘ -2 Y
Ez% .« l-p0 x5 = [-#EXIO
‘ Yoty xl9___XI2XW 1) -
[eg = & W~
‘/'—g ‘ . : _“7
A = [24znp : W= l4bxi0 " .
S - T472x10
= ”

W [-24x,0” ¢

= 100 y,p

N =/ "jf,‘ L/z%a Serme
[€6x10 " ™ e i,
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36
Question 19 (4 marks)

A simplified diagram of some of the energy levels of an atom is shown in Figure 16.

R
L~

6.7eV

49eV

OeV

/ sifle MM |
Figure 16
://v’\

a. Identify the transitigp on the energy level diagmm‘.‘ Figure 16 that would result in the emission of a
565 nm photon. Sho W 2 marks
7 - 4 N 4 -
Epdon = h C Nead 22 o b/glmééréw, L
] —-;‘ ; :
. . é%’/‘g} Y Zé q:/‘ﬁ”[e -
= Q14 X0 "X 3xp 4-9-b-7 = LZ@(/”
Sh5 x10”!
= Z/?QJ[ F;*ﬁm %’70 L é[&f"é
P 4 — ] /
=22l . L e 67V éﬁ/f
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b. A sample of the atoms is excited into the 9.8 eV state and a line spectrum is observed as the states
decay. Assume that all possible transitions occur.

What is the total number of lines in the spectrum? Explain your answer. You may use the diagram
below to support your answer. 2 marks

7

0 s From 950 byl 0:9 31, 49 9.8
bom 9 bl 2-2 : 4-0 y 3"7\/
bont b7:0bol 1°% , 67 /
gﬁ?” ‘f'jeb/é//a/ ﬂ /

10 Eﬁ@/ﬁéﬂjf ons .
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Question 20 (17 marks)

Two Physics students, Jerome and Priya, set out to investigate centripetal force.

Figure 17 shows the experimental set-up and the apparatus that the students use. In reality, the students
find that the cord is not quite horizontal but dips downward slightly due to the gravitational force acting
on the rubber stopper. Their teacher explains that they can safely ignore this effect when collecting their
experimental results.

----------------- b et S rubber stopper
-~ mass m
strong cord
insulated glass tube
(ignore friction between
cord and tube)

washer support

Figure 17

Jerome and Priya note the following data in their logbook.

{ radius of circle 0.75m

9 mass of each metal washer 30g
, mitial number of washers 10

Priya holds the glass tube and sets the rubber stopper rotating in a horizontal circle.

She maintains a constant radius of the circle by keeping the position marker at a fixed position just below
the bottom of the glass tube.

Jerome uses a stopwatch to measure the time for 20 rotations of the rubber stopper, repeating this
measurement three times. He notes all the data collected in their logbook.

The experiment is then repeated four more times with two extra metal washers added before each new trial
is undertaken.

a. Why did the students take repeated time measurements during the experiment? 1 mark

To reolce ZZ/:Z 64%4% &é K ﬂffféﬁ{”" E s rors
%afwoﬁ /

MW %M{fj
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The tension in the cord supplies the centripetal force that the rubber stopper needs to rotate in a circle.

What is the cause of this tension? 1 mark

Farce o Grapily om e WASHER'S
te Méa/f AW wosfens.

The gravitational force acting on the metal washers is given by Mg, where M is the total mass of the
washers and g is the gravitational field.

Table 1
Symbol Symbol represents
V4 a constant
m mass of rubber stopper
R radius of rotation
T period of rotation
Develop an equatlon between Mg and the quant1t1es 11sted in Table 1. 3 marks
FL - W Z/ M = 11‘ .
—

R . = /7 éé/qé 27

/?;/zc?’; /(/
27T E

N1

|

Fo Frovaleo (e J Woslzrs |
=7 = f"//m#/ f _ M (TR
F ;M}“ M=% jZz)
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Jerome and Priya record some of their results in Table 2. The students are told by their teacher that they can
use g = 10 N kg™ ! for their calculations.

d. Fill in the blank columns in Table 2. 4 marks
Table 2
Line Total mass Gravitational Average Period, T (s) (s2)
number of washers, force acting time for 20 T?
M (kg) on washers, rotations (s)
, Mg (N)
| = 5 - ’
| 1 0.30 40 14.0 70 0/ ZOLf
i 2 0.36 3= 12.8 064 | 144
|3 0.42 §.7 11.8 059 | 247
|
| 4 0.48 11.0 : : ;
— £
5 0.54 . 104
L 5y
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e. Using your values in Table 2, plot a graph of Mg on the y-axis against

provided below. On your graph:

* draw a straight line of best fit through the plotted points

« include uncertainty bars (+ x-direction only) of + 0.1 s72.
(Uncertainty bars in the y-direction are not required.)

Mg (N)

T2

on the x-axis on the grid

40

2:0

B ST S G e e oy oy e S e s

4 marks

S
N

|
Nit: The il pout 24 (2 0%, 2-0)
‘ﬂz crswtr s lhe Coameeness M/M

(2.0

2.0).

.3.0 5

/e

W W%@WW/’%
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f.

g.

Calcglate the gradient ?f the graph plotted in part e. /7 2 marks
Sz u@jé Rerr Need 2 @W/ﬁ ) Fd@f 2o Za// Lok Le
o7 ZZ{& Afuf mﬁ /%ﬂ// %/ )
p= 243 J
570 - U0
=[-¢457
. M 8
[ 4 lids vl fe —= = N4
Using the gradient calculated in part f., show that m, the mass of the rubber stopper, is approximately
50 g. 2 marks
, / 1
s Pa,,.% C Hog = mamR _ mun’p , |
J e — - 7.
= M&TT R e uq;w/fzwg
= = / -
R =075 Bom ibormoliss
— R ~ —
[- 45 = pm LEXFYVU-T5
PERE ’it ; -
¢xrrix 075 CWmW

—7 Tuso cheimed places.

- 0.04%97 kg
= Oelnal g :o~05/z§

= 439 grmme. (509
x50 g

Nl s S iw'éff\ﬁémm(% £ arswe s réxli@
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