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SECTION A — Multiple-choice questions

Instructions for Section A

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 52,

Answer all questions in pencil on the answer sheet provided for multiple-choice questions.

Question 1
The diagram below shows the electric field lines between two charges of equal magnitude.

The best description of the two charges is that the
01 the two
charges are both positive./

B. charges are both negative.
C. charges can be either both positive or both negative.
D. left-hand charge is positive and the right-hand charge is negative.

Question 2
Jupiter’s moon Ganymede is its largest satellite.
Ganymede has a mass of 1.5 x 102 kg and a radius of 2.6 x 10°m
Which one of the following is closest to the magnitude of Ganymede’s surface gravity?
A D8mg? M
B. 15ms2y -

- " ~
C. 38ms -

rﬁé’4/ /é/le/é &Mww} M{.Z/
yf f I».{L/’j £ =7 +# V€,

& [;cmw;/a 5/,,@12{

D. 98ms™ _ K Zm/X/ 0-3

4
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Use the following information to answer Questions 3 and 4.

A positron with a velocity of 1.4 x 10 m s™! is injected into a uniform magnetic field of 4.0 x 1072 T, directed into
the page, as shown in the diagram below. It moves in a vacuum in a semicircle of radius ». The mass of the positron is
9.1 x 107! kg and the charge on the positron is 1.6 x 10719 C. Ignore relativistic effects.

X X X X X

X X X X X

X X X

X X X X

X X X X

X X X

< g X’X ¢

L X X X

o X X X

< X X X

X X X

2 v=14x100ms"! A A X

- X X X
=
=

Question 3

Which one of the following best gives the speed of the positron as it exits the magnetic field?

A Oms Foree mjg je dff uén&é::n
@ B. muchless than 1.4 x 10°ms™! wﬁ/ y Zi N
ol s T aaiel =2 o clange
3 D. greaterthan 1.4 x [0°m s™! ' Al W;{f ' 56/77"(#’! /Q?fiz )
= Question 4
(@] The speed of the positron is changed to 7.0 x 10° m s\,
= Which one of the following best gives the value of the radius r for this speed?
5 g
o = e e
. [-4x10° =) Jeg 1o~
L
¥ .
il
2F 7
Eufffjﬁ?’?{ & ﬁ,,-; rﬁ/w
?V ] F’-" . / r2
Fou 0V
L= ~
FM S5 F£
- .,_2 . )
BoV = Mo o MET MY
7 o = Bl -
! e SECTION A — continued
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-’t ",”' 2 i ‘:. e v e
Question 5 W IU-&&(WL /\/ == 10" ;m© = foXeg ¥ m

A coil consisting of 20 loops with an area of 10 ¢ cm? is placed in a uniform magnetic field B of strength 0.03 T so that
the plane of the coil is s perpendicular to the field. direction, as shown in the diagram below.

2
fr——=, 9-8A
., :

\i

0.03 X (ri(i”((i-:hir)

i

= Bajp®
The magnetic flux through the coil is closest to
A. OWb <<
3.0x10°Wb > Ll
6.0 xT0* Wb o
D. 3.0x107'Wb <L
Question 6 (2
A single loop of wire moves into a uniform magnetic field B of strength 3.5 x 107 T over time 7= 0.20 s from Sl=
point X to point Y, as shown in the diagram below. The area 4 of the loop is 0. 05 m?. i 2% 1"1 |
8 Rk
=
X X X YX X X X e
X X X % X X
X__X_%..% XBX f s 9 ¥ =
MoK XXX X 2 B
oc
X X X X X X
é‘*_ ¥ +(3 S0 Kﬁ =
The magnitude of the average induced EMF in the loop is closest to o2 4 -
s O = -8.4x0 7 2
B x 1076V P
C. 88x107°V
D. 88x10°V o
o
Question 7

An ideal transformer has an ingut DC voltage of 240 V, 2000 turns in the primary coil and 80 turns in the secondary

coil.
The t voltage is closest to \ E’% C )
> v B =
s vloge = Ls
2.6V

C. 60x10°V = I%’ca{h///qé/ =0

D. 38x107V /Vn’é" {/rfw&\éwaﬂﬂ M‘%} még’»’”/q(;
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Question 8
A ball is attached to the end of a string and rotated in a circle at a constant speed in a vertical plane, as shown in the

diagram below.
’”41 émzﬂ,w ‘/é’fwlff? ML /u/é/

‘%/ jgﬂf""ﬂ\« n 'ydi‘?fl%

ﬂ /‘L/ /Té/f HP7EA ,,/' fﬁ/é‘
Yhos ol

. . Tens ccm W&c /v [
[epsLom /

.
-

‘\““ ba“ _"”o
- e

' \% Wey T

The arrows in options A. to D. below indicate the direction and the size of the forces acting on the ball.

Ignoring air resistance, which one of the following best represents the forces acting on the ball when it is at the
bottom of the circular path and moving to the left?

A. B. o

SECTION A — continued
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Use the following information to answer Questions 9 and 10.

Two blocks of mass 5 kg and 10 kg are placed in contact on a frictionless horizontal surface, as shown in the diagram
below. A constant horizontal force, F, is applied to the 5 kg block.
' y

e tydllor will. Yoee acebralon
W@q nLils 'ﬁ»m, F 10 ke

ZZZ/ ) Wrte as [z Skg
57}; L howe le iz

4%?1)(/ & C&/ff 'n/;*r‘

Question 9 <
Which one of the following statements is correct? ;
A. The net force on each block is the same. <
B. The acceleration experienced by the 5 kg block is twice the acceleration experienced by the 10 kg block.
" The magnitude of the net force on the 5 kg block is half the magnitude of the net force on the 10 kg block. (7]
D. The magnitude of the net force on the 5 kg block is twice the magnitude of the net force on the 10 kg block. E
[
Question 10
[f the force F has a magnitude of 250 N, what is the work done by the force in moving the blocks in a straight line for =
adi e 0f 20 m? ' —_—
& wzFd
B. 25kl
C. 50Kk - 26 XY
D. 500kJ

T 5000

DO NOT WRITE

SECTION A — continued
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Question 11
The International Space Station (ISS) is travelling around Earth in a stable circular orbit, as shown in the diagram

below. . |
--------- ! Specc g:wj@uzé

= . ¢ A P
pfzf”e.:* il b 728

KE. ¢s ¢ 53;(2-@1’-*7 é@/’a/ﬁf .

. /ﬁmﬁém\ s o0 Ve Z""”’ .

5&”7,,;%; — 17, 5”4\64@%[4{41 a/w7 &

@t
-
w2
w2

Which one of the following statements concerning the momentum and the kinetic energy of the ISS is correct?
1 IELIC Enel
A. Both the momentum and the kinetic energy vary along the orbital path.
B.  Both the momentum and the kinetic energy are constant along the orbital path.
C. The momentum is constant, but the kinetic energy changes throughout the orbital path.
. _The momentum changes, but the kinetic energy remains constant throughout the orbital path.

IN THIS AREA

Question 12

L A high-energy proton is travelling through space at a constant velocity of 2.50 x 108 m s7L. |
|___ The Lorentz factor, y, for this proton would be closest to K by ' po
r & I~z
= |
€ 327 i e .
S 0. 339 - , (2-5010% )"
o | e
=2 Question 13 V G e )
Matter is converted to energy by nuclear fusion in stars.
g [f the star Alpha Centauri converts mass to energy at the rate of 6.6 x 10° kg s!, then the power generated is closest

to - .
A, 2.0x108W ,l:: m
B. 20x10%)

C. 60x10%W_ e g :
D. 60x10%] =b-6X10 X (3-&7):'/0%_)

26 — / 4
= K\{fi Xw ) Lach, ‘%’c‘c?’né/.
E

s ﬁvzﬂd’f* =T

W
/Z%fq~ = Loxwp W
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Question 14

Students are investigating the diffraction of waves using a ripple tank. Water waves are directed towards barriers with

gaps of different sizes, as shown below. ﬁ- Ty |
. ﬂ,’

In which one of the following would the greatest diffraction effects be observed?
7 3
fﬁgz Py

. W
A. U‘/ barrier B. H., barrier {-ZY‘ 04&
\ |:i gap 2.0 cm | :i gap 2.0 cm ,@

A

Z
& 3

=

I
—pl g ¢--p

wavelength wavelength
1.0 cm 2.0cm <
L
o
C. H‘/ barrier D. I—l‘/ barrier <<
S --& w
| i gap 3.0 cm | ' gap 3.0 cm —
. _¥ I
] | P
-« b =
wavelength wavelength ki

1.0 cm 2.0cm

Question 15
[ The energy of a light wave increases with increasing amplitude.
I The energy of a light wave increases with increasing frequency.

WRITE

Il The energy of a light wave increases with decreasing wavelength.

Which of the statements above about the energy of light waves is correct?
A. Tlonly

B. TandIlonly

C. landIIl only

@ all of the statements are correct ﬂwsz Z (f’,{@ 7 ) fo 1,/;‘ Z ’ WL /%’ﬂ:‘é;{ ;

DO NOT

I

[ . ) ‘ ..é-— : E!%‘f”z"é’

A GZZLJW/’J @wgz/ .
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Question 16

The diagram below shows a plot of maximum kinetic energy, E, ... versus frequency, 7, for various metals capable
of emitting photoelectrons.

E
o nickel  potassium sodium lithium
/// I/bf(xm14 Hz)
52 54 56 58 60 62 64

<
Ll Which one of the following correctly ranks these metals in terms of their work function, from highest to lowest in
o numerical value?
< A. sodium, potassium, lithium, nickel ,

B. nickel, potassium, sodium, lithium Lyltkfr IWJP/ ﬂfﬂ'»‘/zﬁ,ﬂ‘
bl C. _potassium, nickel, lithium, sodium /;,% /4,,/ e 7 /t:: ré{’ 4/ i
e @ithium, sodium, potassium, nickel 9‘9
. )= h{,
> Question 17 <) L;,f/u,t e ’9/
T The diagram below shows some of the energy levels for the electrons within an atom. The arrows labelled A,B,C

and D indicate transitions between the energy levels and their lengths indicate the relative size of the energy change
Ll
— _
i y'y + n=4
n: l n=3
3 n=2
-
@)
=
(@) n=1

A B C D

(]

Which transition results in the emigsion of a photon with the most energy‘? 1£ _ /ty’ /}’

A A “@ Ty

B. B

) wﬂ/
< ] > Mt fe *7““*” Voun.
D. D

SECTION A — continued
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Question 18

Quantised energy levels within atoms can best be explained by

A. electrons behaving as individual particles with different energies.

B. electrons behaving as waves, with each energy level representing a diffraction pattern.

C. protons behaving as waves, with only standing waves at particular wavelengths allowed.
@ electrons behaving as waves, with only standing waves at particular wavelengths allowed. «

Question 19

Which one of the following best describes a hypothesis? 7
@ a testable scientific explanation | S | b /Lﬂ;ﬁ, iﬁ' z‘f @Zfﬁl )

B. awell-tested scientific explanation
C. ascientific explanation by a famous scientist
D. awidely believed and highly plausible explanation

Question 20
When photons with energy E strike a metal surface, electrons may be emitted.

The maximum kinetic energy, £y ma 0f the emitted electrons is given by Ey max = E — W, where J¥ is the work
function of the metal.

Which one of the following graphs best shows the relationship between the maximum kinetic energy of these

<T
LLl
oc
<
(7]
X
P
=

electrons, Ej . and the wavelength of the photons, A?
A. 5.
L
Ek max k max | -
A A &=
C. D. =
t o
Ek max Ek max =
A A o
>

(o)

E kt1za -
e L W
Eltgye = h W

- K
Ek Vo e _-}-l—-—' s V\//

i

Fifoe X 5 7 Hypabotle in S

END OF SECTION A
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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.

[f 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 s™.

Question 1 (2 marks) <L
Two bar magnets are placed close to each other, as shown in Figure 1. Ll
0
Sketch the shape and the direction of at least four magnetic field lines between the two poles within the dashed <
border shown in Figure 1.
=
(7))
E i =
: ; i -
: /3\/) i
1 = r 1 Z
1 ]
S t N > 5 N =
1 i *‘r 1 L
1 g 1
NS -
1 1 —
E 4 E o
Figure 1
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Question 2 (3 marks)

Gravitation, magnetism and electricity can be explained using a field model. According to our understanding of
physics and current experimental evidence, these three field types can be associated with only monopoles, only
dipoles or both monopoles and dipoles.

In the table below, indicate whether each field type can be associated with only monopoles, only dipoles or both
monopoles and dipoles by ticking (v') the appropriate box.

Field type Only monopoles Only dipoles Both monopoles and dipoles

gravitation \/

magnetism \/
electricity \/

{ 7 | .

/W dj’ w[;m] — A / vf‘!»/Zl: 27! M‘(/ 44 gyﬂd Z‘ W 9 [
L’Zuﬁmé - M [‘#z;—?/% e /64;7'.:/ : e

- ﬁtm/{// f/j, és v g

G-

<t
L
o
=
7y}
A E
-
=z
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Question 3 (6 marks)

Electron microscopes use a high-precision electron velocity selector consisting of an electric field, £,
perpendicular to a magnetic field, B.

Electrons travelling at the required velocity, vy, exit the aperture at point Y, while electrons travelling slower
or faster than the required velocity, vy, hit the aperture plate, as shown in Figure 2.

___________________________________________

® ® ® ® ® ® ! aperture plate

®
®
®
®
®
®
)

1
]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
electron . __’ _.:... ------- P ) e e [EE LT Dbty
1
1
1
1
1
|
1
1
1
1
1
1
1
]
1
1
1

Y aperture

d

aperture plate

&

4_

X

A

‘®

®
e

___________________________________________

IN THIS AREA

Figure 2

a. Show that the velocity of an electron that travels straight through the aperture to point Y is given by

E
| mark

yE> g VB | | o

WRITE

VO = E‘ |
l’;;F m W = ﬁ,”;’_ S

A l —
o
b. Calculate the magnitude of the velocity, vy, of an electron that travels straight through the aperture to Z
point Y if £ =500 kV m™! and B =0.25 T. Show your working. 2 marks
Eame o o
e e s, 00000000 fa)
—

. .
2 2:0X10

SECTION B — Question 3 — continued
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c.

i. At which of the points — X, Y or Z — in Figure 2 could electrons travelling faster than v, arrive? 1 mark

Fm = ?V*’;- @;?’E
2‘ Fm T aém U’,}/r 55 3Zf:/J ,Z':‘;,m_

ii. Explain your answer to part c.i. ., ) 2 maks
_F N Mfgwé %d}/ [€leziits /%; Sourne -
Fore_ole b pagouli Gill dyeodl on e
£/'€Z“Zl,é e L//]\ ZZ{};]_ E”J 4\ ’
lle Forces awve po Lrger in Balence .
: o
Fo D Fe -

SECTION B — continued
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Question 4 (10 marks)

The lonospheric Connection Explorer (ICON) space weather satellite, constructed to study Earth’s
ionosphere, was launched in October 2019. ICON will study the link between space weather and Earth’s
weather at its orbital altitude of 600 km above Earth’s surface. Assume that ICON’s orbit is a circular orbit.
Use R =6.37 x 10®m

a. Calculate the orbital radius of the ICON satellite. 1 mark

_ ¢ 3
fg;ﬁu_fﬁLZZL? L3727 k0 + 600%mwpm

- 497 x10°

‘ 695K

i <
b. Calculate the orbital period of the ICON satellite correct to@e&ﬂgﬂﬁn@ﬂgmﬂﬁ Show your LLl
working. ' 4 marks o

. : P T2t
L“‘“‘vué /M ‘ ’[é‘f‘ T - ,& <

r 2 4 L
e 2
ﬂu_,,»jmgfm 9{“4, tf" g gfalf 4 w“?v 2 ¢ bLivii {?gxm =
7 6/”’1 4,71,*' = 578%i85 Z
r* 1 i
3

Ll
-
o
=

. 3
o g s
577 X0
¢ Explain how the ICON satellite maintains a stable circular orbit without the use of propulsion engines. 2 marks

rfw cMéé} ézhLa,Lg an i t”’fV/ [/S /M_@%ﬁlng/

Yowards Eprl

This év”c@ L4 C£97_7/17’ ;Hf /1 /(f:’?’amf acé wid, 90"t /Z@@ZM%"E
ol Tavel.

“(‘"'6 Mt Wt{/é V7, ‘cuv oé h a ae«méi, é’r//
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<
Lul
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p=d

d.

Figure 3 shows the strength of Earth’s gravitational field, g, as a function of orbital altitude, h, above
the surface of Earth. g ———

10.00

9.80

9.60

9.40 !

o e ot DS perd
g(ms™=) 9.00 .

) ]

8.80 A fix[éﬁfﬂ‘}(iﬁs))((

8.60 ™~

8.40

8.20

-

n ,/7 0 100 200 300 400 500 600
fodhd! T }
Bry/i’ﬁﬂ zdﬁi{/j ~ 2red m( /ﬂfuﬁr /ﬂﬁwf = Fo2 X /ér?c?x/a 4

Figure 3

Determine the change in gravitational potential energy of the ICON satellite as it travels from Earth’s
surface to its orbital altitude of wanh’s surface. The mass of the ICON satellite is
288 kg. , ( '
,,itq;zw( = g%x[b/%‘h] ') 42 X/&-‘M 10" ) X ( - 0;)
= 5400000
b (Ljajw Migs X /4 o
= 294 X 5 4p0 00P

5 P
> 1555209000 = ]-$£xip

3 marks

256 %0 oy
No - # A rea W&é/w 5,.@‘),22/@%/ M %:mj .
6,"1‘7% o E’”@”’fm /-/te,r /éo/ﬁﬁ reen C T /é’fﬂ_' ) __

'i//q.% Al‘ng = Mass A /:}f‘{{fﬂ( .

+ ch% Ya Zl‘»bé =~ {3 j Ah y 5445(,2 j L_5 t'w"/ M’?’WZJLW/ .
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Question 5 (9 marks)

A rectangular wire loop with dimensions 0.050 m x 0.035 m is placed between two magnets that create a
uniform magnetic field of strength 0.2 mT. The loop is rotated with a frequency of 50 Hz in the direction
shown in Figure 4. The ends of the loop are connected to a split-ring commutator to create a DC generator.
The loop is initially in the position shown in Figure 4. o

<
L
[ wils L
= - o+ <
Foagiy [
) &0 7
Figure 4 o
\ T
a. In which direction — clockwise or anticlockwise — will the induced current travel through the loop for =
bove? ; .
the first quarter turn as seen from above F &L@ " L[UWﬁ% ﬁ!‘Z’T"” () é V4 dfa(’é é}@ mi;( e
/‘1{{:, / ¥ Indivcesl ﬁ//fm ZZG/{(%‘” @"t’ﬂf‘j/ N
i 2400 . AN ‘ ¥ A
b. Calculate the average EMF meas%ed in the loop for the fj;lst quarter tu’_;,n. 3 marks
A " . .
5 e = Ve % I
é == N 2t —-,"—'W.'-'*"""

& ' -3
— = | x £00XL-035 X O w
0065

= -7y’

DO NOT WRITE

o

|
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Not: B on roll Teola "'_[*/ ;,;/[)2
Tl ne A 15 net B K/x;/ T cera -
nesoled. Lo /’//- lirgn ¢=0.00=4 20005 |
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c.  On the axes provided below, sketch the output EMF versus time, ¢, for the first two rotations. Include a
scale on the horizontal axis. 3 marks

EMF

”~

2

{
i {
l oY) &0

d. Suggest two modifications that could be made to the apparatus shown in Figure 4 that would increase
the outpui EMF of the DC generator. 2 marks

A i Two (jr%mﬂ < Nerécse. ﬂttlf// ééwijfz )
o ¢ Lnerenst L gmwvz’éﬁ%’_fé &L{/
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o
<
(7))
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-
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Question 6 (6 marks)

Two Physics students hold a coil of wire in a constant uniform magnetic field, as shown in Figure 5a. The
ends of the wire are connected to a sensitive ammeter. The students then change the shape of the coil by
pulling each side of the coil in the horizontal direction, as shown in Figure 5b. They notice a current register

on the ammeter.
f/ ~ ”
. FFelel L/
X X X

X X X X X
X X
X X —>
X X .
X X 0 o,
Ay "!“ Ccm/ .
Aﬂ)’/a, 5 /"'a/ér L
7 =
en M'I 5’ @ . <
ammeter ammeter (7]
Figure 5a Figure 5b I
[
a.  Will the magnetic flux through the coil increase, decrease or stay the same as the students change the Z

shape of the coil? | mark

Correril on A /VMMZ:”’ -

Lul

D =7 N iobuscerd (z«:,mw( -

P AL T

AN =7 Fl éjm:»ﬁﬁ e 7 Veecrewse . o

b. Explain, using physics principles, why the ammeter registered a current in the coil and determine the ;
direction of the induced current. 3 marks

F@Mﬁﬁﬁf’ﬁfﬁc CA-CCL5ES . -
| ewx’s  lw sl an Y a;@fLr:z ol

Z/Z//f Le. o ﬂél lrlﬂ r5e % ﬂ/zf:z»’?fc?él!
j&. Inty ﬂ(“ €

Rl tol brp rule_giwes di diecion o
quwimc cm‘mﬁ% 25 L/%éﬂ/zﬁﬁ,_ o
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C.

The students then push each side of the coil together, as shown in Figure 6a, so that the coil returns to
its original circular shape, as shown in Figure 6b, and then changes to the shape shown in Figure 6c.

ammeter ammeter ammeter

Figure 6a Figure 6b Figure 6¢

Describe the direction of any induced currents in the coil durmg these changes. Give your reasoning. 2 marks
/ M [ G F bix ’f’l('/‘{ﬁ%/’ﬁ il &U;
P nolyceod &fﬁfémfi /aqc/ :
= /9 H [—;«1/1 wﬂcﬁuc‘e{’[ czf,ffw /*)M«ZL %’/JM

Ké“?&lc »: F/m‘c Lﬁ@"ﬂé’f‘{w/m LA /sz’%’(/
= /M Fz;fuc %(foww
-2 RH 014«74 tsdiseeo! (/{(,W’f’f/r Cz@/ﬂw
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Question 7 (5 marks)

A rechargeable electric toothbrush uses a transformer circuit, as shown in Figure 7. A secondary coil inside
the toothbrush is connected, via an iron core, to a primary coil that is connected to the mains power supply.
The majns power is 240 Vg\s and the toothbrush recharges at 12 Vgys. The average power delivered by
the transformer to the toothbrush is 0.90 W. Assume that the transformer is ideal.

- — s

toothbrush
transformer circuit to
recharge toothbrush
primary coil 12 Vous

- secondary coil <
240 Vs = inside toothbrush ';
1 e <
iron core wn
I
Figure 7 ==
a. Calculate the peak voltage in the secondary coil. Show your working. 2 marks £
? i WY | 1 T
RNs = {3 tﬁm /2 L
02 = 5 Veub - i
/ (/ oy o by e d x
e N2 x12 =~ [6-17] =17 V =

[
|_-
| F o
P
b. Determine the ratio of the number of turns ﬁ. \/ n,-‘f 1 mark O
: NS ’ﬁ - J’O D
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| ¢ Calculate the RMS current in the primary coil while the toothbrush is charging. Show your working. 2 marks

le s “.(mgva =) F UeA~ 1’ /»M% ﬁ’@/’t’”’ 5'7%4/’-%:

Pe¥ L
0= 140xL o
I- 3ﬂ7”7/7<f0b?/4f-
- 3.75 mA

Bq m /¥

3.6

Nt *ﬂ“‘v‘tf pe%v“«‘/l{([ %t TW"D)T?";QV - 0-90 W/
10, fower 52@7%447 -0 490 W

<
(1]
o
<
(79
£
-
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* Vaﬁ%g i Crma oy = 240 .
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Question 8 (6 marks)
Figure 8 shows a small ball of mass 1.8 kg travelling in a horizontal circular path at a constant speed while
suspended from the ceiling by a 0.75 m long string.

ceiling

ﬁ ’
,
Pl
’
’
’

L. , <
---------- e i
ball ' N 0]04 o
g : WZL <
g —_— | enson =
- (:JC?W/‘ j —
a.  Use labelled arrows to indicate on Figure 8 the two physical forces acting on the ball. ' 2 marks
| Z
b. Calculate the speed of the ball. Show your working. 4 marks [

E,u;:ﬁ Mf,? ﬁ?,/i 25
= b %X’? ‘5Xf«f25’)

= §e22536709.
iy / A YeZi 2,2
(/M"“C{,Qé,‘fﬂ"’ /f ,fflfam i/ fad .
i
82566707 = 1« XY~
0745 %n25
l-¢u3¢664s

|220%522i [

Ll
—
o
=

DO NOT

Nl f/'v; dmf' «zc/diw( 47{@, L5 %g RESVLT oA ﬂt’/aézé'/

e s acles, 1€, T“"’ij-
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Question 9 (5 marks)

An ideal spring is compressed by 0.15 m. A ball of mas 0 kg is placed in contact with the compressed
spring. The spring fs then released, causing the ball'to move horizontally, with a velocity of v, across a

smooth surface, as shown in Figure 9.
g Bulind £ — Kiiele .

spring _v’
MW 0
:
3.0m
< i
L %
o ground
. \"iwi havt
v /M Figure 9
u a. [fthe spring constant is 1250 N m™!, show that the magnitude of the initial velocity, v, of the ball is
= 12 m s71, correct to two significant figures. Show your woyking. 2 marks
2 ¢/ . T P
= 7 s = i | V=11225%45
20 . - —
L s Lo / 5
GRX™Z A / =12 ms’

i s o, - / ‘ “y g L
5 X[ 250 X %/5_1; ZX 0-20xV /
v 40-L2s

WRITE

\ , -

b= b.  Calculate the speed of the ball after it has fallen a vertical distance of 2.5 m. Show your working. 3 marks
= Honcs Wl&,rfv{ | l/&ﬁaff%f | e, I

o U=re 12. Az0 @=7% x:25 \ >

a 1

| ie't2a AN

Vs g $x2-g \!_’ &*
ki Vﬂb: ‘)“7 = ; }7{@%/ :\) ,ZI‘F 7L
‘= 7F. = 13-397¢4

= 14
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Question 10 (12 marks)

Jacinda designs a computer simulation program as part of her practical 1nvest1gat10n into the physics of
vehicle collisions. She simulates colliding a car of mass 1200 kg, moving at 10 m s7!, into a stationary
van of mass 2200 kg. After the collision, the van moves to the right at 6.5 m sl Thls situation is shown in
Figure 10.

Before collision

— 10ms™!
1200 kg 2200 kg
O O (o] [o]
car van
After collision
2 —p 6.5ms!
V7
1200 kg 2200 kg
® 0 O O
car van

ad
i'_—7 Figure 10

a. Calculate the speed of the car after the collision and indicate the direction it would be travelling in.
Show your working. 4 marks

frobore = Lulli |
(1200 xn;’)&—(iz’éfv w_) - (1 200 __)(Uv)--”"(-zzﬁc}ﬁ( £ 5)_
12000 = 1200 g~ + (300
2300 = \opo /-
— -9l 6bt7 = V”

<C
Ll
o
<
(7]
e[
=
p=a
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b.  Explain, using appropriate physics, why this collision represents an example of either an elastic or an
‘inelastic collision. 3 marks

K.E. Boknre KE After -
frzb my” Ex=(4nrzo0x-9°)(4x2200x45")

{ L )
T2 X1200X10 l - B4%64]

= 40 000 = 4. 6x07 ]
L d
=Xy

KE Ml < KE Beboree
Tle tsllpion 25 INELASTIC .

¢.  The collision between the car and the van takes 40 ms. 40 X1 -
——

i.  Calculate the magnitude and indicate the direction of the average force én the vaﬁ}bz the car. 3 marks

<
L
o
P
(7]
==
]—
=

- chf': x ot ) Faye = (22"’@ Y'fz"ﬁ;i)“ézwl)
L I = &APF. o Voen . %0 X103
e = ~p & i = ————
o 7 Fowe = 2L | = 3575079
o = &t | o
= - lali —Fredone i = 359 kW .

— T~ .

[ ot f o . = /ﬁ?/f_
o '
= Y ¥
- 354 W | L &;; 4.
)

ii. Calculate the magnitude and indicate the direction of the average force n. 3 viisitles
I v S r = g
Vsing Newtrss THED Lo~

—Sarmy. % 6, _
= € WM@ZW o Voth: Lol oly o
Sumilonr CM

b (L.
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Question 11 (4 marks)

An astronaut has left Earth and is travelling on a spaceship at 0.800c (y = 1.67) directly towards the star
known as Sirius, which is located 8.61 light-years away from Earth, agﬂeasuredyobservers on Earth.

a. THow long will the trip take according to a clock that the astronaut is carrying on his spaceship? Show
your working. 2 marks

o2 | Asturaughl
N Y S

L { ; 4
t’ 4 : [0e7k =ty X]-¢7
- R ﬁl, B ) == = j! - C i
= 09 = 076 yours. by = 4-444¢-
J l
<
L LIJ
) [/_ years
0 ¢ =
<
b. Is the trip time measured by the astronaut in part a. a proper time? Explain your reasoning. 2 marks
V0]
It 45 M‘ﬁm v f m,(/ -
D E
s ﬁf. QJ@/ & GTATIONAR Y w Z’fiz /s 95%?%/%@/ -
7ily’ﬂhf_)_c’ﬂ£ N LI - _ <
L
Question 12 (5 marks) —
In a Young’s double-slit interference experiment, laser light is incident on two slits, S, and S,, that are T
4.0 x 107 m apart, as shown in Figure 11a. A
- —
Rays from the slits meet on a screen 2.00 m from the slits to produce an interference pattern. Point C is at 3
the centre of the pattern. Figure 11b shows the pattern obtained on the screen.
=
o
g —————mm - m e > .
2.00 m
4 S
. o)
40x10%m | oS S
| 1e -
'S, | 1.26x102m
Yp
screen
Figure 11a
C P
¢ [ T 3
Figure 11b ¥
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a.

There is a bright fringe at point P on the screen.

Explain how this bught fringe 15 formed.

F &5 ZL/ (‘C'lb;"/ /L ‘6""‘% /T /'?/z;”
= Fﬂfb zféé@&/l&/uc 0’4[ fwzi"’ fu,z
S ’77 C{’/)z-éééftfrc’,',/ 1€ /-ﬂé’»fw-/’ﬁ;ﬁ;z,cé.

2 marks

“7

ool /vZ/ @ré/mm@

,5.-

The digtance from the central bright fringe at point C to the bright fringe at pg_i_ngf_’if 1.26 x 1072 m
Calculate the wavelength of the laser light. Show your working. 3 marks
B = .f"T-— 3.i5xl0 " = AX2-o0
e ; o
g B G-0xip-¥
L = [«ZXip _ -
¥ L= 4.3 x107"
o Sz be3 X10 " ym
L
= 200 X1y =30 4mM

N"f. F[{; %3 4 |(4‘-w/1." i
On 15 oidonce /JL Cnch &76

ClhxA =26k,
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Question 13 (4 marks)

A 0.8 m long guitar string is set vibrating at a frequency 0f250 Hz. The standing wave envelope created in
the guitar string is shown in Figure 12.

Figure 12

a. Calculate the speed of the wave in the guitar string. 2 marks

v=0 £
= |4 X250
= 400

<L
(A1)
o
<L
n
-5
|
P

1

400 ™

b. The frequency of the vibration in the guitar string is tripled to 750 Hz.
e a3

WRITE

On the guitar string below, draw the shape of the standing wave envelope now created. 2 marks

N LN
| R N @{Z
Notp: Fig 12 Slews %5 one SouD
£ x3. e DASHED.
=7 Wear il Shem 3 %5
or 1% 5
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Question 14 (3 marks)

Figure 13 shows a representation of an electromagnetic wave.

Correctly label Figure 13 using the following symbols.

E — electric field B —magnetic field

[w: /do’

a,d/

Figure 13

— speed of light

q.==

wavelength
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Question 15 (4 marks)

The metal surface in a photoelectric cell is exposed to light of a single frequency and intensity in the
apparatus shown in Figure 14.

The voltage of the battery can be varied in value and reversed in direction.

light photoelectric cell
&/
| M
l <<
L
o
Figure 14 <
a. A graph of photocurrent versus voltage for one particular experiment is shown in Figure 15. v
On Figure 15, draw the trace that would result for another experiment using light of the same xI
frequency but with triple the intensity. ,T 2 marks -
'{ fth ﬂv@ ca,/wﬂg ¢
=z =
photocurrent f]" W T
7

T: _______________________________________________ g L
%752‘,}, ,. —
------------------------------------------------- ; »/ré/ il
__________________________________________________ o
_________________________________________________ i
» voltage o
P
Figure 15 o
o

b. What is a name given to the point labelled A on Figure 157 I mark

¢.  Why does the photocurrent fall to zero at the point labelled A on Figure 157 | mark

%}7«; ”’ﬁLM;, _Qﬂ%c{ﬁlg @L/%C’T‘/j///é/ o
i//’/bﬂf glL@/’”;dfC CQ%‘?«% ﬁ@«‘iﬁiwwy Z%, b‘z?u'z” Sﬂd
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Question 16 (5 marks)

A beam of electrons travelling at 1.72 x 10° m s7! illuminates a crystal, producing a diffraction pattern as
shown in Figure 16. Take the mass of an electron to be 9.1 x 107! kg. Ignore relativistic effects.

<
L
o
< Figure 16
(7)) a.  Calculate the kinetic energy of one of the electrons. Show your working. 2 marks
— o i s ‘.L
T Ex =2 /M0 —
— ' . )
=X 20 Ty (12w’ o
Z TN b B e
— N EEUYY VA _
‘ i -l 7}
L — 5 3 ,‘VZC? = ( T e o ) g 2 /DX Ji l /
ol = (3905 ) 2 (ibxp ) = 0058) oV
m ,
- Check.
= .
o b.  The electron beam is now replaced by an X-ray beam. The resulting diffraction pattern has the same
= spacing as that produced by the electron beam.
Calculate the energy of one X-ray photon. Show your working. / o 3 marks
° | E o
) e F Ay cXefly =k P
: h ooV | 4 5 ¥
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Question 17 (5 marks)
Figure 17 shows the emission spectrum for helium gas.

502 492
668 588 471 447 403

T T ] I
700 600 500 400

<
wavelength (nm) Ll
o
Figure 17 <
. e : 2]
a.  Which spectral line indicates the photon with the lowest energy? 1 mark —
e ———
- . . _ = L
R~ LcﬁM{ g“‘/‘fd '-ﬁwj ~ é &)e‘;'(,c‘ié» . Z’C\,
_ o A b 5
(8 -
=
b. Calculate the frequency of the photon emitted at the 388 nm line. Show your working. 2 marks i
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Explain why only certain wavelengths and, therefore, certain energies are present in the helium
spectrum.

KX féLZ”Jm eaw&ll a’#{zao/u C%é%é{,{&

+ Eloe

ALy ‘fz%;/—af/?, Ll s€E &ég/{%ﬁ
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Question 18 (16 marks)

Students are modelling the effect of the resistance of electrical cables, r, on the transmission of electrical
power. They model the cables using the circuit shown in Figure 18.

resistance of electrical cables, »

o

24 Ve constant
—.— power supply resistance )
(modelling globe, R

mains power)

Figure 18

a. The 24 V- power supply models the mains power.

Describe the effect of increasing the resistance of the electrical cables, r, on the brightness of the
constant resistance globe, R. 2 marks
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The students investigate the effect of changing by measuring the current in the electrical cables for a range
of values. Their results are shown in Table 1 below.

Table 1
Resistance of cables, r (Q) Current in cables, i (A) E(Afl)
i
T .

2.4 2.4 74 = Q4ltb &+ Cs847)

3.6 2.0 0. 6’ é‘?

6.4 1.7 ER 7‘
< . =
o 7.6 1.5 0 - J /
o 10.4 1.3 7 7 7
< 7
(¥p) b.  Identify the dependent and the independent vanables in thlS experiment. Give your reasonmg 2 marks
T o nole fg g EK,«M‘@B L_’L’%ﬁf_/éé‘;? éﬁMﬁw é/mé C //m' &
H / " - -

; ) o CM [his 241 &wﬁﬁftéfgnfe
P
e c.  To analyse the data, the students use the following equation to calculate the resistance of the cables for
Ll the circuit.
I_ i o -
— =_2E,R WAHE U':—l "/T Lf’)ﬁ.ﬂ/c” )P" = f—‘f-/)
o i
; Show that this equation is true for the circuit shown in Figure 18. Show your working. 2 marks
5 2+ = L /i’”-n‘/{) B F /~ = Zqﬂ% -
o e
2¢ ’{2 {

o e 2 =—F% :
o L /

1
d. Calculate the values of 7 and write them in the spaces provided in the last column of Table 1. 2 marks
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W ooy’ s 207! UiE 2 RULER!

1 /
e. Plotagraphofron the y-axis against — on the x-axis on th?/pmvided below. On your graph:
i

« choose an appropriate scale and numbers for the x-axis

o g b 0o % 13 am

X
» include uncertainty bars (+ x-direction only) of +£0.02 A J 002 x I 5mnm
(Uncertainty bars in the y-direction are not requm ) 6 marks

¢ draw a straight line of best fit through the plotted pomts /

e
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f.  Use the straight line of best fit to find the value of the constant resistance globe, R. Give your
reasoning. 2 marks
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