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SECTION A - MULTIPLE-CHOICE QUESTIONS

Instructions for Section

A correct answer scores 1; an incorrect answer scores 0.
Marks will not be deducted for incorrect answers.

Take the value of g to be 9.8 m s2

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.

No marks will be given if more than one answer is completed for any question.
Unless otherwise indicated, the diagrams in this booklet are not drawn to scale.

Question 1

A wire with a length of 0.50 m is placed in a magnetic field with a strength of 0.20 T, as shown in the diagram

below. The current in the wire is 2.00 A.

B=020T
X X X X X X X X X X X X
X X X X X X X X X X X X
( 0
X X X X X X X X X X X X
X X X X X X X X X X X X
The magnitude of the force on the wire is
- .7
A. OON L: OS5 M. T & &
020N B=0.20T F- nTLR
C. 040N
5 4. = (x2XD:S5x0Z
D. 20N I 2.00 A
S 0-2 N,
Question 2

A satellite of mass 2000 kg is in orbit around Earth at a position where Earth’s gravitational field strength

is 0.30 N ke .

The weight 0£ the satellite is M= 2000 t(:?
600N 9 .
B. 600ke J= O =eNy
C. 2000N =
D. 2000kg % - I’Vﬁ
= 2000%X0 - 20

= ECON.
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Question 3
Three charges, +Q, —Q and +2Q, are arranged at the vertices of a square. Position X is in the centre of the
square, as shown in the diagram below.

Which one of the following arrows best represents the direction of the net electric field at position X?

N s N e

©— - 7

_

Question 4
A projectile is fired at an angle from a table and strikes the ground, as shown in the diagram below.
Air resistance acting on the projectile is negligible.

° U-‘— O(_

B AT —_—
20 __ RN E
% ool co affected by
h H k
p re& €
\
Lot o afeckd by
¢ range e V%C@J k_@iﬁ hat \

In the diagram: w ) \
. hrepresents the launch height above ground : w UH = cost \\
. 0 represents the launch angle Uy 22 ead % i
. H represents the maximum height reached above ground.

Additionally, u represents the launch speed.

wée

‘Which one of the following lists all variables that the range of the projectile is dependent on?

/
/
/

A. HhWo -k a,@ecz‘w/ bj vorhca | )/
u, h, 6
C. uHGO co MOW
D. uhH S= u/é' + o’{_a/t *
VA
h'
Copyright ® 2022 Neap Education Pty Ltd ok 08 2022 3
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pottras.| o)

Question 5

A spring is loaded such that it has 10 J of energy stored in it.

Which of the following graphs of force (N) versus spring extension (m) corresponds with the energy stored?
A, FN) B. F®N) Qrer U—“"i’ gaph = W
= abxh .

100 100

x (m) x (m)

@ F(N) D. F(N)

200

x (m)

Question 6
A dynamics cart of mass 0.20 kg is pushed towards a fixed wall. The cart strikes the wall at 2.0 m s and

rebounds backwards at 1.5 m s_l, as shown in the diagram below.
After collision

Before collision
wall wall
2.0m s_1 ’ 1.5m s_1
BESRN ol —

Determine the magnitude and direction of the cart’s change in momentum.
+

A.  0.10kgms " to the left L e £
-1 .
B. 0.10kgms  to the right
B . W=+ 0 mo-’
@ 0.70kgm s ° to the left - '
D. 070kems " to the right V= -1"Smo-
AP: AT

=02 (Up-0z7)
& g =15 - 2)

= -0 @m”

Copyright © 2022 Neap Education Pty Ltd
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Question 7
A proton of mass 1.67 x 10777 kg is moving at a speed of 1.8 x 108 ms™t (y=1.25).

What is the value of the proton’s kinetic energy?

@) 376x 10 Ak relrnivshe Cpeede £ -(¥ ()me®
B.

C Szx 12 19; = (1251 )x!- Q’/\(/C)'”K(Srox,\o‘*)2
. . X
D. 752x10°2°J 3 160" I

Use the following information to answer Questions 8 and 9.

The following diagram shows an AC power source supplying energy to a load via an ideal transformer.

40 turns
e —
- — 7
AC voltage - - ; P VF
source @ C_—/ /-—D .
12.00 V RMS < — T
< il
100 turns
N
Y{ : NL \/7’

Question 8
Determine the peak voltage developed in the load.

‘ :?/gz Aevrmune Vems (load) & frea corvere o VF'
e ‘\E:NL \,?f:l\l_zx\/, =i—2>(|2:4‘-8\[ems
D. 4243V v, -N—’ N, 100

Vp = Viml2 = 4.¢J2 = b-8N

Question 9

The load experiences a peak current of 1.23 A.

Determine the average power supplied to the load.

A, 209W QW@QJ power o tn RMJ velweo

B. 295W
B v Fane - Vins Tems
D. 590W ffama 7 If’: 23
Nems = 48V Line = 125
(load) \r2
=0 . %641
, Pimo = 4.8 x0 . 8671
2417 W,

Copyright © 2022 Neap Education Pty Ltd VCEPhysH_0B 2022 5
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Question 10
A car of weight W is making a banked turn on a road, as shown in the diagram below. The angle of the

banked turn is 12°. Bondeed Hhack .. Fo Twoods
Condve of cuiculor BrAck .

Fe
B 4
Which one of the following represents the centripetal force? £ = F ,[,a/L 6
A. W sin(88°) fo (Frok) N, ¢ g

B. Wxsin(12°)
C. Wx tan(88°)
W x tan(12°)

Question 11
A string is displaying the wave behaviour that is shown in the following diagram. The frequency of the

wave is 700 Hz. s 7 .
' = One hxed end.

I | I I . . N
| 1 | | T havmonte 07T
=
Which other possible frequencies can the string support if the wave is travelling at the same speed? 41

A. 175Hz, 350 Hz, 525 Hz
100 Hz, 300 Hz, 500 Hz
C. 400 Hz, 500 Hz, 600 Hz
D. 87.5Hz, 175 Hz, 350 Hz 7[:\ = V\"p‘

‘ 00=1F .= 100t
Question 12 One p\,u.d W, Lon= 135, T efe,

Heisenberg’s uncertainty principle states that it is not possible to be precise about a particular quantity
of a particle without being imprecise about another quantity.

1[‘7 =100 = Vb/_kfwhua
Al. n=T7

Two such quantities are '

A.  the particle’s position in the x-plane and the particle’s momentum in the y-plane. / Referng) Ao different f e
the particle’s position in the x-plane and the particle’s momentum in the x-plane.
C.
D.

the particle’s position in the x-plane and the particle’s energy in the y-plane. / ; (1. L aboud ene gy
( Ung AL “ANHY

the particle’s position in the x-plane and the particle’s energy in the x-plane. ./

[ i
L,\' yTreAgl OF MmO meAMnna_ .

Question 13
The production of light by the transition of electrons between energy levels in a material occurs in

A.  light-emitting diodes. =2 Cuvrend F(,ow’ .
B. incandescent lamps. — heat
@ lasers.
D.

synchrotrons. — W&W eechono .

6 VCEPhys34_QB_2022 Copyright © 2022 Neap Education Pty Ltd
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Question 14
A laser light is shone through a very small pinhole. The resulting pattern of bright and dark circular rings
is shown in the diagram below.

dark circular ring

laser light L bright circular ring

pinhole

A change is made to the experiment. The resulting pattern is shown in the diagram below.

: S mallev P aHern /

1
(

. g Y / p) 7 L ®
What change was made to the experiment? Lo v aci\on

A. A laser light with a smaller frequency was used.
B.  The diameter of the pinhole was decreased.
C. The intensity of the laser light was reduced.

A laser light with a smaller wavelength was used.

Question 15

The diagram below shows two dynamics carts, X and Y, on a track. Cart Y has a speaker fixed on it that
is playing a single note at a constant intensity. Cart X has a datalogger fixed on it that is connected to a
computer and it records the frequency of the note played from the wireless speaker.

datalogger wireless speaker

((((.
oo

A number of experiments that were conducted are described in the table below.

Experiment Conditions A irE G At
al =eomo
monng ocfd:/(r, g
1 Cart X moves to the left at 3.0 m s~ and cart Y moves to the right at 3.0 m s & - ! oy
2 Cart X and cart Y both move to the right at 2.0 m s MDV\@"VWN’ ’
. A B 7
3 Cart X moves to the left at 2.0 m s and cart Y moves to the rightat 2.0 m s I. Srie e %
= 5 Slower fho~ A«
< Cart X moves to the left at 4.0 m's ~ and cart Y moves to the left atﬂl.O ms . seme dLrechon~
DU =2 Omo~'

which experiment did the datalogger record the lowest frequency?

In

@ L when U wnwortaaeo, frec]umz:y deocrezogo .

g: Arowtr o A becouwor re(nﬁurc‘/@fuﬁl
D.

S W

dfprnc 1o lgheet for aepnmed I

Copyright © 2022 Neap Education Pty Ltd VCEPhye}_0B_2022 7
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Question 16

The following diagram shows position X on a travelling wave at a particular instant.

. -
cefe L

v £ 1

If the wave moves to the left, then position X moves

A, left.

B.  right.

C. upwards.
@ downwards.

Question 17
Which one of the following categories of light will undergo the least diffraction if it passes through

ésmalijs\l;t? . dilfachor N Shmalleedt N WA unrleyp

A .

B. microwave W W d/bm &Cﬁi\OW
C. infra-red

D. TV

Question 18

An experiment is conducted in which an electron gun fires electrons of the same energy one at a time
toward a double slit arrangement. The electrons produce a pattern of strikes on the screen behind the
double-slit arrangement, as shown below.

K 2 7

: g

$ >

g

L s %%
: . 2

-
-
-~

HZ H screen
‘. double slit L@L

electron gun

The pattern on the screen represents evidence that the electrons act as
A.  particles throughout the entire experiment.
B.  waves throughout the entire experiment.
@ particles when they strike the screen and as waves prior to striking the screen.
D.

particles when they pass through one of the two slits and as waves when they interfere with each
other to produce the pattern on the screen.

VCEPhys34_QB_2022 Copyright © 2022 Neap Education Pty Ltd
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Use the following information to answer Questions 19 and 20.

Four students take turns dropping a golf ball from the same height to the ground and measuring the time

of the fall. Each student conducts five trials. Their results are plotted on the graph below. :

fall time (seconds) {j;{)'\;l[;,ﬂ ’ Fr@/"p l\’/ “‘vaL '
/ /

1504

1.48
1.46
1.44

1.42 | f . rounclom
1.40 - *

1.38 }
90 R T A

134 1 | | \‘\\ | |
0 1 2 3 4

\ -
ip @ student S, !- N
SL]‘\S :,{rj/ﬂ/\}\/ﬁf F 5‘\,/) e

The studenits calculate that the golf ball should take 1.43 seconds to fall the distance to ground. They have
drawn a dotted line at this value to compare their results.

Question 19 /

a

Which student has the most precise but non-valid data? Pf ecLo wn

A.  student 1 e - dedr. close @edke,/
student 2

C. student 3

D. stﬁdent 4

Question 20
Which student’s data shows systematic and random errors?

@ student 1

B. student 2
C. student 3
D. student 4

END OF SECTION A

Copyright © 2022 Neap Education Pty Ltd VCEPhys34_QB 2022 9
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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 booklet are not drawn to scale.
Take the value of g to be 9.8 m 52

Question 1 (7 marks)
Figure 1 shows an electron being accelerated from rest in a region of an electric field created by an
accelerating voltage, V, .

Upon reaching the grid at the accelerating voltage, the electron passes through into a region of a constant
magnetic field. The electron’s motion changes to form an arc.

: 0.300 m A: region of magnetic field
I 71
Wwork done ; i
: S | ! X X X X
PR | |
@L@ino W : electron : X X X X
O Ottt T~
do qecoloate | XA X X X
elscho ' A
e ! T O S S
1 1
| |
I region of electric field o electron passes out
ov Vace through a window
Figure 1 COW b“’L ¢ ";\
/\
The electron arrives at the accelerating voltage grid at a speed of 5.93 x 10°ms™ ! The arc of the motlon ra’l"(/
of the electron has a radius, r, of 1.50 cm. VD\WQ
a. Determine the magnitude of the electric field strenoth prov1ded by the acceleratmo
Voltage Show your working. (worke done By EleMt jelol. 3 marks
- JOric done eguzrl 0
E - We=Egd= 3pprotoredon ol
eAne ;‘\,Q- ey U 2o 2
= ..l ; o7 AN ; ’
2= 1-6x10"C E-=2mnmut O o odectns
)
d=0-300m ¢ d

O'ZBLQH)(!D 'z(g.qsx:o‘)’l
-GYi0™'? X023
33377 NC !

SS9 ) NCT

10 VCEPhye34_GB 2022 Copyright © 2022 Neap Education Pty Ltd
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b.  Determine the magnitude of the force acting on the electron while it is in the region
of the magnetic field. Show your working. 2 marks
m = Q- 10~ L‘j F=1 Famu®* =9 nxio* (S . a3x10°)”
= 0-015 m 7 6 -0\
I=5-95 X 10° = 2.4x10°'S N,
£ dod _hewe a  maa, hold Sng&
Ho wole wilk, § Ro (o ovdkes
2[4 %10 N oho~ -
¢.  Determine the magnitude of the magnetic field. Show your working. 2 marks
f= A2 Bz (4x10°°
B= L6xI0™ % §-93x10°
&0 -0 002255 T
e 2ol LI T,
226 %" T

Copyright © 2022 Neap Education Pty Ltd VCEPnys34_QB_2022
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r = (heghs =bove Eat +
Question 2 (6 marks) P Sthe raduio).

The International Space Station (ISS) is in a low-Earth orbit of approximately 400 km above Earth’s surface.

a. Determine the magnitude of the acceleration of the ISS in this orbit. Show your working. 3 marks

=" a= GM
G=6 6150 (e
Me=S-48x10% kg = 66T XI0"XS-98 x 0™

= (6.31 1) 4 (400 10°) (¢110000)"
- 6170000 m . = %10 pu-t

%10 ms”

b. The orbit of the ISS decays slowly over time as the space station slowly spirals inwards
towards Earth’s atmosphere. The ISS needs boosting a few times a year to return it to its
original orbit.

Without boosting, will the average orbital period of the ISS stay the same, increase

or decrease as it spirals inwards towards Earth? Explain your answer. 3 marks
B 5 1 =\4T%s GMe M ate (Onodoat
f),'f', u,; GM * Qo dhe I8S Puale o, r docitaws
:M\) * Qo v drecegors T decstaczo.

SUumuytiat

Seec - j/R L{Q/IQ(Q’O LM
rs = k. T =r°
K

TE

12 VCEPhys31_0B_2022 Copyright © 2022 Neap Education Pty Ltd
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Question 3 (7 marks)

Figure 2 shows a schematic diagram of a simple DC motor. A current is flowing through the coil and the
motor is turning in the direction shown.

rotation direction of the coil ryu,wj be, O U,fwwa{

L; ;

split ring commutator

DC battery

terminal A terminal B

+ -—
Figure 2
a. Write ‘+’ for positive and ‘=’ for negative in the boxes above to indicate which terminal
is positive and which is negative. 1 mark
b.  Using physics principles, justify your answer to part a. 3 marks

“Uoing RH rule & nofv\q duechon o) wfahon

= dtc{b SIANNE ﬁm@n&\m An ru:wo\/d/o [)'vm,

- Wm\o/kc G\pld fvom nodk - @wi’k (L oR ).
Mb poLak hom L do M Ghea
Doatnn ove  Ldo R gad (Da/(,m wpuwordo On
ac\(a L 4o m.

}\Q/\{L L Ced (COWVOM’) Nuao _ﬁrDm L 4o
WL, Whith une 4+ 4o -
IYAM/ Womooh A (o

., @ Ioomanr| & o -

Copyright © 2022 Neap Education Pty Ltd VCEPhys34_QB 2022 13
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c. The split-ring commutator consists of two copper rings that are separated by a split.

Explain how this design enables the split-ring commutator to serve its purpose. 3 marks

e puc:y M,l rofahon 0acl  lowwoh

8 S ’
-

()/n\_Q/ L\ﬂj,?/’ Mﬁ

s Mo cauees e  curent v\\/ﬂuv,,/nop Fo  reperse
Arsechon

A ol i~ dne bre dy,IOOAﬂ,A/:LOl b& oa.cl (,OOIP
do ttweste Aivechor pacl hodl Awn .
v A pnoueo  cornhrwone mwiahon~ ol o [oolp-

14 VCEPhys34_QB_2022 Copyright © 2022 Neap Education Pty Ltd
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Question 4 (8 marks)

Figure 3a shows a square coil of area 0.020 m” and 100 turns placed between the poles of two magnets.
The size of the magnetic field at the area of the coil is 0.50 T.

Figure 3b shows the two magnets pulled sufficiently far apart such that the resulting magnetic field

at the position of the coil is 0 T.

900
]

Figure 3a

oscilloscope

— mag. [neld

/-

()

@ po0

Figure 3b

oscilloscope

uae

@M hansl
grp e b (L

In both figures, the ends of the coil are connected to two slip rings that are connected to an oscilloscope
datalogger. The time taken to pull the magnets from the position in Figure 3a to the position in Figure 3b

is 0.10 seconds.

a. Calculate the magnitude of the average EMF induced in the coil as the magnets move
from their positions in Figure 3a to their positions in Figure 3b. Show your working.

3 marks

EMfar = nAD

n= (oo AE
H:= 0 60T7;m~o L i = nAHA
Br-o T At
E- 0 1s = 100 ¥ 0 -SD¥ 0 -0
A= 0.-020 mo 0- 10
1O v - [0V

Copyright © 2022 Neap Education Pty Ltd
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b.  Draw an arrow on the coil in Figure 3b to show the direction of the induced current in the
coil as the magnets are pulled away. Provide an explanation to justify your answer. 3 marks
: I\QJ\,Q"S ke : VAViY: L diced ﬂ/VflL bAdAL ,mocw/oe, A
Clurtend  whase mmjmg‘\x; Rotd _indL O prore e
ongaal  Choange. W M .
J N
- do rvdore E(;g ng/wf\/C held  (unduced) bomn L 4o R.
‘Une RH G nide o delesmne direchol ol Cuovent
N LOO»O X
. a/owm (:00 @’f [DoO o r@%m Eum@ro mw& Lo R
M Mk amﬁ/e of [ 0op , Anurmb oowb eud  of page .
c. The magnets are returned to the initial position shown in Figure 3a. They are moved from
the position of Figure 3a to that of Figure 3b, then returned to Figure 3a without any pause.
This movement is repeated once more.
Each change of position takes (.10 seconds. At all times, the magnets maintain a constant
speed relative to each other. The position of the coil at 7= (0 is shown in Figure 3a.
On the axes provided below, sketch the output signal that would be displayed on the
oscilloscope datalogger over the 0.40 seconds of movement. (A scale on the y-axis
is not required.) 2 marks
V (volts) o
4 - sumdlar Jo
6 @n2is w l«w@,
: .l R ng e
(
, . H)u)o chag o ot
; : , A conatend rade
U
t » 1 (seconds)
0.00 0.05 0410 0.15 OIZO 0.25 0.30 0.35 0.40
g Q/VV\P Lo
i !
Conofent
i '\ dunng each
! O-1s PW :
A\
( fam‘wc ﬂ\egwﬁ\m)
16 VCEPhye34_GB_2022 Copyright © 2022 Neap Education Pty Ltd %

¢ A
CAAZ\A?Q;&W mﬁ
wclueed currerd 1



VCE Physics Units 3&4 Trial Examination Question and Answer Booklet

Question 5 (6 marks)

A model electrical transmission system shown in Figure 4 is created in a physics laboratory. The globe
requires a minimum of 3.6 V to operate brightly.

wires
._
AC power supply R, . =30Q C(D globe
Tl T2
4.0 Vs AC 1:10 10: 1
Figure 4

The students use two transformers, T1 and T2, with ratios of 1:10 and 10:1 respectively, and a 4.0 VRMS
AC power supply. The transformers are assumed to be ideal. The students use a light globe that will operate
brightly as long as a minimum voltage of 3.6 V is supplied to it. The wires of the model transmission lines
have a total resistance of 5.0 Q2. The students measure the current in these wires to be 1.0 A.

a. Determine th_e magnitude of the power that is available to the globe. Show your working. 3 marks
Ma@ivtm/ Nxadomor powes 1o (pnooyoed dhoce o powes (0SS Qemss
Ahe (roo . Dedecomne Powt: goteialed, & o~ power [pes 1l oo, do
detecne powes (i pglobe .

I -t fodinced = VT floss = TR
2= S = 4x )0 : %xg
N. 10
I':Tl_,)(i” = X! = (OA = 400 = Sw.
35 w F@c&esm—s*:asw,
b. State whether the globe will operate brightly. Provide a calculation to support your answer. 3 marks
Vurso = Yo =N, Thea N, = N, X Vi
Yoo N - o x 3¢
N2
Ve N, XV s 3SYy
=12 x 4
= A0 V. Globe. neecln 3-6y & Thoepr
Veop=_[R hdd pot shoe bnghdy, .
-1xS ~S V.

Yido2 = 40 -S
=3SV.

VCEPhys34_QB_2022 1 7
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Question 6 (3 marks)

In Figure 5a, a block is held on top of a spring and is at rest. The natural length of the spring is 1.0 m and
the mass of the spring is negligible. The spring is compressible.

In Figure 5b, the block is released and compresses the spring such that the next time the block is momentarily
at rest, the spring is compressed by d metres.

block at rest | |
* Conaev Uodhon. 4
e{ W@ 1.0m v
ctFPYOa/dv

Figure Sa Figure Sb

The spring has a spring constant of 50 N m . The block has a mass of 0.40 kg.

Determine the value of d, correct to two significant figures. Show your working.
k=50 Nm" 4 Eg AY %y
¥
M= 0 404 Mgoh = 2 kAX” ,
o I & L

\

A\l

? (ax) O-40x49-% xéﬂf - ZxSOx®
0. 40x9.8xd = 2xSod*
3924 = 95 d? (e o wdbo by A)

392 = 25 d d= 392
O 16 m 25
0 b m
T

2 g Ky

18 VCEPhys34_QB_2022 Copyright © 2022 Neap Education Pty Ltd
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Question 7 (5 marks)
Figure 6 shows a spring fixed to a wall sitting on a frictionless surface. A block of mass 0.40 kg moves

and strikes the spring at 2.0 m 5!, The stiffness constant of the spring is 50 Nm™.

wall

[ k= SONm"
X block moving at 2.0 m s
Ao blode mak =
d@c@(@/a‘a‘b Figure 6
a. What is the magnitude of the work done by the spring on the block when the block
compresses the spring by 0.15 m? Show your working. 2 marks
0 w="7? axom\ciom\gw Lom pivoced, Es (neraoso .,
K pre ] ]
Q/PPM a2 AEs = () .- AEG - s?.l(/A:CZ
A
loloci. Slows 2 XSDXO-IS*
o ok = 5. 56 1
¥ abo dor O SG I
lenow bﬁ b. Is the block able to compress the spring by 0.20 m? Provide a calculation to support
block. W your answer. 2 marks
@Dﬁo@d. A of Uock = AFc (mexd | lohon, DEe = AEs solving for x -
1 i
(onador AEe k 0.8 4 lax
1
AEk = Byt - Fr Gubel 0 8= QUSDXA?
N,
T X 08 = X?
=| " ,
= O - IxX0.4x2 | SO
=080 X* = |-6
L DEs vre) = O-8J SO
X=0:-1%m .

;_m@ALchA?QHmAbN = O-18m . not ©:-2m .

Copyright © 2022 Neap Education Pty Ltd VCEPhye34_QB 2022 19



VCE Physics Units 3&4 Trial Examination Question and Answer Booklet

c. The block comes to rest momentarily for a particular compression of the spring.

In terms of the principle of conservation of momentum, state what happens to the momentum
of the block as it comes to rest. 1 mark

Ao the block omeo do otk B meomendum L
hnofered 4o efhes bodio L/\,‘/fl/u;tnu«vloml, Such  ao
/bw \Llomiﬁ
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Question 8 (5 marks)
A pendulum bob of mass 0.200 kg is released from rest and swings in an arc, as shown in Figure 7. The

string that connects to the bob and the board above it has an insignificant mass, and no frictional forces
exist anywhere during the swing. The bob falls a distance of 0.30 m from its release point to its lowest
point. The distance from the centre of mass of the bob along the string to the board is 1.00 m.

1.00 m

pendulum bob

Figure 7

a. Show that the speed of the bob at its lowest pointis 2.42 m s .

mes= O-ozoosz 0-2X4-8x0:3 = 3 X 02 x O
h=0 .30 m U*= 0.588
g 9-8 pa -~ O
= 5-%8
U= 5€-€8
=2 4 s -
b.  Determine the tension of the string at its lowest position. Show your working. 3 marks
Fr=? Frok = Fu - F,
FT - Frot + Fj
= st + mae
7 o
=0 2% 42"+ 0.%8
|
2. 13 N| )1 A4 VK6
=315 N
21
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Question 9 (4 marks)

A golf ball is launched horizontally from the top of a platform that is 10.0 m above ground. The ball strikes
a board 30.0 m away at a position that is 3.0 m above ground. This is shown in Figure 8.

M 1 e s — — = = A
Bt l\s = =1 Omv
10.0 m R
3.0 mI
ground
A+ ) 30.0m
\L Figure 8
a. Determine the amount of time the ball takes to strike the board after being launched.
Show your working and express your answer to two significant figures. 2 marks
- . N ol 2
rufied UL = Omo- S= Uk + pabt
~ L2 A 2
vUhod glp - 4.6 mo -1-0 =3(-28) k
relocdy
- i Sz -1-0m L= - 7 E =14
= mo —
=17 - 4.9 gl
s
b.  Determine the speed at which the ball is launched. Show your working. 2 marks

spoedt (wwhal) U= LU= d =300
o honondal € |2
\;@Loody = XS mo”!

28 ms
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Question 10 (6 marks)

Two carts, A and B, are connected by a spring and are moving as a unit. Cart A is of mass 1.5 kg. Cart B

is of mass 2.5 kg. Cart B has a spring compressed against cart A as they travel at 2.0 m s

o the right
as a single unit. This is shown in Figure 9a.

As the carts travel, the spring expands and dislodges the two carts such that cart A continues to travel
o the right at 1.0 m s

, as shown in Figure 9b.

an "prto»@wﬂ cellvoton
-1 =],
20ms IOms
/S
Figure 9a _ 3 =7 Figure 9b
N a. Determine the speed of cart B after the carts have separated. Show your working 3 marks
m, *(1-S42.5) =4 0lkg MU, = MU, + Ml
W, > 120mo"’ (40x12Q = (1-Sx410) + RS U,
M, = 1-S kg 80> IS + X5 U,
f, = 4 [-Omo”’ T0- -8 = 2-S0,
Mg = o?'S/LJﬂ Uz S-0-18S = 26 mo-
Ug = 1 25
2- b ms”
b.

Explain why the separation of the two carts is neither elastic nor inelastic. Calculations
are not required.

-(L)’/Lo,n, \mrmm Q,!zr)mndo JffO/\PﬁL ﬁs (/Oervkd fo Ee.

//mmf/be F, L/.eh-c, (el bhe Mowt to £ aple, —
/he JYM\YK)OVIZJL\,ON 0,[ £s b0 £ O")_V)\,;I,L{OUIW Fhe
‘s&ksirm |
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Question 11 (5 marks)
A spacecraft travels from Earth in a direct line to a star system at a speed of 0.850c¢. The astronauts onboard

measure the time of travel to be 1.78 years. A command centre monitors the mission from Earth.

a. Determine the value of y, correct to three significant figures. Show your working. 2 marks
g= | rado ¢ U:ic = 0.850c
- v
[ - oz
5 el = |. 898 = |-“0
- O 8D* N . .
-0 3 wig. figs.
~ I
y= [-“lo
b. How far is the star system from Earth according to the command centre? Show
your working. ’ ~ » 3 marks
mao;:ﬁ ’
E=b/(:o \1// G%%zuf U= d o de=uk
- ). 90x .78 % - 0.850x 382,

n

"

281 1okt yeare
R

3.3%2 yro.
|4

2+ B light years
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Question 12 (5 marks)

In a large hall, a class of Physics students sets up two large speakers, S; and S,, that are connected to a signal
generator. The walls of the hall have sound-absorbing surfaces that reflect little or no sound. The students
play a single note simultaneously through both speakers. One of the students, Jane, stands at various positions
in front of the speakers. Jane’s path (shown by the dashed line) and position A are indicated in Figure 10.

2 o of cohorent °
AN h )) A
S
3 € Tl M et ald fhe
signal \ S~ éuf)n@’ Muet 2~ &
t »
generator )> e od! fo g
S,
Figure 10

The speed of sound in air is 340 m s

Jane walks toward the speakers and observes the sound to be very soft and hardly audible for the entire walk.

a. Explain the observation made by Jane as she walks. 2 marks

mew@wwmbmmwm e

- A nhDdel /AAQ, Da‘/na%(n\/n)m/\, AR &[

ApoPnctwe  aker y@/m uko,rc o ol each
etors ouk .

b. The distance from S, to position A is 4.5 m and the distance from S, to position A is 8.5 m.
Jane stands at position A and her friends change the note being played through the speakers

so that she hears the sound change in frequency as well as being high in intensity.
Determine two possible frequencies at which Jane hears a loud sound at position A.
Show your working. 3 marks

ak A _ph-n)-85-45:40m
4.0=n) Lwhen = |

£0 = nU f- 85w =354
f When n= 2
f-rwr - n3o - 85n | [,- 8Sx2
—:1'_ 40 = 7o 4o .

5] Hz (To Hz efc.
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Question 13 (4 marks)

A ray of white light is shone through the curved section of a plastic block so that it strikes the centre of the
flat side. The ray originates in the air outside the block. This action is repeated twice with the angle of entry
into the block being changed each time. The traces of the rays for all three trials are shown in Figure 11.

The angle of 41° is shown in the middle trial. ak Cm&@/ a,L@(g F rc/(a,(;(cd
°

|
| | [
|>/ I I
| |
| | —
| o i tor Aozl
| 410| (/\:;Lfi/ rwv/
j ) , Y@; leehon
| I | ny>nhnsy
Figure 11
The refractive index of air is 1.00. n,= 7
-
a. Determine the refractive index of the plastic block. Show your working. » 2 marks
n,-= ? VL(S(/\@; il A W) (SL/\.©7 Or n, = n,
O, =41° S 4l = | ¥ 6ta 40 s,
“1:"0 n. = | : 1852 Q’kz .
07 2 qoo Sin 41

[+Sel.

b. A ray of white light is shone onto a triangular plastic prism, as shown in Figure 12. The ray
passes through the prism and spreads into the colours of the rainbow.

red
orange
yellow
glass prism }g){ﬁgn
indigo
violet

white light

Figure 12

Explain how the spread of the colours results from the original ray of white light. As part
of your answer, make reference to the order of the colours and the degree of the spread. 2 marks

- a0 A O.j}\:ﬁ 1R (30000 ﬁom Ay (7o Fhe priom.
ghv'nlmm(n; OCouYO.
. ht lagpot 2)

» blue lm/w‘ (kml«m‘f Smalloet D) Lo rﬁ;%dfﬂl ﬂ”ka moet
. gael n haslsb own refrachve (n Al (n <he priom =3
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Question 14 (8 marks)

A guitar string is set up on a table, as shown in Figure 13. The oscillator is tuned so that the string behaves
as shown. The length of the string between the oscillator and the pulley is 0.650 m.

wing — fo/M0 O Wadg vt
oscillator o _ - ~~_ j
——————————— plllley 5 m’ﬁ/W
0.650 m ﬁ .
hanging
weight
Figure 13
a. Explain why the string displays the behaviour shown in Figure 13. 3 marks
L= O:6S0m

- o Uodor vbadeo od a A/QWWOI & zmr)oowmboo A

Yrnobtoe L MOMMM

- poaut. o refluckd 0&4— ,puu@ £ [umo R W

Lt .

* A KlEadiag poane, e ooxmﬂom sl nodso &
J o

asdhnodeo (be o awen f/)fpnwwu) we  hind.

- o ﬁ/emu/mcu o#/omum(x»» madthoo o nabal

rmomd\m ﬁ{@ﬂo&p/\\uj vf W\Lfn/@

b. =~ Determine the speed of the wave in the string if the oscillator is vibrating at 291 Hz.

Show your working. 2 marks
ak f-2a142, n-3 (accorhing 1o diagoum)
(= 0650
o= 7
M@WMQWMO% ‘F;_l/\_,l_f
126 ms! 2L .
U= 4
re
2
= |Rélmo ™!
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P WML & eEAGL ;.mc
c. Explain the effect that changing the frequency to 388 Hz would have on the behaviour Vi
of the string. You may use a diagram to support your answer. 3 marks

3

Mo bundamendsl Wé?uﬂf\\cji %/flfw\ﬁ}-n/tjr o

e
I /al
A>3

2PN g V7Y
2

388 = 4

a1

F; 38 Hz (o e 44 harmomc
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Question 15 (9 marks)

Three experiments are conducted in which light of the same colour is used to irradiate a metal cathode
in a vacuum tube. The intensity of light is altered for each experiment. The highest intensity is /5 and
the lowest intensity is /.

The photoelectric current versus potential difference for the experiments are graphed in Figure 14.

photo electric current

3
L
stopping I
potential
-V, 0 >
<— retarding potential anode potential V —
Flgure 14
Photoclecine ffect - pov moded .
a. Explain which model for light (wave or particle model) is fully supported by the results.
In your answer, make specific reference to the graph above and include a brief description
of the model chosen. 5 marks

ov nof af all. (‘m)mu of o/\m‘ono fo c(pmu\,af (F-=r)

\C’/Ol/«u\lﬁv VOQLML o H/m;/—td(/ fo EFemas

s B e /\f }\.fo TW (o, G2 /’Yeﬁlu,&%; Q/j tactdond

9;1 et fiﬁ/\ﬂ. 7117‘(11/0&&(/1 0;[ ULQL[(,M:JL {mﬂj dopo ot
a,lﬂ?[% Eumae . ’Hﬁl\/(/b/ ol hsee linso /\mrc Sz

\S’}ODM Vo (4zae (\/n).
L k/
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The value of V, in a particular experiment is 1.5 V and the work function of the metal cathode is 2.2 eV.
2 marks

Determine the frequency of light used in this experiment. Show your working.

b.
) 4.7 Vo= Evmar (V)
7 Nezl-SV Vo = h{- ¢
G= 2-2eV. I X 1S = 4)14xi0°® 15 =__sdvad
Wworlong sbe ev /7)~ s }C = |-S + 2.2 = 8.94 10" Ha.
" 4- 14x107'S

Hz

84 x10'

Would light of frequency 2.5 x 10" Hz cause photoelectron emission? Support your

2 marks

c.
answer with calculations.

W@ a0 akd il o ﬁ/@f(m&(/:
E=h[l

44y 075 x 2.5x10"
|- 03S ev.

Swce ¢ =2-Dev, mf)hoﬁwiedwm MU ok be
et A | |

n

A}
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Question 16 (3 marks)

A photon of energy 50 eV is compared to an electron of de Broglie wavelength 0.663 nm.

Does the photon or the electron have greater momentum? Support your answer with calculations.

i
A\ =

?“

/

To
p= k
)

O- o3k 1077

QW'\ _ " -
)79 = loxlo M@WJJ 2
FL.WEOV\,.— Neod, A

| e Pecton” (,OXIO'H@W"A

Pphston >02.7Xlo'wlfgmo"

S|

E-hf o F% Sloehon hao graks

~E=hc

)
A= he
E il

Then , b fnd p Y

Aok (oo frogi)
5 g \\
h

- P and Aherelor p =

ke
A E
reaxrage - p= ke w E -
/KO - ij y\,(ji,{(j T'L J
p=E . 50 x |- bx 1o ™
C 3.0xi0%
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Question 17 (6 marks)
Figure 15 shows the energy levels for mercury. One energy level is missing.

energy (eV)
A

0.00 ionisation energy

missing energy level -
-1.57

—2.48
—2.68

-3.71

—-4.95
-5.52
-5.74

-10.38 ground state
Figure 15

An electron from the missing energy level falls to the energy level of —3.71 eV and emits a photon
of wavelength 579 nm.

a. Determine the value of the missing energy level. Show your working. 3 marks
A=5T9nm
C=a4-R =6719x10'm
: E=hf L onesgy (el
= 4 14xi0Sx 3-0xI0°® = -3 -2-1S
51 x 10~ = - 1:S6 eV,
= 215 eV

2 eV
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b. Describe how an electron occupying one of these energy levels is modelled by
wave—particle duality. 3 marks

o olochon haa maao & ![PQQd and_to “mgﬂ;f’ W A~ enegy)
(ol & duefore hao aw%w& omaeduo

'0M0,{2/u (oAl mnm}/oJrcA ra R m’a/tdz/m wWage -

A Mg (A)cwc LLLL@ r'omf}wxo
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Question 18 (13 marks)

Two students, Andrew and Sarah, are investigating the spring constant, k, of a spring. A standard mass
is held in a stationary position at the bottom of an unextended spring. When released, the mass oscillates.
The students use a stopwatch to time 20 vertical oscillations (20 times the period, 7). The arrangement
of the spring and mass are shown in Figure 16.

Figure 16

The students conduct the experiment with a series of standard masses, M, whose uncertainty is very low.
They calculate the period from their measurements of 20 oscillations and determine the uncertainty in the
period to be £0.05 seconds.

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

Independent variable __ VW00

Dependent variable

Controlled variable

b. i. The students have recorded their data in the table below.

Complete the table by calculating the values of +/standard mass (\/A7 ) 1 mark
4
M (kg) JM kg2 Period (seconds)
1.00 ) 0.90
2.00 ‘ ] 4, 1.30
3.00 }+73 1.60
4.00 ol . 1.85
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ii.  On the axes provided below:

° plot a graph of T versus /M using the data from the table in part b.i.

. include the correct uncertainty bars for the 7 values
. label each of the axes correctly
. draw a line of best fit. 6 marks
P@m‘oo( (s)
A
2-0 -
) S T
I-0 s
L
0-s

0 > [maco (1@'/‘)

0:S [-© (S 2D

/5@0&@\1«’ ’:rr_ﬁ 5. Tz gredionk x v

iii.  Using the line of best fit from part b.ii. and the formula 7' =27, f%, which relates

T and M, determine the value of the spring constant, k. Show your working. 3 marks

ard. coneides Ane ﬁ)(rrw‘m lorovwéadv

Swnce  gendionk = T Qa:ggmi; Rrmuda. T= QZ%P—;
VM 3{0«%}2‘,{; = S
Wawigage. . T= arodisak « M V.
N gerdient
END OF QUESTION AND ANSWER BOOKLIl‘E<T - % 2
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