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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 booklet are not drawn to scale. 

Take the value of g to be 9.8 m 3.     
  

Question 1 

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

below. The current in the wire is 2.00 A. 

B=0.20T 

x KX KX KX KX KX KX KX K XK XK &X 

  

x KX X KR KX KR KR RK KR KX XK &X 

0 
—.-- 

x KX MK XK KR MR MR KR KX K XK & 

x KX KM KX KR KR K KX KX XK XK &X 

The magnitude of the force on the wire is 

A. 0.0N f= O-S we Fe? 
0.20 N B= O20T F= nue 

C. 040N Te 2.00A =(x2xKxO0OSxO2 
D. 2.0N oe 

= O-2N, 

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 kg. 
The weight of the satellite is 

600N *9 = SRD Jey , 
B. 600ke g= 0: 50 Nkg 
C. 2000N ce 
D. 2000kg J ~ 

= 2000%0 «30 

= €CON. 
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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? 

A. B. L \ we oo 

(c) — D. YY 

  

        
  

  

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. 

— . * Ud 
ey * 8 ~~ > ‘ ‘ E 

, “ve affecka by 
h H ; ‘ re & 

\ 

1  & wo affectkd by 

range vertical height 
In the diagram: UL 

e h represents the launch height above ground oe a” YU H= U-COS Oo 

° @ represents the launch angle 7" 
H an AfecteaA by 

° H represents the maximum height reached above ground. H 

uUéo Additionally, u represents the launch speed. 

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

A. H,h,@ o£ opeckal by cortce! 

u,h,@ 

Cc. u,H,@ Co mponens 

D. uh,H $= wt +aak* 

v ” k a 
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Question 5 ze P Ze VY 

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? 

Qrenr~ Under grep Ke W A. F(N) B. F(N) 
of. 

= aeoeh. 
100 100 

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 sand 

rebounds backwards at 1.5 m st, as shown in the diagram below. 

Before collision After collision 
wall wall 

2.0ms_    
Determine the magnitude and direction of the cart’s change in momentum. 

- ¢ 
A. 0.10kg ms to the left Lee2rR 

B.  0.10kgm s | to the right 

©) 0.70kgm s | to the left 

D. 0.70ke ms" to the right 

Us t2:0 mo"! 

Vs -|-Smo-! 

Ap= WA 

=O -02 (Up - U; ) 

= Oa pe 2) 

Be] gman 

= 0-7 komo" left 
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Question 7 

A proton of mass 1.67 x 1077 kg is moving at a speed of 1.8 x 10° ms! (y= 1.25). 

(x- ( ) me? 
What is the value of the proton’s kinetic energy? 

3.76x 1015 Qk relahiwehe cpeede Ee ity 

—11 B. 135x 10113 &p 
_ = (426-1 wl 6TKIO" x (30%! 

Cc 125x107) (1 = ) 

D. 7.52 10775 - 3.16K1I0° J 

Use the following information to answer Questions § and 9. 

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

  

   

    

      

40 turns 

  

=? 
AC voltage xe Vp - 

source A ‘ead 

12.00 V RMS 

yo! me V2 
Question 8 

Determine the peak voltage developed in the load. 

A. 4280V lokeyrune Vem Coad) & thew convert to Vp. 

(B.) 6.79 V 

C. 849V No - N, V2 = Ne LV, - 40 pio = 4. BYems 

D. 42.43 V V, N, N, \OO 

Vp = Veml2 = 4.8 J2 = 6.8N 

Question 9 

The load experiences a peak current of 1.23 A. 

Determine the average power supplied to the load. 

A. 2.09W Quewrage power lo wm RMS valeco 
B. 2.95 W 

BEN Peme = Vans Tes 
D. 5.90 W F sins . 7 Ip = }-23 

Vems = 4:8V Tine = \-d2 
(load ) io 

= 0 .$691 

o, Prme = 4.8 XO. 869 

4)
 4-11 W, 
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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°. Barked track .. tTowede 

Contre of circular Pack | 

  

  

Which one of the following represents the centripetal force? Es Ee ton Gg 

A. Wx sin(88°) Fe (Fret) fs N. c a 

= B. Wx sin(12°) 
Cc. Wx tan(88°) 

Wx 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 freed end, 

  

| | | : : 7 
! , | | Tr harmonic 1° 7. 

= AW 
Which other possible frequencies can the string support if the wave is travelling at the same speed? AL 

A. 175 Hz, 350 Hz, 525 Hz 

100 Hz, 300 Hz, 500 Hz 

C. 400 Hz, 500 Hz, 600 Hz 

D. = 87.5 Hz, 175 Hz, 350 Hz Fn * at) 

ooze 1f, «f= lootk, 
Question 12 One xed br , 2 n= ',3,5, 7 ete. 

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. 

f, = 100 = nV whee 
Al. "> 7 

Two such quantities are . 

the particle’s position in the x-plane and the particle’s momentum in the y-plane. Referney to Afferent planeo A. 

the particle’s position in the x-plane and the particle’s momentum in the x-plane. 

C. _ the particle’s position in the x-plane and the particle’s energy in the y-plane. 5 a @bout one 

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

Question 13 

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

A. _ light-emitting diodes. > Cuvrent | Flows ‘ 

B. incandescent lamps. hoat 

C) lasers. 

D. synchrotrons. — acrelevaknag AechOno. 
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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 bright circular ring 

    
  

pinhole 

  

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

Smalley pattern, 

What change was made to the experiment? (te2 achon 

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 

ce (Cc 
  

    

  

  

  

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

  

  

  

        

Experiment Conditions AU=6 mo"! 7 

1 Cart X moves to the left at 3.0 ms and cart Y moves to the right at 3.0 m sv. gz aa dy 

‘ -l ‘ . 
2 Cart X and cart Y both move to the right at2.0ms . sence mi’ 

3 Cart X moves to the left at 2.0 m s ‘and cart Y moves to the right at2.0ms_. eenne teeth a 
7 5 Slower Thon “Me ). 

4 Cart X moves to the left at4.0 ms — and cart Y moves to the left at1.Oms . sama Avrechon 
  

In which experiment did the datalogger record the lowest frequency? DU= SOM 

@ i When Uv wertazco, frequency decrease . 

° Gnmuwtr to A becauwn veladwe ropend 

D. difercne vo baghoet br Cepenmot |. 

Copyright © 2022 Neap Education Pty Ltd VCEPhye34_0B_2022 7 
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Question 16 

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

wave ALrechon 
as 

xX 

ws pahese. 
If the wave moves to the left, then position X moves ~ 

A. left. 

B. _ right. 

C. upwards. 

(D.) downwards. 

Question 17 

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

yw » diffackor A. Smallet ”A pth undergo 

microwave b (o@ret Aviyachor 

. infra-red 

TV v
a
r
?
 

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. 

  

a % = 

i ‘ 
: 3 
eo 
2. ee 

: . 2   

  
I | screen 

co double slit Ugh 

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. 

(C) 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. 

  VCEPhye34_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) nee m- er g ood « 

1.504 
1.48 | | | Zo 

1.46 ‘ LL 
1.44 
1.42 | + ¢ random 
1.40 

1.38 7 

1.36 + i d 

1.34 

  

  

  

  

  

  

      
0 1 2 \ : , 

pars student syslemode 

The studs \ female 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 oo a 

Which student has the most precise but non-valid data? Dr 2cLo won 

A. — student 1 ee ~ doda close togcher. 

student 2 

Cc. student 3 

D. student 4 

Question 20 

Which student’s data shows systematic and random errors? 

(a) student 1 

B student 2 

C. student 3 

D student 4 

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. 

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 s°     
  

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. 

  

  

    
  

I 0.300 m J region of magnetic field 
I€ 4 

Work done 1 
x x x OCSs | | * 

La? 
clachnc’ bwld | electron 1 xX & x xX 

| @——_5 --- ----------- — 
do crecoloiake ! 1 XA xX xX &X 

{ 7 a | | r * 

elles i i/X \X  % &x 
J 1 

I 

region of electric field 4 electron passes out 

OV Vase through a window 

Figure 1 Conmtind -pead y but foe nr, 

The electron arrives at the accelerating voltage grid at a speed of 5.93 x 10 Sms . The arc of the motion oh 

of the electron has a radius, 7, of 1.50 cm, Boia 

a. Determine the magnitude of the electric field strength provided by ih e gcoperating 

  

voltage. Show your working. _ Wore done by 3 marks 

7 - a -k a wee gd dma i: li se chehos. 
- |-6X1IO"7C E+ amu ome ote bated 

O- 300m gd. 

- by Gilx10- 2 0(¢.qaxio)” 

l6xio'* ¥0-.3 

333-7 NC? 

  

Q 
V 
cL= 

  

  

  

  

  

    Se 7 NC™ 
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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 

me ylo~™ leg Fz 7 Fe ma = F.nyior®! «(5 -43Ki0%)” 

C2 0-01S0 m C O- O\SO. 
= 64a KIO“ = 2-(4x10'S N. 

« dow! hawt a maa. hold slong 
do wuork welt, @ moult io ovuilov 

2:14 X107'% N mohDe - 
c. Determine the magnitude of the magnetic field. Show your working. 2 marks 

Fez qu B B= 2-(4x1o-® 

B= fF (-6x1O"*% §-93K10° 
Qo = 0:-Q02255 T 

2 2ae eI" T. 

2.26 "10°" T 
    
  

Copyright © 2022 Neap Education Pty Ltd VCEPhye34_0B 2022 11
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Question 2 (6 marks) 

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

a. 

  

re (heght above BAL + 
A rthe raduio). 

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

  

  

  

A: ? a= GM 
G= 6: 61X10" rz 

Me=S-9 x10" leg: = 6-671X10"¥S-98 x10" 

Ge G31 vict)+ (400K 10%) (¢710000)* 
  

= 6110000 m. = $-10_ms-* 

  

  

  S10 ms” 
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 

T-\4ry? GMé % ale Conotaak 
GM ‘ Qo the LSS Catale Iw, © decstaos 

‘Oo decrladebts , 1 doextanto . 

  

OR  {ooloo Law 
— i 

ys = \e. Ts 
“Tt? kK, +e 
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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. 

== direction of the coil” ay be Ge upwind 

LS bre On tide LM, 
, L 

N 

He 
split ring commutator 

   
    

    

DC battery 

terminal A terminal B 
  

          

4+ _ 

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 

“Wong RH fue & nohng duiechon of rotahon 

~ Stale LW io wupoabrcing Rn Lpwaldo baw - 

~_Wagnodc. hold fom now = “sow (kh toR ). 

- Aime POUnb from kh do mM Whow 

bra ore Lr R oa Palm Upwarde On 

Bal L tom. 

hence. eet Cronvtehvonal ) Var Low L tp 

M1, Whith Mune + 4p - 

hence Mrmaeh A to £ 

- 4" fermenre| © v2 - 
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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 

wit Dart va hal} bofuaton Dack  bnioh 
42 t 

- 

othe halp- hing 

  

oA Counes She Current a he - [200 to (Ouvrerse- 

duvechDn 

  

+ Wats rouldb ir che bre defor tacA Lu tae, loop 

do ttuerie chvechor pack hott Avan. 

‘di pncuree conhnucus mtinhor el Aho loop: 
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Question 4 (8 marks) 

Figure 3a shows a square coil of area 0.020 mand 100 fumdplaced 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 i] 

    
  

          

  

oscilloscope 

Figure 3a 

gnp wie br (4) 

    
  

          

  

oscilloscope 

Figure 3b 

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 EMP 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 

_EMEaur = 2 EM Faur = rAd 

n= {00 At 

Pz 0: SOT ) pgig sf =r BA 
Bre oO T | i Ae& 

Le 0-18 = 100 XO-SO% 0-020 

A= 0: Q20 mo” 0: 10 

}O Vv = (OV 
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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 

- hone's haw: Ga waned aml wld prodik A. 

Curent whose magnede held wt Opeose fre 

onguaal Chaage. a bere . 

do wade flume, megnehe held (aduicod) fom L be. 

‘uoe KRG. nile to delemmae duechor ol current 

Un. Looe. 

° Lowa “bog of [ooo aa erence, hager point Lede 

Ancotagh coadve of loop, Ahiimtb pois 6ut of paae | 

c. The mnavnen 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 0.10 seconds. At all times, the magnets maintain a constant 

speed relative to each other. The position of the coil at t= 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) . Suevlor do 

SQnaia whwe 

loop enka Jah 
R magnon held 

- flux charg 20 on 
R concterd rate 

t (seconds) 

“em vo 
COnotonA 
diag LAA 

O-l Ss pheac . 

        

   
C ‘goede! ge) 

motor not 
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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 
oe 

AC power supply Runes = 5.0.Q © globe 

Tl T2 

4.0 Vents 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 Vems 

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 Q. The students measure the current in these wires to be 1.0 A. 

  

  

  

  

    
    

    
  

  

  

  

  

  

  

a. Determine the magnitude of the power that is available to the globe. Show your working. 3 marks 
lx 

~ BWA oug, heal Naachcmers powree lA_cpnoerrd , fhore 2) JOO rer (Oss Qemss 

Aho. (inoo . Lehirmas fowr: goterales, & dow power [n6s 1° bade, 40 

determine Ppwte iw glpbe . 

Dye Ne fomdinced = VI fross = £tR. 

T. N 
—v t = 4x 10 2B (2x8 

Nz = lo 

T.é N, * Le = 7X! = 10K = 404) 2 SW). 

3S a oe Falobe = 40-5 = 38H). 

b. State whether the globe will operate brightly. Provide a calculation to support your answer. 3 marks 

Vues = Vo = ¥z =:N, Thenw Ve -Ny mM 

Ve NY x 
' = 10 38 

Ne 

Vez N, x VI 7 SS y 

=> i x 4 

= AON. Globe. node 3:6y & hock 
Ndvop= Ik Idd not shine brah, . 

2IxS-S§V, 
  

  

Yurto T2 = 40-5 

= 3SY. 
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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. 

  

  

Figure 5a Figure 5b 

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= SO Nm' h Eg = DEs 

M= 0: 40a mghh = 2 kAx* ; 
J 0 a ae 

adh 

\) 

_£ 

7 (ax) 0-40 x“4-% x4kh = 2%00x* \ 

0.40x9.8xd = Bxsod?* 
3.-G2A = 26d? (dine bot Udo by d) 

  

  

    
  

3:42 = Bd d= 3-42 

O: Ib m 2S 
-O:\Gm 

C 

2 nig has 
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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 s |. The stiffness constant of the spring is 50 Nm. 

   

  

-l 
block moving at 2.0m s 

Ane bloce mk 

ecolov ae 
  

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 

Q Ww=? Qo the conag lo _Lompreaa, Es tncrtago , 

" appluad ao Lks = ot Ay akAx? 

lolock, Slows = 2¥DKO-IS* 

fo soe > 0-S69 
Conotirk 
«alo dow O: SG J 

know 4 b. _ Is the block able to compress the spring by 0.20 m? Provide a calculation to support 
blode has your answer. 2 marks 

Cropped. Afi of Hock. = As (mae); hon, DEw = AEs solving for X- 
Conmdor AF. | O-8- Bkax* 

NEc = Fx beat - Fe iashe! 0:82 QvSOX a? 
= omy - amu ax O'S = XL? 

> O - 2x04x27 | oO 
-0-$g L? = |- CG 

DES (nae) = 0-8 “SD     
L=eOl\SmM 

nec Com proaLON. = O:({6Mm : not O:-2m. 
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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 

Qa the. bloc. domeo dp Mot  momahmn 

howokrred to ether boduto tw Aho System , Such ae 

Ane pnag 
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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. 

  

pendulum bob 

Figure 7 

a. Show that the speed of the bob at its lowest point is 2.42 m st. 2 marks 

  

  

  

h= 0:30 w U* = 6.888 hic 

  

  

  

  

  

  

  

  

Ge F-& ms-” O-! 
UY 

= $:$8 

Ui = | $68 

= 2 AD me *! 

b. | Determine the tension of the string at its lowest position. Show your working. 3 marks 

{r= i Fok = bu F 

Fr > Fiat f Fe 

= Mut + me 
— J 

  

= ODN 42" + O-e2v 9.8 
| 

  

  

3-2 nl = \- (1-4 \-%6 

oc ANS N 
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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. 

  
  
  

  

  

  

    

    
  

Ee Se i eg _—-_ —- - = 

ae S = -bOw 

10.0 m = 
3.0 | 

ground 

+ . 30.0 m 
| | 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 
- . ‘i i o Jt 2 

Uta (LL = Ome" S= Uk + Zak 
2 _ a4 2 vor tced. Glas 4-8 Ws 1.0 =3(-F 8b 

(reloody 
= hear S= -1Om fz = -7 L = )i-42q 
= wo —— 

be? “4.9 = ods 

Dade s 

b. Determine the speed at which the ball is launched. Show your working. 

Us 2? ued = 20-0 
a 

2 marks 

    

oS 
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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 ms to 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 

to the right at 1.0 ms”, as shown in Figure 9b. 

  

  

  
  
  
  
  
        
  

. - 4 

on “oeploawe callictor 
1 -l 

2.0ms I. Ome |, s 

1-3 kg 
wr  —F 

A it B UNM Ba 

Figure 9a = Figure 9b 
oe Va ¢ 

r a. Determine the speed of cart B after the carts have separated. Show your working 3 marks 

e—> m,=C-S t2:S)=#4Oke MU, = mie + Mss 
Wy, = 4 Omo"! (4.0X%42-E) = (| 5x10) + RS 

M= 1S ka $'O7 1-6 tekS Us 

ln, = + l-O moz! s-oO- [-S = oS Oe 

Ms = 2S hy Va = B-O- [S$ = ae mo- 

Uz = @ aS 

J- b ms 

b. Explain why the separation of the two carts is neither elastic nor inelastic. Calculations 

are not required. 3 marks 

  

“hon. vpiLag nepaadl oie Es vonistalée to £e, 

  be Cannot be 2fuak BO foe.ajee 

“Are. hewsbanch ore of £s to f& 

Systm 
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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 

f= | rahmo f Vic = O-880c 
[2 
[= ee 

: ona = |- 64% = |-Fo 

- }- BSD” *S, - 
l-o 3 nig. has. 

T_T 

y= [-40 

b. How far is the star system from Earth according to the command centre? Show 

your working. ° - 3 marks L vant a 

= Xb, of “Sea Ap U= Ab as d= ik 

= 1-40x 1.73 Ke: t = 0- 850K 8-882. 
= 3-382 yo. = 2-81 [iaht yearo 

0 ed. YY 

oO) 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 Duvws of cohorert e 

  

    re ooo a= ~~ ~~ queet OL the wiry   

signal Sy ‘or 
generator )) . pode! baw 

2 

Figure 10 

The speed of sound in air is 340 m sg. 

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 

  

Sho _muot be ssablng alnug a. nodal. bar 

-a nodal [iawn pane denugh he of 

dpotvuctwe _trter Deans. whore. IMU? Chacth Lach 

Chev 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 pl=nd= 85-45 = +O m 
4-0=np _Whow n= | 
  

  

  
  

  

£0 = AU f= 8Syvl_ = 8S He 
f Whin ne 2 

f- nu = ndfto - 66n | f= 85¥2 
40 40 - lo He.   
  

  ote. 
      

BS Hz TO Hz 
  

  
Copyright © 2022 Neap Education Pty Ltd VOEPhye34_0B 2022 25



  

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

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 crtical pats 1cpracted 

“x (Cy O= 40”. | 
| 
| | 

| 
| 

| 

! 
| 
4 oO : 

YY : ‘ech oe —— yeflechon 

  

  

  

  

| Kh > Yo 

— 11 

The refractive index of air is 1.00. n,= : 
Ps 

a. Determine the refractive index of the plastic block. Show your working. 2 marks 

(Ores 2 N,csnd, = flo Suv, or h, = Vu, 

0, =4!? nSu Fl = 1% 6% Su0),. 

Ns? 1-0 n=! = IS2. elt - 
is s 

©, = AO SU 41 

  
  

  (S22. 

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 Pine 

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 

ose Ughd (Ay pave from Aur indo the prom , 

hia PorQuOn. OCCILYO - 

: hk larqeak D ) 

» blue lighd Cuughoot £ SMahloat A) to lack Ane. moa 
 Oarck > hao sb Own refrath. tnidde ine Ono > 
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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. 

  

    
  

  

  

ae. k (MOR wordg awe were 
string 

oscillator (|_.»——_____-----~.~ j 
a ee a pulley 3 andiinodoe 

0.650 m 7 : 
hanging 

weight 

Figure 13 

a. Explain why the string displays the behaviour shown in Figure 13. 3 marks 

L= O- 6SOm 
  

‘one Lladoy vbako od « froauoncey & propagate? i 

Vanowtoe Wwe along dhe dag 

+ WOAut. (0 refluckd ae pallor & va RR nihadina 

LAW . 

‘Un a. sen chiap wave, Whe pouches oc} nodeo 6 
J 7 

Qudwnedia (bra _awea. Prego acy) we hivd. 

> he fea ony of caribaea matthoo a naehal 

revonading Wica woauy of Aha cpr - 

b. Determine the an of the wave in the string if the oscillator is vibrating at 291 Hz. 

  

  

  

  

  

    
  

Show your working. 2 marks 

ak _f-24) Hla, n= 3 (according to diagram) 
l= 0-650 m 
i= 7 

Glindiag Wat wach. 2 wd endo : fe wu 

26 ms oft. 

U= df 
fc 

Z 
= (26lmo~! 
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L wh & Le ames 

c. Explain the effect that changing the frequency to 388 Hz would have on the behaviour vin’ 

of the string. You may use a diagram to support your answer. { 3 marks 

‘ . - 3 _ 
Ahe. hindamerdal, Wen woney Of: Ae “inng WwW A “241 a7 He 

| NJ 4 e uP La 3a = . 

  

OBS = 4 

‘a7 

2 f - 38b de (2 She 44h hwmome 
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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 1, and 

the lowest intensity is /,. 

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

photo electric current 

   
stopping 

potential    

  

<— retarding potential anode potential V —> 

uals” fre 14 

Photocleche’ effect -» porhete model. 
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 

  

or not at all. Cnoveny of. phone be depend (F=h-) 

  

Comporhonad ) 3 

tz Bae alec bror. abhaotbs Only One phorkahe, ho phainelechoxs 

  

otquag wage vo itlatta fo Cromax. 

Whe Ge = kf ht Thad (2, Gi frea uray of tactdond 

  

    
of acadond light Lattnaidy ta itead light doo. ref 

abet Cx ma . “Hence aL 4hree aso het Same 

Sopp Wwldaze (Vo). 
i ae 7 
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The value of Vo in a particular experiment is 1.5 Vand the work function of the metal cathode is 2.2eV. 

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

  
  
  

  

  

b. 

r zy 1 rf Ve = Exman (e\) 

TF wig yy eLsy @Nio = hf - 
g = 16x10" C. b — 

od= QIN I1xIs = 414yroS f - 2-0 
A 3 , Working wh ev ges fs 16 4 2.2 = 8-44 v0" He 

Hz 4: j4xio“'S   
  644 xio't 

Would light of frequency 2.5 x 10"4 Hz cause photoelectron emission? Support your 

2 marks 

  
  c. 

answer with calculations. 

Crovay onnocutkA wih dria reauony : 

E=hf 

4-[4yio 7! x 2-sxIio"   " 

|. O3S ey. 

Sunvce, p= 2-2ev, a phonelectan mu nok be 

erutha | |   
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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. 

— 
C
 

  

  

/ 

p 

p= k 
A   

0-663% 1077 
lero. - 

P= boxto* amen Thwo Paleokon® (0 X10" Ig mo” 
P photon = 2-7 X10 gma"! 

  

Froton, - hnaodk vA 

E=hf and fe & Elector has greater i romon den 
~ Eehe 

r 

A= he 
Cc 

Thaw, b fad p 

a (oe Bregle) 

- pe coat, “hore pe ae) 

Vearrange : pa v E. 

  

>
 

Uke _- Converé to J 

p-& _ SOx) 6x10" 
Cc 3.0 x10* 

photon | P7271 Ko bgma"! 3 
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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 AS ip PP sue 
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= S14 nm 

c=) =619K 107" *m 

, f C Echf “, Onorgy level 
de = Y/ 

  

  

= 4. /4¢/0'% 3-QxX10* = ~ Oey -- ls 

SIA xX10°7 = - |°SG ef 

= 2:°\S eV 
  

  

    
= («$6 eV 
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b. Describe how an electron occupying one of these energy levels is modelled by 

wave-particle duality. 3 marks 

           

           Ine. ge NQo Mago € POG ANG 

(opel 4 Aunelne hac pow tule propacheo 

=e (a flo maaifaded wo h& wid dina bWAve - 

    

    
uf bas out Male propedhvo 
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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, T). 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 _ IWuA020 

Dependent variable 

Controlled variable Wd wadch, Sonne, rele@o. condor (ond) one ) 
b. i. The students have recorded their data in the table below. 

  

  

  

  

  

  

Complete the table by calculating the values of standard mass (Jr ). 1 mark 

& 
M (kg) JM kg? Period (seconds) 

1.00 | 0.90 

2.00 | ; 4 1.30 

3.00 lot 1.60 

4.00 od . 1.85         
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ii. | On the axes provided below: 

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

* include the correct uncertainty bars for the T values 

° label each of the axes correctly 

* draw a line of best fit. 6 marks 

  
QO Frage [ ky*) 

O:s -o [eS 2D 

. r ihe, 
ao Grune = 1M a T= gadiont * Im. 

iii. | Using the line of best fit fom part b.ii. and the formula T = 27, we which relates 

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

  

  

  

    
  

  

    
  

  

  

VM Grades 2 ofr 

(€aviange | T= gladsosk 1M. Vk. 

Nm Gadunrk 

END OF QUESTION AND ANSWER sooKL - ar 2 
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