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STUDENT NUMBER

PHYSICS
Written examination

Wednesday 14 November 2018

Reading time: 9.00 am to 9.15 am (15 minutes)
Writing time: 9.15 am to 11.45 am (2 hours 30 minutes)

QUESTION AND ANSWER BOOK

Structure of book
Section Number of Number of questions Number of
questions to be answered maries
A 20 20 20
B 20 20 110
Total 130

* Students are permitted to bring into the examination room: pens, pencils, highlighters, erasers,
sharpeners, rulers, pre-written notes (one folded A3 sheet or two A4 sheets bound together by tape)
and one scientific calculator.

« Students are NOT permitted to bring into the examination room: blank sheets of paper and/or
correction fluid/tape.

Materials supplied

* Question and answer book of 41 pages

* Formula sheet

* Answer sheet for multiple-choice questions

Instructions

»  Write your student number in the space provided above on this page.

«  Check that your name and student number as printed on your answer sheet for multiple-choice
questions are correct, and sign your name in the space provided to verify this.

* Unless otherwise indicated, the diagrams in this book are not drawn to scale.

» All written responses must be in English.

At the end of the examination
+ Place the answer sheet for multiple-choice questions inside the front cover of this book.
*  You may keep the formula sheet.

Students are NOT permitted to bring mobile phones and/or any other unauthorised electronic
devices into the examination room.

© VICTORIAN CURRICULUM AND ASSESSMENT AUTHORITY 2018
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2018 PHYSICS EXAM 2

SECTION A — Multiple-choice questions

Instructions for Section A

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

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

Marks will not be deducted for incorrect answers.

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

Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Take the valie of g to be 9.8 m s72.

Use the following information to answer Questions 1 and 2.

A wire carrying a current of 10 A is placed in a uniform magnetic field of B = 4.0 x 10~ T, as shown below.
10 cm of the wire is in the field.

10 A into page

4 -—-

i left < p right
5 N 10 cm /

out of page

Question 1

Which one of the following best gives the magnitude of the force acting on the wire?

A. 4.0x1072 ﬂf I L )
B. 4.0x10%N F/ 6 @ fp/‘(z] Kf
C. 1.6x108N > RIS

D. 4.0x10712N

Question 2

Which one of the following best gives the direction of the force acting on the wire?
|

B—Tmo page

C. right

D. left

SECTION A — continued



3 2018 PHYSICS EXAM

Question 3
A straight wire carries a current of 10 A.
Which one of the following diagrams best shows the magnetic field associated with this current?

10A 10A 10 A 10 A

Question 4
A small sphere has a charge of 2.0 x 1076 C on it. Take £ =8.99 x 10° N m2 C2,
The strength of the electric field due to this charge at a point 3.0 m from the sphere is best given by - ?
A, 2.0x103 Vm! ieC// 337 x10' X Z Kpo
B. 6.0x1073Vm! o
v
C. 9.0x103Vm! r
D. 2.0x10°Vm=

3“2

— =221-775

Four students are pulling on ropes in a four-person tug of war. The relative sizes of the forces acting on the various
ropes are Fy,= 200 N, Fy =240 N, F, = 180 N and F, = 210 N. The situation is shown in the diagram below.

20

=

74% 240

v |40

Fy

Which one of the following best gives the magnitude of the resultant force acting at the centre of the tug-of-war
ropes?
A. 283N
B. 300N
<\

D. 500N

SECTION A — continued
TURN OVER
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2018 PHYSICS EXAM 4

Question 6

Lisa is driving a car of mass 1000 kg at 20 m s~! when she sees a dog in the middle of the road ahead of her. She
takes 0.50 s to react and then brakes to a stop with a constant braking force. Her speed is shown in the graph below.
Lisa stops before she hits the dog.

speed (m s™)
A

20+

154

10+

5_.

0 r’ T T T T T btime(s)
0O 05 10 15 20 25 30

Which one of the following is closest to the magnitude of the braking force acting on Lisa’s car during her braking

time? 20
A. 67N -~ 7 = X .

P
7249

B. 6.7kN F-ma
D. 20.0E = (000 X5
_ &0

Question 7

At one point on Earth’s surface at a distance R from the centre of Earth, the gravitational field strength is measured as
9.76 N kg

Which one of the following is closest to Earth’s gravitational field strength at a distance 2R above the surface of
——-—"'"—_’

Z

SECTION A — continuec



5 2018 PHYSICS EXAM

Use the following information to answer Questions 8 and 9.

A railway truck X of mass 10 tonnes, moving at 6.0 m s™!, collides with a stationary railway truck Y of mass
5.0 tonnes. After the collision the trucks are joined together and move off as one. The situation is shown below.

Before the collision

6.0 m s
10 tonnes ——p
R, 5.0 tonnes
X i
stationary
E After the collision
m .
<
(7]
=
= Question 8
= The final speed of the joined railway trucks after the collision is closest to / 0 )Ué —~ / ; U—
—_ A. 2.0ms!
L B. 30ms’! _
- .m
—_— D. 6.0ms™!
= p
t .
; Question 9 HE 7= g X 10 x4
The collision of the railway trucks is best described as one where / 9/ 7, Kk _],

A.__ kinetic energy is conserved but momentum is not conserved.
@kmetlc energy is not conserved but momentum is conserved.

' g

C. neither kinetic energy nor momentum is conserved.
D. both kinetic energy and momentum are conserved. - 124 /( j/

DO NOT

SECTION A — continued
TURN OVER
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2018 PHYSICS EXAM 6

Question 10

A loudspeaker is producing a sound wave of constant frequency. Consider a tiny dust particle 1.0 m in front of the
loudspeaker.

dust particle

loudspeaker

Which one of the following diagrams best describes the motion-of the dust particle?

Question 11
Alex hears the siren from a stationary fire engine.

Compared with the sound Alex hears from the stationary fire engine, the sound Alex will hear as the fire engine
approaches him will have increased

A. speed.
B. period.
C. amplitude.

SECTION A — continue

12-06



7 2018 PHYSICS EXAM

Question 12

A teacher sets up an apparatus to demonstrate Young’s double-slit experiment. A pattern of bright and dark bands is
observed on the screen, as shown below.

screen

double slits

laser |

Which one of the following actions will increase the distance, Ax, between the adjacent dark bands in this
interference pattern? '

A. Decrease the distance between the slits and the screen.

: se the wavelength of the light.
I\_C. Decrease the slit separation. /

D. Decrease the slit width.

IN THIS AREA

L
- Question 13
5 Which one of the following diagrams best represents the graph of y (the Lorentz factor) versus speed for an electron,
o that 1s accelerated from rest to near the speed of light, ¢? l
3 p_ —
A Y B. 7V b[ - \/}/7 "—,
- & i i 5 e
o E i
Zz | ;
@) | :
0 0 “» speed 0 L» speed
c c
C; 7 v
4 ; A |
0 } p speed 0 E p speed
¢ c

SECTION A — continued
TURN OVER
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2018 PHYSICS EXAM 8

C.
D.

A.
B.
C.
@

A.

e

Question 14

Which one of the following statements about the kinetic energy, £, of a proton travelling at relativistic speed is the
most accurate?

The proton’s relativistic £y is greater than its classical E,.
The proton’s relativistic £y is the same as its classical Ey.
The proton’s relativistic £} is less than its classical Ej.

Question 15

When a beam of particles, such as electrons, passes through a narrow slit, diffraction effects can occur, as shown in
the diagram below.

P> coeeceovevoe °
pb 600000000 e e
> ceeeccscccslee * *
> eoceoccoccoe; ® o
THHHH R
P seec00eco0e0e ®

electrons

v-position does not affect the uncertainty in their y-momentum.
y-momentum affects the uncertainty in their x-momentum.
x-position affects the uncertainty in their x-momentum.
v-position affects the uncertainty in their y-momentum.

Question 16
Polarisation is a property of

all types of waves.

only sound waves.

only transverse waves.
only longitudinal waves.

A. The difference between the proton’s relativistic £\ and its classical £} cannot be determined.

k- CX’I)MCL

A y-direction "

_x-direction
B

This phenomenon can be described by Heisenberg’s uncertainty principle because, when electrons pass through the
slit, the uncertainty in their

ﬁ 12-08

SECTION A — continu
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Question 17

The results of a photoelectric experiment are displayed in the graph below. The graph shows the maximum kinetic
energy (£ .y of photoelectrons versus the frequency ( /) of light falling on the metal surface.

Ek maxﬁ

0 >/

A second experiment is conducted with the original metal surface being replaced by one with a larger work function.

The original data is shown with a solid line and the results of the second experiment are shown with a dashed line.
Which one of the following graphs shows the results from the second experiment?

B. Ek max
0 > f
C Ek maxA D Ekmax
0 0 > f
0

Question 18
experimental uncertainty in a measurement of any particular quantity is best described as

o.-- uantitative estimate of the doubt associated with the measurement. "o S Vwé WWM

~B. the degree of confidence a scientist has in their experimental technique.

C. the difference between the measurement and the true value of the quantity.
B the result of one measurement; repeated measurements can eliminate uncertainty.

h..

SECTION A — continued
TURN OVER
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Question 19
The diagram below shows a properly calibrated ammeter with its pointer registering a current of close to 3 A.

e}

N

10
\“l"f,75

A_ ’ ’/‘30

A. 0.05A
C. 08A
D. 1A

Question 20

A group of Physics students conducts a controlled experiment to investigate the phenomenon of electromagnetic
induction. The students place a coil within a uniform magnetic field, as shown in the diagram below.

Which one of the following is the most appropriate measure of the uncertainty of this pointer reading?

The coil is spun at 50 revolutions per minute, 100 revolutions per minute and then 150 revolutions per minute, and
the peak EMF is measured each time on an oscilloscope.

Which of the following best identifies the independent and dependent variables, and a possible controlled variable in
this experiment?

Independent variable

Dependent variable

Controlled variable

speed of rotation

strength of magnetic field

peak EMF

speed of rotation

peak EMF

strength of magnetic field

peak EMF

speed of rotation

strength of magnetic field

peak EMF

strength of magnetic field

speed of rotation

END OF SECTIO!

B 1210



2018 PHYSICS EXAM 12

SECTION B

Instructions for Section B

Answer all questions in the spaces provided. Write using blue or black pen.

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

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

In questions where more than one mark is available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this book are net drawn to scale.

Take the value of g to be 9.8 m s

Question 1 (5 marks)

An electric field accelerates a proton between two plates. The proton exits into a region of uniform magnetic field at
right angles to its path, directed out of the page, as shown in Figure 1. :

Data
mass of proton 1.7 %107 kg
charge on proton +1.6x 1079 C
accelerating voltage 10kV
distance between plates 20 cm
strength of magnetic field 20x102T
R ittt E »
20 cm
proton source
GBS . QOO
OO ®
OlfORCRO
10kV ONONONO)
¥ \
! ONONBORO,
ORONONO.
ONONONIO.
ONONC MO
© &6 o
ONORONO.
Figure 1
SECTION B — Question 1 — contir
o~ 12-12
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13 2018 PHYSICS EXAM

a. Calculate the strength of the electric ﬁe]d between the plates. 1 mark
Jeme
E - - e
v
-~ 50 000
Vm!

b. Calculate the speed ?f the proton as it exits the electric field. Show your working. {? 2 marks

- oF A “%F % T

amy - /g l/ :,u-;*m xu = 1-6x19 xfocee

’ ﬁﬁ/ﬁxm
b, -1 371 96f.7

~3 Oy

¢.  With a different accelerating voltage, the proton exits the electric field at a speed of 1.0 x 10° m s,

Calculate the radius of the path of this proton in the magnetic field. Show your working. 2 marks

—

/[~ = 24 = /"7X/'0’z7,)( /‘-DX/ﬂé

' 4 bk . -2
L6 xr6™7 X _2ZX10

063125

SECTION B — continued
TURN OVER
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2018 PHYSICS EXAM 14

Question 2 (6 marks)

A square loop of wire of 10 turns with a cross-sectional area of 1.6 x 10~ m? passes at a CW
into, through and out of a magnetic field of magnitude 2.0 x 1072 T, as shown in Figure 2.

The loop takes 0.50 s to go from position X to position Y.

direction of motion
—>

LN
’g‘ side-on view
S

view from above

XX XX
XX XX
X X XX

X X XX

|
|
|
|
|
|
1
I
1
|
|
I
|
I
I
|
|
|
|
|
|
|
|
|

Iposition Y
1

Figure 2

a. Calculate the average EMF induced in the loop as it passes from just outside the magnetic field at
position X to just inside the magnetic field at position Y. Show your working. 3 mar

¢-- NLzZ at.p-590 A R
5t n; ; o
e =201 X).bxw-
-y

-5 = Bwg Xro

-
b-xip v

SECTION B — Question 2 — cont



15 2018 PHYSICS EXAM

b.  Sketch the EMF induced in the loop as it passes into, through and out of the magnetic field. You do not
need to include values on the axes. 3 marks

EMF

<C
Ll - el - - . > =3P time "
2 = loop outside |\l loop inside ! loop leaving ! loop outside
< field field i field ; field
0 : : i
T : i : i
= : : i i
Z i i i i
| — loop at loop at
position X position Y

1]
-
o
=

DO NOT

SECTION B — continued
TURN OVER
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2018 PHYSICS EXAM 16

Question 3 (5 marks)
Students build a model of a simple DC motor, as shown in Figure 3.

Figure 3

a. The motor is set with the coil horizontal, as shown, and the power source is applied.

Will the motor rotate in a clockwise (C) or anticlockwise (A) direction? Explain your answer. 3 marks

b. One student suggests that slip rings would be easier to make than a commutator and that they should
use slip rings instead.

Explain the effect that replacing the commutator with slip rings would have on the operation of the
motor, if no other change was made. 2 marks

SECTION B - continu

St 1o 16



2018 PHYSICS EXAM 18

Question 4 (4 marks)
Figure 4 shows a simple AC alternator with the output connected to an oscilloscope and a light globe.
The oscilloscope can be considered as having a very large resistance. The coil is rotated, as shown in Figure 4.

C] «— oscilloscope .

light globe

Figure 4
The output on the oscilloscope is shown in Figure 5.
V (volts)
A
10
8
6
4 —~ i ———
217 AN 7 N .
0 P time
-2 N // \\ //
4 1 N~ —]
-6
-8 |-
~10 \
Figure 5

SECTION B — Question 4 — cont

ﬁ 12-18




19 2018 PHYSICS EXAM

a. The AC alternator is to be replaced with a battery.

What voltage should the battery have for the light globe to light up with the same average brightness

as it did with the alternator? Show your working. e 2 marks
\f,ﬂ - & r\/,ﬂﬂ»fg; = i Ut/p ‘
A
= 5 Y({,
- 2-%2%
2 A%
2-%3
< b.  The rate of rotation of the loop is doubled.
- On Figure 6 below, sketch the output that will now be seen on the oscilloscope. The original waveform |
o is shown as a dashed line on Figure 6. 2 marks
<
79}
- V (volts)
T A
| 10 ’*A‘ S I T T I I
8 = p ) S — 5
- AT A AT
] [\ F 1 [ 1\ / [\
= 4 3 A G . ¥ =]
T e e e S|
L 0 ‘ \k( » 1 \\’ A 1 [ 1 -
= = S A A
E 4 /4 %—’II Y D PO WP Y
A8 % - /7 ,,,,,,,,i':‘(i::’i* | \ /
= e va
-10 ' ‘
Figure 6

o
@)
- -
©)
(@)

| SECTION B — continued
| _ TURN OVER
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2018 PHYSICS EXAM 20

Question 5 (12 marks)
A Physics class is investigating power loss in transmission lines.

The students construct a model of a transmission system. They first set up the model as shown in Figure 7.
The model consists of a variable voltage AC power supply, two transmission lines, each of 4.0 Q (total
resistance = 8.0 ), a variable ratio transformer, a light globe and meters as needed. The purpose of the
model is to operate the 4.0 V light globe.

A variable ratio transformer is one in which the ratio of turns in primary windings to turns in secondary
windings can be varied. The resistance of the connecting wires can be ignored.

varial?le voltage
power supply

4.0 V light globe

AC

® ¢

transmission ~ variable ratio
lines transformer
Figure 7

In their first experiment, the transformer is set on a ratio of 4:1 and the current in the transmission lines is
measured to be 3;0 A. The light globe is operating correctly, with 4.0 Vg across it.
- m—

a. Calculate the power dissipated in the light globe. Show your working. 2 marks

Iz
; I?f-lz f:VI

IFXI2
44

..p

4G v

b. Calculate the voltage output of the power supply. Show your working. 3 marks
- dd= i1/.° -
v, _ 4 V) = 4'{7 Wwes V= 1R

sl =3x8
.._Zy_

: | /.@wer% 45@ +24
19wl Z}//ﬁ{ﬁ/

SECTION B — Question 5 — continuec
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21 2018 PHYSICS EXAM

c.  Calculate the total power loss in the transmission lines. Show your working. 2 marks
= j 2
i
2. E ol
B ik

72

d. Inasecond experiment, the students set the variable ratio of the transformer at 8:1 and adjust the
variable voltage power supply so that the light globe operates correctly, with 4.0 Vg across it.

Calculate the total power loss in the transmission lines in this second experiment. Show your working. 3 marks*

te M .. 9 Iz £
‘f;“ﬁ-b -1:1_. /,l I, = ?“‘:/b

P 1.4
- [%

/%"

e.  Suggest two reasons why high voltages are often used for the transmission of electric power over long
distances. 2 marks

MwW

SECTION B — continued
TURN OVER
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Question 6 (7 marks)

A ball of mass 2.0 kg is dropped from a height of 2.0 m above a spring, as shown in Figure 8. The spring
has an uncompressed length of 2.0 m. The ball and the spring come to rest when they are at a distance of
0.50 m below the uncompressed position of the spring.

2.0m

2.0m

Figure 8

a. Using g=9.8 N kg™, show that the spring constant, k, is equal to 392 N m!. Show your working. 3 ma
! 1
Uy = 2% 9-9% 2-5 Uy = 4 b 82
J o 1 o T
4-1. (9 =< <k xp-5

= 3 9T N m ;

Determine the acceleration of the ball when it reaches its\g d Explam you %{
My =
o 9
T ezo WmW@W&W
ms-

¢. Calculate the compression of the Spring when the ball reaches its maximum speed. Show your
working. 2 ma

Mﬁ 7,/22:
x99 39L&
X 0-05 m

SECTION B —con

= 12-22
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2

t 3.0 m s7!, as'shown in Figure 9.

Question 7 (6 marks)
A small ball of mass 0.20 kg rolls on a horizontal tabl

The ball hits the floor 0.40 s after rollin ee
this question, take the value of g to be/10 m s72

QO —» 3.0ms!

€ of the table. The radius of the ball may be ignored. In

<

i

o

<

Figure 9
7p)
E a.  Calculate the horizontal distance from the right-hand edge of the table to the point where the ball hits
the floor. 0{ 1 mark

H —

Z

[¢2 m

b.  Calculate the height of the table. Show your working. 2 marks
H L

w=o a=M ¥{-0+% Sz=uttiat

i
Z0K0-% 4 iX‘/Wch
- 0-9

O«F m
¢.  Calculate the speed at which the ball hits the floor. Show your working. 3 marks

\}@‘fgf: U+al leress = >.
= & HI0X0-4

\
Tp.

Seel = 354
e -5

SECTION B — continued
TURN OVER
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Question 8 (4 marks)

Two blocks, A of mass 4.0 kg and B of mass 1.0 kg, are being pushed to the right on a smooth, frictionless
surface by a 40 N force, as shown in Figure 10.

40N
. A
B
Figure 10
a. Calculate the magnitude of the force on block B by block A ( on B by A)- Show your working. " 2mar

/
LfO';bc? /Cg

oz b

7

b. State the magnitude and the direction of the force on block A by block B (F, a py B)- 2 mar

D M L

SECTION B — cont
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Question 9 (8 marks)

The spacecraft Juno has been put into orbit around Jupiter. The table below contains information about the
planet Jupiter and the spacecraft Juno. Figure 11 shows gravitational field strength (N kg™!) as a function of
distance from the centre of Jupiter.

Data
mass of Jupiter 1.90 x 10*7 kg
radius of Jupiter 7.00 x 10" m
mass of spacécraft Juno 1500 kg

14

12 \

\
10 \

gravitational field 8 8 \\
strength (N kg™1) ‘

e
e T~
0 Ml b L 1—9 >

0 1 2 3 4 5 6
distance from the centre of Jupiter (x108 m)

Figure 11
a. Calculate the gravitational force acting on Juno by Jupiter when Juno is at a distance of 2.0 x 108 m
from the centre of Jupiter. Show your working. ) 2 marks
o 3 W< m ¢
J - ¥ J

— 15000 X 3
- 45000

(k5008
45 xio" o

SECTION B — Question 9 — continued
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27 2018 PHYSICS EXAM

Use the graph in Figure 11 to estimate the magnitude of the change in gravitational potential energy
of the spacecraft Juno as it moves from a distance of 2.0 x 10® m to a distance of 1.0 x 10® m from the
centre of Jupiter. Show your working. . 3 marks

%m - ﬂ'ﬁ’)(l@%x’ = &”*S'Xlt?g
¢ X' 0 6 X0

4

= 7ZXl0
¢
&Ufj = (500X 7X[D
= | -85 Xip' T .

{2
[-05 X0 )

Europa is a moon of Jupiter. It has a circular orbit of radius 6.70 x 10% m around Jupiter.

Calculate the period of Europa’s orbit. Show your working. 3 marks

2 3 3
T°- . = G xT /'\Cé«'h/vﬁ,) _
& [T+ L-7xiv ™ X |- {27?’7

S 13610

=] X 9% :
e T-2-06 X0 °
ez 0 o
Z2-06 X0~ ' N, 47
F;: /})%: »% 4T /-

\

SECTION B — continued
TURN OVER
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Question 10 (4 marks)

Members of the public can now pay to take zero gravity flights in specially modified jet aeroplanes that fly
at an altitude of 8000 m above Earth’s surface. A typical trajectory is shown in Figure 12. At the top of the
flight, the trajectory can be modelled as an arc of a circle.

Figure 12

a. Calculate the radius of the arc that would give passengers zero gravity at the top of the flight if the jet
is travelling at 180 m s~!. Show your working. & Y 2 marl

&Mﬁqmr@&« = 9@k’ Alove =
VAR A >
9.9 = |%0

_ 140%
30b. s
5500 - = 3306

b. Is the force of gravity on a passenger zero at the top of the flight? Explain what ‘zero gravity experience’
means. 2 mar]

Vo
W .w/ ] Licr
lorce

v

SECTION B — cont;i
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Question 11 (4 marks)

Figure 13 shows two speakers, A and B, facing each other. The speakers are connected to the same signal

generator/amplifier and the speakers are simultaneously producing the same 340 Hz sound.

Figure 13

Take the speed of sound to be 340 m s~.

a.

b.

Calculate the wavelength of the sound. _P

=5

B

240 = > (3D

1 mark

5

20 08 e

.00

A student stands in the centre, equidistant from speakers A and B. He then moves towards speaker B
and experiences a sequence of loud and quiet regions. He stops at the second region of guietness.

How far has the student moved from the centre? Explain your reasoning.

975

o -

M w{ Qﬁmz}m wayes

3 marks

SECTION B — continued

TURN OVER



2018 PHYSICS EXAM 30

Question 12 (5 marks)
Optical fibres are constructed using transparent materials with different refractive indices.

Figure 14 shows one type of optical fibre that has a cylindrical core and surrounding cladding. Laser light of
wavelength 565 nm is shone from air into the optical fibre.

cladding
core
Acladding = 143 cladding
Figure 14
a. Calculate the frequency of the laser light before it enters the optical fibre. 1 mark

Uﬂ;b‘p ) F
3.0x010% < 885w ‘V £ 53(xm

5.3 ')fff)# Hz

b. Calculate the critical angle for the laser light at the cladding—core boundary. Show your working. 2 marks

Gl = 755 G, = 0157

o3

SECTION B — Question 12 — continued
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Calculate the speed of the laser light once it enters the core of the optical fibre. Give your answer

correct to three significant figures. Show your working. 2 marks
Dy = 100 Dpe = [-67 Py 0,07
- : 5 ] j z v ¢ = [
[.rm}"' 7?X/{!? eprn //" SXte //'57 X Vl

Uy = | 736407194

= l"ﬁ@X/&%/i

L.90x10° ™

SECTION B — continued
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2018 PHYSICS EXAM 32

Question 13 (7 marks)

Physics students studying interference set up a double-slit experiment using a 610 nm laser, as shown in
Figure 15.

bright band
dark band

Qsl [:I82 screen

slits

Figure 15

The light power output of the laser is 5.03 x 1073 J s71,

a. Calculate the number of photons leaving the laser each second. Show your working. 3 marks

Eshd V2’3
= & 5
630 af([k,‘izwa 3x10°= 410%19 Z’
232600 " Aobqup’”

it = )
B [ Sowi
VJDM% z i

2 .26%X00
| /6
;I;Z)-X//Lj

SECTION B — Question 13 — continue
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A section of the interference pattern observed by the students is shown in Figure 16. There is a bright band
at point C, the centre point of the pattern.

c
Figure 16
b.  Explain why point C is in a bright band rather than in a dark band. 2 marks
l’/a/mM é;?%’l ' i (‘/’c%/ %Z
Paﬁ%%m =i =2 M/wa
= B
. Another point on the pattern to the right of point C is further from S, than S, by a distance of
214 %x10%m
Mark this point on Figure 16 by writing an X above the point. You must use a calculation to Jjustify
yOour answer. ¢ 2 marks
P Ll o 9L Xro m
7~ 4y t?

Toxig ! ~ 02U

=7 [P. =35
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Question 14 (2 marks)
Jani is stationary in a spaceship travelling at constant speed.

Does this mean that the spaceshlp must be in a ertlal frame of reference'? Justi your answer.

Muﬁ{m oA ,' Ly M,é/

o

Question 15 (3 marks)
A stationary scientist in an inertial frame of reference observes a spaceship moving past her at a constant velocity.

She notes that the clocks on the spaceship, which are operating normally, run ejght times slower than her clocks,
which are also operating normally. The spaceship has a mass of 10000 kg.

Calculate the kinetic energy of the spaceship in the scientist’s frame of reference. Show your working.

oty B = (Y=1/)mc"
4 f'f%é() -—,(%") me
/ K [0000 %/3%1@ fg)

-

[ ==

Ay
=" = -3 X0

Question 16 (2 marks)

Quasars are among the most distant and brightest objects in the universe. One quasar (3C446) has a brightness that
changes rapidly with time.

Scientists observe the quasar’s brightness over a 20-hour time interval in Earth’s frame of reference. The quasar is
moving away from Earth at a speed of 0.704¢ (y = 1.41).

Calculate the time interval that would be observed in the quasar’s frame of reference. Show your working.

76 = -4 4.
€= WLig.

SECTION B — continus
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Question 17 (7 marks)
To investigate the photoelectric effect, Sai and Kym set up an experiment.
The apparatus is shown in Figure 17.

metal plate
photocell

ammeter
light source
variable
DC voltage
voltmeter source

/
collector electrode

Figure 17

With the light source on and a filter in place, Sai and Kym measure the maximum kinetic energy of emitted

photoelecirons by gradually changing the collector voltage until the current measured by the ammeter just falls
to zero.

They record this voltage (the stopping voltage) for each frequency of the incident light and plot their results in a
graph of stopping voltage, ¥,, versus frequency, f(x10' Hz), of the incident light, as shown below.

V. (V)
A

0 | | > £(x1014 Hz)
2 PR < S 10 12 14

SECTION B — Question 17 — continued
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With 6.0 x 10'* Hz light, the ammeter always shows zero. Sai wants to repeat the experiment for this
frequency with a much brighter light source and wants to expose the metal to the light for much longer.
Kym says photoelectrons will never be ejected with this frequency of light.

a. i. Who is correct — Sai or Kym? Write the name in the box provided below. 1 mark

141

ii. What explanation might Sai give to support her opinion that by waiting longer and using a
brighter light source, photoelectrons could be ejected from the metal with light of a frequency of
6.0 x 10'% Hz? 2 marks

(A/Mégf/(,m PR aM/
W&mﬂ&a W,,Z;/é’/ '

b. Use the graph to calculate Planck’s constant. Show your working. ] 7.9 = o7 2 marks
f _/’——_-‘-’-.
= F ‘ {
E = /L A0 i

- " -5
@B‘b #;”; /’L é'ék’/ﬁﬂ; - .25 x1° @{/5
o

h - .30 0" " ik

eVs

¢. Determine the work function of the metal from the graph. Give your reasoning. 2 marks
il
3-5 ¢ V :

[Mm W/L Vt, poLys ¢

Z“g eV
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Question 18 (5 marks)
The diffraction patterns for X-rays and electrons through thin polycrystalline aluminium foil have been
combined in the diagram in Figure 18, which shows an electron diffraction pattern on the left and an X-ray

diffraction pattern on the right. The images are to the same scale.

The X-rays have a photon energy of 8000 eV.

electrons X-rays

Figure 18

a. Calculate the wavelength of the electrons in nanometres. Show your working. 2 marks

E'ﬁ/lﬂ [/":,Bﬂ /{

-15
o000 = 414 x/p {2 3/\"qu :}xl—?g Xip
: 10

'@?/--93%"0[ Sz i-s5x0 i _
0155 ;4%;@}mﬁ§C%?_
|4/ — §4155X10

b. Calculate the kinetic energy of the electrons in joules. Show your working.

T h
Bxe P f =

3 marks

- 4 N\, —
M 7 mr
}’\

Y my= < }'1

V.7
P (A ECT—IBN—B-' tinued
/{/ oo o 5 5534 continue
bp. B
L T 3
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Question 19 (4 marks)
Figure 19 shows the spectrum of light emitted from a hydrogen vapour lamp.
The spectral line, indicated by the arrow on Figure 19, is in the visible region of the spectrum.

750 700 650 600 500 450 400

550
nanometres (nm)

b.  Explain why the visible spectrum of light emitted from a hydrogen vapour lamp gives discrete
spectral lines, as shown in Figure 19. 3 marks

@ E@M@M M}ééﬁ & ety /%szf
_ﬁgpf /,é?czf/vﬂ% /”M/Mz/j., 1 G 2
¢M?M M C’ém /% clfwjfo@/" &
i}/ﬁf:ﬂ% boe  dicvedd. Lrets.

<

Z Figure 19 s (S,]O
< a. The following list gives the four visible colours that are emitted by the hydrogen atom.

(7p] Circle the colour that corresponds to the spectral line indicated by the arrow on Figure 19. 1 mark
|:|_: violet blue-violet blue-green red

Z

Ll
=
o
=
(-
o
Z
o
&
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Question 20 (10 marks)
Some students have collected data on the orbital period, T, and orbital radius, R, of five of Saturn’s moons.
The results are shown in the table below. Assume that the moons are in circular orbits.
Moon Orbital period (s) | Orbital radius (m) | 72 (10°s?) | R3(10* m?)
Mimas 8.14 x 10* 1.86 x 108 0.66 6.40
Enceladus 1.18 x 10° 2.38 x 108 1.39 13.5
Tethys 1.63 x 10° 2.95 x 108 2.66 25.9
Dione 2.36 x 10° 3.77 x 108 5.57 53.6
Rhea 3.90 x 10° 5.27 x 108 15.2 146
a. On the axes provided below:
« plot a graph of the observational data T2 versus R
» include a scale on each axis
+ draw a line of best fit. 5 marks
w0 T 4
(Y10 $%) | .
16 f ,//
(4 p
L
{0 /"’
4 ..
.//
/,f
2 7 :
¢
pd
LF ’/"f
x"ﬂf:
e
X 7%
¥ aiulll S - » R (yle ™)
Lo 4 0 90 1 (20 O o
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b. Calculate the gradient of the line of beStﬁit drawn in part a. Show your working.
. : ¢ o ¥
@m’w/@ﬂ/éw [bX10 - G-4exto "N
b
Al T 5.2 X0 = 0-66X19

g e _ e
: NYLeATTE = Lok g0
Wﬁ/sznﬂ

¢. Use the value of the gradient calculated in part b. to determine the mass of Saturn. Show your

2 marks

working. i 3 marks
5 3 - ./"'7’ ""'L-‘/r"’ .
GH _ x M= 4T Cour”
Sl “”

B o
= 5670

—t
5 bl X1
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