
























































Page 20 of 44 Section B 2025 VCE (NHT) Physics

Question 5 (8 marks)
Vesta, shown in Figure 4 below, is one of the largest asteroids in the asteroid belt, which is
located between the planets Mars and Jupiter.

A NASA probe named Dawn was sent to orbit Vesta in order to collect data on its geology
and composition.

Figure 4

Source: Claudio Caridi/Shutterstock.com

a. Vesta’s orbit around the Sun has an orbital radius of 3.53 x 10'! m.

Given that Earth is 1.50 x 10! m from the Sun and has an orbital period of 365 days,
calculate the orbital period of Vesta around the Sun in Earth days.
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Assume both orbits are circular. 3 marks

days
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b. Vesta has a mass of 2.59 x 10**kg and a radius of 262 km.

Dawn orbits Vesta at a height of 140 km above its surface. It orbits under the force of
gravity by Vesta alone.

Calculate Dawn’s orbital speed around Vesta. 3 marks

c. Dawn is placed at a lower orbit at 120 km above the surface of Vesta.

At this new orbit, will Dawn’s orbital speed decrease, stay the same or increase
compared to the answer to part b? Circle the correct option below.

decrease stay the same increase
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Justify your answer. 2 marks
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Question 6 (9 marks)

Figure 5 shows a schematic representation of a cathode ray tube.

The cathode ray tube consists of an electron gun producing electrons, which are
accelerated by an electric field produced by a 5.0 kV potential difference.

The electrons then pass into an area containing both an electric field and a magnetic
field, B, each of which can be independently varied to change the path followed by the
electrons. The whole apparatus is encased in a glass envelope and evacuated to a low
pressure so that the electrons can move freely through the tube.

electron
gun 2.0 cm ]

|_> ><: - SN SR S SN electric field plates

[ [ J
° J.r_ DC power supply
5.0kV
Figure 5

a. Calculate the strength of the electric field used to accelerate the electrons, assuming
it is a uniform field. 2 marks
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b. The electrons now enter a region with a uniform magnetic field B=3.6 x 10> T and a
uniform electric field £=1.5 x 10° V.m™",

The electrons pass through the region in a straight line.

i. What is the direction of the electric field between the plates? Justify your answer. 2 marks
ii. Calculate the speed of these electrons. 2 marks
ms!

ili. Explain what would happen to the path of the electrons if they were travelling at a
slightly slower speed than that calculated in part ii. Justify your answer. 3 marks
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Question 7 (5 marks)

Two physics students, Chen and Darika, are viewing a live video stream from the
International Space Station (ISS) which shows an astronaut ‘floating” around the cabin.

Figure 6 below shows a still image from the live video stream.
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Figure 6
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Source: Gorodenkoff/Shutterstock.com

Chen and Darika then have a discussion on how the force due to Earth’s gravity is
experienced by an astronaut floating in the ISS as it travels in a stable circular orbit around
Earth.

Chen states that the astronaut does not experience a force due to gravity in the ISS because
there is no gravity where there is no air, and since space is a vacuum no gravitational force
can be experienced.
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Darika states that the force due to gravity is acting on the astronaut in the ISS but her
movement along with the spacecraft in a stable circular orbit around Earth creates a force
that cancels out the gravitational force.




2025 VCE (NHT) Physics Section B Page 25 of 44

a. Evaluate each of the students’ statements, indicating whether they accurately describe
the astronaut’s situation when in orbit. 3 marks

b. Describe the astronaut’s actual situation, including all forces acting on the astronaut. 2 marks
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Question 8 (6 marks)

Hilary and Michael live on a farm with a river that is 2.0 km from the house. To run their
LED lights and their low-power electrical appliances in the house, they invest in a micro
hydroelectric generator, with specifications of 500 W, 220 V RMS and 50 Hz. A schematic
diagram of the micro hydroelectric generator, supply cables and the house is shown in
Figure 7.

220 V RMS

generator ‘ /\/\/ \ /\ supply cables

Figure 7

The generator produces a maximum power output of 500 W.

a. What is the maximum output current (RMS) of the generator? 2 marks
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b. The house is 2.0 km from the generator and the supply cables have an electrical
resistance.

i. When many appliances are turned on, Hilary and Michael note that the voltage as
measured at the house changes.

Explain why this occurs. 2 marks

ii. On one occasion, the voltage received at the house is measured at 210 V RMS.
The current being drawn at the time is 2.1 A RMS.

Calculate the resistance of the supply cables. 2 marks
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Question 9 (6 marks)

Emerald and Waamil are investigating the output of a model hand-cranked generator.
It has several output terminals, one set for AC and two other sets for DC power. They
connect the AC output of the generator to an oscilloscope.

A schematic drawing is shown in Figure 8.

handle

hand-cranked

generator oscilloscope
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Figure 8

When they rotate the handle at a constant rate, the following trace is observed on the
oscilloscope screen, as shown in Figure 9 below.

voltage, (V)
A

15
10 H

0 P time, £(s)

0.5 1.0 1.25

Figure 9

a. Describe the shape and determine the peak voltage, V

peak» OFf this output. 2 marks
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b. Determine the frequency of the output shown in Figure 9 on the previous page. 1 mark

Hz

c. The students now turn the handle at double the frequency, commencing at the
same starting point. On Figure 10 below, draw the trace that would be seen on the
oscilloscope screen. The original trace is shown as a dashed line. 2 marks
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d. Waamil and Emerald’s generator can be set to give a constant DC output voltage of
12 V DC.

On Figure 11 below, draw the trace that would be observed on the oscilloscope
screen. The original trace is shown as a dashed line. 1 mark

voltage, V(V)
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Figure 11
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Question 10 (9 marks)

A single square loop of wire of area 1.0 x 1072 m? moves at constant speed from outside
left, into, through and out of a magnetic field, as shown in Figure 12a. Assume that the
magnetic field outside the poles of the magnets is zero.

The area between the poles of a strong permanent neodymium magnet has a constant
uniform magnetic field of magnitude 1.4 T. Figure 12b shows the view from above.

N
X X X0
D A Vi Wy Y SN IR Xixdx || b
S X X X
Figure 12a Figure 12b

a. On the axes provided below (Figure 13), sketch the magnetic flux, @5, through the
loop as it moves into, through and out of the magnetic field. No values are required on

the axes. 2 marks
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b. On the axes provided below (Figure 14), sketch the EMF induced in the loop as it

moves into, through and out of the magnetic field. No values are required on the axes. 2 marks
EMF
4 | | |
0 : : : > 1
loop begins - loop R loop colmpletes
entering field inside field exiting field

Figure 14
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c. Ittakes 1.5 s from when the front edge of the loop is about to leave the magnetic field
until the back edge of the loop just exits the magnetic field.

Calculate the magnitude of the induced EMF. 2 marks

\%

d. Determine the direction of the induced current in the loop as it moves out of the
magnetic field as viewed from above (clockwise or anticlockwise).

Circle the correct option and justify your answer. 3 marks

clockwise anticlockwise
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Question 11 (6 marks)
Mila is studying Young’s double-slit experiment, which can also be done using microwave
radiation instead of visible light.

The separation of the centres of the slits, S; and S,, is 10 cm and the distance from the slits
to the line PQ is 1.5 m.

A microwave detector is moved along the line PQ, and the maxima and minima in
microwave intensity are recorded, as shown in Figure 15.

P
r ot
>|:| microwave detector
microwave source 4 S
|:|< L ®W central maximum
v .
2 - X Ist minimum
-Y  1st maximum
-7  2nd minimum
1.5m Q
D >
Figure 15

Starting from the central maximum, W, the detector records the first maximum, Y, at 42 cm.

a. What is the wavelength of the microwaves? Give your answer in centimetres. 2 marks

cm

b. Justify why there is a minimum microwave intensity at point Z. 2 marks
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c. The microwave frequency is now doubled. Will point Y now be a minimum or a
maximum?

Justify your answer. 2 marks
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Question 12 (7 marks)

The electron energy level diagram for a hydrogen atom is shown in Figure 16.

energy (eV)
A
13.6 ionisation energy
13.2 n==06
13.1 n=>5
12.8 n=4
12.1 n=3
10.2 n=2
0 n =1 ground state

Figure 16

a. Physicists use a laser to change a hydrogen atom from the ground state to the first
excited level.

Calculate the wavelength of the laser needed to do this. Give your answer in
nanometres. 3 marks
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b. The physicists then use a laser which has a wavelength of 103 nm to raise a hydrogen
atom from the n =1 to the n = 3 level.

Calculate the momentum of a photon of this wavelength. 2 marks

kgms™!

c. On Figure 17 below use arrows to draw all the possible transitions from the

n =3 level back to the n =1 level. 2 marks
energy (eV)
A
13.6 ionisation energy
13.2 n==6
13.1 n=>5
12.8 n=4
12.1 n=3
10.2 n=2
0 n =1 ground state

Figure 17
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Question 13 (2 marks)

GPS (global positioning system) devices are regularly used to accurately determine the location of an
object on Earth. The devices work by receiving timing signals from satellites that carry synchronised
atomic clocks. The timing signals must be corrected for the effects of special relativity.

Explain what causes the timing signals to require correction. No calculations or numerical values are
required and you need to consider only the effects of special relativity.
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Question 14 (4 marks)

The photoelectric effect experiment distinguishes the particle model of light from the wave model
of light.

The following observations are made in a photoelectric effect experiment.

Observation 1: The kinetic energy of the electrons emitted depends on the type of metal
surface involved.

Observation 2: For a particular frequency, the number of electrons emitted from a given metal depends
on the intensity of the incident light.

Observation 3: The kinetic energy of the electrons emitted from a given metal depends only on the
frequency of the incident light.

The particle model can account for all three of the above observations; however the wave model can
explain only two of these observations.

Select the observation that the wave model cannot explain.

Observation number:

Justify why this observation can be satisfactorily explained by the particle model but not the
wave model.
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Question 15 (2 marks)

Explain how the electron double-slit experiment provides evidence for the wave nature of electrons.

Question 16 (2 marks)

A Sun-like star has a measured power output of 1.52 x 10>’ W.

1

Calculate the rate, in kg s, at which the star is reducing its mass.
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This page is blank.

@
(<))
S
©
i
L
=)
=
()
i
=
3
-
o
c
o
(]

Examination continues on the next page.
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Question 17 (15 marks)

The Relativistic Heavy lon Collider (RHIC), located at Brookhaven National Laboratory
in the United States, enables physicists to learn more about the elementary particles that
make up protons and neutrons. Gold ions are accelerated to relativistic speeds and then
collide.

A gold ion (Au-179) has rest mass 3.27 x 107> kg.

Each gold ion is accelerated from rest to a total energy of 1.90 TeV.

a. Show that the total energy, E,.,, of a gold ion accelerated to 1.90 TeV is 3.04 x 1077 J. 1 mark

b. Assuming classical (Newtonian) physics, what speed would a gold ion reach if
accelerated to a kinetic energy of 1.90 TeV? 2 marks

c. Does your answer to part b agree with our understanding of physics?

Justify your answer. 2 marks

d. The gold ions are accelerated to a total energy, E, ., of 1.90 TeV (3.04 x 1077 J).

otal>

Show that the Lorentz factor, y, for one of these gold ions is 10.3. 2 marks
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e.

As part of testing and calibrating the accelerator at the RHIC, scientists vary the
accelerating potential for the gold ions (Au-179), providing them with a known total
energy, and measuring the corresponding speed.

Table 1 below shows the total relativistic energy (in TeV and J), and the
corresponding gold ion speed and speed squared (in units of ¢ and ¢?), respectively.

E\yta (TeV) Etota (J) v (c) v (c?)
0.20 321078 0.43 0.18
0.30 48x1078 0.79 0.62
0.40 6.4x107% 0.89 0.79
0.50 8.0x107® 0.93 0.86
0.60 9.6 x107® 0.95 0.90
0.70 11x10°® 0.96 0.93
0.80 13x10°® 0.97 0.95
0.90 14 %1078 0.98 0.96

1.0 16 x 107 0.98 0.97
Table 1

Identify the independent and dependent variables in this experiment. Identify one
variable that must be controlled. 3 marks

Classification

Variable

independent

dependent

controlled

Question 17 continues on the next page.
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f. Figure 18 shows a graph of the square of the speed of the gold ions as a function of
the total relativistic energy.

v (?)
1.4
1.2 7
e ittt ettty ettt it ittt Attt At N e e TTTTe T
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0.6 ®
0.4 1

0.2 4 Py

0 T T T T T T T T T T 1 Liotal (TCV)
0 0.1 02 03 04 05 0.6 07 08 0.9 1 1.1

Figure 18

i. Sketch a curve on the graph in Figure 18 above that represents a suitable fit of
the data. 2 marks

ii. What is the physical significance of the dashed horizontal line shown on the graph? 1 mark

iii. Estimate the value of the horizontal intercept of the graph. Explain its physical
significance. The expected/theoretical value does not need to be calculated. 2 marks

End of examination questions

O
o
=
o
—*
2
=
(=g
(]
5
(=
=.
»n
Q
=
®
o




2025 VCE (NHT) Physics Page 43 of 44

This page is blank.

@
(<))
S
©
i
L
=)
=
()
i
=
3
-
o
c
o
(]




© Victorian Curriculum and Assessment Authority 2025




Physics

Formula Sheet

You may keep this Formula Sheet.

©VCAA 2025

V.

VICTORIAN CURRICULUM
D ASSESSMENT AUTHORITY



Page 2 of 4

VCE (NHT) Physics Formula Sheet

Motion and related energy transformations

equations for constant acceleration

. . As Av
velocity; acceleration y=—; a=—
At At

v=u-+at

1
s = E(u + V)t
Newton’s second law 2F=ma
2
uniform circular motion F = m V= ﬂ
r T
Hooke’s law F=—kx
. . 1. 5
elastic potential energy E = Ekx
gravitational potential energy E,=mgAh
— 1
kinetic energy E, = Emv
Newton’s law of universal gravitation F,=G mlzqz
r

M
gravitational field g=0—

-
impulse FAt=mAv
momentum p=mv

Einstein’s special theory of relativity
1
}/ =
Lorentz factor v

e
time dilation t=yt,

, Ly
length contraction L= 7
relativistic rest energy Ey=mc?

relativistic total energy

Etotal = Ek + EO = Vmcz

relativistic kinetic energy

Ey=(y— Dmc®
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Fields and application of field concepts

. - V
uniform electric field between charged plates E= 7
energy transformatlons of charges in an lmv o
electric field 2

, . _, 0
field of a point charge E=k=

,
electric force on a charged particle F=qFE
Coulomb’s law F= k%

r
magnetic force on a moving charge F=qvB
magnetic force on a current-carrying conductor F=nllB
radius of a charged particle in a uniform Lo
magnetic field qB

Generation and transmission of electricity
current; power I=—; P=VI
resistors in series Rr=R|+R,+
istors i llel : : + :
e
resistors in paralle ROR R
- ; M _nh_§L
ideal transformer action — ==
N2 VZ 11

AC voltage and current

1
]RMS = Elpeak

electromagnetic induction

ADy,
At

e=-N

@Dy =B, 4

transmission losses

Vdrop =1 line Rline

2
Ploss =1 line Rline

Waves

wave equation

v=f4

constructive interference

path difference = ni

destructive interference

path difference = (n + %)/’L

interference pattern spacing

AL
d

Ax

when L >>d
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The nature of light and matter

photoelectric effect Eymax = W =9
he
photon energy E=hf= =
h
photon momentum p= 7
, h
de Broglie wavelength A= ;
Data
acceleration due to gravity at Earth’s surface 2=9.81ms™

mass of the electron

m,=9.11x 107" kg

magnitude of the charge of the electron

g.=1.60x107" C

Planck’s constant

h=6.63x10"*]s  h=414x10"eVs

speed of light in a vacuum

c=3.00x105ms!

universal gravitational constant

G=6.67x10""" Nm? kg™

mass of Earth

Mg =5.97x 10** kg

radius of Earth

R =6.37x10%m

Coulomb constant

k=8.99x 10° Nm?>C?2

Metric (SI) multipliers

p=pico=10"" n=nano=10" =micro=107° m=milli=10"

k =kilo = 10° M =mega = 10° G=giga=10’ T=tera=10"
Unit conversions

1 tonne (t) = 10° kg

1 kilowatt hour (kW h)=3.6 x 10°J
Nomenclature

force due to gravity F,

terminology for force F onaby B

normal force Fy

End of Physics Formula Sheet
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