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FORMULAE
specific heat 0 =mcAt
latent heat Q=mL
Wien’s law A T=2.9x 107> mK
Stefan—-Boltzmann law P= kT4
first law of thermodynamics O=AU+W
mass—energy equation E=mc>
power P=§orP=Fv
electrical charge O=1It
electrical work W=0V
charge on the electron e=—-1.6 X% 10_19 C
voltage V=IR
power P=VI
resistors in series Rr=R,+R,
resistors in parallel 1_1 + L
Ry R, R,
efficiency efficiency (%) = useful e“erg,y output x 100
energy put
DATA
speed of light in vacuum = 3.0 X 108 ms !
1eV=16x10"1
PREFIXES

Prefix Abbreviation Value
giga G 10°
mega M 10°
kilo k 10°
milli m 107
micro U 10°°
nano n 107
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Instructions for Section A

Answer all questions in the spaces provided. Write using black or blue pen.
Where an answer box has a unit printed in it, give your answer in that unit.
Where answer boxes are provided, write your final answer in the box.

In questions worth more than 1 mark, appropriate working should be shown.

Unless otherwise indicated, diagrams are not to scale.

Area of study — How can thermal effects be explained?
Data required for this section:

. Specific heat capacity of water: 4180 J k! kg_l
. Specific heat capacity of copper: 385 J k! kg_l

. Specific heat capacity of steel: 466 J K - kg_l

Question 1 (17 marks)

Natasha, a Physics student, places two metal blocks labelled A and B on an insulated surface so they are in
thermal contact, as shown in Figure 1.

Block A is made of copper and has a temperature of 100°C, and block B is made of steel and has a
temperature of 100 K.

Figure 1

a. Which block, A or B, will have atoms with the greatest average kinetic energy? Give
reasons for your choice. 2 marks

Natasha now leaves the two blocks for a significant period of time. During this time, the blocks are touching
until they reach thermal equilibrium with each other.

b. Explain, in terms of the Kinetic Theory of Matter, what is meant by the term ‘thermal
equilibrium’ in this context. 1 mark
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Natasha now places both blocks on an electric heater as shown in Figure 2.

Figure 2

Natasha assumes that each block will initially receive the same heat energy from the heater’s surface.

c. Explain why Natasha’s assumption is a reasonable one. 3 marks

After a while Natasha again measures the temperatures of both blocks. She finds that they are now no longer
the same temperature.

d. Predict which of the two blocks, A or B, will have reached a higher temperature, and
explain why this block is hotter than the other. 3 marks

Once both blocks have reached a temperature of 500 K, Natasha cools block A (copper) by putting it
in 1.0 kg of water at room temperature (25°C). After some time, the final temperature of block A and the
water is 31°C.

e. Calculate the mass of block A. 2 marks

kg
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The heater used by Natasha has two power settings of 1200 W and 2400 W. Natasha achieved a maximum
surface temperature of 500 K using the 2400 W setting.

f. What maximum surface temperature would be achieved if she had used the
1200 W setting? 2 marks

K

At 500 K the surface of the heater would emit electromagnetic (EM) radiation.

g. Calculate the peak wavelength of the radiated EM energy at this temperature. 2 marks
nm
h. The radiation from the heater’s surface at 500 K would be in the 2 marks

A.  visible part of the EM spectrum.

B microwave part of the EM spectrum.
C. UV part of the EM spectrum.

D infrared part of the EM spectrum.
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Question 2 (13 marks)

Jordan is turning 17, and in preparation for his birthday he is inflating some balloons using hydrogen gas. He
notices that as the gas expands the balloons, it also cools.

a. Show that Jordan’s observation is consistent with the first law of thermodynamics. 3 marks

Hydrogen (H,) is not considered a ‘greenhouse gas’.

b. Explain how hydrogen is different to greenhouse gases (such as CO,) in the way it
interacts with EM radiation. 2 marks

The energy intensity from the Sun at one astronomical unit (radius of the Earth’s orbit around the Sun)
is 1360 W m . The average heat received by the Earth from the Sun is 343 W m -,

c. Give two reasons why the average energy intensity is so much less than the energy intensity
from the Sun. 2 marks

d. For the Earth to maintain a constant temperature, how much power per square metre must be
radiated back into space? 1 mark

W m
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Saving energy at home is one way in which we can reduce the severity of climate change.

e. In what way is our home energy use linked to climate change? 2 marks

One of the ways to save energy at home is by using curtains to keep your house cool in summer instead of
using air conditioning. Thick curtains of a light-coloured material with pelmets (Figure 3) are most effective.

pelmet

curtain

N

Figure 3

f. Explain why each of the aspects of curtains below will provide an effective barrier from the
outside heat. In your answers, refer to each of the three forms of heat transfer.

thick curtains 1 mark
light-coloured curtains 1 mark
pelmets 1 mark
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Area of study — How do electric circuits work?

Question 3 (10 marks)

Antoine has the following electrical devices:
. 1 x 10.0 V DC battery

. 1 x 5.0 Q resistor

. 2 x 10.0 Q resistors

. connecting wires

a. Draw below, using the correct symbols, a fully labelled circuit that would provide the

greatest electrical resistance. 2 marks
b. What is the total resistance in the circuit drawn in part a.? 1 mark
Q
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The circuit is now set up as shown in Figure 4.

10V

1 4l
LI

5Q 10Q
[ 1 o 1 —»

100
I

| S|

Figure 4

c. Fill in the table below with the relevant current and voltage drop values through each
device. (Space has been left under the table for calculations.)

3 marks
5Q 10 Q 10 Q

I(A)

V (voltage drop) (V)
Antoine is thinking of rearranging the circuit with the three resistors so that the power used will be
a maximum.
d. In terms of series and parallel circuits, explain which set-up will produce this maximum.

Support your answer with calculations. 4 marks
10
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Question 4 (9 marks)

Sofia constructs the circuit shown in Figure 5. The power supply is set to 12.0 V and the globe has a
6.0 W rating.

Figure 5

The globe is left on for five minutes.

a. How many coulombs of charge would be expected to be moving through the globe over
this time? 2 marks

C

b. What amount of energy does Sofia expect the globe to consume if it is operating correctly? 2 marks

kJ

c. Explain the energy changes that occur as the charges pass through the globe. 1 mark

Copyright © 2016 Neap PHYU1_QA_2016.FM 11
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On one occasion when Sofia turns on the power supply, the light globe fails to light up and the ammeter
reading goes off the scale.

d. Explain what has most likely happened in this instance. 2 marks

e. What could Sofia do to make the light globe light up but still measure the current? You
may use a diagram as part of your answer. 2 marks
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VCE Physics Unit 1 Trial Examination Question and Answer Booklet

Question 5 (8 marks)

An electrician asks her apprentice, Emma, to draw a simple circuit diagram for a study room that needs
2 x 80 W lights and one power point (Figure 6). S| and S, are on—off switches and the 240 V power supply

is AC.

7\ J—
| S
80W 80W
e @ o o—
SZ
240V

Figure 6

Emma needs to check the voltage across one of the globes.

a. Draw on Figure 6 where Emma should place the voltmeter. 1 mark

The electrician suggests that the globes should not be wired this way.

b. Can you suggest why, and what should be done to fix it? 2 marks
c. If one of the light globes is used on average 1 hour and 45 minutes a day, what is the
energy used over a two-week period? 2 marks
kW h
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Emma does not think the power point needs the earth wire to run devices.

d. Explain if this assumption is correct or incorrect, but also include a reason why it should
remain part of the circuit. 3 marks

Question 6 (3 marks)
A garden light typically has the following components:

. a solar panel that produces a DC voltage output
. a light-emitting diode (LED)
. a rechargeable battery

. a light-dependent resistance (LDR)

o a fixed-value resistor

Choose two devices from above and explain how one shows ohmic behaviour and the other
non-ohmic behaviour.
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Area of study — What is matter and how is it formed?

Question 7 (21 marks)

Most of the matter that makes up our visible universe is made of two groups of particles: baryons
and leptons.

a. Give two examples of particles belonging to each of the following groups.

baryons 2 marks

leptons 2 marks

Early on in the history of the universe, about one minute after the Big Bang, nuclei formed. Atoms formed
much later, about 300 000 years after the Big Bang.

b. Explain why it took many years before stable atoms could form in the early universe. 2 marks

The formation of atoms after 300 000 years also started a new stage for the universe. This stage can still be
observed today as cosmic background radiation.

c. What property of the Universe changed to make this new stage possible? 1 mark

Copyright © 2016 Neap PHYU1_QA_2016.FM 15
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The Big Bang caused the creation of matter in the form of H (75%), He (25%) and a tiny amount of Li. Since
the Big Bang, small amounts of heavier nuclei have also formed.

d. Which one of the following best describes the process and the place where these heavier

nuclei were formed? 2 marks
Process Place

A. nuclear fission black holes

B. nuclear fission galactic centres

C. nuclear fusion core of stars

D. nuclear fusion surface of stars

The process referred to in part d. produces nuclei only up to iron (Fe).

e. What is special about iron (Fe) that prevents heavier nuclei from being produced using
this process? 2 marks

Iron, like many other elements, exists as a variety of isotopes.

f. Explain what is meant by the term ‘isotope’. 2 marks
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Iron-53 is a rare radioactive isotope of iron with a half-life of 8.0 minutes.

g. On the graph below, mark at least three points and complete a curve showing the decay of
iron-53 over time. 3 marks

A
100

% of iron-53 remaining
N
S

0 10 20 30 40 50 60 80 100

time (min)

Fe-53 decays to Mn-53.

h. Using the periodic table provided, write the equation for the decay of Fe-53. 3 marks

Manganese-53 itself is also radioactive, but it initially decays without undergoing transmutation to
another element.

i. Explain what happens to the Mn-53 nucleus as it decays, and explain the nature of the
emitted radiation. 2 marks

Copyright © 2016 Neap PHYU1_QA_2016.FM 17



VCE Physics Unit 1 Trial Examination Question and Answer Booklet

Question 8 (9 marks)
Energy contained in the nucleus is many magnitudes greater than the energy associated with

chemical reactions.

a. Explain the energy difference between nuclear and chemical reactions by referring to the
forces that are involved in such reactions. 2 marks

Currently, the most viable system to extract energy from the nucleus is through nuclear fission. Figure 7
shows a simplified version of a basic nuclear fission reaction.
QBa—Ml

O

Figure 7

b. Write a complete nuclear equation for the reaction illustrated in Figure 7. You will need to
use the periodic table provided. 3 marks

The energy released in this reaction is 3.2 x 107y,

c. Calculate the difference in mass between the products and reactants in this reaction. 2 marks

18 PHYU1_QA_2016.FM Copyright © 2016 Neap



VCE Physics Unit 1 Trial Examination Question and Answer Booklet

Radioactive materials, such as the products produced in the reaction from part b., sometimes glow in
the dark.

d. Describe the process inside these atoms that are responsible for the production of such
visible light. 2 marks

END OF QUESTION AND ANSWER BOOKLET
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