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Part A — Multiple Choice
Choose the best response and fill in the respense oval completely
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General Instructions

» Reading time — 5 minutes

»  Working time — 3 hours

- Write using blue or black pen

» Board-approved calculators may be
used

- Draw diagrams using pencil

o Show ALL relevant working in
questions involving calcualtions (i.e.
marks will be deducted for not

showing working).

« A Periodic Table, a Data Sheet and
Formulae Sheets are provided on the
back pages of this paper. It may be
necessary to you to refer to these to
answer some of the questions in this
examination paper.
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Total marks — 100

Pages 2 - 23

Total marks — 90
This section consists of two parts Part A and

Part B
PART A — 15 marks

»  Attempt Questions 1 - 15
»  Allow about 25 minutes for this part
o Indicate all answers on the Answer Sheet

provided
PART B - 75 marks

»  Attempt Questions 16 — 32
o Allow about 2 hours and 15 minutes for

this part
o Indicate all answers in the spaces provided

Pages 24 - 25

Option — 10 marks

« Attempt Questions 33 — 36
« Allow about 15 minutes for this section




Section I
Total marks — 90

Part A
15 marks

Attempt Questions 1 - 15
Allow about 25 minutes for this part

Use the multiple-choice answer sheet

Select the alternative A, B, C or D that best answers the question. Fill in the response oval
completely.

Sample 2+4= (A 2 (B) 6 ©) 8 D) 9
hnwoO B@® OO o O

If you think you have made a mistake, put a cross through the incorrect answer and fill in th

new answer.
Hwe e 0O mmO

If you change your mind and have crossed out what you consider to be the correct answer,
then indicate this by writing the word correct and drawing an arrow as follows.

correct

‘/
Wi &, 0O mO

1.

Which of the following graphs best déscribes the way in which Gravitational Potential Energy
(GPE) of an object varies with its distance (d) from a planet of radius 'r'?

() PE f ) CPEA
= Bpd
v ¥
© GPE (D)GPE
r
>, &,

Which of the following statements most correctly describes the force acting on a satellite in
circular orbit around the Earth?

(A) It is an electrostatic force that remains constant. -

(B) Itis a centre-seeking gravitational force that maintains a constant magnitude.

(C) Itis a gravitational force that has a constant direction, but varies in magnitude.

(D) Itis a centrifugal force that keeps the satellite in orbit.

Launching rockets into space requires vast amounts of energy. In order to reduce these energy
requirements space programs have been selective in the location and direction of launch.

Which of the following situations would require the least amount of energy to get a rocket to
escape the Earth's attraction if launched from Australia?

(A) Launched from Queensland in the easterly direction.

(B) Launched from Tasmania in the easterly direction.

(C) Launched from Queensland in the westerly direction.

(D) Launched from Tasmania in the southerly direction.
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In an experiment you conducted during the 'Motors and Generators' module you would have
measured the voltage drop across the secondary coil of a transformer. A number of
measurements would have been taken while a soft iron core was inserted into the secondary coil.

Which graph below best represents the effect of the iron core on the secondary voltage as the
percentage of the iron core is inserted?

A) Secondary (B) Secondary
@ Voltage Voltage
l > T [
50%  100% 50%  100%
% of iron ore in the coil % of iron ore in the coil
C) Secondary 4 (D) Secondary 4
© Voltage Voltage
I > T I
50%  100% 50%  100%
9% of iron ore in the coil % of iron ore in the coil
_5.

A galvometer is designed so that the torque of the current-carrying coil is not dependent upon t
angle ' @' of rotation and is given by the equation T = nBIA.

In order to provide a counter torque on the coil, a spring is used.

The torque provided by the spring varies with the angle ' 6' of deflection according to the
equation

T= kO k = spring constant
6 = angle of deflection

When the galvometer is operating it is found that the following graph describes the relationshij
between the current and the angle of deflection.

Current *

@

— -
Angle of deflection Q)]

If the design of the galvometer is such that the number of loops = n, the magnetic field = B an
the area of each loop = A, then the gradient of this graph is best given by:

k
A ——
) nBA
(B) nBA
kn
© BA
k0
(D) “BA



11.  Which of the following sequence of diécharge tubes shows the correct patterns for varying

pressures?

Violet streamers
Cathode |

Negative glow 1

.......

T
Glass shows fluorescence

(A

High pressure

‘Low pressure

v !Cathodf

wnn
ot

N B.__"'-
Crookes dark space %——-

Glass shows fluorescence
Violet streamers

(B)

High pressure
Cathode Violet streamers Anode e ~Anod:
Wi TRt pace = T
rAnode glow | - ciicsssoessson

+
b v efoofo e oot B——

Crookes dark space tT—'

TS R eI ey m

Glass shows fluorescence

- ) Crookes dark space tpi

O

Glass shows fluorescence

1

©

Low pressure

(D)

14. The graph below shows the characteristic curve for the intensity of radiation from a heated black

body at 2000 K.

Intensity

visible
e,

/
_/<\ :

14 15

10" 10 10

2000 K

/

’Frequency Hz

Which of the following graphs best shows the characteristic curve of the same body when heated

to 6000 K?
(A) (B) .
Intensity visible Intensity 4 visible
e o
N
I 4’ ’ 14 I .
10" 10" 10" 10" 10 10"
Frequency (Hz) Frequency (
© visible ® ..
Intensity 4 ntensity 4 visible
oy
> T T
10" 10'4 1015 10" 10'4 1 15
Frequency (Hz) Frequency (1
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Section I (Continued)

Part B

75 marks
Attempt Questions 16 — 33
Allow about 2 hours and 15 minutes for this part

Write your answers in the appropriate space on the paper. Marks ailocated to each
question are shown following the question. Show all relevant working in questions
involving calculations (i.e. marks will be deducted for not showing working).

Marks
_ SPACE — (20 marks)

Question 16 (4 marks)

The recent break-up of the space shuttle Columbia on re-entry into the atmosphere has
highlighted the extreme dangers of space exploration.

Discuss the factors that NASA scientists need to consider in the safe re-entry of manned
spacecraft. 4
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Question 17 (8 marks)

The international space station (ISS) is being assembled at an altitude of 370 km above the
surface of the Earth of radius 6.38 x 10° m. The moon has a period of orbit of 27.3 days
and has a radius of orbit of 3.83 x 10° m.

(a) What is the radius of orbit for the ISS in metres?

(b)  Calculate the period of orbit for the ISS in hours.

(c) How many times will the ISS circle the Earth each day?

(d) What will be the centripetal force that the ISS experiences when it is completed and has
a mass of 500 tonnes?

(e) Isthe ISS likely to suffer from orbital decay? Justify your answer.

S 14 -
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Student No.

Student No. Marks

Marks Question 20 (7 marks)

Question 18 (4 marks) : A simple DC motor comprises100 rectangular loops as shown in the diagram below.

Time dilation, length contraction and mass increase were predicted by Einstein well before A 10.0 V DC supply is connected along with an ammeter and switch.

experimental evidence was found for them occurring.

Describe ONE of the experiments and explain how the results demonstrate that P
Einstein's Theory of Special Relativity does, in fact, predict events in the real world. 4 / 7 Pen S

............................................................................................................. Brushes

Split-ring
commutator

The total resistance of the motor coil is 2.5 Q. The magnetic field is uniform between the

................................................................................... . po]es of the magnet and has a value of 4.5 mT.
.......................................................................................... (a) Calculate the initial current that will flow in the motor when the switch is closed. 1
Question1® @Gmmks) e

(b) When viewed from the power supply, which direction will the motor spin? 1

A spacecraft with a total mass of 8.50 X 10? kg is requiring an increase in forward velocity
of 20.0 m s™'. If the velocity of the gas being ejected is 3.00 x 10° m s, then determine the

total mass of gas that needs to be released in order to achieve this. (c) Calculate the initial torque on the motor when the switch is closed. 1
State your answer o three significant figures. B s —————eeiba— S R AR RRA R R R0
........................................ . (d) When in full operation the motor spins at 50 Hz. Calculate the back Emf that is
produced when this motor is in full operation.
................................................................................................................................................ A
Use the equation Emf = A—¢ 2
t

(e) Outline TWO design changes that could be made to the simple motor so that the torque
it produces is more constant. 2

-15- 216-
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Question 21 (3 marks)
Eddy currents are responsible for lowering the efficiency of transformers. However, eddy
currents can often be put to good use.

With reference to ONE example, explain how eddy currents are produced and how they
can be put to good use.

Question 22 (2 marks)
High voltage power lines are common across our landscape. They carry high voltage AC
currents and are potentially dangerous.

Describe how these lines are insulated from their support structures and protected from
lightning strikes.

Question 23 (4 marks)

During the Motors and Generators Module you will have performed an investigation to
demonstrate the principle by which an AC induction motor operates.

Describe the demonstration and explain the principle.

S17-
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Question 24 (7 marks)

A physics student set up the following experiment to measure the magnetic force between
two current-carrying wires. The top wire, 300 mm long, is fixed in place, with the

bottom wire resting on the pan of very sensitive electronic balance, insulated from the
balance. Currents flow in the wires in the directions shown by the arrows in the diagram

below. |
_‘L_ :300 mm Fixed top wire

10mm s o
—T— —P Bottom wire resting

‘ —1 on pan of balance

Balance

The table below shows the resulting readings on the balance as the current is increased in
the top wire. .

Reading on Current in Current in
Balance bottom wire top wire
(XIO'SN) a) (A)
not taken 20A 0A

1.5 2.0A 1.0A
2.7 20A 20A
3.9 2.0A 30A
5.1 20A 40A

(a) On the grid provided, construct a graph of 'Force on Balance' vs 'Current in the
top wire'.

Question 24 continues on page 19
1

Mar]



Question 24 (continued) .
. Student No.

Marks

(b) Use your graph to determine the mass of the bottom wire. 11 Marks

Question 27 (3 marks)

The graph below shows the resistance of two conducting materials, X and Y, with

i X temperature.
(¢) From your graph determine a value for k', the magnetic force constant. 11
X
Resistance \
@Y

Question 25 (3 marks)
A colour TV operates with 3 electron guns, deflection coils and a fluorescent screen.
Outline the role of the electron gun and the fluorescent screen in producing the colour
picture. 3 T T o
................................................................................................................................................ 0 Te 10 Temp (K)

Describe the nature of these two conductors.
Question26 (marks)
With particular rf:ference to microchips and microprocessors, assess the impact of the
transistor on society. 4 Question 28 (4 marks)
................................................................................................................................................ Describe how doping can be used [0 produce n_type and p_type Serrljconductors a.nd the

resulting electrical properties of these materials. ¢
1. ............................................................................ —. .-1‘6.; ........................................................... - 20 -
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Marks
Question 29 (3 marks)

Heinrich Hertz performed a number of significant experiments using radio waves.
Outline ONE of his experiments and the resulting advancement in scientific understanding. 3

Question 30 (3 marks)

An electron moving at 5.0 x 10° m.s enters a magnetic field of 2.0 mT as shown
in the diagram below.

(a) In which direction will the electron initially experience a force upon entering

the magnetic field? 1

(b) Calculate the radius of curvature for the path of the electron in the magnetic field. 2

Student No.

Question 31 (7 marks)

The diagram below shows the cathode ray tube that can be used to determine the charge
to mass ratio of cathode rays.

Attachment point to apply potential
/ difference to plates (see below also).

Parallel metal plates :
Applied potential recorded by voltmeter

attached to a variable
potential difference

Collimator
Cathode

\ Coils carry electric current (recorded)
to produce a magnetic field of known

High voltage supply intensity

The voltage applied across the parallel plates is 4 500 Volts.

(a) Calculate the strength of the electric field that exists between these plates.

(b) With only the electric field on, describe the shape of the cathode rays' path as they
move between the plates.

(c) If the cathode rays are travelling at 3.0 x 10" m.s", then determine the direction
and strength of the magnetic field that would balance the deflection caused by the
electric field.

(d) Neglecting relativistic effects, how long will the cathode rays take to travel the length of
the plates?

(e) If the magnetic field is turned off, then calculate the distance of the vertical deflection
of the cathode rays as they pass across the plates.

Mark
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Marks
Question 32 (5 marks)
Two coherent X-rays (ray 1 and ray 2) are incident onto the ionic lattice of a crystal. They

reflect off the top two layers of the crystal and combine on the photographic plate as shown
below.

normal

photographic
plate

Enlarged to
ionic lattice
of crystal

show the
event

(a) Which father and son team won the Nobel Prize in 1915 for their work on X-ray
crystallography? 1

(b)  For the two rays to constructively interface on the photographic plate, then, what
must be true about the path difference (pd) shown in the diagram? 1

(¢) If X-rays of wave length 2.9 x 107 m are shone onto the ionic lattice, it is found
that constructive interference occurs at the smallest glancing angle (8) of 12°.

Determine the interspatial distance 'd' between the atoms of the ionic lattice. 2

(d) If you were to consider the particle nature of these X-rays, then determine the energy
of these photons. 1
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Section I - Option

10 marks

Attempt Questions 33 — 36

Allow about 15 minutes for this section

Answer this section in the spaces provided.

Marks

Question 33 (2 marks)

Calculate the wavelength of photon emitted when an electron moves from the 6th to the 3rd
energy level of hydrogen.

Question 34 (2 marks)

Describe the results of Rutherford's o scattering experiment and how it led to his model
of the atom.

Question 35 (1 mark)

The diagram below shows the visible line spectra for hydrogen.

wavelength (x 10~ 7 m)
7 6 5 4 3

O

Between which two energy levels are electrons moving in order to produce the green
line —H, ?

Hy



Question 36 (5 marks)

Student No.

The Bohr-Rutherford model of the atom was mostly successful in explaining atomic
behaviour and line spectra. However, some guestions remained unanswered.

Discuss some of the limitations of the Bohr-Rutherford model in explaining line spectra.

End of Paper
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DATA SHEET

Charge on the electron, g,
Mass of electron, m,
Mass of neutron, m,_
Mass of proton, m,
Speed of sound in air

Earth’s gravitational acceleration, g

Speed of light, ¢

Magnetic force constant, (k = _2/1%)

Universal gravitational constant, G
Mass of Earth

Planck’s constant, h

Rydberg’s constant, Ry,

Atomic mass unit, u

leV
Density of water, p

Specific heat capacity of water

-1.602x107° C
9.109 x 1073 kg
1.675 x 107 kg
1.673x 107 kg
340 ms™!
9.8 ms™>

3.00x 108 ms™!

20x 107 N A2

6.67 x 107! N m* kg2
6.0 x 10%* kg

6.626 x 1074 1 5

1.097 x 10" m™'

1.661 x 107 kg
931.5 MeV/c?

1.602x 10717 J
1.00 x 10° kg m>

4.18x10° Tkg ' k!
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