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Ascham School
Trial Examination 2015

Physics

Time allowed: 3 hours (plus 5 minutes reading time)

Section 1

PART A 15 one mark multiple choice questions.
Write your answers in pencil on the Part A answer sheet. (20 marks)
Write your Candidate number on the Part A answer sheet.

PART B  Short response questions.
Write your answers in the space provided. (60 marks)

Write your Candidate number on each section.

Section 2
Option: Medical physics (20 marks)
Write your answers to this section in the writing booklet.

Write your Candidate number on each booklet you use.

A Periodic Table, A Data sheet and a Formula sheet are provided.



Section 1

Total marks (80)

Part A

Total marks (20)
Attempt questions 1 to 20

Use the multiple choice answer sheet.

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

Sample 2+4-= (A) 2 (B) 6 (C) 8 (D) 9

N} (B)® ©O (D) O

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

A @ (B) )o\ © O ® O

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

(A) x (B) >{/ © o) D)
O



1  Which of the following shows the correct relationship between escape velocity and the orbital velocity
for a given planet?

(A) escape velocity =2 X orbital velocity
(B) escape velocity = V2 X orbital velocity

(C) orbital velocity = V2 X escape velocity

(D) orbital velocity = 2 X ,/escape velocity

2 Special relativity can be used to calculate length contaction and time dilation during

(A) aslingshot manounvre
(B) the launch of a rocket
(C) both (A) and (B)

(D) neither (A) or (B)

An asteroid is falling towards Earth from a large distance away. Which graph best represents the
asteroid’s gravitational potential energy plotted against its distance from Earth’s centre?

A) , B) .
Ep Ep
distance distance
v v
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A group of students carried out an experiment with a pendulum to determine a value for
acceleration due to gravity.

Which of the following steps would enhance the VALIDITY of their results?

(A) repeating the experiment sevral times for each string length and averaging the result
(B) using a piece of string that weighed as little as possible

(C) neither (A) or (B)

(D) both (A) and (B)

Europa is a satellite orbiting with an altitude of 630 km. Starfire is another satellite orbiting with an
altitude of 6 300 km.

NOT TO SCALE

Europa

The centripetal acceleration of Europa would be:

(A) 10 times greater than that of Starfire.
(B) 100 times greater than that of Starfire.
©) the same as Starfire.

(D) not be able to be compared to Starfire without knowing the satellites’ speeds.

In 1894, J. J. Thomson measured the speed of cathode rays by passing the rays through crossed
electric and magnetic fields. He found that in a highly evacuated tube, the maximum velocity of the
rays was 1/3 the speed of light. What could Thomson deduce from this experiment about the nature
of cathode rays?

(A) Cathode rays must be some type of electromagnetic radiation.

(B) Cathode rays must be negatively charged.

©) Cathode rays must not be some type of electromagnetic radiation.

(D) Cathode rays must not be charged.



A bar magnet placed at one end of a solenoid X was spun as shown. An identical bar magnet was
also moved backwards and forwards close to the end of an identical solenoid, Y. The second bar
magnet completed one oscillation for every one rotation of the other magnet.

Illlll. N‘CLS i flll. Y

A

X Y

When the EMF in the coils of the solenoids was displayed on a CRO, it was found that:

(A)  the graphs of the EMFs had the same general shapes.
(B)  the graph of solenoid X had twice the frequency of the graph for solenoid Y.
(C)  the graph for solenoid X was much smoother than the graph for solenoid Y.

(D)  the graphs were a sine wave shape for solenoid X and a square wave shape for solenoid Y.

Which of the following is NOT due to the motor effect?

(A)  Rotation of a coil in a generator
(B)  Movement of a needle in a galvanometer
(C)  Movement of the voice coil in a loud speaker

(D)  Electromagnetic brakes

A metal ring has its plane perpendicular to a magnetic field of strength 0.5 T as shown.

magnetic tield 0.5 T

v J VVVYVYVYYY

Over a period of time the direction and magnitude of the field changed uniformly so that in its final
position it is reversed, but with the same original magnitude. Which graph shows a possible emf
induced in the ring during this time?

(A) emt (B) et

time time

(C) e (D) emr

time time
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A positively charged particle enters a region of uniform electric field. The direction of the
particle’s velocity is parallel to the field as shown in the diagram.

____________________________________

____________________________________
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The following graph shows results collected on the kinetic energy of electrons that were emitted
from TWO metals as the wavelength of the light source was changed
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Considering the graph above, which of the following statements is correct?

(A)  The threshold frequency for Metal 1 is greater than for Metal 2
(B) The greater the kinetic energy of the electrons, the shorter their wavelength
©) The intensity of the light used for Metal 2 was greater than that used for Metal 1

(D) The work function for Metal 2 is greater than for Metal 1
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The diagram shows the paths taken by four charged particles, (P, Q, R and S), fired with identical
speeds into a region of uniform magnetic field directed normally to the page.

Which statement about these particles could account for these paths?

(A)
(B)
©)
(D)

P and Q carry opposite and equal charges and Q has more mass than P.
Q and R have the same mass, carry opposite charges and R has a larger charge than Q.
R and P have the same mass, carry opposite charges and R has a smaller charge than P.

R and S carry identical charges and R has a larger mass than S.

Photons of wavelength A are incident on a metallic surface in a vacuum. The number of photons
incident on the surface per second is N. No electrons are emitted from the surface.

Which of the following actions is most likely to cause electrons to be emitted from the surface?

(A)
(B)
©)
(D)

Decrease the frequency of the incident light
Decrease the wavelength of the incident light
Increase the number of photons per second incident on the surface

Change to a different metallic surface

Which of the following correctly describes the most commonly used semiconductor material, in
which conduction involves the movement of holes when an electric field is applied across the

semiconductor?

(A)  Silicon doped with phosphorus

(B)  Germanium doped with phosphorus
©) Silicon doped with boron

(D)  Germanium doped with boron



15 Which of the following is an advantage of semiconductor technology over cathode ray tube
technology?

(A)  Data transfers more rapidly through semiconductor devices than cathode ray tubes.
(B)  Semiconductor devices are less physically stable than cathode ray tubes.
(C)  Larger currents can pass through semiconductor devices than through cathode ray tubes.

(D)  Semiconductor devices operate at a much lower temperature than cathode ray tubes.

16 The engine of a rocket ejects gas at high speed, as shown below.
rocket
high speed {_J ! direction of
B - —=
motion of rocket

gas -a—/‘

Which statement explains why the rocket accelerates forward?

(A)  The momentum of the gas is equal to the momentum of the rocket.
(B)  The gas pushes on the air at the back of the rocket.
(C)  The change in momentum of the gas gives rise to a force on the rocket.

(D)  The ejected gas creates a region of high pressure behind the rocket.

17  Three conductors are of equal length, carrying equal currents and are situated in magnetic fields of
the same strength. The conductors are in different positions as shown in the following diagrams.

Current 1 Current 1 Current I
X X X X X X

Magnetic tield (B) Magnetic tield (B) Magnetic tield (B)

into the page out of the page across the page
Force on conductor Force on conductor Force on conductor
= F; =F = F;

Which of the following correctly compares the magnitude of the forces Fi, F2 and F3?

(A) F1is zero F> equals F3
(B) F is greater than F» F> equals F3
(©) Fi equals F» F: is greater than F3
(D) F1 is greater than F3 F is zero




18 A particle with a mass m carrying a charge of +q coulombs is placed between a pair of horizontal
parallel plates separated from each other by a distance d. When a voltage of V volts is placed across
the plates the particle is observed to accelerate upwards. Which of the following relationships would
give the net force on the particle in the field?

(A)
(B)
©)
(D)

d +gq @mass =m

N
<<

+ plate

qV/d — mg upwards
d/qV — mg upwards
mg — qV/d upwards

qV — mg upwards

19  Black body radiation is the electromagnetic radiation that is emitted from a body due to its
temperature alone. How does the black body radiation emitted from a body change as the
temperature of the body is increased?

(A)

(B)

©

(D)

The power radiated remains constant but the frequency at which most of the radiation is
emitted decreases.

The power radiated remains constant but the frequency at which most of the radiation is
emitted increases.

The power radiated increases, but the frequency at which most of the radiation is emitted
decreases.

The power radiated increases and the frequency at which most of the radiation is emitted
also increases.

20  What happens when a p-type semiconductor and an n-type semiconductor are joined to produce a

junction?
(A)  Charges diffuse across the junction leaving the n-type material with negative ions and the
p-type material with positive ions
(B)  Charges diffuse across the junction leaving the p-type material with negative ions and the
n-type material with positive ions
(C)  No charges will move until the semiconductor is forward biased
(D)  The positive holes prevent the further diffusion of electrons from the n-type material.
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Section I — continued

Part B Total marks (60)
Attempt Questions 21 — 35 Allow about 1 hour 45 minutes for this part

Answer the questions in the spaces provided.
Show all relevant working in questions involving calculations.

Question 21 (4 marks)

Two moons, X, and Z are in orbit around the same planet. The moons have identical masses and
orbital velocities of v and 2v respectively.

(a) Calculate the ratio of their orbital radii. 2

(b) Relate one characteristics of a geostationary orbit relate to the main purposes of satellites placed
in these orbits. 2

Question 22 (2 marks)

(a) Identify the outcome of a gravitational assist manoeuvre 1

(b) The average distance of Earth from the Sun is 1.5 x 10'! m. The acceleration due to the Sun’s
gravitational field at the Earth is 6.0 x 10~ ms™.

Calculate the approximate mass of the Sun.

11



Question 23 (4 marks)

A stone is thrown from the top of a cliff at a height of 56 m above the sea. The stone is thrown at a
speed of 20 ms~!. (Air resistance is negligible.)

The maximum height reached by the stone from the point at which it is thrown is 8.0 m.

The stone leaves the cliff at time 7 = 0. It reaches its maximum height at 7= T and strikes the sea at
Tr=Ts

20 ms™!

Upwards direction for all vector quantities is positive.

56 m

sed

(a) On the axis below, sketch a graph to show the variation in the magnitude of the vertical
component of the velocity of the stone, from 77=0 to 7' = T&. 2

No numerical values required

“ I e
TH TS
v
(b) Calculate the time (7-total) it will take for the stone to hit the water. 2

12
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Question 24 (5 marks)

A rocket moving at 0.975 c relative to Earth passes the Earth on its way to a distant planet. The
distance between Earth and the planet is 18.525 light years (ly) as measured by observer X on Earth.

0975 ¢
e —
Earth = rocket
Q planet
) 18.525 ly diagram not torscale

(a) Calculate the duration of the journey from Earth to the planet according to observer X 1
(b) Calculate the duration of the journey according to the crew on the space ship. 1
(©) Identify two specific examples of non-inertial frames of reference. 1

(d) Tom is an observer in the rocket that moves past a space station. Jerry is an observer in the
middle of the space station. Jerry sends two light signals towards mirrors at the front and the
back of the space station. The signals are emitted simultaneously according to both Tom and
Jerry. The signals are reflected off the mirrors and reflected back to Jerry.

rocket

— ]

— A\

D IID
D s i

Jerry

back W W front
mirror ; mirror

space station

From Tom’s frame of reference, determine whether the front or the back of the space station
receives the signal first, or whether the signals arrive simultaneously (at the same time). Justify
your answer. 2
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Question 25 (3 marks)
The following apparatus was constructed.

long current-carrying wire, 5.0A

<
v 10mm
0.500 m long parallel wire

scales

The conductors are parallel for 0.500 m, and are separated by 1.0 mm. A current of 5.0 A is flowing
through the top conductor. When a current flows through the conductor, which is resting on the
scales, the scales measurement decreases by 4.50 x 10 kg.

Calculate the magnitude and direction of the current flowing through the conductor resting on the
scales. 3

Question 26 (4 marks)

The transformation of electrical energy into other forms of useful energy occurs in homes and in
industry.

(a) Discuss the need for transformers in some domestic electrical appliances which are connected to
the mains power supply. 2

(b) Identify two specific examples where electricity is converted into some other useful energy form
either in homes or in industry. 2

16
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Question 27 (5 marks)

This flowchart represents one model of scientific method used to show the relationship between
theory and the evidence supporting it. Analyse Einstein’s Theory of Special Relativity and the
evidence supporting it as an application of this model of scientific method. 5

Observation

T
Problem raised

'
New hypothesis

T

Experiment to test hypothesis
'

Collection of data
'

Analysis of results

T
Support for hypothesis

Lack of support

f
New theory or law
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Question 28 (4 marks)

(a) A positively charged cylinder is fixed in position near a negatively charged plate as shown
in the cross-section. Sketch the electric field lines between the cylinder and the plate on the
cross-section diagram. 1

(b) A particle of mass 1072® kg and charge +4 x 107! C is released at point Y as shown on the

diagram. The particle initially accelerates at 5.0 x 10> m s™2.

(d) An electric field of similar intensity to that above is used in an experiment by JJ Thompson.
In combination with a magnetic field, he can determine the velocity of cathode rays.

(1) Sketch a labelled diagram of the fields as used in Thompson’s experiment 1

(ii) A value of 2.5 x 10° ms™! was determined for the speed of the cathode rays. What was
the intensity of the magnetic field used? 1

20
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Question 29 (4 marks)

A student claims that a DC motor is an ‘electric generator in reverse’. Analyse this claim with
reference to the structure and function of a simple DC motor and an electric generator. Include
diagrams in your answer.

22
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Question 30 (2 marks)

A power drill works because of the motor effect. In using a drill, the motor can overheat if the trigger of the
drill is not fully pressed and the drill rotates slowly.

Explain why the drill may overheat in this situation. 2

Question 31 (2 marks)

A transformer has 7200 loops in its primary coil and changes an input voltage of 1.2 x 10* V to 400 V.
The output current is 60 A.

(a) Calculate the number of loops in the secondary coil. 1

24
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Question 32 (4 marks)

Describe a first-hand investigation to demonstrate the effect on a generated electric current when the
distance between a coil and magnet is varied.

In your description, include:
* a labelled sketch of the experimental set-up;

* how you varied the distance
* how other variables were controlled.
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Question 33 (7 marks)

The diagram shows apparatus used to investigate the photoelectric effect.

In experiments using this apparatus to determine the work function of different materials, photoelectrons
are stopped from reaching the collector.

(a) A photon of frequency 4.75 x 10'* Hz, emits electrons from the emitter which are just stopped from
reaching the collector when the applied voltage is 1.85 V.

Calculate the work function of the emitter material.

(b) The explanation of the photoelectric effect by Einstein vindicated the approach taken by Planck to
explain the energy released from hot bodies. Justify this statement.

28
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Question 34 (6 marks)

Account for the observation that the electrical properties of p-type semiconductors are different from the
electrical properties of pure silicon.

Question 35 (4 marks)

Describe how Hertz produced radio waves and how he calculated their speed. Use diagrams to aid your
explanation.
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Section 2

Question 35 — Medical Physics (25 marks)
(@) (1) Describe acoustic impedance and why it changes for different tissues in the body. 2
(i1))  The following table shows the density and the speed of sound in different parts of the body.

Calculate the ratio of the reflected to initial intensity for a boundary between blood and brain.
State whether this would represent a high or low amount of reflection compared to typical

ultrasound imaging. 2
Body part Density (kg/m?) x 1000 Sound speed (m/s)
muscle 1.06 1570
fat 0.93 1480
blood 1.00 1560
liver 1.07 1549
brain 1.04 1521
kidney 1.04 1561

(b) X-rays are used in conventional x-ray units and in CT.
(1)  Describe the type of wave used by these machines. 1
(i1))  Compare the image produced from an ultrasound of the stomach to the image produced from an
x-ray of the stomach. 3
(¢) Explain how a CT image is produced and why this is a more expensive and potentially more
dangerous procedure than conventional x-ray. 5
(d) The PET technique is being increasingly used in medical imaging.
(i)  Describe why the technique requires antimatter to work. 2

(1))  Explain why researchers aim to further use this technique in the future. 2

(e) Observe the following image.

(1)  Identify whether this is image was obtained from an ultrasound, a bone scan or a CT scan. 1

(i))  Explain whether there are any signs of disease on this hand. 2

32



33



Physics

DATA SHEET
Charge on electron, g, -1.602 x 107 C
Mass of electron, m, 9.109 x 10731 kg
Mass of neutron, m, 1.675 x 10727 kg
Mass of proton, m, 1.673 x 10 kg
Speed of sound in air 340 m s~
Earth’s gravitational acceleration, g 9.8 m s~
Speed of light, ¢ 3.00 x 108 m 5!
Magnetic force constant, ( = g—%) 20x 1077 N A2
Universal gravitational constant, G 6.67 x 107! N m? kg™
Mass of Earth 6.0 x 10 kg
Planck constant, & 6.626 x 104 J s
Rydberg constant, R (hydrogen) 1.097 x 10" m™!
Atomic mass unit, u 1.661 x 10727 kg

931.5 MeV/c?

lev 1.602 x 10719 J
Density of water, p 1.00 x 103 kg m™
Specific heat capacity of water 4.18x10° Tkg ' K!
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FORMULAE SHEET

v=fA
I o< —1—
d2
Y _sini
v, ~ sin r
=L
q
rR=Y
1
P=VI
Energy = VIt
_Ar
Vavy = —A_t
a,, = % therefore a,, = v:u
XF = ma
F= mv?
r
)
E, = —mv
k=2
W = Fs
p=my
Impulse = Ft

36

_ mm,
Ep——G "
F =mg
Vx2 =”x2
Vv =u+at

2 _ ., 2
v o= u, +2ayAy
Ax = ut

— 12
Ay—uyt+2ayt
r_oM
T?>  4x?

F Gmm,
= "
E = mc?
2
v
z
t, = 0
2
_a
6'2
m, = ™o
v
1
C2



FORMULAE SHEET

F_ 4h g=1
T d p
F = BIlsin@ M = m—SIOg(%)
T = Fd
LA_ - IOO(mB‘mA)/S
Ig
T = nBIA cos8
+ _ Ay
E — n_p Ty = GT2
Vi n
. 1 1 1
F = qvBsin@ — = R{———
A 2 n2
f i
1%
E=—
E = hf
c=fA Ay = Vout
Vin
Z = py Vout — __R_f
Vin Ri
2
I, [z,-7]

b ) [Z2+Zl]2
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