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e Reading time = S:minutes
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Part A — 15 marks
Attempt Questions 1-15
Allow about 30 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 owal
completely.

Sample: 2+4= (A) 2 iB) 6 (C) 8 (n 9

A E @ c O D O
If vou think vou have made a mistake, put a cross through the incorrect answer and fill in the
new answer.

A @ B Cc O D O
If vou change your mind and have crossed out what yvou consider to be the correct answer, then
indicate the correct answer by writing the word corvect and drawing an arrow as follows.,

correct

Ve
A B W (N D O

Question

1 The science fiction author Arthur C. Clarke once stated the energy gain necessary
to get into space in terms of the height of the wall you would have to climb under
constant sea-level gravity.

1 A = low Earth orbit
6375
Wall _ _ : :
Height sosdf =~ "2 B = geo-stationary orbit
(km)

g -

C =Dbeyond Earths gravity

A B C
Positions in Space

How muchenergy would need to be expended to lift a satellite, of a total average
mass_ of 1000 kg, from a low earth orbit to a position where it remained in the
same relative position above the Earth’s equator?

(A) 27x10"7
(B) 2.7x10"7J

(€) 3.09x10"J
(D) 2.76x10°7J

Petrus Ky College HSC Pre-Trial Physics July 2007 Page 2 of 20



2 A pendulum can be used to measure the acceleration due to gravity. The equation
T=2x (1/ g ) is used. At a distance R from the centre of a planet the period of

such a pendulum is found to be 10.0 seconds. What will be the period of the
pendulum at a distance 2R from the centre of the planet?

(A) 14 seconds
(B) 7 seconds
(C) 20 seconds
(D) 5 seconds

3 Which of the following is a correct statement about escape velocity?

(A) The initial velocity which rockets must have to.escape the.earth’s
gravitational field.

(B) The initial velocity which rockets must have to achieve a stable earth orbit.

(C) The initial velocity which projectiles must have to achieve a stable earth
orbit.

(D) The initial velocity which projectiles must have to escape the earth’s
gravitational field.

4 In the slingshot effect a space probe swings around behind a planet and emerges
with increased momentum and kinetic energy. Which of the following is the
ultimate source of that energy?

(A) The potential energy of the space probe
(B) The potential energy of the planet.

(C) The kinetic energy of the planet.

(D) The gravitational field of the planet

5  Which of the following was not a postulated property of the aether which was
investigated in the Michelson-Morley experiment?

(A) It was highly elastic.
(B) It was the medium carrying light waves which made the aether visible.
(C) It had negligible mass.

(D) It passed through all objects in the universe including solids.
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6  Which of the following is the best description of the outcome of the Michelson-
Morley experiment?
(A) It failed to detect any motion of the earth relative to the aether
(B) It produced an interference shift when the apparatus was rotated
(C) It showed that the speed of light was a constant.

(D) It showed that all velocities are relative to the speed of light.

7 Refer to the diagram below, and assume frictionless bearings.

F is the only force being applied to the blade of a steam driven turbine in an early
power station.

What magnitude of force F must the steam apply at' B to produce the torque
necessary to generate a current of 15A in a 500 turn coil which is in a magnetic
field of 5T?

Generator
Terminals

- lxgx;-\'urbine bIadie \

.
9 ... ?SteamF
i

(A) ZeroN
(B) 1.5x10°N
(C) 3.0x10°N

(D) 15x10°N
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8 A field of magnetic flux density (magnetic field intensity) 4 T could be formed by
a magnetic flux of 2 Wb passing through a circular coil. What is the radius of the

coil?

(A)
(B)
©
(D)

(A)
(B)
©
(D)

10

0.2m
0.4m
0.8 m
1.0 m

o -
i1
<

XX XXX XXX XX

XX XXX XXX XX
XXAXX XXX X XX
XXX XX XXX X X

Faraday’s Law can be expressed as € = =A ®p/ A t. Where € = induced
emf, A ®p = change in magnetic flux, A t = change in time. The square
metallic coil (see diagram above) has 100 loops and is in a magnetic field
where B = 0.60.T. Over a period of 0.50 s it is pulled smoothly to the right
into a region where B.= 0. What will be the change in the magnetic flux
through the‘square ¢oil, the emf induced and the direction of the induced
(conventional) cutrent?

1.5x10" Wb, 3.0x10*V, anticlockwise
1.5% 107 Wh, 0.3V. clockwise
A5 x 107 Wb, 3.0x107 Vv, anticlockwise
15x10° Wb, 03V, clockwise

Which of thefollowing alternatives best describes what a simple, 240V, 50Hz,
AC motor will do when switched on and allowed to run at the rate of the current

supplied?

(A) Spin near 3000 revolutions per minute

(B)

Spin at a rate that is dependent on the amount of electricity that is supplied
to the motor
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(C) Spin its stator at SOHz to induce the rotor to spin in step with it.

(D) Very quickly overheat the bearings supporting the rotor, seize-up, and
stop.

11  Which of the following statements best describes the generator in the diagram
below?

) Temminal B

(A) This is a DC generator and at the instant shown in the diagram Terminal A
is negative.

(B) This is a DC generator and at the instant shown in the diagram Terminal A
is positive.

(C) This is an AC generator and at the instant shown in the diagram Terminal
A is negative.

(D) This is an AC generator and at the instant shown in the diagram Terminal
A is positive.

12 In an ideal situation there should be no power loss when changing from one
voltage to another. That is, the primary power will be equal to the secondary
power, or Pp = Pg.

In these circumstances it is also possible to calculate the secondary current, Is.
Which equation below allows Is to be calculated correctly?

(A) Iy=Imny/ng
(B) IL=ny/nd,
©) L=ILVs/V,
(D) L=Vy V],
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13 Cathode rays enter a 0.1 T magnetic field at an angle of 30° and at 5.0 x 10° ms™
as shown in the diagram below. What is the force on each electron in the beam as
it enters The magnetic field?

il :
- :1 Magnetic
field

Wy
s
-

~

Cathode

rays

(A) 4.0 x 10" N into the page
(B) 6.9 x 10" N into the page
(C) 4.0x10™ N out of the page
(D) 6.9 x 107 N out of the page

14 An FM radio station transmits at a frequency of 102.8 MHz.

What is the energy, in joules, of each photon emitted by the transmitter?

(A) 6.446x 10™%
(B) 6.812x107°
(C) 2918

(D) 3.084x10'°

15 A current ispassed along a square
semiconductor rod as shown. Half of
the current is carried by electrons and
half by holes. A magnetic field is then

applied-to the rod at right angles to its

axis. AN
Conventional
" cumrent

e

Which of the following correctly describes the movement of the electrons and
holes in the rod when the magnetic field is applied?

(A) They speed up.
(B) They slow down.
(C) They move to the same side of the rod.

(D) They move to opposite sides of the rod.
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Physics

Student Number:

Part B— 60 marks

Attempt Questions 16—27

Allow about 1 hour and 45 minutes for this part
Answer the questions in the spaces provided.

Show all relevant working in questions involving calculations.

Question Marks

16  Figure 3.21 represents a stroboscope photograph of an object projected from a 4
level surface. The stroboscope was flashing at 1.0 flash per second (a frequency
of 1.0 Hz). The vertical scale is deliberately not shown, sinee to do so would
allow a simple method to be used.

Height

010 20 30 40 50 60 70 80 30 100
Horizontal distance {m)

(@) What was the time of flight? 1

(b) What is the horizontal component of the object’s velocity during flight? 1
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(c) What was the vertical component of its initial velocity ?

17

(a) Explain how the mass and radius of a planet affects the escape velocity of
a rocket that is to be launched from its surface.

(b) Isaac Newton'hypothesised about the motion of a projectile launched
horizontally from aimountain top. Outline Newton’s ideas that led to the
concept of escape velocity.

18

(a) * For a satellite undergoing circular motion around a planet, the centripetal
force is provided by the gravitational force. Equate centripetal force and
Newton’s law of universal gravitation to verify that orbital velocity,

Gm

planet

r

orbit
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(b)  Use the expression from part (a) of this question to calculate the orbital
velocity for a satellite moving around the Earth in a circular orbit at an
altitude of 300 km.

(Use radius of Earth = 6378 km)

19
(a) Explain what is meant by the ‘equivalence between mass and energy .

(b). Most celestial objects outside our Solar System are too distant to reach at
current maximum speeds. Discuss the prospect of near light-speed space
travel to such destinations with reference to relativistic changes in mass,
time and length.
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20 A current-carrying conductor is placed in, and perpendicular to, a uniform
magnetic field which is represented by the arrows, in the following diagram:

NERERRNENN
I

[
!

(a) On the axes below sketch a graph that shows how the magnitude of force
on the wire would vary if the current in the wire was increased.

A

Force

(N)

>
Current in the wire (A)

(b) Describe how a varying current is used to produce sound in a loudspeaker.

21  Students carried out an experiment where they took four pipes and dropped a
magnet through them, timing how long it took the magnet to fall. Pipe A was
solid copper, Pipe B was solid aluminium, Pipe C was solid PVC and Pipe D was
copper with a vertical slit the length of the pipe.

Pipe A Pipe B Pipe C ngB D
Aluminium PVC CRDEr
Capper with slit
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The students’ results showed that the time taken for the magnet to fall through
the PVC was equivalent to the time taken to freefall the same distance. Pipe D
was the next shortest time followed by Pipe B and finally Pipe A. The time taken
to pass through Pipe A was almost three times the time of freefall.

Explain the students’ results in this experiment with reference to Lenz’s Law.

22 Below is a photograph of a hand-operated AC/DC generator.

SPLIT RING
COMMUTATOR

(a) Identify the function of the split-ring commutator in this generator.
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23 Explain how an understanding of black body radiation changed the direction of
scientific thinking in the early twentieth century.

24 Draw a table to classify and qualitatively compare copper, silicon and glass in
terms of the relative number of free electrons that can drift between atoms.
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25 An example of a solar cell is shown below.

Direction of light

Thin, transparent

p-type layer ™
] -
z | & ).

n-type layer e

The solar cell is able to produce a current due to the photoelectric effect and the
electrical properties of the n-type and p-type layers.

Use this information to outline the process by which light shining on the solar cell
produces an electric current that can light up a light globe.

26 A non-magnetic metal disk is balanced on a support as shown in the diagram
below. The disk is.initially stationary. A magnet is moved in a circular path just
above the surface of the disk, without touching it. The disk begins to spin.
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(a) Explain how this demonstration works, and predict which direction the disk
will spin

(b) The principle involved in the demonstration above has been incorporated
into the workings of domestic electrical appliances such as hair-dryers and
power-tools. Describe one energy transfer and one energy. transformation
that occurs when a domestic hair-dryer is operating.

27

(a) Describe the radiation.produced when the walls of a black body cavity are
heated.

(b)  Identify Planck’s hypothesis which was used to explain black body
radiation.
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(c) Describe how Einstein used Planck’s hypothesis to develop a new model of 1
light.

(d) Einstein used this new model to explain the way photoelectrons are 3
produced from a metal surface by incident light. Explain how he used this
model to account for the effect of light frequency and light intensity on the
photoelectrons.
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Physics

DATA SHEET

Charge on electron, g, -1.602 x 1077 C

Mass of electron, m, 9.109 x 107! kg

Mass of neutron, m_ 1.675 % 1007 kg

Mass of proton, m, 1.673 % 107 kg

Speed of sound in air 340 m s~

Earth’s gravitational acceleration, g 98 m s

Speed of light, ¢ 3,00 ¥10° m s~

Magnetic force constant, (k = g—;) 20 % 107" NA™

Universal gravitational constant, & 6.67 % 107" N m? kg‘z

Mass of Earth 6.0 x 10** kg

Planck constant, f 6.626 x 100 15

Rydberg constant, R (hydrogen) 1.097 % 107 m™!

Atomic mass unif, 1.661 x 107 kg
931.5 MeV/c”

leV 1.602 x 1077 J

Density of water, p 1.00 % 107 kg m—

Specific heat capacity of water 418 % 107 Tk ! K!
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FORMULAE SHEET

v=fA E _Gm]mz
P r
Fcn::i
d? F=mg
" sin i 2 _ 2
v,  sinr Voo T
v =lu+at
P a
q vy —u‘ +2ay.f1\g,-.F
V
RZT A fo
P=VI - Lar?
ﬁy—uyr+2ayr
Energy = VIt
ro_GM
T*  4xt
N _Ar
l\’_E G
r- m m,
dz
Av vV—u
Ay = — Eﬂw:T
E = mc*
= ma
| 1—'2
=1 1=
Iy oy =7
I
f = 0
W | vz
) [—
Vo2
= Fs
My = 3
p=mv I1 v
[ [—
Vo2
Impulse = Fi
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FORMULALE SHEET

l d P
F = Bllsing T
S M=m- Slog[{—)
10

T=Fd

‘r._d; _ lmi’”ﬁ“’".q.].-’j

Ig
T = nBIA cosé
I m,o+m, = e
r Y or
'lr-; ",
F = gvBsin# l =R Lj_]_

A " nf

Vv
E=—
d _h
T omv
E = hf
C = f.;l AD _ 'T:uut
v
in

Z =g ﬁ - _ﬁ

o R,
L A2 -2]
Lo [z, +7]
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