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Section 1

Total marks (75)

Part A

Total marks (15)

Attempt questions 1 15

Allow about 30 minutes for this part

Select the alternative A, B, C or D that best answers the question and indicate your choice
with a cross (X) in the appropriate space on the grid below.
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A mass is projected horizontally from a point P above the Earth's surface. Three
possible pathways are shown for this projectile.

Point P

NOT TO
SCALE

-7 Path3

USRI

Path

Path 2

If the projectile follows path 2, instead of the other/paths, we can conclude that:

(DAY Point P must have been above the equator
JB) The friction due to the atmosphere was toohigh forit to follow path 1
(C) The horizontal velocity of the projectile was toe low for it to follow path 3
(D) The projectile experienced no gravitational pull towards the Earth because point P
is too far above the Earth's surface.

Name the scientist that first put forward theidea that projectile motion was the resultant
of two component motions at right angles to each other.

(A) Einstein

(B) Galileo
(C) Kepler
(D) Newton

Rocket ship Alpha has a mass of 14 500 kg as measured on Earth. Rocket ship Alpha
then travels out across space and positions itself near a wormhole where its weight is
measured as 7.28 x 10’ N. What is the acceleration due to gravity near the wormhole?

(A) 5.02%10° ms? Fzoa

B) 1.06x10”% ms?

(€) 1.9x10%ms? 704 A 10 .

(D) .2.00%x 102 ms BN /)
(4 S0
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4.

(D)

Kepler's Law of Periods T? = kr° shows the relationship between the period and the
orbital radius of a planet that revolves around a star. The value k, a constant, can be

changed by varying:

XA
B
©)

the period of the planet

the orbital radius of the planet
the mass of the planet

the mass of the star

The Russian space station which was orbiting Earth for many years eventually crashed
into the Earth. This occurred because of:

@
(8)
(9]
(D)

Two experiments are performed with a coil and a magnet.

N —————— e

e =-m-m AT

a reduction in its orbital velocity due to friction from the magnetosphere

a reduction in its orbital velocity due to friction from the atmosphere

an increase in its orbital velocity due to a stronger gravitational force

a reduction in its orbital velocity causing the gravitational force to increase

Z.

>< e ——————

Experiment 1: Magnet moved from X to Y, then back to X

Experiment 2: Magnet moved from X through YtoZ

(The magnet was stationary at the beginning and at the end of each experiment)

Which of the following graphs of induced emf in the coil vs time best illustrates the

experimental results?

(A)

Experiment ]| ——

(B)

©)

Experiment 2

D)

- ..
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10.

Eddy currents occur in circuits as a result of Lenz's Law. Sometimes these eddy
currents are a nuisance and cause loss of efficiency. At other times devices have been
designed which specifically make use of eddy currents. Which of the following
devices works on the principle of eddy current production?

(A) atransformer

(B) aresistor

(C) an electric motor

(D) abraking device in a roller coaster

A heavy load is being lifted using an electric motor to raise a cable attached to the load.
The useful energy transformations involved in this procedure are:

(A) electrical energy —> kinetic energy —> gravitational potential energy
(B) electrical energy > heatenergy -> gravitational potential'energy
(C) electrical energy —> magnetic energy -> kinetic energy

(D) electrical energy -> gravitational potential energy => Kinetic energy

Two long parallel conductors carry equal currents in opposite directions. The force
between them is 3F.

The current in one of the conductors is doubled, but the current in the other is reduced
to a third of its original value. The distance between the conductors is halved.

The new force between the conductors is closest to:

(&) 2F F Pkl )&

—

(B) 4F XX A B
(C) 8F
(D) 16F

A set of Christmas tree lights requires 36 V A.C. to operate. They are connected
through a transformer to the household 240 V A.C. supply.

If there are 320 turns in the primary coil of the transformer, the number of turns in the
secondary coil is:

(A) 16
B) 27
) 36
(D) 448
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This question refers to the following diagram which shows how some of the properties
of cathode rays are demonstrated using assorted discharge tubes connected to an
induction coil.

Maltese cross rotating wheel

induction
coil

AT e &\ s

Those properties of cathode rays which can be deduced from these demonstrations are:

(A) Cathode rays: travel in straight lines
are negatively charged =+~
have energy and momentum -

(B) Cathode rays:  are electromagnetic N
can be easily deflected from travelling in straight lines
do not penetrate solids

(C) Cathoderays: are fast moving electrons X %
cause fluorescence on impact with solids
require high voltage electric fields in which to be observed s

(D) Cathode rays:/ have energy but no mass
remain undeflected travelling in the Earth's gravitational field
are more affected by magnetic and electric fields

Hertz's experiments with radio waves provided convincing evidence that:

(A) ~light rays travelat 3 x 103 m s’

(B) radio waves are electromagnetic waves
(C) -lightis a form of electromagnetic radiation
(D) - there are many frequencies of radio waves
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13.  When a negatively charged electroscope surmounted by a piece of zinc is illuminated
with ultraviolet light, the electroscope is observed to discharge rather rapidly.

mercury
light source
(exposed bulb)

The observation is explained by:

(A) achemical reaction occurred between the zinc and the radiation

(B) the radiation caused the air surrounding the electroscope to become positively
ionised

(C) ultraviolet radiation is positivelycharged

(D) the radiation caused the zinc to lose negative charges

14. In semiconductors, the energy gap between the valence band and the conduction band
is:

(A) equal to the energy of electrons that occupy the valence band

(B) very small because they are poor conductors at low temperatures

@ very small so some electrons can be excited to the conduction band at normal
temperatures

Jjej equal to the energy of electrons that occupy the conduction band
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15.

The graph below shows the electrical resistance of the metal mercury plotted against

temperature.
o
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the graph we can conclude that

mercury is a superconductor of electricity above 4.20 degrees Kelvin

From
mercury is a superconductor of electricity below 4.20 degrees Kelvin

(A)

B)

(C) the conductivity of mercury drops to zero below 4.20 degrees Kelvin
(D) the electrical resistance of mercury can only be extrapolated from the graph

below 4.20 degrees Kelvin.
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Section I

Part B

Total marks (60)

Attempt questions 16 — 26

Allow about 1 hour 45 minutes for this part

Answer the questions in the spaces provided

Question 16 (5 marks) Marks

(@) Explain the difference between a satellite that has a/geostationary orbit and one that has
a low earth orbit.

(b) Whatis ONE;advamage of a geostationary satellite over a low earth orbiting satellite? 1

....... I *CM"WV‘GUWHLJO*’J(M 9L

(¢)  Give an example of an application where scientists would choose to use a low earth
orbiting satellite over a geostationary satellite. Explain why they would choose the low
earth orbiting satellite for this particular M. 1 @
)\

low govth ¢ Qu‘LQ

e S - T R R LR R R R R L) Foen

(d) State ONE safety precaution that should be taken when a satellite eventually crashes
back to Earth? 1

tugone ot Ho satelbife L F
"\“5”\% ......... b vr"# ......... VPN NS ¢ ’{/f\’f\’Q ......
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Question 17 (4 marks) Marks

Describe an investigation which you carried out in class which demonstrates the changes in
the motion of a satellite as it gets closer to its parent body. In your answer, describe what

occurs to the satellite's motion and describe how this result can be tested or validated using
real satellites. 4

on

S {'c'"((/“/“? . Tl’\ :‘5 C e ‘O-C +€S(‘€tfl o

~

S-ra,u;C{S <9¥ SK{ZZCL"{’—@ ot*’ dlffw‘ff‘ l’(r's s ¢ =

L ov = L.

Question 18 (4 marks)

A satellite's position is being monitored once every 2 hours. A copy of the plot of its position
relative to Earth is shown below.

(a)

(b)

©

S O

What is the minimum léngth of time indicated by the plot? 1

......... z W‘”’SX

It was decided to increase the monitoring of the satellite to once every hour. Indicate
on the diagram what position you would expect the next three images of the satellite to
appear in, if no change was made to the satellite's control system. 1

Discuss TWO important design elements required in a spacecraft if it is to allow safe
re-entry to the atmosphere for the astronauts on board.

Fotneds cen st and ok heak  cbsorbiag
h/\ai-JL/i»\/tS “(a
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Question 19 (5 marks) Marks

(a) What are the van Allen radiation belts? 2
RBelts coler Lo

?é /e(als  onr
(b)  Why are they so important to life on Earth?

1
Nesorl o ot o caclimhecl gpe
Koo g S b,
(c)  Explain how changes in sun spot activity can produce changes in the van Allen Belts. 1
e ..v.p...‘b.//.?..«ef.‘f ......... ff’wmfm'*f“ffw o

B3 gp s LG paseh.. toall Neclig fron b /ﬁ@

(d) Why do these changes in the van Allen belts cause communication problems between
Earth and its satellites? gt

....................................................................................................................................

Question 20 (2 marks)

A schematic diagram of @ moving coil loudspeaker follows.

Central
pole

piecs @

Coil wound
on tube

Flexible
leads

Briefly explain how it is used to produce sound. - S
VM//' Vo‘/‘ V@O'LVC"‘ \’]L"é\.’%"af/\,?_
—P\,\g Q&_w_/__ - C‘r\eaml‘fm SOVVM’( The

wf\( V/V\ON{ »’V‘\_- QH)’D\/L Ob-\ f‘ NP\/(SIOV ‘(-Y‘)V‘\«
Cxé/w+ra/( PO

Page 11



Question 21 (3 marks)

Three long parallel current- -carrying wires, X, Y and Z are shown in the diagram.
They all lie in the same plane.

X Y Zz

st 4a % sat 2om

—

05m 025m

(Diagram not to scale)
(a) Calculate the force on Y due to X,
(b) Calculate the force on ¥ due to Z.
(c) What is the resultant force on ¥?

_7 .
F=2oxte f:/%__z_ 7oA.

a) B
)F QOK(o?x ‘f} z.
Ny

HV‘;’LC fe A More A

Question 12 (4 marks)

A stone is projected horizontally out to sea from thé edge of alchff 200 m high.
Given that the stone is thrown with an initial speed of 20 m.s , find:

(a) the time the stone takes to hit the water 1

(b) the distance from the cliff base at which the stone hits the water (assuming 1
the cliff face is vertical)

(c) the velocity at ths mstant (size and direction). i ”
S’u"r c}‘ A\j_u\’{'f“ /2 L‘\Yt'

™~

é),_j}(,’.o.,,:,ju’_""\o t - L‘ o\t t = 6. i—(— %%7%\6/’( §

b)01~(/ (~ = 7.0&750& L K/ :_ I’L& _M \/,

(»\) J 1_12)1;201 = (05 5”‘45

towoe = =124 (e 71 I % be(ovv”(;\;s.rl- ga';;jréx'[>
L

e e
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Question 23 (2-marks)
A rect:emgular coil, 4 cm x 2 cm, of 500 turns is placed in a magnetic field of
intensity 0.6 T. A current of 0.05 A flows in the coil.

(a) What is the relationship between the coil and the field when the tor
maximum? g

(b) What is the maximum torque on the coil?

a).Suktends o ameagl of..0cos Oz 1) 1o Y.
). 120 BIALSD. 5.500 x 08200 A BeQ Tl

Question 24 (2 marks)

A coil is wound on a cardboard cylinder.

i
r -t
' ]
1 1
1 1
] ]
' ]
1 |
1 ]
[ 2

The ends of the wire are connected to a battery, producing a magnetic field in and around
the coil.

Compare the sizé and direction of the field at points P and Q 2

(tro~q Mmac e T e {\{e(aﬂ ol/rxa(-{o»‘/\
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Question 2.5 (3 marks) Marks

A square coil is moved out of a magnetic field as shown, inducing an emf between the ends
of the coil.

Diagram | (time = 0) Diagram 2 (time =1t)

XXXXXXXXX XXXXXXXXX
X XX X X X X]|X X XXXXXXXXX
XXX X X X X[|X X XXXXXXXXX
X XX X X X X{|X x XX XX XXX XX
X XX X X X X[|X X XXX XXX XXX
XXXXlXXX'XX XXXXlXXXXX

Describe THREE ways in which this experiment could be modified so that a larger emf was
induced between the ends of the coil. 3

Mope +lhe o \

.....................................................................................................................

Question 2 €& (4 marks)

Two events that are simultaneous for one observer will not necessarily be 4
simultaneous for a'second observer in another inertial frame of reference. This is
called the relarivity of simultaneity. Explain, with an example, how this lack of

* simultaneity occurs.
S‘/f’pose et s dots pn cacln QkaT/(L.:VU\e beam s
O NS - 2q | oot ke’ dgpead Ciomc(Eon 2ov i +‘?\ olosafves
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Question 27 (5 marks) Marks

(@)  Towards the end of the 19th century, the English physicist JJ Thomson was able to add
0 the knowledge of cathode rays by his investigations into their charge to mass ratio, 3

A simplified diagram of Thomson's experimental cathode ray tube is shown below.

external current-carrying coils:
magnetic field out of paper s

¢harged plates |

Thomson's observations included the following:

* when a cathode ray beam is subjected to an electric field only, it is deflected such
that the position marked E at the end of the tube glows

* when a cathode ray beam is subjected to a magnetic field only, it is deflected such
that the position marked M glows

* when a cathode ray beam is subjected to both electric and magnetic fields, the
beam is not deflected and the position at the end of the tube marked O glows @

(i)  Use your understanding of the nature of cathode rays to e‘)gi»jt/hese

observations. ‘

...........................................................................................................................

'\/\/ (K’ .'_l,\/ ................. ,Azgfecfz ..... )L o {WC&# ‘Qac/.(;\ ..... a F\,\L{ o -J"} .
(i)  Use your understanding of the behaviour of c;?hode rays in electric and magnetic

force fields to outline how Thomson measured the value £ | where q is the
m

charge of the particle, of mass m moving with a speed v in a magnetic field B and
electric field E, and travelling in a circular path of radius r.

< Th
OM%IMM
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(Question 22 continued) Marks

(b) A television picture tube is a modern day application of cathode rays moving in an
evacuated glass container.

Explain how deflection of the cathode rays is achieved differently in a television |
picture tube compared with a cathode ray oscilloscope (C.R.0.)

deflection on x-axis oL Sam ookl VT 1

Question 28 (3 marks)

(a)  Draw a labelled diagram to show the electric field between two parallel plates which

have a potential difference applied between them. 2
v*l
.-V
€22 T A

U2 N /7

‘\/,—
(b)  If the potential difference between the plates is 2 kV, and the distance between them is
1.5 cm, find the magnitude of the electric field between them. . 1
- - R X=ye) _ Z
€Y% S o 3 aa0 3
.............. d.éb(.,s,
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Question 29. Marks

(1) Define the term “superconductivity”. @ 2
Whawn @« p"/uz/q'&u(g v(/(Lc{'m'cm( ¢t bt~

feMs B zere as (4 approackes, o'k

(i) Name ONE new technology that uses a superconductors exclusion 2
of magnetic fields to function and briefly explain how this
technology works.

..f‘f‘.@f}l&%..?Ff.“f‘f.".“‘5...(.?’.‘1.”’!.9..’?%95‘.'9...'.....:;....
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Question 20 (2 marks) Marks

A beam of cathode rays moving at 1 x 10° m s™! passes at right angles through a magnetic
field of intensity 0.5 T as shown:

"
beam
—_—»
s ]
" Find the magnitude and direction of the force on each cathode ray particle. 2

D7~fQ C("t‘on : S oot

Question 3/ (2 marks)

How much energy does a photon of ultraviglet light of wavelength 1.6 x 10”7 m have? 2

Question 32(3 marks)

You are placed inside a room without windows on a large ocean liner. The liner
can be considered, for the purpose of this question, to be isolated from outside
influences. Suggest how you/could determine (if indeed it is possible) whether
the ship is:

(a) undergoingalinear acceleration

1
(b) 'moving with constant (or zero) linear velocity. 5
Explain your answers.
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Question 33 Marks

The foilowing diagrams illustrate some scientific apparatus commonly.used to
demonstrate various properties of cathode rays.

(@)

Maltese cross (b)

Electrodes Shadow

€ (d)

/|\<

Paddie wheel

Take any TWO of these and clearly state what property each one is demonstrating
and how this can be deducéd from the observations.

2).. D”ﬂg com ) sleaey Faet catledls vor S
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Question 34

Marks
(a) The reflecting telescope is used in most observatories 2
throughout the world in preference to the refracting type.
List TWO differences between reflecting and refracting telescopes.
(Use dlagrams if you wish)

The 4 reflecking falogcope /0 paos] chses
cin ke pncde smaklie Yk refracting we

/‘11&/@67{‘7’\7 %ft’}u,ae“ bmaLe use o{’ e
Wemea re{tacf’w\e a2 A/

(b) The Hubble Space Telescope provides a much better view of the 2
Universe than that provided by “Earth-bound” telescopes. Give

reasons why this would be so.

The l«e/(avsw(_w_ doe s b guﬁéty (foj“_ff / @
M s”{‘b Ao Lrom o M/\'VVLOAZ)/OJ\Q
felescopes Ao ) ahel it oloes

MF

(¢) A hypothetical rocket ship is moving away from the Earth through 2
space at a speed of ¢/2. What effect would this have on length and /

time in the view of [ = RY; . ke
(i)  those on Earth 7 \[T\(_E: t —

(i)  The crew on the ship |~ S

[
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Question 3§

Newton once wrote:

I'began 1o think of 8ravity extending 1o the orbir of the moon and .. Sfrom Kepler’s
rule (Third Law) ... I deduced that the force which keeps the planets in their orbits
must be reciprocally as the square of the distances from the centres about which
they revolve: and thereby compared the Jorce requisite 1o keep the moon in her
orbit with the force of gravity at the surface of the Earth and found them 10 fir pretry
nearly,

(@) What Law is Newton referring to in this quote?

(b) Given that the moon is 60 Earth-radii from the Earth's centre and the
acceleration due to gravity at the Earth's surface is 9.8 m.s”?, calculate the
acceleration of the moon towards the Earth.

(¢)  "The Earth's atmosphere is a churning sea of gases that is impenetrablé tomuch of the
electromagnetic spectrum.”

Discuss this statement by referring to the difficulties this presents for observation of

astronomical phenomena, and the advances humans have made in overceming these
difficulties. C e 5

o, 1 «
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Marks
Question 36 .

An electron (charge g = -1.6 X 10" C and mass m=9.1 x 10 kg) is accelerated
in an electron gun from rest at A to a speed v at B.

IV
L
Electron Gun

The potenual difference between the plates in the electron gun is 1000 V. The
electrons pass through a hole at’B and enter a uniform electric field of intensity
10 000°N.C™! between two parallel plates. The plates are2 cm long.

(a) What is the velocity of the electron at B?

(b) What is the vertical acceleration of the electron in the eleetric field?

s
[CB Vlt\dL ‘\"20‘9 r:: '.‘)( (O ':'«UV\G\ idOOUu':u;ZC
. S '
V' 0+2 a x 0| A 195 5.0\0
viz 5.0l / (v
- 7 ‘ —=
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Question 27 (5 marks) I -

A schematic diagram of a simple DC electric motor is shown.

ﬂSl_""*o
X Caguati field)

e

7 2’/)

, splid o —— €3 > "';',‘Z,';‘ .
/ ""”\m‘,?,fn’ L e /
(a) Clearly label the components of the motor on the diagram.
(b) Describe the function of each component. 2

(c) Name one way that this simple motor could be improved in its design, 1
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