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Sectien |
75 marks

Part A - 15 marks
Attempt Questions 1-15
Allow abont 30 minutes for this part

Use the Multiple Choice Answer Sheat provided

1 The force on an object due to a gravilational field is known as its

(A) mmass

(B) gravitational potential cnergy:
(C) weight

(D) acceleration

2 The diagram below shows two satelliies of the same mass and the altitude at which they

are orbitingabove the Earth. The diagram is not drawn to scale,

Salellite A

0 ks

35800 km . Satellite B

Choose the most correct statement from the following.

(A) Satellite B completes one orbit of the Barth in less time than Satellite A
{(B) Satellite A experiences a greater centripetal foree than Satellite B
(C)  Satellile B moves at a faster speed thas Satellite A

D) Bateliite A s likely to remain ar a fixed position in the sky



Aslronauis arc more casily able to cope with an application of g-forces which results in 6 One turn of wire with dimensions shown is in a uniform magnetic field of sirength 6 T. A

the eyeballs undergoing relative motion towards ihe body rather than away from il. current teavels through the wire, producing a force F=1.4 x 10" N an cach side of the turn
Which of the following combination of astronaut positions are most desirable to achieve of wire as shown,
this effect? . 4
~ F=14x 107N
Lo N s . Scm

(A)  Astronaut facing in the direction of motien during launch and re-entry — A
(3)  Astronaust facing oppaosite to the direction of motion during Jaunch and re-entry /;’ K /' A~
(C)  Astronaut facing in the direction of motion during laimch and facing opposite (o 12em /, / >

the direction of reotion during re-entry - ~ > B=6T
(D) Astronaut facing opposite to the direction of motion during launch and facing in i - i

the direciion of moton during re-eatry j 4 /

: F=1.4x10"N

The unit of length kaowa as the standard metre

(A} is currently defined as a certain number of wavelengths of light emitied from an %;
excited Krypton stom
(B) must be defined independently of time Determine Lhe total torgue on the turn of wire.

(C) s currently defined as a fraction oF the Rasth’s quadrant passing through Paris (A) 1.4x105Nm

(D) s currently defined as the length of the path travelled by light in vacuum during a -6
S . : {(B) 7.0x10°N.m
fime interval of 1/299 792 438 of a second R
(C}y 72x10°Nm
(D) 1.008x10°N.m
Caleulate the energy equivalent of one atom of Plutonivm that has a rest mass of 244 amu,
- . 3 .
{A) 2.196x 10" Joules © 7 ‘The following dizgrams are all drawn to the same scale and show separate loops of wire
By 1.22x 107 Joules that have a magnetic freld cutting through them so that the field lines run perpendicular
5 1o the surface of the loop. Choose the diagram with the sirongest magnetic field.
€y 4053 %107 Joules

(DY 3.65x% 10°% Joules (A} (B)

C——

(&) M




An induction cooker produces a rapidly changing magnetic ficld thal ' 1 Which of the following shows three correct diagrams represenling electric field lines?

(A) produces eddy currents in the ceramic cooklop to warm food (A) [
. | I e o TR i |
(B) produces eddy currents in 2 saucepan to warm food . / 4
1
(C) produces eddy currents in the food to warm without any loss of encrgy ) \ P YYYYEYEY VYTV Yy T
| N R A R T TR ST
{I3)  ignites gas to heat the ceramic cooklap and saucepan above it ] )
A student is designing 4 power station that is to be located 20 km from a town and will ' :
generate power at 100 kW, If the power is transmitled al 240 V and the transmission B) / —_—— [ I
lines have a total resistance of 0.3 Ohmss, calewlate the power loss in the transmission . A _ri FEXELERRAFERY
lines, ‘ ‘ - .
(A) 192 kW : {

By 4167W
(C) 52.1kW

() 100 kW '

. . ()
Which of the following is NOT a mcthod used to overcome heating difliculties in :
transformers? ) :

(A) The use of ferrites in the core, because they are not good conductors of electricity

{3) Tncreasing the pri m:iry. ¥oltage in the transformer ' ) l

(C) Ol cooling of large transformers _ / ‘ T ST

(D) The use of a laminated iron core : —* > —
T R o o A Ty e e ]

. 12 In the cathode ray tube of a conventional TV display or osciltoscope, which components
focus the beam, coutrot brightness and accelerate clectrons along the tube?

(A)Y Heating filament
(B) Electrodes in the electron gun
(C)  Deflection plates or coils

(D} Flourescent screcn



(3 Heinrich Hertz was able to measure the speed of radio waves of known freguency by

14

(A)

(3}
(C}
(D)

measuring the wavelength using interference effects
passing the radio waves through a hali-silvered mirror
timing the transmission of radio waves across his family estate

studying cathode rays in a vacuum tube

When subjected to an electric field, the electrons in the valence band of a conductor

(A}
(B)
(€
(D)

require an additional energy inpul 1o move to the conduction band

require no additional energy and move freely in the direction of the electric field

are free to maintain a random, cloud-like motion in all directions

are derandomigsed and move freely in the direction opposite to the eleciric feld

Electrical resistance in a metal conductor may be alfected by the Tollowing {actors:

(i) An increase in cross-sectional area
{ii) A decrease in cross-sectional area
(isiy  Vibrations in the lattice

(iv)  Anincrease in l&ngth

(v) A decrease in length

(vi)  Aninecrease in temperature

(vit) A decrease in temperaiure

(viii) The presence of{mpuritics

Which of the following combinations of the above factors all decrease resistance?

{A)
(B)
©)
()

(i), (iif), (iv) and (vii}
(i), (v) and (vii)
(i), (v} and (vii)
(i1}, (v), (vi) and (viii)

U
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Part B — 60 marks
Attempt Questions 16-27
Allow about 1 hour and 45 minutes for this part

Show all relevant working in questions involving calculations.

Question 16 (4 marks) Marks

During the course of your studies this year in Physics, you undertook an
experiment to determine the acceleration due to gravity on Haxth.

(2)  When gathering data, it is good practice to take a second set of results. 1
Why is repetition a useful skill when conducting {irst hand investigations?

() Jomathon underlook an experiment where a pendulum was Bscd to determine 3
' acceleration due to gravity. He achieved a result of 9.7 m/s”. Beth had the same

aim, but decided to measure gravity vsing a data Jogger with light gates. Hes

vatue was 9.75 mis”.

Identify passible reasons for variations in the results obtained.

2701-1




Question 17 (5 marks)

(2)  Explain how the mass and radins of a planet affects the escape velocity of a
rocket that is 1o be launched from is surface.

(b) Tsanc Newton hypothesised about the motion of a projectile Jaunched
horizontally from a mountain top. Qutline Newlon’s ideas that led to the
concept of escape velocity.

16

Warks

Question 18 (5 marks)

(a)

For a satellite undergoing circular motion around # planet, the centripetal force
18 provided by the gravitational force. Equate centripetal force and Newton’s
Jaw of universal gravitation to verify that orbital velocity,

v = ’ Gimpiane
Farlir

(b}  Usethe expression from part {a) of this question to calculate the orbital

velocity for a satellite moving around the Earih in a circular orbit at an altitude
of 300 km.
(Usc radiug of Barth = 6378 ki)

11

Marks

3



Quesﬁnn 19 (6 marks)
{a)

Marks
Explain what is meant by the *equivalence between mags 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 1o relativistic changes in mass,
time and length.

Question 20 {4 marks)

A carrent-carrying conductor is placed in, and perpendicular to, a uniform magnetic
field which is represented by the arrows in the following diagrant:

Iy
L
{n)

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.

F 3

Force

{N)

¥

Current in the wire (A)

()

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

Marks



Quesﬁan Z1 (5 marks) Marks Question 22 (5 marks) Miarks

Students earvied out an experiment where Lhey took four pipes and dropped a magnet Below is a photograph of a hand-operated AC/DC generator.
through (hem, timtng how long it 1ok the magnet to fall. Pipe A was salid copper,
Pipe B was selid aluminiom, Pipe C was solid PVC and Pipe 1 was copper with a

vertical slit the length of the pipe.
/”—__ /‘-—_‘—.\
D D >
X1y
Pipe A Pipe B Pipe C Pipe D ‘
& Alumininm PVC Capper
‘opper with slit \
The students’ results showed that the time taken for the magnet to falt through the SPLIT RING
PV C was equivalent 1o the time taken o Treefull the same distance. Pipe D was the COMMUTATOR
next shortest time foliowed by Pipe B and finally Pipe A. The lime taken {0 pass
through Pipc A was almost three times the time of Trecfall,
Explain the students’ results in this experiment with reference to Lenz’s Law. 5
{2} ldentify the function of the split-ring commnutator in this generator. 1
(b) Compare a DC genetator to a DC motor. ‘ 4




Qiiesi‘ion 23 (6 marks)

(@)  Explain why using teansformers Lo increase voltage before transmission leads
o less power Joss In the transmission of clectricity.

{b) A student carried out an experiment that involved the use of two hollow coils
to demonstrate a step down ransformer, The set-up is shown below,

Power
Source

12 turns G turns

The power source wus sct to 24V and a reading of 8V was observed in the
volimeter.

B
Assess the validity of this result and propose ONE change to the apparatus
that could be made to improve the refiability of this experiment.

6

Marks

2

4

Question 24 (5 marks)

[n your course you have performed an experiment to demonstrate the
propertics of cathode rays using discharge tebes.

(a) Identify ONE safety risk invoived in the carrying out of these experiments

and explain how this was addressed.

(b) Analyse the information gathered from any TWQ of these discharge tubes to
suggest why there was a debate as to whether cathode rays were charged

patticles or electromagnetic waves.

Marks



Question 25 (6 marks) Marks Question 26 (4 marks) Marks
(2)  Explain how light can be understood as a “stream of particles’. 2 Draw a table to classify and qualitatively compare copper, silicen and glass in 4

terms of the relative number of free electrons that can drift belween atoms,

(h) A beam of light (wavelength = 4 x 107 m) is incident upen a metal surface.

Caleulate

(i) the frequency of the incident Light 2

(i) the energy of one “particls’ of this Hght 2
At



Question 27 (3 marks)

The BCS Theory states that in supercondncting materials elecirons move through the
lattice in “Cooper Pairs”.

Using a diagram as part of your tesponse, discuss the BCS Theory by considering a
material above and below its critical temyperature.

Diagram:

20

Marks

5



Quostion 31 - Frem Quanta to Quarks (25 marks)

{1} (i)  Reproduce the table below in your answer booklel, complete with the
integer (whole number) values in the appropriate places, for the
componenis of the nucleus of an atom.

Charge Mass | Contribution lo | Contribution (o
Mass Number Atomic Number

Proton

Neutron

(i) Strontium-90 (*°Sr) is radioactive and is known to produce B-particles,
. . . " [y
Quitine the process of the production of a -particle from a »Sr atom
and wrile a balanced equation for the progess.

(b)  Describe a first hand investigation you conducied to observe the emission
spectrum of a gas such’as hydrogen,

{c)  Explain the stability of the electron arbit in the Bohr model of the atom with
particular reference to the deBroglie hypothesis.

(d) Agsess the impact of the Maghattan Project of the 19405 upon foday’s society,
I 2 ™ ¥ Y

Question 31 continues on page 29

Marks

2

Question 31 {continued)

{e) (i) The mass of the oxygen-16 atom is 15.994915 amu. Calculate the mass
defect for this atom.

(i}  Usc the following graph of binding energy per nucleon vs. mass number

of aloms 16 explain ihe significance of the position of Tron-56 (**Fe),

U

Average
Binding 4
Energy per
Nucleon 4
(MeV)

] 50 100 150 200
Muass Number, A

1
n
=

{f) Avalysetheability of the Rutherford-Bolir model of the atom to completely
explain observed spectral characteristics.

End of Question 31

29

Marks



