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(a) The g-force scale is a relative scale. Measurement of the force acting on an abject is expressed in

multiples of the objects weight at sea level.

(b) Astronauts lie horizontally facingl;' upwards.

(a) v = V(Glgaw/r) = ¥6.67 x 107" x 6.0 x 10* + 6.38 % 10° = 6.5 x 10° ms”’

{b) The orbital speed is the same, as mass is not used to calculate its speed.

The principle of simultaneity states that two events which appear simultaneous in one frame of

reference may not appear simuitaneous in a different frame of reference. For example, two

exploding stars may be observed to appear in the night sky at the same instant of time by an
astronomer on earth, but an observer in a different part of the galaxy may notice that the star
furthest from earth actually exploded many thousand of years before the star closest to earth.

(a) Exporiments had shown that light was a wave and all other known waves required a medium
for transmission so they assumed that light too wonld need a medium.

(b Itis now known that the speed of light is independent of the motion of the cbserver. So any
“race” between rays of light traveiling across or into any “acther” will never produce a winner
that could be detected by changes in an interference pattern. Sound and water waves, on the
other hand, have a constant speed relative to the medium in which they are travelling and any
similar “race” wsing sound or water would produce a clear winner.

Time dilation effects mean that space iravel at speeds approaching that of the speed of light would

be more viable than at the slower speeds we are capabie of at present because long journeys could

conceivably be made within a reasonable time as far as the astronaut is concerned. This has positive
implications for food, water and air resources and for the psychological well being of the
astronauts.

However, the fuel needed to accelerate the spacecraft to near light speeds, particularly given the

mass increase that accompanies this means that it is improbable with current techaology, to attain

these speeds.

(a)F=nBIL =» 1.9~ 1.6 = 100 x B x 02 x0.05 = B =03T

b)FromPtoQ & Ao,

(c) 2.3A

{d) When the current through the coil is altered, the force on the coil will vary and cause the coil to

hang in a different position between the magnetic poles and not be subject to the same
magnetic field. By ensuring that the coil experiences the same magnetic field, I = (Force
reading — 0.16)/1.5.

DC systems have considerable energy losses in transmission and generating systems are more complex and

expensive, DC transmission is limited to shorter distances than AC. Energy josses in transmission lines are

determined by the power formula P= P R where I is current flowing and R is total resistance. This indicates
that energy loss increases with distance and greatly increases with current. Therefore it is best to transmit at

Jow current and at a high voltage so that the needed power level is still available to the user, (Power

transmitted = [V). This is easily accomplished in AC systems using transformers.
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(a) V, /60 =14/28 =V, =30V

(b} The emf generated is proportional to the rate of change of flux. So when the flux s charging most
tapidly the emf is a maximum and when there is zero change in flux the eml is zero.

{¢) The heating effect of the eddy curents are greatly reduced by 1. the use of a laminated core, made up of
thin sheets insulated from each other o greatly reduce eddy currents; and 2. the use of cores made of
ferrites, complex oxides of iron and other metals that are ferromagnetic but have much greater
resistance than pure iron and this also reduces eddy currents.

(a) Any snitable method such as rotating a

magnet close to an aluminium or copper N S
disc that is also free to rotate. The disc will
begin to rotate in the same direction as the
magnet because of eddy currents induced in
it

(5) The coils in the cooking plate produce high frequency alternating magnetic fields set up by
high frequency alternating currents. The maggetic fields flow through the iron cockware and
produce eddy currents in it, causing beating. This effect also occurs ‘in other conducting melals
such as copper but due te low resistance, the heating effect is minimal. Hence iron saucepans
are recommended, B

The high voltage must be supplied to the electron gun where electrons are produced by thermicnic

emission and accelerated towards the screen. The electron beam is deflected horizontally and

vertically using the electric field between parallel plates and these do not require as high a voltage.

A maglev train moves along a guideway that uses electromagunets to produce magnetic fields for

suspension and other ¢oils for guidance and propulsion. Because the normal friction with rails is

eliminated, very large speeds can be achieved by trains of streamlined desigh.

Since powerful magnetic Fields in both the vehicle and the guideways are required, superconducting

electromagnets are more energy efficient but achieving the needed low temperature is difficult. As

researchers discover materials that become superconductors at ever higher temperatures, the
economics of building maglév trains will result in their increased use.

(3) Hertz sctup a high alternating voltage between a small gap to produce a fast changing electric
field, causing a spark to cross the gap. He reasoned that the changing electric field would set up
a changing magnetic field and produce electromagnetic waves as predicted by Maxwell’s
theory. The receiver was a metal loop with a gap and he observed sparks i this loop whenever
the spark oscillated across the high voltage gap.

{b) Hertz used interference hetween the wave moving directly to the receiver and part of the same
wave reflecred by a metal plate to measure the wavelength. The frequency of the wave was the
frequency of the alternating high voltage source. Speed = f A He found that the speed was as
predicted by Maxwell and matched the known speed of light.

His experiments aiso related radio waves to light waves by showing that they had the same
properties such as reflection, refraction, diffraction and polarisation.

(c) These expetiments were evidence for the electromagnetic waves described by Maxwell's
equations and for the electromagnetic natore of light waves. This resulted in the prediction of
e/m waves of different frequencies. The waves produced by Hertz became known as radio
waves and his method became the basis of producing waves of precise frequencies.
Electromagnetic waves of varying frequencies are the basis of modem communication
technology and therefore his work was very important. '

Thermtionic devices have many shortcomings. They are large and require a high voltage, are fragile

since they use evacuated glass tubes; they need heat sources that consums large amounts of energy

and produce heat that damages other circuit elements; they are unreliable, and expenstve Lo
produce.

Solid state devices (transistors, diodes, integrated circuits) replaced thermionic devices because

they do not have these failings.

Saciety today relies on many appliances using integrated circuits for communication,

entertainment, medicine, business, travel and defence. This results in a high standard of living, with

cheap communication and travel, effective health care and a variety of accessible
leisure/enterlainment activities based on computer technology.
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Question 33 - From Quanta to Quarks

(@

(

(d)

(e}

()  Ruthetford proposed that the atom had a very dense, positive nucleus with electrons around it. The
model could not explain anything about the behaviour of the electrons. Previous modeis did not
separate the positive and negative charges inside the atorn (Thompson’s plum pudding model in which
electrons were embedded in a sphere of positive matter).

(i)  Bohr proposed that the electrons were in stable orbits that did not radiate energy as other accelerated
charges do. The stable orbits were quantised,

rl- = F:'H(L2 _Lz} where n = 3

A 2 n

In 1925, Heisenberg developed his mathematical theory of quanturn mechanics. He proposed that

vncertainty is an inherent property of quantum mechanics showing that there are pairs of properties that

cannot be determined simuitaneously (eg position and velocity).

Pauli applied the new quantum mechanics to the hydrogen atom. He stated the Pauli Exclusion Principle: in

an atom, no two electrons could have the same set of four quantum numbers. His work aliowed chemisks to

wortk out the electronic configurations for elements in the Periodic table and explain the groupings of the
elements.

In an uncontrolled nnclear chain reaction, the fissionable material exceeds the “critical mass”. In this case,

the rate of producing neutrons exceeds the rate at which they are lost from the mass resulting in an

explosion.

In a controlled chain reaction, the rate of neutron production and loss is such that for every fission, there is

on the average, one neotron available to cause another fission reaction. Neutrons are lost mainly by

absorption in the conirol rods.

(i) A cloud chamber consists of a sealed container with 2 hole to insert the radioactive source and a layer
of alcohol (often a ring of material soaked in alcohol), Under the chamber is a compartment for
crushed “dry ice” that cools the chamber above. The alcohol evaporates and a cooled supersatorated
alcohol vapour exists in the chamber, When the radioactive source is introduced at one side of the
chamber, the vapour condenses into visible drops around any charged particles. As the radiation from
various sources move across the chamber, it ionises the air in the chamber and leaves a trail of drops
along its path.

The number of trails observed in the clond chamber depends on the level of activity of a radicactive
isotope as well as the amount of alcohol vapour remaining in the chamber and the temperature:
Therefore the validity of its use to compare the level of activity of two sources is questionable as
saturation and temperature decrease with time.

(i1)  The radioactive isotope must have been part of a radioactive decay series, decaying to other
radioactive isotopes with shorter half-lives so that the activity level is increased.

The current model, known as the Standard Model, describes two majorgroups of sub atomic particles: the

matter particles (fermions) and the force camiers (bosons).

Fermions are quarks, electrons and neutrinos and combinations of these make up protons and neutrons. The

bosons mediate the forces between particles (photons for electromagnetism, the W and Z bosons for the

weak force, and gluons for the strong force).

Accelerators are devices in which charged particles can be accelerated to high kinetic energies and are then

made to collide with other matter (neutrons, pratons, electrons, nuclei etc) to liberate the smaller particles

that are described in the Standard Model.

Designs today allow encrgies of 7 TeV to be achieved and to collide protons travelling in opposite

directions. It is through such use of accelerators that physicists have accumulated evidence that confirms the

Standard Model of matter.

Question 34 - The Age of Silicon

@

(i}  Electric circuits are connections of canducting wires and other devices through which the
uniform flow of electrons occurs and electrical energy is usually transformed into some other
kind of energy. In electronic circuils some means of controf is exerted over the flow of
electrons by another electrical signal, and the circuits are generally used to carry and process
electric signals.

(ii)  An electronic circuit using solid state devices operates at low voltages and therefore cannot
directly control large currents or high voltages common in circuits connected to 240V. A
relay is placed at the output of a contrelling electronic circuit and its mechanical contacts are
used to switch the mains circuil.

Question 34 continues on the next page

Miarks
Question 16 (3 marks)

When the orbit of a satellite decays, its gravitational potential energy decreases. Explain this

in terms of the Law of Conservation of Energy. 3
Criteria gm0t Marks
States that as Ep decreases the Ey increases as the satellite is 3

moving faster so that Law of Conservation’of Energy is obeyed as
energy is chahged from one form to another.

States that as Ep decreases the By increases as the satellite is 2
moving faster so that Law of Conservation of Energy
States that as Ep decreases the Ex increases as the sateliite i
Marks
Question 17 (3 marks}
{2) _<Explain the concept of g-force. 2
Criteria Marks
States that g-force is a relative scale expressed in multiples of 2
acceleration dued'to gravity
States that g-force expressed in muitiples of acceleration due§]t0 i
gravity :
{b) Recall one strategy used during rocket takeoff to minimise the g-force acting on
astronauts. 1
Criteria Marks
States that astronauts take off in a lateral (lying down) position 1 ]
Question 18 (4 marks)
A satellite has a mass of 250 kg and orbits the Earth at an altitude of 3000 km. Earth’s
equatorial diameter is 12 756 km.
(a) Determine its orbital speed. 2
il Criteria ‘ Marks
Wses v = Y(Gmeay/r) to obtain 6.5 % 10° ms™ 2
Attempis to derive v'= V(Gmgay/t) to find velocity 1




Question 24 (4 marks)

The transformer below has 14 tums in the primary coil and 28 tumns in jis secondary coil. The
graph shows how the flux in the iron core of the transformer is related to the emf and current

induced in the secondary coil.

(@) Ifthe voltage across the secondary coil is 60 volts, what is the input voltage?

Question 25 (6 marks)

Induction has many applications, being used in a number of electrical devices.

(@) Describe an investigation performed in a school laboratory to demonstrate the principle

Criteria

Marks

of an AC induction motor.
Criteria Marks
Clear description of rotating magnetic field causing the metal to 3
rotate without any elecirical connection
Basic description of rotating magnetic field causing the metal to 2
rotate without any electrical connection
Limited description of rotating magnetic field causing the metal to 1

rotate without any electrical connection

States V, =30V

1

(b) The graph shows that the emf across the secondary coil is a maximum when the flux

through the iron core is zero. Explain this relationship.

(b) Manufacturers state that induction cooktops can only be used with saucepans made
from iron and purchasers are advised to use a refrigerator magnet to test their saucepans.

Since currents can be induced in metals other than iron, discuss the reasons for

designing induction cooktops that require iron based saucepans. -

Criteria

Marks

Clear description of changing magnetic field causing eddy currents
to be induced and that the relatively high resistance of iron
compared to copper means that more heat is generated

3

Basic description of changing magnetic field causing eddy currents
to be induced and that the relatively high resistance of iron
compared to copper means that more heat is generated

Limited description of changing magnetic field causing eddy
currents to be induced and that the relatively high resistance of iron
compared to copper means that more heat is generated

Criteria Marks
States that emf is proportional to change of flux because the 1
greatest change in the flux is when emfis zero
{(¢) Explain how the heating problems of transformer cores are overcome.

Criteria Marks
Use of laminated coil to reduce eddy currents 2
AND
0Oil cooled transformers to remove heat
OR
Use of iron oxides which are ferromagnetic but do not produce the
same amount of eddy curents
One of the above 1

Question 26 (4 marks)

Explain the need for both a high voltage and a lower voltage in different parts of a cathode ray

oscilloscope.
Criteria Marks

States that a high voltage is needed in the electron gun to accelerate 4
the electrons and that a lower voltage is needed to deflect the beam

horizontally and verticaliy.

Describes high voltage in the electron gun and the low voltage in 3
the deflecting plates

Distinguishes between electron gun and deflecting plates 2
States that the electron gun accelerate the electrons 1

OR
Deflecting plates move the beam of electrons

3

4



Question 27 (2 marks)
State the advantages of the maglev train and explain the impact of superconductors on the
development of this mode of transportation.
Criteria Marks
States that maglev trains move at high speed due to low friction 2
AND
These only exist because superconductors have zero resistance
below critical temp. they are efficient users of energy
1

Steas,ondof the above
NZadis

Question 28 (Xmarks) |

In thel860°s, Maxwell developed his famous equations describing the interaction of magnetic
and electric fields resulting in the production of self-propagating “electromagnetic™ waves.

(a) Outline the experiment performed by Hertz producing electromagnetic waves. (You

may use a labelled diagram.)
Criteria Marks
Describes Hertz apparatus including spark gap and detecting loop, 2
Attempts to describes Hertz apparatus including spark gap or 1

detecting loop.

(b) Explain how Hertz confirmed that his waves were the electromagnetic waves predicted

by Maxwell’s equations and that they had the same properties as light.
"Criteria Marks

Describes how Hertz used mterference pattcms to find the speed "3
AND
This speed was same as fo_r light
AND
These waves could be reflected, polarised etc like light waves
Any two of the above 2
Any one of the above 1

3

(c) Evaluate the importence of the experiments performed by Heriz to scientific theory and

society,

p

Criteria

Marks

States the importance to scientific theory as the experiments
backed up the theory and led to the discovery of other em waves
AND

Formed the basis for all modern communication using radio, TV
elc waves .

2

Any one of the above

Question 29 (7 marks)

solid state devices on society and modern technologies.

- Discuss the replacement of thermienic devices by solid state devices and assess the impact of

7

Criteria Marks
Well consttucted extensive answer describing the shortcomings of 7
thermionic devices
AND
Well constructed extensive answer describing the advantages of
solid state devices
AND ef b e i e
Makes a judgment on the impact on society and modern r Ol i RN
technologies of solid state devices w M{,_ (. e ety
Sound answer describing the shortcomings of thermionic devices - ‘ 5.6

AND

Sound answer describing the advantages of solid state devices
AND

Makes a judgment on the impact on society and modern
technologies of solid state devices e

P
R

Sound answer describing the shortcommgs of’tﬁehmbmc devices
OR

Sound answer describing the advantages of solid state devices
AND

Makes a judgment on the impact on society or modern
technologies of solid state devices

Limited answer describing the shortcomings of thermionic devices
OR i

Sound answer describing the advantages of sclid state devices

OR

Makes a judgment on the impact on society or modemn
technologies of solid state devices




