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Physics

General Instructions
+ Reading time ~ 5 minutes

»  Working time — 3 hours

» Board-approved calculators may be used

» 'Write using blue or black pen
* Draw diagrams using pengil

¢ A Data Sheet, Formutae Sheets and a
Periodic Table are provided at the back
of this paper

s Write your Class and Student Number in

the boxes provided

Collection Instructions

Hand in the following sections in 3 separate
bundles

» Section I - Part A Answer shest

# Section I - Part B Question and Answer
Booklet

+  Section I - Answer Booklet

2001

HIGHER SCHCOL CERTIFICATE
TRIAL EXAMINATION

Section] Pages3-20
Total marks (75)

This sectior: has two parts, Part A and
Part B

Part A

Total matks (15)

e Attemnpt Questions 1 - 15

o Allow about 30 minutes for this part

PartB
Total marks {60)

»  Attempt Questions 16 - 29

»  Allow about 1 hour and 45 minutes for
this part

Section I1 Pages 21- 23

Total marks (25)

s Aftempt ONE Question from
Questions 30 - 34
*  Allow about 45 minutes for this section

Section X
Total marks (75}

Part A

Total marks (15)

Attempt Questions 1 - 15

Allow about 30 minutes for this Part

Use the muitiple-choice Answer Sheet.

Select the altemative A, B, C or D that best answers the question. Fill the response
oval completely.

Sample 2+4=

(A) 2 ®) 6 )8 Dy 9

® @ © ®

1f you think you have made a mistake, put a cross through the incorrect answer and
fill in the new answer.

o x © )

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
foltows.

correct

X X © o
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A spherical asteroid has amass of 3.1 x 10 kg and a radius of 5.3 x 10° m.
The gravitational field strength at the swface of the astercid is:

(A) 0.8l Nk%".
(B) 16Nkg'.
(C) 7.4Nkg
D) 9.8Nkgh

A test pilot brings a jet-powered car to rest from a speed of 118 ms” in a time
of 3 5. The acceleration of the pilet is equivalent to:

a) e

By 2
() 3s
D) 4z

The unstable sub-atomic particle called the muon has an average life-time of
2.2 us, when measured at rest in the laboratory, However, high speed muons
produced in the upper atmosphere are measured to have:

(A)  ashorter average lifetime, because of length contraction.

(B}  ashorter average lifetime, becauss of time dilation.

(C}  alonger average lifetime, because of time dilation.

(D) the same average lifetime, because the effects of time dilation and
length contraction cancel out.

An astronaut orbiting the Earth in the space-shuttle feels weightless because:

(A)  the effect of the Earth’s gravity is negligible.

(B)  the shuttle is rotating.

(C)  the gravitational atiractior of the Moon cancels the gravitational
attraction of the Earth.

(D)  1the astronaut is accelerating at the same rate as the space shuttle.

Rockets are launched from sites near to the Equator because:

(A)  the Earth’s rotational velocity helps reduce the fuel required during the
launch. :

(B)  most satellites are placed in geostationary, equatorial orbits.

{C)  the distance into space is less than at the poles because the Earth is not &
perfect sphere. *

(D) there is less chance of the Earth’s magnetic field affecting the rocket.
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An ideal transformer has 100 turns in its primary winding and 300 fumns in its
secondary. If the power input to the transformer is 60 W, the pawer output is:

(A) 20W.
(B) 60w

(C) 130W.
(D) 540W.

An electron moves in a circular path, perpendicular to a uniform magnetic field
directed into the page.

" x x X x x

x x ] X x x

* o x X
P

X x *x x

x = = x x =

x x x x x 4

A uniform electric field is turned on at a certain instant. The electric field is
such that an electron, which was at P at that instant then, moves in a straight
line shown by the arrow.

What is the direction of the applied electric field?

(A) Iato the page.
B) Outof the page.
(C} Totheleft,

(D}  To the right.
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8 A bar magnet is placed so that it is initially outside a large coil. The coil is 10 The graph below shows the relationship between force per unit length (77} and

i i istor, h in the di below. . . . .
connected with a switch, $, and a resistor, X, as shown in agram —:% of two parallel wires carrying equal curreats where d is the distance

between the wires and & is the magnetic force constant (Ampere's constant).

164+

E 121 ‘

z :

:
The magnet is pushed quickly into the coil in the direction shown by the arrow
in the diagram. adi ;
The amount of energy required to push the North end of the magnet towards :
the coil is:
(A)  zero, whether the switch is operied or closed. 1 2 3 i
{B)  non-zero, but the same whether the switch is open or closed. &

{C) more if the switch is closed than if it is open.
{D)  more if the switch is open than if the switch is closed.

The value of the current flowing in each wire is:

9 A loop of wire is moved from position 1 to position 3 at a constant speed in a

magnetic field of uniform flux deasity. Eﬁ; é 2
1 3 © 3a
2 D  4A.
.« s . s s 11  The scientist who introduced the idea of quantisation of energy as a means of
mathematically modelling black-body radiation was:
T e (A)  Max Planck.
- - - L] - L] - » . a - (B) Albcrt EillStCi.Il
Uniform magnetic fiekd dirested (€)  Michael Faraday.
vertically out of the page. (D) Niels Bohr.

As the loop moves from positions 1 16 2 1o 3 the current in the loop is: 12 To minimise energy losses, electrical energy is transmitted along long distances

at:
Posii - i
os:tm.n 1 Position 2 Position 3 (A)  high curent, high voltage.
{A) clockwise clockwise clockwise {B) low current, low voltage.
(B} anti-clockwise anti-clockwise anti-clockwise {C)  high current, low voltage.
(8] clockwise Zero anti-clockwise (I  low current, high voltage.
(10)] anti-clockwise Zero clockwise
13/08/01 11:48 Page 5 of 27 AAH 13/08/01 11:48 Page 6 of 27 AAH
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13 The diagram below shows the famous Maltese Cross experiment into the nature
of Cathode Rays.
Glowing
Screen
Shadow
t
4| 1 ‘
1
The experiment demonstrates that:
{A) cathode rays are neutral.
(B) cathode rays travel in straight lines,
(C)  cathode rays are undeflected by a magnetic field.
(D)  cathode rays are high energy electrons.
14 Heinrich Hertz contributed to our understanding of electromagnetic radiation
by:
(A)  demonstrating the existence of black body radiation.
(BY  theorstically linking visibie light and electromagnetism.
(C)  explaining the Balmer series.
(D)  demonstrating the existence of radic waves which have a velocity equal
to that of visible light.
15 I J. Thompson is credited with the discovery of the electron because he was
the first person to:
(A)  measure the charge to mass ratio of the particles emitted as cathode
IBYS.
{B)  observe the emission of cathode rays.
(C)  develop a theoretical model to explain the hydrogen spectrum.
(D) observe B emission from radioactive isotopes.
13/08/01 11:48 Page7 of 27 AAH
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Section 1

PartB

Total marks {(60)

Attempt Questions 16 - 29

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

Student Number

Question 16 (3 marks)

In a moving coil galvanometer, the coil, which has 24 turns each of area 8.0 em?,
is suspended in a radial fietd of flux density 0.20 Tesla.

{a) What torque does the coil experience when a current of 23 mA flows
through it?

The spring attached to the coil provides a restoring torque af 2.0 x 10" Nim for
every degree that the coil turns through.

(b} How many deprees will the coil tum through before the spring brings it
1o rest at equilibrinm?

13/08/01 11:48 Page 8 of 27
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Question 17 (8 marks) Marks Question 17 (continued) Marks
The diagram below represents a simple ideal transformer. {d Briefly discuss, with examples, why some electrical appliances i the 3
home that are connected to the mains domestic supply use a
;.. Baminated soft iron core transformer.
2440\;% P AC voltmeler
AC. P
30 tumg

{a} Exptlain why the soft iron core is laminated. 2

(b} Explain why a transformer would not work if the AC power supply was 2
replaced by a constant DC power supply.

{c) Assuming the transformer has 100% efficiency, what is the reading on L
the voltmeter? :

Question 17 continued on page 10
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Question 18 (2 marks) Marks
The planet Mars has a mass of 6.42 x 10% kg and a radius of 3.40 x 10¢ m. 2
Calculate the escape velocity at the surface of Mars.

Question 19 (4 marks)

A satellite of mass 100 kg performs a circular orbit, 1000 km above the surface

of the Earth. The radius of the Earth is 6.40 x 10° m.

(a) Calculate the gravitational force acting on the satellite. 2

(b) Calcuiate the time taken by the satellite to complete one revolution of 2

the Earth,

13/08/01 11:48 Page 11 of 27 ARH
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Question 20 (3 marks})

Electromagnetic braking can be achieved by applying a strong magnetic ficld to
a spinning metal disc attached to a shaft as shown below.

(a) Identify and explain how the magnetic field slows the spinning of the
disc.

Marks

2

®) Would the brakes work if the disc was plastic instead of metal? Explain 1

YOUr aNSWer.
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Question 21 (2 marks) Marks Question 23 (5 marks) Marks
Light of wavelength 6 x 10 m is incident on a sodium surface. The work 2 (a) What do physicists mean by the term “black body™? 1

funetion (i.e. the minimum energy required to emit an electron) of sedium is
2.9 x 10" I. Calcutate the maximum Kinetic energy of the electrons gjected
from the sodium by this light.

) (i) Sketch a graph to show how the intensity of light emitted by a 2

black body depends upon the frequency {or wavelength) of the
light.

Question 22 (4 marks)

Give an example of a modem device that uses a cathode ray tube and outline its 4

aperation.
(i) Add to your graph a secoad sketch for the light intensity of the 2
same body at a higher temperature. Make sure you distinguish
clearly between the two skeiches.
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Question 25 (3 marks) Marks
Question 24 (5 martks) Marks
Assess the significance of the Michaelson-Morley experiment 1o Einstein’s 3
An electron travelling at a velocity of 2.65 x 10° ms™ passes horizontally theory of special relativity.
between two parallel, horizontal electric plates 0.030 m apart and connected to 2
potential difference of 100 V,
clectran 283X 10°ms! J 0.030m 100v
(a) Calculate the electric field strength between the horizontal plates. 1

Question 26 (2 marks}

A spacecraft is 80 m long, as measured by an astronaut on board. The space craft 2
appears to be 64 m long, when measured by a scientist working on a base on the

(b)  What is the electrostatic force acting on the electron in the region 2 Mocn. Calculate the speed of the space craft relative to the Moon.
between the plates?

{c) What magnetic field must be applied to the electron to allow it to pass 2
between the plates undeflected?
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Question 27 (8 marks) Marks Question 27 (coatinued) Marks
A simple electric generator consists of a rotating rectangular loop of copper wire (b} When the loop is rotating with a frequency of 10 Hertz, 2 maximum 5
immersed in a magnetic field as shown in the diagram below. voltage of 0.5 V is produced. Sketch on the axes provided the voltage
across the loop {y axis) as a function of time, taking t = 0 to be e
position of mecimum flux as determined in part (o). Label the axes fully
TOP VIEW including numerical values and only sketch the first two complete
rotations of the coil.
P Q e
SIDE VIEW et -+ : BE R
Q E = e
® For what value of © is the magnetic flux, ¢, through the loop a 1 ' ' — ' Ha
maximum?
(c} A hand-operated generator is casy to turn when it is not connectedtoa 2
load such as a light bulb. However, when the light bulb is connected,
the generator becomes quite difficult to turn. Briefly explain these
observations.
Question 27 continued on page 18
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Question 28 (5 marks) o Marks Question 29 (6 marks) Marks
Describe an investigation you could carry out to demonstrate that the motion ofa 3 Justify Einstein’s use of the photon in explaining experimental observations of the 6
projectile can be analysed by separating the motion into indepeadent horizontal photoelectric effect.
and vertical components.
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Marks

Total marks (25) Question 33 - From Quanta to Quarks (25 marks)
Attempt ONE question from Questions 3¢ - 34 .
Allow about 45 mitntes for this Part

(@) Outline the Rutherford model of the atom. Include a diagram in your 3

Answer the question in a writing booklet. Extra writing booklets are available. answer.
Show all relevant working in questions involving calculations.

(®) Briefly describe the Davisson and Germer experiment and cutline what 2

it demonstrates about the nature of electrons.

Pages
8 {c) The Balmer series is the series of spectral lines for Hydrogen when
Question 30 Geophysics electrons jurmp from higher orbitals(n=3, n=4 etc) down to the n=2
Question 31 Medical Physics orbital.
. . (i} Briefly describe Boht’s madel of the atom and explain why it 3
Question 32 Astrophysics 2223 suceessfully accounts for the Balmer series.
Question 33 From Quanta €0 QUATKS ..ouvucrsrersenmsnissrsssassincenen - .(ii) Caleulate the maximum wavelength of the Balmer series for 2
Question 34 The Age of Silicon Hydrogen.
{iii) Determine the frequency of the light produced by your transition 1
in (ii).
(d) (i} State the de Broglie hypothesis and explain why it was 2
considered so startling when first proposed.
(ii} Calculate the de Brog]ie wavelength for an electron travelling 1
with a velocity of 10° ms™.
Question 33 continues on page 23
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Question 33 - (continued)

® The following is an example of a nuclear reaction.

1 33 14 1
oMt U= Ba+ X +3,n+ Energy

(i) Determine the nature of X.
(ii) What sort of nuclear reaction is depicted above?
(iii} Another example of a nuclear reaction is the following.
TH+H - Hevon + energy

The rest masses of these nuclei are:

2Hr=33440 x 10" kg
2= 5.0089 x 167 kg
$He=6.6463 % 107 kg
on=1.6749 % 107 kg

Calculate the mass defect for the above reaction.
{iv) Calculate the energy released in the reaction in part (iii).

(63] Explain why Pauli found it necessary to postulate the existence of the
neutrino.

(g) Compare controlled and uncontrolled fission chain reactions.

End of Quesfion 35
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Student Number

Question 18 (2 marks)

The planet Mars has a mass of 6.42 x 10° kg and a radius of 3.40 x 10°m. 2
Calculate the escape velocity at the surface of Mars.
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Question 19 (4 marks)

A satellite of mass 100 kg performs a circular orbit, 1000 kin above the surface
of the Barth. The radius of the Earth is 6.40 x 10° m.

{a) Caleulate the gravitationat force acting on the satcllwc
: F=~q mm, = {1uC" IOE)xéOx(o M‘/
93| ;6 o

' BEEN 156-'@49-
734 w?&)g

0

()] Calculate the time taken by the satellite to complete one revolution of
the Earth
m =B o ména= 13
r' Tl r

pdA

ER mox'hq(”@dk

T = 63x0” 4
V X 13 ]

e 5 win)
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‘Marks Question 2} (2 marks) Marks
Question 20 (3 marks)

Light of wavelength 6 x 10 m is incident on a sodium surface. The work 2
as shown below. ‘ r; function (i.e. the minimum energy required to emit an electron) of sodium is

. ic field to ~
) ) eved by applying & SEONE ‘magnetic 4
braking can be achie¥
Rlectromagnetic e astachod (0 o shaft

2.9 % 10" 1. Calculate the maximum kinetic energy of the electrons ejected
from the sodium by this light.

A foxn™d 5 ’?5 = 2.9 KID“’? a4
@ 5';-; kqé--(p = 6-616;{10’}",\*5}@!— 2-xfo
' 6xi6=1 .
fe~he -9 L = 380 J
X |

a spinning metal

Question 22 (4 marks)

Give an example of a moder device that uses a cathode ray wbe and outline its 4

(3 6 mart o P bis [Fos
(DN /0 s i TR
4 | g

' inning of the 2
(@) - Idemtify and explaia how e magnetic field slows the spinning

dise.

[t

S

7&;9@71, !
heny I p ,vmﬁ?fp Tt

D

Y
——\

(

ic i lain 1
)} Would the brakes work if the disc was plastic instead of metal? Explam
(b -
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Question 23 (5 marks) Marks
{a) What do physicists mean by the term ‘black body™? 1

4 et by o
abjwﬁrg:qe_&%,

(3] (i) Sketch a graph to show how the intensity of light emitted by a
black body depends upon the frequency (or wavelength) of the

- . OO
® Ly, pepZ

%
L)
batdh 3

D o

(i)} Add to your graph a second sketch for the light intensity of the
same body at a higher temperature. Make sure you distinguish
clearly between the two sketches.

RESN A
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Question 24 (5 marks) Marks
An electron travelling at a velocity of 2.65 x 10° ms™' passes horizontally
between two parallel, horizontal electric plates 0.030 m apart and connected to a
potential difference of 100 V,
— ]
5, By
ctocron 285 X 10°ma L l oox0m L 100v
(a) Calculaie the electric field strength between the horizontal plates. 1
g=d o i - 3,}3@5_’@
A 002

) What is the electrostatic force acting on the slectron in the region 2

between the plates?

F= éq‘ = 3;33’>x "“FIO—H ? N
. s3xo N _op(t)
_-+ e

1
N

(©) What magnetic field must be applied to the electron to allow it to pass 2

. U v} =N

B © s puxp T gt
(Vr -16 et
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Form VI Physics Ttial Examination Crib —Questions 25-29

Some General Comments on the Open-Ended Questions

NB these questions were NOT marked on a “mark per point’ basis.
Rather, they were marked in accordance with the Board of Studies’
Performance Bands. They will only be accepted for remarking if they
have been blatantly mismarked. If your interpretation of your answer
diffess from mine, my mark stands!

These questions were not well answered.
‘The most common failings were:

Mot outlining significant concepts
e.g. discussing the photo-electric effect without saying what it is, or without
defining what 2 photon is.

Ambiguity or Imprecision
c.g. ‘the intensity is proportional to the photoemtssion’

the intensity of what® what aspect of the photoemission?

Non Sequiturs

e.p. Michaelson-Morlsy experient showed that the asther did not exist, therefors Einstein was
proved correct’

the link between the two must be elucidated.
Not using diagrams
Writing two paragraphs of barely coherent text is never a substitute for 2 decent

diagram. ‘Desctibe’ does not simply mean words!

Qualitative not Quantitative Answers

e.g. ‘the energy of a photon depends on its frequency’ rather than E=Af

A\ SGSAVOLIVSERS AAHNDATAVEXAMRM 2001 Form V) Physics Trial CRIB.doc Pags 10f 5 SAH 2

25.
For full marks, the following were required:

1 MM attempted to determine the velocity of the Earth through the
aether, by measuring the speed of light relative to the Earth.

2. Despite repeating the expedment six months later — when the
velocity of the Earth relative to the aether might have been
expected to have changed substantially — ne change in the velecity
of light relative to the Earth was observed.

3. This provided corroborating ¢vidence for SR as it accorded with

Einstein’s suggestion that the speed of light is a constant for alt
observers.

Most common mistakes:
MM proved the asther did not exist’ how can you prove something does not exist?

‘the speed of hght is constant’ st have ‘for all observers” or similar

Some of the best answers started with the postulates of SR and showed how MM was
consistent with them. '

NB It is not historically true to say that MM /%4 20 SR. However, in'the context of an
atherwise carrect answer, this was not penalised.

26.
Ans; 0.6c or 1.8x10° m/s

(1 mk for correct use of formula (.e. /and / the ripht way round))

WSGEAVOLINUISERSNAAHVDATANEXAMSY 2001 \Form VI Physics Tozl CRIB.doc Page20f 5
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27.

a)
b)

WSGEAYOLINUSERSNAATADATAVEXAMS\ 2001 \Form VE Physics Triat CRIB.doc

90 degrees
5 marks for: curve starts at zero
two complete petiods shown
correct shape e sine wave, not rectified)
axes correct and labelled
correct numercal values on both axes
either:

Bnergy considerations suggest that electrical energyis consumed only
when a load is applied. Mechanical energy must therefore only be
supplied when the bulb is connected i.e. work must be done to tura
the generator,

or;

A current can only flow when a load is connecied. The curtent
produces a fosce within the coil that - formLenz’s Law — acts to
oppose the change in motion, and therefore make the coil mote

difficult to turn.

One mark only if the answer does not explain why the coil is barder to turn.

Page 3 of 5
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28.

For full marks and answer should contain most or all of the following:

1. Alucid description of the experimental method, including a diagram.
2. An outline of what data should be taken and how.
3. An appreciation of the practicalities of the experiment.

4. An appreciation that, if the two directions are independent, then a,,=0,
ay==g.

5. A discussion of how the data can be quantitatively analysed to verify
that the two directions are indeed independent.

Comments:

L. Too many written descriptions of the method were ambiguous. In most
cases, diagrams would have improved the answer.

2. There was litde regard to the practicalities of the experiment, e.g. ‘shost 2
person from a cannon ...’ '

3 The phrase ‘the data can be analysed to show rhat H and U are indgpendent’ is not
a substitute for acrually using Newton’s Equations of Motion to show it
yourself.

Page 4 of 5
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29.

For full marks, the following are required:

1. An oudine of the photoelectric effect.

2. At least fwo pieces of experimental evidence that the wave model
could not explain.

3. A description of a photon as a quanta of light energy, including the
expression E=bf.

4, A discussion of how the photon model successfully explains the
experimental obsetvations given eartlier.

Cormments:

1. An incredible number of people did not bother to outline what the
photoelectric effect is. Without a context, comments tike Qs the frequency is
increased, the stopping potential increases’ are meaningless.

2 Most people lost masks for failing to adequately explain wiy the photon
model explained the observed effects. Simply stating Yhe photon model
asconnts for this’ o1 something similar is not enough.

V8GN VOLIVUSERSVAAN\DATA\EXAMS\2001 \Form VI Physes Taal CRIB.doc Page 5 of 5

Quanta to Quarks crib SRW

{a) Dense,tiny nucleus/electrons orbit aucleus/nucleus contains all of the positive charge
and most of the mass  ( any two)

1 mark for diagram Electrons in
orbit

b) Fired electrons at nickel and observed a diffraction/intetference pattern (1 mark)
Electrons have wave properties (1 matk)

<)) Angular momenmm of electrons is quantised and hence energy of electrons is
quantised ( 1mark) (Must mention that angular momentutn is quantised. Just stating that
the energy was quantsed without any justification was not accepted)

Electrons lie in stationary staces where they don’t radiate (1mark)_
Enetgy in the form of e-m waves is emitted when electrons jump from a higher to lower
orbit producing the Balmer spectrum (1 mark)

i) 1/A = 1.097 x 107( 1/2* - 1/3) ( 1mark)
A= 6.56 x 107 m { 1mark)

¥f you had the wrong substitution: you got 1 mark
jii) e= fA = 4.57x 10" Hz ( 1mark}

d) i) Particles have wave properties given by A= h/p ( trmack)

Many candidates talked about DeBroglie/Schrodinger’s model of the atom in terms of
integral numbers of wavelength. This is not the DeBroglie hypothesis but 2 model of the
atom detived from it.

"The hypothesis was stariling for many reasons

1. In classical physics particles and waves are completely
separate and do not have a wave-particle duality. (1 mark)
or
2. The proposal was made before there was expeximental
evidence ( 1 mark)
i) A= h/p = 7.27 x 10° m { 1mark)

&) )X™ or Kxypton —92 (1 mark)

i) Nuclear Fission (1 mark). I did not accept transmutation ot chain reaction.
Transmutation is far too vague and chain reaction presupposes that the neutrons are
going to hit other uranium atoms which is no where indicated in the equation.



jiijmass defect= (3.344 + 5.0089) x 107 kg ( 1mark) - (6.6463+1.6749) x 107kg ( tmark)
mass defect = 0.0317 x 107 kg { 1mark)

iv) E = mass defect x e = 2.8532 107

£} In Beta decay it was found that the follawing conservation laws did not appear at first
1o hold true. n=> p ¢’ +?

1. Momentum was not conserved ( Tmazk)

2, Kinetic energy was not conserved { 1mark)

3. The Kinetic energy of the electron was distributed across a
range of values whereas mechanics predicts it should have just
one energy. { 1mark)

4. An momentum as given by the spin of the particles +- K
was'tonserved. { 1 mark).

Maximum of three marks.

All of the above led Pauli to propose the existence of a third

neutral particle.
(Many candidates talked about mass defect. This is not sensible as in all nuclear reactions
there is a mass defect. The mass of the neuttino is so small anyway that its mass could
not have even been detected at the time. What is important however is the apparent
energy loss)

g) In a controlled fission reaction the numbers of neutrons which then go onto to cause
fission in other Uranium atoms is limited by control rods made from Cadmium or Boron
which absorb neutrons (1 mark)/

(many candidates confused moderators with control rods. Moderators will actually speed
of the reaction as they slow down the neutrans so that they can more efficiently cause
fission in Uranium)

In an uncontrolled fission reactions the neutrons emitted are highly likely to cause
subsequent fission reactions and since 2 or 3 are emitted at a time this results in 2 rapid
build up of aeutrons and fission reactions releasing an enormous amount of energy.
{1mark)




