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Physlcs Units 1 & 2

STRUCTURE OF THIS PAPER &(
Section Questi Questionsto | Suggested working Marks Percentage
SRS be attempted time (mins) available of exam
Section One: :
Short Response 10 10 50 54 30%
Section Two:
Problem Solving 2 6 90 90 50%
Section Three: )
Comprehension < 2 40 36 20%
Total 180 100

Instructions to candidates

1. The rules for the conduct of the Sai

SIC Assessment Policy 2022, Sittin
rules.

gon International College examinations are detailed in the
g this examination implies that you agree to abide by these -

2. Write your answers in this Question/Answer booklet
not use erasable or gel pens.

preferably using a blue/black pen. Do
You must be careful to confine your answers to the specific questions asked and to follow any °
instructions that are specific to a particular question.
When calculating or estimating answers, show all your working clearly. Your working should

be in sufficient detail to allow your answers to be checked readily and for marks to be awarded
for reasoning.

In calculations, give final answers to three significant figures and include appropriate units
where applicable. - Ty

In estimates, give final answers to a maximum of two significant figures and include
appropriate units where applicable.

5.  Supplementary pages for planning/continuing your answers to questions are provided at the
end of this Question/Answer booklet. If you use these pages to continue an answer, indicate
at the original answer where the answer is continued, i.e. give the page number.

The Formulae and Data booklet is not to be handed in with your Question/Answer booklet.

SEE NEXT PAGE
©WATP
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Physics Units 1 & 2 3

Section One: Short response 30% (54 Marks)

This section has ten (10) questions. Answer all questions. Write your answers in the space
provided.

When calculating numerical answers, show your working and reasoning clearly. Give final answers
to three significant figures and include appropriate units where applicable.

When estimating numerical answers, show your working and reasoning clearly. Give final answers
to a maximum of two significant figures and include appropriate units where applicable.

Supplementary pages for planning/continuing your answers to questions are provided at the end of
the Question/Answer booklet. If you use these pages to continue an answer, indicate at the original
answer where the answer is continued, ie — give the page number.

Suggested yvorking time for this section is 50 minutes.

Question 1 (6 marks)

A 1.00 x 10° W electric water heater has an efficiency, n = 55.0%. The heater raises the

/' temperature of 10.0 kg of water from 20.0 °C to 75.0 °C. Calculate the time (in seconds) taken for
the electric water heater to complete this task. ¢
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SEE NEXT PAGE
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Physics Units 1 & 2 o

Question 2 (6 marks)

An ageing nuclear plant is being disma;n’ded by some workers. During the dismantling process, one
of the workers’ hands comes into contact with an object that is emitting 24 000 alpha particles

every S minutes. The worker's hand has a mass of 0.500 kg and absorbs 6.00 pJ of ionising
radiation energy.

a) Calculate the activity of the sample in becquerel's (Bqg).
[Note: 1 Bq = 1.decay per second] )
A v (2
M e s 1 .

200 Sece)>
ey W00 \/

lft@ Y)Q.Qeq. |

b) Calculate:

0] the absorbed dose received by the worker's hand.
2

(o

//’T 0 Gy

|

(i) e dose equivalent received by the worker’s hand.

@ .

5 y
4 1.5y F%) -~ & hrw

‘L' {lok (0- it Sv

SEE NEXT PAGE
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Physics Units 1 &2 5

Question 3 (7 marks)

A spj‘dent constructed the following circuit and measured the current and voltage flowing through a
resistor.

3 |

1.25A
L Rt _|
580V
a) Calculate the value of the resistor, Ry (in ohms).
@
BN ~
e = 28 L .cu
s Q
W e R
b) Calculate the number of electrons that flow through the resistor in one (1) minute.
©)

¢o / o /LSV)

= i v
j e (1 i (1 ("lﬂ ?"(Uzelectrons
35C ~ Tl (9y

) Calculate the work done on the electrons in this circuit during this time.

@
A W
Cﬁ'
Wis o

SEE NEXT PAGE
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Physics Units 1 & 2
Question 4 (7 marks)

[on

The graph below shows how the temperature of 0.500 kg of an unknown substance X’ increases
as thermal energy is added to it.

Temperature (°C)
A ' : : :

LR s S .

60.0_. ......................... besssnnnasnons

40.0 —fommeemenmececmenenr b

buoo
20.0 —f----- .L....:............i.B ................
A
{
I o

5000 10000 15000 20000 25000 30000 35000

Internal Energy (J)

a) Circle the region where the particles in sub ‘X’ are moving the slowest.
. (1
C D

b) Circle the region(s) where the kinetic energy of th€ particles in substance *X’ is increasing.
(1)
@ B \¢)D
c) Calculate the latent heat of fusion for substance ‘X’. Show working.
Q. ot (3)

_ A (_)00"_. —
(V\U\‘)‘? - ?’OOOC) -\ oW = 6 w
M_Jkg’1° c

d) Using the particle model, describe one (1) difference between the arrangement of the
particles in regions ‘A’ and ‘C’.

(2
()“;\‘J‘-’ 0 Roign A eon B asoune) b g % PR 50{“) i Wm\ L‘
7
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SEE NEXT PAGE b, |
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Physics Units 1 & 2 7
\

@?ﬁ 5 (5 marks)

eris olperatlng two identlcal work lights from a single power source. The two lights have to
operate at a large distance from each other, so the worker uses a very long extension cord for one
of the lights. When both globes are operating, the worker notices that the globe that is closer to the

? power supply (Globe 1) is slightly brighter than the globe that is further away (Globe 2). Using

physical principles, explain why this has occurred. > —=
C "‘
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Question 6 (4 marks) s

ioacti i dures
A hospital physicist is working with some radioactive materials. As part gf }he safety proce
required wgex handling this material, the physicist wears a badge containing film which reacts to

lonising radiation. The film is placed behind a number of windows where different filters can be
placed.

The structure of the badge is below:

Lep ZM/ " rd

Uncovered Aluminium Lead
window 1mm 1 mm
thickness thickness

After working with the material, the film is developed. It is found that the film behind both the
uncovered window and the aluminium window have turned black (ie — has been exposed to some
radiation and reacted with it). State which type of radiation could cause the film in only these areas

to turn black. Explain your answer by commenting on the penetrating properties of alpha, beta and
gamma radiation. : ,
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Physics Units 1 & 2

Question 7 (5 marks)

Water is used as a coolant in car engines. Car engines are mostly made of iran.
The specific heat capacities of iron and water are shown in the table below.

;. SUB SPECIFIC HEAT CAPACITY
STANCES (J kg °C)
///////// Water 4180
Iron 450

Explain why a water coolant is required in car engines. In your answer, refer to the specific heat
capacities of both water and iron.
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Question 8 (6 marks)
Plutonium-239 is a fissile material used in fast-breeder nuclear reactors. One possible fission
reaction involving this radioisotope is shown below. The nuclear reaction is incomplete.
AN o
Puzd® +n} > Bal + sr +_ 5 Ln%/
| g !
a) Determine the number of neutrons produced by this fission reaction. )
The masses of the particles involved in this fission reaction are in the table below.

Pu-239 | 239.052163 u

neutron | 1.00866 u

Ba-142 | 141.916343 u

Sr-93 92.91403 u

Calculate the energy released (in Joules) by this fission reaction.
\ ' . (5)
7
59
5 bt or bR wben
Po + aefon -
Al o & | dipc
2% ¢ 4 — 7
” 7 ’b
2y e ) CO, 2 ?" J (0
1C
— g 18w
-

o ap7t® TS 7 470. 2 L6 M

4%
Am = A b el T /

2.79 r(U'MJ

SEE NEXT PAGE
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Physics Units 1 & 2 .

Question 9 (4 marks)

Some students gathered corresponding voltage and current data for an electrical conductor and
plotted the results on a graph. This graph is below.

? Current (A)
. A

> Voltage (V)

The students decide that this electrical conductor is an example of an ohmic conductor Are they
correct? Explain using the data from the graph and any Physics principles you have learned.
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Physlcs Units 1 & 2 NI = % 9 :
Question 10 (4 marks)
7 Bome students conductsd an experiment examining methods of heat transfer using the equipmant
o shown below, A glass fube has all alr evacuated from ls Interlor reating & vasuum within It, A
" copper tubs fillsd with watsr s placed Inside the glass lube, The siudents are able (o touch A \
o hwo%" bulb located at the top of the copper tube and notioe that after  certaln time, It starts (o get
iudants touch the
Hot water . copper bulb here
VaPOUr
rsing
. 4
» p Copper lube
TR | | Glass tube
Bolar
6N6Igy
Fvacuated
/ glass tube
(vacuum)

Copper tube
filled with llquid
water

Explain all of the heating processes that occur within the apparatus that cause the students to
detect an increase in temperature In the copper bulb, : _
/ (;()Mwm,’ ﬂw, «fq(_ ',,

\ o
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y I
[y ien (an qos L{M{n §' ML 'Ux lnll'ﬂ mfimg‘ 1[_4 ““ppm 5“.\“
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Physics Units 1 & 2
Loys 13

50% (90 Marks)

t answer all questions. Write your answers in the

Soctlon Two: Problem-solving

This section has slx (6) questions. You mus
space provided.

When calculating numerical answers, show i i
1 your working and rea .
to threo significant figures and include appropriate unitsgwhere a:;?égglg!eaﬂy Slve nal answers

When estimating numerical answers, show i
' your working and reasoning clearly. Give final answers
to a maximum of two significant figures and include appropriate units where a):Jplicable.

Supplementary pages for planning/continuin i

g your answers to questions are provided at the end of
the Question/Answer booklet. If you use these pages to continue an answer, indicate at the original
answer where the answer is continued, Ie - give the page number.

Suggested working time for this section Is 90 minutes.

- .

Qu@1 : (14 marks)

A group of Year 11 Physics students conducted an experiment to find the mass of some water.
They set up some electrical equipment as shown below: —

|
1

\ Electric heater

O
el

During the experiment, the students used the electric heater to heat up a known mass of water for
'11_@,0 seconds in the calorimeter. They gradually increased the voltage (V) supplied to the electric
eater (measured by the voltmeter) and then measured the change in temperature of the water
(AT) after this time using the thermometer.
\_—-

The calorimeter is a perfect insulator. The resistance of the connecting wires, voltage supply and
the switch are negligible. The heater is an chmic conductor and has an efficiency of 100%.

SEE NEXT PAGE
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Physloa Unlte 182 , —

Some Important maaauremonlo are dllplayod In the tablel below.

s —
Rollmnoo of lho oloctrlc hutor 1,60 0 ‘
kg e N — an
Bpoolﬂo hont oupaclty 4180 J kg °C”
Houtlnn tlmo 100.0 8
V (V) W V2 (V) AT (°C)
2.9 8.4 6.4
(r\ e
i 4.2 17.6 1.2
1 — e :
C 5.0 26.0 1607
QW) |r—— >
N WS\ 7 222
nY:
' 4 50.4 32.1
G
8.0 64.0 40.8

After collecting this data, the students then proceeded to analyse the data and find the
mass of water used in this experiment,

QUESTION 11 Is continued on page 16

SEE NEXT PAGE
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/ a) The students knt_Jw that rate at which electrical energy is supplied to the electric heater can
be calculated using the following formulae: _ :

v Q
P=VI=I?R= —==

I‘R= -1
The students also know that the electrical energy supplied (Q) to the water is converted into
thermal energy that increases its temperature. ’

have learned in the Heating Processes topic and information from the first data table, derive

By combining appropriate formulae for electric power (see above), another formula you
the following equation.

This equation displays the relatlonshlp between the voltage supplied to the electrlc heater
(V) and the resultant change in temperature (AT).

v2
AT= mx 627
where ‘m’ equals the unknown mass of the water.
' 3
5
Q"“UT {g__ & -~ V = ‘%
e @ o T e T
~1 11 @= Pe =~
’ VZ . PR (.AT
Quve B e
il 1777 t
M ¥ Q’" 7
N e A T fzz;ﬁ /\[_ \_ﬁ,U_O’A_T
= 0252 b IF: T

b) Complete the table by filling in the missing value in the second column.
(1

c) On the grid on the next page, plot a graph of ‘AT’ against ‘VZ. Place ‘AT’ on the vertical
axis. Draw a line of best fit for the data. Place ‘AT’ on the vertical axis. Draw a line of best fit

for the data.
4)
d) Calculate the gradient of the line of best fit. Show clearly how you did this. State the units.
(3
GOy %
Dal'C

SEE NEXT PAGE
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Physics Units 1& 2 ,

'm’ of the water in
e) Use the gradient you calculated in part d) to calculate the unknown mass m’ of t

the experiment. (3)

ji Jow brov

AO O

SEE NEXT PAGE
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‘ 18 marks
Question 12 : (
i i [ i d to its melting point and then

Lead sinkers used in fishing are made by heating masses of t.he lea NC
placing it in a mould to achieve the required shape. The lead is then cooled down and solidified by
plunging the sinkers into a cool bucket of water. ‘

. : " ; i i int of 327.5 °C.
In one such example of sinker production, 00.0g of lead is hegted to its melting poin .
While it is at this temperature, the lead is mou ad into the required shape and then dropped into a

bucket of water at 25.0 °C. The mass of the plastic bucket is 800.0 g and it contains 5.00 L of
water.

The extra data required to answer the questions that follow is contained in the table below. Other
data can be found in the Formulae and Data booklet if required.

Specific heat capacity of lead 130.0 J kg™ °C"*

Latent heat of fusion of lead 22900 J kg'*
Specific heat capacity of the plastic bucket 900.0 J kg™ °C"

Mass of one (1) litre of water 1.00 kg

The lead, water and the plastic bucket reach thermal equili

_ brium and achieve a final common
temperature of T". For parts a) to d), assume no energy is

lost to the surroundings.
a) Show that the quantity of internal energy lost by the lead as it freezes at its melting point is
equal to 2290 J.
2
Lw*) WJM J ‘Ouukw &)
""’()/\(ﬂ) o~ & M 0.D
Cse 1\"3(‘) :-\ \/":) C . e \,\A6 ¢ L= Y00
L’.. 2419 (0 o

_L__a/"—%‘“i"

—

q,q,wo*“'A _ a2

SEE NEXT PAGE
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 Physics Units 182

19
b Derive an expression (in terms of ‘T") for t : '
) achieves a final temperature ofgr’ ) for the tc’w"‘te._\m“"fﬂ‘igﬂgﬂvby the lead as it
N @)
% Ql N‘Uf b3 Ml /
Q. 0y mo vy (225 - T)J/Q’Lf
G- \\4,@?,6 -] L 4290

- QI/’,L\,‘)’.C ’AV

c) Derive an expression (in terms of T’) for the total internal energy gained by the water and
the plastic bucket as they achieve a final temperature of ‘T'.

(4)
N %M
O 5vles » (T- 6] +/_%K (1-125)
G-  20%0T — b2zl F20T - 17 QO
- QA20T = a/t«o/«?oo/

d) Hence, use the expressions you derived in parts b) nﬂ/c) to show that the final
temperature T’ is approximately 25 °C/
(5L7.5 —45T="246207 - Kho 500

Mhm’:‘/ﬁﬂ‘-}.ﬁ
. -\-,_’ Z-g' Z?V

T- 160°C

©)

-—

SEE NEXT PAGE
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Physics Units 1 &2

In reality, some thermal energy is lost to the
system. ‘

atmosphere by the lead/water/plastic bucket

e) Describe the roles that conduction and convection play in transferring heat from the bucket

of water to the air above. &) ‘

Water

Cendialdin  nonis R L\ vake 1o wd Aold vatu G‘f\L dow/a L‘QU_V“*—
\v‘: walky = = [(w Wat 1‘«\ co\J—hater . [\/ prprte Te -b-eﬁblf—-gg_&r voflr
2 Lol rorte f o \o\m\& !* ‘uhmh ConOln fapetn U Uy cu()lsm
k ax L\a conged Al heot  Seen Tl /\‘-ael—d- wﬁkc@ gt T woe b T
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of) When calculatmg the final temperature in part d), heat lost to the atmosphere and }"-‘L, A inay
surroundings was not included. In words, explain the effect that including this energy loss @ i CCU:U';
would have had on this final temperature. ord cnalin. ;3
. ‘ ) . o T 2
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(14 marks)

The radioisotope most widely used in medicine is an isotope of Technetium, Tc-99. It is employed

in some 80% of all nuclear medicine i ‘ot
4 AR a0, Tha o procedures. Tc-99 has almost the ideal characteristics for a

< e lthas a half-life of 6 !
o i gamma

« It mainly il’:%s’ga_mm__a_@& . . ’
e  Thechem of technetium is so versatile it can form tracers by being incorporated into a

- ir:tre‘g;;a ;)f biologically-active substances that ensure it concentrates in the tissue or organ of
- "

its qul§hcs also fqvgur its use. Technetium generators - a lead pot enclosing a glass tube
containing the radnoxsqtope - are supplied to hospitals from the nuclear reactor where the isotopes
are made, They contain WM’M with a half-life of 66 hours, which progressively
dacays to Te-89, The T 1S washed out of the lead pot by saline solution when it is required.

ARer two WESKY or less the generator is returned for recharging. *

]) As statgd. Tc-89 is gained from the decay of Mo-99 atoms. Identify the type of decay that
occurs in Mo-89 by writing a balanced nuclear equation for this transmutation.

©)

A Yoy
— |

9, >
e ’\\Q —? TC ‘3‘3 +
L W) &

o ,

b) Tc-8Q mainly emits gamma rays. This also makjs it very useful for medical scans. State

two (2) reasons for this.
Cm\,\{\ dotie  con lL iy fed Lk{ “HN\ o cqupin pen® WM( 44

Dede J\‘;Q _}@\.»:{':-J Jl‘ ’ﬂL 'ﬁld(’l(\'}‘ 2

~

©) Explain wﬁy the half-life of Tc-99 makes it an ideal radioisotope to use for a medical scan.

)

" ? I Jeal e L0 and O{LJ Mt.t)\tu\ \/ots 'r‘f oo togfyes nqu‘mv

i\\" Mg b “de——?}’ aot C/TQ\{ i L éu’“nm‘ R(:-'r o ,ab‘ TL

v \’ ’L a ';c»\‘ lmH\U; oL «T\\\ ‘W} 1-/:0{\]\\ e b u;ﬁw The pame g
l“‘kz"w\ 9 & g .:,:,m.; r'.-mal:/ o .,f(ff{’cl\%&m L Fur Te 9 \Al‘-’l\ v l«u/:r (Uh c}ilu/'%/
I L N e e ot hedy B bo ) befr
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d)

solid Tc-99 arrives at @ hospital.

A 50.0 g sample of
(i) Calculate the mass of solid, radioactive Tc-09 that remains after 15 hours. Show
working. 3)
fotal \
AT\
- /
a+ i / 2.5
G ER 6O, - .85 %
e Z 17 ek
- 9% to My 0. 0ubely

' 0.0U% '
v v g
. Egmr Ay

(ii) Once the mass of a sample of Tc-99 drops below 5.00 g, a new sample of Tc-99 needs
to be brought in to the hospital. Calculate how long it will take for this sample of Tc-99 to

drop below this mass.
@ -

Al (m\} Yoo

(4
Cp 70t bl by, /U5 D hows

YALLLY

5
1.5 U
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Question 14 (17 marks)
A Physics student built the circuit shown below:
VroraL =120V
Ri1=10.0Q
\ |||
VAV \\ \l
SS Rs= 5.&)
A
R2=5.00Q
a) Calculate the total resistance between the points ‘A’ and ‘B’ (Ras) in the circuit. Show
working. :
, (3
545 = //lwﬂ
A d e~ MW z9955
10 e
% i
5 Q
b) Hence, calculate the total resistance in the entire circuit (Rr).
(@)
4, 0% 1 10T - 465
-~ 4 i
1%, SR Q
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¢) Calculate the total current flowing in the circuit (). @)

qa
\J;LV\ i '_\‘) :O.gW
'I/ ¥ - ‘
/\’I/:
G902 A

3)

d) Calculate the reading in the ammeter.
f)\,'\“:' j = L
| ) ¥e
\10\% wawﬂﬁw b YAV J
12- 3 .02 =7 M

Aw @0 ‘\LA ‘Ym\f\
Buml_yT
ALY

. f)\_(\ YC'
‘1‘%?) . Reading:__ "
‘E}’;:S‘/DQV
C) R
9 3)

Calculate the reading in the voltmeter (V).
guk= 993 1z Y

99> 5 ¥l T R - :
TR gl o
q'qbc \}/\\'\I'l- /

Tusi- L <
‘ %
£,49\

€)

Q,
- gV
\J ; Gualic ? = & Reading:

The student creates a break in the circuit at point ‘C'. Does the power generated in the 10.0 Q
(4)

H
resistor (R1) change? Explain using calculations..
vl ‘)(
-1k :

AN
\ Wr
f-uT :
p. O A¥2 w % w
-y & A T st
oot Teep, (prza AT LS Nﬁ cleo
#7223 HTU ) e a b o T A2 g VoS
L0 IR i\ o & cowr r!/W" ) q
s L0 AL VEC,
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Y. Question 15 (16 marks)

A fast breeder reactor - unlike other ‘conventional’ reactors - is a nuclear fission reactor that
generates more fi s/sie_nﬂenal than it consumes. Breeder reactors achieve this by irradiation of
a ‘fertile material’ (ie — a radioisotope that can be turned into a fissile material by capturing

/() bombarding neutrons). An example of a ‘fertile material’ is uranium-238 and this is loaded into the
reactor along with fissile fuel (eg — U-235). Modern nuclear weapons adopt the same ‘fast-

breeding’ principle.
./

The extra fissile material that is produced by irradiation of U-238 with neutrons is an isotope of
Plutonium, Pu-239. The initial neutron bombardment of U-238 produces U-239. This radioisotope
of Uranium is a beta emitter and transmutes into fissile Pu-239. The extra fissile

Neutron capture in a nuclear reactor or weapon can only occur with slow-moving neutrons.

a) Name the feature within a nuclear fission reactor that is responsible for reducing the speed
of fast-moving neutrons. Explain how this material works.

A pad I\aué\rv‘w \\o\-\ i) lv-»n/\#»\'"(, “tr G\Gw‘
*fﬁw\\q \‘»f’»u\( \rwu i \/}\m b _pupons "fm(lb\ 4«&,\\\ (o _codido )

‘&U\lml oil \LM/\: b n‘a(wb«\)/ﬂaﬂﬂlu\ MU \w H 5’(/\)\/ thon

o ‘\4 u\'! +0 PﬂUie 4!%0\/\ M';W [MTM Wiosin ann toctiot s
iy (Ux o & & iAo n Hﬁ/ﬁ Bpslly_ oructirro ) o (it A S darm

by cm’roc)- fdean & md Yo modigstor -]

The chain reaction that occurs in the fast breeder reactor is a ‘controlled’ chain reaction. This
contrasts with the ‘uncontrolled’ chain reaction which occurs when a nuclear weapon is detonated.

b) (i) Name the structure in the nuclear. fission reactor that is responsible for ‘controlling’ the
chain reaction. Explain how fructure achieves this.
. ©)
CNM\ fog) tlﬁ“ﬂmf’)Ml s om{m“'v\ o (Jm\'n [LaClhn I+ (o
4«1’?()0\\4 Mﬂdt gt o}‘- ['mrm CﬁMf'f &%501‘05 Lycmfcﬂ.l
,,LM\ Hpeser—do— b Mn fdeo)® ""iomif/m)l’\ ‘[Lc uin
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(i) Explain why the chain reaction in a nuclear reactor must be ‘controlled’ - butis not
‘controlled’ in the same way in @ nuclear waapon. ©
Al xt‘(\’r W ‘lt’ o Bhaend & lod o n«(\r\\ o) OIS wgas "1‘{' ‘
J

!
FNINAL l\\lm S g U oot © U\He N
m\h\[ l‘(uL\(L\ \1L vﬁ{l‘\\l o\ fz\L\\g\(\d\{ \x\\) uw\\l‘ ‘\\\ i ‘]\ pand
a) T S0ganaY B 0 \\\\{(\4:\\-[_./'53‘ Q\l ‘!t rh\\\\ v )& QU J\\\"\ i‘l\ldk\-
\ ¥ i

Gucomlld I TG "f\( aodedy Q‘-\\""’T‘"“
\

In a‘nuclear bomb, prior to detonation, two sub-critical samples of the fissile material are separated
at either end of a long tube inside the bomb (see below).

The bomb is carried on a lon
Upon detonation, conventio
massive explosion results.

5.~y
T

g-range missile and is detonated at a high altitude above the target.
nal explosives force the two sub-critical samples together and a

0— B

erms ‘critical mass' and ‘sub-critical mass' and use them to explain the
operation of the nuclear bomb described earlier in the question.

(’RQ,U\\ MOLS N V“\\‘l\' | Q f\"t\"ﬂf‘“\ f(ull\\ W N“‘wv had

( can odoatl snalokin RS shulality_ bt ot w drssiis
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& LAU\‘A\ 1o ah\ ‘!‘\«“\ MU\M £t aq\‘s'm st el
\,\\‘\\«\ Loon c}\\w. m *&\ St Joses w*m d‘Lf H o ddoen "4-(qu
aloms ot M;m‘—s tou &5\ i) mum‘w i slads 9
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/ d) In the introduction to this question, a comparison was made between fast breeder reactors

and ‘conventional’ reactors. Briefly explain how a fast breeder reactor increases the overall

power output of a fission reactor compared to that produced by other ‘conventional
reactors.

4 'k"* \Mﬂ)tr tudeys JU"‘) Mn)wrﬁor Yo afm/ ’V?L

ﬂUd\(Uf\ c)-)uh, Vs, LGJL( W‘Bﬁt on ~ ofeute o ‘h%.’l( n.fﬂhlh\\

Vj\’\\h\f\ f(()()f_[,b UL[M Canm ¥ _sureak] f(f{Uki( L
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Question 16
i i aces
Answer the following questions about electrical safety and household wiring in the sp
provided
e wires that are attached to it in a normal

he diagram below shows a light globe with th
household circuit. In the labels provided, write the names of the wir

globe.

es attached to the light
()

\o\@

Y
(L vl R

b) Switches are placed on a particular wire in the household circuit. Name this wire an
xplain why switches must be placed on this wire.

\Qu’r -f[x, Q(MHM > '{‘of - 'FU/‘DNB
N nd \)}YX 4l 16\\\3* W@M&JA ) ‘FUfI\a) cH, u

Q(m ey Argd P vended and Tl \q\\?r \»m’rm\ ‘fLe GW”M
Y‘.) {\J”\(‘_(\ N Wm\‘f\ l(“\ﬁ tn{} e (LULN\LMCO on) f4t ‘(a «}m

©)

c) Explain the role of ‘circuit breakers in household wiring.

@

Crioit breubas lnwv( ‘b'\*dﬁd Aoty ol dLwesy ore C)O'“Nf\
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/ , Cartaln appnanm hm fif 'osnh wlro Dmriba the appliances that have an esrh whre
/ and explain the role that this wire performs In conjunction with ciroult breaksrs in kesping
the oceupants of & house &afe, "
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Section Three: Comprehension 20% (36 Marks)
This section contains two (2) questions. You must answer both questions. Write your answers in

the spaces provided. ‘

When calculating numerical answers, show your working and reasoning clearly. Give final answers

to three significant figures and include appropriate units where applicable.

When es}imating numep‘cal answers, show your working and reasoning clearly. Give final answers
to a maximum of two significant figures and include appropriate units where applicable.

Supplementary pages for planning/continuing your answers to questions are provided at the end of

the Question/Answer book_let. If you use these pages to continue an answer, indicate at the original
answer where the answer is continued, ie — give the page number.

Suggested working time for this section is 40 minutes.

Question 17

(18 marks)
\6 Nuclear Astrophysics: Nucleosynthesis in the Universe

/ From Lepine-Szily and Descouvement (2012)
Th

e ro!e of nuclear reactions in our Universe is two-fold: the production of energy and the
formation of elements — a process called nucleosynthesis.

The idea of energy production in stars occurring through the nuclear fusion of H-1 and H-2 into He-
4 was first raised by A.S. Eddington in 1920.

In 1931, Georges Lemaitre, a Belgian Priest and astrophysicist, proposed the idea of the ‘Big
Bang’ (not the name, however, which was suggested later by Fred Hoyle), based on the evident

expansion of the Universe: if projected backwards, this expansion suggested that everything began
from a very small region in the past.

After the Big Bang, the first generation of stars was formed from Hydrogen and Helium only.
Heavier elements necessary for a carbon-based life were produced by nucleosynthesis in stars.
Then the elements absolutely essential for life were made in supernova explosions of massive
stars. These processes took place on massively long timescales - billions of years.

In 1939, Hans Bethe established which nuclear reactions could be responsible for the production of -
He-4 from Hydrogen in the stars. He introduced the mechanism of the proton-proton (pp) chain and
the Carbon-Nitrogen-Oxygen (CNO) cycle. C-12 itself is produced by a “triple-a” process (three a-
particles combining in two steps to form C-12).

In 1948, Alpher, Bethe and Gamow proposed that ALL elements could be produced during the Big
Bang and subsequent star formation through successive neutron captures and photon emissions.

Relevant to this process of nucleosynthesis and energy production is the concept of nuclear
binding energies. Let us consider a nucleus made of Z protons and N neutrons (where the mass
number A = Z + N). The binding energy of this nucleus is defined as the energy required to break
this nucleus into ‘A’ individual nucleons.

\
How binding energy per nu%leon (in MeV) varies against mass number (A) is displayed in Figure 1.
This graph illustrates some important information about nuclei and their binding energy.

SEE NEXT PAGE
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The behaviour of thg quclear binding energy with ‘A’ in Figure 1 shows that for A<56, binding
energy per nucleon is increased as the mass of isotopes increase; or, in other words, by isotopes

‘capturing’ another nucleon (p or n) or an a-particle. This is the origin of fusion reactions occurring
in stars and fusion reactors.

In contrast, for masses A>56, as the mass of isotopes increases, the binding energy per nucleon
depreasps. Hence, nuclei can increase their binding energy per nucleon by emitting particles. In
this region, many nuclei are unstable and emit a-particles. Spontaneous fission occurs in the

uranium region (A>200).

0 100 /_‘:S_P ] ':&—__ ":SL.
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Figure 1

According to the graph in Figure 1, the isotope with the greatest binding energy per nucleon

is Fe-56. Use the data in the table below (and information from your Data Booklet) to show
that the binding energy per nucleon for Fe-56 is about 8.6¢0MeV. Show all working.

ok @

PARTICLE

MASS (u)

Fe-56

55.9349375

"Proton

1.00727647

Neutron

1.008665

&0
e
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1007 v U~ Lh. (847
Y0 abrtns <

1.00%30 > “Jb,zajaq
o ™
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b)  The isotope Fe-56 is situated in a region on the graph at the beginning of Ith's ?‘i’es“?:
called the “Region of very stable nuclides”. The radioisotope U-235 is not located in this
(1) - ‘

region.

(0] Use Figure 1 to estimate the binding energy per nucleon (in MeV) for U-235
) MeV

Compare the binding energy per nucleon values for both U-235 and Fe-56. Use this
comparison to explain why Fe-56 can be called a ‘stable nuclide’, while U-235 cannot be
(3)

(if)
called this.
G 5 g. Q Mbu/wdaw\ Uv)\l'&. ‘

/{( L
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—

Use the information in the article to briefly describe why isotopes in the region with mass
numbers such that A<56 are more likely to undergo fusion, while those isotopes with mass
(2)

numbers such that A>200 are more likely to undergo fission.
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d) lnsijn ur own words, describe the process of ‘nucleosynthesis’.
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e) Like many isotopes in the region A>56, the radioisotope TI-205 is an a-emitter. Write a
balanced nuclear equation for this nuclear de

R
2 = - v yH/ (3)
A

f) The article describes the process whereby the important isotgpe.of Carbon, C-12, is
produced by a “triple-a” process (ie, three a-particles combining in two steps to form C-12).

In the space below, write two (2) balanced nuclear equations illustrating the “triple-a”
process.

g )
;Hb Foud -7 WL |
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Question 18

The Space Shuttle’s Thermal Protection System

The Space Shuttle Orbiter was an amazing technological achievement that remained in service for
thirty years between 1976 and 2006. It was the world's first reusable spacecraft.

On_e of the most visible aspects of the Orbiter was its external tiles (seen above as both black and
white in colour). These tiles formed part of the Orbiter's Thermal Protection System (TPS), which
worked to protect both the spacecraft and its human occupants from the extreme temperatures
created by friction during its re-entry into the Earth's atmosphere.

Early vel_1icles that had to re-enter the Earth's atmosphere used a variety of techniques to avoid
combusting. Two examples included heat sinks that absorbed the enormous heat that would have

been absorbed by the vehicle itself and ablative materials that actually ignited, burned and charred
as they absorbed the heat created by re-entry.

However, none of these early vehicles were reusable. Hence, the materials used to protect these
vehicles were rendered essentially unusable after the space flight. Reusable vehicles posed a
different challenge. Scientists figured that a combination of metals and ceramic materials could not
only withstand but also survive the high temperatures of re-entry.

In the case of the Orbiter, scientists chose the conventional aluminium for the main body due to its
low density and light mass. A TPS that essentially coated the main body with a layer of heat
resistant materials was then added to the exterior.

The properties of aluminium demanded that the maximum temperature of the Orbiter's structure
remained lower than 175 °C. At this temperature, the aluminium begins to soften and its shape can
be permanently distorted by the extreme heat. The temperatures experienced by the Orbiter during
re-entry were, however, much higher than the melting point of aluminium (660 °C).

During the 1960’s, NASA developed a silica-based insulation material (silicon dioxide). NASA
designers constructed tiles made from this material to coat the Orbiter's aluminium body.

The part of the Orbiter that experienced the highest temperatures during re-entry was on the
underside of its body. This part of the Orbiter was covered with about 20 000 black High-
Temperature Reusable Surface Insulation (or HRSI tiles) made from the silica-based insulation
material. These tiles experienced maximum surface temperatures of between 650 °C and 1260 °C.

SEE NEXT PAGE
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/
/ These tiles have very different thermal properties to the aluminium. Some of these are shown in
‘ the table below:
ALUMINIUM SILICON DIOXIDE
" MELTING POINT 660 °C 1710 °C
SPECIFIC HEAT P Jop-
CAPACITY 900 Jkg-i°C 628 Jkg'°C1
THERMAL CONDUCTIVITY 180 Wm°C ~0.0485 Wm'°C*!

As can be seen from the table, the thermal conductivity of silicon dioxide is vastly lower than that of
aluminium. Thermal conductivity (often denoted by 'k') refers to the intrinsic ability of a material to
transfer heat by conduction. It is also defined as the amount of heat per unit time (ie, Joules per
second), per unit area (in square metres) that can be conducted through a flat surface of unit

length or thickness of a given material (ie - per metre), the faces of the plate differing by one unitof

temperature (per degree Celsius). Thermal conductivity can be calculated using the equation ~hiy
below:
Q i .
k== ——— (1)
t A(T,— Ty
where: k = thermal conductivity (Wm°C™")

Q/, = rate of flow of thermal energy (W)

L = length or thickness of the conducting material (m)

A = surface area of the material (m?) .
T. — T1 = temperature difference across the length of the material (°C

a) Identify two (2) thermal properties that materials used as [heat sinks’ would need to have

when protecting a spacecraft duringy
(2)

“tc.)\r\ M/\ﬂl 00 Y =

th\/ “flnlf\/\a{ (‘E(J/\r'lrM(Mhl X
SHC T
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N
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Use the particle model to describe what is occurring to aluminium as its temperature
4) \

b) o
increases from below 175 °C to above its melting point of 660 °C.

A""X'T “’b \W r’\ \/\/\\\ A\uwoL j¢ %\w{]lrc‘wt V{m/\. /\76{40 %Q(/(ﬂ«hq
e f \(0«\(/ LW (\B«Q«\ w\ s W \K\\)\NW‘L 'ﬂw\ At it Iw\mwi/% :

7/ \\\ f\u\r (xmm Aloprihiopa -w&s%mrz g\&r&r WQMW

o W\k St , M \N‘\\ canlingt, o \nguoa, T4 !Mﬁawdwl- s6olh . DW"»
A&L% g Loby X“M {F5T by /,(‘hi ﬂ(. alwwmw\ A//{“FL’J’” zdl ﬁaﬂ L’“d/(
ol y)
Wmu J ofrts To \n(reast ALmz‘mb\‘muunL o e lmdmgeﬂb\ 4
\'\s\«(\ \\v QXUN‘\‘\\\NV\ i) ()f\\\«ml\&\ AnfoL ‘ﬂ:ﬁﬁv M” QWHL“O W\\\\
AU\\l ('\(N\ UO\A\ nhm\\ \‘3 (\n\rrow\ '&\(( KUW'; Cﬁ “\-MW’\/‘)FM (}f\(,
S’f‘\’\\b -\b\, N'\v»)u \w\&u \mrb\\ %\\5 dv ey, Gmﬁmd Q\[W\;\\'u\h V\K\\
; s @\rﬂ(}% o\ Wy rurd

CM\M YU et By Wmuire iy
A typical HRSI tllé\pﬁas the following specifi catlon
mass = 1.02 kg; dimensions =15 cm x 15 cm; thickness 2.54cm

(i) Calculate the energy required to raise the temperature of an HRSI tile from 650 °C to
©)]

1260 °C.

NN
Gz L%

o~ ’1%
Q. 4.02 \ faaVEA0
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/
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(if) During re-entry, an HREI tile will typically experience a temperature gradient of 1260 “‘C
on its e)lderior to about 170 “C on its interfor, Using equation (1), determine how much heat
energy is passed through the tile every second during re-entry.

4)

C'Ji()‘/.rﬁ s aad]

96 2 Or £ uhe 17
V- bGgzvry 7

0,

_ ~ 1 ( ( 7}:,(/ .
g.outd = G v 8580 07 Ny ( /,#W{fg
@zfsrwea) oz g yb Y

(iii) A human can hold a HRSI tile in their bare hands even ff it has been raised to
temperatures similar to those experienced during re-entry. This certainly could not be done
with an aluminium object. Using data from the table, explain why.

©)
b, 1 aluritonn _unbd Vo bog ) o 1200°C
Ao &4 e wit) oy it ol 0ok G ld=T Aspn)
r/rr)vﬁi!i‘u Ly Q’}Mrlhm 2 RN L:J‘l//lﬁ o [y An/() / wih
_ylgritir wr Aot Wi ﬂw’/ will ALIWL(:'/WW(//A@

N TS

('/L‘ 2 /M\/le;

7
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Physics Units 182 -
d)  The HRSI tiles are black in colour. Explain why this colour also assists with protecting the
aluminium Orbiter body from absorbing excessive amounts of heat.
/ )
‘0 \‘Jéu/\') ﬂ\y ) "Q()leu] [o»l{ ﬂb i e ‘
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End of Questions
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