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PHYSICS 3 ATAR YEAR 11
Section One: Short answers i (54 Marks)

This section has fourteen (14) questions. Answer all questions. Write your answers in the
spaces provided.

Suggested working time: 54 minutes.

Question 1 (3 marks)

A child playing mini golf puts the ball 4 m east, then 3 m south sinking the ball in the hole in two
puts. State the distance covered by the ball and the ball’s displacement.

Distance covered = Trm [1 mark]
Displacement = S Eagt 3b3°Sonth [2 marks]
(D) [AD)
L ,
(D ’}_‘ﬁn%’:;—f"
\ [ 3 B
5}\;,’/ ®=36-9°
Question 2 (3 marks)

A violin string is tuned to a fundamental frequency of 500 Hz.

(@) Sketch below to show the fundamental and the second harmonic of the violin string.

(2 marks)
/‘_\7 P d Lol
w WUrgid rmemnial
(b) If the violin string has a length of 32 cm, what is the wavelength of the fundamental?
(1 mark)
L= 0:32m
A= 2L

See next page
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Question 3 (4 marks)
Two resistors are connected as shown in the diagram 4.000
at right. A potential difference of 12.0 V is applied D
between points A and B.
—— —————
(@) State the voltage drop across each resistor. A l:[— B
4.00 Qresistor: __ 120V 6.00 Q

6.00 Qresistorr 12°0V

(b) Give the current flowing through each of the resistors.

4.00 Qresistor: 300 A

6.00 Q resistor: 2-00A

Question 4 (5 marks)

A flute can be treated as a resonant pipe open at both ends with a length of 55 cm. The
fundamental frequency of this flute is 312 Hz at 20°C.

(@) Draw the standing wave (displacement-distance envelope) produced when the flute is
played so that the fundamental frequency is heard. Label each node and antinode.

(2 marks)
(1) Sk
(%) node A
gD arinodt —

(b) By how much does the fundamental frequency change when the temperature of the room
increases by 5°C? (Assume that the length of the flute itself does not change significantly

as the room temperature increases.) (3 marks)
Ay 20°C Ar 28°C V= 3hbms
?\“’_2}(0_55 A= 1\V0m
=110 (1D bor
iy
t= 32 H= - b

n 97 o 1'10
Dr=81L55-3(2 54
-AISE LN

55 Hz (1)

\l
N
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Question 5 (3 marks)

Draw a simple, clear, well labelled diagram to explain the Operation of an evaporative air
conditioner.

00V

Question 6 (5 marks)

A car is travelling along a road at 30 ms™ when a pedestrian steps onto the road 55m ahead.
The driver see the pedestrian and applies the brakes of the car after a reaction time of 0.5s. The
car slows down at a constant rate of 10 ms2 until it comes to rest.

(a) Draw a graph of velocity vs time on the axes below to show the motion of the car.

(3 marks)
¢t
)
0 4=
hﬁ
3
w
£ 2 \
)
=1
<) & ct)
g 1€ :
o5 To TS T3 ® 35 : (‘) A3
. Eime ¢5) '
(b)  Use your graph to determine if the car would strike the pedestrian. (2 marks)

pﬂ’&a (AV\O\P/V curve = OUS?\O.(LMW{\' .
Nes ,Car rowld it e (V)

= 20 0'S 4+ {9?5—3—— = éom Mes}y{ab’l as 60m .S)‘DPP"/j
2 Cl>

d/is‘%v\nQ >' 585 m .
See next page
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Question 7 (4 marks)

One method of producing plutonium-238 is by bombarding uranium-238 with deuterium
(hydrogen-2), to produce neptunium-238 and two neutrons. The unstable neptunium-238 then
decays to produce plutonium-238. Write the nuclear equations for these two reactions, showmg
all particles involved in each reaction.

238 L\ L [
238 2 S Ne + ? (L) ror 2adn
O+ H az T P
92 ' ;
238 Np —> Pu + _ ¥
93 AL
Question 8 (4 marks)

Protective clothing is used by workers around the world to help keep them safe. In terms of heat
transfer, explain how each of the following helps keep the wearer safe:

(@)  -Smelting workers wear aluminumized jackets and gloves. (2 marks)

[ - . 0 ’I A W . 1 1 .
o LG—S& ‘1:1;7 s obsovibd & B o Aeched m&}/& ackc/luur‘ﬁ-‘j‘o\u_§. Cq‘)

(b) Arctic Sea Rescue workers wear a layer underneath their outer jackets which consists of
a three-dimensional knitted material, with wool on the inside and outside and a mesh
that maintains gaps between these layers. (2 marks)

o o eorers body - O

DO NOT WRITE IN THIS AREAAS IT WILL BE CUT
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Question 9 -

The graph at right shows how the temperature of
1.00 kg of substance X varies as it is steadily

b
Q

ATAR YEAR 11

(5 marks)

Heating Curve for
Substance X

heated by a 50.0 W element. Substance X is
initially in the solid phase. From the graph,

60

o
. —~ 20
determine substance X’s g
=
, : w O
(@) melting point. (1 mark) S -\¢
=%
g —20
T
_ ° a —-40 !
107 C ,
0 10 20 30 40 30
Time (min)
(b) latent heat of fusion. (2 marks)
: = L(,0U0
=1.A Q= 22=L0x'S0o L,P - =
m 10 1&3 ) -0
- W = 66,0003 2 o el
ik : CQD ;ég,«'oﬂchca (J;.\.
= C0o 3 ' 1//y
@=mL} -
e Jormedr = 22 mins
A ()
(c)  specific heat when in the liquid phase. (2 marks)
— ) - J" \\
= 1°0 ﬂLg '
cx = O
time fer AT = 20mins . mDT
@ = 20x bOxSO = 60, 090
‘ox &0
= 60,0003 ! 1°0x e o 1\
’ (2) = D kjkgfl’.¥ 4>
Question 10 (4 marks)-
Indicate whether each of the following statements is true (T) or false (F).
' T
(@) When a gas is compressed its temperature rises. !
(b) It is not possible to cool a substance below 0 K 1
, ) -
(c) An voltmeter should be connected in series. ' ~
r
r

(d) Gamma rays have a very high ionising ability.

See next page
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Question 11 . (3 marks)

Kim is a 50 kg ice skater who travels left at 2.0 m s™ towards Billie. Billie has a mass of 75 kg
and travelling right at 2.5 m s™. They collide, hold onto each other, and move off together. What
‘is their velocity after the collision?

Bilic Kim vight is TV

2‘% 2 ‘Sms'\ Z-Orns'\

—
'y

m = 50!
m= 15% 2
- A
ZPbeCofe. : Z P aber )
¥} = vV
g ¥ g ¥ M‘L* 8 ey
9L x2:8% S0%°20 = (15rs0dVv (VD
v = 071 4 (1.6\(_\37
3
Question 12 (£ ( ”> (3 marks)
The diagram at right shows a cross-section of a vacuum Glass walls

with silvered

(Thermos) flask, which is designed to store hot liquids surfaces

with minimal loss of heat over time. Briefly explain how its
design reduces heat loss from a stored hot liquid, with
reference to all three heat transfer processes.

Air layer

. device
S S 2t
/ ans »rert™M casr djx‘/z (/’ L ’9(

S = frap .
| m/,DW sk s PrM‘/""’b Jtct [oss vier

Container
Hot or cold

conveetion (I ) liquid

Mﬂ\ SI.IVMJ 51/1/%(&' W o CWI;S %P{ﬂSé Rubber support
c !/

alv (ﬂjw et ?W

. é’/
y L /C/VWWL_S //uzg.f #ra 1S
VAL uur — Ao /:;pv}loQSJQM P
}/l-f/" LW&’{MW

Spring -
centering

ww(u_o;’.V”‘ 1) &/@
heat loss e 7

DO NOT WRITE IN THIS AREAAS IT WILL BE CUT
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Question 13 (4 marks)

A woman throws a tennis ball vertically up into the air from a building rooftop. She releases the
ball at point A at a speed of 10 ms™".

B
Ir‘l (@) What maximum height above the ground does the ball
I reach? (2 marks)
‘: A vEauZtrzas

I -
A U= [Oms
”;:Tf A O = 105} 2% 9-Sxs
~ S A =8-§ mS
Ty | s =~ )00 Mok ol
R et S V= 0mS °s = ’ und
gE=Sos g i34 9"
) -sl...w:...l... l'-'-'"" :
i meewc I 11.0 =510 m™ = rorg-lo .
= oy it O
e I
| (b) At what velocity will the tennis ball strike the pavement?
| (ignore the effects of air resistance) (2 marks)
i
7 2:
s=b- 1 m v = uTr2as o] 2O
= YL 9-8 %<
a=9%ms% O o £ -
~\
Pl (e V= /31556
= |7-8& mg A g
Lo\ 3=\
(%) )
Question 14 (4 marks)
A smalll electric motor is connected to a 9.00 volt battery. The motor is switched on and takes
2.0 s to lift a 200 g mass upwards through 50.0 cm.
(a) What useful work is done by the motor? (2 marks) J\Q W
W = A -é_P ( !> 0
- w/\ﬁm
= 02%9-E§x0 S
(b) If the motor is 80% efficient what current will the motor draw
from the battery as it operates? (2 marks)
£ (- i - \‘
E=2.05 I 30 J elbveint Epp= 098 - 1225341)
vC= < 08
v = q-0V P= E = P25 _ s v e
£ Z
P=vT ;r:/?,_.:: 0-6125 _ 0-07;4(;)
A 9o

END OF SECTION ONE

See next page
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Section Two: Problem Solving (90 Marks)

This section has six (6) questions. Answer all questions. Write your answers in the spaces
provided.

Suggested working time: 90 minutes.

Question 15 (14 marks)

A Physics student conducted an ice added
experiment to determine the latent
heat of ice using a copper
calorimeter packed in a foam 5
container, similar to the apparatus
in the diagram at right.

m

W
Ice was dried with paper towel and

added to the hot water in the hot water ice all melted
calorimeter and stirred continually until a
significant temperature drop was recorded.

The mass of the calorimeter and contents was then re-measured.

The student tabulated the following results:

Initial temperature of ice (°C) 0 +0:5 °C
Mass of empty copper calorimeter (g) 80.00 +0.05¢g
Mass of hot water and copper calorimeter before adding the ice (g)| 180.00 +0.05g
Initial temperature of hot water and calorimeter(°C) 50 +0.5°C
Mass of water calorimeter and ice after ice melts (g) ~ @7~ 235.00 +0.05g
Final temperature of calorimeter and water after adding the ice (°C) 10 +0.5 °C
Mass of ice added to calorimeter (g) £5- Wy

J

(a) Calculate the mass of ice added to the calorimeter and record this in the table above.

- (1 mark)
£S8S - 180D = 4::5061
R
(b) Calculate the percentage uncertainty of the mass of ice. (2 marks)
5 O./ 'i Z ,"'04. )/ 1)
v -/ -
§5-0gt 0187 1)
(c) Why was the calorimeter packed in a foam container? (2 marks)

/.v>
(¢
£ & | e ofe T A D . ol
foam 1S a gopd shswlefo™  asS o 15 & pPOUY o ulfeovr of reat
A - /
4

- - i /) 2 ) L / / ) . P
Focling in 1vam provents het [oss 0 /le S clrfoWwalfﬂv @
| J

J ) : P . \x ( J
v . > { |
via. ¢endaehHpn cry -
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(d)  Using the student’s data calculate the latent heat of fusion of ice. Show all working.
Use the specific heat capacity of copper as 385 Jkg 'K 1. (5 marks)

= -ty -/ -
be, =385 Ty~ X Moot /os%%j crloviomater | ol oty = #ea‘Jo«hdLé;; 1 ()
Miee = 6-08< /(.j
mcuCCaAT;u fmh,;— C‘-\/ A";w = hq,'q /"pa; 4 M Cu 07;Q (‘)

™eu = O-rjezj g o
07, = 40 °C S
0-08x 38Sx 40 + O-lxbigox Lo = 0°0SSx l—;}u 7 0-053x 4180
M = 0+ ( ook )
e /1232 + #,720 = oossil, 12, z?ﬂ(D
e

é/_\ - ]'7) 952—2,279

’

o‘o.s"f
=2-85x10° Thks™ (1)

(e) The student then conducts another test to find the specific heat of an unknown metal.

They left a 57.9 gram block of the metal in a

beaker of boiling water for several minutes and 30 B
then quickly transferred it to an insulated cup __im - -
containing 60 mL of water at a temperature of = g
22.0°C. The temperature reached by the water § g _j \

and metal block once thermal equilibrium has % Metal biock -
been achieved is 28.5°C. — \j
Assuming that heat transfer only occurs between

the metal and the water in the cup, calculate the specific heat of the metal. (4 marks)

}/Mﬂw“&a{ %j /-fc}]"W = heef [osH bj rrefod b/”‘//(

m -C AT = B
W= My Cx 4 /x (‘))
¢ v
0'06xLl€0x (285-22) = 0.0879x C, ( teo-25-5)

Cy = //,.é’.?OjZ—

414

= .9 Z — .

See next page




PHYSICS | 12 ATAR YEAR 11

Question 16 (14 marks)

Two speakers are placed on the floor P
4 metres apart, as shown in the x|
diagram at right, on a day when the
room temperature is 25°C. You stand 3m
at point P, which is 3 metres directly 1
in front of one of the speakers. The 1

~ speakers are both connected to an /T‘
audio frequency generator which is speaker 1 |
producing a steady 518 Hz note.

(@)

(b)

standing at point P. : (4 marks)
& S5
rp== 2. .z
= Z2m c\) > 0468
2=
i A+
holt. n® rud Aple - A . tonshmehve (1)
= ﬂ{é_ PD Hre v f) , y; :
siI&
= 0" fégmﬁ) WI}V‘M_&hVL ,wjoflfz,f@nc( resedB ,/3';}9/ Sound
)

1 speaker 2

Demonstrate through calculations whether you will hear a loud or a soft sound when

Describe what you would hear if you were to walk slowly along the dotted line shown
above, moving to the right away from point P, and explain why. (3 marks)

r/‘ . ;’ ){1 /0 f{ ’W(
Y(JVL Holdd heow o 575 or ’/{Mnﬂj e 6"/"‘% (”)

[ ]
Sounds ~S b{dv‘ wedk %[‘WJ Ne oletled (e a«wr:j Frovn P

71*( 2D olf‘m-n?cj R erau ol y(mj Ne e ’ﬂ{
et /W,/)/M{,na - [m/«.m/ sorols (
fc’jwfhy P~ arias a’ﬁ (ens 2

) VL [~ ])PLA%_ .
as e ~ove &7 o ehsedt €
ip/ oles b e fVE /WWCK — get? = )
and =8 4

E
o phase
e Ne  wonts arvive o /P

DO NOT WRITE IN THIS AREAAS IT WILL BE CUT
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(c)

(d)

(e)

The limits of audible hearing for a young, healthy person such as yourself are usually
given as 20Hz - 20kHz. What is the lowest frequency that could be produced by the

Speakers in order for you to hear a loud sound at Point P? (3 marks)
) L ]
J 6/ J g AR e ) | /)
-;:Q = 7 lcal

TI\:W//_ (F\)
y.
=32 = /73H= . ()

2

o

The speakers are now re-connected to the audio frequency generator so that speaker 1
produces 460 Hz and speaker 2 produces 464 Hz. They are then played simultaneously.

(i) What average frequency will you hear? ‘ (1 mark)
»‘n
gﬁ/,a?i = 480+ bsl _ GE2 Hy (D)
> -
(i) What is the resultant beat frequency? . (1 mark)
;;i . )L /g ;
beat /‘ 7’:-,"'7‘/}/ = 4.5!_}"4”60 —";{c,f’?"?,_ ({7:*)

The graph below shows the CRO trace for a London Police officer's whistle. The whistle
is designed so that it uses two short pipes blown at once to produce a unique piercing
sound. Use the graph to determine the frequency of the beats produced by the whistle.

' (2 marks)

( |

!
|
{

!

o 2 ﬁé g % 10 12 12 16 18 20 _ Z{@ HZ (‘>
T=L""Time (ms)

See next page
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Question 17 (19 marks)

A ballistic pendulum is a device that can be used by forensic scientists to determine the speed
of a bullet.

The pendulum consists of a large a) ’ by o\
wooden block hanging vertically, §
as shown in diagram a) at right, at i Y

which a bullet is fired horizontally.

The bullet hits the wooden block \
and remains embedded in it,
transferring most of its momentum N

to the block (diagram b). m . Yy b (’()
- - . - -
- -

I
|
|
|
— }
|

The speed of the system after FRS——
collision can be determined by
measuring the maximum height to which the block swings (diagram c).

The mass of the bullet is 10.0 g and the mass of the block is 2.30 kg.

(@) The block (plus embedded bullet) swings upwards to a maximum height of 26.0 cm.

Calculate their increase in gravitational potential energy. (2 marks)
= (2"50-» 0'01) x4. ¥ x 026m
= 5:%893 0
(b) Determine the initial speed of the block as it first begins to swing upwards, immediately
after the bullet is embedded in it. (3 marks)
Ay, = A Ej f 0
L 'S
2mV = §-%9

- vy = S 2% 589 ©®
231

= Z'ZGMSFI @

EAAS IT WILL BE CUT
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(c) Calculate the momentum of the block plus embedded bullet immediately after the bullet
strikes the block (diagram b). (2 marks)

Pav?—kr = mV @
= 2‘2;1’;4 22(’

= 5.2]| l<3m6" ®

(d) Hence, calculate the speed of the bullet before hitting the'block. (2 marks)
Pbdem = P‘-H':’ ' ©
My Uy, = (be*,’mb) Va+h
. '5'
% Uy, = 2 2 = 52l ms ©
0ol

(e) Determine the kinetic energy of the bullet before collision, and compare it to the kinetic
energy of the block plus bullet after collision. (3 marks)

>
Ev bebowe = + m, Uy, .
= ‘Lixo.o\ x 52l
= ‘1360 Y D
Evally = Y (merm, )V,
= Ji x 231 % 2r2(=z
= 5907 ® O
& A $
pi Ek 0-%21' is 'MM&L{ESS«QAIDQ_QJL O'\lj T,;Zo}‘[oao% = 0'4‘76 TenQras

() Is this collision elastic? Justify your answer. (2 marks)

M colligion ¢ not elaghe @is almost all He
has betn convertidd doheot. ©  (19°6% lost)

See next page
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An identical bullet is now fired from the same gun under the same conditions except now
the block is fixed in position so that the bullet imbeds in the block and comes to a complete
stop. The temperature of the bullet immediately before it stikes the target is 20°C. Assuming
that 85% of the heat generated is absorbed by the bullet, will the bullet melt completely?
Justify your answer by showing your calculations. (5 marks)

Physical data for lead

Melting point 328 °C

Boiling point 1749 °C

Latent heat of fusion | 22.4 x 10° Jkg™

Specific heat capacity | 164 Jkg™'K™

Q = o%s Fy befove. 0]
- O‘%SX '3‘70 T
= 1563 ®
Q = wmeaTy + ML 0)

me lf

= ODIxl6, X328 =20) + 0.0l x 22:4x0
= 508§ + 224
= 7297 0]

3

<

. VYes e hullet e [k wm//-ﬁé_é as flore 1% mmone
A flen e/\MjL {Mﬁj avaclable . ®

UT

DO NOT WRITE IN THIS AREAAS IT WILL BE (
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Question 18 . (18 marks)

Technetium-99m is a nuclear isomer of technetium-99. It is the most common medical
radioisotope in use today. Technetium-99m is produced by bombarding Molybdenum-98 with
neutrons. Molybdenum-99 is then produced. This then undergoes a beta decay with a half life of
66 hours to produce Technetium-99.

(@) Write two balanced nuclear equations to show the production of Mo-99 from Mo-98 and

the subsequent decay of Mo-99 into Tc-99. (2 marks)
] % 99
n + = M ()
o 42 Mo ko ©
qq _ N )
M, =
b o 4 Tc <5 & ®

Technetium-99 isn't stable and finally ends up, following another Beta decay, as Ruthenium-99
as in the diagram below. '

EIE}‘F 1

vio
i decay,
Ti;2=066h S3m

| j 7 transition, 7, =6.01 h

g”‘Tr: v

Fdecay,
710 = 211100y

(b) Technetium-98m emits gamma rays with energy of 140 keV. How many joules of energy
are emitted with each gamma decay? (1 mark)

2 ~t§
E= lyoleeV = 140 xto x(-txco T

>
= 2,24 %10 ik o 10)

(c) Technetidm-99 emits both 3~ and vy radiation.

(i) Which of these is a form of electromagnetic radiation?

R (1 mark)
Y vad.ohon 0

(i) Which of these radiation types would be useful for bone
scan detection by a special camera outside the body?
Explain your answer (2 marks)

Y todiahon Cas it will pacs flroual fe boo ol ———
Foill pacs Throush e body ool canse only

low tseton X

See next pége
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Technetium generators, which contain the radioisotope, are supplied to Australian hospitals
from the Lucas Height nuclear reactor where the Mo-99 radioisotope is artificially produced.
They contain Mo-99, with a half-life of 66 hours, which progressively decays to Tc-99. When
delivered to Australian hospitals the Technetium generators have an actmty of 100 GBq due to
the Mo-99 radioisotope.

(d) What does the phrase “a half-life of 66 hours” mean? (1 mark)
T waaons dot hall of o {:M vl (Ms-99) woitl °
du.aj tnto fhe o(a«?l«ﬁr predust (Te~qq) i 66 howrs,

(e) Calculate the number of days taken for the activity of the Mo-99 radioisotope in a

Technetium generator to drop to only 1.0 GBq. (4 marks)
n
No= loo Gﬁy K = [\jo(‘];_} )
= " o) C? 6
N 14 Soo & )“
TJi_ ey éé L NO -

103(N/Mo) = Jog(a)
- los(”//\lo)/;os(-%_)
= log ©:01) / log (05)

= &4k )
é/T.%_ o=, = 664 % 66 I
® = 43¢ K= 1%2days O

M In 2017 a 65 kg radiation worker in the Lucas Heights reactor spilt a vial of Mo-99 while
preparing a Technetium generator. She was exposed to 1300 J of radiation.

(i) What was her absorbed dose ? (2 marks)

_E _ %007 _
Ad = ’%3;3:_ 65‘(.5 = ZO CLS @

@ (-5 usks)

(i) What was the dose equivalent? : (2 marks)
D.& = Ab x QF

QFE = | (@ deeay) 0]
~. B.E= 20x! = 20 Sy @® (-5 wwiks)

DO NOT WRITE IN THIS AREAAS IT WILL BE CUT
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The technetium generators consist of a saline vial that is squeezed through a column of Mo-99
in order to collect Tc-99m, as shown in the diagram below

saline vial —____ ‘ evacuated vial
Q % (collection)

ge;wrator ~—— Jead shielding
column
(Mo-89)

(9) Describe the function of the lead shielding around the generator column. (1 mark)
e ool shieldig s il Jo provent o loge. ponton o ¢
fﬂ\( ja/W\Mtk 'l‘&o{za:)l‘?w.\ feVOW\ &A/G'Q‘uj ﬂl Swowﬂf‘)s
o

(h) The radiographer and other nuclear medicine workers wear a TLD :
(a thermoluminescent dosimeter) or film badge. Explain why i€is
necessary to wear such a device. (2 marks)

The. loowlje_s wilf o(did( hfr)osw{ Fo reoliateon ‘
over o prolongel pencd of hime | o, |

vy 7 (D . i
e doted dose 6l vadaton will olderms '

dLL W‘Sk O_'F Céwn cer o(zv&[o'pm.n){‘. ‘ﬁw.s wowL.—g !
®
Ceon 'tmcll dledy jcsz 'e«fosw{ 'lLDqS&.‘p'e e[oSL.

See next page
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Question 19 _ (13 marks)

A Year 11 Physics student carried out an experiment that measured the current through and
voltage across a particular circuit device, identified only as Device A, as the voltage across it
was successively increased. She then replaced the device and repeated the experiment for a
second circuit device, identified as Device B. The tables below show the data she recorded
during the experiment.

Device A Device B
Current (A) Voltage (V) Current (A) Voltage (V)
0.00 0.00 0.00 0.00
0.93 0.99 0.13 1.37
1:.23 2.00 0.26 2.66
1.49 2.93 0.40 3.94
1.68 3.76 0.51 5.05
1.99 5.20 0.63 6.23
2.12 5.82 0.73 7.19
2.24 6.41 0.84 8.26
2.32 6.94 0.95 9.25
(a) Draw a diagram of a possible circuit that could have been used to collect this data for
either device. (3 marks)
g
B */Eu/ O Armeten i senies
210 = |
- j‘ - ® Vo e ter 1A {Jaralle’
7 0 bty switels
| ovel Yoviahle sepyly
Lol DEVICE L o Theostat,
3 5
1 i
i ~~\
‘:._,—.,.v.’..w—ll \J
(b) On the graph paper on the next page, draw a graph of voltage versus current for both
Device A and Device B using the same set of axes. (6 marks)

(c) Which of the two components is a non-ohmic conductor? Justify your answer.
(2 marks)

bew‘co, A L's NoOn — oL\wu'c, as f‘l' o(oes no\L -wax a llv@o\\r

Fa‘bfe-m v Vv T, e Cuwed i ne t pﬂ;’w"*w‘“’( * o
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(2 marks)

, calculate the resistance of the component which is an chmic

V&tm QI‘GW\ 3m7;L @
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Question 20 (12 marks)
Mr Biffin hurtles down the Wahoo speed slide at Adventure World yelling “I love Physics!!” all

the way down. He starts from rest at the top of the slide and reaches a top speed of 66 km/h. At
the start of the slide Mr Biffin rides at an angle of 20° to the horizontal.

(a) On the diagram (above right) show all the forces acting on Mr Biffinas he slides.
=1 eche bveos 0., o) (3 marks)
(b) Why does the Wahoo Speed Slide need to have water on it? Explain (2 marks)

T waler iy nassled Fo rechues Lrchon as v forcs wowlel
retovth ot to00 vl adl also leasl o Froton bums.

(c) Mr Biffin reaches his top speed after travelling for 8.0 seconds down a 70 m length of the
slide angled at 20° to the horizontal. How much work was done by the force of friction?
(Mrs Caporn generously estimates Mr Biffin’s mass to be 90 kg) (5 marks)

- - ;1 0
e LM/L = 183 m$ AE = AR +Wy O
U= O m¢ f

tz 808 - W = AES‘AEK

s= 70-0m = Al;\" JiMVZ (“20’)6)

&= 20° 6 ) ;
= Qox4-8x 239 - 2xJ0x(%3)

Al\ = &)l Réo ~ i'Slxlol*

- 3
Ah= 5,36\9: 70 s 20° = 5:99x0 I 0@

= 2% 9m ©
(d) Mr Biffin wishes to slide even faster. Write 2 suggestions below to assist him achieve this
goal and briefly explain your reasoning for each. (2 marks)

R Cavry some eatva Ew,s. Tha Fe, i3 dur to walir aned 4
oy vesistonee whieth do AO*{'MM ma3s [9,,,)‘/[( &Mc/m decs,
() Cet inbo a shneammlined pos fion . iy resluess the brehon foree
ot o aor regishaer . Calso allow  shream lined suik )
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Question 20 (12 marks)

Mr Biffin hurtles down the Wahoo speed slide at Adventure World yelling “I love Physics!!” all
the way down. He starts from rest at the top of the slide and reaches a top speed of 66 km/h. At
the start of the slide Mr Biffin rides at an angle of 20° to the horizontal.

(a) On the diagram (above right) show all the forces acting on Mr Biffin as he slides.
(3 marks)

(b) Why does the Wahoo Speed Slide need to have water on it? Explain (2 marks)

(c) Mr Biffin reaches his top speed after travelling for 8.0 seconds down a 70 m length of the
slide angled at 20° to the horizontal. How much work was done by the force of friction?
(Mrs Caporn generously estimates Mr Biffin’s mass to be 90 kg) (5 marks)

A[*e.mai& Sowo;\ uSl;\ﬁ +lw~,t andl 'gwu.s ('h»wt -swi,\lvtccns.csw! )

' " —— - s be 7.¢ s
Velllwl/ Q= V24 o EL%._ = 229k

<
.:lg.g
x Fof= mo. = 90x2:24 = 206N

Fuo = Mysiie = 90545 x5A 20 = 20 ZN

Fut= Fu—Fo -+ Fo = FumFut = 302-206= 15:¢A

WC( & F@KS = 954 x 70 = éé‘)O:r

(d) Mr Biffin wishes to slide even faster. Write 2 suggestions below to assist him achieve this
goal and briefly explain your reasoning for each. (2 marks)

END OF SECTION TWO
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Section Three: Comprehension (36 Marks)
This section has two (2) questions. Write your answers in the spaces provided.

Suggested working time: 36 minutes.

Question 21 FUKUSHIMA NUCLEAR DISASTER (18 marks)

(Paragraph 1)

Nuclear reactors generate Boiling Water Reactor system

electricity by using the heat of the e A e o

fission reaction to produce steam, 5 Feedwater f-Containment
g 3 ; 1. Reactor dm 4. Staam chamber

which is used to drive turbines to siesaiie vessalll S -

generate electricity. The diagram RPY) s Al anad

at right shows a Boiling Water 2 Nuclezrfueil | R R

Reactor (BWR), which were the slement— Sl | Ligril o !

design used at the Fukushima b “ = #& E=.— pains connection

nuclear power plant in Japan. 8. Control rocs \EF V rm———

The Fukushima nuclear disaster ‘ —39. Coolant

was initiated primarily by the §==>8. Condenser
tsunami which followed an 1_ Pumps
earthquake on 11 March 2011. ) L e
Immediately after the earthquake, °¥°= #o8==eriikimed

the active reactors automatically shut down their sustained fission reactions by inserting control
rods in a safety procedure referred to as SCRAM, which ceases the reactors' normal running

conditions.

(Paragraph 2)

When the reactor stops operating, the radioactive decay of unstable isotopes in the fuel
continues to generate heat (decay heat) for a time, and so require continued cooling. Initially
this decay heat amounts to approximately 6.5% of the amount produced by fission, decreasing
over several days before reaching shutdown levels.

(Paragraph 3)

When the reactors were shutdown, they were unable to generate power to run their own coolant
pumps, so emergency diesel generators came online, as designed, to power the coolant
systems. However, the tsunami, which hit 50 minutes after the initial earthquake, overwhelmed
the nuclear plant's seawall and flooded the low-lying rooms in which these emergency '
generators were housed, causing them to fail soon afterwards, and resulting in a loss of power
to the critical coolant water pumps. These pumps were needed to continuously circulate coolant
water through the reactor core to keep the fuel rods from melting. The insufficient cooling
eventually led to meltdowns in the cores of Reactors 1, 2, and 3. The full extent of the
movement of the resulting corium is unknown but it is now considered to be at least through the
bottom of each reactor pressure vessel (RPV), residing somewhere between there and the
water-table below each reactor.

(Paragraph 4)

After being used in the reactor core, spent fuel rods typically require several years in a spent
fuel pool before they can be safely transferred to dry storage vessels. Loss of cooling after the
tsunami also caused the spent fuel pool to overheat due to decay heat; the decay heat in the
spent fuel pool had the capacity to boil about 70 tonnes of water per day.

See next page
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(a) Draw an energy flow diagram to show the sequence of energy transformations in a
Boiling Water Reactor (BWR) that leads to the generation of electricity. (paragraph 1)
(2 marks)

/
Nincleor heat /C’/ I hehe
erergy (Prrmel) —>

—
eregy b
vl ey W Y

dechaed

‘ /
(é/\’ ma/’lc &Ul/\ ;}/\ (,gf/wf" WC@ )

(b) Describe the safety procedure referred to as SCRAM. (paragraph 1) (2 marks)
() ¥ adrmmrzally vk joluded -
L
The to~dol vods vore hgrmadredly  Prsend (1)

ik He  tore of Ne  visefos (;&,u&ﬁj

Me  nucleor D35 reachors o shod- Ao ()

(c) Explain how heat continues to be produced in a reactor core after the reactor stops
operating. (paragraph 2) (2 marks)

. [ '
/,‘f-pf&”‘ Ne  fsson ceachon s Jﬂjp S  fenhneed

/&WOCZJ/J\/Z 0(1(,5(_‘7 &P 7,/‘)‘*' m.}/twé&_ 1-5@/,7/];‘,__5 P /’4.4_
Ct) Cit)
:4/(&(’ ?faduas f/‘\eawl .
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(d) Outline the sequence of events, after the earthquake and tsunami hit the nuclear power
plant, that eventually led to meltdowns in the reactor cores. (paragraph 3) (4 marks)

Yenehzrs weore ;Wf—gmt,,//,,! jll(/,l—p{r/wn ¥ pHere
unable }DPaNM He  weher coolanl Puw\/gg C ’)

back u p (7 Creretors  [focohont
rd
Aere Q{Oaﬂ{(d - ()

boed y 5% e—otors 7/3‘:,;/.@/ v

-’_ e Par\(w ,l\r/r W&j//y-

Cog /4% Pqups (/)

Reowefor coves  ovivheahf . HAe nuclear £of ¢
_ !

)

med /’(a( 0( O

(e) What does the expression "corium"” refer to in the aftermath of a nuclear reactor
meltdown? (paragraph 3) (2 marks)

lorinm 5 e rslfen "”'W/“’zk// ?raaf’Maa/ @ a

reactov  rredfd puyn Q)

sl of a itk oF ruclecr foed

. ()

53 53 ?WJK(/{S « J’}WLa/wfa»/ MM’?}// FV'//’M Veacker Cory
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) Loss of cooling after the tsunami caused overheating in the spent fuel pool due to decay
heat'(paragraph 4). Estimate a value for the
=simaie 8

(i)  quantity of decay heat produced every day in the spent fuel pool. (2 marks)

M . bold eseday = 70 fores (1)
W J
A
= 70 103 x 22.9»(/’0
= /58 X/O ),ﬁ o]
4]
- /'é ?(/0 J' 6‘ ( NS naove Moo 7 5,3 Mg&) 51‘1 3/(
(i)  power of the decay heat in the spent fuel pool. (2 marks)
ff¢ !;{ 0{ (‘j }V: .
'~
= ﬂpx;éu’)xba 4 / N
- 8L, 400 S . 4 ) = _’/I/ﬂi,g
& 6 4Luo /
-8 xlo H (1D
f /
- Las L) F el \5
(@) In the aftermath of the Fukushima diaster there have been no recorded deaths to
workers who participated in the reactor cleanup. Describe two ways the workers could
protect themselves from receiving harmful doses of radiation. (2 marks)
/»‘mj Z sl e oS (1) ok each
- ujposu e
- {l%"l /—)v }')W ”
S oV Ml s ) 204’/5
— shidding — mesks, g, 4
| A o 0!:7547 recieved

re Wy{/fvj As S49¢ ¥ Lﬁaw:j sk
L Wly pare L rlbi”"f(/ e?/qu,fan{' .
_,,Jp/ﬂd'\:j rorw j \,U

— wovf]’)}j Pv/ ?)(/no'a/ A hre Fl ac/nw‘b{ o sk has

A ereased .

pe

o
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Question 22 HOUSEHOLD INSULATION (18 marks)

(Paragraph 1)

Insulation is material designed to prevent heat or
sound from being transmitted from one area to
another. It's normally used to keep heat and/or sound
in or out of your home, or to confine it to certain parts
of your house. Insulation can work in a number of
different ways, but it most commonly incorporates
materials that consist of millions of tiny pockets of still
air. Still air is an extremely good insulator, and
trapped pockets of air are what give most types of
insulation their high thermal resistance.

(Paragraph 2)

Thermal insulation is usually found in walls and ceilings, especially the outside walls of a home
where heat is most likely to be gained or lost. Probably the first type of insulation people think of
is some sort of batt, usually glasswool or rockwool; batts are light, fluffy panels of material that
sit inside the frame of your home - typically either in wall spaces or in your ceiling. Batts are
made of fibrous materials, and work by trapping tiny pockets of air within fibres. Other common
types of insulation include blow-in cellulose (which is easier to install if the house has already
been constructed), polyurethane foam, polyester matting and reflective foil. Each type works
differently to trap or repel heat, and offers different advantages and disadvantages.

(Paragraph 3)

The effectiveness of thermal insulation is measured by its 'R-value'. The higher the R-value, the
better the thermal insulation it provides. R-values are defined as the ratio of the thickness of the
insulating material to the thermal conductivity of that material and can be calculated using the
formula:

d
B=g

where d = thickness of material (m)
k = thermal conductivity (Wm™ K"

The rate at which thermal energy can
pass through a material, expressed in
watts, is found by multiplying the
exposed surface area A of the
material by the temperature
difference (T2 - T+1) between the two
different sides of the material, and
then dividing by the R-value of the
material.

(Paragraph 4)

There are two ways R-values are specified: the R-value of the insulation material itself, known
as the Rm, or the total R-value of the construction, known as the Ry. The total R-value includes
all layers of materials in a construction, such as concrete, bricks, plasterboard, etc, and is the
sum of the individual Rm-values of each layer of material. Reflective foil may be incorporated
into a building system, as it is especially useful in keeping out heat in hot weather, but the
reflective foil itself does NOT have a significant Rm-value.

See next page
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(@)

(b)

(c)

Glasswool or rockwool batts are light, fluffy panels made of fibrous materials
(paragraph 2). What is the advantage of them being constructed in this way?
(2 marks)

,/%"00.45 rasker AS r/”fﬁfwy pacdels n mSends cl)

aAN Poo/w/;‘s Meereasd /%f/vmtj fw;'}’}mnx as o IS a

pore conduster F bt g1y

In péragraph 1 the statement is made that thermal insulation "commonly incorporates
materials that consist of millions of tiny pockets of still air'. Why is it important that the air
pockets are very small and hold only still air? (3 marks)

sl shY o fo'o‘/cp/s it C.f/nn_o/o;w corrents

og,c,u_/;*wﬁ ;e mmoegod (,15

oV 7)‘7&/2_://‘5 o~ PRocr~ Thevand ¢omoluctors (:!)

: .. IL}'C&//L /’Vmﬁ.jlc/” /.-5 "”\j"\-/.”’\-l-s-dp/ s 7”“‘ /Mfda/?;k_ [1‘3
I

The north facing brick wall of a garage
consists of a single layer of bricks, with a
thermal conductivity of 0.70 Wm™K™, and a
thickness of 11 cm. The wall is 6.0 metres in
length and 2.75 metres in height. On a hot
summer morning, the outside surface of the
wall is at a temperature of 35°C while the
inside surface is at a temperature of 25°C.

Calculate T
(i)  the Rm-value of the brick wall. (2 marks)
. 1{ 7”7 2 L ",-“‘7
E,M, d/ ’E’/ = 015/ MK H
]
4 070 \
)
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(i) the rate of heat flow through the wall on this hot summer morning. (3 marks)
[ = /
jmr@ce aren F ol A = £:0 %275 = lgo5,,2 C£)

Af = 35"25/ = /0 dC C+)
2

s
£y
= 45 (o = 1050 /'/V', ({)
o0-157

The owner of the garage decides to insulate the garage with polystyrene panels attached on the
inside of the garage walls. The panels are 8.0 cm thick and the polystyrene has a thermal
conductivity k = 0.033 Wm™K"". Now find

Lok ot hot o 99 A (7T (1)
T

(iii) the RT-value of the composite brick/ polystyrene wall. (3 marks)

-/
{ 0-0& 242 wi* KW D)

\

A = ()
| W, = / = /
Ko ¢ 0033
Re 7 Frpgy * o poysgrme )
= 0US7T + 242 2Tl nsed Pk

{/!‘g uya,sa,gl,n{n»}'-sw

-/
P . 28 ' J
Avducked 5

(iv)  the rate of heat flow through the composite wall on a hot summer morning as described —
above. ' » (2 marks) 7€ lvesd Y ‘

daducked

' ) D

Rote F Mod = A[(7-T) _ nSwmw PP AVERS <

~em 258
R m Z:
()

ct)
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(d) In paragraph 4, reflective foil is said to be "especially useful in keeping out heat in hot
weather, but the reflective foil itself does NOT have a significant Rm-value." Briefly
explain
(i)  how reflective foil keeps out heat in hot weather (1 mark)

Re Aechve Gl fuﬂ& efs He IR padsvnh =~

, , p
/z;{wz.tj heof  Fansher

(i)  why reflective foil does not have a significant Rm-value. (2 marks)
j ) 3 o ‘ V4 .
/2( i//(l,cc///)’\//_ /[;/:,? 15 Vz/:j //Lrn So >mJ/ vedat o 0/ /,]./)

bil  mse i rited S0 Ak proridd conductraly (L)
J

/ . '. //ém !/»'—i!uf— 3 M//t’ymg jwh//"
K ct)
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