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PHYSICS
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Semester Two Examination

SECTION A Teacher:

Question/Answer Booklet JAA N MV
Name: I

EXAMINERS USE ONLY
Section A

TIME ALLOWED FOR THIS PAPER

Reading time before commencing work: Ten minutes Section B

Working time for paper: Three hours Section C

Total

MATERIAL REQUIRED/RECOMMENDED FOR THIS PAPER

TO BE PROVIDED BY THE SUPERVISOR
This Question/Answer Booklet comprising 12 pages

Data and Constants Sheet are provided on the back pages of the various answer booklets.

TO BE PROVIDED BY THE CANDIDATE
Standard Items: Pens, pencils, eraser or correction fluid, ruler

Special Items: Drawing instruments, templates and calculators satisfying the conditions set by
the Curriculum Council.

IMPORTANT NOTE TO CANDIDATES

No sther items may be taken into the examination room.

It is your responsibility to ensure that you do not have any unauthorised notes or other items of 2
non-personal nature in the examination room. If you have any unauthorised material with you

hand it to the supervisor BEFORE reading any further.

Page 1 of 44



Year 12 Semester 2 Exam 2012 Hale School
STRUCTURE OF PAPER

Section No. of No. of questions No. of marks Proportion of
questions | to be attempted out of 180 examination
A: Short Answers 14 ALL 54 30.0%
B: Problem Solving 7 ALL 90 50.0%
C: Comprehension and 2 ALL 36 20.0%
Interpretation

ASSESSMENT WEIGHTING

Course Unit Specific Questions | No. of marks | Proportion of
out of 180 examination

Unit 3A

Forces and Motion in a Gravitational Field ; AT11,A12,A13.BI, 30 16.8%
Electricity and Magnetism A8, A9.A10 B2, B3 35 19.4%
Unit 3B

Motion and Forces in Electric A4d,AS5.A6, A7, C2 25 13.8%
and Magnetic Fields

Particles, Waves and Quanta A1,A2,A3.B4,B5, 90 50.0%

| B6,C1,C2

INSTRUCTIONS TO CANDIDATES

This examination consists of THREE (3) sections,

Write your answers in the spaces provided for each question.

The value of each question (out of 180} is shown following each question.

The enclosed Physics: Formulae and Constants Sheet may be used as required.

Calculators satisfying the conditions set by the Curriculum Council may be used to evaluate numerical

answers.

Answers to questions involving calculations should be evaluated and given in decimal form.
Quote the final answers to no more than four significant figures.

Despite an incorrect final result, credit may be obtained for method and working, provided these are
clearly and legibly set out.

Questions involving working should be answered with a complete, logical, clear sequence of reasoning
showing how the final answer was arrived at; correct answers which do not show working will not be
awarded full marks.

Questions containing the instruction estimate may give insufficient numerical data for their solution,
Students should provide appropriate figures to enable an approximate solution to be obtained.
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SECTION A : Short Answers
Marks Allotted: 54 marks out of 180 (30%). Attempt ALL 14 questions in this section.
Answers are to be written in the spaces provided.

QA1. [4 Marks]

An observer at position A at the midpoint of a train carriage {(a moving frame of reference), sends
light signals to the front and back of the carriage at the same time. These light beams open doors
at each end of the carriage. Another observer at position B is stationary on the platform, watching
the train moving away from him at high velocity.

Train moving at very high velocity

"y
L=

!:_'—'7\

\

Observations of carriage doors opening are found to differ for the two observers,

1a) Describe and compare the observations made by each observer when the light signals are sent
from position A.

ORSERVNER A BaTH DooRS sPEN SMULTANEQDVILY |,

OBSERVNER B! THE DooR CLOSEST Yo WiM OFENS BEFORE THe Dooe

FURTHER WAY . (l-e NoT simuit RNEO\SSLYA

(2 marks)

1b) Which observer is correct? Carefuily explain your reasoning.

BoTw OGSERVERI ARE CORRECT .

ONE S€ET of ¢rMuLTANESUS 2NeNTS Are NoT nNECESSARILY

SIMUOLTANEOSS For ANCTHER OBIERVER ™MOVING AT A DIFFERENT

SPEED (NF-FER.ENT INERTIW. FRAME of REFERENCEK

{2 marks)
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QA2. [6 Marks]
The following information regarding some sub-atomic particies may be useful in answering the
following guestions:

Quark Charge Hadron Quarks
Up (u) +§e Proton uud
Down (d) _ % . Neutron ud_d

2 Kaon-mi

Charmed (c) 2o e su
1 Pi-plus (") ud
Strange (s) _ge Sigma-plus uus
Top {t) 3¢ Lambda-zero uds
Bottom (5} | -3 | Charmed Omega ss¢

1a) Determine the charge (in coulombs) of the Charmed Omega:

i
csc = =Yg ._‘/3+ /3 =0 J. © coulomB

(1 mark)
1b) Identify (list) the types and number of quarks and leptons in a tritium (,H%) atom:
1 % "1"'\ = | ProToN & 2 MEUTRON + | eLectron ‘
AND | proTon = w4 urd  une A NeuTeon T 2 (uwtdid)

‘ it tevton  { An Ex,ec:rmﬂ)

- r

4 QUARKS CoMPRASING ! 4 vl QUARKS + 5 pousnl AuARKS

(3 marks)

1c) Briefly explain why quarks of like charge are not repelled from each other in a hadron.

ANY REASONABLE STATeMENT REFERRING 0 EVTHER (RespuaL)

STRon & NUCUEAR ForCE / (oLour CHARGE / 6AVON EXHANGE

LEADING To ATTRALTINE ForLE STRONEGER THAN ELECTReMAGNETIC

REPLLSION BETWEEN \NMOWIDY AL QUARKS .

(2 marks)
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QA3. [3 Marks]
Briefly describe the “Big Bang” theory and the evidence that supports it.

OUR UNMWERSE WAt WNITIALLY A ® SINGULARITY  — INFINVTELY (MALL

ANE L SITELUY BoT |, INFIstTELY PENSE SOMETHING  THAT gapiDLY EXPANIED

(NST EXPLODED ) AND CHOLED —~ AND conThnVES To EXPAND .

ENVOENCE *
° HUBBLES Laad — GALAMIES MONING Aa , SPEEDLS AL DI TANCE

¢ CoSMIC MICRDWANE BACKGROVUND RADIATION — ReMRANT WEAT

* ABUNDAMNCE of LIGHT ELEMENTS

+ RED-LHIFT

QA4. [3 Marks]

An electronic burglar alarm consists of &
light source that shines onto a photocell.

When ultraviolet light shines upon the
photoceli photoelectrons may be emitted
from the photocathode surface completing

the circuit.

. |

When the light beam is interrupted the Rttrey
alarm sounds. '

SINE—

The light source is replaced with one emitting visibie red light. What iikely effect wiil this have on the
operation of the alarm? Carefully explain your answer.

THE RED L'GHWT HAS A FREGUENCY RELOW THE THRESHOLD FREJUENLY

(WHCK 18 UY.) $6 1T HAS INSUER CIENT EnERGX (E=hf) 1o

EJECT THE PrHoTo-ELECTRONS NEEDED To MAINTAIN TTHE CRLOIT.

Tee GRCIT \S No LONGER (oMPLETE (BROKEN/OPEN )

AND THe ALARM il (ONGNEE To Sownd,

(3 marks)
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QAS5. [3 Marks]

Two loudspeakers emit a sound of identical frequency : ‘ 1.25m | '
and intensity. | :
M N
A student walks along a line AB that is 5.00 m from B B
and parallel to the loudspeakers as shown... = Teo—0w—0o 5
When standing directly in front of one speaker, T
an observer notices that the sound becomes
much quister. 500m
[ S9N :\/ ¥4\t
= 5 \S5m
B A A
observer

(3 marks)
QA6. [3 Marks]

Draw a labelled free-body diagram to carefully illustrate the forces acting on a stationary door that is
evenly set (“*hung” and “fixed”) on two hinges to a walil.

J ALL
FORCES THROLGH €.O.M,

ge=o

Feu = -F.‘.“ (3 marks)
Fav + Fyv = -FL
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QA7. [4 Marks]

A crane lifts 7 x 10* kg loads of concrete on a building site. The 8.00 m crane arm is uniform and
has a mass of 3 x 10> kg. The cable used to raise and lower the load is attached to the crane arm
6.00 m along the arm. Calculate the tension in the cable.

TAWING MOMENTS A€oVT B !
Scmm = §ACM
S Txry =(L ® '('L)'l-(w x rw)

Y = 6 xsww20° = 2-08

o o
Ywi T 4 %kees3s =128

o= Bxcos3s® =655

LT E (Lfﬁ.)-i-(wx‘fw)

\f)
L] i J— * A & :
.- T F t’*“’ -8 x = cos 3;'5-”% #{3mitn Texdx cos35° ) :
& x $10) 20°
. - & R
> 9 T - 2"6‘ % ‘o N
{4 marks)
QAS8. [4 Marks]
Tarzan plans to cross a crocodile infested river by swinging in an arc from a hanging vine.
Tarzan has a mass of 75.0 kg and the vine is 3.64 m in length. :
If the breaking (maximum) tension of the vine is 2410 N, UM
what is the maximum speed possible at the iowest point :
of the swing? 1
—p == -— ‘
CINCE ‘Fe = Fuet = T v Fr A
Then mvi = (m.9)+ Fr i
r il
' - |7 g
- ~+ = ([M-%)?FR\ ¥ T‘
m T r !
e —~rr = ((15;{ '-'Q‘B){'ZA"OBX 3.64 Fur,}./
15
- = 9.02 ms!
I T %
- E‘l marks;

Page 7 0f 44



Year |2 Semester 2 Exam 2012 Hale School

QA9. [6 Marks]

In 10 years Global Positioning System [GPS] has gone from the USA military to being navigator tools
to being a normal feature in many luxury cars today. They work by transmitting a beam of electro-
magnetic radiation from an aerial on your car roof to one of 24 satellites surrounding the Earth. The
reflected beam is received also by an aerial on your roof and your location on the ground can be
determined to 50 m. In military application the resolution is less than 10 cm.

a) If the height of any one of these satellites is 17 800 km, what is the period of its orbit?

RADINS OF OAB)T = 6°37><\06 + l-‘78xao_'

- -
- 2A2%\10 ™

2N
USING Fe = Fc AnD U T =

™M 2_ 402"
6-:( v 4

Tve N =T T
s - 4TWrr®
TRy T 5 8w
3
= 47* {242 x\0 )
(-7 x\o~H % 5:98 x10*%
T 2.7 4
- b - % X\O &

j«& T 5 1604 &

(3 marks)

9b) Determine the strength of Earth’s gravitational field at this orbiting height. Note: your answer
must be express in appropriate units.

6. AM
/J’('%T’ i
2. % = 6-67):\0'“,( 5-‘!83:\0”'

(2 4a2x\01)?*

S 4T 0682 Nky™

(NoTe: Twe uNITS )

(3 marks)
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QA10. [3 Marks]
A non-magnetic metal disk is balanced on a support as shown in the diagram below.

The disk is initially stationary.

A magnet is moved in a circular path just above
the surface of the disk, without touching it.

Carefully describe and explain what is observed,

* THE DISK ROTATES 1N THE SAME DIReCTiON

AS Trte MAGNET .

* IN ACCORDANCE LAVTH LEN2'S LAW !

T CHANGING MAGNETIC FIELD PUE To THE MOoTION of MAGNET

INDUCES AN EMF / EDDY CORRENT 1N THE DISK . THE SIRECTiON

of THE INDUCED CURRENT il VTSELF OPPOSE THE LHANGS .

Tie INTERACTING FIELDS DERWES A FoRCE / ToRIUE N The MOTioN

HC D\IK. (3 marks)
QA11. [4 Marks] of T

A vertical wire carrying a current is placed opposite the centre of 2 permanent bar magnet as shown.

c 11a) Which of the arrows (A-F) best shows
P the direction of the magnetic force on

the wire at the point P?
.y | e/
O {arexiz)

o,

Ir+

(1 mark)

11b) Carefully sketch the resulting magnetic
; field associated with this interaction
ST s (as viewed from above)

4 on the diagram provided beiow.

- (3 marks)

.
il

in
N
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QA12. [4 Marks]

The diagram provided shows an experiment where the voltage induced in a coil by a time-dependent
magnetic field is measured. The voltmeter measures the voltage induced in the coil as a function of
time. The coil has 120 turns. The magnetic field varies with time as shown in the graph below.

P Mapneiuc
: ' fieud
Fy
1‘: )
%
i \
i
! \-\
- / 5
*,
.
&,

L 1 X 3 n s ()

12a) Sketch a graph for the corresponding voltage against time as measured by the voltmeter.

veirang iy

&

k¥ _ & _ e OISR

12b) As the magnetic field is being reduced, in what direction (P — Q or Q — P) will the current
flow through the ammeter A ? Carefully explain your answer.

Tre ORIGINAL FLUX WAL FROM LEFT To RIGHT AND wWAS DECREALING.

To OPPOSE THIS CHANGE W FLLOX , A CURRENT WAS REJUIRED

From Q > P in orpen. To INCREASE THE FLOX

i (2 marks)
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QA13. [3 Marks]

When a charged particle enters a magnetic field within a cloud chamber, the trails of droplets of

condensed gas indicates that it has moved in a circular pathway. Explain why it moves this way
rather than in a straight line.

e CHARGEDY PARTILLE WAS MAGNE T

Fiecd (AL 1T 1S MoVANG) | THAS INTERACTS

WITH THe MAGNETC FIELD WITHIN THE

CLOLD cHAMBER. . TH\S INTERACTION

RESULTE O THE CHARGE EXPERIENCING A

FORLE . SINCE THIS FoRCE ACTS PERPENDICULAR
Vo Tue (HARGES MoTIoN , A CQ\RCUVAR PaTH

L4

\S DESCRIBRED.

QA14. [4 Marks]
14a} List two specific uses of a cyclotron. " \‘\

electraraggiel

( {north anlel
* SourcE of Wi\GH ENGREY REAMS acce‘e'ﬂg;g\,_\__) .

hetlow electrada

¢ PETT WAGING — Pryoeung LoToreS chambers

charged particle =g
* PARTiCle TTHERARY FoR CANCER TREATME r
* NYCLEAR PHTSICS EXPERIMENTS aheméa.inig‘\J’
current
{2 marks) source electromagnet

tsouth pole)

14b) Briefly describe the role of electric and magnetic fields in the operation of a cyclotron.

AN ALTERNATING ELECTRIC FIELD ATTRACT: PARTICLES FRoM SIDE To S0

(D'5). A MAGNETC FIELD (CENERATED BY To ELECTRoMAGNEN) BENDS

EACH PARTICLE INTo A HoRIZONTAL SPIRAL  FoRoume 1T To ACCEWERATE

W ORDER To WEEP VP WITH osciLATING ELECTRIC FELD ., THE CIRCVLAR

PATH ReepPs THE S\2€ of cYCUATRON CoNFINED. THg PARTCLE \S RELEASED

To coLiid WITH TARGET wHed 1T QeacheES PERR AcCCELERATION.
(2 marks)
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Year 12,2012

Semester Two Examination

SECTION B Teacher:
Question/Answer Booklet JAA / MV

12 PHYSICS
EXE3

Name:

EXAMINERS USE ONLY

Section B

TIME ALLOWED FOR THIS PAPER
Reading time before commencing work: Ten minutes

Working time for paper: Three hours

MATERIAL REQUIRED/RECOMMENDED FOR THIS PAPER
TO BE PROVIDED BY THE SUPERVISOR

This Question/Answer Booklet consists of 7 questions and comprising 20 pages

Data and Constants Sheet

INSTRUCTIONS TO CANDIDATES

Answers to questions involving calculations should be evaluated and given in decimal form.
Quote the final answers to no more than four significant figures.

Despite an incorrect final result, credit may be obtained for method and working, provided these are
clearly and legibly set out.

Questions involving working should be answered with a complete, logical, clear sequence of reasoning
showing how the final answer was arrived at; correct answers which do not show working will not be

awarded full marks.

Questions containing the instruction estimate may give insufficient numerical data for their solution.
Students should provide appropriate figures to enable an approximate solution to be obtained.
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Hale Schocl
SECTION B : Preblem Solving

Marks Allotted: 90 marks out of 180 (50%). Attempt ALL 7 questions in this section.
Answers are to be written in the spaces provided.

QB1. [13 Marks]

The top of a volley-ball net is 2.40 m above the ground. To serve the ball over the net a player
strikes the bail causing it to leave the hand at an angle of 28.0° to the horizontal and with a speed of
12.2 ms™. The ball is served 9.20 m from the net and at a height of 1.35 m from the ground.

1a) -

Determine how far above or below the top of the net the ball will be located on reaching the net.

. S
FRo™M TUWE HoRr\2opTar, @ Uy = v =

V. Cns o
. Su
IV /v'.cose = §-20
1 — = ll-l@!l%‘
- £ = p-852 s

1
From THE VERTicAL ' Sy = Lvt 4 'fz%{:

= ("U'. g..\a.t)-i' ("1 %{1)

(12.2 x 510 28°  0.852) +('/,_ x8 -8 x(o -392)‘)
488 ~ 256

v Sv T 132 e

S Twe we\eMT Asove Twe Net = (1035 4 132) - 2.40

= 0:27m (Asove)

(7 marks)
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1b) Will the volley-ball clear the net? You must support your answer to be awarded full marks.

T™Me DMTANCE BETWEEN The BALL'S c.o.m AND The NeET 1S 2Tomm
Tve RADWS

OF A TYpPicAL JoLLEY BALL \S APPRDX \O et

THeREFPORE  Twe BALL CLEARS THE NET BY Viem

A 600D SERVE \

=Y
N A ]

(nw

(2marks)

1c) Is the ball rising or falling as it reaches the top of the net? You must support your answer with
all essential working details in order to be awarded full marks.

USING Vv = Wy + Q%

(Ur.sme)+ (gq-t)

(l?.°l ®x 30 '2.30 )+ (_qg % a%s;_)

5§13~ 835

~2.62 ms"!

2:61 M3I™' pauaMWARDS

IN OTHER wWorDS, THE BALL iS FALLING AS T REACHES THe NET
(AN ExcEULENT serve ! )

ALTeRNATIVELY

{4 marks)
Time To REACK APEYX !

§INCR tm >t

0-585 ¢

Avgy
c- 851 > o-585 s

TREN RALL \$ FALLING
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QB2. [14 Marks]
Some energy leveis of the mercury atom are shown in the diagram.
Eu
2a) Determine the maximurm number of 10.86 eV
lines which could appear in the line E4 l '
emission spectrum of mercury if its E; -247 eV
atoms may have a maximum energy
level equal to E4 (-0.86 eV). £ 4 471 eV
2
b (as swown)
(1 mark)
E # y % -10.42 eV

2b) What is the longest wavelength which could be found in that line emission spectrum?

THE fTONE&EST wAvELENGTH =

LOWEIT FREJUENCY = SMALLEST TrAanSiTion

L Eq P E3  ProputES THE LONGEST LWAVELENGTM

L A = WY

- . AE (2-41 - 0-86) x V-6 x10™ "

- 1
= 2.58 x\0 J

6.-63 x 1073% « 3x10°®
2-58 »wo- "9

.. A

1 - -7
- A= OTT Xie m =T oama
MBI

(3 marks)

2c) Mercury atoms in the ground state are bombardead with electrons. What is the minimum velocity
of these bombarding electrons that will ionise a mercury atom?

E = (042 eV = |o-41x\-sx1o”‘q =

~18
67 xi© I
Ex = QE = "2 oav™
2.4€
IR VA ey
)

-8
= 2 %6710
q-1l % jo= 3

\ _ 6
-« VT 19 x 10 ms”

(3marks)
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2d) A beam of light containing only visible wavelengths is passed through a sample of mercury
vapour. Assuming all atoms to be in the ground state, which wavelengths will have a reduced
intensity in the observed spectrum? Provide a reason for your answer and show all working.

ProToNS CAN ONLY BE ARSORBED GMPLETELY (0R Nt AT ALL ) FROM GROUND.

PricTonNS THAT ARE ABSORBED ARE SCATTERED AND THEWR. wITeNSITY 18

Tite ABSORPTION SPECTRUM \§ REDULCED ~ APPEARING AS DARWK LINES.

Tie MINIMOM ENERGY T & P E4

~1%
AE = 1042 — 4T\ =5 N eV = Q14 x10”" J
- he . he
simee €= 3¢ TweN A = g
= 662 x w0 uv.3>t\':>8
.14 g0~ "
1] p— " -'7
L. A T 20T xie s = 20T ana

Tl WAVELENGTH W 1N Thwe V.V REGON BF Tie EMR SPECTRuUM

ALL OTHeR ABSORPTIvME ARE ALIO NIT 1N Toe NUSIBLE REaoN

- NO WAVELENETHS FroM WS VISIBLE LIGHT SOURCE wiLL BE LESS
wWweNSe

(4 marks)

2e) A fluorescent tube is essentially a mercury discharge tube. Briefly describe and carefully explain
how it produces visible light.

LARGE PoTENURL D\FF AMROSS ELECTRODES

=_>§\_ec.1't=oﬂ$ FROM CATHODE To AneDE

w =
= V= /‘Rr‘-'ék/q,

PoSSESS W\GW SPEED / KWNETC eNEREY .

=7 TWESE eleCTRONS ROMBARD 6AS =D eNEREY AGSHREBED BY Wo AToms

=7 ATOM ELECTRON EXAUTED aAND TRANTITIONS RELEAIE MANY UN PHsTONS

= Wuv PHCTONS ARE ABSORBED BY PHoSPHoR coATING oF TuBk

= BNEREY /picToni RELEASED BY FLUCRESCENT CaATNG VIR MOLTIOLE

TRANSITIONS 06 SMAULER ENERGY QUANTA / LOWER FREJIENCY

CORRESPONDING To YISIBYE FREDIUENUES =7 VSIBLE UEHT NTenNsSity
\NCREASE S,
ESSENTIOLLY @ FLUG RESCENT FROCESS WHERE uwV => wielk (3 marks)
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QB3. [13 Marks]

In 1928 George Thompson conducted an experiment firing electrons at aluminium foil. X rays

and electrons passing through the foil were diffracted. The X ray photons had a frequency of
3.59 x 10" Hz and the power of the X ray source was 15.0 kW

3a) If the electrons were to have the same energy as the X rays used in this experiment,

at what minimum speed would they need to travel?

GG e = h'F AND E = AEK = "2. M_U.L

. 1 2xh.f

- -U- = M
-34 v
= 2% 663 %o X 369 %\o
W %103

) A
.Y T 5.13 %10

. T

e TV T 2,29 w15 s

(4 marks)

3b)  Calculate how many photons leave the X ray source each second.

=
siNce P = A

_ 3
TwenN Ex = P b = (Soxw x|

Ev _ €&
. N pHoTons = ’E = “n. €

2

L]

15-0 % 10
663> 197 % x 37 ST x\p 17

: ® - "3 9 _
« i R PRSTONS O Xi0 PHSTONS PER SECOND

(3 marks)
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The diagram below shows an X-ray spectrum for a particular target anode.
brated filarsare Eleotrnis aig ac elons

eatle Saclonis by oy > Fghvaiace.
thieeman = arission = .

%Intensity

o
.Jf : AcPaps Lrociucks! sisa g ’ o
1 F g apsed @t P e
foya = s ‘ r ;
f. Wk e et el ! | e
] : —_

0 61 02 03 04 05 06 07

wavelength - nm
3c)  With reference to the graph, determine the accelerating voltage of the X-Ray tube.

No = ©-0 }g\o-q o (Mm&(«.ek)

he
since E = /» = \.qg
_ he ~-24 g
Then N = >q 6-63 »\0 2 3-00 i
et x30-9 x \-bxio-'7

"

4
N T .24 xvo 2.4 N

(3 marks)
3d)  On the graph above, sketch the effect of using a lower accelerating potential than that WWICH
was determined in part (c). y o ‘/>€
(1 mark)

3e)  With reference to the graph, briefly explain what causes the two intensity peaks shown.,

ON COLMISION WiTH RBOMBARDING ELECTRONS | ELECTRONS FRom

INNER SHELLS oF TARGET AToMmL ARE ETECTED . e STECTED ELECTRONS

ARE REPLACED BY ELECTRONG FROM OUTER/HEWER SHELL! AND Tue

AToM RELEASES THe ENEREY of SUCH TRANSITIONS AS A PHeToN

OF EPVIVALENT ENERGY. TueSk SPECIFIC EMISSIONS QyPERPOSE

WITH THe JSTENSITIES of THe BREMSTTRAWLONG /RRAKING RADIA TN

AND GWNE RISE To PeEAKS cARACTERSTIC OF THAT TARSET METAL .
(2 marks)
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QB4. [14 Marks]

The highest string on a viofin produces a note of frequency 6.60 x 10° Hz when vibrating in its
fundamental mode. The violin string has a length of 21.8 cm.

During a break in rehearsal Mary blows softly over the top of a bottle and notices that she produces a
note with a much lower pitch, However, when she blows strongly she can produce a note of the
same pitch as the violin. She reasons that the air column in the bottle is sounding its 1st overtone
when it has the same frequency as the violin.

vibrating string

4a) Draw and label diagrams to illustrate the respective modes of vibration occurring in the violin

string and the air column within the bottle when they are sounding the same note.

\ I RoTTLE °
‘ L= 3)‘/4.
2. NB modE
of VIBRATiION
VIioLiN !
3RD AR MONIC
1 ( ) L=
15T mobe of VIBRATION
(157 varmonirc )

{2marks)

4b)  Determine the length of the air column in the bottle.

3N
sinCe fg1 = 660 Hz anp £ = ‘o

_ A
Ten 0sNG = fXx ane a = Y3l

N £ = 3x1 = 346 x3
4+ F 6o ¥ 4
SRz 0392

= 39.3 ¢m  (16NORING END corRECTION )

{4marks)
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4c) Determine the frequency of the sound produced when Mary blows softly over the bottle,

The 2™° mobe of NIBRATION 1N THE BOTTLE (CLosED PIPE) 1S THE
3R® parmonic !

l.e Fv = Fea.= 3x e,
£
S Fgg = V/S
- 660/5

S Fey T 220 Mg

(2marks)
4d) Determine the speed of the progressive wave in the violin string.
W THE STRING ! SINCE A = 2.8 = 2% 0:21Q
T 0436w = 4—3-.6 (23

VSING U= F )

= ©0-43¢ X LGO

SoUm = 2188 msT!
(2marks)

4e)

If the string on the violin was tightened so that its frequency changed by 4.00 Hz. Describe
quantitatively and carefuily explain what is observed w

hen the violin and bottle (1% overtone)
are sounded tegether. Name this phenomenon.

°

THERE 1S A RISE AND FALL N THE AMPLITUDE of SouND (deaTs)

:_%4 BEATS Per Second wiw BE Weard (£oear = 4H3)

T™HE PHENOMENON (€ “aeaTs '

BEATS ARE DUE TO REGULLAR CHANGE 1IN PERCLEWED LoyoNESS

AL A RESULT of CONSTRUICTIWE AND DESTROCTIVE INTERFERENCE
AS THE SOUND WAVES SUPERPOSE.

(4marks)
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QBS. [12 Marks]

During the Second World War it was common to guard harbours using a coil of very large area
laid across the entrance to the harbour.

This device was intended to detect the
presence of a submarine by the voltage

induced as the submarine passed over
the harbour-loop.

5a) Carefully explain how such a voltage might be induced.

AS THE SUBMARINE MOVES OVER THE WASOUR LOOE 1T BRINGS ABoUT

w0
A CAANGE (N THEe MAGNETC FieLD “TnzeADnNG" ol L.\Nkme."

3

THE LOOP , THzRE WILL BE LESS FLUX 1T THE AeEA OF THE LOCP,

SINCE THE CHANGE\N FLOX GWES R\SE To AR EMF ACORTING To
N A
FARADAYS LAw ofF mbucTioN : ¢ = 28

Tie chANGE N FLIX (A0) NDUCES AN EMF N Tae LoOP.

(3marks)

5b) If, as a submarine passes, the fiux passing perpendicularly through a 50 turn loop changes at
a rate of 8.00 x 107 weber per second, what emf would be induced in the loop?

Ta -2
GWEN W= 50 and & = 8-00xw

wh ¢
- nNad
viwg & = —¢
—= Sox g8-00%0 >
£ T o.400 N

1l

400 MV‘

(3marks)
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5c) At the site of this harbour, natural vaiiations in the vertical component of the Earth's magnetic
field might occur at the rate of 3.00 x 10™ tesla per second.
What is the maximum area the harbour loop must have if the naturally induced voltage is to
remain below 1% of that induced by the submarine?

AB

For EARTHT FIELD VARIATION ! ‘4

Ts—!

~-1D
- 3.00 %\0

giNceg & ¥ AB

AB t00 -10
THEN e = “T X 3 x10

Tse-!

_ ¢

VSING B = A Then 9 = B.A

ALH8.A
/.

©
~
1]

Tros

+
3

_ -3
= g§:-00 X\D

3.00 X\0 "~

5
2-67 %10 M'L

{4marks)

5d) Briefly describe or clearly illustrate what the angle of declination represents in reference to the

Earth’s magnetic field.

6 THe ANGLE of PECLINATION MEASWRES THE ANGLE BT TWEEN MAGNETC

7

NORTH AND TRug (GEOEGRAPHKAL) NORTH..

(EAn.m': SouTu
MAGMET\C Po e

Page 23 of 44
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QB6. [12 Marks]

A power plant generates electricity at 25.0 kV. The voltage is then increased to 4.00 x 10% kV at the
trensmission substation. High voltage transmission lines carry electrical energy over a distance of
50.0 km to the power substation where the voltage is reduced down to a lower voltage. The high

voitage transmission lines have an overall resistance of 1.50 Q. In total, 5.00 x 10? MW of power is
output from the power plant to the transmissicn lines.

Histh voltage Transmission

f . substation
Power transmission fires substatio

substation Powor plant

-

i h 43 &
Transtoumir *" ‘ &

, Transiormer drum

N
ol

'
]
-

'
*
i

Power

coles N
) ‘0% %

" i *ﬁ'ﬂi 'y

.

6a) Determine the current that flows through the high voltage transmission lines.

g P =NV.X

P
Twen 1= A

= H.00x\0
4.00 x |03

.. X = I=25x193 A

(2marks)

6b) What are the main reasons for supporting the 400 kV power lines on very high,
strongly constructed (and very expensive) pylons?

THE CARLES MOLT BE SUPPDRTED A LARGE DU TANCE FeOM Trhe

GROUND. \F NOT  TWE ZieCTRiC PIELWD INTENSITY CReATED

WOULD ResulT W S\GNIFLICANT LEAKAGE ANO REPRESENT

A S\GNIFIcANT baANGER .,

(2marks)
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6c) What is the percentage power loss in transmission to the power substation?
NG Pose = T'e
= (Las %10 ) \-50
T 234 x10° W = 2.34 MW
B 1oS%
/o LosS = Topeoe * \°°
= 234 x\o" «% 100
Soo x 10°
= 0.47 )
(3marks)
6d) Determine the voltage of the high voltage transmission lines at the power substation.
oSiNg VNp = 1T.R
T 250 %\.§
S Np E \-%Sx_\‘oz v = 1.8Q =M
v Nps = Vaz = Vy
= (400 -1:38) x B
S. Vpg = 398 x\os v = 298 w\
(3marks)

6e) Briefly describe the underlying principies to explain operation of transformers.

* FARADA YT LA of MAENETIC iNBYCTION

L

VOLTAGE \& CHANGED BETWEEN PRIMARY AND SeconNDARY couws

@

ALTERNATING CURRENT PROVIDES  ALTERN ATING /CHANGING FiELD

‘C EmeE “u—muﬁep" IN PROPoRTION To ne WINDINGS RATiD PRIMALH ' SECOND

ENEREY / POWER 15 TRANSMATTED SETWERN PRywMIRNY L SeCoHNDAY Ty

(p=v.x Vesee = Hets )

(2marks)
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QB7. [12 Marks]

The Doppler shift in the wavelength of light emitted by galaxies can be used to measure the speed
with whnich they are moving towards or away from the Earth. Like the Sun, galaxies emit a wide
range of wavelengths. The analysis of the absorption spectra of light from galaxies can have two
spectral lines missing due to the absorption by calcium ions as light passes through the gases
surrounding galaxies.

The Doppler shift relationshipis z = é& Where
A z = red shift
v A = change in wavelength (moving source) (nm)
It can also be shown that: 2= —— A =wavelength of stationery source (nm)
Co v=recessional speed of galaxy (m s™)
co = speed of light in a vacuum (m s™)

The spiral galaxy NGC 1357 in the constellation Eridanus
is visible in the western sky between January to April.

The wavelength of one of the calcium absorption lines in
the spectrum from NGC 1357 is 399.72 nm.

The same line in the calcium spectrum measured in a
i@boratory on Earti is 356.85 nm.

7a) Is NGC 1357 moving towards or away from the Earth?

ANAY  (RED SWIFTED)

(1mark)

7b) Justify your answer to (a) by providing a brief explanation and a supporting diagram.

TwE WAVNELENGTM o€ THE cAaLIuM

LINE IN THe SPECTRUM Faomt NGCI257

2 Al INCREASED . THIS CRARACTERISTIC

of A SOURCE MONING AWAY FaOoM

OBSERVNER — SHIFTeD TowARD RED,

DIneRAM ! ¢ WAVELENGTH CHANGES CLTtAR

* REFERENCE To ORSERNER

(4marks)
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7c) Calculate the velocity of NGC 1357 relative to the Earth.

WS NG AN = )Msmm'ep — NREST AND

AN -
TN =

Tren v = AXxC

-~ 8
= ( 294-12 - 396-85 ) x 3 x\O
296. 25

e
oo T 2,68 xie msT!

(2marks)

7d) A star has a recessional velocity of 58.9 km s, Calculate the red shift’ that would be expected
in the calcium 396.849 nm absorption line from this star.
AX -
VEING T T

<.
- »

TeeN &> =

n

<
3 -9
$S8-%2 w10 % 3%6-8S %X\
3 x \ojg

T m _ )
i AXAT 7.7 ke m iAccml-‘-‘lGB:ug ;

(2marks)

Edwin Hubble analysed the red shifts of various galaxies in 1920 and discovered the following
relationship (known as Hubble’s Law) :

Where

-H d Vgalaxy = Tecessional speed of galaxy (km s'l)
galaxy 0 d = distance to galaxy (Mpc)
H, = Hubble’s constant (km s™ Mpc™)

A

7e} Calculate the distance to the NGC 1357 galaxy in light-years given that Hubble’s constant
is known to be 74.2 km s™ Mpc™, and 1 Mpc = 3.261 x10° light-years.

ONING —v = He.d

= 3
THEN A T Jo = 214648 x10 kms™!
T4.2 ke §°' Mpe™!
Sood T 2923 Mpe
- _,', A = 24.23 x‘s-zclx\oe
7
:-OL=Q'53X\D ly
e d = 95.3 milhon WqWi-vears

(3marks)
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PHYSICS

Year 12,2012

Semester Two Examination

SECTION C

Teacher:

JAA / MV

Question/Answer Booklet

Name:

EXAMINERS USE ONLY

Section C

TIME ALLOWED FOR THIS PAPER
Reading time before commencing work: Ten minutes

Working time for paper: Three hours

MATERIAL REQUIRED/RECOMMENDED FOR THIS PAPER

TO BE PROVIDED BY THE SUPERVISOR
This Question/Answer Booklet comprising 12 pages

Data and Constants Sheet

INSTRUCTIONS TO CANDIDATES

Answers to questions involving calculations should be evaluated and given in decimal form.
Quote the final answers to no more than four significant figures.

Despite an incorrect final result, credit may be obtained for method and working, provided these are
clearly and legibly set out.

Questions involving working should be answered with a complete, logical, clear sequence of reasening
showing how the final answer was arrived at; correct answers which do not show working will net be
awarded full marks.

Questions containing the instruction estimate may give insufficient numerical data for their solution.
Students should provide appropriate figures to enable an approximate solution to be obtained.
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SECTION C: Comprehension and Interpretation

Marks Allotted: 36 marks out of 180 (20%). Attempt BOTH questions in this section,
Candidates are reminded of the need for clear and concise bresentation of answers.

Diagrams (sketches), equations and/or numerical results should be included where appropriate.

QC1 [18 marks]

Experimental Analysis and Interpretation
Using a mass spectrometer for a crime scene investigation.

Australian Federal Police have isolated an element found at a crime scene., They think the element
may be sodium or potassium so have asked the forensic laboratory to run tests on the element to
identify it. The laboratory is able to ionise the element to give it a single positive charge. They then
accelerate the ions through a potential difference (Vd) and by use of a velocity filter are able to send
ions that have reached their maximum kinetic energy into a mass spectrometer. When the ions enter
the mass spectrometer they are acted on by a uniform magnetic field and follow a semi —circular

path.

Technicians conduct a series of tests and measure the radius of circular motion for different values of
potential difference used to accelerate the charged ions.

Schematic diagram of mass spectrometer

Accelerating
lonisation ! Voltage

Magnetic flux density
B within chamber
fixed at 3.50 X 10°T

Faraday plates

detect ion strikes semicircular paths

The table below shows the results obtained when the magnetic flux density B in the mass
spectrometer was fixed at 3.50 X 107 T. Measurements of radius have been expressed with an
uncertainty of + 5% and radius squared with an uncertainty + 10%.

Potential difference V, Radius of circular path Radius squared
{volts) (metres) (metres squared)

200 0.270 £ 0.014 0.072 + 0.007

400 0.370 + 0.019 ©-137 * 0-014

600 0.490 £ 0.025 0-240 ¥ 0.024

800 0.530 £ G.053 o281 To-o0Lg

1000 0.620 = 0.027 0-384 t 0.038

1200 0.670 £ 0.034 0.449 * 0.045

JALVES v 7

Page 34 of 44 SIGNIFICANT FIauReS vV

UNCERTAINTY FormaT v

Positive ion beam follows
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It can be shown that the radius 7 of circular motion for an ion of mass m and charge g, entering the
mass spectrometer at speed v and being deflected by a magnetic field of flux density Bis as follows:

mLY
¥=—
qg.B

Use the following known data to answer the following questions :

Mass of a potassium K* ion = 6.49 x 10% kg Mass of sodium Na* ion = 3.82 x 107 kg

la) Use the equation ¢ = ém'—" ind other equations on the formulae and constant sheet

ok
that link the kinetic energy in (joules) attained by a mass of charge q (coulombs) in
a potential difference Vy (volts) and derive the foliowing expression: 2.m
i = V.
q.B* °
™ v
siNcg v« = TR.q
. . Myl
Twen Yy - R
SINCE AE,= W= N.g = "Lt
M-
Twen ¥V = To
N MmO 2M x M
Vs YT = Tgm %5 ~ 829, 2q
Looorvr= am V. (@.£.)
8iq
=—=————————————— (3marks)

The equation follows the format y = mx + ¢ for values of r? plotted against Vq

1b) Complete the table by filling in the values of radius squared r* with the appropriate uncertainty
range. Two values have been done for you.
CorRgcT JALVES
SIGNIFICANT FIGURES V
YNCERTAINTY FormAT
1c) Plot the graph of r?(vertical axis) versus Potential difference Vy (horizontal axis) on the
Graph paper provided. Include error bars and a tine of best fit. (Smarks)

{3marks)

If you need to make a second attempt, spare graph paper is at the end of this question.
Indicate clearly if you have used the second graph and cancel the working on the first graph.
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RAPWS ¥ VERSVS PoTeNTIAL DIFFERENCE

T
T
LREEA Y

o480 T :

004005 L

@
w
v
[J

©-300F oo

£E

0250 |

© JLoo 1\:I“ I

(W) a3s¥n0s senavy
i
T

o950 ¢ T

o loo oI

A}

0- 080 =i

o-ooo:-
o loa 0o 306 400 Soo Goeo Too 8oo 900 j000 [loo 1200

Y, PoTeNTidL DIFFERENCE (N )
AXES LAGELLED [fyniTs

v v ACcurATE PLOTS
W, (5marks)
LINE of REST BT v €ERRo| BARS
1d) Calculate the gradient of your line of best fit from your graph showing all working.

v _RKE AND RUN TAKEN FRoM ULINE of BEST F\T(on A Rig TRIANGAE)

GRADIENT = R\Slfi = o0-450— 00718 p;
RON 1200 — 200 v

U GaAMENT = 3175 x10”* m>V "

L -8 =
> 4006 %\o MmN . v

(3marks)
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1e) Use the value of the gradient that you obtained to determine the identity of the charged ion.
(If you could not obtain a gradient use the numerical value 4.00 x 10%)

. v o 2V
SINCE  ERADENT = anND Y™ = BEg
- &
TheN  GRADWENT = 2™M = 4.00 %10
B*a,
. M = 4.coxi0  x B% q

. WM T 2.92 xto"'eﬁ

, 4
Mug* ¥ 3:-82 %0 Wy -+ CWARGED 1onN \8 Na

(4marics)
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QC2 [18 marks]

The Transit of Venus

Paragraph 1

Nearly four centuries ago a young astronomer by the name of Jeremiah Horrocks made history by
predicting and observing the transit of Venus. A transit is when a planet passes between the Earth
and the Sun appearing as a dark spot moving across the Sun’s surface. Only Mercury and Venus are
between the Earth and the Sun. The [ast time Venus transited the Sun was June 8" 2004 and the
next time will be 5™ June 2012. It takes about 30 mins for the complete transit. The orbital planes
of Venus and the Earth around the Sun are not identicai and this affects the times between transits.
No one alive had ever seen a transit before the June 8" 2004 observation yet the next will be in 2012

on the 6™ June at 10.09 pm in Perth.

Paragraph 2

The fact Horrocks could predict its transit with accuracy and also calculate the Earth- Sun distance is
a testimony to the precision he took his measurements with. The distance from the Earth to the Sun
is known as one astronomical unit [AU].

Paragraph 3

The path of Venus across the Sun depends on where the viewing takes place. It is different at the
equator as compared to what you would view in Perth. By combining observations at different
latitudes and knowing the radius of the Earth it is possible to deduce the solar parallax angle 6 and
hence deduce the Earth - Sun distance.

Sun

Page 39 of 44
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Paragraph 4

It is recommended that you observe the Sun at least a day or so before the transit time in case there
are sunspots. Sunspots are areas on the Sun's surface that have a darker colour than the
surrounding area. Remember never look at the Sun directly either with your eye or through a
telescope. Use a telescope or a pair of binoculars to project the image onto a piece of card.

Questions
1. Which other planets can have a transit path when viewed from Earth? Explain your choice.

EITHER , THOSE BETWEEN THE EARTH AND -THE (oN

MERCURY AND VeEnNUS pnLY

(2Zmarks)

2. Draw a picture to illustrate your understanding of the transit of Venus using the diagram below.

SHADOW
af OffeRNER
VENUS ON EARTA
{2marks)
Sun Venus Earth
3. Using your data sheet calculate the Earth — Moon distance in AU.
S\NCE d s»e = \ AU gy pgriitmon
Twen dsv€ = v.soxie" = 1 Au
Amoe 284 % 10 0:001S
.. Olm.,e = 0.0025 AU
(2marks)
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4. 'What does the expression “the orbital planes are not identical” mean? Use this idea to explain
why the Venus transit is an irregular event.

TWwe ORGITAL PLANES Ace INCUNEP To EAcH o THER

THeReRRE, YENUS  Twe EARTA AND The SUN ARE RARELY ALIGNED

ToR THE TRANSIT -To Re OBSERNED -

(2marks)

5. Calculate the time, in seconds, for Venus to orbit the Sun if the Sun — Venus distance is known
to bel.08x10" m.

_ e.y(,mv oW\t 2KV

siNCce Fg 2Fe  THen —pT—— = —p—— aNp V= —=—
_ 4niv
= =

1]

G My

2T = 4R (fo8ywoe")
-2-67 x\o“—‘x 49 x\o¥0

-
e T T W43 nio ¢

(3marks)

6.  If the solar parallax angle was 2.5 x 107 degrees then calculate the Earth — Sun distance.

oppy . _ YE
N(\_o USING “Tan & = /ad_( = Y€

Ysmre
™EN Yege = Yg
TaN €

"

6
627 x o
Tan 2.5 X0~ 3

"
.- Ysoe = 146 xto

(3marks)
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Why, if you want accurate resuits, would you choose two locations on Earth separated by as
large a distance as possible?

7.

SO TRAT TWve TRIANGLE VSEY o CALLUVLATE The SolLAR
PARALLAY ANGIE ©

\$ AS LARGE AS PSSIBLE \N oRpeRr To

MiINITWISE ERROR -

(2marks)

Why are you advised to view the sunspots before the transit observation and why should you
never view the Sun directly?

So A3 NoT To (ONFUSE Twe SUNSPOTS on Toe Sunt surFace
LIVTH Tre PLANET Venus.

THE SUN'S HGH ENERGY EMAR RAYS WILL DAMAGE YouR EYXE

\E _NVIEWED DIRECTLY.

(2marks)
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