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before reading any further.
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IMPORTANT NOTE TO CANDIDATES

No other 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 a non-personal nature in the

examination room. If you have any unauthorised material with you, hand it to the supervisor

before reading any further.

Structure of this paper

Section Number of| Number of | Suggested Marks Percentage of
Questions | questions to | working time | available | exam
available | be attempted

A: Short Answers | 16 16 60 min 70 35

B: Problem Solving | 7 7 80 min 90 45

C: Comprehension | 2 2 40 min 40 20

and

Interpretation

Total 200 100

INSTRUCTIONS TO CANDIDATES

1 The rules of the conduct of Western Australian external examinations
are detailed in the Year 12 Information Handbook 2010. Sitting this
examination implies you agree fo abide by these rules.

2 Answer the questions according to the following instructions:
Write your answers in the spaces provided beneath each question. The

value of each question (out of 200) is shown following each question.

You should note that the space made available for an answer is not
necessarily an indication of the length of the answer. You must be

careful to confine your responses to the specific questions asked and to
follow any instructions that are specific to a particular question.

Answers to questions involving calculations should be evaluated and

given in decimal form. It is suggested that you quote all answers to three
significant figures with the exception of questions for which estimates

are required. Despite an incorrect final result, you may obtain marks for

method and working, provided these are clearly and legibly set out.
Conversely, 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.

When descriptive answers are required, you should display your
understanding of the context of a question.

An answer which does not display an understanding of Physics principles
will not attract marks.



Section A: Short Answers
Marks allocated: 70 marks out of a total of 200 (35%)

Attempt ALL 16 questions in this section.
Answers are to be written in the space below or next to each question.

1 Anuton a bolt on a bicycle requires a torque of 6 N m to just loosen it,
against a binding force, B which is due to rust, etc.

(a) Label the diagram below and estimate realistic values for the length (L) and

force (F) that would just supply enough torque to loosen the nut. (4 marks)
B
y L |
NUT 4|
GHERNN
BOLT /"
| " SPANNER F =

Thow = 6N /]

Cshale L Olm < L <

S 025
i T=v.F m‘/f
R 60N SF S 24N ,‘\/
O-ln > 3on l

©-25 > 244,
(b) ESTIMATE the binding force (B), between the nut and the bolt, which is just
sufficient to stop the nut from coming loose. (2 marks)

(97 G- 1y ., L= Do)
fg Nj’\;b 1‘./
| , I,
Nowoli »on - Fg A 24 F |

S idea > [n S Mo < 8357"”/1m
reagonahble Vaed 22n. or oboits
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During a game of totem tennis a ball of mass 60.0 g swings freely in a horizontal

circular path at a constant speed. The string is 1.30 m long and is at an angle of 45°

to the vertical as shown in the diagram.

=

e

45°
1.3 m

—— e

—-—.__-—._______

(a) On the diagram above draw labelled vectors to show

(i) the tension force
(i) the weight force

(iii) the total force@)

X

acting on the tennis ball when it moves in the horizontal circle..

C—-\m ot mboweo{v)

Calculate the tension in the string

T{("" Wb-: —T—CO\S@L/l

(b)

- W\g
C= heay
_ = 0:06.9-8 D
EW\S"O@%”] Cos4s l
= &30« N

Wﬂb\f\"( (Wﬁ) |

(2 marks)

(3 marks)

Cor hic']

.
( (Meng d'l\n\rg)



(a)

(b

)

(c)

(65w’ 16’ g e (80 g

4.

The diagram shows a car and a large truck travelling around a circular
bend on a banked road. The truck is travelling at 65 kmh™' and the
banking angle is 28°.The banking angle is such that peither vehicle is

relying on friction to negotiate the bend in the road.

Use appropriate formulae to explain why the masses of the vehicles are
not a consideration when choosing an appropriate banking angle. (2 marks)

> ttwm O= V/Eﬂ ./\
o No WALLSS - M ’Cb\t‘{:o(mula, hence 279

has no tefmene et Panking Angle 9‘1

The force of gravity on the truck has already been indicated. Draw in all
other forces, including the net force acting on the truck | Z&Q)'\ (2 marks)

Find the radius of curvature of the curved road for the truck. (2 marks)

r. 93 '
.U = .22 <0 m ’

A boy rides his skate board up a ramp with an initial speed of 7.00 m s but slows
down with a constant deceleration of 2.00 m s. He travels some distance up the
ramp before coming to rest and rolls down again.

lgnoring friction, calculate:
(a) the distance the boy travels up the ramp before stopping (2 marks)

. \
At Dos oty | STut +oat” .
T 4 where E= V-4 = 7/
Vet ( A .
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(b) the time that it takes him to reach the highest pgiy/ / (2 marks)
t= v- /:2;1', C o// v=uwtat
e

5. ) The diagram below shows the internal structure and the circuit diagram
of a doorbell.

(@) When the switch K is momentarily closed and then opened again,
explain why the striker, H will hit the bell. (2 marks)

~ Cuviont rmm'nj ﬁwtﬁk olemoid 4 |
- Elﬂ,o’wovv\@vxd crnded .

- Stkesr C Mm{o Wag, w[\‘elal/?or@
[N?O coment INOYLED W strigies ]

(b) As the striker moves toward the bell, the contact C is separated from the
electrode E.(After hitting the bell, and in the absence of an electric
current, the striker springs away from the bell and returns to make
contact with the electrode E.)

i) If the key switch remained closed, explain why the striker
repeatedly hits the bell.
(2 marks)

A Staked ywove!, Cirov it s broken . Snicer
vﬁl(\/g\g?(mﬁ bak gl male Gataet withe
kit B

ii) Describe two changes that could be made to the device to
cause the bell to ring louder. (2 marks)

Antenge cuvver
_ NS of colls tn solgmotd.



6.

A spaceship travelling at 20% of the speed of light (i.e. 0.2 x c¢) contains a cube

shaped box.

An astronaut floating freely in space outside the spaceship views the box through a

window as the spaceship passes and records its dimensions as L, W and H.

A passenger on the spaceship records the dimensions of the box as Lo, W, and H,.
DIRECTION OF

TRAVEL OF SPACESHIP
@ 0.2 SPEED OF LIGHT

STATIONARY
ASTRONAUT

WINDOW
SPACESHIP

(a) Which of the following options best describes the dimensions of the box as
observed by the astronaut outside the spaceship compared to the
measurements made by the passenger?

A L<L,, W<W,, H=H,
B. L> = H=H,
L<L,, W=W,, H=H,

. L<L,, W<W,, H<H,

Answer C/ (1 mark)

(b) Explain why you selected your answer. (3 marks)

it okett davtlk & relahiishe Ipets, %w\
Wt diveckon of travef fns e Lo o Sahionany
obrecver) 15 Shortar. PHec glimensions W ol

V@;VWM\A ufldﬂmmgg%
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7. The diagram below shows two negatively charged particles. Particle X has a charge
3 times that of particle Y. On the diagram draw eight (8) electric field lines that best
represent the field associated with the two particles. (3 marks)

/ / S
Y /

A e (b - \ ‘ ﬁ\;&(ﬁ]g{y

\79 7 o Sutfaw ‘ %%[D( \//?/

. atiO~ of ‘{\"l‘Qld ﬂ)«v&r

8. An electron travelling horizontally at 1.5 x 10° m s™ enters a vertical uniform magnetic

—_— =

—

—_—

field of strength 0.0040 T.
MAGNETIC FIELD STRENGTH
X X X X X X X X X A = 0.0040 7
X £ X X X X X X X X
A X K X X X X X R X
X X X % X X X X X X
X X X X X X x X X X
electron' > % X *F X & X X X
X X X X X X X X X
¥ %K X A X X X X X
X X X X X X % /
XA X X X i 0X X
XX X X X x X XyX X \
X OX X X X X x X X
A 0% X X X X X X ¥ X
. X X X x X X X x X X
(a) Calculate the force that the electron experiences. (2 marks)

== kg Vv ol
= 4o Lbrg™ Loyt
= 0\.6 K.LQ’{”"[\]c/l

(b) On the diagram above draw a line to show the path of the electron as it travels

in the magnetic field. ‘ (1 mark)
( divecked dovwwards )




9. Students construct a model electric heater in the laboratory using two lengths of
nichrome wire as heating elements. The two wires have resistances of 10.0 Q and
20.0 Q respectively.

(a) Calculate— that would flow through each wire fnd the powenthat

will be produced by the model heater if they are connected i series with
each other and a 12 V battery is used to complete the circuit.

v (2 marks)

e | = 77

——

0%
- &9 W = 4.
(b) If the two lengths of nichrome wire were then connected in parallel with

the 12 V battery, calculate the current that would flow through each wire
and the total power produced.

)——-_—:'_L { /-V . T
OQ‘Z‘ B L5 @ L=124

(2rnarks).’

o N

- 2 = | = €. ‘

o 5/7 T20 = 0-67 L)
QT 6-clAL -3 @, f’::-_ 'Q'?,-

f\{ \!M ﬁﬁld ’2— 7 2w m ___' S\ be7

10. Towards the end of the 20" century scientists suggested that quarks were the base=———
building blocks of protons and neutrons. Quarks have the following properties:

a. They have mass.
b. They can have electromagnetic charges of +1/3, +2/3, -1/3, and -2/3
C. They have colour charge.
d. They have spin.
(a) If aproton is made up of 3 quarks, what are the charges on each quark?
o - \ (2 marks)
7 + 7,
t. R Tg
(b) Explain your answer. (1 mark)

_ Vtar\L
Croge on probon =1 2, 7 =11
(c) if aneutron is made up of 3 quarks, what are the charges on each quark?

v (2 marks)
'('%, "”3' I ?

(d) Explain your answer. (1 mark)

060:4\/\'. 5 Quark Choges = O (W)
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11. According to the theory of special relativity, some properties are dependent on the
frame of reference in which they are observed. If an observer is observing the
events listed in column 1, indicate in column 2 if the event is:

Always the same or
May sometimes be different (3 marks)

Column 1 Column 2

The distance between two given events 5‘0 P ‘F\ WYY dj: ‘H\Ef @/\b

The time interval between two given .
events )30 V\Aﬁ:{'l L ol \C&ce,rd
The mass of an electron measured at
rest - M Sanne.
o
e eacl
"

12 . American astronomer Edwin Hubble was able to calculate the speed at which
galaxies were receding from their redshift. He used the formula Vgaay = AMA X
Where: Vgaax is the speed of the observed galaxy (m s
AM is the change in wavelength (m)
A is the normal wavelength {m}
¢ is the speed of light (m s™)

Using this redshift formula, calculate the recession speed of the NGC 4889 galaxy if
the wavelength of a spectral line of ionised calcium measured in the laboratory is
393.3 nm but has a wavelength of 401.8 nm when observed in light from the galaxy.

(3 marks)
V= 2)yx.c
wmm:@ol-a—m).z) = 8¢S b/
(

(A

S - RS 3l

- W335 O (
= h(djgﬁlobvv\s’t /‘

i wae }\5 4ol an = 2
[ [:> V= ('SSNOQW\S’{] j
\Luse, 40! Gnm > Zn:j



13« Aircratt flying through the Earth’s magnetic field are subject to an induced EMF
across the wings.

(@) Atwhich places on Earth will the aircraft experience the maximum induced
EMF? (1 mark)

Ao B Sreldl 1 Svongest YA Lings
Mu@mﬁz@emvﬁ /wb%d '

2 A He Nor & PoLES

(b) If the maximum magnitude of the Earth’s magnetic field is 5.00 x 10° T,

calculate the maagnitude of the EMF that would be induced across the wings of a
Boeing 747 flying at its maximum speed. A Boeing 747 wing span is about
60 m and its maximum speed is 900 km h™. (2 marks)

Asvme 2ve B ae m\)tvallj pafendicar

thon ek = B RAV_
= Sxi8 , $0. LSo

= 03V
(c) Would it be realistic for the induced EMF produced in this way to be used to
power appliances on board the aircraft? Justify your answer. (2 marks)

NO (/l \/(

<015V 15 teo &mal/l-('ev‘@/l Caleulothor mzes
V.28V ) An Qooil. reason.

-un reliable veltrge™(degpencls on @f@”}c}fb,&,

14. A synchrotron produces hard X-rays that travel along a beam line and impactona
sample of crystalline material. ESTIMATE the energy of these hard@'(-__/zws,‘in/@v.

(3\11“1"5‘1:123)
ot XAogr = nigla Eremy
om F+C shat £a 0%y

(/\ = thlzm:

e
_ TTOTHA
= L:*()SKLOF%’. IC)(Lo '/L

i\
o~
o~
1)
=
01

e

-

| o -5
— = L. T4 /1 6K0 T W ke
IS \Y\ > 9 2 b.b3%10 /
S = fc«hcwz beel_]
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15, a student experiment, a bar magnet is dropped through a long plastic tube of
length L and diameter, d. The time taken for the magnet to hit the floor is recorded.

-

S

d | d__
L\.____,/ M
Plastic Copper

The experiment is repeated using a copper tube of the same length and diameter.

The experiment is repeated using s copper tube of the same length and diameter and the
students noticed a difference in the time, t taken.
- How will the times differ? Account for the difference using physics principles.

(3 marks)
c Time oo Cofpar >tm{9(€\m@‘/\
< Ay woopel s Hhew Gn pipe, eddy coneas
ropiacated M the pipe (e to Unawginy
WOV, 5 Peld A
s wwerds ORIE the nworkiveat of the
W\O\@v\ﬁ (lenzl me) ~/’




16, Small computers mounted on bicycles measure the speed and distance a rider has
achieved on a ride. A permanent magnet is attached to a spoke in the front wheel
and a coil is mounted on the front fork of the bicycle. A wire connects the coil to a
small computer on the handlebars which provides a read out of the bicycle's speed
and distance. When the computer is first used the rider programs into it the
circumference of the wheel. The diagram below shows the arrangement.

/

FRONT FORK

Wire connecting
coil to computer

oil mounted on
inside of front fork

Magnet

(a) Briefly describe in terms of electromagnetic induction how the bicycle's speed is
measured. (4 marks)

- Tach hrne net passes coil ,a smald pulse
\Q EE-2ved ot Cuvvent ‘mouuzow/(

7 I L Tiwe Wesval beheon pultes U ca@a*ecz(/,
- CO UU‘Q_( VI V= S/t = O—N;O‘}M <« 4?0
yxjwld& V. 7‘42/

(b) Is it necessary to mount the magnet on the circumference of the wheel, as
shown in the diagram, for the system to function properly?
Explain your answer. (2 marks)

« MO = Thwetor each vovdvbion / P\J\3€ o Mavced
T wwent wadt C i gou Change.
irtomce fom axle
(However, s _ervor s producedd o€ olistam @ frons
oxle 4
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Section B: Extended answers
Marks allocated: 90 marks out of a total of 200 (45%)

This section has seven questions. Attempt all questions.

(12 marks)

1 A satellite provides information about the receding giaciers on the rth’s surface. It
has a mass of 395 kg and is in a circular orbit of radius 1.45 x 10%km. By orbiting for
12 days it can map most of the Earth’s glaciers.

(a) Calculate the orbital speed of the satellite.

G (3 marks) \}
- “a AS AT = /
ff\“"’&‘[\OW\ V = GW\Q, E 6 ¢
= 398 A
&f’) @ 6"1)4[0 ‘5 o)%?(w L{—S‘-ﬁ

1 - /
v oo V2 T

(b) At what altitude above the Earth’s surfac is the satellite orbiting?

A’l}b7 " — (e (3 marks) y‘wﬁa\

= 1-4—&05’ — é 37><\ob/

= Bel12 =10 T e

(c) List the force(s) that keep the satellite in its stable circular orbit. (2 marks)

TARA

(d) On the diagram below draw one or more labelled arrows to show the direction
of the force(s) on the satellite as it orbits the Earth. (2 marks)

SATELLITE .
\‘@:f Fﬁ =fe
DIRECTION
OF ORBIT
— K t
E‘*lml’@ 5 [\M VQLO(/@l ORBIT OF
SATELLITE

(e} Would you expect this satellite to be in a geostationary orbit about the Earth?
Explain your answer. (2 marks)

(\/O H5 ity wsed to obsecve weceab\\nj au@(y
Hoom (oL okt 15 betes

so: T # T = 11420 4eC
(/Xd 2405, T2 U .



(12 marks)

2. A helicopter is required to drop emergency equipment to a group of walkers stranded
in rugged bushland. A package is released from the helicopter at altitude (h) directly
above the group. The helicopter is moving with a velocity of 8 km h™! at an angle of
40° above the horizontal when the package is released. The package lands on the
ground 2.5 s after being released.

'/Bkmh'1
e

Trajectory of
package

¥

Stranded 'l‘
walkers :
,.-T""F._‘ 4 - iz —
(a) Calculate the value of h. (3 marks)
- =
b=2-<t. y= Uk A+ %'@t —

=V,
W ‘ ) = - Q-_[“‘ ‘VV\ -/{ [
&

(«w B b))

(b) If the helicopter continues to fly with its initial velocity, calculate the distance
between the helicopter and the package at the instant the package hits the ground.

(3 marks)
M, = |43y A |
v 23 sec, hglicopher will Cothnue to vise | Si = Uy 25
AL,
L Tkl Bt s 2+ 357 |
= 30.6ln Mg

D‘S\‘&\M\&\U OA\\V) V@/(b(,& ﬂH Ger )= MH(FaC{CO@E)
(-
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(c) On the axes below draw a graph that best represents the verticof the
ow

package as a function of time. Include actual values on the axes. 5 Jlations
that determine significant points on the graph. (2|.mar )

25 'l l—
m T 7]
| ///
s | //
/

14

0.1 0.5 1 1.5 2 2.5 >
time (s)

T P
—~ ) lot: 2ne”
,S/f,- . mi{/ﬁ&(e: l W
# k@\\g ?0](&’3 on @r&vf\/\'- (O ) 1»‘{-)

0o\ . ©)
(2_'\{ i ’23)



(d) If the helicopter was travelling horizontally at the same speed (8 km h™) and
height (h) when it released the package, would you expect the package to land
closer or further away from the group? Explain your answer. (2 marks)

w alov - Horonte onpenent of M(/LCDFHU
Tf@rec&efﬂow,( 8 lamL“') henwe dis\ﬂlaﬁcama
{\\C/\‘@M ﬁ'llnf\i")

[hoes o will te reduced, so_sil Moy Sk " closec'-

marks)
(a) The diagram below shows a confined magnetic field with a rectangular wire coil in

the plane of the page.

L ® ® ] ) ®

o L L ® * ®
L ® ® ® ® ®
L ® ® ® ® ®
® L ® ® ® ®
L ] ® e L] ] [

State the direction of the induced current in the coil as clockwise or anti-clockwise  (if ther
is one) as it is moved: - -

(2 marks)

. totelet  \[ gne
i. b) tothe right NOV\,QJ o €A e
"

(Aosume thnat despite movement, s hl
Contmined within' Ahe B feld)
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3.cont. ..

The figure below represents a DC motor whose coil is initially stationary.

J ," M
switch — it ri
i split ring
+ .ﬁ v commutator
«4—— D C power supply

(b) In which direction, clockwise or anticlockwise will the motor rotate when the
switch is closed? (1 mark}

ew.

(c) Explain your answer to 3(b) by drawing a simple diagram to show the resulitant
forces and magnetic field, as viewed in the diagram.

Qe View (2 marks)

L/DL,@\“

Ry dutocted | & fom il and NS wagpe

WAk ) profting torsion (0 Ched -

cchtbivg lomne ¢ renden
0% .U paw e Ao haoes tn @ feld.




|oe:

The figure below represents an aiternator consisting of a rectangular coil with sides of
0.15 m x 0.20 m and 1200 turns, rotating in a magnetic uniform field. The magnetic flux
through the coil in the position shown is 2.5 x 10™ Wb.

(d) Calculate the magnitude of the magnetic field strength. (3 marks)

QS"'E"@/ 9-svrs F
R = A= Oo. -
X a0
- .22 -7
P wse N> om V3o T T g

(e) If the coil rotateevolution from its starting position in 0.03 s, calculate
the magnitude of the average induced emf in the coil in this tinte.’

SYWE = (N* i——g ‘/[ rks)
EME=A T ANE _ T
CF': 0.0b 3¢ - *LQQO" = SN‘?, : /;
0.0\
— ;ZO\/J ( (Z—ONO‘
v oV & m | — ‘)

Y List 3 ways you could modify the alternator to increase the magnitude of the
emf. (3 marks)
. 5‘)\\/\ JFMJ&((W\@& S )
Tnoreare No of coilg
o
— b emch

. lnorense _E__ I
Anceose Aves ol Cor) Mﬂ




20 Year 12 Physics

/(15 marks)
/4| Below is a diagram of a “sliding wire” apparatus. As the copper rod slides down
\ / on the electrical contacts a current is induced. The induced current results in a
' force that opposes the motion of the copper rod.

rod

B (perpendicular to the

electrical

contact rails @

The rod initially accelerates down the slope, but soon achieves a constant velocity
as the magnetic force opposes the force responsible for the acceleration, thus
achieving terminal velocity.

a) Draw a diagram to illustrate the forces acting on the sliding rod.
(2 marks)

~Am endh X

b) Derive an expression for the terminal velocity, v, .

et demiinal velodily Ve, SE5p marks)
BaV = swo )
W= e



¢) Terminal velocity was found to change as the angle of the slope changed. The
table below contains some collected data. Complete the table.

Angle (o) Terminal velocity | Terminal velocity | Sin (o)
speed (cm.s™) speed (m.s”) __

20 0.56 Gab LS’ O-3
25 0.71 Yl N3 042
30 0.83 &3 X1 o-.<
35 0.93 DI K - )
40 1.05 $ 05 Xio™ ~ 53
45 1.19 11 s Z] 0 1d].
50 1.27 (.7 "t O )Ab
55 1.40 [ doxa? 0-E
60 1.44 LA O-
65 1.50 35S N & 67“’10&
70 1.56 (SExIST] 0940

“T1

l \(2 marks)

d) Plot Viagainst sin {a) to w. Determine the gradient of the line.

———

(Plot the graph over the page, and show your calculation of the gradient here. )

M= DY
DX

= AV:,
A€ i

- ixe
3‘028 Xtoﬁ

NS N ONED
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()
c=ss %_-_m - ‘ : H = = A I
B ] H- i
T -
A A A | NEEE
! AN EEERNS L _ |
|
\G ’ . /ﬂ -
;/ N
% T v
N = )4
2 /
e
\o 4
% jRaed |
€ my al
ﬂo’zm\})q-
C (o // (Jﬂ( L XA'} CalC - Zmn
1 17 T = T2k
e
4‘ / Fla -f'm
4 l[, PN %Y
M /|
% RS
Y i
. / 1
y.ORON
A U |
0, 904 0< 06 2 0p

O (5 marks)

Crinet

o= __ N



e) Use the gradient to determine the magnitude of the magnetic field strength (B

Wt (0 @ =
= W\Ef)
2

. l»b’?xw"l = Wy
54,
¥ We oy =6xio Tc B = ”‘/"v\hﬂ@m?

d Wlelech/qm = — qx——%w__u)q .
- o —-W
(- 672<[Dﬁ’ 6 X (_/
(14 marks) = g- Z4f?§la_67_ l

5 The emission spectra from excited hydrogen gas contain three distinct linés of

wavelength 431.1 nm, 486.1 nm and 656.3 nm respectively.
-

(a) Perform as many calculations as necessary to demonstrate that the radiation
with the shortest wavelength of those detected, has the Iargest energy.

&= \/\C (2 marks)
~ 0eff | 431 1X10 > 4.6\ 15 U

rl: E‘a,\i : . d’@é‘l 1O l’l’\:> L{.,Oﬁ)qo %
I —_
" Wéié'é ’3 NN ‘:7_> ?»92200 lj]

(b) ‘in which region of the electromagnetic spectrum do the three spectral lines
appear? (1 mark)

@4% = X /4{5\8(5 | Xlo = b- |7>(l\9w—[¢(Z
= ‘lV\“Rf('\—red o

&-——'
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The diagram below is an energy level diagram for the hydrogen atom. Use the
diagram to answer questions (¢) and (d) below.

energy (eV) |1 electron is free
13.6 | —— = -~ binding energy
13.2 n==6
13.1 — n=5
12.8 n=4
& > 1, NOT TO SCALE
\{, =7 ’ 121 ns=3
: J, v
(=% 10.2 | — n=2
3=
57 b
2 : 0 —— n = 1 ground state
= \

(c) Calculate the amount of energy, in Joules required to ionise an electron from
the ground state. (3 marks)

c- Rbev
_ _ ~9 -
e = 126 . bxio J.ev 4

= 200 '®5

(d) Draw arrows on the diagram to show all the possible energy transitions that—
may occur when an electron is in n=4. (one transition is already shown).

‘ % /e/lw o “ - (3 marks)

- A2 > ,4=3 7me

. 3=l 252

. 12|
The emission spectrum of light from the sun is continuous with colours ranging from red to
violet. Some black lines can be seen amongst the coloured spectrum.

(e) What is the name given to this type of spectrum? (1 mark)
. ')/,L,
e odsogbion S gectiaw,

\



(f) Explain why these dark lines are present in the spectrum from the sun.

'Bee(foml abfocpbion Lyes (& marke)
oceed Wy gases n-fond mtmof]ohére

(g) Would you expect to see similar black lines on a continuous emission spectrum
produced by light from an incandescent globe? Explain your answer.
o (2 marks)

NO~ Uigjit WAL pusing e gedes Hhat il
Aoso®> o Tregnancher. > wo dark Lins.

(14 marks)

6 A crude musical instrument can be made by tying several lengths of hollow metal
tube together as shown in the diagram below. When a performer gently blows

across the tops of the open tubes, musical notes are produced.

For all parts of this question assume the performer blows with the same strength.

= ) (=] [

MIDDLE TUBE

(
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(@) If all the tubes are of equal diameter, which tube would you expect to produce
the note with the highest fundamental frequency? Explain your answer.

- hortest b £ v= £\ (2 marks)
T OACA =< A
6\/\&/\ JQOQ

(b) If the@mdamental resonant frequency of the middle tube is 440 Hz and the
speed of sound in the tube is 346 m s, calculate the length of the tube.

(2 marks)
L= Voo
=34 _ 9.292
[\JE I= 0T6hm> [ | 2. 4407 ‘O_.?f./——“l

(c) If the performer blocked the bottom end of the middle tube would you expect it
to produce the same fundamental note as the open tube? Explain your answer.

NO it econt (65 o Atk o o7
L/A closed tuke ")
nNoW >\jo = 4 Q

o« {7 %0

(d) Determine the fundamental frequency of the note produced by the middie tube
when it is closed at one end. \ (2 marks)

-\
Fgl;w(/z “CO'?“‘ Oty = f‘( (7\:%@
= 4%0 = 220 U

-—

(e) If the diameter of all the tubes was increased, but the lengths remained the
same, how would this affect the characteristics of the notes played?

Freguonoy weil chnnge, U Lero s
b@\- omg o KGS/V Wore auv \f mownf, now,
" unee VOLOM E 4‘/{

(f) The instrument relies upon standmg waves being set up in the tubes. State the
conditions that need to exist for standing waves to be produced in an air
column. A (3 marks)

- Two Waves imoving M Sawme Wed g *W

S v Uivide, site directians
i (//




(9 marks)

7  An apparatus used for identifying minerals in mining samples involves releasing
electrons from a cathode electron gun and accelerating them across a potential difference
and through a pair of parallel charged plates and then impacting with the sam ple. The

electrons are accelerated through a potential of 35 kV, and through a distance of 330 mm
between the charged plates.

330 mm Charged
35KV o—— Plates
Cathodle / T
electron
gun

(a) Calculate the strength of the electric field between the charged plates.

< _ Vv (3 marks)
-7

= \wvg:\ >./
YW (

(b) Calculate the magnitude of the velocity of the electrons as they exit the electron

gun assembly. » ‘ (3 marks) "

ce= Vg = Zowi [E€=v4= x0T
v T ‘ s
(2. 3SK0° . 1'bxio ?l

= [ixio wmet
7\-‘(%/8 c)

(c) After leaving the electron gun assembly, the electrons travel througha uniform
magnetic field which is perpendicular to their direction of motion. If the

magnetic field strength is 0.300T, through what radius will the electrons be
—-_-'-_.

deviated? F‘ — E%V‘- W\VZ n (3 marks)
S¢’ T

L= wWwv
%, <
ﬁl-

AN\ =t /\

— r/
N\xlo ?‘, \~\\z<\oﬁ‘ ‘:_ Zﬁ%
0-300. \ bl —

-
/
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Section C: Comprehension and Interpretation
Marks allocated: 40 marks out of a total of 200 (20%)

This section contains two questions. Attempt both questions.
Write your answers to both questions in the spaces provided.

PART A- The Doppler Effect

Para 1

When a source of waves, whether light, sound or any other, is moving towards an
observer, the wavelength detected by the observer will appear to be different to the actual
wavelength emitted by the source. This is because each wave is emitted a little closer to
the observer than the previous one and is not so far behind the previous wave as it would
be if the source was stationary. The reverse is the case if the source is moving away from
the observer.

Para 2

In the particular case of sound waves, a stationary observer hears a change in the pitch of
a sound that is being emitted by a moving source. For instance if a speeding ambulance
emitted a high pitched sound, then as it approached the observer he would hear a
variation in pitch. As the ambulance passed and sped away the observer would also hear
a change in pitch.

Para 3

The diagram below shows a source of sound moving to the right with a speed of u. The
outer circle represents a sound wave front, which was emitted when the source was at
position A. The period of this wave front is T, the velocity is v and wavelength is A.

FIRST WAVE

/ FRONT

Direction of
Source

/ . s

A

Source




Para 4

When the source has moved to position B, a second wave front is emitted. This now
means that the distance between the wave fronts in the forward direction and those in the
reverse direction are different. These distances are the wavelengths as perceived by
observers to the front and rear, respectively.

Para 5
When light waves are emitted by moving sources such as galaxies, astronomers are

interested in the apparent change in wavelength AL. The wavelength change is known as
redshift or blueshift depending on whether the source is moving away from or towards the
cbserver.

Questions

Upon what property of sound waves does pitch depend? (1 mark)

—GQM/\M\W‘C Sounol

2 In the diagrams below, the ambulance’s siren is emitting a constant frequency.
Complete the diagrams by drawing wave fronts to the front and rear of the
ambulance. Note that in diagram A, the ambulance is stationary and in diagram B it
is travelling to the right at high speed. (4 marks)

___n £ N5 eg o
L) T4

Ambulance

stationary /
)\J 00 F(\ﬁ(@vd
‘______.-—'—_

e [ ([ (=B A4

Ambulance
travelling at
high speed

3 Does the@ a sound emitted by the ambulance, change as it approaches
and passes an observer? Explain your answer. (2 marks)

N, — achval yitth g (oA Tt
s Ve obaved feg of Hha Jound
objecver drat: Wil Uhange

s
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4 A stationary observer hears the siren of an emergency vehicle as it approaches,
passes and travels onwards. The siren is emitting a sound of constant pitch of 330
Hz. On the grid below, sketch a graph to show the variation in frequency as

experienced by the observer as the vehicle approaches, passes and travels onwards.
Nﬂ\’gl”‘“" P ST [ |

(3 marks)
FREQUENCY (Hz)
PERCEIVED
PITCH
i
A m— p—— \\;\ i
: \ |
330Mg =——d || prcHoE
/ ]‘ ¥ SOURCE
| I
1

LS

= 0

PISPLACEMENT FROM OBSERVER (m)

A%, —
* *:5“\(\




Write a mathematical formula using A, T and v that could be used to calculate the
wavelength of the wave fronts described in paragraph 3. (1 mark)

)\‘:\f[e ,'T':-_l
A= vT/

(fwww.ous st = vel. -b.me)

In terms of u and T how far has the source moved between emitting the first and
second wave fronts? (1 mark)

st = U.T ‘/’

Write a mathematical expression involving v, u and T that represent the following:

i The distance between wave fronts in the forward direction. (1 mark)
$= vT <UD
= T ( V- U (
i The distance between wave fronts in the backward direction. (1 mark)

- e

= VT +(ur)
= T(v +u)./{

(para5) What is the meaning of the term “redshift™? (2 marks)

Wovemen| of J)H Jouwce(ﬁalmg Stor ek ) mﬁ/

{mm ObJRIVEX  Confes o J\m{: M the objerv@d

{lreg/vemﬂ [of (ight To the f’@d end Qof}zedﬂ/vv\
e Decreased Moreased 2\)
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9 ° (para5) Whatisthe meaning of the term “blueshift’? (2 marks)

Obseoed ﬁfpyt/\bncj ‘ar('\ lght fom @ sourca movinj
Wil Obsecer 15 Shibed £ blur eng of
ch(uw (e F\‘fjwvnv’i\ ANy ) A

10 If an observer travelled at speed towards a stationary siren that was emitting a single
frequency, would he experience the Doppler Efféct? Explain your answer.

\/ (2 marks)
Ya-‘ Novemart of the Joww (eLATIVE o

Mg obuener ©§ what wattes.

‘\/ Y epdoNn

( Freq/\\ a8 Oosecves ywoves fowaals Soulee | gunol
Freg b 44 obsacve( MOves aw@)



PART B - Model Rocket

A group of students built and used a model rocket to investigate force and motion. The
rocket had a total mass {2@6.0 gy and was powered by a stiff spring which could be
compressed by 25.0 cm. A parachute inside the rocket was programmed to open after the
rocket had reached its maximum height. The diagrams below show how the rocket was
launched and how the parachute deployed for the descent.

rocket
T

4—— Deployed
\ parachute

Z x 25@ Extension

of Sprin
Compressed i = v ke
Spri &
Prng ™~ x 4—Rocket
descending

Before At
Launch Launch

Figure 1 - Launch Figure 2 - Parachute

When it is launched, the rocket leaves the spring and the spring returns to its original
length. The compression in the spring provides the force necessary to launch the rocket
and is given by F = k x where F is the force in newtons, k is the proportionality constant
and x is the extension or compression of the spring in metres.

The graph in figure 3 shows the force — compression characteristic of the spring.

1500+

. /

Force
(N)

5004

] " " Il n ] + S
T $ t + T t t T +

" 04 0.2 0.3
Compression (m)

1 Use the above graph to calculate the amount of energy stored in the compressed
spring. (2 marks)

Avea vndesr Cilve = lﬁ% sfered'

W =
- (ks l

2 (looo. oas)

| 2505 = Ini] T ==
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. 2, . Calculate the rocket's speed as it leaves the spring. (2 marks)
FE = Ke
e 193 = ‘/mw
5E 2 Zs
Vo= ™ 025
N\< 2570 i
J = 316 mws” /
W Wi € =303, V= 447 a2 2]
3. How'Tuch momentum does the’ rocket have as it leaves the spring? (2 marks)

0= mv 7
/‘\ = 0:25. B\L)
“e = 1T kg w s A

{IEWW« £~ 3J503, p= -2\ ™ 20 )

4 What force(s) act on the rocket i lmme tely after it leaves the spring? (2 marks)

o A esstane ) s
Growib /wet:?ht ]

5 Ifthe rocket took 2.90 s to reach its maximum vertical height, calculate the uniform

deceleration of the rocket. \ - O(-\ % ¢ ( (2 mE_lréj)
' N
Loy Wsingl" 2 e (relaase 4o 0)
_ - \/ - U‘l' Dt.-t
W= 3\-ows N a= Vou o -ZI(:/
V=0 T 2:9

-

{G\F USAY) g o sty 50 —10-%wm s ({

6  Negletting air resistance, culate the mammum elghtthe rocket could reach.

. (2 marks)
O Ay cy= ule 2{1 =
9> b lesg= VU 6 «;\%\j)\/\
V=0 my :

b y M&t:lfcl:-@[\rv\%% - .
N A I VAN o 50-95w fq




7 In fact the rocket DID experience air resistance. Is the value for the uniform
deceleration calculated in Question 5 consistent with the rocket experiencing air
resistance? Explain your answer. (2 marks)

XA resime wodld Yceease decellzation
above  ABWST by adding an  addibienal
e divg e .~ -

A0 no aly resut. accel= ’9—8m2§@9/\*/(

8  Using the group’s results and your previous calculations, calculate the average
retarding force due to air resistance on the rocket. (2 marks)

fae= WM

= 05 (Ope—ag) [~
pd ©~LS_( 100\ ”‘0!8>

= 0. (I\S_ / N
L NJL él@@w \S:CP;) Be= |- AN 20

Upon reaching its maximum height, the rocket begins to fall vertically to the ground. Soon

after the start of its descent, the parachute opens and the rocket slowly returns to the
ground.

i

A velocity — time graph of the descent is shown below.

Velocity versus Time

151 S
Velocity
ms -1
104+ |
l
5 I
! .
2 ) 4
‘Time (s)
g8  Use the graph to estimate the time it took for the parachute to open. Explain your
answer. (2 marks)

7 sec ((9( ‘31ec)c/( e gon

\ (
Ukl thaad Cne A\/ét Q.(/\m@e,j ot & ‘@chrb? J‘Leaoéj
CES ’%\ t‘:t-?geg draph shows a svdden
onag I hwge 5@\0(&/&” Of‘dﬂ@W@E@)
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As it descends, the air resistance on the rocket, is small compared to the retarding force of
the parachute. The graph below shows how the combined rocket /parachute retarding
force varies with time as they fall.

A

\

retarding P
force R (N) v

1 2 5
time (s)

10 Use the graph to determine the acceleration of the rocket 3 s after it begins its
descent. : —_ = (2 marks)

M t=-305¢ (W) = 24

.u o= -
- M

:TQ/Q.QS'
= 8ws D (o moement v
_//I dovan )
, Total Aealo s -9y L/]

END OF EXAMINATION



