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Structure of this paper

Number of Number of Suggested

Section questions questions to | working time Marks Marks
available be answered | (minutes) available Attained
gthagtritogn(s)vr\]/::rs 13 13 54 54 (30%) /54
??géilg?n-r;?\:/ing 7 7 90 90 (50%) /90
SetonTree | : © | wew | /36
180 (100%) /180

Instructions to candidates

Write your answers in the spaces provided beneath each question. The value of each
question (out of 150) is shown following each question.

The enclosed Physics: Formulae and Constants Sheet may be removed from the booklet
and used as required.

Calculators satisfying 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.
Give final answers to three significant figures and include appropriate units where applicable.

When calculating numerical answers, show your working or reasoning clearly. Despite an incorrect
final answer, credit may be obtained for method and working, providing this is clearly and legibly set
out. '

Questions containing specific instructions to show 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. When estimating numerical answers, show your working or reasoning clearly.
Give final answers to a maximum of two significant figures and include appropriate units
where applicable. :
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SECTION ONE: Short Response _ 54 marks (30%)

This section has 15 questions. Answer ALL questions. Write your answers in the spaces provided.
Spare pages are included at the end of this booklet. They can be used for planning your responses
and/or as additional space if required to continue an answer.

. Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

o Continuing an answer: If you need to use the space to continue an answer, indicate in the
original answer space where the answer is continued, i.e. give the page number.
Fill in the number of the question(s) that you are continuing to answer at the top of the page.

Suggested working time for this section is 50 minutes.

Question 1 : . , (3 marks)

The two spheres A and B below are both glven a charge +Q. They are separated by a distance r. The
repulsive force between them is F.

B
F. .F
< ~ >

When the charge on A is doubled the repulsive force between them is

doubled ) halved unchanged (circle the correct response). (1 mark)

When the charge on both spheres is doubled the repulsive force (compared to F) is

doubled @creased by a factor of four) increased by a factor of eight (1 mark)

(circle the correct response)

When the charge on both sphere is +Q, but the separation of the spheres is doubled to 2r, the
repulsive force (compared to F) is

unchanged decreased by a factor of two @ased by a fac@ " (1 mark)

(circle the correct response)
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Question 2 (4 marks)

A long jumper at the Rio Olympics launches himself into the air at a
speed of 11.0 m/s and an angle of 22.5° to the horizontal in an attempt
to beat the long distance world record of 8.95 metres. Show by
calculation whether or not he is successful.

time tbd'me Ax llsin22:S°
9-3

distarice. braveiiec Il-00xcos 28-S x © ‘8¢
=% A¢m  (2)

Question 3 : (4 marks)

The relatively nearby star Tau Ceti, lies 11.9 light-years from Earth. An interstellar spaceship from
Earth is travelling to Tau Ceti at 90% of the speed of light.

(a) How far away is Tau Ceti (in light-years) to the astronauts on the spaceship? (2 marks)
le’gt'h controckon
L= H9x (T—-——gz—
=109 (- 5.q)% (0

Q)
Distance _© * 19 light years
(b) How long will the spaceship take to reach Tau Ceti
(i) from the reference frame of the astronauts on the spaceship? (1 mark)
time = distaumce _ 519
spzz—o' o9

Time S- 3¢ years

(i)  from the reference frame of observers on Earth? (1 mark)

"-q

o-q Time_J13 - 2 years
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Question 4 (3 marks)

The diagram below illustrates Young’s double-slit experiment. Briefly describe the experiment, what
is observed on the screen, and what we can infer about the nature of light from the observations.

bouble Slit

a5

tiL

Screen

(1) light wos diffructed Grough the single sULs audl W. aﬁqu'v_\ Eroggh,
the doable_. st o '
(7@ Series of dortay\d l«avd-gbau.ds is Obsenxd o the Screei
(1) s is an exanple of A:bef&fewc,e_
(l') lidnt has  waveldice properties
Question 5 (5 marks)

A satellite orbits the Earth in a circular orbit at an altitude of 4000 km. Calculate

(a) the centripetal acceleration experienced by the satellite. (3 marks)

9= GM - 6. ¢IxI07" « 5-aFx 0>
f" 2 ' (‘)
(6 33 %0+ xio >
a2

Acceleration 3 0 m s

(b)  the orbital speed of the satellite. (2 marks)

< — v = \)acr‘
Wsm‘wﬂoz)

peed 6 2x 103 m s

)
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Question 6 (4 marks)

The diagram below show a long straight vertical wire (diagram A) an arrow indicates the direction of
the current through the wire.

A

A.
(B

(‘D direction
(1) circudar s

(@) Sketch on the diagram the magnetic field produced by the current in the wire. (2 marks)
(b) The magnetic field strength is found to be 45 UT at a perpendicular distance of 1.75 cm from
the long straight wire. Calculate the size of the current in the wire. (2 marks)
B-p T  B: S 1T e o
Ho il Bailr =1 H-leO"KZﬂxo-on:}_g
Mo G mxI0
(" N
' Current 3 "A4- A
M *
Question 7

(4 marks)

A proton is accelerated in the Large Hadron Collider at CERN in Geneva up to 99.995% of the
speed of light. At this speed, calculate

(@)  the momentum of the proton (2 marks)

Whosrtn P = MY [ 09510727 % 3x10%:0 - 99995

4 —_
vt - T ~——— (D
f—"/{j ['1 - 0-a9qgs*

C 1)

Momentum & Ol x10'?  kgms"

(b) the wavelength of the proton

(2 marks)
_3“,
pY -l - 6-63xi0 D
P - Sroix01?

o,

-13
Wavelength 3 - 32.x10  'm
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Question 8 (4 marks)

The diagrams below show the interaction between a bar magnet and a solenoid in three different
situations. The needle of the galvanometer, shown below the solenoid, indicates any flow of current.

Briefly explain the following observations:

(@) No current flows (diagram b) when the magnet is held stationary near the solenoid. (1 mark)

- there s "o change i flux

(b)  The current flows in opposite directions in diagrams (a) and (c) when the magnet is pushed
towards, then pulled away from the solenoid. (3 marks)

induced current awvays flows in a direchion suctt Bhak (ks
maanetic fielcd o[opPeses the Flux clf\ay\ae, that 8e.vwral=zcl Lk ( D

when. gre wwzjre.t i's Fusm?-d towards e
cnanﬁe. i Flux iIs i1 the o

puiied au\)aa (D

50 currewmt must flow) oPPosdl:e. directions

PposiR direction to wuenm it is
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Question 9 ‘ (4 marks)

A photoelectric cell contains an aluminium electrode that is illuminated with ultraviolet light of
wavelength 284 nm. The work function of aluminium is 4.08 eV. Calculate the kinetic energy of the

emitted photoelectrons.
ey of incidlewt phdton in eV E-nc - 6-63;:10'3“’,( 3 xIOF
\
Xe 28H~X|O-qxl x|
=4 3Fev (2)
£ = £ - workfuurch = . .
(2 prickon on = (- 5‘3-1—{— 08—:0'3@/ (,)

0 -3eV xl-exlo™'7

-20
Kinetic Energy 4 " &x 10 ~ J

Question 10 (6 marks)

A roller coaster car with three passengers has a total mass of 9.73 x 10?2 kg. The participants
experience being upside down at the top of the circular track of a “loop the loop” showground ride.
The centre of mass of the car and passengers is 15.3 m from the bottom of the ride. It is travelllng at

a constant speed of 12.3 ms™.
Roller Coaster

a) On the diagram above draw an arrow to show the direction of the force of the rail acting on

the car and passengers. : : (1 mark)
b) Calculate the magnitude of the force that the rails at the top of the ride exerts on the car and
passengers. (5 marks)
4: = W +~ K ﬂ D
mvt = Mq + /7
M\ri — wg‘j = 2 °'1 :}leO xl2: 'S -9 —'-}3><le<,‘ g (l)
"'//. (,) 3 .6S Force 11 1O N
= 930N

8
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Question 11 ; (4 marks)

Observations of the luminosity of a supernova in a distant galaxy indicate that it is 1.6 x 108 light
years away from Earth. Analysis of the helium spectrum from the supernova shows that the yellow
line that usually occurs at a wavelength of 587.6 nm was measured for this galaxy to be at 595.3
nm. This indicates that the supernova and galaxy are moving with a velocity of 1% of the speed of
light.

A00 nimn

Explain what has caused the yellow line to be recorded at a longer wavelength and how this
provides evidence for the Big Bang Model for the origins of the Universe.

(’) the L«)a.uuzucjt\/\ of thne Yeows Lns IS b{&eri"‘-dﬁmblwg == T oy
it los een red -shifted
(D red —~snft indicates ot the 8015..@ is vv\ouivﬁ auaoan
(V) tnis provides eviolemce becaumse i¥ Suggest thab ab sonse
pont (i (:me.Pa.st (;Wsa:ucmduns mucie closer

D 5’ﬁj35t5 the Universe IS exremabu;:j -—338%&@
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Question 12 (5 marks)

An electron is fired into a uniform perpendicular
magnetic field of strength 230 uT and follows a
semi-circular path through the magnetic field of '
radius 350 mm, as illustrated at right.

(@) Calculate the speed of the electron in the magnetic field. (2 marks)
= MV - -1 -
r -—B— Y =r‘[,3 = 3s50xl0 le‘é&lo x 230x[0 <
GL n — ey ~ i
9g-tixlo

2
= - 41%10 pas”! (1)

(b) Determine the potential difference through which the electron was accelerated from rest
(before reaching the magnetic field) in order to have this speed. (3 marks)

w=ch =NE, ’TL”WL (.)'

P) L |
;L\__%R V= mvo “l-(ux:o’s' X("lf-'xm) 1
“ra

—_— 7 = 56¢V
Zq, 2 % |- &x10"'7

10
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Question 13 (4 marks)

A block of mass 12.0 kg is sliding down a rough inclined plane. The angle of inclination is 38.0° and
the force of friction acting on the block from the plane is 24.4 N.

38.0°

Calculate the acceleration of the block down the inclined plane.
due;‘l'agrw’f* 'y

bree daon e plane, - mgsin = 12}9 -8 xsin38°%= 32 4-N

(v

V\d’ fbrce,dowwtun_ Flane— =32 4 22U Y =2 SN

|
a.coe&fa—tuom. = /,F’ q_g _ ( )
wt |2;
ar
| (1)
* Acceleration Lf' m s?

End of Section One

11
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SECTION TWO: Problem-solving 90 marks (50%)

This section has 7 questions. Answer ALL questions. Write your answers in the spaces provided.
Spare pages are included at the end of this booklet. They can be used for planning your responses
and/or as additional space if required to continue an answer. _

. Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

. Continuing an answer: If you need to use the space to continue an answer, indicate in the
original answer space where the answer is continued, i.e. give the page number. Fill in the
number of the question(s) that you are continuing to answer at the top of the page.

Suggested working time for this section is 90 minutes.

Question 14 (13 marks)

Kepler-186f is one of five planets found in an extrasolar
system located about 490 light-years from Earth. The newly
discovered exoplanet orbits about 52.4 million kilometres
from its sun. It takes Kepler-186f about 130 days to orbit its
red dwarf star. Kepler-186f is the first Earth-size alien planet
found in the habitable zone of its star. That means the
planet, which is about 10% larger in diameter than Earth, is
in the part of its solar system where liquid water could exist
on the planet's surface. An artist’'s impression of the planet’s
surface is shown at right. '

(a) What is the orbital speed of Kepler-186f?
(2 marks)

v = ZITr  _ 27T x sz-q.xloq

¢ 130 x 24 x 3600 (1)
=295 0% ps™!
p.
Speed _Z - ‘:13’.< 0% st
(b) Is Kepler-186f accelerating? Explain. (2 marks)

s (1)
(12 teeps c%i‘?ﬁ direcbion so lcze,’os M‘Tﬁi" ue,Lao.'gJ
acuw%mmigj s an ccceletution | J

12
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(c) From the orbital data about Kepler-186f and your answer to part (a), calculate the mass of its

red dwarf sun. (3 marks)
3
r- _.aMm z S
—_— —f__ M :r3l+TT _(52.4_,“0")%4_”2
TE 4R e T —
q T T ' 2
6-cIxI1O Xﬁ30x24.x3(ooo)

(") (D

(1)

Mass & - 75 x O 27

kg

(d) Kepler -186f has a diameter approximately 10% larger than Earth’s. Assuming that Kepler-
186f has a similar density to Earth, determine a value for its mass based upon the estimate
of its size given above. Express your answer using appropriate significant figures.

(3 marks)
mass = dCVlSl"’C\j X Voluym e_ =dm‘i-_j x%{——r]‘r3

moss (186F) = mass (€artin) x 1-12
= 6x 10T x1-13

| or Z.Sig'fn\as (1)

T
Mass _8x (0 kg
(e) Calculate a value for the gravitational force between Kepler-186f and its sun. (3 marks)
= Gm -
Gme ¢ 63x107"x ¢ -A5x10™ ¢ g x 10
—-——;_—‘" = —
g (5 24 x10")

(2
(0

Force |- 3 x10¥ N

13
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Question 15 (8 marks)

The series of diagrams below show a very fast train, with a woman standing on an open carriage,
speeding at a relativistic velocity past a man standing on the ground next to the train tracks. Just as
the train passes the man, two bolts of lightning strike the front and rear of the train. The woman
observes that the lightning strike at the front of the train occurs before that on the rear.

(@) What is the order in time of the two lightning strikes according to the man standing on the
ground? (1 mark)

e sees trem occ_u.rina at the same tinme - s(mwchwaousld

(b) Whose interpretation of events is correct, the man’s or the woman’s? Briefly explain.

(2 marks)
botih are e:i_uaua correr,t:(,,).

eacin person IS M an merticd refereamce fravme. o accord@\\j tEo

tmlacs:zu.a,t—,e,s OFstc«:o.J r‘e/(.a-{:tludtb o inertial reference freume. ( ')
1S Ffeferred to an:j obner

(c) How do you explain the woman’s observations? . (1) (2 marks)
_ . 1o bne rgnk
becauir Che wowanis W\ooc..u\j,\tv\e, wwwefronts from tine

Luaw‘nivg ol at tve fromt of bhe tran reccih Wer
before the wavefronts From e rear WO Vaue

to travel W
O

14



A
In a futuristic scenario, an astronaut A

aboard a spacecraft travelling at a speed
of close to the speed of light conducts a
simple experiment (diagram A), by

shining a beam of light onto a mirror that d oo -
is a distance d away, and timing how < = W W
long the reflection takes to return to her. d External
Her value for the time taken by the light Direction astronaul
to travel to the mirror and back is of

to = 2d/g (equation 1) spacecraft

While she conducts this simple experiment, a second astronaut external to the spacecraft observes
the experiment as the spacecraft speeds past at velocity v. He sees the beam of light follow the
path shown in diagram B due to the motion of the spacecraft.

(c) Show that the time he measures for the light travelling to the mirror and back is given by the
expression. You must show all the steps in your reasoning. (3 marks)

2 |az+iv2e2
t _ 4

= (equation 2)

the |8yu: in B trawls 2 |e,8ty\s of a nypotenuse of a tricwssl_e_
which has sides d and vt

ra
(\) %° ‘U‘@L‘V“’F ypotenuse = (dz + (%YY;' =(d2 . VEES )’%_

Y
(l) but h'@_w:' traels 2 of them Z(dz 1—‘vztz>k,_
,_ b
(1)
tI'M-P—- = d{sl:a,m.c{ - 2 d"- _l_vz-t'l ‘/‘L
Sr_ee.o‘ g

15
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Question 16 (12 marks)

The diagram below shows an iron-cored transformer

3
i
|
I
i
i
|
I
1
r
#
l
I
f
i
f
1
l
£

Primary

8 0 25

[SNPRPPAE DU [ (W, S S
i o s 15 e s S
o ]
-
Lo
“-"
-
e

(a) The primary coil is connected to an alternating current. Explain how energy is transferred
from the primary coil to the secondary coil, with reference to Faraday’s Law of
electromagnetic induction. (4 marks)

(1) the a.ltern_azajv\\.j currear i e coil produces Moanet.’c fiise
e Wm}@ “"“"ﬁ” siBe_ o durection ;
(1) tnis m ov‘wﬁwctg flux couaes C““”S‘“Q’j Mcﬁnebisxtéom in

tWhe core

(l) due to Famd.a:)‘s laww tnis cMay\S\\:\_? fluse goad ndiice s
a currat in the mdagvcoil Voerai\

( 1) tnis is a tronsfer of eerygy vio cMa,\A.J‘nma flux

(b) What is a Jaminated core, and what is its purpose? (2 marks)
slices of awn
tnin slices of iromn 8lue_d vt an A'ele.ct:n'c_a\ ins ulator

tomnd&cda%ijSsomm%b&

16
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In order to transmit electric power more efficiently, an
electricity company uses transformers and high voltage
transmission lines to transmit power at 330 kV from the
power station to the city 200 km away. The average
output power of its generators is 600 MW. The high
voltage transmission lines have a total resistance of

5.00 Q over their 200 km length.

(c) Calculate the voltage at the end of the

transmission lines (before the substation) after Commscatss - Disvimason
transmission along the high voltage lines?
(4 mal‘kS) Home Use

Transmission
Lines

Substation

Curreax N lines ? -1 éOOK'O‘
— = —_— = IR20D
v 33@xic> | o0 )

power loss Tz IR = 1320°AS = - 66x10° LD (1)
(
power at emd - GOOXIOC—1-G6xjo* = 5 §3x 1FL5P
. %
» & S5°83%I0°

K v

1320 ' Voltage _32 |

(d) Calculate the percentage power loss in the high voltage transmission lines.

) 07
l__é_(’_x_l__ x 00O -~ Z:!:fz

- 600 X (0%

Q

G)
%Iossz'q

(2 marks)

17
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Question 17 (14 marks)

Fermions are matter particies in the Standard Model. Leptons and Quarks are Fermions.
Hadrons are made from quarks. A Baryon is made from 3 quarks and a Meson from 2 quarks.
The anti-particle versions of Leptons each have a Lepton number of -1 and opposite charge.
All Leptons have a Baryon number of zero.

Tables of some particles and their properties are shown below.

Lepton Charge Lepton Baryon Quark Charge (qge) Baryon
(9e) number Number number
2 1
Electron -1 1 0 Up (u) +3 3
Electron- ' ' 1 1
neutrino 0 : 1 0 : Down (d) 3 3
| Top (t) + 2 1
Muon -1 1 0 o P 3 3
1 1
Muon-neutrino 0 1 0 Bottom (b) ~3 3
: Charm (c) ' + 2 1
Tau -1 1 0 3 3
- ) ; 1 1
Tau-neutrino 0 1 0 Strange (s) -3 3
Mass Lepton
Hadron - Quarks 3 ary: n number
(MeV/c?) umber
Proton uud 938.3 +1 0
Neutron udd 939.6 0
Pion-plus (r*) ud 139.6 0 0
Sigma-plus uus 1189.4 +1 0
Charmed Omega ssC 1672.0 +1 0
a) List two ways that a lepton differs from a quark. (2 marks)

e jJous mass

+ are fundamental particles (Mo swhostruckuse) Q"a 2.
« vo interacions due to strong nuclear force

b) Determine the Baryon number of a neutron. Show your working. (1 mark)
umber =1
B “= hrlrh o
d =1 33 3
2

c) Determine the electric charge of a Charmed-Omega hadron. Show your working. (2 marks)

S S cC

chorge "é —é +% = 0

0, @,

18
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d) Consider the proposed reactions below —

A proton decays to a positron and a pion-plus meson poet+nt

A neutron decays to a proton, an electron and an anti-neutrino. n-op+et+v
Using your knowledge of conservation laws in the Standard Model determine whether the reactions
can occur or not. Show all your reasoning. (6 marks)
-+ —
P—76++7T+ n—7(2+e + v
charge p = +! chege n=0
et =41 p=I ,
- + ' (' ) (") ¢+ =1 (') .
' Yy =0 8
; cnseruecl
charge is net conserved (i) » So

8¢ recction does vot occur (1) 2Achan does nck

B OC-CLN"([)

SMMara%Mmuﬁcahkbayw [?ﬁyw'nwwmfisamswwd

_Numboe- P_._. et =0T .6 L-szOV\ number is ndk
cwsuwd]

e) Determine the mass of a Charmed-omega hadron in kilograms using scientific notation to 3
significant figures. (3 marks)

Mmass = (632 MeV
z

C

Mass kg

19
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Question 18 (17 marks)

A typical DC electric motor is shown at right. The coil
contains 250 turns and has dimensions of 8.00 cm in

length by 5.00 cm in width. The field magnets produce a N ' Ny S

uniform magnetic field of strength 0.0240 T in which the /1o na field

coil rotates. Y magnets

(a) Explain the purpose of the commutator and _ ”) “brushes
brushes. ’ (2 marks) commutator

(,) - e brusres provccle oo su‘.w{\g electnicod contack to the
Commutarcor '

(l) ~ te comrudodor reverseA the currenit direction e’w:j l/ tusn_
2

(b) Describe two ways that an actual electric motor would differ from the onie shown in the
diagram above. ) (2 marks)

@\V\é 2
- curvec mcareu’c Pde‘;

—_ aectmwuanetzs for poles racner tvicn pernaniemt wn.maner.r

— mwu:«f)lz_ armalbures &% rathnesr tronm sgle con )

- Seament:ed Corvutoldr ra\ner bBEran spu’x rMS

(c) When in operation under load, the motor rotates at a steady rate of 750 rpm (revolutions per
minute) and draws a current of 3.00 A. On the axes below, sketch the torque produced by
the motor over a full rotation of the coil, starting from the position shown in the diagram

above. Include appropriate scales on both axes. (6 marks)
350 , Tt =0 -
‘F: qSOr‘gm = Cos =12 Sﬂj I —I/Z'S O OEs (1)
mox toque-  T=NTAB = 250x3x(0-08%x0°05)x0-024 =0 0F2Nm
- (2)
Tlom) 4
0 Rz
(') SVIGFQ
(l) vamseS O ax.es
\ 4
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Even when under no load at all, the motor has a maximum rotational speed that it can reach.
(4 marks)

(d)
Explain why this is so, with reference to Faraday’s Law and Lenz's Law.
as the mrotor 5% 5Feed due to tine borqwz, Frccumd Eue inberactior
(1) betwenn Hie current amd the M.oﬁret:l'c Fdotd/tb&a coil cuks Maﬁmeb'¢

flux

(p “‘;Co’d"""‘\-ﬁ o ‘F-a.ro.olaa‘s bouw, he crang
e codt wi induce am emf wi e coil
1Y Enis induced emif’ wud ack eo as to oppose the exbernal emf bhar
is drc'u»izg e mdior (L.en3‘s o)
D os the wotor speedds wp the induced emf (bacx,equ) wid increase
untd it badamce tine exkternal emf ar waicn po'vdr: e nmidter naas
recrcviech s Moximumn rdoadcional stzd)

ng mogretic flux trougle

Determine the maximum rotational speed of the motor (in rpm) when connected to a 6.00 V
(3 marks)

(e)

battery and operating under no load.
moximum Speed 0COWS e back enf _( .00V (")

2TNVBAF
v 2

Erw\a =

f= Z €, _$rcoo
1
27T 2S0x O - O24-x (O - OF x O OS) [)

a1 08 A

£ = 56-3+H3 = 3380 rpr
L)
33 %0 rpm

Rotational speed

21
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Question 19

The figure at right illustrates some of the valence electron
energy levels in a gaseous atom of a particular element.
The energies of the levels are given in electron volts (eV).
(a) The valence electron of the atom is in the lowest

energy level shown. What is the ionisation energy of
the atom in joules? (2 marks)

ionisakion merad = 10 8eVv (()

108 xl-&xI1O™

lonisation energy |- 73 x 10 ~'% J (l)

(12 markS)

. OeV

5

4

0.6V
- -1.8 eV

ne

-4.0eV

n=3

-6.5eV

n=2

ﬁ;ljémm

-10.8 eV

(b) State two physical processes by which an electron in the ground state can move to a higher

energy level.

Any tuo

differevce

(2 marks)

-absorlobom of a Phott:m OF evw_raa eaca-cbia GCPAM te e ey\zrﬁs tete!

* bombardmenkt Iy o elecbron witn sufficient K .€. ko esxcclte. bine akom

* thermal esccctotion wohereioy if tne somple. of ges is hok enough tren

akomic coldlsions maej be ewe,raeuc, W"B"‘ to ecxccitbe akownms

A cold gaseous sample of the element is bombarded by electrons of energy 9.5 eV and observed to

emit electromagnetic radiation.

(c) Show on the diagram above the energy level transitions that cause this emission of

electromagnetic radiation.

(d) Calculate the longest wavelength of the emitted electromagnetic radiation.

(2 marks)

(3 marks)

Lovngest oaauou,\ﬁtv\ of radiakion = smatigst ey = 2:2ev (1)

A=

——

he = 6'63)(‘0—3“_)(3&{08 [l)
£' —

2 Rx 1-6x 1619
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Invisible ultraviolet light of photon energy 6.8 eV is shone through a cold gaseous sample of the
element, which then fluoresces and is observed to glow with a turquoise-blue light.

(e)  Calculate the frequency of the turquoise-blue light. (3 marks)

6-3eV excites aboms to level n=3
n=3 to nz2 releases photon wetih 2-Sev - visible h'a\/& 0

{'_.:—_E_ = z.sx'.éx‘o—lq
“  be3xloT3%

(M

@

Frequency 6 ' 03 x 10'* Hz
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Question 20 (14 marks)

A mobile crane is used to lift a load m of mass 1600 kg, as shown in the diagram below. The 18 m
long boom (crane arm) has a mass of 850 kg, centred halfway along its length, and can pivot about
point P at its base.

(a) Clearly show all forces acting on the boom as labelled arrows on the diagram.  (2marks)

lQ_W\ﬂ'\'\;er:u::\r\

(b) A horizontal steel cable connects to the boom 8.00 m from the pivot P. Show that the tension
in the cable needed to hold the boom stationary is 37 500 N. (4 marks)

bake moments alooul t:ncleuob akt Poi./\,b P Z'L’cw ;Z?ta_m (_’)

850 x9-8 ) x qsiny0® + (1GOOA U g)xIFsiny0® - £ gsinse®
———— T

) 1)
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(c) Determine the magnitude and direction of the reaction force provided by the pivot P on the
boom. (4 marks)

horBow{:q,l R, :{; = 33s0oN) (1)

DWCQJ 2 = W + W

v loce? boom = I1SEEON + 330N - 24 ooo N (l)

2 - CIZ"Z rff}é_-(&?soo?' +-2.q_cooz>i = Y- S00 N

? 2+ 000
tam & = 2L T == o =32-3°
R, 37 soo 32-3
D)
Magnitude H-4 S00 N
(0
Direction 52 .3 °

(d) The boom is lifted to a more vertical position.

i) At the instant the boom is first moved upwards, the tension in the cable (compared to the vaiue in
part (a))

Decreases  Stays the same (circle the correct answer) ( ,)

Explain your answer. (2 marks)

need o 6reabar torc;_u.o._ to acceleote Gae combinecd mass

of e boom o (oad from brelsr sta.t:iomg positions )

(i) when the boom is held stationary again in a new more vertical position, the tension in the
cable (compared to the value in part (a))

Increases Decreases) Stays the same (circle the correct answer) C l)

Explain your answer. : (2 marks)

the clociwoise Coque due Go tine oozia\/\\- forces of tre boom

and loocl decrease pecawse Eneis Perfzwdacu.lw cistocunce s
to the pluck vove  decrenged )

End of Section Two
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SECTION THREE: Comprehension and data analysis 36 marks (20%)

This section has 2 questions. You must answer both questions. Write your answers in the spaces
provided.

Spare pages are included at the end of this booklet. They can be used for planning your responses
and/or as additional space if required to continue an answer. '

¢ Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

e Continuing an answer: If you need to use the space to continue an answer, indicate in the
original answer space where the answer is continued, i.e. give the page number. Fill in the
number of the question that you are continuing to answer at the top of the page.

Suggested working time: 40 minutes.

Question 21 PROJECTILE LAUNCHER EXPERIMENT 21 marks

A group of students conducted an investigation into projectile motion where they used a projectile
launcher to shoot a ball bearing off the edge of a table of height D, at a variety of different speeds u.
For each trial they measured its height h above the floor, after it had travelled a fixed distance X
horizontally from the edge of the table, by videoing the ball bearing as it passed a meter ruler set up
as shown below. '

The table below shows the data they gathered over several trials, where they used successively
larger launch speeds u and measured the height h at which the ball bearing passed by the ruler.

Launch speed u (ms™) Height (m) 1/u? (m? s?)
1.6 0.11 O -39
2.0 040 o - 25
2.4 0.56 o 17
2.8 0.66 o 13
32 0.72 o o
3.6 0.76 0-0%
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The general relationship between vertical displacement Y, horizontal displacement X and
speed u for an object launched at angle 8 to the horizontal is given by

2

X
58)? (equation 1)

_ g
Y = (tan®)X + CIERTY) (co

The relationship the students deduced linking speed u and height h for their experiment was

—4.9x2

h= =

+ D(equation 2)

(a) Show how the students deduced their modified relationship, equation 2, for a launch angle of

0° from equation1. You must show all the steps in your reasoning. - - (8 marks)
Y = (ban®) X + g X2 . when @ _ po ta & -0 so(tanB)X=o
Y = SKL ﬁ = Y- q )/ =D
2F 2 Pk
D-h=qX* - -ax® | S
at D—h =4 A W=D -4 qxz/DFT«“"‘uonZ

2 :
2w wr T

(b) Complete the third row of the column. Use an appropriate number of 'significant figures.
(2 marks)

[ for values

I = B~ 2 55-6'85

(c) Draw a graph of h on the y-axis and 1/u? on the x-axis. (an additional copy of the graph
paper is available at the back of this paper if needed). Draw a line of best fit.
marilc Schene. “for G""P"‘ wrtin 8ra.P\r\ (4 marks)

(d) The students estimated that their values for height h were accurate to = 1 cm while the
launch speed u was accurate to + 0.1 m/s. Using these estimates calculate the uncertainty
in both the vertical and horizontal variables and plot error bars on the graph, for the point
where height h = 40 cm only. (3 marks)

h= 4-Ocrn =0 U4m 0 :0OIm

AN 7,e,rroro—cuu.. = 0-l 5% 5QZMK® “'}:'OZ’
2 | @)

w=0-25 * o0-025
plotted marq‘.ah. (l)
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A
7

+ 9 %

—~ i
o

=

o I
P
=~
7

Sy

oI5 fre S

O"':;:f .

7
/

Coc Qi Oz o3 °39&*&50

o b7

(e) Determine the gradient of the graph. You must show on your graph how you have
determined the gradient and include the unit for the gradient. Use an appropriate number of

significant figures. 4 marks
g ig (,> &ﬁf'oamm onalue.s - athow a ( )
OIS -0 % - 0-6S 3 .z

. = = -2 m’s

03T -0-066 O - 3 (,) (,)

=

'55 {93 nwo wmore. tlhaw 2 (I)
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) Calculate the fixed distance X that the ball bearing travelled horizontally from the edge of the

table. (2 marks)
h = -y -ax?®
ut
arad:'wt = = q_?(l

x jz.-l - A
K_ fq -@ é5cw~(l)

(9) From your graph, find
(i) the height D of the table (1 mark)

(i) the minimum launch speed needed for the ball bearing to reach the metre ruler while still in
the air (before hitting the floor) (2 marks)

Miimum  lguasncit wa Ww=0 (l)

 r— . =2 L -5ms™
D

NG
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Question 22 LASERS (15 marks)

The word 'laser' stands for ‘Light Amplification by Stimulated Emission of Radiation'. A laser is an
instrument made of a certain material that can be stimulated, by an external energy source, to emit
light. Light from everyday sources, such as a light bulb, is produced in a haphazard process called
spontaneous emission that gives an incoherent source of light (the photons have a random phase
difference), which is then emitted in all directions.

In the Bohr atomic model, electrons orbit the nucleus with a definite energy, which increases with
distance from the centre of the atom. Most atoms are in the ground state with electrons in the lowest
energy level - this distribution is called a normal population. If energy is supplied to the atoms then
electrons can be forced to higher energy levels (Figure 1) and the atoms are said to be in an excited
state. For most substances the absorbed energy is emitted 'spontaneously’ (Figure 2) in a very short
time, typically less than 108 s, as a photon of energy hv. ' '

Figure 1 Figure 2 Figure 3

Absorption Spontansous Emission  Stimulated Emission

i
B

hw g2

El: Lower Energy State, BE2: Higher Energy State

A laser on the other hand requires a substance that has a metastable state (an energy level in
which an electron will remain for a time of the order of 10 s or longer) and atoms that are in an
inverted population (more atoms are in the excited state than in the ground state).

These two conditions are necessary so that the process of stimulated emission can cause a
coherent beam of light.

The stimulated emission process is shown above in Figure 3. When a photon of light of the same
energy as the difference between the ground state and excited state hits an excited atom it causes
the electron to fall back down to the ground state, emitting light of the same frequency that is in
phase with the first photon and travels in the same direction. These photons strike other excited
atoms causing an avalanche of photons with the same wavelength and in phase. A monochromatic
laser beam is formed by having a resonating tube that has mirrors at each end, one fully reflecting,
the other partially reflecting, which allows a small percentage of the photons to pass through.

The excitation of the atoms in a laser can be done in several ways to produce the necessary
inverted population. In a ruby laser, the lasing material is a ruby rod consisting of Al2Os with a small
percentage of aluminium (Al) atoms replaced by chromium (Cr) atoms. The Cr atoms are the ones
involved in lasing. The Cr atoms are excited by strong flashes of light of wavelength 540 nm, which
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correspond to a photon energy of 2.3 eV. As shown in Third 3.0eV
Figure 4 below, the atoms are excited from the ground state
to the second excited state. This process is called optical
pumping. The atoms quickly decay either back to the
ground state or to the intermediate first excited state, which First Metastable
is metastable with a lifetime of about 3 x 102 s. With strong 1.79 eV
pumping action an inverted population can be formed. As

soon as a few atoms in the metastable state jump down to

the ground state they emit photons that produce stimulated

emission and the lasing action begins. A ruby laser thus

emits a beam whose photons have energy 1.79 eV and a Ground state 0.0 eV
wavelength of 694.5 nm (or "ruby-red" light). Ruby {Cr¥in ALOs; crystal)

Second 238V

Figure 4: Energy levels of
chromium in a ruby laser.

(a) What are the main differences between an everyday light source and a laser?
(2 marks)

an eumddaa u@wt Source produces incolerent u,'aw: (1)
where Fhohms have a radomg Fhasa d.’ﬁfergn.:e_ 6)

which
Q.

X emitted is enmitted v auu divectiong

(la,szf is conterent , aldk sanre (\ s FVlOse,)

(b) Describe the difference between a normal population of atoms and an inverted population of
atoms. - (2 marks)

a novwal POPW‘G-&M of atoms e one womere. most atonns are

(l) " e 8roun.d stede (ae&bro‘ns are i lowest @4% CDAFBwah'OV\)

an inverted Polowlabion of aboms is Where more cdons are
in an excited gtaice. than o b\«e,arou.m.c_l stobte

("
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(c) Briefly describe the two conditions that are necessary for stimulated emission to take place.
(3 marks)

* A substumce. thnat Nas a memstolole si-ate Q)

°i.e. arn excited wwaj level i wudcil a eleckron wilh remaaia
for o time Lomgef' thom o millisecond (l)

- atoms bBnokt are it an  Gwertec Pot’m‘b"‘ ('7 (mor.?_ akoms i
exciced stabe. thawn 5row4d scate)

(d) How does the stimulated emission process produce a coherent beam of light?
(3 marks)

aktonw
whav. on  a Fhot:om of enargy I 99ev nits an excited soadeat ovobin

its elecdron ur thhe wmebastclole stobe @ cauuses tne efectran to
drop to ﬁa.e.arOuy\d state g enmut o ghdoont of the samme m"ﬁej , /)

tnese tue phickos are in PV!aSe, uxtba eac o travel 1w e same difectia./.,
strik‘mg oner excited atoms o st'tmu-lativzj furber release of F\notovus
of e same oav . and i prase (1)

the (aser is o.tue W te La.sivtg ‘matenad witbh wirrors |
at exc ancl, oue f‘wu}j fcflecb'vucj ¢+ bne dbher owba Pa.rbia,uﬁ re.ﬂécﬁma
So ok some of e pudcons pass turough  tue [x-mQ,u.a reflecking

wirvror mexge, as - conereuwt [aser peamt (‘)
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(e) To what part of the electromagnetic spectrum does the transition from the second excited
state to the intermediate first metastable excited state in the ruby laser (Figure 4)
correspond? What implication does this have on the operation of the laser?

(3 marks)
E=223-139 =0 -Slev = 8- I1cxI0"® 7
i ~20
'F.: 9_ = 8 16 x 10 = "13)((0""--”3 < L‘_X‘O”f .HS
b 6 63x 10734 (1)
infrared radiation ()
l. R, Cawsuumxuv\jq[ml.asu (1

i 4] What is the theoretical maximum efficiency of the ruby laser? (2 marks)

End of Section Three - End of Questions
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Additional Working Space
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