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Reading Time 5 minutes
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Write using blue or black pen
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A data sheet, formulae sheets and
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Show all working
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Section | Pages 2 — 16
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This section has two parts, Part A and
Part B.
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e Questions1-15
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Part B — 60 marks
e Attempt Questions 16 — 30
e Allow about hour and 45 minutes
for this part.
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1. There are a number of reasons which contribute to variations in the value of the acceleration due to gravity
at specific locations on the surface of the Earth.

Which of the following pairs of reasons would not be responsible for such variations?
(A) Crustal variations and the shape of the Earth.
(B) The shape of the Earth and the height above sea level.
(C) Height above sea level and the Earth’s spin.
(D) Crustal variations and the Earth’s orbit around the Sun.

2.The Earth, of radius and mass, 6.38 x 10° m and 5.98 x 10**kg respectively, has an artificial satellite. The
satellite orbits at an altitude of 300 km, has a mass of 200kg and travels with a velocity of 20 000km h™*
The gravitational force acting on the satellite is;
(A) 1.8 x 10°N
(B) 2.3 x10™N
(C) 1.8x10°N
(D) 2.3x10°N

3. The diagram shows four positions of a car on a roller coaster ride.

fé.-
Direction
of travel

At which point during this ride would the occupant experience maximum ‘g force’?

(A)P
B)Q
(C)R
(D) S

4. The table contains information related to two planets orbiting a distant star.

Planets Mass Orbital Radius of Length of Orbital
(kg) radius (m) | planets (m) day (s) period (s)
Alif 1.21 x 10% 4.00 x 10* 8.0 x 10° 9.5 x 10* 8.75x 10’
Ba 1.50 x 10% 8.00 x 10 4.0 x 10° 4.7 x 10* —

The orbital period of the planet Ba can be determined by using data selected from this table.

What is the orbital period of the planet Ba?

(A) 3.10 x 10's
(B) 5.51 x 10s
(C) 1.39 x 10%
(D) 2.47 x 10%
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5. A radioactive particle used in a linear accelerator. Measured at rest relative to the laboratory it has a half
life of 2.5us. When measured at constant speed by an observer in the laboratory, its half life has increased to
10uys.

What is the speed of the particle relative to the laboratory?
(A) 1.68 x 10° ms ™*

(B) 2.10 x 10° ms *

(C) 290 000 000 ms ™

(D) 2.60 x 10 ms ™

6. Identify which of the following is not a component of a DC generator.

(A) brushes

(B) coil

(C) magnetic field
(D) slip-rings

7. Two long parallel wires are carrying electrical currents. The direction of the current in one of the wires is
reversed. How does this affect the force between the wires?

(A) The force does not change.
(B) The force changes direction.
(C) The force increases.

(D) The force decreases.

8.The following diagram shows a coil of wire between two magnets.

coil

/

[N
y oo

! " | |
magnet magnet
When a current passes through the coil in the direction shown, which is now free to move, the coil will:

(A) start rotating clockwise (viewed from the front)
(B) not move

(C) move vertically

(D) start rotating anticlockwise (viewed from front)

9. A piece of wire 1.0cm long is at right angles to a magnetic field whose magnetic flux density is
1.5T. A current of 2.0 A flows in the wire. What is the magnitude of the force on the wire?

(A) 3.0N
(B) 0.3N
(C) 0.03N
(D) zero
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10. A transformer is needed to convert an input voltage of 6000V to an output voltage of 240V.The
type of transformer and the ratio of the number of turns in its secondary coil to the number of turns in
its primary coil are

(A) step up, 25:1

(B) step up, 1:25

(C) step down, 25:1

(D) step down, 1:25

11. The following diagram shows a simple cathode ray tube from an oscilloscope.

A
L
l_.

The parts labelled Y have the function of

(A) producing electrons.

(B) showing the position of the beam.
(C) deflecting the beam horizontally.
(D) accelerating the electrons.

12. The following diagram shows the electric fields near a point charge and between parallel plates.

At which point is the magnitude of the electric field greatest?

(A) A
(B) B
€ C
(D) D
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13. Which of the following statements is correct?

(A) Einstein was the first person to observe the photoelectric effect.

(B) Planck hypothesised that energy was exchanged, in quanta amounts, by the atomic
oscillators of a black body.

(C) Hertz performed experiments to measure the speed of light, using radio waves.

(D) Einstein predicted that for a black body, as the wavelength shortens, the radiation intensity
will increase.

14. Solid state devices replaced thermionic devices because thermionic devices;

(A) were much smaller and required less current in their circuits.
(B) had a much longer life as they did not become warm at all.

(C) were less reliable and were easily broken.

(D) allowed the cathode coating to evaporate, helping current flow.

15. In metal conductors, the resistance
(A) increases as the amount of impurities increase.
(B) increases as the lattice vibrations decrease.

(C) decreases as more electrons are scattered by lattice vibrations.
(D) decreases as the temperature of the metal increases.

Section B (60 marks) Show all working Marks



Student Number...................

16.

2 km

An enemy ship was sailing 2km from the coast. A cannon on a 100 metre-high cliff fired a projectile at
an angle of 20° to the horizontal, at a speed of 150 m/s.

(a) Determine the vertical and horizontal components of the initial velocity. 2

(b) Calculate the_time taken for the cannon ball to reach the maximum height and the maximum height
of the cannon ball above the water.

(c) Calculate
(i) the range of the cannon ball 2
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(ii) how far from the ship the cannon ball landed 1
(d) Describe an adjustment of the cannon that is necessary for a cannon ball to hit the ship. 1
17. Explain why all low earth orbit satellites will eventually fall to the Earth’s surface. 2

18. A boy standing on train station platform observes a NLST (near light-speed transport) train pass
through the station. He observes the clocks on the train to be running slower than normal. However, a
girl on the train observes the boy’s watch, and notices that his watch is running slower than the clocks

on the train.

Account for the above situation with reference to the principle of relativity. 3

19. Michelson and Morley set up an experiment to measure the velocity of Earth relative Mark
to the aether.
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(a) Outline TWO features of the aether model for the transmission of light. 2

(b) Recount the Michelson and Morley experiment, which attempted to measure the relative
velocity of Earth through the aether, and describe the results they anticipated. 4

20. In your course you performed an investigation to demonstrate the production of an Mark
alternating current.
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(a) Describe an experiment you did to produce alternating current, with particular reference
to how you verified that alternating current was actually produced. 3

21. The photograph shows a small
electrical motor from an electric drill. 3

(a) Name the labelled parts
A /B,and C and

(b) Describe the function
Of each

22. The diagram shows part of an experiment designed to measure the force between two
parallel current-carrying conductors.
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The experimental results are tabulated below.

I, (A) Force (x 107°N)
0 0
2.0 7
3.0 11
4.0 14
5.0 18

Question 22 (continued)

-10 -

Mark
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(a) Plot the data and draw the line of best fit.

20

18

16

14

12

10

F (x107°N)

0 1.0 2.0 3.0 4.0 5.0
I, (A)

(b) Calculate the gradient of the line of best fit for the graph. 1

(c) Write an expression for the magnetic force constant k in the terms of the gradient and other 2
variables.

(d) Use this expression and the gradient calculated in part (b) to determine the value of the 1
magnetic force constant k.

23. In a particular experiment a long length of copper wire of very resistance is rotated by two
students. The ends of the wire are connected to a galvanometer G, and a current is detected.

-11 -
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Explain the effect of increasing the speed of rotation on the current measured by the galvanometer 4

24. Using silicon as an example of a semiconductor, describe how it carries a current and how 2
doping effects the process.

25. During your course you carried out an investigation to model behaviour of semiconductors, Marks
including the concept of holes. 3

-12 -
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Outline what you did in your investigation. Explain how the model showed conduction in
semiconductors.

26. In early studies, the observed characteristics of cathode rays led to the belief that they were 3
electromagnetic waves.

Describe the wave-like properties of cathode rays and explain how other evidence shows them to be
particles.

27. A physics student was conducting an investigation on the photoelectric effect. The student used
an infrared laser with a wavelength of 1.55 x 10°m for this investigation.

(a) Calculate the energy of a photon from this laser.

(b) When the laser light was shone onto a photo-cell, no current was detected. The student 3
increased the intensity of the light but still detected no current.
Explain this observation.

-13-
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(b) Identify Planck’s hypothesis that allowed him to successfully account for the black body 1
radiation curve.

30. Describe how superconductors and magnetic levitation have played a part in the 2
development of the maglev train.

SECTION II- Option

From Quanta to Quarks. (25 Marks) Marks

-14 -
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(a) Discuss Rutherford’s model of the nuclear atom with orbiting electrons 4

(b) In refining the model of the atom, Bohr began with three postulates. 2
State 2 of Bohr’s postulates.

(c) Identify experimental evidence that supported one of Bohr’s postulates and explain 2
how it provided this support.

Marks

(e) As a result of the studying the electrons emitted during beta decay, Pauli suggested the 4
existence of a then unknown particle. Discuss Pauli’s suggestion, and relate this to the energy

-15-
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of the emitted electrons.

(f) Calculate the mass of a particle that has a De Broglie wavelength of 2.5 x 10**m when moving 1
with speed of 200ms™.

(h) Write the transmutation equation for the beta decay of Bi %% 2

Marks

(i) Explain the significance of the conservation laws, in Chadwick’s discovery of the neutron. 4

-16 -
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END OF EXAMINATION

-17 -



Data sheet

Charge on the electron, g,

Mass of electron, m,

Mass of neutron, m,,

Mass of proton, my,

Speed of sound in air

Earth’s gravitational acceleration, g

Speed of light, ¢

Magnetié force constant, (k = @)
27

Universal gravitational constant, G

Mass of Earth

Planck constant, z

Rydberg constant, Ryygroeen

Atomic mass unit, u

leV
Density of water, p

Specific heat capacity of water
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-1.602x 1079 C
9.109 x 103! kg
1.67.5 x 10727 kg
1.673 x 1027 kg
340ms!

9.8 ms2

3.00 x 108 m 57!
2x 107N A2
6.67 x 1071 N m? kg2
6.0 x 10%* kg
6.626 x 1034 s
1.097 x 107 m™!

1.661 x 1077 kg
931.5 MeV/c?

1.602x 107197
1.00 x 103 kg m™

418 x 10° Tkg ' K1



Formulae sheet

v=

Toc —

V1 _ sini
v, sinr

Energy = Vit

Ar

Vav = At

Av

=y

therefore a,, = y_u
t

2F=ma

W=Fs
p=mv

Impulse = Ft
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v=u+at

2_,2
v =u’+2a,Ay

Ax=ut
1
Ayzuyt+§ayt2
r_GM
72 472
Gmym,
d?
E=mc?
2
} v
I,=1, 1—‘c_2
t,
£, = —
1
6‘2
m
mv= 0
v
6’2
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Formulae sheet

E=k{_1£°- d=1
I d p
F = Blisind M=m— SIOg(ij
10
T=Fd
Ta = 100(™s—ma)/5
T =nBlAcosf B
V. n _ 473
P__r my+my =
V. n, GT2
F =gvBsin I_ (L_LJ
P VPR
E=g
i=l
my
E=hf
c=
A0=%£
in
Z=pv m.lt:_]_'agr ’
Vin R,
L _[2,-7,]?

1y [Z,+Z,]?
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Section B (60 marks) Show all working Marks
16.

PR - NOTTO
Ve So SCALE

2km

An enemy ship was sailing 2km from the coast. A cannon on a 100 metre-high cliff fired a canon ball at
an angle of 20°to the horizontal, at speed of 150 m/s.

(a) Determine the vertical and horizontal components of the initial velocity.

(b) Calculate the_time taken for the cannon ball to reach the maximum height and hence the maximum

height of the cannon ball above the water. 3
- - ~R].8 = S1.3 /s
V"o)Q ........ ‘? ...... 7M~.‘1 ...............................................................
Vo T M ::\,'h

Q7
OSSOSO OSRRSRTSTOINS SOOI boeo S AL eSO
....... TR E e DB
....... B S S e e

SRRAIR It e

.




= 140.85 %12 a8

=1713.2

:G-qlg ...........................

(d) Describe an adjustment of the cannon that is hecessary for a cannon ball to the ship.

1
. Xocrease onglef “’”1\“"3‘5’4‘9 SR C\O‘i}"s‘l ~d

(or \~creoce gon em.sehr 4o Sl\/e Oare Veibu'?\\j) 30&\ A

17. Explain why all low —Earth satellites will eventually fall to the Earth’s surface. 2

/9 A\"&j whidh sletos Fhe— dowrn. fuel s carned o accosw boas)
43@¢\Nn$o.,*—-ol‘hl%a\ S | n:g . L

18. A boy standing on train station platform observes a NLST (near light-speed transport) train pass o carx.

through the station. He observes the clocks on the train to be running slower than normal. However, a

girl on the train observes the boy’s watch, and notices that his watch is running slower than the clocks

vj> on the train.

o2

NS Account for the above situation with reference to the principle of relativity. 3

v

oy clocks run slow, relative 1o "‘R“"loc;worg absarvars . Gotl, He L;od o o' rls

deservatyne ace comsictad SRD_A\Q\ Qe(a‘\'.uv\éj as Evsteln stotad Hed ol

|
| \ a— Fw—Tr—
Marking Criteria Marks
| ‘7 Gives correct description of change 10 orbital speed with reason 2
Gives only a general description of the change in orbital speed 1

The satellite’s orbital speed decreases with increasing altitude due to reduced centripetal force.
-

‘ Marking Criteria Marks
Clear, concise discussion, referring to the PoR and frames of reference both being correct as no inertial 4

[rame of reference is preferred over another inertial FoR
Discussion shows understanding of PoR and mentions frames of ref
T oy y— r e —————

JL-Some reference to.the. PoR — —
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19. Michelson and Morley set up an experiment to measure the velocity of Earth relative Mark
to the acther.

(a) Outline TWO features of the aether model for the transmission of light. 2
ekt eoch -y 2 of ... Qlled spocc, ﬂran$‘>4*¢d)
........................ q\\m'\‘\u)tagsl'\-_jl\\glﬂ oy
lowu\sws\i\\:),gAq)ns\:)—'\'Jr\-ea(b-‘*b\‘-‘{e ........ e
(b) Recount the Michelson and Morley experiment, which attempted to measure the relative

4

velocity of Earth through the aether, and describe the results they anticipated.

lolals | The. wse. of o cohared (

Qnen. amcterferen « polers . M1 M
Q_Qﬂﬁn;\&.zkmg-ashm{v{' ...............................
due. to the dhoms o celative Wghl speod. Desp
procadures ond e ‘*\\‘“\mm@ as evar olobachal

Dogcrloas a.xPuwﬁ.nqL kot Poorty cecpunts q.xgq,é@i_mf;[hjg_ 2

Has s&re u(\d.,e:—g\a—vﬂ\k% of Hhe \ﬁer{M@,@p \
T KSL-& s?-zﬂﬂl was exv?u:kﬂ:l to 4% an 1

A e pe_sdpr was achewcd -
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20. In your course you performed an investigation to demonstrate the production of an Mark
alternating current.

(a) Describe an experiment you did to produce alternating current, with particular reference
to how you verified that alternating current was actually produced. 3

% A desaipnen ond diogra shewing e AC es 7Y,
producest o A_a:te,c\gﬁ(p,.g. osallahen r\Q.unue)

21. The photograph shows a small
electrical motor from an electric drill. 3

(a) Name the labelled parts
A,B,and C and

(b) Describe the function
Of each

A" E\Qdmmjﬂej‘(:\'k LJ\(.\ClN’{S‘ - Prneluuz. o pr\g:sm le _(T{H
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22. The diagram shows part of an experiment designed to measure the force between two Mark
parallel current-carrying conductors. 7

The experimental results are tabulated below.

L, (A) Force (x 1076 N)
0 0
2.0 7
30 11
4.0 14 \
5.0 18 |

Question 22 (continued) Mark
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(a) Plot the data and draw the line of best fit.

20 ' . «
LA . 7 Thece ceadd
o ‘ .
» e o Yo e a deor
A e of &.R4-
2 \12 Seissicey
5 /i |
X 1}
153 8 :l
: |
4 i
2 '
042 : ZEanatt
0 1.0 2.0 3.0 - 4.0 5.0
1, (A)

(b) Calculate the gradient of tlze line of best fit the grfzh. GraoEnT  cRleutsTs N& causT
8. FRoe. TNE. LNE. | ~6T

(c) Write an expression for the magnetic force constant & in the terms of the gradient and other 2
variables.

@RGDIE(W...ML) ST...APP

(d) Use this expression and the gradient calculated in part (b) to determine the value of the 1
magnetic force constant £. _7
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23. In a particular experiment a long length of copper wire of very resistance is rotated by two Marks
4

students. The ends of the wire are connected to a galvanometer G, and a current is detected.

|(\.du<_01-‘-q n.rrvr - AFL’“" :BA‘H - @a.\/

v e B PR S St S ——
OO\ E creased aond acomsm. and o overe, corren)

2

¥ BAnDs 24. Using silicon as an example of a semiconductor, describe how it carries a current and how
doping affects the process.

fe
REFERZD
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Outline what you did in you
semiconductors.

>
o
;
!
i
;}:
L
:
:

ot QR RQREOOQ, TN T ALY
m"é’:&p@ep J O - (A A A I

R=a 26. In early studies, the observed characteristics of cathode rays led to the belief that they were 3
electromagnetic waves.

Describe the wave-like properties of cathode rays and explain how other evidence shows them to be
\B° particles.

s 6 Q e ke . (-\-mvel} g l‘u\‘SLJ \:ﬁa_s >q o I\Q,or\>
e"'e-oee Qlves =< . NA=Sol hav S W ....... \\L:* ,(\ﬂjt ... o lla s ¥ Q:’bbﬁ A—G;ijt:‘:‘ ‘3\&85 3

$€ P cad. o \least . ‘p&r"\‘\d«spmfﬁyﬂ-S"\W

20N R by, Him cnadols | deflocbed by @ ol
&0 neme, .5308pEAd on Tt ey rdeflected L 2y 8.5

RS P C T TR G FC”‘*“L‘F“ ........ e :ll

27. A physics student was conducting an investigation on the photoelectric effect. The student used
an infrared laser with a wavelength of 1.55 x 10®m for this investigation. Ne UNTT = = |

(a) Calculate the energy of a photon from this laser. .4
-34 £ - _
£=hG s a8z =3 _vzgoae
A (.S5 x10

(b) When the laser light was shone onto a photo-cell, no current was detected. The student 3
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increased the intensity of the light but still detected no current. &R LIOR K Funenon
Explain this observation.

celotas it o Hhreshdsh

&
£=..572. 220 eSz2.8 N

2 %uxx(Q CRUWILETION MUST €E (carRECT enND
............................................................................................................ CONPLETE

(b) Identify Planck’s hypothesis that allowed him to successfully account for the black body 1
radiation curve. y& R6TH ReEbKeD

bodys -ﬁen.cl&n:l'scr(’wrgjwlﬂ—elﬁluam+q ..........................

29. Outline how Hertz measured the speed of radio waves. 3

% Descrlbar dhe oﬂam"tus Lo Mca\!:'{‘olo[n. %m\uj<('w~4:)

‘(“L“L"CQM Ked secorcedd  Goem Wbl C\M"J")
Ll-u%s vsent = £A 4o ddercne, e
30. Describe how superconductors and magnetic levitation have played a part in the 2
MusT development of the maglev train. NG - NOT MassAER cfFFecT
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From Quanta to Quarks. (25 Marks) Marks
S (a) Discuss Rutherford’s proposal of the nuclear atom with orbiting electrons 4
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(b) In refining the model of the atom, Bohr began with three postulates. «“ 2

State 2 of Bohr’s postulates.
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(c) Identify experimental evidence that supported one of Bohr’s postulates and explain 2

how it provided this support. .
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(d) Define the term transmutation. 1

The ‘\m{(wx\(% o\ rad  tAte Qﬁg‘“\» (°b e




%4—3

Student Number...................

(e) As a result of the studying the electrons emitted during beta decay, Pauli suggested the
existence of a then unknown particle. Discuss Pauli’s suggestion, and relate this to the energy
of the emitted electrons. s Neutewnd” was cot used
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(f) Calculate the mass of a particle that has a De Broglie wavelength of 2.5 x 10> m when moving 1
with speed of 200ms™. L .

3
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(h) Write the transmutation equation for the beta decay of Bi 20
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(i) Explain the significance of the conservation laws, in Chadwick’s discovery of the neutron. 4
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(i ) Justify the existence of the strong nuclear force. 3
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