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1

In the Ptolemaic model of the universe, the retrograde motion of Mars and
the outer planets was explained by:

(A)  the planets orbiting the Sun.

(B)  the planets orbiting the Earth in ellipses.

(C)  an optical illusion caused by the phases of the moon.
(D)  epicycles and deferents.

Which of the following alternatives best describes the characteristics of
alpha particles?

(A)  High penetrating power, deflected in both magnetic and electric fields,
positively charged, low ionising power.

(B)  Low penetrating power, deflected in both magnetic and electric fields,
positively charged, high ionising power.

(C)  High penetrating power, not deflected by magnetic or electric fields,
not charged, high ionising power.

(D)  Low penetrating power, deflected in both magnetic and electric fields,
negatively charged, high ionising power.

Kepler’s Second Law states that “the line joining the Sun to the planet
sweeps out equal areas in equal times.” One consequence of this is:

(A)  planets travel at the same speed relative to each focus of the ellipse.
(B)  planets travel at a constant speed around the Sun.

(C)  planets travel fastest when they are furthest from the Sun.

(D)  planets travel fastest when they are closest to the Sun.

If the resistance of a light bulb is R, which equation below represents the
power consumed by the bulb?

A) IR’
B) IR
(C) VR
(D) VIR

The 3 wires in household electrical circuits are:

(A) active, neutral, earth.

(B)  power output, power input, neutral.
(C)  positive, negative, ground.

(D) AC, DC, ground.
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6 Three identical resistors are connected in parallel in the circuit below.

_®

— _—

When the switch is open a current of / is measured by the ammeter.
When the switch is closed, the current measured is:

(A)
(B)
©)
(D)

13
1
1.5
37

A radio station produces waves with a frequency of 96.0 MHz. The

wavelength of the waves is:

(A)
(B)
©
(D)

9.60 x10” m
0.320 m
3.13m
2.88x10"°m

A boy strikes a drum when standing near a rock face. He finds that the

time taken for the echo to reach him is 0.500 seconds from the time he
struck the drum. If the speed of sound in air is 330 m.s™ then he is

standing:

(A)  82.5 m from the rock face.
(B) 165 m from the rock face.
(C) 330 m from the rock face.
(D) 660 m from the rock face.
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9

10

11

Light reflects from a parabolic mirror as shown below.

It is true to say that the law of reflection:

(A)
(B)
©
(D)

holds for all rays striking the mirror.

is only true for rays close to the axis of the mirror.

is only true for rays travelling along the axis of the mirror.
does not hold in this case as the surface is curved.

When a sound wave travelled from air into water it was found that the
speed of the wave increased from 330 m.s™' to 1650 m.s™'. If the frequency
of the sound wave in air was 500 Hz, then it is true to say that:

(A)
(B)
©)
(D)

the frequency of the sound wave in water was 2500 Hz
the frequency of the sound wave in water was 100 Hz
the frequency of the sound wave in water was 500 Hz
the frequency of the sound wave in water was 0.002 Hz

A speed of 45.0 km.h™" is equivalent to:

(A)
(B)
©)
(D)

7.14 m.s™
12.5 m.s™!
45.0 m.s™!
162 m.s™!
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12

13

14

A train travelling at 35.0 ms™ slows down and stops at a station in 22.0 s.
The magnitude of the acceleration of the train is:

(A) 0371 ms?
(B)  0.591 m.s™
(C)  0.629 m.s?
(D) 1.59 m.s™

Calculate the magnitude of the acceleration of the 5 kg mass shown in the
diagram below.

ION&<—| S5kg | —>30N

Frictionless surface

(A) 2ms”
(B) 4ms?
(C) 6ms”
(D) 8ms”

A boy of mass 45.0 kg is running at a speed of 6.00 ms™. His kinetic
energy is:

(A) 2707
(B) 33817
(C) 8107
(D) 16207
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Part B Class

Total marks (78)

Attempt ALL Questions

Allow about 1 hour and 40 minutes for this Part Name

Answer the questions in the spaces provided.
Show all relevant working in questions involving calculations.

Question 15 (4 marks) Marks
(a) Write the equation for the beta decay of strontium-90 into yttrium-90. 1
(b) Write the equation for the alpha decay of 223Ac. 2

(c) Showing your working on the following decay curve, determine the
half-life of strontium-90.
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Class
Name

Question 16 (5 marks) Marks
A Hertzsprung-Russell diagram is shown below:
(a) Add labels to the diagram to indicate the positions of:

(1) the Main Sequence.

(i1) the White Dwarfs. 2
(b) With reference to the diagram above, describe the life-cycle of a star

like the Sun. 3

Page 8 of 38



Form V Physics 2015 Annual Examination

Class
Name
Question 17 (4 marks) Marks
Earth’s first artificial satellite, Sputnik I, had an orbital period of 5760 s.
Australia’s first AUSSAT satellite, which was launched in 1985, had an orbital
period of 24 hours, giving it a geosynchronous orbit. To achieve this orbital
period, AUSSAT was placed at an orbital radius 4.216x10" m from the centre of
the Earth.
(a) State Kepler’s Law of Periods (i.e. Kepler’s Third Law). 1
(b) Determine the orbital radius of Sputnik I around the Earth. 3
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Class

Name

BLANK PAGE
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Class
Name
Question 18 (4 marks) Marks
Explain how the astronomical observations of Galileo Galilei helped to
improve the understanding of the solar system. 4
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Class

Name
Question 19 (3 marks) Marks

A student notices that a boat bobbing up and down in the ocean takes 2 seconds to
travel from its maximum to its minimum position relative to equilibrium. He also
notices that the wavelength of the ocean waves is 10 metres.

(a) Determine the period of the water waves. 1
(b) Determine the frequency of the water waves. 1
(©) Determine the speed of the waves. 1
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Class
Name
Question 20 (2 marks) Marks
An earthquake wave consists of two types of waves: P (compressional) and S
(shear wave). The speed of these two types of waves is different. It is found that,
at a city struck by these waves, the P wave arrives 5 minutes before the S wave.
(a) Using the graph below determine the distance of the origin of the
earthquake from the city. 1
P & S Wave Travel Times
30
25 |
82
=
E Shear Wave
@ 15
E
(™
T
210 |
= Compression
| Wave
5 {
0
0 2000 4000 6000 8000 10000
Distance {km) based on Fress & Siever, 3rd ed.
(b) If another city is located 6000 km from the earthquake, determine the
time interval between the arrival of the P and S waves. 1
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Class
Name
Question 21 (3 marks) Marks
Two students are standing 10 m apart in a direct line from a point light
source. If one student measures an intensity of 2x10~ W.m™ while the
other student measures 1x10~ W.m™ determine the distance of the closest
student to the light source. 3

Question 22 (3 marks)

On the graph paper below, draw the superposition of the two waves

showgl0

9

8

No

Siainets satEiictl

istance

Displacement
as
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Class

Name
Question 23 (4 marks) Marks

Consider the diagram below for a light ray of wavelength 700 nm travelling along
the normal from air into a glass prism of refractive index = 1.5.

30°
60°
(a) Determine the speed of the light in the glass prism. 1
(b) Determine the wavelength of the light in the glass prism. 1
(©) Determine the angle of refraction when the light leaves the glass prism. 2
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Class

Name
Question 24 (5 marks) Marks

The diagram below shows light travelling through an optical fibre and out into the
air beyond.

Cladding, n = 1.45\
Air,n=1.00

Core, n = 150——%/v\\§e ________

(a) Calculate the critical angle for light at the boundary between the core
and the cladding. 2

(b) Calculate the maximum angle, 6, at which light can leave the end of the
fibre. 3
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Class

Name
Question 25 (5 marks) Marks

(a) In the following circuit, Ammeter A, reads 2 A, and Ammeter A; reads 3.0 A.

8 Q
1
i
v
Determine the voltage, V that must be applied for this to occur. 2

Question 25 continued on next page.
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Class

Name
Question 25 continued.

(b) For the circuit shown below, predict and explain the effect of closing the switch on
the brightness of light bulbs A and B, compared to when the switch is open.

-
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Class

Name
Question 26 (2 marks) Marks

The resistance of a resistive metal wire with a cylindrical shape is given by the equation:
R = L
Where: L is the length of the wire

A 1is the cross-sectional area of the cylinder
pis the ‘resistivity’ of the wire.

The wire shown below is made from a material with a resistivity of 1.10 x 10° Q.m

length L=1.2m

<«

o

Calculate the resistance of the wire shown above. 2
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Class

Name
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Class
Name
Question 27 (4 marks) Marks
Two metal plates are separated by 5.0 mm and 100 V is applied across them.
5.0 mm —_ 100V

(a) Draw the electric field between these two plates. 2
(b) What is the magnitude of the electric field strength between these

plates? 1
(c) What would be the direction of the electrical force on a negative charge

placed between the plates? 1
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Class

Name
Question 28 (4 marks) Marks

The following diagram shows the electric field produced by three charges +3 C, +1 C and
-4 C.

+3 +]

(a) Draw arrows on the above diagram showing the direction of the electric
field at A and at B 1

Question 28 continued on next page.
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Class
Name
Question 28 continued. Marks
(b) Is the electric field strength greater at point A or point B? Justify your
answer. 2
(©) A +2 C charge is placed at point A and experiences a 5 N force.
Calculate the magnitude of the electric field strength at point A. 1
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Class
Name
Question 29 (4 marks) Marks
The following circuit has two unknown resistors, X and Y.
X 4.0 Q
2.0Q —L Y
1l
y
12V
The following measurements were made when the switch was open and closed.
Voltmeter (V)
Switch open 9.6
Switch closed 4.8
Determine the value of the resistances X and Y. 4
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Class
Name
Question 30 (3 marks) Marks
As part of an action sequence for a film, a stunt driver on a motorcycle tries to
catch up with a speeding train, as shown in the diagram below.
Catches

: ~— up here

350 m
When it passes the motorcyclist, the train is travelling at 30 ms™' but decelerating at 1.0 ms™.
The motorcyclist, who is initially at rest, immediately gives chase, accelerating at a constant
rate until he catches up with the train.

The motorcyclist catches up with the train 350 m down the track.

Determine the acceleration of the motorcycle. 3
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Class

Name
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Class
Name
Question 31 (2 marks) Marks
Car A, of mass 1400 kg travelling at 20 ms™ to the right, collides head on with
Car B, of mass 1800 kg travelling at 10 ms™ to the left. After the collision, the
two cars stick together.
- -1
20 ms™ 10 ms
Car A Car B
1400kg 1800kg
(a) Calculate the magnitude of the initial momentum of Car A. 1

(b) Calculate the magnitude of the velocity of Car A immediately after
the collision. 1
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Class

Name

Question 32 (3 marks) Marks

A pupil performs an experiment with the Atwood machine shown below.

Wooden block

Mg

Friction

Rough surf:
ough surface Falling

W_| weight

The pupil varies the mass of the falling weight, M, and measures the acceleration of the
system. His results are shown on the graph below:
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N
wu
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0.5

0.0 T

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Mass of Falling Weight, M, (kg)

Question 32 continued on next page.
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Question 32 continued.

Using the graph on the previous page, determine:

(a) the friction acting on the wooden block.

2015 Annual Examination

Class

Name
Marks

(b) the mass of the wooden block.
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Class

Name
Question 33 (6 marks) Marks

In the experiment below, a charged sphere of mass 2.5x10™ kg is allowed to fall
through an electric field, as shown.

Mass =2.5x 10~ kg

The voltage between the plates is varied, and the velocity of the sphere as it hits the lower
plate is measured.

Theoretically, the relationship between the voltage, V, across the plates and the velocity, v,
of the sphere is found by conserving energy, and is given by:

V2 =2gd + 2Vgq/m  (Equation 1)

where: d is the separation of the plates
g is the acceleration due to gravity
q 1s the charge on the sphere and
m 1s its mass.

The results obtained in the experiment are shown below:

Voltage (V)| Velocity (ms™)
100 2.14
200 2.30
400 2.58
600 2.83
800 3.06
1000 3.27

Question 33 continued on next page.
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Class

Name
Question 33 continued. Marks

(a) Using the data given on the previous page, plot a straight line graph
that will allow you to verify Equation 1 for this data. (NOTE: extra
columns have been provided in the table, should you need them.)

(b) Calculate the charge on the sphere.
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Class
Name
Question 34 (6 marks) Marks
The diagram below shows a series of trolleys on a frictionless surface.
All initially at rest
4ms’” \
> [ |
lkg 2kg 3kg 4kg Skg 6kg
O O OO0 OO0 OO0 OO0 OO0
Trolley 1 Trolley 2 Trolley 5 Trolley 6

Initially, Trolley 1 is travelling at a speed of 4 ms™', and the other trolleys are stationary. The
trolleys are not connected, and are set up so that, when they collide, they do so elastically.

(a) Calculate the velocity of Trolley 2, immediately after it collides with Trolley 1. 3

Question 34 continued on next page.
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Class

Name

Question 34 continued. Marks

(b) Calculate the velocity of Trolley 6, immediately after it collides with Trolley 5.
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Name
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Physics
Data Sheet

Charge on the electron, g, -1.602x 107 C
Mass of electron, m, 9.109 x 107" kg
Mass of neutron, m,, 1.675 x 10 %" kg
Mass of proton, m, 1.673 x 10> kg
Speed of sound in air 330ms
Earth’s gravitational acceleration, g 9.8ms”
Radius of Earth, Ry 6.4x 10°m
Speed of light, ¢ 3.00 x 10°ms™
Magnetic force constant, Lk = ;—;}[J 2% 107N A
Universal gravitational constant, G 6.7x 10" N m’ kg™
Mass of Earth 6.0 x 10** kg
Planck’s constant, / 6.626 x 10>*J s
Rydberg’s constant, R (hydrogen) 1.097 x 10’ m™*
Atomic mass unit, u 1.661 x 10" kg

931.5 MeV/c’
1 eV 1.602 x 107 ]
Density of water, p 1.00 x 10° kg m™
Specific heat capacity of water 418 x10°Tkg ' K
Coulomb’s constant, k 9.0 x 10° Nm’C™*
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1 In the Ptolemaic model of the universe, the retrograde motion of Mars and
the outer planets was explained by:

(A)  the planets orbiting the Sun.
(B)  the planets orbiting the Earth in ellipses.

(£ an optical illusion caused by the phases of the moon.
@ epicycles and deferents.

2 Which of the following alternatives best describes the characteristics of
alpha particles?

(A)  High penetrating power, deflected in both magnetic and electric fields,
positively charged, low ionising power.

(B)) Low penetrating power, deflected in both magnetic and electric fields,
positively charged, high ionising power.

(C)  High penetrating power, not deflected by magnetic or electric fields,

not charged, high ionising power.
(D)  Low penetrating power, deflected in both magnetic and electric fields,
negatively charged, high ionising power.

3 Kepler’s Second Law states that “the line joining the Sun to the planet
sweeps out equal areas in equal times.” One consequence of this is:

(A)  planets travel at the same speed relative to each focus of the ellipse.
(B)  planets travel at a constant speed around the Sun.
(C)  planets travel fastest when they are furthest from the Sun.

planets travel fastest when they are closest to the Sun.

4 If the resistance of a light bulb is R, which equation below represents the
power consumed by the bulb?

(A) IR?
(B) IR
(C) VR
V2/R
5 The 3 wires in household electrical circuits are:

@ active, neutral, earth.

power output, power input, neutral.
(C)  positive, negative, ground.

(D) AC, DC, ground.
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6 Three identical resistors are connected in parallel in the circuit below.

()
N

—

When the switch is open a current of / is measured by the ammeter.
When the switch is closed, the current measured is:

Ay 13
B I
1.51
( 37
7 A radio station produces waves with a frequency of 96.0 MHz. The

wavelength of the waves is:

(A)  9.60x107m
B) 0.320m
ég? 3.13m
2.88x10"m

8 A boy strikes a drum when standing near a rock face. He finds that the
time taken for the echo to reach him is 0.500 seconds from the time he
struck the drum. If the speed of sound in air is 330 m.s” then he is
standing:

@ 82.5 m from the rock face.

165 m from the rock face.
(C) 330 m from the rock face.
(D) 660 m from the rock face.
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9 Light reflects from a parabolic mirror as shown below.

It is true to say that the law of reflection:

holds for all rays striking the mirror.
) is only true for rays close to the axis of the mirror.

(C)  is only true for rays travelling along the axis of the mirror.
(D)  does not hold in this case as the surface is curved.

10 When a sound wave travelled from air into water it was found that the
speed of the wave increased from 330 m.s” to 1650 m.s”. If the frequency
of the sound wave in air was 500 Hz, then it is true to say that:

(A)  the frequency of the sound wave in water was 2500 Hz

B) the frequency of the sound wave in water was 100 Hz
the frequency of the sound wave in water was 500 Hz
) the frequency of the sound wave in water was 0.002 Hz

11 A speed 0of 45.0 km.h" is equivalent to:

A 7.14 m.s™
@ 12.5 m.s™!
) 45.0m.s’
(D) 162ms
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12 A train travelling at 35.0 ms™' slows down and stops at a station in 22.0 s.
The magnitude of the acceleration of the train is:

(A) 0371 ms”
B) 0.591 ms?
(©)  0.629 ms”

@ 1.59 m.s™

13 Calculate the magnitude of the acceleration of the 5 kg mass shown in the
diagram below.

JQN&——| Skg [——>30N

Frictionless surface

A) 2 m.s™
4 m.s

6 m.s™

2

(D) 8ms
14 A boy of mass 45.0 kg is running at a speed of 6.00 ms”. His kinetic
energy is:

(A) 2701]

33817
810
1620 J
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Form V Physics 2015 Annual Examination

Part B Class
Total marks (78) |
Attempt ALL Questions Name

Allow about 1 hour and 40 minutes for this Part

Answer the questions in the spaces provided.
Show all relevant working in questions involving calculations. |

Question 15 (4 marks) Marks
(a) Write the equation for the beta decay of strontium-90 into yttrium-90. 1
' K0 ae o X (rﬂ-ccr*F*’/
S — 397 + S & i I,
N~ re~er
o X
Ssubels t—\e_«euo\aal'
(b)  Write the equation for the alpha decay of *33Ac. 2
22 s
ea Ac. — 22 FEr + S | ooetbe
@M\c’ \/CD"“‘\K &
dorr&-&-’\_
ﬁ:jr"\bol ..

(c) Showing your working on the following decay curve, determine the
half-life of strontium-90.
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Class
Name
Question 16 (5 marks) Marks
A Hertzsprung-Russell diagram is shown below:
-10 T | T | T |
(b) ’ '
>r - e e A
3 7
% ok E
5 |
3
{% +5 | ’ £
+10 |- . (\-\3 ‘
+5 l | | i | | |
0] B A F G K M Spectral type
25000 10000 5000 3000  Temperature (K)
-0.6 0.0 +0.6 +2.0 Colour index
(a) Add labels to the diagram to indicate the positions of:
: : 4
(1) the Main Sequence. \/ ®M
(i)  the White Dwarfs. |/ O K. 2
(b) With reference to the diagram above, describe the life-cycle of a star
like the Sun. 3
c:c;rre.c.-\' SE{:{Q@F\CQ C:AQSG—:—\B&A-

Lroen Man Secuenc= s Re =)
: s
Q\CFLS\.. [ SN 7N ke, ™ gﬂér&f-_c_ W\/ 3 .

— e Lor ecds ecco o

ANSe2rS
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Class
Name
Question 17 (4 marks) Marks
Earth’s first artificial satellite, Sputnik I, had an orbital period of 5760 s.
Australia’s first A USSAT satellite, which was launched in 1985, had an orbital
period of 24 hours, giving it a geosynchronous orbit. To achieve this orbital
period, AUSSAT was placed at an orbital radius 4.21 6x10" m from the centre of
the Earth.
(a) State '_f[epler’s Law of Periods (i.e. Kepler’s Third Law). 1
R /T-?“ e comstant e =W o\>Je.<:&—S /
orbvrag the same certral  bods Cheae
(b) Determine the orbital radius of Sputnik I around the Earth, 3
\h(
A= 2110 ™
Ma = ?
_l—!-\ = 248 \rs [=24x60r bo\.c:-_, .
% 4
ra” = /D Lo
= — vV re\ahcosh gy
TAZ T
3
(4.2l () >
= = 2 O~
(24 *« o er) (‘5‘760\ for corred
s b shdotho
i Lk fev
‘-rk C\r\a\ Tg
& \/ o e- o
= LAZRO ™M O mk. —
for correck
% e e baed o™
ore: r = 2B ™ A
EN N = Page 9 of 38 sobstdhion
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Question 18 (4 marks) Marks

Explain how the astronomical observations of Galileo Galilei helped to improve
the understanding of the solar system. 4

Marking criteria

Marks

o At least 2 relevant astronomical observations (e.g. rough surface of the
Moon, Jupiter’s moons, changing phases of Venus).

AND

o At least 2 thorough explanations of how this observation helped to
improve the understanding of the solar system.

o At least 2 relevant astronomical observations.

AND

o At least 2 sound explanations of how this observation helped to improve
the understanding of the solar system OR only 1 thorough explanation.

o At least 2 relevant astronomical observations but no explanation of how

OR

this observation helped to improve the understanding of the solar system.

o 1 relevant astronomical observation AND 1 thorough explanation of how
this observation helped to improve the understanding of the solar system.

o Any relevant astrononiical observation OR relevant idea on how Galileo
Gulilei helped to improve the understanding of the solar system.

Marker’s comment:

Most of the boys who did not get full marks lost marks because they were unable to
precisely describe/explain how the observation(s) led to a better understanding of the
known universe.

eg.

Stating that “Galileo observed craters on the Moon and therefore it showed
that the Moon (as probably other heavenly bodies) was not perfect” is a good
start, but it doesn’t explain how this led to reconsider the place of the Earth
as the centre of the universe.

— In the Christian conception of the Universe, the Earth was at the
centre because God intended it that way (it’s where God placed Its
creation). The Earth was corrupt (original sin) and therefore not
perfectly spherical and smooth, unlike the Heavenly bodies like the
Moon and the planets, that have been conceived perfectly and pluced
in the Sky by God.

When Galileo discovered that the Moon had craters and mountains,
and therefore was as “corrupt” as the Earth, it’s the whole Christian
perfect geocentric model of the universe that collapsed. If the system
created by Ptolemy and endorsed by the Church was not true for the
Moon, why would it be true for the place of the Earth at the centre of
it? And if the Moon is a mere rock, what holds it up there?? It had to
obey the same laws of Physics that we have on Earth, since it’s not a
perfect Heavenly body... This prepared the work of Newton.




Question 19 (3 marks)

A student notices that a boat bobbing up and down in the ocean takes 2 seconds
to travel from its maximum to its minimum position relative to equilibrium. He
also notices that the wavelength of the ocean waves is 10 metres,

(a) Determine the period of the water wave.

T=2x2s=4s (period: max —25> min 5> max)

(b) Determine the frequency of the water waves.

©) Determine the speed of the waves.

Marks



Question 20 (2 marks) Marks

An earthquake wave consists of two types of waves: P (compressional) and S (shear
wave). The speed of these two types of waves is different. It is found that at a city struck
by these waves, the P wave arrives 5 minutes before the S wave.

(@ Using the graph below determine the distance of the origin of the earthquake
from the city. i

P & S Wave Travel Times

30 - —

N
[, ]

N
(=]

Shear Wave

[y
o

Travel Time {minutes)
-
w

SE5S : 1.1 cm
1

"'Compression
| Wave
|

b) '

a

NS

| v L. S
0 2000 "4“@000 6000 8000 10000
Distance (km)

based on Presy & Slever, 3rd ed

On the y-axis, 5 min are represented by 1.1 cm.
Let’s find the distance on the x-axis for which the separation between the fwo
curves is 1.1 em: d = 3450 km.

(b) If another city is located 6000 km from the earthquake, determine the time
interval between the arrival of the P and S waves. 1

Let’s find the separation between the two curves when d = 6000km.
On the graph, we measure a separation of around 1.9 cm. On the p-axis, 5 min are
represented by 1.1 cm so 1.9 cm represents a time t = 8 min 40 s.



Question 21 (3 marks) Marks

Two students are standing 10m apart in a direct line from a point light source. If

one student measures an intensity of 2x10” W/m? while the other student

measures 1x107 W/m? determine the distance of the closest student to the light

source. 3

Source A
X

+*
Py

L?'. =]

d

" 10 m

- Imarkfordg=d4+ 11
- 1 mark for equation I4ds’ = Isdg’ [so L’ = Ip(d+10)°]
- I mark for solving the quadratic equation properly.
Sample answer:
r!g = ff,l + 1)
Lde =Igdy® so Ldy® =Ig(de+10) so 2xI° di = Ix197 (d+10)°

Thus,
2d8 =(d+10° => 2d7=dS+20d,+100 => di-20d.-100=0
2 solutions: d4 =w =2414m or d4= HeryB0C442100 4. X4 m

2x1 2x1
physically impossible

The only acceptable solution is d = 24.14 m (becaiise negative vaine)

Markers’ comments:

e Boys who solved the problem with the source between the 4 Soure
two students (see diagram) did not read the text properly: -~ dy T4,
“in a direct live FROM a point light source™... ’ T 10m

However, they were not penalised if they carried out the calculations properly.

e A lot of boys got the signs wrong when manipulating the original equation to
get the quadratic equation a’ +bx+e=0.

Question 22 (3 marks)

On the graph paper below determine and draw the superposition of the two waves.

superposition
- Neuatness, . . . /_
- Precision of superposition, e
- How correctly the points are . s~ »
> /
connected. P \(‘ *\_\\

Distance

Displacement
|
|
~

>
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; Class

SEW

Name

Question 23 (4 marks)

Consider the diagram below for a light ray of wavelength 700 nm travelling along
the normal from air into a glass prism of refractive index = 1.5.

(a)

(b)

©

30°

60°

Determine the speed of the light in the glass prism.

v &7 3l = oleogm!/f

|-S

Determine the wavelength of the light in the glass prism.

N\ = F00 - d.6Fxkm

/[-S

Determine the angle of 5ﬁ'action when the light leaves the glass prism.@
“ N
sin3o~ _ | r=¢8-(°
Ji’/) r /S
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Class

Name
Question 24 (5 marks) Marks

The diagram below shows light travelling through an optical fibre and out into the
air beyond.

Cladding, n = 1.45
\ Air,n=1.00
Core,n=150——>_ F7 A T s

(a) Calculate the critical angle for light at the boundary between the core

and the cladding. . . — 2
Sinc, - 151 | =?516°]0)
|Snq0 IS \ L ——

-
0,

(b)  Calculate the maximum angle, 6, at which light can leave the end of the
fibre. 3

O [0z 48 (90-3s1c)

0 5:'0(/ < 5'{4}-) - ,.’._..-1
¥ Sin o -5

- o= 22.<°\0
= |

Many _Loys  aleube just the i ol a//ﬁ/e g
JL gae ) mack for Hhis
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Class

Name
Question 25 (5 marks) Marks

(a) In the following circuit, Ammeter Aj, reads 2 A, and Ammeter A; reads 3.0 A.

-

8Q

12 Q

<0

Determine the voltage, V that must be applied for this to occur. 2
Axlg + 5x8 = F6V
— T
3¢V 0,

@?

Question 25 continued on next page.
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Class

Name

Question 25 continued.

(b) For the circuit shown below, predict and explain the effect of closing the switch on
the brightness of light bulbs A and B, compared to when the switch is open.

3

3 {'S {.ma/’ﬁLE( /
poes 0(]{' (4 /ovtafégys sord B 3,@715 ({'WU.)

() A
Ol

@(C&JS/’M switl SAOA' creuts B2 no cuf/wfﬂaﬂs#?@'ﬁw
" reduces [esistn g benc  curvea

C f'ﬂdemsos %fwj( A mabng it é/r;glw%?/
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Class

Name
Question 26 (2 marks) Marks

The resistance of a resistive metal wire with a cylindrical shape is given by the equation:
_— L

Where: L is the length of the wire
A is the cross-sectional area of the cylinder

pis the ‘resistivity’ of the wire.

The wire shown below is made from a material with a resistivity of 1.10 x 10 Q.m

length L=12m

v )

Calculate the resistance of the wire shown above. 2

A = = 774(000!)]" @

v

. /O\; /C)L - 0 da2. [

A
1f you )%fyo{‘ to Jalve #he o{l'axnefcr T
still ﬁavc you () MV k.
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Class

Name
Question 27 (4 marks) Marks

Two metal plates are separated by 5.0 mm and 100 V is applied across thc;m.

o Roled shag™ )

P!llf\
/ _‘J / 4 | | — ) ’(
5.0mm Iy T : T r f - 100V ,(,M(/\) 7 ILIAA
. o Yall Iy
v Y WS 63/ o/ A
(@  Draw the electric field between these two plates. 2

(b)  What is the magnitude of the electric field strength between these
plates? v 10U 1

E=" 5;{—;3 220, 000V/m (DfA/V')
(\fmt'g r\.o.} MMM)

-

(c) What would be the direction of the electrical force on a negative charge

placed between the plates? 1
L'{m Llul ¥ L(;'J ( 161/ y w ‘;( L;"r LA ’ 1A/
\
Acugrmm) - no Ol
L?//Y L’(
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L

Class )

Name
Question 28 (4 marks) Marks

The following diagram shows the electric field produced by three charges +3 C, +1 C and
-4 C,

(@  Draw arrows on the above diagram showing the direction of the electric
field at A and at B - , " 2 ) { 1
A ( ( 7 it »»hm { L Me g J"‘{

p’((/f,»[/"th f’l.;* A W"’{B

Question 28 continued on next page.
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Class

Name

Question 28 continued. Marks

(b)  Isthe electric field strength greater at point A or point B? Justify your
answer, 2

r f}w;é ;r[yf,c {-_.',,;( | o
at. tloer "..J_,_-.ff.v(_, (1)

)

(¢) A +2C charge is placed at point A and experiences a 5 N force.
Calculate the magnitude of the electric field strength at point A. 1
)y~ |

!r. - - . . . 7 S\

P
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i ]

Class
Name
Question 29 (4 marks) Marks
The following circuit has two unknown resistors, X and Y.
;1; ‘;/(/( S h "\
(-ﬂ" ed{\’ }\Aj A 1- L'/ c_(_.(i?_______,.‘-"’.f
(bt [\’I;—\ L__}“ - | v /
kv 4 % X 4,0Q l )L-“—i {
|:fn.[ ¥ P 73R —] —_—
,,_.,-————«l | T_ﬂ_. ‘ '! 7 r;
l 2.0Q Y '\‘L:—Tj‘—i’rl VRTAT
|- 4 | (/p_[ J IJ
64 [k ey — |
. b= j - e | W
W(ﬂ,sfww ) . LV
foka! :I Pl e
12V ] —
ﬂ\/ | 27k
The following measurements were made when the switch was open and closed. ﬁ)M MW/ Liad N
= 4 ¢
Voltmeter (V)
Switch open 9.6
Switch closed 4.8
Determine the value of the resmtances Xand Y. 4

ODO}’\ v i‘—[_:}. ']—", [ l |1:,1-V (‘\/{’fw}'m l}\,[L (\//’/w" a X

i

[P 1 T-FF-o0h

- Ry “1; 2 = BTV
Crsed sty (e nr")“;’ff’l (b
! H ,Qj ik B[ e
L9y T = 1 7A
”VCNNW4ﬂ— o MA(ﬁﬂmeV)27
(D) Rethea V= BF /s(fz_ (09
N=1al [y:s8n)
T OB ™

A&fJ‘;}WY"‘?( fryey }“ L'l,b (4( 1H e f/l TN Y
coftect £, 1[916 v 1/ ;w,//zw KS Uhly \\mﬂ/w Gfm av{a‘uvl A//’mwf‘J
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Class
Name
Question 30 (3 marks) Marks
As part of an action sequence for a film, a stunt driver on a mototcycle tries to
catch up with a speeding train, as shown in the diagram below.
Catches

350 m

When it passes the motorcyclist, the train is travelling at 30 ms’ ! but decelerating at 1.0 ms™
The motorcyclist, who is initially at rest, immediately gives chase, accelerating at a constant

rate until he catches up with the train.

The motorcyclist catches up with the train 350 m down the track.

Determine the acceleration of the motorcycle.
Fndd e ffur Wi o lor 350 J—
rubihl 5 350 = 306- 1> QR v w e = [P0

/

. i | . Y
)(,7/(/(9_, ﬁ% = w_"é_ 1*700 :0 .| e ! L’n ”in ‘) [' " .'G;' A fw‘”’)
' V-K [ 1k=J0 ﬁ

=[5 0es) /et tag || €= 5= BT 0% |
Frod muh»’f " J. i eyl o 01 3summﬂwmc fme .

Ly é . 2L L3P
2yl ryal =0, 6o A Fr 76,45

{a.—. 2078 mpst e 28mfS"

w(3tA)

I’ [ 5[ ’LJ'v Z’\( (/ ’i (/L “/“ /;
N T e 157 et
: ' w f( ‘%{MCJ A 66 /H i3 e 0 Eoe 44‘;
[Wmf’l 3 V/""l . b ()[(5 ((( (39 ) / x'
Frac Tl “ pub
(4/.5/ il";,‘,/(i P ! ! i :}p((/]" ") el }/C // b‘;;z’ .
“ ﬁ oy .‘;'{j o [l .[ q i V’( \( Vv () JLﬁt/] ( L‘ ]J(J, : ‘g, )(l,\)//g
/’1 i ' Page 25 of 38
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AA

Class

CRI & |

Name

Question 31 (2 marks) Marks

Car A, of mass 1400 kg travelling at 20 ms to the right, collides head on with
Car B, of mass 1800 kg travelling at 10 ms™! to the left. After the collision, the
two cars stick together.

(a)  Calculate the magnitude of the initial momentum of Car A. 1

@/fﬂw = 20 x [4060 2 28 000 kymt”

(b) Calculate the magnitude of the velocity of Car A immediately after
the collision. 1

@//f’fﬁl 2300 « — |¥ov0 = S200.V
B V=~5'/2§M3"
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Class

Name

Question 32 (3 marks) Marks

A pupil performs an experiment with the Atwood machine shown below.

‘Wooden block

MB
Friction
<
e

Rough surface Falling

My, weight

The pupil varies the mass of the falling weight, My, and measures the acceleration of the
system. His results are shown on the graph below:

5.0 I

4.5 ~

4.0 : A

3.5 -

3.0

25 !

Acceleration (ms?)

2.0 — : o o s

1.5 “

1 —{4 : 1 .

0.5

\
~

| ~
1|
|
|

::..(
q
|
|
|
1
|
]
|
1
|
1
T

0.0

=
o

2.0 3.0 4.0 5.0 6.0 7.0
Mass of Falling Weight, M,, (kg)

0.0

Question 32 continued on next page.
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Class

Name

Question 32 continued. Marks

Using the graph on the previous page, determine:

Feom I reacerT of Caapr.

(a) the ﬁ'iyt'ﬂ{ acting on the wooden block. 1
= 08 ‘75’ //%If Kecogmtse Prar )&lu:ow \
@ /’][= 7-8%~ ‘] (. = X-/n re2cEPT % &
L/ — ] d

(b) the mass of the wooden block.

Ui, eo. Mo:goks

r-——-

/é’-oxe-a - ?—6’*) = (_é-w Mz ) 4 -

/
/ e g

Je Vaun §U135T'Tv7‘lo-'
Nsroc T Lomer

\/,Jh_v c3

NG : The oleta s Creacis Mot A Svargnr G
/gq% 771»".5 Lioo (/Lo‘7l /;,.,Q{,'de ta 7&,1 én,‘f'cx* df

At Oflu.fhl:.;c .&Nﬁ:—c"{' MIUU”.) .
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Class

Name
Question 33 (6 marks) Marks

In the experiment below, a charged sphere of mass 2.5x107 kg is allowed to fall
through an electric field, as shown.

Mass = 2.5 x 10” kg

The voltage between the plates is varied, and the velocity of the sphere as it hits the lower
plate is measured.

Theoretically, the relationship between the voltage, ¥, across the plates and the velocity, v,
of the sphere is found.by conserving energy, and is given by:

v =2gd + 2Vq/m  (Equation 1)

where: d is the separation of the plates
g is the acceleration due to gravity
q is the charge on the sphere and
m 18 its mass.

The results obtained in the experiment are shown below:

Voltage (V)| Velocity (ms™) 1/7.?%;-'_)\\}
100 2.14 4.58
200 2.30 g2
400 2.58 4654
600 2.83 £o0/(
800 3.06 7-34
1000 3.27 /0" 67

Question 33 continued on next page.
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Class

Name
Question 33 continued. Marks

(a) Using the data given on the previous page, plot a straight line graph
that will allow you to verify Equation 1 for this data. (NOTE: extra
columns have been provided in the table, should you need them.)

£ sunei
V_(') '—-M'Ax@-

\

o>
vV ) o cpiin

N v

’.f“
=~ = :
i Do !
3 s
N ,-
: [}
) 5 - G §\ ;o
i Boe id § 3
L 4 ¢ 8 No§
‘ g3 5% s
§oode 6y 344
= g §\¥ ¥ B .
¢ “3 gy ¢ \&
G153 N
™ LG d @
0 Q)
Zos Lo §oo Soo | ovo
'/oL—T'A—Aé‘ (V) d
(b)  Calculate the charge on the sphere. "
Far Fasrr | drmers 29 = L% 38 7@
- /oo

—= 7= £bxls ‘e —@
(M @ 15-4 2 (é,uzvr ﬂ/ﬂf'rru'n,.—-a)

InTe Fouarno~ |

— Lim [~coreer 4 — page 31 of 38
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A
Class
CR'B
Name
Question 34 (6 marks) Marks
The diagram below shows a series of trolleys on a frictionless surface.
: All initially at rest
4 ms |
2 [ \
lkg 2kg 3kg 4kg Skg 6kg
O O OO0 OO0 Q0 Q 1
Trolley 1 Trolley 2 Trolley 5 Trolley 6

Initially, Trolley 1 is travelling at a speed of 4 ms, and the other trolleys are stationary. The
trolleys are not connected, and are set up so that, when they collide, they do so elastically.

(a) Calculate the velocity of Trolley 2, immediately after it collides with Trolley 1. 3
( Sex (aree Foe Dotkens Soco riem \

* VA‘I-—'-D /%QMMM &?vd“l"rgu . L{- = V, + 2\/2_
* V’h;o ,k{ £0vﬁ119~ a g-‘ J./.l/rt + _/'.2. V,z AN” 2
o = N @ Brem
t Vs rel. Vaocrs fe.. : V, - vV, = &
—_—

VB ! Cricoorres Fo: & ksw/s /'7‘_:" ke, = &3 CD

Question 34 continued on next page.
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Class

Name

Question 34 continued. Marks

(b) Calculate the velocity of Trolley 6, immediately after it collides with Trolley 5.
* VA'le A/(cM Erpoin /4‘-»!7 kE -&Uﬁw-—' 5 g&
_— —_—
o 5 S'e'c...-b 4¢c's'o~ Of)

Eﬁv wAaLe~1

3

* Can c il firhs V-,Q = 32 = 2-/33 ms”' '"'“_"@

4’ Crcecare Ve = /'ggg—' _,,.____@

L"’ f;"t MNexT Jace for
Mués .
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