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Area of study 1 — Motion in one and two dimensions

Questions 1 to 4 relate to the following information.

Rapunzel throws a note to her lover wrapped
around a rock weighing 2.0 kg, from the top of
her tower where her evil guardian has her

imprisoned. The rock leaves her hand with a

horizontal velocity of 5.0 m s™'. She releases the
rock at a height of 51 metres above the ground. 51

{Alr resistance can be ignored)

Nilld

Question 1

How long does it take for the rock to reach the ground?

[2 marks]

Question 2

What is the speed of the rock as it impacts the ground?

[3 marks]
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Question 3

At what angle to the horizontal does the rock hit the ground?

|2 marks]

Question 4
If Rapunzel had dropped the rock from her tower at a height of 51 m and not thrown it, when
the rock 1s H0.2 m from the ground what is the ratio of the rock’s potential energy to its

kinctic energy 1f air resistance is neglected?

[2 marks]

Questions 5 to 7 relate to the following information.

The diagram given below shows a collision about to happen. The speed limit on this section
of suburban street is 50 km h™". The vehicles crash head-on and stop locked together in
approximately 0.20 seconds. The police know that the van has a mass of 2200 kg. From the
van's tachymeter (a black box that records the vehicles speed) the police know that the van
was travelling with a speed of 15 ms™ at the instant of the collision. The car has a mass of 910

Kilograms.

15my
-—
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Question 5

What was the magnitude of the van’s momentum just prior to the collision?

kg m s

[2 marks)

Question 6
Was the car exceeding the speed limit? Show reasoning to prove your answer.

{Assume the truck and car torm a closed system.)

[4 marks]

Question 7
Fortunately nobody was injured in the collision. From the information given what was the
magnitude of the average force applied to the driver of the van (mass of driver = 60 kg)

during the collision?

N

[3 marks]
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Questions 8 & 9 relate to the following information.

A car 1s travelling at constant speed around a
right hand bend. The driver feels as if he is
forced outwards as the car travels around the
bend. The bend in the road is a section of a

circle of radius 120 metres.

120m

\

Question 8
Explain why the driver experiences an “outwards force” as the car travels around the bend.

[2 marks]
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Question 9
This "outwards force™ is found to be the equivalent of .30 of the driver’s weight force.

What i1s the constant speed of the car?

[3 marks]

Question 10
An aircraft is flying at an airspeed of 600 km/h
at constant altitude. There i1s a wind blowing in

a northerly direction at 40 km/h.

Along what bearing must the pilot steer to maintain a heading

of due East? (Show your working and include a vector diagram.)

[3 marks]
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Questions 11 & 12 relate to the following information.

An archer 1s firing arrows of mass Bow Stiffness

100 g using a simple homemade bow.

This bow has a draw force versus 160y =
draw extension graph as shown on the 140
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Question 11

What 1s the “stiffness” value of this homemade bow?

Nm’!

[2 marks]

Question 12
Show that if the archer draws the bow back to an extension of 60 ¢cm the maximum kinetic

energy that can be given to the arrow on release is 36 J.

[2 marks]|
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Questions 13 to 16 relate to the following information.

Mass of Mars M, =637x 10" kg

Radius of Mars fm =343x10°m

Mass of Mars space craft and Endeavour =650 kg
Mass of Endeavour = 150 kg

The scientists at NASA have proposed a new mission to Mars. They intend to send a
spacecralt to Mars and then deploy a surface explorer called Endeavour. Endeavour will be
sent to the surface while the spacecraft stays in a stable orbit to act as a communications relay

satelhite at a distance of two Mars radii (2 x r,) above the surface of Mars

A graph of the gravitational tield strength of Mars 1s given below.

gravitational field strength vs altitude
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Question 13
It the gravitational field strength at the surface of Mars is g, then the gravitational field

strength acting on the communications satellite is best given as:

A g (] B g 1 C g I D Erlll E g m
2 4 3 9

[2 marks]

Question 14

As the Endeavour is sent to the surface it passes through an altitude of 700 km (Point A) to an
altitude of 10§) km (Point B) where some braking rockets are employed.

Usc the gravitational field strength graph of Mars to determine the increase in kinetic energy

of the Endeavour as it passes trom point A to point B.

Path of Endeavour

Altttude A =700 km
Altitude B = 100 km

J

[3 marks]
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Question 15

What is the weight of the Endeavour on the surfuce of Mars?

N

[ 2 marks]

Question 16
What is the time taken for the spacecratt to orbit Mars when 1n it is In position 10 act as a

relay satellie?

[3 murks|
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Area of study 2 — Electronics and photonics

Question 1

For the following circuit plot the potential difference (V) as a function of position from the

point X, around the given circuit.

10y €2

20 ¢

~wilch

telosed s

Question 2

20Q

+12V

+4V

+0OV

For the following circuit plot the potential ditference (V) as a function of position from the

point X. around the given circuit,

12V

20 Q
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topen)

200
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+0O 'V

X I saih .
telosedd X
12V 10 €
20 €
[3 marks]

swilch X\

fopen [—

12V 10 €

5

0L

[3 marks]



© STAYV Publishing Pty Lid 2005 12 Unit 3 Physics Trial Examination

Question 3

A light Dependent resistor has the following resistance versus illumination characteristic
graph.

16000

1000

Resistance (ohms)

100

1 10 100 1000 10000

Hlumination {lux)

The LDR s placed in the following circuit.

60V DC @ —l

350 Q

+ .

:::: LDR \ﬁuumu

| o _T_ L
T

What is the output voltage of the circuit if the LDR 1s illuminated by light with an
intensity of 40 Lux?

[2 marks]
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Questions 4 to 8 relate to the following information.

The operational characteristic of a voltage amplifier is given below.

»

Vout (V)

+u

P
r

-04 -02 0 0.2 0.4 0.6 0.8 Vip (mV)

Question 4

What is the voltage gain of this amplifier?

[2 marks]

Question 5

This amplfier is described as an “inverting amplifier’. Explain what the term inverting

means in this context.

[2 marks]
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Question 6

The following input signal {V,,) is fed into this amplifier.

Input

Vin (MV)
A

(3.6 o T

044/ A

A J

0.0 —
‘ : time

02 - . e ..

On the axes below sketch the likely output voltage (V. ) tor the above input signal.

[abel the V,, axis accordingly.

QOutput

Vout (V) 4

0.0 >

[3 marks]
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Question 7

The input and output signals are both sinusoidal AC voltages and as a result both have

frequencies. What is the value of the following ratio?

frequency of V,

frequencyof V

2 marks]

Question 8

The amplitier is to be biased to zero millivolts. Explain what the term ‘bias’” means in this

context and what voltage should be applied to the input voltage to “zero” bias this amplifier?

mV

[3 marks|
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Questions 9 & 10 relate to the following information.

A transistor amplifier is made from a silicon spn Bipolar Junction Transistor as shown in the
following circuit. The current gain of this amplifier is 150, Take the value of Vgg = (L70 V.

™ ¢ 60V
R: 1.2 kQ2
Ry 220 kQ
—® Vout
C
B
E
. ® 0V

Question 9

What is the value of the base current [g? Give your answer in HA.

LA
[2 marks]
Question 10
What is the output DC voltage at the collector?
v

[3 marks]|
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Question 3

The stress-strain graphs for three materials (glass, rubber and steel} are shown below.

(Pay

v

Complete the following table by indicating which graph corresponds to which material.

Material Rubber | Steel Glass

Graph

[3 marks]
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Questions 4 to 6 relate to the following information.

A typical stress-strain graph is given below

v

Question 4

Complete the following table by indicating which point (A, B or C) or region (D or E) on the

graph corresponds to each of the labels in the table below.

Description | Elastic Ductile Plastic region | Maximum Elastic limit
; region failure stress
‘l - - e —
Point or
Region
(A-E)
[5 marks]

Question 5

This matcrial 1s considered to be ductile. Explain what features of the graph indicate this fact.

2 marks]|

Question 6
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Explain what happens to a ductile and a brittle material when placed under tension.

Ductile

Brittle

[4 marks]

Questions 7 to Y relate to the following information.

A heavy cast iron light fitting 1s
suspended by two copper cables A and A
B. as shown in the diagram on the right.

The Young's modulus tor
copper:
Yeu= 125 10" Nm -,

The copper wires have a diameter

of 3,00 mm.

Question 7

Use the information in the diagram to calculate the mass of the light fitting.

kg

[2 muarks]

Question 8
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Calculate the stress in cable A.

N m™

[2 marks]

Question 9

What s the change in length of cable A if its original length was 1.00 m?

m

[ 3 marks]



