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VCE Physics Unit 3 Trial Examination Suggested Solutions

SECTION A — CORE

Area of study 1 — Motion in one and two dimensions

Question 1 (8 marks)

a. gsnfd=1.0 ms_2

Y

6="5.74°
=57°
1.2

b. S= éat

=20s

C. The correct answer isC.

The acceleration is the same for balls of any mass.

d. The correct answer isC.

s=1at?
>

t_4'0 m = 4_0 = iz
tbom N20 1
Question 2 (6 marks)

a. 2F=0

FENGINE = FFRICTION

— (1500 + 500)kg x %‘

=2000 N

FTOW BAR ~ I:FRICTION ON TRAILER

- N
= (500) kg 1

=500 N

C. 2F=ma

FTOW BAR ™ FFRICTION =500(3)
Frow sag = 2000 N

1 mark

1 mark

1 mark

1 mark

2 marks

2 marks

1 mark

1 mark

1 mark

1 mark

1 mark

1 mark
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Question 3 (7 marks)

o
—
1

|(O <l
o

N b

5
Os 1 mark

b.  Atmidpoint of flight V\,gprica. =0 M st

tmippoint = 1.0's
v=u+ at (vertical)
1

DVyerTicaL aTBOW = 10Ms 1 mark
DVhorizonTAL AT BOw = 45 M 57 1 mark
Otan@= 411_2

6=125° 1 mark

C. Reaches maximum height at midpoint.

SEXTRA = %at2 = 5(1)2 =5m 2 marks
O maximum height = 6.8 m 1 mark

Question 4 (5 marks)

a. Cadl thetensioninthestring T.

2
Tsing= ml%-
Tcosd=mg 1 mark
v 16
tanH:R—g:m:S.z 1 mark
6=72.6° 1 mark
b.  Tcosfd=mg 1 mark

_ 20
T= cos(72.6°)

T=66.9N 1 mark
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Question 5 (4 marks)

a. The correct answer is B. 1 mark
U PEgorrom = 0J

KEgortom = KErop * PErop

1 2.1 2

21 2
KEgorToM = Qm(50)

PE1op = mgh
Omgh = %m(SO)2 - %m(S)2 1 mark
_2500-25
h= >0 1 mark
=123.75m 1 mark

Question 6 (5 marks)

a. 1 mark
Spring P is stiffer as it has a greater spring constant (which is given by the gradient of the
force versus extension graph). 1 mark
b. F =800 N =40 N per spring 1 mark

From graph, 40 N = Ax=0.08 m.

Oenergy per spring = %(40)(0.08)

=16J 1 mark
Oenergy for 20 springs= 32 J 1 mark
Question 7 (5 marks)
3 3, 2
a. _R_2=9__2 T= RGL;;[ 1 mark
T 41

3
_ \/ (6.97 x 10°) a4
(6.97 x 101)(5.98 x 10%%)

=3.47 x 105 [ 1 mark
=16hr 1 mark
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b. F=mg= mG_2M
R
4 11 24
_(11x10)(6.67x10 6)2(5.98 x 107) 1 mark
(6.97 x 10°)
=9.0x10* N 1 mark
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Area of study 2 — Electronics and photonics

Question 1 (6 marks)

a.

The 30 Q and 60 Q resistor arein parallel and, using the parallel resistance formula, have

an equivalent resistance of 20 Q. 1 mark

Using the series formula gives a total resistance of 30 Q. 1 mark
A 20Q 100 B
O—] —O

The current through the parallel equivalent 20 Q and the 10 Q resistor is the same. 1 mark

Thereforeusing V = IR, if Vipg =60V then Voo =120V, 1 mark

The current in the 60 Q resistor is|. Therefore the current in the 30 Q resistor is 2I, as

the voltage drop across the parallel components is the same but the resistance is halved. 1 mark

The total current running through the 10 Q resistor is 3l (the sum of the two currents from

the parallel combination). 1 mark

Note: possible consequential on the first part.

Question 2 (5 marks)

a.

The resistance versus temperature graph for a thermistor used as a temperature control
device is non-linear, 1mark
as the graph shown in Figure 2 isanon-linear graph (i.e. it is not a straight-line graph). 1 mark

From the resistance versus temperature graph the temperature is 70°C (allow afew degrees
tolerance) when the resistance is 1000 Q. 1 mark

The minimum value that the variable resistor is required to be set at so that the buzzer sounds
when the thermistor is at atemperature of 20°C can be determined using the voltage divider
formula AsVy,=9.0V and Vyz260V, then Vyy<3.0V.

At 20°C the resistance of the thermistor is 2.7 kQ (reading the information from the
resistance versus temperature graph shown in Figure 2). 1 mark
Vvz_60_Ryz

VXZ_§.—0_—2—7—0—6: RYZ=5'4kQ' 1 mark

Question 3 (6 marks)

a. Figure 4 shows a peak-to-peak voltage for the output voltage of 50 V. 1 mark
Vep = 2./2Vgys
Therefore Vg g=17.7 V. 1 mark
. . _Vour_ 50V
b. gain of the voltage amplifier = Vin = S0V - 100 2 marks
6 TEVPHYUS_SS_2014.FM Copyright © 2014 Neap
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Clipping occurs when the input voltage ranges outside the linear amplification region of

the V,\ versus V1 characteristic graph for the voltage amplifier. This resultsin a distorted

output signal (see diagram below) — output voltage is constant outside the linear

amplification region. 2 marks

unclipped sinewave clipped s newave‘m'

Question 4 (6 marks)

a.

The current in the resistor Ry = 3.5 mA.

Vigp=30V

ThereforeVRD =70V. 1 mark

V=IRsoI=——z-=35mA 1 mark
2000 '

Placing both LEDs in series with the resistor R gives the circuit arrangement shown below.

Rp

10V T

7!;}' D,

T/}' D,

2 marks
When both LEDs are in series with the resistor R, the voltage drop across the combined
LEDsis4.5V. Therefore 5.5V will drop across R, 1 mark
V:IRsoI:E:Z?SmA 1 mark
2000 '
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Question 5 (5 marks)

a. The acronym LDR stands for light-dependent resistor. The resistance varies as a function of
the amount of light illuminating the LDR. 1 mark
b.  Vpg=80V whentheilluminanceis6 lux.
At 6 lux the resistance of the LDR is 20 kQ. 1 mark
Thisistwo-thirds of the total resistance in the voltage divider circuit shown in Figure 8.
12V><§=8.0V 1 mark
C. The illuminance in the room goes down to 0.2 lux. This meansthat the resistance of the LDR
isnow 200 kQ. 1 mark
For the lights to come on VPQ =>105V.
Using the voltage divider formula:
200 kQ
oUT =~ 570k VIN
=114V
As 114V >10.5V thelightswill come on. 1 mark
8 TEVPHYUS_SS_2014.FM Copyright © 2014 Neap
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SECTION B — DETAILED STUDIES (2 marks for each correct answer)

Detailed study 2 — Materials and their use in structures

Question 1 C
Reading the o information from the graph it can be seen that X has about twice the ultimate tensile strength
of Z (that is, the stress at the endpoint at the fracture point).

Question 2 B
Materials that fail without demonstrating plastic behaviour are said to be brittle, therefore material Y.

Question 3 B

The relative toughness of materials X, Y and Z is given by their respective areas under the stress—strain
graphs. Material Z has the greatest area, followed by material X and then by material .

Question 4 A

Thetension (T) inthewireis 174 N and the vertical components of both sections of the wire support the
weight force, which is 200 N.

Therefore 2Tsin 8= 200.
g=35°

Question 5 D
F___1/AN
A 50x10°m?

o=

The tensile stress in the wire is 34.8 x 10° N m ™.

Question 6 C

0°N

2m

=

o=

N

F
A

o

The compressive stress in the column 5 x 10°Nm™,

Question 7 B

The area under a stress versus strain graph gives the energy absorbed per cubic metre (J m_3).

0,
For astraight-line graph thisis given by —%—
2
o, . 05(ay) 3
AsY= s arearrangement of the formula gives Jm
0.25(a,)°

Asthe sample cylinder is0.5 m3, total energy is —
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Question 8 B

Horizontal shear loads require vertical steel reinforcing meshes near the vertical edges of the square column.

Question 9 B

Stone is used to make such a bridge because arches require a material that is strong under compressive

stress, and in an arch design all the stones are under compression.

Question 10 C
Taking moments about point P gives the following torque equations:

clockwise torque = (2000)(2.5) + (1000)(3.0)

anticlockwise torque = FQ(S.O)

Asthe systemisin equilibrium, solving gives FQ = 1600 N.

Question 11 D

As the total force downwardsis 3000 N it means Fp+ FQ = 3000 N.

But Fq, is20% larger than Fp.
Fo=12Fp
Therefore Fo = 1636 N.

Call the distance from block B to point P x metres.

Taking moments about point P gives the following torque equations:

clockwise torque = (2000)(2.5) + (1000)(x)
anticlockwise torque = (FQ)(S) = (1636)(5)

Asthe systemisin equilibrium, solving givesx =3.18 m.

10 TEVPHYU3_SS_2014.FM

Copyright © 2014 Neap



VCE Physics Unit 3 Trial Examination Suggested Solutions

Detailed study 6 — Sound

Question 1 C

When the loudspeaker produces sound the candle flame will vibrate horizontally, as the sound pressure wave
moves back and forth in a horizontal direction.

Question 2 B

Asthe sound pressure wave moves back and forth in ahorizontal direction, the experiment demonstrates that
sound is alongitudinal wave (and not a transverse wave).

Question 3 D
Substitution into the wave equation v = Af gives

334 = A(256)
A=130m

Question 4 B

The length of the flute is 0.65 m. The flute is modelled as a simple pipe that is open at both ends. The
fundamental frequency corresponds to a resonance where exactly one-half of awavelength fitsinto the pipe.

334
256 = —
2L

L=0.65m

Question 5 C

The second overtone is the third harmonic, which means that the frequency will be three times the
fundamental frequency.

3 x 256 =768 Hz
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Question 6 B

The next three diagrams show schematically how high, middle and low-frequency sound waves behave as
they encounter the top of the sand dune. Notice that the low-frequency sound waves ‘bend’ or diffract more
than the middle-frequency sound waves, and high-frequency sound waves virtually do not diffract at al
around this object.

high frequency waves

BN &)

ocean sanddune  person beach house

middle frequency waves

\\\\ \

EREIANN O)

ocean sanddune  person beach house

low frequency waves

ocean sanddune  person beach house

Question 7 A

The reason that you can hear the sounds made by the crashing ocean waves at the beach house is because
of diffraction.
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Question 8 D

The sound intensity at a distance of 20 m from the truck is 2.0 x 10w m™. sound intensity follows
an inverse square law, therefore at twice the distance the intensity will be one-quarter of the original
sound intensity.

Question 9 C
The decibdl reading at a distance of 10 mis 99 dB.

-3
8x10° | _
—-—-—-_—liJ_ggdB

L(dB) = 10Iog(
1.0x10

Question 10 C

The only transducer that does not work on the principle of electromagnetic induction and/or electromagnetic
force isthe piezoelectric crystal microphone.

Question 11 B

A baffle increases the distance that the sound waves produced at the back of the speaker have to travel to
interact with the sound waves produced at the front of the speaker. These sound waves are out of phase, and
without a baffle the destructive interference of the sound coming from the front and back of the loudspeaker
would lead to very poor quality sound.
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