Suggested answers to VCE Physics – Pilot Study exam June 2004

Area 1 Motion

Q.1
30 m
Initial v​​v = 10sin30° = 5 m/s.  h = vit + ½gt² = 5(3 – ½10(3² = -30 m 
Q.2
A
The horizontal velocities of helicopter and package are the same.
Q.3
B
After slowing to vh the speed will increase at a rate approaching g.
Q.4
3000 kg.m/s
Δptruck = –Δpcar = 1000(3 = 3000 kg.m/s
Q.5
1500 kg
m = ptruck/v = 3000/2
Q.6
10,000 N
FΔt = Δp so F = 3000/0.3 = 10,000

Q.7
• The ball moves vertically with no horizontal motion


• It has constant downward acceleration = g

Q.8
• It moves in a parabola with


• constant horizontal velocity and


• the same vertical component as seen by Lee.

Q.9
800 N

Fnet = 0 and so FD = FF = 500 + 300
Q.10
300 N

On car: Fnet = 0 and so T = FF = 300

Q.11
422 m

Fnet = –800 N and so a = 800/m = 800/3000 = 0.267 m/s². Then d = vi²/2a = 15²/2a
Q.12
Arrow toward the Sun (centripetal acceleration).

Q.13
2.0(1030 kg
From GM/4π² = R3/T² where R = 1.5(1011 and T = 365(24(3600

Q.14
4.2 m

GPE = KE + Work done:  mgh = ½mv² + Ffd  so h = (½(30(8² + 50(6)/300

Q.15
0.253 m
½kx² = ½mv² ( x² = 30(8²/30,000 = 8²/1000 = 0.064 ( x = 0.253 m
Area 2 Electronics and Photonics

Q.1
20 kΩ

R2/R1 = (30 – 6)/6 ( R2 = 4(5 = 20
Q.2
Two 10 kΩ resistors in parallel have an effective 5 kΩ resistance. (With diagram)
Q.3
5 μA

i = v/R = 100 mV ÷ 20 kΩ = 0.1/20(103 = 5(10-6 A
Q.4
• Capacitors block DC but not sufficiently high frequency AC.


• In the first case C is virtually an open circuit and so all current flows through R1.

• In the second case C is virtually a short circuit and so all current flows through C.
Q.5
vc = 2 V
vc = iRc = 100(10μA ( 2 kΩ = 1 mA ( 2 kΩ = 2 V.



As vin = 10 mV and vout  = 2 V, Av = 2/0.01 = 200 as required.
Q.6
B
B shows the situation when the transistor cuts off and Vout goes high at 20 V. D is incorrect because when the transistor is saturated there will be a voltage drop across RE which does not appear in D.
Q.7
850 Ω

For a 1.5 V drop across the diode, there will be an 8.5 V drop across R and so R = 8.5/0.010
Q.8
Increase
Lower R results in greater current, the light output varies with the current through the LED.
Q.9
C
No component can convert all of the electrical energy into light energy only.

Q.10
C
Light on the base increases the collector current. This results in a larger drop across R and so Vout decreases.

Q.11

The graph will be straight (at 4 mA) between 0 and10. It will drop (somehow?) to 2 mA between 10 and 18. It then rises to 4 mA between 30 and 38.

Q.12
• Bandwidth is the maximum frequency the device will handle.

• It is normally specified as frequency in Hz 


[• In this device the bandwidth would be around 1/8 MHz ~ 120 kHz

Comments on the core:

Motion

The graph (B) for Q3, although the only feasible answer, is badly off scale.

Questions such as Q.13 involve a lot of unnecessary calculator number crunching – and realising that the period of the Earth is 364x24x3600 seconds. The concepts could be tested much more simply with ratio type questions. For example: A planet has been found around another star and has the same size orbit as Earth but with twice the period. What is the mass of that star in comparison with the Sun?

Alternatively, simply ask for an expression giving the mass of the Sun in terms of the other quantities.

Motion Q14 is basically unit 2 and not mentioned in the unit 3 SD. (In fact we were told ‘roller coaster’ situations were not included.)

Electronics/Photonics

Q.6  The two graphs B and D both suggest the transistor was not biased correctly as the clipping is not even. Could it be claimed that D is a reasonable answer – apart from the small drop across RE (which could be negligible)? Or does the phrase ‘transistor cut-off’ imply that the transistor has cut the current and so Vout will have reached Vcc? If so, that is a fairly ‘technical’ interpretation which is probably not expected of our students.
Detailed Study – Einstein’s Relativity
Q.1
Bruce. Val: Electrons can’t travel at c and don’t transform



Pat: Apart from the atomic explosion that would occur in our TV sets (!!) this is incorrect because electrons only give their kinetic energy to the photons.


Bruce: Correct as the energy moc² is associated with the rest mass of the electron. Strictly speaking mc² includes the kinetic energy as well, but that is a very small fraction.
Q.2
A,B
They thought all waves propagated through a medium and there seemed to be none for light.



The M-M experiment suggested that c was not dependent on the velocity of the Earth.

Q.3
B
Maxwell predicts c is always the same, while classical physics would add velocities of frames in relative motion. (See comment)
Q.4
1.5(109 m/s
From ½mv² = 10-12 J
Q.5
B
The graph is asymptoting toward c.
Q.6
D
It was critical for their experiment that the paths stayed constant as they rotated the apparatus because they were looking for very small differences in the interference pattern.
Q.7
• Light travelling at right angles to the ether should take a little less time to cover the distance than light travelling at right angles if it moves relative to the ether.

• That should cause a shift in the interference pattern as the apparatus is rotated to swap the two paths.


• In fact they found no shift at all which suggested that the speed of light was the same in both directions.

Q.8
C
From H’s frame, if the light reached him and the mid-man at the same time, given that the train moved in the time between flash and arrival at mid, the flash from K must have travelled further than the flash from J and so must have been emitted earlier. 
Q.9
3.2 m
The electron sees the accelerator moving at the same speed and so contracted by 1000.
Q.10
1.1(10-5 s
t = d/v = 3.2 km ÷ c = 1.07(10-5 s

Q.11
1.1(10-8 s
We see its time slowed by 1000. Or it sees the distance it travels as 1/1000th as much.

Comments: Relativity

Q.3 is fair enough, although we often speak of the ‘principle of relativity’ as stating more that there is ‘no preferred frame of reference’ rather than being the rule for adding velocities. In fact Einstein retained the ‘principle of relativity’ in this sense and so it could (almost) be claimed that it predicted that the velocity of light would be c for both situations. Certainly, however, Galileo would have agreed that the speed should be c+v.
Q.5  One of my students pointed out that the graph doesn’t reach 10(10-13 J so how can we estimate the measured speed as the machine didn’t produce electrons of that energy? Was this a problem for any others? The graph also asymptotes at v² = 8.5 rather than 9.0.
DS Structures and Materials

Q.1
D
Y = σ/ε = slope of straight portion of graph
Q.2
4 (108 N
F = Aσmax 
Q.3
1 ( 106 J/m3 Strain energy = area under line up to failure = ½σmaxεmax 
Q.4
C
Energy = Q3 ( volume = Q3 ( 8(2
Q.5
Steel has a high tensile strength and can be used where the concrete is subject to tension forces.
Q.6
A
The concrete in the upper surface will be under tension as the outer sections tend to sag.
Q.7
A,C,B

Q.8
C Note that the stronger material is also the tougher material and so the graph has to be higher and have about three times the area. (Note graphs have wrong symbols.)
Q.9
B 
Stiffness = slope = Young’s modulus
Q.10
Good compressive strength, as well as being rigid and fairly incompressible.
Q.11
Arches rely on the compressive strength of materials. The compression is transmitted through the blocks to the ground. However there is a strong outward component and so the low wall resists the outward force caused by the weight of the material in the arch pushing outward.
Comments:  Structures and materials
Most of the questions seem fair and there is a good coverage of the SD. However, it has been argued that ‘structures’, such as the igloo, are not in the current version of the SD. It is hoped that they will reappear in the SD rather than questions like this not being able to be asked.
Some ESL students had trouble realising that Q’s 1-6 were all related. This could be made clearer perhaps.

In Q8 it was a pity the breaking point was marked by an X, the symbol for one of the materials. The graphs also show the wrong symbols for stress and strain (but the correct labels).

DS Further Electronics

Q.1
i) Turning AC power into DC power by blocking or reversing the negative half cycles.

ii) Producing a constant DC voltage from a changing (DC) voltage.
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iii) Ensuring the DC voltage output doesn’t change with changing loads.

Q.2
D
24 V p-p = 12/√2 = 8.5 V rms.  240/8.5 = 28.3
Q.3
The positive half waves only, but a little lower to account for the drop across the diode.
Q.4
Diode bridge  (see diag)
Q.5
B
R = T/C = 2(10-3/2(10-3 = 1

Q.6
C
Ripple inversely proportional to T which = RC  
Q.7
Amplitude = 12 V (ie. ½ the 24 Vp-p), 9 V drop across zener and so 12 – 9 = 3 V across Rv. {Note that the 30 Ω resistor referred to is Rv}
Q.8
D
All the others contain something false.  {But the MM would have been fine for the situation in Q7}
Q.9
300 mW
P = V²/R = 3²/30 = 0.3 W

Q.10
C
The zener voltage determines the output voltage provided the circuit is operating within its specifications and the changes in A and B are relatively small.
Q.11
The zener may need a heat sink as the power dissipated in it would be up to 900 mW (3 times the power in Rv) when the load draws no current.

Q.12
B – but that implies the students don’t know much! Could justify each of the others, and incorrectly wiring these circuits is hardly a serious ‘risk’.
Comments:  Further Electronics

Q.7 refers to a 30Ω resistor which is not in the diagram (but is reasonably obviously Rv)

The exam has focussed on the zener, but not referred to the main component in the curric – the three terminal voltage regulator device.
Q.8   The question only has one answer, but is not directly related to why use a CRO in Q.7

Q.12 could be argued various ways!
