
2012 VCE Physics Unit 3 Exam Solutions: Version 2

Suggested Marking Scheme in italics.  Consequentials are indicated as “Conseq on 1”

These suggested solutions have been prepared by the AIP (Vic Branch) Education Committee to assist teachers and students when using this exam paper as a revision exercise.

The average and maximum scores, and the average as a percentage are included at the end of the each solution in square brackets.  Similarly for the multiple choice questions for the Detailed Studies, the percentage choosing each answer, the percentage and any comment on significant distracters are in a table at the end of each Detailed Study.

Every effort has been made to check the solutions for errors and typos.

Motion in one and two dimensions

1a
3.0 m/s
KE = ½mv2.  v2 = 5.4 x 2/1.2 = 9.0, v = 3.0 m/s [ 0.84/1, 84 %]

1b
5.4 J
Work Done = Gain in KE = 5.4 J [ 0.63/1, 63 %]

1c
1700 N/m
Stored PE = Gain in KE, ½kx2 = 5.4 J. (1) k = 5.4 x 2 /(0.080)2 = 1687.5 N/m (1) [ 1.1/2, 55 %]

1d
3.6 Ns
Impulse = Change in Momentum = D(mv) (1) = 1.2 x (3.0 - 0) = 3.6 Ns. (1)  Conseq on 1a.  [ 1.53/2, 76 %]

2.
Momentum is a vector (1), the momentum of the 2.4kg mass after collision is to the right, while that of the 1.2 kg mass is to the left. (1)  The vector addition of these two momenta equals both in magnitude and direction, the initial momentum of the 1.2 kg mass. (1) 


[ 0.84/3, 28 %]

3.
B (1)
For the ring to be stationary the sum of the components of the forces in the vertical direction and in the horizontal direction, each have to be zero. (1)  For A, C and D the sums in the vertical direction are not zero. [ 1.38/2, 69 %]
4a
30 N, up
Cable A supports both masses, so the tension will balance their weight, which is (1.0 + 2.0) x 10 = 30 N.  Their weight acts downwards, the tension acts upwards as the net force is zero. [ 1.48/2, 74 %]
4b
The 'reaction force' is the gravitational force by the 2.0 kg mass on the Earth (1) and it is directed upwards towards the mass (1). [ 0.26/2, 13 %]
5a
800 N
At constant speed, accel'n = zero, so T2 = 400 N, and T1 = T2 + 400 N, so T1  =  800 N. [ 0.56/1, 56 %]
5b
700 N
For an accel'n, T2 - 400 N = 600 x 0.50 (1) and T2 = 400 N + 600 x 0.50 = 700 N. (1) [1.19 /2, 58 %]
5c
6.0 m/s
u = 4.0 m/s, a = 0.50 m/s2, s = 20 m, v = ?.  Using v2 = u2 + 2as, 



v2 = 16 + 2 x 0.50 x 20 = 36, (1) so v = 6.0 m/s (1) [ 1.60/2, 80 %]
5d
Rope 1 (1)
Tension in rope 1 is always greater than that in rope 2.


1.33 m/s2
As in 5b, T1 = 800 + (600 + 600) x accel'n. (1)  If T= 2400 N, 



then accel'n = (2400 - 800)/ 1200 = 1.33 m/s2  (1) [ 1.57/3, 52 %]
6a
20 m/s
Vertically: u = Vsin60o (1), a = -10 m/s2, s = 15 m, v = zero.  


Using v2 = u2 + 2as, V2 (3/4) = 2 x 10 x 15, V2 = 400, (1)  V = 20 m/s. (1) 



[ 1.82/3, 61 %]
6b
3.4 s
Vertically: a = -10 m/s2, s = 15 m, v = zero, t = ?.  Using s = vt - ½at2,



t = time to max height; t2 = 3.0, t = 1.732 (1), Time of flight = 2 x 1.732 = 3.4 s (1) [ 1.27/2, 63 %]
7a
6.0 m/s
Using net force = mv2/r, 4.0 = 0.20 x v2 / 1.8, (1)  v2 = 36, v = 6.0 m/s (1) 



[ 1.58/2, 79 %]
7b
An arrow down the page [ 0.75/1, 75 %]
7c
At the top the tension and the weight force are in the same direction and combine to give the net force (1).  At the bottom, the net force is now up, while the weight force is still down, so the tension at the bottom has to exceed the weight force by the amount of the net force (1).  As the net force is the same size at the top and at the bottom, the tension at the bottom is greater than that at the top. (1)

Alternatively, Ttop + mg = ma, Tbottom - mg = ma.  


Combining the two equations, Tbottom = Ttop + 2mg. [ 1.03/3, 34 %]
8a
1.2 x 105 m
Using R3 / T2 = GM/42, (1)  


R3 = 6.67 x 10-11 x 7.36 x 1022 x (2.0 x 3600)2 / 42 . (1)


R = 1,861,099 m, (1)  Height = 1.86 x 106 - 1.74 x 106 = 1.2 x 105 m (1)



[ 2.33/4, 58 %]
8b
Apparent weightlessness (1)
'Weightlessness' means the weight, mg, is zero, while 'apparent weightlessness' means the reaction force on an object from the surface it is in contact with is zero. (1) [ 1.19/2, 59 %]
Electronics and photonics

1.
250 ohm
Resistance of parallel combination: 1/R = 1/150 + 1/300 = 3/300, R = 100 ohm. (1)  Total resistance = 150 + 100 = 250 ohm  (1) [ 1.73/2, 86 %]

2a
100 mA
From Fig 2a, voltage across D1 = 2.0 V, so voltage across R1 = 12 - 2 = 10 V, (1)  Using V = IR, current, I,  = 10 / 100 = 0.10 A = 100 mA. (1) [ 1.48/2, 74 %]

2b
5.0 V
From Fig 2b, voltage across D2 = 3.0 V, (1) so voltage across R2 = 8 - 3 = 5 V. (1) [ 1.23/2, 61.5 %]
2c
93 mA
Current through ammeter = current through D1 + current through D2.  For D1, I = (8 - 2) / 100 = 60 mA, for D2, I = (8 - 3) / 150 = 1/30 = 33 mA. (1) 



Total = 93 mA. (1)  Conseq on 2b. [ 1.23/2, 61 %]
2d
D1
Power input for D1 = VI = 2.0 x 100 mA = 200 mW (1), so efficiency = 150/200 = 75% (1).  Power input for D2 = VI = 3.0 x 100 mA = 300 mW (1), so efficiency = 200/300 = 67% (1).  D1 is more efficient. [ 1.44/4, 36 %]
3a
10 lux
Find R to determine lux.  For R, voltage drop - 2.5 x 10-3 x 3000 = 7.5 V, so voltage across LDR = 10 - 7.5 = 2.5 V (1).  Resistance of LDR = 2.5 / (2.5 x 10-3) = 1000 ohms, (1)  so from figure 5, the lux reading is 9.5 lux, accept 10 lux. (1) [ 2.10/3, 70 %]
3b

At 2.5 lux, resistance of LDR = 3000 ohms (1).  For the light to stay on when it gets dark, the switching circuit needs to be across the LDR (1).  This means that at 2.5 lux, the voltage across the LDR should be 6.0 V, while the voltage across the resistor will be 4.0 V.  So, by proportion, or  using the voltage divider relationship, the value of the resistor will be 2000 ohm(1). (6.0 = 10 x 3000 /(3000 + R).


[image: image1](1) [ 2.16/4, 54 %]
4a
250
Gradient of slope = (10 - 0) / (40 x 10-3 - 0) = 250. [ 0.67/1, 67 %]
4b
Graph is inverted with two cycles (1).  Output is clipped (1) at 10 V when the input reaches 40 mV (1), which happens a short way into the cycle. [ 2.45/3, 81 %]

5
Modulation device: adds the variation of the input signal to the amplitude of the carrier wave, in this case the brightness of the light beam. (1)

light beam: carrier wave (1)

Demodulation device: extracts the variation in the amplitude of the carrier wave, that is, the variation in the brightness of the light beam and provides it as an electrical signal. (1) 


[ 1.61/3, 54 %]
Einstein’s special relativity

1. A
B, C: wrong.  D: speed changes with refractive index, A: correct, refractive index depends on electrical properties.  Maxwell showed that the speed of electromagnetic waves, and therefore light, would depend only on the electromagnetic properties of the medium and not on any relative motion.  The speed of light in a material medium is less than that in space.

2. D
Observer moving towards source detects higher speed, while observe moving away detects a lower speed. Compare with a thrown stone.

3. C
Speed of light is unchanged, so A and B are wrong.  D: If the quasar can been seen, this must be wrong.  C: Dist / speed gives the time in C

4. B
Inertial reference frame is one traveling at a constant speed, so A, C are wrong and D could be accelerating in a straight line

5. C
M&M found no change in the measured speed of light when measuring it in different directions. They could therefore detect no motion through the aether, so only C

6. D
Total energy = rest mass energy + KE = moc2 + 9.00 x 10-11 = 1.5 x 10-10 + 0.9 x 10-10 = D

7. C
Find  for each speed and get the ratio.  For v = 1.4 x 108 m/s,  = 1.13, while for v = 2.8 x 108 m/s, = 2.785, giving a ratio of 2.5, C. (It is a good idea for students to have graph of ( versus v on their A4 sheet to avoid lengthy calculations like this)

8. A
The time dilation equation is t = (to where to is the proper time and ( is always greater than 1, thus t is always greater than to.  Proper time is always the smallest measurement of a time interval.  So B and C are false and D is also wrong.

9. D
Length contraction is only in the direction of motion and is given by L = Lo/( and so L is half Lo, so D.

10. C
Time to cross contracted length at ship speed = (20/2)/(3 x 108 x 0.866) = 3.85 x 10-8 .  C

11. A
“Energy has mass” The container is sealed against mass loss/gain but not against added energy. The added energy means the sample has more mass.  In simple terms, an increase in KE increases the mass, so A.

12. B
Work done = change in KE, KE = ( - 1) moc2, so 


Work done = ((1.15 - 1) - (1.05 - 1)) x moc2, which gives 0.1 x moc2 = 6 x 10-11 J.

	Question
	% A
	% B
	% C
	% D
	 NA
	Most common error

	1
	25 
	2 
	1 
	72 
	0 
	It would seem that most students forgot that the refractive index is a measure of the change of the speed of light and did not realise that it depends on the electrical properties of the material.  A very difficult question.

	2
	6 
	21 
	4 
	68 
	0 
	

	3
	10 
	4 
	70 
	14 
	2 
	

	4
	13 
	73 
	5 
	9 
	0 
	

	5
	4 
	3 
	90 
	2 
	1 
	

	6
	21 
	15 
	7 
	56 
	1 
	

	7
	7 
	23 
	64 
	6 
	1 
	

	8
	46 
	21 
	21 
	11 
	1 
	Proper time is always the smallest measurement of a time interval.

	9
	6 
	3 
	13 
	77 
	1 
	

	10
	15 
	18 
	49 
	16 
	2 
	

	11
	70 
	5 
	13 
	10 
	1 
	

	12
	8 
	63 
	12 
	14 
	3 
	


Average = 62.6% = 15 / 24

Investigating materials and their use in structures

1. 
B
Ropes can only be under tension.  To keep the pole stable, each rope pulls down on the top of the pole, this compresses the pole, so either B or D.  The ropes are at an angle, so the vertical component of the tension in each rope is < 100 N.  This means the compression force in the pole is < 300 N, so B.

2.
A
The stiffest alloy is the one with the greatest gradient to the elastic limit, so A.  The Young's modulus is the value of this gradient = 300 x 106 / (4 x 10-3) = 75 x 109 Pa.

3.
C
Stress = Force / Area, so the force = 250 x 106 x 2.0 x 10-3 = 5.0 x 105 N.

4.
D
Elastic behaviour is to the elastic limit.  So the alloy with the greatest range of strain will be the one whose elastic limit has the largest strain value, which is D.

5.
A
Plastic behaviour is from the elastic limit to the fracture point.  So the alloy with the greatest range of stress will be the one with the largest stress difference between these two points, which will be A.

6.
A
Toughness is measured by the area under the graph.  So the toughest will be A.

7.
C
Total energy = Area under graph x Volume.  Let Area = triangle + rectangle.  Total energy = ((½ x 100 x 106 x 4 x 10-3) + 100 x 106 x 20 x 10-3) x 0.20 x 2.0 x 10-3 = 880 J

8.
D
Torque about bolt: F at support x 20 = 12,000 x 10 x 30, so F = 180,000 N

9.
B
Torque about support: Bolt force x 20 = 12,000 x 10 x 10, so B = 60,000 N. Alternatively use net force = zero with the value of the force from Q'n 8, but consequentials are not awarded for multiple choice questions.

10.
B
A: Young's modulus is not relevant to strength, C: composite material is not needed, D: blocks are under compression, not shear.  B is correct.

11.
C
A: tension, B: compression, C: shear, D: translation

12.
C
A, B and D have stretching of the top surface producing tension, so wrong.  Only C.

	Question
	% A
	% B
	% C
	% D
	 NA
	Most common error

	1
	6
	66
	5
	23
	0
	

	2
	91
	4
	3
	2
	0
	

	3
	6
	5
	82
	7
	1
	

	4
	12
	2
	1
	84
	0
	

	5
	86
	2
	3
	9
	0
	

	6
	85
	4
	1
	10
	0
	

	7
	6
	18
	64
	10
	2
	

	8
	7
	16
	24
	51
	1
	

	9
	12
	58
	18
	11
	1
	

	10
	2
	89
	4
	5
	1
	

	11
	3
	6
	89
	2
	1
	

	12
	4
	3
	88
	4
	1
	


Average = 77.75% = 18.7 / 24

Further electronics

1. B
Period = 25 ms, so freq = 1000 / 24 = 40 Hz.

2. A
Ratio of turns = ratio of voltages, so V = 240 x (50 / 1200) = 10 V rms

3. C
A, B and D do not produce current of the same direction through the load

4. A
Power loss = VI = 0.7 x 140 x 10-3 = 0.1 W, so Area = 1 x (0.1 / 100) = 0.001 m2, A

5. C
Two diodes conducting at any time so, voltage out of rectifier = 15.2 - (2 x 0.7) = 13.8 V, C

6. C
Time constant = 20 ms, so C = 20 x 10-3 / 100 = 200 x 10-6 F, C

7. B
Time constant = 10 ms, which is half, so the total resistance is halved, which means R = 100 ohm. B

8. C
Frequency is 50 Hz, with bridge rectifier, so A, B or D.  Time constant = 10 ms, so best fit is C.

9. C
Zener should be reverse biased with a resistor in series, so C

10. D
A, B, C; wrong.  D is correct.

11. A
Voltage is now half wave rectified, so A.  If C, then there would be no voltage. If D, there would be no slow discharge.

12. D
A: unchanged, B: unchanged, C: unchanged. D; higher current means a larger voltage drop across resistor A and less for the zener diode.

	Question
	% A
	% B
	% C
	% D
	 NA
	Most common error

	1
	6
	82
	9
	2
	0
	

	2
	86
	5
	3
	3
	0
	

	3
	3
	17
	64
	16
	0
	

	4
	40
	30
	21
	8
	1
	Calculation error of ratio.

	5
	18
	14
	53
	14
	1
	

	6
	16
	13
	62
	8
	1
	

	7
	17
	58
	18
	6
	1
	

	8
	18
	17
	54
	10
	1
	

	9
	9
	5
	64
	20
	1
	

	10
	11
	12
	15
	61
	2
	

	11
	58
	8
	12
	20
	1
	

	12
	11
	28
	19
	40
	2
	


Average = 60.17% = 14.4 / 24
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