2010 VCE Physics Unit 3 Exam Solutions

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 is 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

1.
28 m/s
Using F = mv2/r, v = sqrt (Fr/m) = sqrt (11,200 x 50 / 700)  (1) = 28.3 m/s (1)  [1.7/2, 85%]

2.
16 m/s2
Using Net F = ma, a = F/m = 11,200 / 700 (1) = 16 m/s2 (1).  Alternatively using a = v2/r, a = (28)2/50 = 16 m/s2 Consequential on 1 [1.8/2, 90%]

3.
2.0 m/s2
Net F on system = Total mass x a.  Net F = weight of m2 = 0.10 x 10 = 1.0 N. Total mass = 0.1 + 0.4 = 0.5 kg.  a = 1.0 / 0.5 (1) = 2.0 m/s2 (1)  [0.7/2, 35%]
4.
0.8 J
KE = ½ mv2, find v.  u = 0, a = 2.0, s = 1.0, using v2 = u2 + 2as, v2 = 4.0, so KE = ½ x 0.4 x 4.0 (1) = 0.8 J (1).  Alternatively gain in KE = work done by Force on m2.  Force on m2 = m2 x a = 0.4 x 2.0 = 0.8 N (1), so work done = 0.8 x 1.0 =0.8J. (1) Consequential on 3. [1.1/2, 55%]
5.
A vertical arrow down labeled ‘mg’ (1)  and an inclined arrow up to the left at right angles to the inclined plan, labeled ‘N’ (1). [0.9/2, 45%]

6.
5.70
Resolving forces: Vertically N cos = mg, Horizontally Nsin = mv2/r. Combining the two equations give tan = v2/gr (1)  = 10 x 10 /(10 x 100) (1) = 0.1, so  = 5.70 (1)  [1.5/3, 50%]
7.
20 m/s
Grav PE at A = KE at B.  mgh = ½ mv2, so v = sqrt (2gh) = sqrt(2 x 10 x 20)  (1) = 20 m/s (1) [1.7/2, 85%]
8.
Rebecca is correct (1).  Riders are traveling in a circular arc, hence they are accelerating inwards towards the centre of the arc.  If this acceleration times their mass equals their weight (mg) then the reaction force from the seat on their backside will be zero (N = 0) (1), that is, they will feel weightless. [1.5/2, 75%]
9.
10 m/s
Using mg = mv2/r, v = sqrt (gr) = sqrt (10 x 10) (1) = 10 m/s. (1)  [1.4/2, 70%]

10.
63.2 m
Find time to fall: u = 0, a = 10, s = 200, t = ?, use s = ut + ½ at2, t = sqrt(40). (1) Horizontal distance traveled = speed x time = 10.0 x sqrt (40) = 63.2 m. (1) [1.3/2, 65%]
11.
64.0 m/s
Speed = horiz 10 m/s + vertical speed, v. Using v = u + at, v = 0 + 10 x sqrt(40). (1)  Speed = sqrt ( 102 + 102 x 40) = sqrt (4100) = 64.03 m/s. (1)  [1.1/2, 55%]
12.
210 N
Using Impulse = Average force x time, so F = 1.70 / 0.0080 (1) = 212.5 N (1) [1.5/2, 75%]
13.
50 N/m
In Figure 5b, mg = kx, so k = 2.0 x 10 /0.40 (1) = 50 N/m. (1)  [1.1/2, 55%]

14.
4.0 J
Diff = Loss in Grav PE - Gain in spring PE = mgh - ½ kx2 = (2.0 x 10 x 0.4) - (1/2 x 50 x 0.402) (1) = 8.8 - 4.0 = 4.0 J. (1)  Answer is always 50% as k = mg/x, so Spring PE = ½ (mg/x) x2 = ½ mgx. [0.7/2, 35%]
15.
A
Collision is elastic so final KE = initial KE, but some KE is stored as spring PE during the collision. (1) [0.9/2, 45%]
16.
B
Momentum is always conserved, before during and after. (1) [1.2/2, 60%]
17.
B
Momentum is always conserved, regardless of whether the collision is elastic or inelastic. (1)  [0.8/2, 40%]
18.
2.69 x 106 N
weight force = GMEmISS/rorbit2 = 6.67 x 10-11 x 5.98 x 1024 x 3.04 x 105 / (6.72 x 106)2 (1) = 2.69 x 106 N. (1) [1.2/2, 60%]

19.
5480 s
Using F = m42r/T2, T = sqrt (m42r/F)



T = sqrt (3.04 x 105 x 4 x 2 x 6.72 x 106 / (2.69 x 106)) (1) = 5475.5 s. (1) 


[1.0/2, 50%]  Conseq on Q’n 18.
20.
same
Period is independent of mass. [0.7/1, 70%]
Electronics and photonics

1.
10 mA
Voltage across diode = 1.0 V, so voltage across 500 ohm = 5 V.  (1)


Using V = IR, I = 5.0 / 500 = 10 mA (1)  [1.4/2, 70%]

2.
10 mA
Voltage drop across the diode and the 200 ohm resistor will still be 1.0 V (1), so situation is unchanged. (1) [0.7/2, 35%]
3.
A: 12 V, B: 12 V.  The globes A and B are in parallel, so their effective resistance is 1.0 ohm.  The total resistance of the circuit is 2.0 ohm, so the globes have 50% of the voltage supply across each of them, i.e. 12V. (1) (1) [1.2/2, 60%]
4.
12 A
Total resistance = 2.0 ohm, so using V = IR, current - 24/2 (1) = 12 A. (1) 



[1.2/2, 60%]
5.
50%
Power = VI, so input power = 10 x 10 x 10-3 = 100 mW (1). Efficiency = 50 / 100 = 50%. (1) [1.5/2, 75%]
6.
20 k Ohms
At 10 lux, the resistance of the LDR = 10 k Ohms (1).  4.0 V is one third of 12 V, so resistance of the LDR is one third of the total resistance, that is R = twice the LDR resistance = 20 k Ohms (1). [1.2/2, 60%]
7.
Increase (1).  
In daylight, the resistance of the LDR is small and the proportion of the 12 V across it is low (1).  As it darkens, its resistance increases, and so does the voltage across it (1). [1.7/2, 85%]
8.
Decrease (1).  
The light still comes on at Vout = 4.0 V.  If the light comes on earlier when it is brighter, resistance of the LDR will be lower (1).  But Vout still needs to be 4.0 V, so the ratio of the two resistances needs to be still the same (1).  So if the resistance of the LDR is less, so R must be less. [1.4/2, 70%]
9.
50
Clipping starts at t = 5ms, when Vin = 200 mV and Vout = -10 V, so the gain is 



10 / (50 x 10-3) (1) = 50. (1) [1.0/2, 50%]
10.
Inverting (1) for the input range (-200 to +200 mV) (1) with output range (-10 to +10 V) (1), flat outside the input range. [2.1/3, 70%]
11.
Two of the resistors in a parallel combination (1), which is in series with the third resistor (1) connected to a battery (1). [2.3/3, 77%]
Einstein’s special relativity

1. C
In Jim’s frame distance = 1.0km, speed = c, so time = 1.0 x 10-3 / (3.0 x 108) = 3.3 x 10-6 s

2. A
Length contraction.  For v = 0.9c,  = 2.3, so length in Susanna’s frame = L/ = 1.0 / 2.3 km = 0.44 km.

3. C
In Vicky’s frame the distances to Post A and B are the same, so C.

4. B
B is the best definition, the observer needs to be at rest relative to the object.

5. A
A is an inertial frame so Newton’s laws apply.  B is an accelerating frame, so they don’t.

6. B
Distance x is the observer’s frame, so dist = speed x time = 0.85 x 3 x 108 x 784 x 10-6 = 200 km.

7. A
Time dilation.  The robot's time is shorter.  For v = 0.85c,  = 1.9, so time as measured by robot = 784 / 1.9= 413 microseconds.

8. D
Proper time is the time measured by a clock between two events that occur at the same place as the clock.  Yes for the robot, No for the planet.

9. B
A: Incorrect, C: Wrong conclusion, D: Not relevant

10. B
Using E = mc2, 3.38 x 10-11 = 2 x m x 9 x 1016, so m = 1.88 x 10-28 kg

11. A
Using KE = (-1)moc2,  = [7.714 x 10-10 / (6.64424 x 10-27 x 9 x 1016)] +1 = 2.29, which means v = 0.9c.

12. A
Speed of light is same for all observers, the dart speed is increased by the car speed.

	Question
	% A
	% B
	% C
	% D
	% no ans
	Most common error

	1
	9
	10
	61
	19
	1
	

	2
	57
	10
	16
	16
	1
	

	3
	5
	22
	70
	2
	1
	

	4
	20
	69
	6
	4
	1
	

	5
	16
	40
	13
	29
	1
	B: Carriage B is an accelerating frame of reference, so Newton's laws of motion will not explain observations.

	6
	8
	56
	24
	10
	2
	C: Used c instead of 0.85c to determine the distance.

	7
	54
	10
	10
	24
	2
	D: Multiplied by  instead of dividing.

	8
	49
	6
	13
	31
	2
	A: The observer's clock is not at the same place for the beginning and end of the robot's descent.

	9
	5
	66
	5
	22
	1
	

	10
	24
	50
	16
	7
	3
	

	11
	34
	19
	28
	16
	4
	C:  = 1.89 suggests a calculation error

	12
	75
	6
	6
	10
	3
	


Average 12.8 out of 24 = 53%

Investigating materials and their use in structures

1. D
Particles stretched to the right

2. B
Right edge of particles is pulled down

3. C
Gradient of linear region = 200 x 106 / 1.0 x 10-3 2.0 x 1011 N/m2
4. C
Stress at F = 450 x 106 N/m2, Stress = F/ area, so area = 1.8 x 105 / (450 x 106) = 0.0004 m2
5. C
Strain at f = 4.0 x 10-3, Strain = l / l, l = 4.0 x 10-3 x 10.0 = 40 mm = 0.040 m, so length = 10 + 0.040 = 10.040 m

6. B
Only point S is beyond elastic limit

7. D
Gradient = stiffness, area = toughness

8. A
Stress = 300 MPA, strain = 1.5 x 10-3,  Energy = Area under graph x Volume = ½ x 300 x 106 x 1.5 x 10-3 x 10-4 x 10 = 225 x 100 = 225 J

9. C
Net force down = (120 + 80) x 10 = 2000 N shared between P and Q, so 1000 N

10. D
Torque by Q about P (F x 4.0) = Torques by weights about P (1200 x 2.0 + 600 x 3.0), 

so F x 4.0 = 1200 x 2.0 + 600 x 3.0 = 4200, and F = 1050 N

11. D
The slab sags, but with the bottom under tension.  Concrete is weak under tension, while wires are strong, so they are placed at the bottom.

12. B
Strain remaining after stress is removed means the material has gone passed its elastic limit.

	Question
	% A
	% B
	% C
	% D
	% no ans
	Most common error

	1
	7
	3
	11
	79
	0
	

	2
	3
	88
	5
	4
	0
	

	3
	6
	2
	90
	1
	0
	

	4
	7
	8
	80
	4
	1
	

	5
	3
	14
	75
	7
	1
	

	6
	2
	93
	3
	1
	1
	

	7
	2
	7
	5
	85
	1
	

	8
	45
	13
	28
	11
	2
	C: 100 times the correct answer, suggests a power of 10 error.

	9
	3
	5
	77
	14
	1
	

	10
	10
	13
	10
	66
	1
	

	11
	4
	12
	8
	74
	1
	

	12
	3
	86
	6
	3
	2
	


Average = 18.76 out of 24 marks = 78%
Further electronics

1. C
Turns ratio = voltage ratio. N/3600 = 12/240, so N = 180

2. B
Others do not work

3. B
Only two diodes conduct at a time.  There is voltage drop across each of the two diodes of 0.7 V, so the output voltage = 12 - 2 x 0.7 = 10.6 V.  This is the approximate solution.  To be more precise the input voltage to the bridge rectifier is an AC voltage with peak value of 
[image: image1.wmf]2
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 volts = 17.0 V.  The two diodes reduce this peak value to 15.6 V giving an RMS value of 11.0 V.

4. C
Peak to peak = 7 cm at 2V /cm = 14 V.

5. A
One cycle = 4 cm at 20 ms/cm = 80 ms for period, so frequency = 1/ (80 x 10-3) = 12.5 Hz

6. C
Time constant (RC) = 0.01 s, R = 100 ohm s, so C = 0.01 / 100 = 10-4 = 100 x 10-6 F

7. B
At 0.03 s, V = 0.5 v, so using V=IR, I = 0.5 / 100 = 5 mA

8. C
From Fig 7, after about 0.015 s, the voltage is down to about 2 V, so on figure 8, at 0.02s, the voltage should also be down to 2V.

9. C
Max of 6V is unchanged, but a shorter time constant with more ripple.

10. C
Max of 6V and ripple are unaffected.  Note A and D are the same graph.

11. C
Power = VI.  V = 5 divisions x 1V/ cm = 5.0 V, I = 20mA, P = 5.0 x 20 x 10-3 = 0.1 W

12. B
Others are wrong.

	Question
	% A
	% B
	% C
	% D
	% no ans
	Most common error

	1
	3
	3
	90
	3
	0
	

	2
	20
	61
	12
	7
	0
	

	3
	12
	66
	17
	4
	1
	

	4
	11
	3
	84
	2
	0
	

	5
	76
	15
	3
	6
	0
	

	6
	8
	16
	68
	8
	0
	

	7
	5
	68
	20
	6
	0
	

	8
	35
	1
	49
	15
	0
	A: This is a typical smoothed graph, but in this case the time constant is quite short, see figure 7.

	9
	16
	19
	59
	6
	1
	

	10
	34
	13
	49
	3
	0
	A: This answer suggests a misunderstanding about the effect of zener diodes.

	11
	10
	33
	42
	15
	1
	C: Suggests a misreading of Figure 13 when determining the average voltage.

	12
	2
	61
	6
	30
	0
	D: The second sentence is correct, but the first is definitely wrong.


Average = 15.5 out of 24 = 64%
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