



2009 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 will also be provided.

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

Motion in one and two dimensions

1.
2.7 m/s
By conservation of momentum, momentum before = momentum after, 80 x 4 = (80 + 40) x v (1), v = 320 / 120 = 2.66 m/s (1) [1.7/2, 85%]

2.
Inelastic
KE before = ½ mv2 = ½ x 80 x (4.0)2 = 640 J (1).  KE after = ½ x 120 x (2.66)2 = 426 J (1).The KE after is less than KE before, so the collision is inelastic.(1) [2.4/3, 80%]

3.
2560 N
Net force = mv2/r  (1) = 250 x 32.02 / 100 = 2560 N (1) [1.8/2, 90%]
4.
An arrow pointing from the motorcycle to the dot in the middle of the circle. [1.8/2, 90%]

5. 500 N/m
Gain in KE = Stored Spring Potential Energy; ½ mv2 = ½ kx2. (1)

½ x 0.20 x 5.02 = ½ x k x 0.12; k = 500 N/m (1) [1.1/2, 55%]
6.
1.25 N
Work done by friction = Loss in KE (1). F x 2.0 = ½ x 0.20 x 5.02; F = 1.25 N (1) [1.3/2, 65%]
7.
600 N
The apparent weight is the size of the reaction force. (1)   Reaction force acts upwards, the weight force acts downwards, the net force equals the difference, but the acceleration is zero, as is the net force.  So the reaction force equals the weight force.  The apparent weight equals the weight = mg = 60 x 10 = 600 N (1) [1.3/2, 65%]
8.
480 N
The acceleration is 2.0 m/s2 downwards, so the weight force exceeds the reaction force.  mg – N = ma,  (1) so now N = mg – ma 



N = 60 x (10 – 2) = 60 x 8 = 480 N (1) [1.4/3, 47%]
9.
Apparent weightlessness is the condition of feeling as if you have no weight (1).  The force that gives us the experience of our own weight is the reaction from the surface we are in contact with.  If the reaction force is zero, then you will feel weightless.  Your gravitational weight force is the Force by the Earth on You (1), the reaction force is the Force by the Surface on You (1).  In free fall, your acceleration is equal to the gravitational field strength, in this case, 9.8 m/s2.  Hence, in the expression, mg – N = ma, a = g, which means that N = 0 and you will feel weightless. (1) [2.2/4, 55%]
10.
45 m
Vertically: Initial velocity = 60 sin 300 = 30 m/s up (1), a = -10, v = 0, d = ?  Using v2 = u2 + 2ad (1), d = 30 x 30 / (2 x 10)  (1) = 45 m. (1) Alternatively with initial velocity = 30 m/s, accel’n = -10 m/s2, so time to max height is 3.0 s.  Dist = Average velocity x time = [(30+ 0 )/2] x 3.0 = 15 x 3 = 45 m [3.1/4, 78%]
11.
135 m
Vertically: Initial velocity = 30 m/s, a = -10, t = 9.0, d = ?  Using d = ut + ½ at2 (1), d = 30 x 9 + ½ x 10 x 9.02 (1) = -135m, 135m below starting position. (1) [1.6/3, 53%]
12.
8.4 m/s
At minimum speed, there is no reaction force from the rails, so the only force acting is the weight force downwards (1).  mg = mv2/r, v2 = (gr) (1)


v = sqrt( 10 x 7.0) = 8.4 m/s. (1) [2.0/3, 67%]
13.
Arrow from Jason 2 to Earth.  There is only one force acting on the satellite. [0.8/2, 40%]
14.
1.53 x 104 s
Using GMm/R2 = m42R/T2 (1), T2 = 42R3/GM (1). Use M = 5.98 x 1024 kg, 



T = 1.53 x 104 s (1) . [1.9/3, 63%]
Electronics and photonics

1.
4.3 V
V = 10 x [30 / (30 + 40)] (1) = 4.3 V (1) [1.7/2, 85%]

2.
0.82 W
P = V2/R = (10 – 4.3)2/40 (1) = 5.72/40 (1) = 0.82 W (1), Conseq on 1. Alternatively find I, then use P = I2R [2.2/3, 73%]
3.
0.23 A
Resistance of parallel combination = 1 / (1/40 + 1/20) = 40/3 ohms (1).  Total resistance = 40/3 + 30 = 130/3 (1).  Current = V/Rtot = 10 x 3/130 = 0.23 A (1) [2.4/3, 80%]
4.
0.050 A
Voltage drop across diodes = 3 x 3.0 = 9.0 V .  Voltage across R2 = 12 – 9.0 = 3.0 V (1), so current through R2 = 3.0 / 60 = 0.050 amp (1) . [1.4/3, 47%]
5.
Off: 1, 2, 3 On 4, 5, 6.  With LED2 reversed, LED2 will not glow, nor will LED1 and LED3, but the others will still glow. [1.5/2, 75%]
6.
(-) 300
Voltage gain = size of the gradient of the voltage graph = 3 V / 10 mV (1) 



Voltage gain = 300. (1) - 300 is also accepted. [1.6/2, 80%]
7.
The amplifier is an inverting amplifier, so the graph will be below the time axis in the first section and above it in the second section (1).  From the graph the amplifier starts to clip the output voltage at 9.0 V (1), when the input voltage is 30 mV (1).  The input voltage rises very quickly to 30 mV, so the output voltage graph will start at zero and then drop very quickly to -9.0 V, hold that value until just before 0.01 s, then rises back to zero, through to +9.0 shortly after 0.01 s.  The voltage stays at +9.0V until just before 0.02 s , when the graph returns to zero. [2.4/3, 80%]
8.
B, A, C, B
P: the audio signal, so B; Q: the carrier signal, so A; R: the modulated signal, so C; S: the audio signal again, so B. [1.0/2, 50%]
9.
5000 ohms
From the graph at Temp = 500 C, R = 5000 ohms. [0.94/1, 94%]
10.
1000 ohms
At 250 C, thermistor resistance = 500 ohms (1).  Voltage across variable resistor = 8.0 V and voltage across thermistor = 4.0 V.  Using the voltage divider expression for the thermistor, 4.0 = 12 x [500 /(500 + R)]. (1)


Solving for R gives R = 1000 ohms (1). [2.0/3, 67%]
11.
Increase.
A lower temperature means a higher thermistor resistance (1).  For the voltage across the variable resistor to remain at 8.0 V, the ratio of the resistors must be unchanged (1).  So if the thermistor resistance increases, the resistance of the variable resistor must also increase. (1) [1.8/3, 60%]
Einstein’s relativity

1. C
Speed of light is the same for all observers.

2. A
Benji will see Joel's ruler contracted as well as they are both in relative motion.

3. B
Proper length is the length in the frame of reference  in which it is at rest
4. C
 = 1 / 0.6, which gives a speed of 0.8 c.

5. D
See Question 1

6. B
MM experiment was a null result, so ratio = 1.0

7. D
Using E = mc2, E = 1.0 x (3 x 108)2
8. D
Mass increases with speed and approaches infinity as the sped approaches c.

9. C
Lifetime in lab frame is dilated, so in muon's frame is shorter by a factor of 3.2

10. C
Muon perceives the lab distance of 1370 as contracted by a factor of 3.2.

11. A
Work done = total energy – rest energy = m0c2(-1)

12. D
As for Question 8

13. C
A: can be stationary, but don't have to be; B: definitely not; C: Yes; D: Yes, they can.

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

	1
	4
	6
	88
	1
	

	2
	79
	7
	9
	6
	

	3
	4
	93
	1
	1
	

	4
	8
	15
	68
	8
	Those choosing B mistook the ratio of the lengths for the gamma factor.

	5
	5
	2
	3
	91
	

	6
	7
	82
	9
	2
	

	7
	8
	17
	14
	60
	The spread of wrong answers suggests guessing or powers of ten error.

	8
	5
	3
	7
	85
	

	9
	5
	5
	83
	7
	

	10
	12
	5
	80
	2
	

	11
	60
	14
	14
	9
	The spread of wrong answers suggests guessing or powers of ten error.

	12
	4
	5
	8
	82
	

	13
	11
	5
	78
	4
	


Average = 20.58 put of 26

Investigating materials and their use in structures

1. D
Soft steel has a longer plastic region, hard steel is stiffer (greater gradient), stronger (larger stress at fracture) and more brittle (shorter plastic region).

2. D
See comments for Question 1.

3. A
Toughness is the area under a stress - strain graph.

4. D
Strain = Change in length / natural length, change = 1.000 x 10-3 x 10.0000= 0.01 m, so new length = 10.010 m, D.

5. D
Young's modulus = gradient = 400 x 106 / 2.5 x 10-3 = 1.6 x 1011 N/m2.

6. B
Stress = Force / Area, so Force = 200 x 106 x 8.0 x 10-5 = 16000 N.

7. B
Strain energy per unit Volume = Area under graph = ½ x base x height,

Area = ½ x 200 x 106 x 1.25 x 10-3 = 1.25 x 105 J/m3.

8. D
Torque = Force x dist to P = 100 x 10 x 1.20 = 1200 Nm.

9. A
Stability means net torques = zero.

10. D
Torque by Tension = Torques by weights.  0.8 x Tsin30° = 200 x 0.6 + 1000 x 1.2

11. C
Concrete is weak under tension, the weight of the concrete will make it sag, stretching the bottom half and putting it under tension.  The reinforcements should go at the bottom.

12. C
Using torques about A, F by B x 12.0 = 600 x 10 x 9.0 + 1200 x 10 x 6.0, so F = 10500 N

13. C
Each stone squashes the one below it.

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

	1
	4
	8
	4
	85
	

	2
	9
	11
	2
	79
	

	3
	86
	8
	1
	5
	

	4
	14
	7
	18
	60
	A: Subtracts change in length, C: Powers of ten error.

	5
	11
	13
	11
	65
	B, C: Powers of ten error

	6
	4
	80
	7
	8
	

	7
	7
	71
	10
	10
	

	8
	3
	14
	15
	67
	B: Forgot ‘g’, C: Torque about centre, not P

	9
	71
	7
	10
	11
	

	10
	7
	30
	18
	44
	B: Correctly calculated torque due to other forces, but forgot to divide by the distance to get the force.

	11
	7
	6
	80
	6
	

	12
	12
	13
	60
	14
	D: Total of weights 

	13
	7
	4
	87
	2
	


Average = 18.7 out of 26

Further electronics

1. D
Ratio should equal 240 : 10.5.

2. A
Peak voltage = 15 V (3 vertical spaces), Period = 0.020 sec (4 horizontal spaces)

3. B
Average voltage = 9.25 V, using P = V2/R = 9.25 x 9.25 / 500

4. C
Peak to peak = 13.5 – 5.0 = 8.5 V.

5. A
The output voltage will be flat at 6.0 V, when the ripple voltage is above 6.0 V, when the ripple voltage drops below 6.0 V, the output voltage will drop.

6. C
A larger capacitor gives a longer time constant and a smaller ripple voltage.  All the other changes will do the opposite.

7. C
Time constant (RC) = Time at 63% of supply voltage = 3.0 sec, 

so C = 3.0 / 1000 = 3 x 10-3 F = 3000 microfarad.

8. C
Initially voltage across R = 10 V, so initial current = 10 / 1000 = 10 mA.

9. B
After one time constant, the voltage has dropped BY 63% to 3.7 V.

10. C
Full wave rectification.  When VA > VB, the top left diode conducts and the current goes from X to Y then to B via the bottom right diode.  When VA < VB, the top right diode conducts, the current goes from X to Y then to B via the bottom left diode.  The current goes through the load resistor the same way in each part of the cycle, so full wave rectification.

11. A
Multimeter measures RMS voltage.

12. B
Voltage across R2 = 10 V – voltage across zener = 10 – 6.0 = 4.0 V.

13. C
Current through R2 = 4.0 / 100 = 40 mA.  Current through R1 = 6.0 / 3000 = 2 mA, so 38 mA through zener.

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

	1
	5
	2
	5
	88
	

	2
	50
	8
	33
	9
	C: correct period, used RMS voltage instead of peak voltage.

	3
	8
	68
	21
	2
	

	4
	2
	4
	72
	21
	

	5
	45
	34
	14
	7
	B: Did not appreciate that the output will drop if voltage is less than Zener value.

	6
	5
	7
	81
	7
	

	7
	9
	14
	67
	9
	A: powers of ten error, B, D: Used time to full voltage.

	8
	24
	8
	63
	3
	A: The large percentage choosing initially a zero current suggests conceptual difficulties with some students.

	9
	7
	64
	22
	5
	C: Correctly read from graph, but forgot to subtract form max voltage.

	10
	7
	24
	65
	3
	B: half right.

	11
	56
	25
	8
	11
	B: implies that a multimeter can read peak voltage.

	12
	6
	68
	13
	13
	

	13
	12
	24
	46
	17
	B: Current through R1, D: total current.


Average = 16.66 out of 26
To assist students, when using this exam paper for revision purposes, listed below are the dot points from the 2009 course that were not covered in the paper:

Motion is one and two dimensions

· Effects of air resistance on projectiles

· Use of impulse

· Work done as area under a F-d graph

· Gravitational potential energy and dissipated energy

Electronics and photonics

· LDRs, photodiodes

· Energy transformations in opto-electronic devices

Einstein’s relativity

· Maxwell’s predictions

· Classical relativity principle

· Simultaneity thought experiments

Materials and their use in structures

· Brittle and ductile failure

Further electronics

· Current-voltage characteristics of IC voltage regulators

· Use of heat sinks

