


2008 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.  Please note that the course change for 2009 and beyond means that some questions are no longer relevant.  

The average and maximum scores, and the average as a percentage are included at the end of the each solution in square brackets.  For the multiple choice questions for the Detailed Studies, the percentage choosing each answer, the percentage who did not answer 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.
0.070 m/s2
From the graph, the water resistance on ship at 2.0 m/s is 2.0 x 104 N.  So, the net force on ship = 9.0 x 104 - 2.0 x 104 = 7.0 x 104 N. (1) Using Net Force = ma, the acceleration = 7.0 x 104 / Mass of ship = 7.0 x 104 / 100 x 104 = 0.070 m/s2. (1). [1.0/2, 50%]
2.
4.0 m/s
At constant speed, the net force equals zero, so the water resistance must equal the towing force of 9.0 x 104 N. (1) 



From the graph this occurs at a speed of 4.0 m/s. (1) [1.2/2, 60%]

3.
6.0 N
Tension is the only horizontal force acting, so it equals mv2/r , 



Tension = 2.4 x 2.02 / 1.6  (1) = 6.0 N (1) [1.6/2, 80%]

4.
P
Net force is always inwards towards the centre of the circle. (2) [1.3/2, 65%]

5.
16 m
Vertical component of initial speed, u, = 30.0 x sin 36.90.  Using v2 = u2 + 2as, with v = 0, a = -10, find s. 



s = (30.0 x sin 36.90)2 / (2 x 10) (1) = 16.2 m = 16 m. (1) [1.5/2, 75%]

6.
R
The only force acting is the weight force. (2) [1.5/2, 75%]

7.
9.0 m
First find the time to travel the horizontal distance of 72.0 m using the horizontal component of the initial speed which remains constant, vH = 30.0 x cos 36.90. (1) Time = 72.0 / (30.0 x cos 36.90) = 3.00 s.  Now find the height after 3.00 s using



s = ut + ½ at2, s = 30.0 x sin 36.90 x 3.00 - ½ x 10 x (3.00)2 (1)



s = 9.03 m = 9.0 m. (1) [1.7/3, 57%]

8.
2.0 m/s
By the conservation of momentum, the momentum of the locomotive before equals the combined momentum of the locomotive and the four trucks after collision.  So, 20 x 103 x 8.0 = (20 x 103 + 3 x 10 x 103) x v (1), find v.



So v = 2.0 m/s. (1) [1.7/2, 85%]

9.
1.2 x 105 kgm/s to the left.
Impulse to the locomotive equals the change of momentum of the locomotive, which also equal the magnitude of the change of momentum of the three trucks. Change is final minus initial, 



so p = 20 x 103 x (2.0 - 8.0) (1), p = - 120 x 103 kgm/s. (1)  The initial speed to the right was set as positive, so the impulse is to the left. (1)  Conseq on (8). [1.9/3, 63%]

10.
Inelastic (1)
all ‘sticky’ collisions are elastic.  To show the collision is elastic calculate the KE before and after and show that KE is lost.  KE before = ½ x 20 x 103 x (8.0)2 = 640 x 103 J. (1) KE after = ½ x 80 x 103 x (2.0)2 = 160 x 103 J, (1) which is less. [2.2/3, 71%]

11.
Equal (1)
Newton’s 3rd law applies (1) which states that if an object A exerts a force on object B, then object B exerts and equal and opposite force on object A.  



F by A on B = - F by B on A. [1.1/2, 55%]

12.
0.20 J
Energy stored in the spring = ½ kx2, first find ‘k’.  At 60 cm, an extension of 20 cm (0.20 m), the weight force, mg, of the toy is balanced by the spring force, kx. Equating them gives mg = kx, k = 0.20 x 10 / 0.20 = 10 N/kg. (1)  Using this value the energy stored = ½ x 10 x (0.20)2 = 0.20 J.  (1) [1.1/3, 37%]

13.
D (2)
At the bottom and the top the toy is stationary. [0.8/2, 40%]

14.
A (2)
At the bottom the gravitational potential energy is zero, then increases linearly to a maximum at the top. [1.0/2, 50%]

15.
Speed decreases from X to Y. (1)  Total energy is constant. (1) [1.0/2, 50%]


The total energy is the sum of the comet’s gravitational potential energy and kinetic energy.  By the conservation of energy this sum remains constant.  As the comet approaches the sun it loses gravitational potential energy and gains an equal amount of kinetic energy and so travels faster. [1.2/2, 60%]

16.
2.71 x 103 N
Using F = GMm/r3, F = 6.67 x 10-11 x 6.42 x 1023 x 930 / (3.83 x 106)2  (1)


F = 2714.9 N = 2710 N (1) [1.4/2, 70%]

17.
7.20 x 103 s
Using Net force = m x 42R/T2 (1), T2 = 930 x 42 x 3.83 x 106 / 2714.9. (1)


T = 7196.9 s (1) [1.8/3, 60%]
Electronics and photonics

1.
18 mA
Voltage across the LED = 2.5 V, so voltage across R = 8.0 - 2.5 = 5.5 V. (1) Using Ohm’s law, current through R = 5.5 /300 = 0.0183 A = 18 mA. (1) 



[1.2/2, 60%]

2.
2.0 V
Using the Voltage divider relationship, VR2 = 6 V x [1 / (1 + 2)] (1) = 2.0 V (1) [1.2/2, 60%]

3.
3 V
Voltage at Q = supply voltage minus voltage drop across RC. Using Ohm’s law voltage drop across RC = IR = 3.0 x 10-3 x 1 x 103 = 3, (1) 



so voltage at C = 6 - 3 = 3. (1) [1.4/2, 70%]

4.
9 x 10-3 W
Using P = I2R, P - (3 x 10-3)2 x 1 x 103 (1) = 9 x 10-3 W. (1) [1.4/2, 70%]

5.
50
Voltage amplification (gain) is the magnitude of gradient of the graph 



Gain = 3 / (60 x 10-3) (1) = 50. (1)  - 50 is also acceptable. [1.4/2, 70%]

6.
Negative slope: An increase in VIN increases the base current, which increases the collector current (fixed current gain), which increases the voltage drop across RC, which decrease the voltage at Q, which is the output voltage. (1)

VIN > +60 mV
Saturation: VIN has increased to the point where the collector current and the voltage drop across RC are so high, that they cannot go any higher because of the limit of the supply voltage. (1)

VIN < -60 mV
Cutoff. VIN has reduced so much that the base current and collector current have go to zero, making the voltage at Q equal to the supply voltage. (1) [1.5/3, 50%]
7.
An inverted wave (1) of the same period (two cycles) (1) that is heading for a peak voltage of 5.0 V, but is clipped at 3.0 V and at -3.0 V. (1)  Conseq on (5).  Note: The max and min values of Fig 4 assume the resistance of the emitter resistor is zero. [2.3/3, 77%]

8.
The capacitor decouples the two amplifier circuits (1), that is, it does not allow DC voltage from one circuit to affect the other (1), but it does allow the AC component to pass through.  If the DC voltage was passed on from X to Y, this would override the effect of the voltage divider that has been designed to properly bias the transistor, that is, set the voltage drop across the base emitter for the proper functioning of the amplifier.  Without the capacitor, the second amplifier would have an offset bias and would clip at the top before the bottom or vice versa. (1)
9.
1000 
From the graph read off the resistance for a temp of 200C. [1/1, 97%]

10.
2000 
At 50C, the thermistor resistance = 4000 ohms. (1) Use the voltage divider relatioship to determine the value of R.  4 V = R / (4000 + R) and solve for R.(1) Alternatively, realise that the voltage across R = 4 V, so the voltage across the thermistor = 8 V, so R must be half of 4000 ohms, i.e, 2000 ohms. (1)



[1.9/3, 61%]
11.
Increase (1).  Lower temp means that the thermistor resistance goes up (1).  To turn of the cooling the voltage need to = 4.0 V, so if the thermistor resistance goes up, then R also needs to rise to keep the ratio of the resistors the same. (1) [1.2/3, 40%]
Einstein’s relativity

1.
B
Length contraction only in the direction of travel.

2.
C
When the speed equals zero, the Lorentz factor equals 1.  

3.

This question is open to a number of interpretations.  Does the phrase “Nancy sees the light …” mean the event of light entering Nancy’s eye or does it mean observing in Nancy’s frame of reference the events of the production of light by Bob or Alan? Secondly, Nancy is “directly opposite” Fred, does this mean the problem is now in two dimensions or is it in one dimension.



If the question is considered from a one dimensional point of view and seeing means light entering the eye, then either C or D is right, with D being the better answer.

4.
C
Length contraction: 10 = 20 /  , so  = 2.0, which, using the formula in the data sheet, gives a speed of 0.87c.

5.
C
This is what the experiment was about.

6.
B
A and C are irrelevant, D is wrong.

7.
B
Speeds add vectorially, seeming faster for Mary and slower for Trung.

8.
B
See question 6.

9.
C
Definition of proper length.

10.
B
The increase in energy goes more into mass energy than kinetic energy.

11.
C
Using the Lorentz  factor formula in the data sheet, for  = 4.0, v = 0.97c.

12.
D
The phrase ‘linear section’ is ambiguous.  It could be argued that the electron observes the contracted length in a moving lab frame, giving the answer 600 / 4 = 150, D.  Alternatively a linear section of 4 x 600 = 2400 m in the electron’s frame would measure 600 m in the lab frame.

13.
B
Using E = mc2, mass difference = (1.673 + 1.675 - 3.344) x 10-27 = 0.004 x 10-27 kg.



E = = 0.004 x 10-27 x (3.0 x 108)2 = 0.036 x 10-11 J = 3.6 x 10-13 J.

	Question
	% A
	% B
	% C
	% D
	%

No Answer
	Most common error

	1
	4
	81
	12
	2
	0
	

	2
	19
	10
	59
	11
	1
	Lorentz factor = zero

	3
	45
	10
	10
	33
	1
	

	4
	21
	12
	62
	4
	1
	Speed factor = ratio of lengths

	5
	10
	13
	69
	7
	1
	

	6
	3
	86
	4
	6
	1
	

	7
	4
	72
	21
	2
	1
	Correct values but reversed

	8
	4
	83
	10
	2
	1
	

	9
	1
	6
	89
	2
	1
	

	10
	9
	71
	11
	7
	1
	

	11
	10
	13
	67
	7
	2
	

	12
	25
	7
	7
	60
	2
	Multiplied, instead of divided

	13
	14
	60
	12
	12
	3
	


Average = 17.38 out of 26

Investigating materials and their use in structures

1.
D
Gradient of 3rd quadrant = (8.0 x 107) / (15 x 10-4) = 0.53 x 1011



Gradient = 5.3 x 1010 M/m2
2.
B
Fracture occurs at end of linear section.

3.
A
Max stress = 8.0 x 107 N/m2.  



Max force = Max stress x Area = 8.0 x 107 x 1.50 = 1.2 x 108 N/m2.

4.
A
Strain energy per unit volume = Area under the graph in the 3rd quadrant.



Area = ½ x 8.0 x 107 x 15 x 10-4 = 6.0 x 104 J/m3.

5.
C
Strain energy = (Strain energy per unit volume) x Volume, so the factor is the volume, which is 20 x 1.5 = 30.

6.
C
Strain = Change in length / Natural length, 



so the change in length = 5.00 x 10-4 x 20.00 = 0.01 m and the new length will 



be 20.00 - 0.01 = 19.99 m.

7.
C
A: False, Stone is brittle under both.  B: False, Strength is stress at fracture, so the opposite is true. C: Correct, stiffness is the gradient and the tension gradient is steeper than the compression gradient.  D: False, irrelevant.

8.
A
The net force on XY at Y will be downwards, so XY is being stretched, it is under tension.

9.
A
The net force on ZY at Y will be downwards, so ZY is being stretched, it is under tension.  Alternatively working from X: the reaction force of the support is up, so the force at Z due to ZX will be diagonally down to the left to balance the upward force, similarly the force at Z due to ZY must be to the right to balance the left component of the force in ZX.  At point X the force from ZX will therefore be up and to the right, this means that the force at X due to XY must to down and the horizontal beam at x cannot provide a vertical component.  A downward force at X in XY means that it is pulling in on X and so is under tension.

10.
A
Stiffness is gradient, toughness is area under the graph.

11.
C
Weight force acts (8 + 4)/2 - 4 = 2 m to the left of Y.  Taking torques about Y, then FX x 8.0 = 4.000 x 10 x 2, solving for FX gives a value of 1,000 N.

12.
B
Taking torques about Y gives 4.000 x 10 x 2.0 = m x 10 x 4.0, m = 2,000 kg.

13.
D
Concrete is weaker under tension.  Between X and Y the bottom is under tension, between Y and Z, the top is under tension.
	Question
	% A
	% B
	% C
	% D
	%

No Answer
	Most common error

	1
	7
	2
	7
	83
	0
	

	2
	7
	89
	2
	2
	0
	

	3
	60
	17
	15
	7
	1
	Divided by area, instead of multiplying

	4
	67
	14
	13
	6
	1
	Area of rectangle, not triangle

	5
	16
	21
	56
	5
	1
	A: by Area, B: by Length

	6
	2
	11
	74
	12
	1
	B: Power of ten error, D: Added change

	7
	11
	8
	71
	8
	1
	

	8
	53
	37
	4
	6
	0
	More of a choice of either A or B

	9
	50
	24
	12
	12
	1
	More of a choice of either A or B

	10
	87
	6
	4
	3
	1
	

	11
	7
	11
	59
	22
	2
	D: Weight is equally shared, B: Mass is equally shared

	12
	14
	47
	27
	9
	2
	Equal to mass of beam as in a see-saw

	13
	10
	12
	10
	67
	1
	


Average = 17.26 out of 26

Further electronics

1.
C
Time constant = RC = 5 x 103 x 100 x 10-6 = 0.05 s

2.
C
Voltage rises exponentially to 63% of the supply voltage in one time constant.  B is no an exponential rise.

3.
D
The capacitor loses 63% of its voltage exponentially in one time constant.

4.
C
Purpose of heat sink, all others are false.

5.
B
The current need to pass through VOUT the same way in each half of the cycle.

6.
D
Constant voltage output is across the Zener diode and the diode needs to be reverse biased.

7.
A
Turns ratio should equal 240 : 10, A is the only one.

8.
D
Peak voltage 10 x square root of 2 = 14 V, which is 3.5 divisions.  The period is 20 ms, which is 4 divisions. D is the only fit.

9.
D
The rectifier is a full wave diode bridge rectifier, so both halves of the wave get through.

10.
C
The time constant of the RC combination = 10 x 400 x 10-6 = 4.0 ms, which is almost one division.  The voltage will fall to about 40% within one division, before rising back.  C is the best graph, but the ripple should be greater.

11.
A
The effect of the voltage regulator will be to keep the voltage constant at 6V, however the effect of the small value of R on the time constant is difficult to determine.  B also was accepted.

12.
C
Power = V2/R = 62 / 10= 3.6 W.

13.
C
The longer time constant will reduce the ripple.  This is achieved with a larger capacitor.
	Question
	% A
	% B
	% C
	% D
	%

No Answer
	Most common error

	1
	1
	7
	89
	3
	0
	

	2
	22
	5
	71
	2
	0
	Voltage reaches max value in one time constant.

	3
	8
	9
	4
	78
	0
	A: After one time constant retains 63%, B: After one time constant, correct voltage, but a convex graph.

	4
	15
	11
	70
	3
	0
	A, B: Plausible distracters

	5
	3
	85
	3
	9
	0
	

	6
	3
	6
	12
	79
	0
	Zener diode reversed

	7
	82
	11
	5
	2
	0
	Reverse order

	8
	9
	18
	5
	67
	0
	Correct period, divided by 
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	9
	2
	2
	5
	91
	0
	

	10
	3
	5
	90
	2
	0
	

	11
	58
	16
	17
	8
	1
	A and B both accepted.  C: Constant voltage of almost 10V

	12
	4
	9
	82
	3
	1
	

	13
	4
	7
	76
	11
	1
	Opposite of C


Average = 20.68 out of 26
To assist students, when using this exam paper for revision purposes, listed below are the dot points from the 2008 course that were not covered in the paper. :
Motion is one and two dimensions

•
explain movement in terms of the Newtonian model and assumptions including

–
the absolute nature of space and time;

•
analyse relative velocity of objects along a straight line and in two dimensions;

•
distinguish between stationary (inertial) frames of reference and frames of reference that are moving at constant speed relative to the stationary frame, including Galilean transformations in one dimension between frames of reference;

· analyse energy transfers resulting from work done by a constant force in one dimension;

Electronics and photonics

• 
describe the operation of the transistor in terms of current gain and the effect of biasing the base-emitter voltage on the voltage characteristics … of a single stage npn transistor voltage amplifier;

•
describe energy transfers and transformations in electrical–optical, and optical–electrical conversion systems using opto-electronic converters;

•
describe the transfer of information in analogue form using optical intensity modulated light; 

Einstein’s relativity

•
describe Maxwell’s prediction that the speed of light depend sonly on the electrical and magnetic properties of the medium it is passing through and not on the speed of the source or the speed of the medium;

•
contrast Maxwell’s prediction with the principles of Galilean relativity (no absolute frame of reference; all velocity measurements are relative to the frame of reference);

•
compare Einstein’s postulates and the assumptions of the Newtonian model;

•
explain the equivalence of work done into ‘mass energy’ according to Einstein’s equation, 
E = mc2,

Further electronics

•
select measuring devices for circuit analysis and faults diagnosis;

•
measure ripple voltage and the effect of changing the load;
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