2011 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 will be included at the end of the each solution in square brackets, once they become available from VCAA.  Similarly for the multiple choice questions for the Detailed Studies, the percentage choosing each answer, the percentage and any comment on significant distracters will be 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.
1250 N
Net Force on the system, F = mass of system x a, F = (500 + 2000) x 0.50 



F = 1250 N (1) [ 0.9/1, 90%]

2.
1000 N
Only force on trailer is Tension, T, in rope.  Net F on trailer = mass of trailer x a.



F = 2000 x 0.50 (1) = 1000 N (1) [1.1/2, 55 %]

3.
6.3 m
Using s = ut + ½ at2, u = 0, a = 0.5, t = 5.0, so s = ½ x 0.5 x (5)2 (1) = 6.25 m (1)  [ 1.6/2, 80 %]
4.
3400 N
Using F = mv2/r, F = 300 x 15 x 15 / 20 (1) = 3375 N (1)  [ 0.9/1, 90 %]

5.
Left arrow
Net force and the centripetal acceleration is inwards towards the centre. (1)  


The reaction force has a horizontal component. (1)  Alternatively, the forces combine by vector addition to give the next force. [ 1/2, 50 %]

6.
480
Using components: mg = R sin , mv2/r = R cos , so tan  = v2/gr. (1)


Tan  = 15 x 15 /(10 x 20) = 1.125, so  = 480 (1)  [ 1.3/2, 65 %]

7.
1.5 N
From Newton's 2nd Law, Net Force on B = zero.  Forces on B are:



Force by C on B (up), Force by Earth on B (weight down) = mass of B x g and Force by A on B (down).  



Net Force on A = zero, so F by B on A (up) is balanced the weight force on A.



By Newton's 3rd Law Force by A on B = - F by B on A (1) 



So, Force by C on B = Mass of B x g + Mass of A x g 



Force by C on B = 0.1 x 10 + 0.05 x 10 = 1.5 (1)  [ 1.1/2, 55 %]

8.
Zero N
Masses in free fall, so acceleration = g and the reaction forces are zero (1).  



Force by B on C = 0 N (1) . [ 1/2, 50 %]

9.
12.2 m/s
At A Force by rails on car = zero, so net Force = mg.  Using mg = mv2/r, 



v = Sqrt (gr) = sqrt (10 x 15) (1)= 12.24 m/s. (1)  [ 1.5/5, 75 %]

10.
Zero N
Apparent weight = reaction force on Melanie. (1) At A this force is zero. (1) 
 [ 1/2, 50 %]

11.
720 N
At B, acceleration is upwards, so reaction force is greater than the weight force.



R - mg = mv2/r, so R = mg + mv2/r (1) = 60 x 10 + 60 x 5.5 x 5.5 /15 (1) 



Reaction force and the apparent weight = 720 N (1) [ 1.7/3, 57 %]

12.
2.9 s
Vertical component of initial speed, u, = 24 x sin 370 (upwards as positive). Using v = u + at, where v = -24 x sin 370, a = -10, t = ?, 



t = 2 x 24 x sin 370 / 10 (1) = 2.88 s. (1)  [1.4/2, 70 %]

13.
10 m
Using v2 = u2 + 2as, where u = 24 x sin 370, v = 0, a = -10, s = ?.



s = (24 x sin 370)2 / (2 x 10) (1) = 10.4 m (1)  Conseq on Q'n 12. [ 1.3/2, 65 %]

14.
960 kgm/s
Convert grav PE at A to KE at C to find speed, then use the speed to determine the momentum.  mgh at A = ½ mv2, so v = sqrt (2gh).  Momentum, p, = mv, 



so p = m x sqrt(2gh) = 60 x sqrt(2 x 10 x 12.8) (1) = 960 kgm/s (1)  [ 1.4/2, 70 %]

15.
160 N
Using Impulse, (F t) = p, F = 960 / 6.0 (1) = 160 N. (1)  Conseq on Q'n 15 



[ 1.3/2, 65 %].

16.
33 N/m
Using F = kx, at a length of 70 cm, the force in the spring = weight of the attached mass = 1.0 x 10 = 10 N, the extension = 70 - 40 cm = 30 cm = 0.30 m.



So k = 10 / 0.30 (1) =33 N/m. (1) [ 1.1/2, 55 %]

17.
D
KE is zero at positions 60 cm and 80 cm and  maximum at 70 cm. [ 0.4/1, 40 %]

18.
C
The total energy is constant. [ 0.65/1, 65 %]

19.
B
Grav PE is zero at 80 cm, maximum at 60 cm and changes in a linear way.



[ 0.46/1, 46 %]

20.
F
Spring PE is proportional to (extension)2 (1), so the graph curves upwards with a zero at 40 cm (1) . [ 0.8/3, 27 %]

21.
10 N/kg
Gravitational field strength is same as that of Earth. (1)  [ 0.74/1, 74 %]

22.
1.35 x 1020 kg
Using g = GM/R2  M = gR2 /G = 10 x (30x 103)2 / (6.67 x 10-11) (1)


M = 1.35 x 1011 kg (1)  [ 1/2, 50 %]

23.
3.2 x 106 s
Using GM/R2 = 42R/T2, T = sqrt(42R3/GM)



T = sqrt( 4 x 2 x (1.0 x 109)3 / (6.67 x 10-11 x 5.7 x 1025) (1) = 3.2 x 106 s . (1) 



[ 0.92/2, 46 %]
Electronics and photonics

1.
Combined resistance of C and D = 2.0 + 2.0 = 4.0 ohms.  The combined resistance of B with C and D = 1 / (1/2 + 1/4) = 4/3 ohms (1).  The combined resistance of A with B, C and D = 2 + 4/3 = 3.3 ohms. (1)  [1.3/2, 65 %]
2.
2.0 A
Total current = 10 V/ 3.3 ohm = 3.0 A. (1)  Current through B is twice that through C and D, so current through B = 2.0 A. (1)   [ 1/2, 50 %]
3.
6.0 V
Current through A = 3.0 A. (1)   Voltage drop across A = 3.0 x 2.0 = 6.0 V (1)  



[ 1.2/2, 61 %]
4.
2.0 W
Current through D = 1.0 A (1)  , so Power loss = I2R = 1.0 x 1.0 x 2.0 = 2.0 W. (1)   Alternatively the voltage drop across CD = 10 - 6.0 = 4.0 V, so the voltage drop across D = 4.0 /2 = 2.0 V (1)  and the Power loss = V2/R = 2.0 x 2.0 / 2.0 = 2.0 W. (1)   [ 0.6/2, 30 %]
5.
1500 ohms
From the graph at 200C, Resistance of thermistor = 1500 ohms. [ 0.97/1, 97 %]
6.
Use a voltage divider circuit with the fixed resistor and the thermistor to obtain 4.5 V. 


For T > 200C, the resistance of the thermistor falls, and so would the voltage across it.  The fan operates when the voltage is > 4.5 V, so the switching circuit must be across the fixed resistor.


Find value of fixed resistor; 4.5 = R / (R + 1500) x 6.0, R = 4500 ohm. [ 1.5/3, 50 %]

[image: image1]
7.
40 ohm
From the graph the voltage across LED = 3.0 V, so 6.0 V is across R1 (1).  With current = 150 mA (1), the value of R1 is 6.0 / 0.150 = 40 ohm. (1)  [1.3/2, 65 %]
8.
8.0 V
At a power of 10 mW, the current is 4 mA (1), so the voltage across the 2kohm resistor = 0.004 x 2000 = 8.0 V. (1)  [ 1.2/2, 60 %]
9.
As R1 increases, the current through the LED and so its brightness decreases, hence the graph is inverted. (1)  As the LED is always on, the graph should be always above the time axis. (1) 


[ 0.9/2, 45 %]

10.
The variation of R1 changes the amplitude or the intensity of the carrier wave (1), which is a light beam. (1) [ 0.56/2, 28 %]

11.
A non-inverted (1) sine wave with a peak voltage of 2.0 V (1).  The graph is not clipped. 


[ 1.3/2, 65 %]

12.
Clipping would occur for input voltage > 10 mV or < -10 mV. (1) 


The effect of clipping to cut off the output voltage at + / - 4.0 V. (1) [ 0.7/2, 35 %]

Einstein’s special relativity

1. B
Total Energy = KE + Rest mass energy of the two particles.  The rest mass energy is of the order of 10-10 J (10-27 x 9 x 1016), while the KE is of the order 10-6 J, so the rest mass energy can be ignored.  So, total KE = 2 x 1.1. x 10-6 J, find rest mass of Higgs particle, using E = m0c2.  Rest mass = = 2 x 1.1. x 10-6 / (9 x 1016) = 2.4 x 10-23 kg.

2. D
A: False, B: False, C: Does not explain the large increase.

3. C
Work Done = Change in KE. Change in KE = (-1)m0c2 . 


Change in KE to  = 1.10 is (1.1 - 1) x m0c2 = 0.10 x m0c2. 


Change in KE to  = 1.05 is (1.05 - 1) x m0c2 = 0.05 x m0c2.  


The difference is = 0.05 x m0c2, which equals 0.05 x 1.50 x 10-10 = 7.5 x 10-12 J.

4.
C
Length contraction  = 300/200 = 1.5, so v = 0.75c.

5.
A
Speed of light is constant.

6.
A
For sound the speed of the medium affects the speed of the signal.

7.
D
A: No, B: No, C: No.

8.
B
A: rotating so no; B: constant speed, yes; C: accelerating, no; D; accelerating, no.

9.
D
Proper lifetime is time on own frame.  Measured time is 5.4 x 10-3 / (2.5 x 108) 



Measured time = 2.16 x 10-11 s, this is the dilated time so the proper time is shorter and equals 2.16 x 10-11 / 1.81 = 1.19 x 10-11 s.

10.
C
A: not really; B: Rest mass is constant; C: Correct; D: Misuse of equations

11.
A
A: Because of length contraction, any measurement by a moving observer will always be shorter than the measurement by a stationary observer; B: False; C: False; D: Observer must be in same frame.

12.
D
Use the expression to determine the speed for = 1.04, then double it and determine the new .

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

	1
	20
	39
	29
	10
	2
	A: Forgot to double the KE, C: Only used the proton rest mass, but its energy equivalent is much less than the KE.

	2
	5
	19
	14
	62
	1
	

	3
	18
	26
	47
	5
	3
	

	4
	10
	16
	64
	8
	2
	

	5
	60
	25
	4
	9
	1
	

	6
	77
	5
	13
	3
	1
	

	7
	21
	9
	5
	64
	1
	

	8
	20
	64
	9
	5
	2
	

	9
	8
	19
	26
	42
	5
	

	10
	5
	46
	41
	6
	2
	B: The rest mass is constant, but the mass itself tends to infinity.

	11
	43
	11
	9
	34
	3
	

	12
	15
	12
	19
	50
	4
	


Average 13 out of 24 = 54.4 %

Investigating materials and their use in structures

1. 
C
Stress = Force / Area = 8.0 x 103 / 2.0 x 10-5 = 4.0 x 108 N/m2.

2. 
C
Strain = Change in length / Natural length = 5 x 10-4 /0.10 = 5.0 x 10-3.

3. 
B
Young's modulus = Stress/ Strain = 4.0 x 108 / 5.0 x 10-3 = 8.0 x 1010 N/m2.

4. 
B
Energy = Area under graph = ½ x 8.0 x 103 x 5 x 10-4 = 2.0 J

5. 
D
Toughness = Energy to fracture per volume = (½ x 10.0 x 103 x 7.5 x 10-4 + 10.0 x 103 x 10 x 10-4) / (2.0 x 10-5 x 0.10) = (3.75 +10) / (2.0 x 10-5 x 0.10) = 6.87 x 106 J/m3.

6. 
B
A: False, C: False, D: False

7. 
D
Weight of sign puts AC in compression,  Weight of sign pulls on BC, so BC is in tension.

8. 
C
Torques about A. cw - sign: 40 x 10 x 2.0 = 800 Nm, ccw - Tension in BC: T x 2.0.



T = 800 / 2.0 = 400 Nm.

9. 
C
Torques about A. cw: 100 x 10 x 4.0 + 80 x 10 x 2.0 = 5600 Nm, ccw: F x 1.0, 



so F = 5600 N.

10. 
A
Figure is not to scale.  Section BC bowed over: Top is in tension, bottom in compression.  Section AB: The torque of the section BC puts the top of this under tension.  The length of AB is not long enough for the weight of AB to overcome the effect of BC and cause AB to sag.

11. 
A
The drum is being twisted.

12. 
B
Strain =  extension/ natural length, so extension = 0.010 x 2.0 = 0.020 m = 2.0 cm.

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

	1
	7
	5
	85
	3
	0
	

	2
	2
	21
	75
	2
	0
	

	3
	7
	71
	7
	14
	1
	

	4
	9
	62
	15
	12
	2
	

	5
	14
	13
	34
	37
	3
	C: Powers of 10 error among others.

	6
	11
	73
	6
	9
	1
	

	7
	8
	4
	8
	78
	1
	

	8
	7
	14
	64
	12
	2
	

	9
	10
	24
	59
	3
	3
	

	10
	26
	9
	14
	48
	2
	D: An understandable error

	11
	61
	8
	26
	3
	2
	

	12
	25
	59
	5
	9
	2
	


Average = 15 out of 24 marks = 62.5 %
Further electronics

1. D
Time constant = RC = 5 x 106 x 10 x -6 = 50 sec

2. D
Voltage = peak voltage = 3600 x 1.414 =5091 V.  Time constant is much longer than time scale of graph so no variation would be detected.

3. B
Power used = V2/R = 5000 x 5000 / (5 x 106) = 5 W.  Best is 10W.

4. A
Only the input voltage affects the output voltage.

5. A
The 20 kohm resistor is too high restricting the current.  D: wrong, C: Battery needs to be greater than 5.5 V.

6. B
Ratio of turns = ratio of voltages, N = (10 / 240) x 4800 = 200.

7. B
The output is fully rectified and regulated, but not smoothed.

8. A
The output is regulated with some attempt at smoothing, but not fully rectified.

9. D (C)
Note: there is an error in Fig 4.  To provide a 5.5 VDC smoothed output, the zener diode should be reversed.  With the zener reversed the correct answer is D; with the figure as is, the answer is C.

10. A
A: Full voltage at X.  B: zero at X, C: varies up to 5.5 V at X, D: Zero at X.

11. B
Time constant = 10 s, so C = 10 / (1 x 106) = 10 F.

12. C
New Time constant = 26 s, so new R = 2.6 times greater and equals 1.6 times the value, that is 1.6 x 106 ohm.

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

	1
	6
	6
	7
	81
	0
	

	2
	7
	75
	6
	11
	0
	B: The time constant is very long.

	3
	13
	45
	33
	7
	2
	C: Suggests calculator error

	4
	40
	7
	41
	12
	0
	C: The frequency difference is not significant.

	5
	52
	23
	8
	15
	1
	

	6
	3
	87
	5
	5
	0
	

	7
	16
	62
	7
	15
	1
	

	8
	54
	7
	32
	6
	1
	

	9
	8
	45
	12
	35
	1
	B: The zener diode keeps the voltage fixed if the input is > 5.5 V, which is the case here

	10
	51
	23
	12
	13
	1
	

	11
	10
	66
	17
	5
	2
	

	12
	12
	19
	36
	30
	3
	D: Forgot to subtract the value of the resistor, R, in the circuit


Average = 12.4out of 24 = 52%
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