
Suggested Solutions to VCE Physics November 2010 Exam paper

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.  Every effort has been made to double check the solutions for errors and typos.  A suggested marking scheme is provided in italics.  

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 are available on the VCAA website.  For the multiple choice questions for the Detailed Studies, the percentage choosing each answer and any comment on significant distracters will be similarly available in a table at the end of each Detailed Study.

Electric Power

1.
Conventional current is up the front of each loop, so, using the right hand grip rule, the magnetic field inside the solenoid is to the left (1).  The lines should go through the solenoid, then go around it on the outside, either on top or below.  The arrows on the lines inside the solenoid should be to the left and arrows on lines above and below should be to the right (1). [1.3/2, 65%]
2.
Zero (1)
The magnetic field inside the solenoid is parallel to the loop and does not pass through it. (1). Ignore the field due to the current in th loop itself. [0.9/2, 85%]
3.
Down (1)
Using Hand rule, Field to the left, current from Q to P, so Force is down.



[0.7/2, 35%]
4.
0.024 N
Using F = nBIl, F = 3 x 5.0 x 10-2 x 4.0 x 4.0 x 10-2 (1) = 0.024 N (1) [1.4/2, 70%]

5.
Zero (1)
Current is parallel to the magnetic field. (1) [1.4/2, 70%]
6.
A (2)
When the flux is at a maximum, the induced voltage is zero (A or B).  When the flux is passing through zero, the voltage is a maximum (A or B).  The voltage for decreasing flux will have the opposite polarity to that for increasing flux (A). [1.5/2, 75%]
7.
Slip rings are shown in Figure 3, two are required, each ring stays connected to either P or Q through out the cycle. (1)  A split ring is one ring with two gaps, it would swap the connection to P and Q twice every cycle. (1)  Slip rings produce AC, a split ring produces DC. (1) [1.9/3, 63%]
8.    For 0 - 1 sec, the magnetic field to the right is increasing, so the induced magnetic field is to the left, and the current flows from P to Q.  As the change is rapid, the current is large and so is the voltage reading.  For 1 - 2 sec, the magnetic field is constant, so voltage is zero.  For 2 - 4 sec the magnetic field is decreasing slowly, so the induced magnetic field is to the right and the voltage have the opposite polarity to the voltage for 0 - 1 s and also will be smaller in magnitude but last for twice as long. [0.8/2, 40%]
9.
Faraday's law for magnitude, Lenz' law for direction.  The combined law is also known as Neumann's Law. [0.5/1, 50%]
10.
3.0 V
Induced EMF = N x Change in flux / Change in time 



Induced EMF = 120 x 3.0 x 10-4 / (0.012). (1)  = 3.0 V. (1)  [1.6/2, 80%]
11.
Q to P
See Q'n 8.  The magnetic field to the right is decreasing, so the induced magnetic field is to the right (1) and using the right hand grip rule, the induced current will be from Q to P. (1)  [1/2, 50%]
12.
1200 W
Using P = V2/R, P = 240 x 240 / 48 (1) = 1200 W. (1) [1.7/2, 85%]
13.
Series
For P = 600 W, R = V2 / P = 240 x 240 / 600 = 96 ohm = 2 x 48 ohm.  So connect the two resistors in series, that is join the two ends together. (2) [1.2/2 60%]

14.
As the T'n lines have a resistance, there will be a voltage drop across each of them. (1)  This means that the globe will have less than 2.0 V across it and it will not glow as brightly as expected. (1) [1.3/2, 65%]
15.
10 V
Using P = VI, the current through globe, I = 4.0 / 2.0 = 2.0 amp. (1)  Using V = IR, the Voltage drop across T'n lines, V = 2.0 x (2.0 + 2.0) = 8.0 V. (1)  Voltage of power supply = 8.0 + 2.0 = 10.0 V (1) [1.4/2, 70%]
16.
16 W
Power loss = I2R = 2.0 x 2.0 x 4.0 (1) = 16 W (1) [1/2, 50%]
17.
Transformers can step up the voltage and step down the current. (1)   With a smaller current there will be less power lost. (1) [0.8/2, 40%]

18.
D
V peak = Sqrt (2) x V rms = 1.414 x 20.8 = 29.4 V, 



V peak to peak = 58.8 V (2) [1.3/2, 65%]
19.
146 turns
Step down so number of turns = 1460 / 10 = 146. (1) [0.9/1, 90%]
20.
0.16 W
A turns ratio of 10 reduces the power loss by a factor of 10 x 10 (2) from 16 to 0.16 W. (1)  Conseq on Q'n 16



Alternatively, Current in globe - 2.0 amp, so current in T'n lines = 1/10 x 2.0 = 0.2 amp (1).  Power loss is now 0.2 x 0.2 x 4.0 (1) = 0.16 W. (1) [1.4/3, 47%]
Interactions of Light and matter

1.
Double slit Interference of light experiment by Thomas Young (1) .  


The experiment showed that light produced a pattern of light and dark lines formed by constructive and destructive interference by superposition of waves (1) .  Particle model predicts sharp shadows, which are not observed. (1) [2.1/3, 70%]
2.
No. 2 (1)
The particles of light called photons have an energy that depends only on the frequency of the light (E = hf). (1).  Also increased intensity means more photons, each with the same energy. (1) [1.1/3, 37%]
3.
2.14 eV
E = hf = hc/ = 4.14 x 10-15 x 3.0 x 108 / (580 x 10-9) (1) = 2.14 eV (1) 



[1.6/2, 80%]
4.
1450 nm
The path difference to Y is an extra half wavelength, so it is 1160 + 290 nm (1)


path diff to Y = 1450 nm (1) [1/2, 50%]
5.
D
As in Q'n 2 increased intensity means more photons, each with the same energy, so the max KE of the electrons will be unchanged.  The graphs will overlap. (2) [1.3/2, 65%]
6.
A
A smaller work function means a smaller Y intercept, hence A (1).  Alternatively, with a smaller work function the max KE of the ejected electrons will be greater for each frequency. (1) The gradient is also unchanged. [2/3, 67%]

7.
0.049 nm
Using p = h/ ,  = h/mv = 6.63 x 10-34 / (9.1 x 10-31 x 1.5 x 107) (1) 



 = 4.852 x 10-11  m.   = 0.049 nm. (1) [1.3/2, 65%]
8.
A
Greater speed means larger momentum and a smaller wavelength, (1) and so a smaller spacing between diffraction lines.  [1/2, 50%]
9.
Spacing depends on wavelength.  Both X-rays and electrons have a wavelength.  A similar pattern means similar wavelengths. (1) [1.2/2, 60%]
10.
25keV
For electrons p = h/, and E = p2 /2m. so  = h / sqrt(2mE) =  0.0050 nm. (1)  The wavelengths of the electron and the X-rays are the same so the photon energy is



given by E = hc/  (1) = 25 keV. (1) [0.6/3, 20%]
11.
n = 4 to n = 2
E= hc/ = 4.14 x 10-15 x 3.0 x 108 / (478 x 10-9) = 2.6 eV.  



From n = 4 to n = 2. (2) [1.2/2, 60%]
Synchrotron and its applications

1.
B
Using F = ma and F = Eq, E = ma /q = 9.1 x 10-31 x 1.8 x 1015 / 1.6 x 10-19 



E = 10.2 x 103 V/m

2.
C
Using gain in KE = Vq, V =  1/2 mv2/q = 0.5 x 9.1 x 10-31 x (4.6 x 107)2 / 1.6 x 10-19 



V = 6.02 x 103 V

3.
B
Using r = mv/Bq, B = mv/rq = 9.1 x 10-31 x 4.6 x 107 / (0.40 x 1.6 x 10-19) = 6.5 x 10-4 T

4.
B
Using F = Bqv, F = 5.0 x 10-4 x 1.6 x 10-19 x 4.6 x 107 = 3.68 x 10-15 N

5.
C
Synchrotron starts in the middle and has several end stations, so S is linac, P is beam line and linac feeds into the booster ring then the storage ring.

6.
B
Linac does initial acceleration of the electrons, so B or C, booster ring does more, still B or C.  The photons are produced in the storage ring as the electron path is bent by the magnet.

7.
A
Using n = 2dsinand n = 1,  = 2 x 0.314 x sin 150 = 0.163 nm.

8.
C
Using n = 2dsin, find n for  = 900, n x 0.200 = 2 x 0.314 x sin900, 



n = 0.628/0.200 = 3.14, so maximum number is 3.

9.
A
Unchanged photon wavelength means unchanged photon energy, so scattering is elastic, which is called Thomson scattering.

10.
B
Using Hand rule: current along X- axis, Field along Y axis, so motion along Z axis.

11.
D
Storage ring to increase the intensity of the photon beam.

12.
D
Synchrotron radiation occurs when electrons enter magnetic fields change direction.

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

	1
	10
	61
	21
	7
	

	2
	6
	16
	68
	10
	

	3
	5
	78
	11
	5
	

	4
	12
	74
	6
	7
	

	5
	7
	6
	79
	8
	

	6
	10
	73
	11
	6
	

	7
	85
	5
	6
	3
	

	8
	9
	16
	64
	10
	

	9
	71
	7
	6
	15
	

	10
	32
	50
	9
	8
	A:  Suggests correct understanding, but hand rule incorrectly applied

	11
	4
	1
	12
	72
	

	12
	21
	7
	3
	68
	


Average score: 16.9 out of 24

Photonics

1.
C
laser produces coherent light, A, B and D are wrong

2.
C
Using E = hc/l, l = hc/E = 4.14 x 10-15 3.0 x 108 / 2.0 = 6.21 x 10-7 = 621 nm.

3.
B
V across R = 12 - 2 = 10 V, Using V = IR, I = 10 / 400 = 25 mA.

4.
C
The blue LED will operate at a higher voltage as its frequency is higher.  This means that there will be less voltage across R and so less current.

5.
D
1.44 x sin = 1.38, sin = 1.38 / 1.44 = ,  = 730
6.
B
Acceptance angle: sin  = sqrt (1.442 - 1.382).  = 240
7.
B
TIR has not occurred because the angle of incidence is less than the critical angle.

8.
C
The refractive index outside the rod is greater than the rod itself, so TIR cannot occur.

9.
D
At 2000 nm, the graph shows that absorption causes a greater loss.

10.
C
For each wavelength, add the two losses together and find which one is the smallest.

11.
B
Light zig-zaging across the fibre travels further than light going down the middle. These are different modes.  To avoid dispersion between the modes the refractive index decreases from the centre to the edge and so the speed of light increases from the centre to the edge.

12.
C
Rayleigh scattering is due to imperfections in the optical fibre. 

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

	1
	6
	3
	89
	2
	

	2
	5
	8
	76
	11
	

	3
	4
	41
	54
	1
	C: Obtained from 12 V/ 400 ohm, ignoring voltage drop  of 2V across the diode.

	4
	27
	33
	37
	4
	A: possibly assumed the current was proportional to the frequency of the light emitted.  B: possibly assumed that the current voltage characteristics of a blue LED would be the same as a red LED, i.e. same excitation voltage

	5
	6
	8
	8
	78
	

	6
	6
	75
	13
	5
	

	7
	8
	42
	34
	15
	C: a misunderstanding of Total Internal Reflection

	8
	14
	13
	37
	17
	Spread of answers suggests a difficult question

	9
	3
	5
	13
	79
	

	10
	9
	2
	39
	50
	

	11
	15
	70
	7
	7
	

	12
	6
	14
	73
	6
	


Average score:14.7  out of 24

Sound

1.
B
Using v = f,  = 330 / 512 = 0.64 m

2.
D
Sound is a longitudinal pressure wave.

3.
A
Using L (in dB) = 10 log (I1 / I0), I = 1.0 x 1070/10 x 1.0 x 10-12 = 1.0 x 10-5 W m-2
4.
C
Ratio of distances = 20/5 = 4, so Intensity is reduced by (1/4)2 = 1/16, which equals (1/2)4, so dB level is reduced by 4 x 3 dB to 70 - 12 = 58 dB.

5.
C
For freq = 2000 Hz and dB = 40 dB, the phon level is 50.

6.
D
For fundamental on a tube closed at one end, the wavelength = 4 x length.  The wavelength = 320 / 133 = 2.40 m, so the length = 0.60 m.

7.
C
In a closed end tube only odd multiples of the fundamental resonate, so the next higher frequency will be 3 x 133 = 399 Hz which is close to 400 Hz.

8.
C
For fundamental on a tube open at both ends, the wavelength is less at 2 x length.  So for the same length the frequency of this fundamental will be greater at twice. The freq = 2 x 133 = 266 Hz.

9.
B
Good fidelity means flat horizontal line.

10.
B
First 1000 Hz, then 3000 Hz, so graph of waves with a long period followed by waves with a short period, so A or B.  From Figure 4, 3000 Hz has a response of 6dB, while 1000 Hz has a value of 0 dB, so the 3000 Hz trace will have a larger amplitude.

11.
A
A: Correct, B: Wrong, sound is projected forward and backwards, C: Wrong, the baffle board is rigid, D: Wrong, see C.  Note B was also accepted as correct by VCAA.

12.
D
A: Wrong, not relevant as many frequencies produced at once, B: Wrong, screen is in front of speakers so it cannot be a baffle, C: Wrong high frequency sounds diffract less than low frequency sounds, D: Correct.
	Question
	% A
	% B
	% C
	% D
	Most common error

	1
	2
	94
	4
	1
	

	2
	9
	1
	9
	80
	

	3
	83
	6
	6
	6
	

	4
	4
	19
	70
	8
	

	5
	7
	5
	87
	1
	

	6
	2
	12
	8
	78
	

	7
	5
	17
	72
	6
	

	8
	12
	4
	81
	3
	

	9
	6
	73
	1
	20
	

	10
	50
	32
	6
	12
	

	11
	84
	5
	6
	5
	

	12
	3
	6
	12
	79
	


Average score: 19.3 out of 24

or








