Suggested Solutions to VCE Physics November 2012 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 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 and any comment on significant distracters are available in a table at the end of each Detailed Study.

Electric Power

1a
Vector to North East.  The current from the battery is up the wire on the right as it leaves the battery and down the front of the solenoid.  Using the right hand grip rule, this current produces a magnetic field to the right at the right end of the solenoid near P.  Combining this magnetic field with the earth's magnetic field gives a field to the North East. (1) [ 0.42/1, 42%]
1b
C
From the answer in 1a, the magnetic field at Q will be pointing to the left, towards the left end of the solenoid which is a South pole. (2) [ 0.94/2, 47%]
2a
B
Magnetic field is to the right, the current in JK is from J to K, so using the hand rule, the direction of the force on JK is down, producing rotation in direction B. 



(1) [ 0.68/1, 68%]
2b
0.30 N
Using F = nBIl, F = 50 x 0.050 x 2.0 x 6.0 x 10-2 (1) = 0.30 N. (1) [ 1.5/2, 75%]
3
DC.
Power = V2/R.  For AC use the RMS voltage, P = (150/sqrt(2))2/6.0 = 1875 W. (1) For DC, = 1202 / 7.0 = 2057 W. (1)  So DC provides more power. [ 1.4/2, 70%]
4a
45 kW 
Using P = VI, P = 900 x 50 (1) = 45,000 W = 45 kW. (1) [ 1.75/2, 87%]
4b
40 A
Total resistance = 7 + 18 = 25 ohm (1).  Using V = IR, I = 1000 / 25 = 40 A. 



(1) [ 1.1/2, 55%]
4c
No
Using V = IR, voltage across the AC motor = 40 x 18 (1) = 720 V (1)  which is less than 900 V (1). [ 1.46/3, 49%]
4d
i)
Use a step up transformer (1) to increase the transmission voltage which decreases the transmission current (1) and reduces the power loss.  A step down transformer will be needed at the end of the transmission lines to reduce the voltage to a level appropriate for the AC motor. 


ii)
Use wires of less resistance by either changing the material or making the wires fatter. (1)  This reduces the wire's contribution to the overall resistance (1) and so reduces the power loss in the wires and increases the power delivered to the AC motor. 



[ 1.97/4, 50%]
5a
10 Hz
Period = 100 ms, so the frequency = 1/(100 x 10-3) (1) = 10 Hz. (1) [ 1.49/2, 74.5%]
5b
14 V
Peak voltage = 20 V, so the RMS voltage = 20 / (sqrt(2)) = 14 V (1) [ 0.89/1, 89%]
5c
A sine curve with a period of 200 ms (1) with a peak voltage of 10 V (1) on a graph with scale. (1) Halving the speed doubles the period, but also halves the peak voltage as the same change in flux occurred in twice the time. [ 2.39/3, 80%]
6a
5 V
Ratio of turns = Ratio of voltages.  Vsec = (150/600) x 20 = 5.0 V (1) [ 0.85/1, 85%]
6b
To obtain a voltage in the secondary coil, there needs to be a changing magnetic flux through the coil. (1)  As the voltage at the primary coil is constant, there is only a constant magnetic field in the iron core and so in the secondary coil. (1) [ 0.72/2, 36%]
7a
Initially the flux through the coil is to the right and at a maximum value. (1)  Over the next quarter turn the amount of flux reduces to zero.  For the next quarter turn, the flux enters from the other side of the coil, starting at zero and building to a maximum value.  For the third quarter turn, the amount of flux reduces to zero and for the last quarter turn, the flux pass through the coil from the original side increasing back to the starting value.  This can be represented as a cos graph with amount of flux to the right as positive. (1) [ 0.85/2, 42.5%]
7b
125 turns.
Using Induced EMF = n /t with t = (1 / freq) x 1/4 (1) and area = 0.30 x 0.40. 



So n = 3.6 x (1/2 x 1/4)/ (0.030 x 0.30 x 0.40) (1) = 125 (1) [ 1.76/3, 59%]
7c
The original output would be a sine wave (1), while the output with a commutator would be same for the first half, but the second half would be inverted. (1) [ 1.19/2, 59%]
8a
A
Flux increases steadily in going from position 1 to 2, constant while in position 2 and decreases steadily when going from position 2 to position 3. (1) [ 0.77/1, 77%]
8b
D
The magnitude of the induced emf is given by the gradient of the flux / time graph.  he steady increases and decreases mentioned in 8a produce a constant emf with opposite polarities. (1) [ 0.74/1, 74%]
8c
Anti-clockwise (1)
As viewed from the South pole, the magnetic flux is outwards and decreasing, (1) so there will be an induced current in the loop such that its magnetic affect opposes the change, that is, the magnetic field of the induced current will point to the South Pole. (1)  To achieve this, the current will need to be an anti-clockwise current or from Y to X through the meter.


[ 0.95/3, 32%]
Interactions of Light and matter

1a
405 nm
Using c = f, l = 3.0 x 108 / (7.40 x 1014) = 405 x 10-9 m (1)  [ 0.65/1, 65%]
1b
For the particle model, increasing the intensity means more photons, each with the same energy as before. (1)  Whereas for the wave model of light , increasing the intensity means increasing the amplitude of the wave so there is more energy in the wave when it hits an electron, (1) so electrons should now be ejected. (1). [ 1.0/3, 33%]
1c
0.83 eV
Using E = hf - W = 4.14 x 10-15 x 7.50 x 1014 - 2.28 (1)= 3.105 - 2.28 = 0.825 eV(1)



 [ 1.59/2, 79.5%]
1d
0.83 V
The stopping voltage is numerically equal maximum kinetic energy expressed in eV. (1)


[ 0.41/1, 41%]
2a
1.5 x 1016
Number of photons per second = wattage of laser / energy of the photon.  



Number = 5.0 x 10-3 / (hc/) = = 5.0 x 10-3 x 612 x 10-9 / (6.63 x 10-34 x 3.0 x 108), (1) Number = 1.54 x 1016. (1) Note: use Joule sec value of Planck's constant. [ 0.75/2, 37%]
2b
Constructive interference, (1) because the path difference is zero. (1) [ 1.21/2, 60.5%]
2c
Path difference = 2.142 x 10-6 /612 x 10-9 (1)= 3.5 wavelengths, (1) so X is the second black bar from the right or the fourth black bar from C. (1) [ 1.76/3, 59%]
2d
459 nm
The path differences are the same, but different amounts of each wavelength. (1)  For the old pattern, the path diff is 1.5 wavelengths, while for the new pattern it is 2.0 wavelengths, so 1.5 x 612 = 2.0 x new .   new = 1.5 x 612 /2 = 459 nm. (1) 



[ 0.80/2, 40%]
3a
0.064 eV
KE = ½ mv2 = 0.5 x 9.1 x 10-31 x (1.5 x 105)2 Joules(1), 



then divide by 1.6 x 10-19 for eV. (1) [ 1.19/2, 59.5%]
3b
256 eV
Same spacing, means same wavelength and same momentum for the electron and the photon. (1) Momentum of electron,  p = mv.  Energy of the photon = hf = hc/, but for the photon, its momentum, p = h/, so for a photon, its energy can be written as E = (h/) x c = pc.  Substituting the electron's momentum for the photon's momentum gives, photon energy in joules = electron momentum x speed of light.  Photon energy in eV = electron momentum x speed of light / charge of an electron.



E = 9.1 x 10-31 x 1.5 x 105 x 3.0 x 108 / (1.6 x 10-19) (1) = 256 eV (1) [ 1.12/3, 37%]


Alternatively, the electron's momentum = 9.1 x 10-31 x 1.5 x 105 kg m/s, 



so, the photon momentum = 9.1 x 10-31 x 1.5 x 105 kg m/s,



and photon wavelength = 6.63 x 10-34 / (9.1 x 10-31 x 1.5 x 105) m



photon energy in joules = 6.63 x 10-34 x 3.0 x 108 x (9.1 x 10-31 x 1.5 x 105/6.63 x 10-34) J



photon energy in eV is



E (eV) = 6.63 x 10-34 x 3.0 x 108 x (9.1 x 10-31 x 1.5 x 105/6.63 x 10-34)/1.6 x 10-19 eV

4a
480 nm
Energy difference = 12.8 - 10.2 = 2.6 eV. (1) Wavelength of photon = hc/E



l = 4.14 x 10-15 3.0 x 108 / 2.6 = 478 x 10-9 m (1) [ 1.46/2, 73%]
4b
Electrons have a wavelength. (1)  In an atom electrons for standing waves, which only work for specific values of wavelengths. (1)  The energy of the electron is linked to its wavelength, so the energies are quantised. (1) [ 1.16/3, 39%]
Synchrotron and its applications

1.
A
Others are wrong

2.
C
Using F = Eq = Vq/d = 2000 x 1.6 x 10-19 / (5.0 x 10-2) = 6.4 x 10-15 N

3.
A
Using B = mv/qr = 9.1 x 10-31 x 2.7 x 107 / (1.6 x 10-19 x 14 x 10-2) = 1.1 x 10-3 T

4.
D
Using hand rule, conventional current is opposite to electron flow and force is inwards.

5.
C
Voltage is doubled, so speed is increased by sqrt (2) from 2.7 to 3.8 x 107 m/s

6.
C
Using n = 2d sin with n = 1, d = 0.12 x 10-9 / (2 x sin 9.8) = 3.5 x 10-10 m

7.
D
A, B are wrong, C would produce cancellation.

8.
A
Others are wrong

9.
C
Others are wrong

10.
D
Only electric fields can give electrons energy.

11.
B
Others are wrong

12.
D
Wiggler increases the intensity, so more photons.

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

	1
	75
	5
	4
	17
	0
	

	2
	4
	15
	63
	17
	0
	

	3
	80
	11
	6
	3
	0
	

	4
	10
	18
	4
	68
	0
	

	5
	4
	13
	63
	20
	0
	

	6
	5
	9
	80
	5
	0
	

	7
	16
	14
	11
	59
	0
	

	8
	44
	18
	29
	8
	0
	Option C:  X-rays from a synchrotron are often more energetic than those from an X-Ray tube, but not always, whereas A is always correct.

	9
	10
	15
	67
	8
	0
	

	10
	16
	10
	26
	48
	0
	Option C: The force on a moving electron produced by a magnetic field will change its direction of motion but not its energy. 

	11
	6
	78
	10
	6
	0
	

	12
	18
	12
	6
	64
	0
	


Average = 65.75% = 15.8 / 24

Photonics

1.
C
Energy = 2.6 eV.  Wavelength of photon = hc/E.  



 = 4.14 x 10-15 3.0 x 108 / 2.6 = 478 x 10-9 m = 480 nm.  Note: same data as L & M 4a.

2.
D
A, B, C are wrong.

3.
B
Others are wrong

4.
A
Others are wrong.

5.
C
For TIR, the refractive index of the cladding must be less then the core, but greater than one.

6.
B
Using Snell's law, 1.0 x sin = 1.62 x sin (90 - 70), so sin  = 0.554,  = 33.6

7.
B
Smallest acceptance angle means the largest critical angle, which means the closest set of indices, but with that of the core being greater.  A and C have n for the cladding greater and D has a larger difference.

8.
C
The refractive index is a measure of how much the light is slowed down, so green light is slower than infra red in the fibre.

9.
D
Others are wrong.  It is possible that for alternatives A and D the word 'attenuation' should have been 'absorption', but this does not change the answer.

10.
B
Others are wrong

11.
A
Others are wrong

12.
D
Multimode and broad spectrum increase dispersion.
	Question
	% A
	% B
	% C
	% D
	 NA
	Most common error

	1
	4
	6
	88
	2
	
	

	2
	21
	7
	10
	62
	
	

	3
	10
	54
	29
	7
	
	

	4
	68
	21
	7
	4
	
	

	5
	3
	4
	87
	6
	
	

	6
	8
	78
	8
	6
	
	

	7
	8
	67
	10
	14
	
	

	8
	9
	21
	58
	12
	
	

	9
	9
	5
	8
	78
	
	

	10
	12
	73
	8
	7
	
	

	11
	69
	11
	12
	8
	
	

	12
	7
	4
	12
	77
	
	


Average = 71.6% = 17.2 / 24

Sound

1.
B
Using v = f,  = 340 / 100 = 3.4 m.

2.
C
Others are wrong

3.
C
Using L in dB = 10 log (I1/I0), I1 = 1.0 x 10-12 x 10(63/10) = 2.0 x 10-6 W/m2

4.
A
Halve the distance, four times the intensity. Each doubling adds 3dB, so 69 dB

5.
D
From the graph

6.
C
From the graph the 3000 Hz sound has a higher loudness, greater than 50 phon, whereas 1000 Hz has only 40 phon.

7.
D
From the graph the response for 3000 Hz is less than that for 1000 Hz

8.
A
Diffraction causes the short wavelength sound to diminish for Xena.

9.
B
 = 340 / 170 = 2.0 m,  the fundamental is /4 so length = 0.50 m

10.
C
Closed end, so resonance at odd multiples of a quarter wavelength, that is, ¼, ¾, 5/4, etc.  Next resonance at 3 x 0.5 = 1.5 m

11.
A
Others are wrong

12.
C
Others are wrong.

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

	1
	1
	98
	0
	1
	
	

	2
	20
	17
	52
	11
	
	

	3
	3
	5
	89
	4
	
	

	4
	64
	40
	8
	7
	
	

	5
	1
	1
	4
	94
	
	

	6
	2
	24
	59
	14
	
	

	7
	8
	3
	12
	77
	
	

	8
	68
	13
	13
	6
	
	

	9
	4
	74
	13
	9
	
	

	10
	9
	16
	65
	10
	
	

	11
	87
	5
	5
	3
	
	

	12
	8
	9
	77
	6
	
	


Average = 75.3% = 18.1 / 24







