Solutions to the 2014 VCE Physics Exam Paper

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.  Their purpose is 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.  For the multiple choice questions of the Detailed Studies, the percentage choosing each answer, the percentage and any comment on significant distracters are in a table at the end of each Detailed Study.

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

Revision questions based on the stems of most of the questions in the 2014 exam paper are provided at the end of this document.

Motion in one and two dimensions

1a
2.5 m
u = 0, a = 0.20, t = 5, s = ?  Use s = ut + ½at2.  



s = 0 + ½ x 0.20 x 52 (1) = 2.5 m (1) [ 1.7/ 2, 85 %]

1b
4,000 N
T = tension in coupling.  T = net force on Trucks 1 & 2 



T = Combined mass of Trucks 1 & 2 x accel'n = (2 x 10,000) x 0.20 (1)


T = 4,000 N (1) [ 1.0/ 2, 50 %]



Longer method: Net force on locomotive and trucks = .....

1c
2.0 m/s
Conservation of momentum:  Total momentum before = total momentum after.



40,000 x 4.0 = (40,000 + 4 x 10,000) x v (1), so v = 2.0 m/s (1) [ 1.6/ 2, 80 %]

1d
Inelastic (1)
Collision is sticky with masses staying attached. (1)  .  


KE before = ½ x 40,000 x 4.02 = 320,000 J (1) , while KE after = ½ x 80,000 x 2.02 = 160,000 J (1)  which is less. [ 2.1/3 , 70 %]

2a
Use F = kx.  For one 50 g mass, F = 50 x 10 /1000 N, while extension, x, = 50 - 40 = 10 cm, (1)

x = 0.1m.  So k = F / x = (50 x 10 / 1000) / 0.1 = 5.0N/m (1) [ 1.2/ 2, 60 %]

2b
0.80 m
GPE at top = Spring PE at bottom as KE = zero.  Let extension = l.  



So GPE = mgh = (4 x 50 /1000) x 10 x l and Spring PE = ½ x 5.0 x l2 . (1)


Equating, 2 x l = 5.0 x l2 / 2 (1), giving l = 0.80 m. (1) [ 0.6/ 3, 20 %]

2c
Kinetic energy has not been included (1).  The sum of KE, GPE and Spring PE is constant. (1) 


[ 0.7/ 2, 35 %]

2d
2.0 m/s
The maximum speed will occur when downward acceleration has decreased to zero before becoming an upward acceleration.  This occurs when the weight force, mg, and the tension, kx, balance.  



This extension can be obtained from mg = kx.  



(4 x 50 /1000) x 10 = 5.0 x extension.  This gives an extension = 0.40 m. (1)  



At this extension, gain in KE = loss of mgh - increase in spring PE 



KE = (4 x 50 /1000) x 10 x 0.40 - ½ x 5.0 x 0.42 (1)


KE = 0.8 - 0.4 = 0.4 J.  ½mv2 = 0.4, (1) so v2 = 4, v = 2.0 m/s. (1) [ 0.5/ 4, 12 %]

3a
5.0 m
a = -10, v = 0, u = 20 sin300 = 10, s = ?, Use v2 = u2 + 2as.  0 = 100 - 20s, (1)


s = 5.0 m (1) [ 1.5/ 2, 75 %]

3b
3.75 m
Find time of flight from horizontal motion, then use vertical motion to find h. 



Horiz: u = 20 cos300, s = 26, t = ?.  t = 26 / (20 x cos 30) = 1.50 s (1)


Vert: a = -10, , u = 20 sin300 = 10, t = 1.50, s = h.  Use s = ut + ½at2


h = 10 x 1.5 - 0.5 x 10 x 1.502 (1) = 3.75 m (1) [ 1.6/ 3, 53 %]

4a
14 m/s
At only force acting is mg, so mg = mv2/r.  r = 20 m, 



so v2 = gr = 10 x 20 = 200 (1) v = 14 m/s. (1) [ 1.4/ 2, 70 %]
4b
Feeling weightless means that the reaction force by the car on Mary and Bob is zero (1).  That is the only force acting on them is their weight, the force by the earth on Mary and Bob (1).  They are in effect in free fall (1). [ 1.2/ 3, 40 %]

4c
The up arrow (1) should be longer than the down arrow (1) by the distance of the dotted arrow. (1) [ 2.0/ 3, 67 %]
5a
1.1 x 1031 kg
T = 1200 hours = 1200 x 3600 s



R = 7.0 x 1010 m.



Use GM/R2 = R/T2 to find M



M = R3/(T2G) (1), (1), (1)


M = 1.08 x 1031 kg. (1) 



[ 2.4/ 4, 60 %]

5b
No (1).  All objects at the same distance from the star will have the same period. (1) 


[0.8 / 2, 40 %]

Electronics and photonics

6a
Zero (1)
There is no current through the voltmeter.  There is no voltage drop across the meter as the two wires connected to the meter are at the same potential. 



[ 0.93/ 1, 93 %]

6b
2.0 V
The total resistance = 900 + 300 = 1200 ohms.  R2 is ¼ of this total, so the voltage across R2 is ¼ of 8.0 V (1) = 2.0 V. (1) [ 1.5/ 2, 75 %]

7a
60 ohm
Use power dissipate in the LED to determine the current through it when 



V = 20V, using P = VI.  I = 300 x 10-3 / 2 = 150 x 10-3 A. (1)  



Voltage drop across R = 11 - 2 = 9 V, so, using V=IR, R = 9 / (150 x 10-3) (1),



R = 60 ohm. (1)  [ 2.0/ 3, 67 %]

7b
4.5 W
Voltage drop across R = 12 - 3.0 = 9.0 V.  Current through R = 500 mA.  So, using P = VI, P = 9.0 x 500 x 10-3 (1) = 4.5 W. (1)  [ 1.3/ 2, 65 %]

8a
3.6 mA (1)
From the graph, when V = zero, I = 3.6 mA. [ 0.88/ 1, 88 %]

8b
1.3 V (1)
From the graph, when I = zero, V = 1.3 V. [ 0.64/ 1, 64 %]

8c
625 ohm
From the graph, at V = 1.0 V, I = 1.6 mA. (1)  So using V=IR, R = 1.0 / (1.6 x 10-3) (1) 


 R = 625 ohm. (1)  [ 2.2/ 3, 73 %]

9
At times: 0 - 1, 2 - 3, 4 - 5 and 6 - 7, intensity = zero. 


At times: 1 - 2, 3 - 4, intensity = max. (1)  


At time 5 - 6, intensity = one third of max value. (1) 


[ 0.6/ 2, 30%]

10a
Positive gradient (1).  Clipping occurs at Vout = 1.0 V. (1) With gain = 200, this occurs at Vin = 1.0 / 200 = 5mV . (1) [ 2.1/ 3, 70 %]
10b
Non-inverting, so output is positive for t = 0 to 2 ms, (1) but is clipped at Vin > 5mV, (1) with output max value at 1.0 V. (1) [ 2.0/ 3, 67 %]





 SHAPE  \* MERGEFORMAT 
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11
400 ohms
At 300 lux, RLDR = 0.5 kohms = 500 ohms. (1) For VC to equal 4.0 V, Voltage across RLDR = 9 - 4 = 5 V. (1) Using voltage divider relationship, 



5 = 9 x (500 / (500 +RV), so RV = (9 x 500 / 5) - 500 (1) = 400 ohms. (1) 



[ 2.6/ 4, 65 %]

Electric Power

12a
A (1)
The current is going up the front, so using Right Hand Grip Rule, the field inside the coil is to the left.  [ 0.51/ 1, 51 %]

12b
E (1)
Using hand rule, field to the left, current up the page, so force out of the page. Conseq on 12a [ 0.66/ 1, 66 %]

13a
C, D (1)
A, B: no change in flux through the loop, hence wrong. C: decrease in flux, right and D: Variation in flux. right.  [ 0.33/ 1, 33 %]

13b
20 ohms
Average induced EMF =  / t = (BA) / t 



Average induced EMF  = (0.050 -0) x 0.080 / (10 x 10-3) (1)


Average induced EMF = 0.4 V. Average induced So, using V=IR, 



R = 0.4 / 0.020 = 20 ohms (1) [ 1.8/ 3, 60 %]

13c
Clockwise
Flux before is downwards, flux after is zero, so direction of change of flux is upwards. (1)  The direction of the induced magnetic field must then be downwards to oppose the change. (1)  To produce such a magnetic field, using the right hand grip rule, the current must go clockwise. (1) [ 1.1/ 3, 37 %]

14a
Zero (1)
Transformers require a changing voltage to work. A constant DC Voltage at the input will produce a zero voltage at the output. [ 0.3/ 1, 30 %]

14b
14.1 V
Turns ratio = 5200 / 130 = 40, so the input RMS voltage will be 400 / 40 = 10 volts. (1)  The peak voltage will be √2 x 10 = 14.1 V. (1)  [ 1.4/ 2, 70 %]

15a
10 V (1)
Voltage loss = 13 - 3 = 10 V.  [ 0.74/ 1, 74 %]

15b
6.0 W (1)
Using P = V2/R , P = 3.02 / 1.5 = 6.0 W.  [ 0.65/ 1, 65 %]

15c
2.0 A (1)
Using V=IR, I = 3.0 / 1.5 = 2.0 amp.  Also using the wires, I = (13 - 3.0) / 5.0 = 10/5.0 = 2.0 amp, or the whole circuit, I = 13/ 6.5 = 2.0 amp.  [ 0.59/ 1,  59%]

15d
26 V
If V across globe = 6.0 V, then the current through the globe = 6.0 / 1.5 = 4.0 amp. (1)  So required DC voltage would be, using the whole circuit and V=IR, 



V = 4.0 x 6.5 (1)  = 26 V. (1) [ 1.4/ 3, 47 %]

16
Transmission losses are power losses in transmission lines.  Power loss is given by I2R. (1)  Power losses can be reduced by reducing the current. (1)  An ideal step up transformer increases the output voltage, but decreases the output current, keeping the input and output power constant. (1)  The turns ratio determines the output values (N1 / N2 = V1 / V2 = I2 / I1 and V1I1 = V2I2).  Decreasing the current in the lines by a factor of 10, decreases the power loss by a factor of 100 because of I2R.  A step down transformer is need at the other end of the lines to bring the voltage down to a level to operate devices. (1)  [ 1.7/ 4, 42 %]

17a
WX: down, XY: no force, YZ: up, ZW: no force.  Use Hand Rule with Field: Left to Right and the current going clockwise around the loop.  For XY and ZW, the current is parallel to the field, so zero force. [ 1.5/ 2, 75 %]

17b
1.2 N
Using F = nBIl, F = 75 x 0.020 x 2.0 x 0.40 (1) = 1.2 N (1) [ 1.5/ 2, 75 %]

17c
The forces on WX (down) and ZY (up) constitutes a torque, (1) that is, while the two forces are equal in magnitude and opposite in direction, they act at different points, on opposite sides of an axis. (1)  This makes the coil rotate.  [ 1.0/ 2, 50 %]

17d
Position
Current in side WX


Before the vertical position
From W to X
As in Figure 27


at the vertical position
No current
split in ring is connected to wire from W


After the vertical position
From X to W
Wire from W is now connected to other side of the commutator.  [ 2.4/ 3, 80 %]

18a
The magnetic flux through the loop is constantly changing (1).  As the loop rotates, the amount of magnetic flux through the loop increases from zero to a maximum, when the loop is face on to the field then decreases back to zero, when it is flat in the field.  With further rotation the magnetic flux comes through from the other side, small at first, but increasing to a maximum, then decreasing to zero.  This variation in flux can be described with a sine wave (1).  The induced voltage, which the CRO displays, is related to change in magnetic flux, specifically the gradient of the flux graph (1).  The gradient of a sine wave is also a sine wave, so the induced voltage is AC.  [ 1.1/ 3, 37 %]

18b
20 Hz
Period = 2 x 25 ms = 50 ms, (1) so the frequency = 1/ (50 x 10-3) = 1000/50 



freq = 20 Hz. (1) [ 1.1/ 2, 55 %]

18c
Increase
Because of the shorter time from zero flux to maximum flux, the same change in magnetic flux takes place more quickly producing, (1) by Faraday's law, a greater induced voltage. (1) [ 1.2/ 2, 60 %]

Interactions of Light and matter

19a
840 nm (1)
P is second bright band from M, so path difference = 2  = 2 x 420 nm = 840 nm.  [ 0.6/ 1, 60 %]

19b
560 nm
Path difference is now 1.5 , so 840 = 1.5 x ,  = 840/1.5 (1) 



= 560 nm. (1)  [ 0.9/ 2, 45 %]

20a
1.2 x 10-18 J
Using Work function = hfThreshold = 6.63 x 10-34 x 1.8 x 1015 (1) = 1.2 x 10-18 J. (1) 


[ 1.5/ 2, 75 %]

20b
The particle model of light suggests that if you increase the intensity of the light with the same frequency, then more photons (1), each with the same energy (1), are produced.  Each photon interacts with only one electron (1), so with an unchanged photon energy, the maximum kinetic energy of ejected electrons will be unchanged, although there will be more electrons ejected. 


[ 0.8/ 3, 27 %]

21a
3.0 x 10-7 m
Using E = hf = hc/,  = hc/E = 4.14 x 10-15 x 3.0 x 108 / 4.1 (1) 


 = 3.0 x 10-7 m. (1)   [ 1.4/ 2, 70 %]

21b
smaller than (1) 
[ 0.55/ 1, 55 %]

21c
The amount of diffraction increases with wavelength and decreases with gap width. (1)  The gap width has increased so the spreading is decreased. (1) [ 0.7/ 2, 35 %]

21d
The spacing in a diffraction is determined by the wavelength, in the case of X-rays and also electrons (1) .  The wavelength of each of these is related to its momentum by the de Broglie relationship p = h/(1).  However, the connection between energy and momentum for the X-ray and the electron are quite different because the electron has mass (1).  For the electron, E = p2/2m, while for X-rays, E = pc.  [ 1.0/ 3, 33 %]

22a
The first excited state has an energy value of 4.9 eV. If an electron in this state absorbed a 1.8 eV photon, it would have 4.9 + 1.8 = 6.7 eV of energy which corresponds to the 2nd excited state. (1)  For an electron in the first excited state to emit a photon, it would need to drop down to the ground state at 0eV, which would produce a photon with energy 4.9 eV. (1)  


[ 0.8/2 , 40 %]

22b
8.9 eV
Jump of 0.9 eV to 6.7 eV gives 7.6 eV.  Jumps of 0.9 eV from 10.4 eV and 9.8 eV give 9.5 eV and 8.9 eV, resp. (1)


Jump of 1.5 eV to 6.7 eV gives 8.2 eV.  Jumps of 1.5 eV from 10.4 eV and 9.8 eV give 8.9 eV and 8.3 eV, resp. (1)


Jump of 2.2 eV to 6.7 eV gives 8.9 eV.  Jumps of 2.2 from 10.4 eV and 9.8 eV give 8.2 eV and 7.6 eV, resp.  (1)


Only 8.9 eV is a possibility with all three transitions.  [ 1.2/ 3, 40 %]

23a
0.36 nm
 = h/p = h/mv = 6.63 x 10-34 / (9.1 x 10-31 x 2.0 x 106) = 3.64 x 10-10 m (1)


 =  0.364 nm. (1)   [ 1.2/ 2, 60 %]

23b
The wave nature of an electron means that in the confined space of an atom, it can form a standing wave, (1) but the size of the space limits which wavelengths can form standing waves. (1)  That is, only certain wavelengths can set up a standing wave.  Only specific values of wavelength are allowed and since the electron's momentum is related to the wavelength and the energy of the electron is related to its momentum, only specific value of electron energy are allowed. (1) That is the electron's energy is quantised.  [ 1.1/3 , 37 %]

Einstein’s special relativity

1.
B
A: Wrong, B: Correct, although poor phrasing, C: Time measurements of moving objects would not be proper time, D: Wrong

2.
D
A: No, they weren't, B: Incorrect, C: No, it wasn't, D: Correct

3.
C
Length contraction,  = l0 / (l0 - l) = 2.0 / (2.0 - 0.010) = 1.005, this gives v = 0.10c

4.
B
By comparison with sound in air, the speed of radio signal relative to galaxy = c towards Hector.  Hector is moving away at 0.4c, so the radio signal would be gaining on Hector at 0.6c.  

5.
A
Distance = speed x time = 3 x 108 x 0.0100 = 3 x 106 m = 3000 km.

6.
D
Neither crew can measure the proper time.  C is the same as A.  D is best answer.

7.
B
The spacecraft moving at constant velocity is in its own inertial frame, and will give the same reading as when stationary in the galaxy's frame.

8.
C
Length contraction: length = 5.00 / 1,25 = 4.0 m

9.
A
Time dilation: period = Distance / speed = (2 x 5.00) / (3 x 108) = 3.3 x 10-8 s.  Time in galaxy frame = 1.25 x 3.3 x 10-8 = 4.2 x 10-8 = 42 ns

10.
B
Rest mass energy  = ½ x 4.5 x 10-11 J.  Rest mass = ½ x 4.5 x 10-11 / (9 x 1016) 



Rest mass = 2.5 x 10-28 kg

11.
A
Work done = (-1)m0c2 = (3 - 1) x m0c2 = 2 m0c2 = 2 x ½ x 4.5 x 10-11 = 4.5 x 10-11 J

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

	1
	15
	52
	31
	2
	0
	

	2
	3
	6
	7
	84
	0
	

	3
	15
	18
	40
	26
	1
	

	4
	24
	25
	14
	37
	0
	A: the relativistic interpretation, not classical as asked. D: Forgot that the two speeds are in opposite direction

	5
	62
	11
	13
	14
	0
	

	6
	14
	7
	42
	37
	0
	C: A deceptive distractor, see answer above

	7
	32
	40
	26
	2
	0
	A and C: Misunderstanding of perception in a frame moving at a constant speed

	8
	5
	7
	83
	5
	0
	

	9
	28
	34
	20
	18
	0
	B: Answer is the proper time, but question asks for time in the fame of the galaxy, which will be increased by time dilation.

	10
	9
	52
	30
	9
	0
	

	11
	39
	20
	14
	26
	1
	


Average = 49.3%, 10.8 marks out of 22.

Investigating materials and their use in structures

1.
A
With four masses, the extension is 2.0 mm, so the strain = 2.0 x 10-3 / 2.0 = 1.0 x 10-3.

2.
C
With four masses, the force = 4 x 50 x 10/1000 = 2.0 N.  Stress = 2.0 / 4.0 x 10-8 = 0.5 x 108 Stress = 50 x 106 = 50 MPa.

3.
C
Gradient = 200 x 106 / (1.0 x 10-3 ) = 2.0 x 1011 N/m2
4.
D
Area under graph = 9 x ½ x 400 x 106 x 0.5 x 10-3 = 9 x 105 J/m3
5.
A
Tungsten takes a greater stress and has a longer ductile section, so A.

6.
B
Breaking stress of Tungsten = 400 x 106, force = 400 x 106 x 1.0 x 10-8 = 4.0 N. One 50 g mass has a weight of 50 x 10 /1000 = 0.5 N, so 8 masses are needed.

7.
B
Normally take torques about X, but the weight and tension act through the same point, so vertical component of the tension, T sin300 = weight.  T = (50 x 10/1000) / sin300 = 1.0 N.

8.
B
Since the weight and tension act through the same point, the vertical components cancel and there is no need for a vertical component to the force by the wall on the beam, so the force acts in the direction B.

9.
B
Torque = (150 x 10/1000) x 0.80 = 1.2 Nm

10.
D
All the blocks are under compression, no part of any block is under tension, so reinforcement is not needed, D.

11.
D
The weight downwards at C will put AC, BC, CD and CE under tension and AB, BD and DE under compression.  Beams under tension can be replaced by cables.

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

	1
	84
	9
	4
	3
	0
	

	2
	3
	18
	71
	8
	0
	

	3
	5
	3
	90
	2
	0
	

	4
	5
	15
	12
	68
	0
	

	5
	59
	5
	3
	33
	0
	

	6
	18
	57
	14
	11
	0
	

	7
	17
	56
	19
	8
	0
	

	8
	25
	39
	33
	13
	0
	

	9
	8
	60
	26
	6
	0
	

	10
	27
	19
	8
	46
	0
	

	11
	13
	8
	15
	64
	0
	


Average = 63.1%, 13.9 marks out of 22.

Further electronics

1.
D
A: Wrong, B: Wrong, C: Wrong, D: Correct

2.
B
Voltage ratio = 24/6 = 4, so turns ratio (primary to secondary) should also = 4 = 500/ 125.

3.
C
Time constant = 20 ms, R = 1.0 x 103 , so C = 20 x 10-3 / (1.0 x 103) = 20 x 10-6 = 20 F

4.
A
Period = 10 ms, so frequency = 1 / (10 x 10-3) = 100 Hz.

5.
B
Max voltage = 8.5 V.

6.
A
Large capacitor means longer time constant and smoother signal.

7.
D
Zener diodes work in the reverse bias mode, which is D

8.
B
Power loss = V x I = (11 - 6) x 5 = 25 W

9.
C
A: will produce a smoother signal, B: Voltage will be picked up sooner and won't fall as far.  C: longer time before next peak comes through, so correct. D: will produce a smoother signal. 

10.
D
Smallest amplitude means longest time constant, so largest resistance.

11.
A
First half of signal is partly smoothed and capped at 5V, but second half is blocked, allowing the capacitor to decay further.

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

	1
	12
	23
	10
	55
	0
	

	2
	11
	75
	9
	5
	0
	

	3
	12
	10
	59
	19
	0
	

	4
	59
	17
	10
	14
	0
	

	5
	3
	69
	13
	14
	0
	

	6
	75
	15
	5
	5
	0
	

	7
	17
	13
	15
	55
	0
	

	8
	4
	61
	15
	20
	0
	

	9
	15
	25
	35
	25
	0
	See answers above for comments about B and D

	10
	29
	7
	16
	48
	0
	

	11
	29
	22
	29
	20
	1
	C: Second half of voltage won't be displayed because the faulty diode resistance is now infinite.


Average = 56.4%, 12.4 marks out of 22.

Synchrotron and its applications

1.
A
Using F = Eq, E = F/q = 7.2 x 10-14 / (1.6 X 10-19) = 4.5 X 105 V/m

2.
A
A: Correct, B, C: Wrong, D: Beamlines contain radiation, but it is not produced there.

3.
B
Using Bqv = F = ma, a = Bqv/m = 0.27 x 1.6 x 10-19 x 2.5 x 108 / (9.1 x 10-31) 



a = 1.2 x 1019 m/s2
4.
D
Using r = mv/Bq, r = 9.1 x 10-31 x 2.5 x 108 / (0.27 x 1.6 x 10-19) = 5.27 x 10-3 m.  Alternatively, use the answer from Q'n 3 in the relationship a = v2/r.

5.
A
A: Correct because photon frequency is proportional to energy, B: Obviously wrong from looking at the graph, C: Opposite of A and wrong, D: Obviously wrong from looking at the graph.

6.
C
Radiation travels in the direction of the tangent into the beam line.

7.
B
Using lost energy = KE.  hf = ½mv2, 



v2 = 2 x 6.63 x 10-34 x (2.30 - 2.22) x 1018 / (9.1 x 10-31), v = 1.08 x 107 m/s.



Alternatively use: Change in photon momentum = mv, 



v = 6.63 x 10-34 x (2.30 + 2.22) x 1018 / (3 x 108 x 9.1 x 10-31) .  Note '+" because change in photon's direction.

8.
D
Thomson: Elastic.  No change in energy and so no change in wavelength or frequency



Compton: Photon energy transferred to an electron, photon has less energy and so, longer wavelength and smaller frequency.

9.
B
Using n = 2dsin, n = 1,  = 0.082 nm, d = 2.7 x 10-10 m, so sin = 0.152 and  = 8.70
10.
C
Using n = 2dsin, for a fixed  , if d is decreased, increases, so the angle for the first peak is greater and so there will be less peaks between 0 and 90.

11.
C
A: Lasers are not divergent, B: Lasers are monochromatic, C: Correct, D: Synchrotron radiation is not divergent.

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

	1
	66
	13
	17
	4
	1
	

	2
	76
	10
	6
	8
	0
	

	3
	10
	76
	12
	2
	0
	

	4
	5
	7
	7
	81
	0
	

	5
	88
	10
	32
	9
	1
	

	6
	2
	11
	83
	4
	0
	

	7
	16
	59
	16
	8
	0
	

	8
	4
	6
	15
	75
	0
	

	9
	6
	79
	9
	6
	0
	

	10
	4
	10
	53
	33
	0
	

	11
	6
	4
	78
	12
	0
	


Average = 74%, 16.3 marks out of 22.

Photonics

1.
B
From acceptance angle, 1.0 x sin 150 = 1.4 x sin , q = 10.650, so the critical angle at the cladding is 90 - 10.65 = 79.350. 

2.
D
Critical angle is only dependent of refractive indices of the core and cladding.  Using 1.4 x sin c = n x sin 900 to decrease the critical angle, c, n, the refractive index of the cladding,  would also need to decrease.

3.
C
A, B: Irrelevant, C: Correct, D: Wrong

4.
B
Using E = hc/ , E = 4.14 x 10-15 x 3 x108 / (800 x 10-9) = 1.5 eV.

5.
B
A: Photon emission is stimulated it is not spontaneous but the transition is from upper to lower state, B: Correct, C, D: Wrong

6.
C
Wavelength is dependent only of the design of the LED, not the current through it.

7.
A
A: Correct, B: not coherent, C: not proper reason for incoherence, D: Incorrect

8.
A
A wider fibre is need to collect more light.  Tan of acceptance angle = 1.0 /10.0 = 0.1, so angle = 5.70

9.
D
A: pulse is monochromatic so wrong, B: Rayleigh scattering leads to attenuation, not impulse broadening, C: Light entering the cladding doe snot come back, D: Correct.

10.
D
At 1800 nm, main cause is absorption, so either A or D, however fibre is pure so, D.

11.
C
A: Wrong, any difference in the range of wavelength of LEDs compared to lasers is minor, B: Modal dispersion does not depend on the nature of the light source, C: Correct, D: Scattering does not depend on the nature of the light source.

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

	1
	7
	54
	21
	16
	1
	

	2
	7
	12
	37
	43
	1
	C: Incorrect interpretation of relationship

	3
	23
	44
	31
	1
	1
	See answers above

	4
	8
	76
	9
	6
	1
	

	5
	24
	41
	19
	15
	1
	

	6
	17
	5
	63
	13
	2
	

	7
	32
	11
	46
	10
	1
	See answers above

	8
	14
	19
	28
	38
	1
	B: 2.0 cm is diam, radius of 1.0 cm should have been used., C, D see answer above

	9
	19
	17
	5
	57
	2
	

	10
	41
	19
	5
	33
	2
	See answers above

	11
	48
	26
	12
	12
	2
	


Average = 44.7 %, 9.8 marks out of 22.

Sound

1.
A
A: Correct; B: wrong; C: Sound in longitudinal, not transverse; D: Longitudinal yes, but 340 m/s is the speed of the wave not the particles.

2.
C
Using L in dB = 10 log (I/I0), Intensity of 60 dB = 1 x 10-12 x 1 x 106 = 1 x 10-6
3.
C
Double the distance, so the intensity is ¼ of that at Richard.  Halving the intensity reduces the dB level by 3dB, so in the case the decrease is by 6dB to 60 - 6 = 54 dB.

4.
D
From the graph, 5000 Hz and 60dB meet at the 70 phon line.

5.
D
When resonance occurs, that frequency is reinforced producing a louder sound.

6.
C
At first resonance, the length of air column = /2, so  = 2 x 1.70 = 3.40 m, giving a frequency of 340 / 3.40 = 100 Hz

7.
B
With closed end, at first resonance, the length of air column = /4, , so  = 4 x 1.70 ,



 = 6.80 m, giving a frequency of 340 / 6.80 = 50 Hz.  With only odd harmonics, the next resonance is at 3 x 50 = 150 Hz.

8.
D
The pressure will be constant at atmospheric pressure so the reading will be zero.

9.
B
As a speaker vibrates, it produces a compression at the back and a rarefaction at the front and vice versa.  Without the baffle low frequency compressions from the back of the speaker can partially cancel with rarefactions from the front of the speaker, reducing the volume of low frequency sound.  The baffle blocks the meeting of the two waves.

10.
A
Interference due to cancellation, see above answer.

11.
B
Low frequency sounds diffract more than high frequency sounds, so John will hear the low frequencies for a longer time.

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

	1
	70
	3
	9
	18
	0
	

	2
	3
	8
	83
	6
	0
	

	3
	18
	11
	57
	14
	0
	

	4
	5
	4
	9
	82
	0
	

	5
	3
	20
	10
	67
	0
	

	6
	4
	9
	83
	4
	0
	

	7
	7
	67
	17
	9
	0
	

	8
	17
	22
	31
	30
	0
	C: This answer corresponds to a pressure antinode.

	9
	9
	61
	22
	7
	0
	

	10
	79
	11
	4
	6
	0
	

	11
	3
	79
	14
	3
	0
	


Average = 68.9 %, 15.2 marks out of 22.

Revision questions based on the question stems in this paper

Motion in one and two dimensions

Q'n 1a, b

· Calculate the gain in kinetic energy of the locomotive and the trucks.

· Calculate the work done by the tension in the coupling on trucks 1 and 2

Q'n 1c, d

· What is the impulse of four trucks on the locomotive?

· Estimate the time of impact between the locomotive and the four trucks and calculate the size of the average force acting between them.

Q'n 2b, d

· Repeat 2b and 2d for two 50 g masses.

Q'n 3a

· Calculate the time to maximum height

Q'n 3b

· Calculate the velocity with which the ball hits the board.

Q'n 4c

· Label the arrows as 'Force by A on B'

Q'n 5a

· Another planet is discovered around this star at a distance of 14.0 x 1010 m.  Use ratios to determine its period.

Electronics and photonics

Q'n 6a, b

· What is the current through the 900  resistor with the switch open and the switch closed?

Q'n 8c

· Repeat Q'n 8c, but the photodiode current is to be 3 mA

Q'n 11

· Repeat Q'n 11, but a different control system that switches at VC = 7.0 V and the light needs to turn on or off at 100 lux.

Electric power

Q'n 12a

· Two of the wrong answers to 12a have correct consequentials in 12b, which are they?

Q'n 15a

· Calculate the power loss in the connecting wires.

Light and matter

Q'n 20b

· Explain why this result does not support the wave model of light.

Q'n 21a

· What is the photon's frequency?

Q'n 23a

· Calculate the electron's kinetic energy

· Calculate the energy of a photon with the same wavelength.
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