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VicPhys



Solutions to the 2015 VCE Physics Exam Paper

Suggested Marking Scheme in italics.

Consequentials are indicated as “Conseq on 1”

These suggested solutions have been prepared by Vicphysics Teachers' Network.  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 each question.

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

Revision questions based on the stems of some of the questions in this exam paper are provided at the end of this document. 
Motion in one and two dimensions

1a
5.0 m s-1
Using Momentum before = Momentum after and taking motion to the right as positive, momentum before = 4.0 x 8.0 = 32 kg m s-1, momentum after = 4.0 x -2.0 + 8.0 x v. (1)  So 32 = -8.0 +8v, giving 8v = 40 and v = 5.0 (1) [ 0.9/ 2, 45 %]

1b
Inelastic (1), KE has been lost.  KE before = ½ 4.0 x 8.02 = 128 J.  KE after = ½ 4.0 x 2.02  + ½ 4.0 x 5.02 = 108 J. (1)  Conseq on 1a [ 1.3/ 2, 65 %]

1c
40 Ns, left
Magnitude of Impulse by B on A = magnitude of Impulse by A on B, which is easier to calculate, do I = p = 8.0 x 5.0 = 40 kg m s-1 or 40 (1) N s (1). The direction of the impulse by block B on block A is in the direction of the acceleration of block 1, which is to the left. (1)  [ 1.9/ 3, 63 %]

2a
2.0 m s-2  
Net force on the system is the weight force of the M2 mass, which using W = mg = 1.0 x10 = 10 N.  Using Net F = total mass x accel'n (1), the accel'n = 10 / (1 .0 + 4.0) = 2.0 m s-2 (1) [ 1.1/ 2, 55 %]

2b
8.0 N
Using Net F = ma with mass M1,  Tension = ma (1) = 4.0 x 2.0 = 8.0 N. (1) Conseq on 2a [ 1.1/ 2, 55 %]

3a
An arrow drawn pointing upwards with the label, FR starting from the car.
 [ 0.8/ 1, 80 %]

3b
38 N
Using Net force = ma, where a = v2/r.  Net force is upwards and equal the reaction force by the track on the car, N, minus the weight force, mg. 



N - mg = mv2/r, which gives N = mg + mv2/r  (1) = 2.0 x 10 + 2.0 x 6.02 / 4.0 



N = 20 + 18 = 38 N (1) [ 1/ 2, 50 %]

4a
Horizontal dotted line labeled FR, (1)  a vertically downward arrow from the car labeled W or mg (1) and a oblique upward arrow from the car perpendicular to the inclined plane labeled N (1)  [ 2.3/ 3, 77 %]

4b
7.6o or
Note: stem of whole question gives speed = 2.0 m s-1, while part b) has 


17 o
speed = 3.0 m s-1, so two answers are accepted.  



From mg = N cos, and FR = mv2/r = N sin, tan = v2/gr (1) 



tan = 3.02 / (10 x 3.0), (1), tan = 0.3, so  = 16.7o (1) [ 2/ 3, 67 %]

5a
20 m
Vertical motion: u = 40 sin 30o = 20 ms-1, v = 0, a = -10 ms-2, s = ?, use v2 = u2 + 2as to find 'h'.  0 = 202 + 2 x -10 x h (1) , h = 400 / 20 = 20 m (1)  [ 1.6/ 2, 80 %]

5b
25 m
Find time of flight, then this value to find 'd'.  Horizontal motion: v = 40 cos 300, s = 173 m, t = ? use t = s/v,  t = 173 / (40 cos 300). (1)


Vertical motion: u = 40 sin 30o = 20 ms-1, a = -10 ms-2, t = 173 / (40 cos 300). 



s = ?, use s = ut + ½at2, 



s = 20 x 173 / (40 cos 300) + ½ x -10 x [173 / (40 cos 300)]2 (1) = 99.88 - 124.7, 



s = 24.8 m (1)   [ 1.5/ 3, 50 %]

6a
16 J
Change in GPE = mgh = 2.0 x 10 x - 0.80 (1) = - 16 J, accept 16 J (1) 



[ 0.9/ 2, 45 %]

6b
16 J
At lowest point, GPE = 0, KE = 0, so spring PE = loss in GPE (1) = 16 J. (1) Alternatively spring PE = ½kx2 = 0.5 x 50 x 0.802 = 16J Conseq on 6a 



[ 1.7/ 2, 85 %]

6c
2.0 m s-1
At midpoint spring PE = ½kx2 = ½ x 50 x 0.402 = 4 J, GPE = mgh 



GPE = 2.0 x 10 x 0.40 = 8 J, so KE = 16 - 4.0 - 8.0 = 4.0 J = ½mv2, (1)


so v2 = 4.0 x 2 / 2.0 = 4.0, and so v = 2.0 m s-1 (1) [ 1.2/ 2, 60 %]

6d
C (1)
At the top the acceleration is down, because the net force is down, and at the bottom, the acceleration is up, because the net force is up. (1)  [ 0.7/ 2, 35 %]

7a
36900 s
Period = 10 x 60 + 15 = 615 min = 615 x 60 = 36900 s. [ 0.9/ 1, 90 %]

7b
1.09 x 108 m
Using R3 / T2 = GM/42 (1), R3 = 6.67 x 10-11 x 5.68 x 1026 x 369002 / (42) (1)


R3 = 1.3067 x 1024, R = 1.09 x 108 m (1) Conseq on 7b [ 2/ 3, 67 %]

7c
Yes (1), you feel weightless if the reaction force on you is zero.  In an orbiting spacecraft, gravitational force, GMm/r2, is equal to the net force, mass x centripetal acceleration, m 42r/T2, so no other force is needed (1).  In effect the astronaut's acceleration equals the gravitational field strength at that point, that is, they are in free fall, so they feel weightless. (1) [ 1.9/ 3, 63 %]

Electronics and photonics

8a
One resistor, R1, in series with a pair of resistors, R2 and R3, in parallel. [ 1.8/ 2, 90 %]

8b
R1 = 6V, R2 = 3V, R3 = 3V, [ 1.8/ 3, 60 %]

9a
LED (1)
Change in voltage produces a change in light intensity. (1) [ 1.2/ 2, 60 %]

9b
Photodiode (1)
Change in light intensity produces a change in current. (1)  LDR feasible, but not the best due to slow response time.[ 1.4/ 2, 70 %]

10a
15 k
Illumination = 30 lux, so from graph resistance = 15 k [ 0.98/ 1, 98 %]

10b
75 k
From 60 V, 10 V across LDR, so 50 V across Resistor, R. (1)  So value of R = 50/10 x 15 k(1)  75 k (1)  Using voltage divider 10 = 60 x 15 /(15 + R)



 [ 2.2/ 3, 73 %]

11a
50
Voltage gain = Ratio of changes in voltages, Vout/ Vin (1) 



Voltage gain = (5V - 0) / (100mV - 0) Gain = 50 (1)  [ 1.5/ 2, 75 %]

11b
The output voltage had been clipped (1), that is, the output voltage has reached its maximum value, beyond which the amplified output voltage cannot exceed regardless of the size of the input voltage.  for Vin< 160 mV, Vout = 50 x Vin, for Vin > 160 mV, Vout  = 8.0 V(1) The ouput voltage has been inverted. (1)  [ 1.6/ 3, 53 %]

11c
Inverting amplifier  (1) with a line through origin from (-160, 8) to (+160, -8) (1) and constant value of Vout = 8.0 V for Vin < -160 mV and Vout = - 8.0 V for Vin > +160 mV (1) [ 2.1/ 3, 70 %]

Electric Power

12a
3.2 x 10-3 N, up
Using F = nBIl,  F= 10 x 2.0 x 10-3 x 4.0 x 4.0 x 10-2 (1) = 3.2 x 10-3 N. (1) Using the hand rule, the magnetic field is left to right, current in EF is from back to front, so the direction of the force is up. (1)  [ 2.2/ 3, 73 %]

12b
B
Induced voltage to CRO is reversed by the split ring, twice every cycle.



 [ 0.8/ 2, 40 %]



Note: However that the question says that at t =0, the coil is horizontal, which means a maximum voltage at t = 0, so the correct answer is not B, but graph B shifted to the left slightly, so it starts like the first part of a cosine curve.

12c
0.256 mV
Period = 0.5 sec, so time for a quarter revolution = 0.5 / 4 s. Magnitude of average voltage  = n  / t = 10 x 2.0 x 10-3 x (16 x 10-4 - 0)/(0.5/ 4), (1)


average voltage = 0.000256 V = 0.256 mV (1)  [ 1.3/ 2, 65 %]

12d
Replace split ring commutator with a slip ring commutator. (1)  With a slip ring, each wire from the load circuit stays in contact with one ring. (1)   As the coil moves through the vertical the sign of the flux change goes from positive to negative and so changes the direction of the induced current. (1)  [ 1.4/ 3, 47 %]

13a



13b

13c
X to Y (1)
Viewed from above the magnetic field is down.  As the loop enters the field, the amount of downward flux increases. (1) By Lenz's Law, a current is induced in the loop whose magnetic field opposes the change in magnetic flux. (1)  So the direction of the induced magnetic field inside the loop is up. (1) To generate such a field, using the right hand grip rule, the current must go anti-clockwise around the loop and so the current will travel from X to Y.  Alternatively, positive charges in the right side of the loop will experience an upward force as they move into the magnetic field pushing the positive charges around the circuit in an anti-clockwise path from X to Y.[ 1.8/ 4, 45 %]

14a
25 Hz
Period = 40 ms, so frequency = 1/(40 x 10-3) = 1000 / 40 (1)= 25 Hz (1) 



[ 1.3/ 2, 65 %]

14b
9.5 x 103 V
Vpeak of high voltage input = 45 x 300 V, Vrms = Vpeak / √2 (1)


Vrms = 45 x 300 / √2 = 9546 V (1) [ 1.2/ 2, 60 %]

15

Current is up the left wire and down the front of the solenoid, (1) so using the right hand grip rule, the direction of the magnetic field inside the solenoid is to the right. (1) Draw five arrows through the middle from left to right that spread out at both ends. [ 1.3/ 2, 65 %]

16a
2.0 A
Using P = VI for the globe, I = 4.0 / 2.0 (1)= 2.0 A (1) [ 1.5/ 2, 75 %]

16b
10 V
Voltage output = Voltage drop across both lines (V=IR) + voltage drop at globe



Voltage output = 2.0 x (2.0 + 2.0) + 2.0 (1) = 10 V (1) Conseq on 16a 



[ 1.1/ 2, 55 %]

16c
16 W
Power loss = I2R (1) = 2.02 x (2.0 + 2.0) (1) = 16 W (1) Conseq on 16a 



[ 2/ 3, 67 %]

16d
0.20 A
If the voltage is stepped up by a factor of 10, the current is stepped down by a factor of 10 (1), so the current = 2.0 / 10 (1) = 0.20 A. (1) Alternatively,  Power to the globe = 4.0 W, so power to T2 = 4.0 W, but as T2 is a step down to the globe, the voltage at the primary turns must be 10 x 2.0 = 20 V.  So the current in the primary turns and so the transmission lines = 4.0 / 20 = 0.20 A [ 1.7/ 3, 57 %]

16e
0.16 W
Power loss = I2R(1) = 0.22 x (2.0 + 2.0) = 0.16 W (1)Conseq on 16d 



[ 1.3/ 2, 65 %]

16f
Real situation: Generation of electricity at a power station, (1) which is immediately stepped up (1) and connected to high voltage transmission lines (1) to supply the electrical power across country to cities where the voltage is stepped down in stages to a voltage safe for use in homes and factories(1).  A factor of 10 in the turns ratio of the step up transformer reduces the power loss by a factor of (10)2 (1) [ 2/ 4, 50 %]

Interactions of Light and matter

17a
Bright (1).  Path diff from the two slits to the point is zero. (1) If the path difference is zero, then constructive interference or reinforcement occurs. (1) [ 1.8/ 3, 60 %]

17b
C
Increased distance between the bands means a more narrow slit separation. 



 [ 0.73/ 1, 73 %]

18a
5.0 x 1014 Hz
Threshold frequency is the value of the X intercept [ 0.88/ 1, 88 %]

18b
4.0 x 10-15 eVs Planck's constant is given by the gradient = (2 - 0) / [(10 - 5) x 1014] (1)


Planck's constant = 0.4 x 10-14 eV s  (1) [ 1.2/ 2, 60 %]

18c
Increasing the intensity does not change the graph.  Draw line over the dotted line. 


[ 0.55/ 1, 55 %]

18d
Work function is 50% greater, so larger Y intercept and also X intercept is 50% larger at 7.5 x 1014 Hz.  Draw a line parallel to dotted line but passing through 7.5 on frequency axis (1)


 [ 1/ 2, 50 %]

19a
91.9eV, 109 eV the transition from n=3 to n=2 will have the smallest energy, the transition from n = 3 to n = 1 will have the largest energy.  So frequency for n = 3 is 2.63 x 1016 Hz (1) and for n = 2, 2.22 x 1016 Hz. (1)  



Using E = hf, E3 = 4.14 x 10-15 x 2.63 x 1016  = 108.9 eV, (1)  



E2 = 4.14 x 10-15 x 2.22 x 1016  = 91.9 eV (1) [ 2.6/ 4, 65 %]

19b
n=3 to n=2
Using E = hf, E = 4.14 x 10-15 x 7.25 x 1015  = 30 eV, (1) which is 120 - 90, so n=3 to n=2 (1) [ 1.3/ 2, 65 %]

20a
Photoelectric effect (1). Increased intensity of light produces electrons of the same energy, rather than the same number with higher energy.  There is a threshold frequency below which no electrons are emitted regardless of the intensity of the light.  Immediate ejection of electrons occurs regardless of how low the intensity of the light is. (1) [ 1.2/ 2, 60 %]

20b
Diffraction of electrons by a crystal (1).  Diffraction means the production of light and dark spots or bands, which are produced by constructive and destructive interference resp, which is a property of waves. (1) [ 0.6/ 2, 30 %]

21a
Electrons have a wavelength which is linked to their momentum and energy. (1) The motion of an electron in an atom is confined by the circumference of its orbit (dark line below).  Standing waves in the circumference means that only specific wavelengths are possible (dashed and lighter lines below). (1)  As the energy of the electron is linked to the wavelength, this also means that only certain energy values are possible. (1) Hence atoms have energy levels. 


[ 1.1/ 3, 37 %]

21b
Diagram of 1st excited state on left, diagram of ground and 1st excited state on right. 


[ 0.9/ 2, 45 %]


22.
7.3 x 107 m s-1
Using p = h /, and p = mv, v = h/(m) 





v = 6.63 x 10-34 / (9.1 x 10-31 x 1.0 x 10-11) (1),





v = 7.286 x 107 m s-1 (1) [ 1.3/ 2, 65 %]

Einstein’s special relativity

1.
C
Only C is a postulate.

2.
B
A, C and D are no longer accepted.

3.
C
A, B are wrong as the speed of light as constant, D: length contraction is not relevant.

4.
A
Proper time has to be measure din the frame of the clock.

5.
D
A is wrong, E would calculate the distance at 3000 km, B: wrong times will be the same, C: The time interval occurred is E's frame so it is a proper time, D: In the frame of S66 a longer time would be measured due to time dilation

6.
D
Time dilation: Using t = t0/√(1 - v2/c2), 0.115 = 0.100/√(1 - v2/c2), v2/c2  = 0.2438,  v = 0.5 c

7.
D
Length contraction: L = L0 / , L = 500 / 1.5 = 333 m

8.
A
The others are not in the same frame as the comet.

9.
C
Using E = mc2, mass equivalent of energy = 1.8 x 10-13 / (9 x 1016) = 2 x 1030  and final mass is less, so C

10.
B
A wrong , in its own frame m = m0, B: correct, work done increases kinetic energy, C is wrong expression, D: the rest energy cannot increase, so this is wrong

11.
B
Ratio =  - 1, so at v = zero,  = 1 and  - 1 = 0 and at v = 1.0c,  = infinity, so B

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

	1
	6
	10
	74
	4
	0
	

	2
	19
	32
	5
	44
	0
	D implies that the speed of light = c only in a special frame, which is wrong.

	3
	3
	8
	51
	38
	1
	D: length contraction is not relevant to the change in wavelength.

	4
	71
	15
	9
	4
	0
	

	5
	15
	17
	16
	52
	1
	

	6
	15
	12
	12
	61
	0
	

	7
	17
	3
	6
	74
	1
	

	8
	82
	3
	8
	7
	1
	

	9
	10
	10
	74
	6
	1
	

	10
	17
	43
	17
	22
	1
	

	11
	25
	59
	7
	8
	1
	


Average = 61 %, 13.5 marks out of 22.

Investigating materials and their use in structures

1.
A
Diag 1 is tension, Diag 2 is compression and Diag 3 is shear

2.
D
Largest amount of stretching is H.

3.
C
Stress at fracture for E = 450 MPa.  Cross sectional area = 1.5 x 10-3 m2, 



so Force = 450 x 106 x 1.5 x 10-3 = 6.75 x 105 N

4.
B
Toughness = Area under stress vs strain graph, so F.

5.
B
Area under stress vs strain graph = Energy stored per volume.  So Energy = Area x volume.



Energy = ½ x 300 x 106 x 6 x 10-3 x  1.5 x 10-3 x 10 x 10-2 = 1.35 x 102 J

6.
D
Young's modulus = gradient = 400 x 106 / (4 x 10-3) = 1.0 x 1011 Pa

7.
B
Arch and column are under compression, so both stone and concrete would do, but stone would be better for arch, deck will have compression on top and tension on bottom requiring steel, so B.

8.
C
The tension in the deck is at the bottom of both sides of the arch. Above the arch, there will be some tension on the top because of the 'sagging' on either side.

9.
D
Both MQ and NQ will be under tension which will apply downward and inward forces at M and N, which will compress the beam MN.

10.
C
Torque = Force x perpendicular distance to pivot= 40 x 10 x 5.0 = 2000 Nm

11.
D
Net torque about M = zero.  Let T = Tension in KL.  Clockwise torque = T x 7.0.  Anti-clockwise torques = 2000 + 20 x 10 x 2.5 = 2000 + 500 = 2500.  So T = 2500 / 7 = 357 N

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

	1
	96
	3
	1
	0
	0
	

	2
	59
	28
	2
	11
	0
	B: Either used largest range of strain values instead of stress values, or assumed elastic region includes plastic region.

	3
	5
	6
	75
	14
	0
	

	4
	6
	61
	1
	32
	0
	D: Possibly assumed toughness was largest strain.

	5
	8
	50
	30
	11
	1
	

	6
	3
	6
	9
	82
	0
	

	7
	7
	74
	6
	12
	0
	

	8
	13
	6
	67
	13
	0
	

	9
	1
	2
	22
	74
	0
	

	10
	11
	12
	67
	9
	1
	

	11
	5
	13
	26
	56
	1
	


Average = 69.2 %, 15.2 marks out of 22.

Further electronics

1.
D
Vrms of output = 240 x (240/4800) = 12 V, so Vpeak of output = 12 x √2 = 16 V.  Freq = 50 Hz, so period = 0.02 s. Hence D

2.
C
Voltage drop across LED = 0.7, so voltmeter reading is 12 - 0.7 = 11.3 V

3.
A
When top wire from the AC is positive, diodes 2 and 3 will conduct with the current returning to the AC input by the bottom wire.  When the bottom wire from the AC is positive, diode 4 conducts, but the current cannot get through diode 1 to the top wire, so A

4.
C
In C, diode in the 1 position is now in correct orientation.

5.
B
Time constant = RC = 1000 x 10 x 10-6 = 10 ms .  After 1 time constant,



V = 67% of 20 = 13 V, so B

6.
D
Period = 1/50 = 20 ms.  Time constant = 10 ms. So D.

7.
B
Reverse bias at 5V, forward bias at 1V, so B.

8.
C
Voltage drop across R = 7.0 - 5.0 = 2.0 V, So current in R = 2.0 /100 = 20 mA

9.
A
Voltage = 5V when two of the diodes are conducting.  At other half of the cycle, the  capacitor discharges from 10 x √2 - 2 x 0.7 = 12.7 V with a time constant of 7.8 ms.  So the voltage will drop below 5 V before the next cycle.

10.
B
New time constant = 43 ms, so the capacitor will never be fully charged in one quarter cycle

11.
C
With the Zener out, the output will be rectified AC with a very short time constant giving graph C.

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

	1
	7
	7
	49
	36
	1
	

	2
	4
	6
	87
	3
	0
	

	3
	55
	18
	9
	18
	0
	

	4
	8
	3
	78
	11
	0
	

	5
	11
	76
	7
	7
	0
	

	6
	22
	19
	19
	40
	0
	

	7
	12
	61
	5
	22
	0
	

	8
	35
	11
	53
	2
	0
	A: Possibly assumed the 7.0 V was across the 100 ohm resistor.

	9
	60
	13
	12
	15
	0
	

	10
	8
	55
	15
	23
	0
	

	11
	12
	20
	38
	30
	0
	A: Possibly used RMS value for peak value


Average = 59.3 %, 13.0 marks out of 22.

Synchrotron and its applications

1.
D
Note: There is a wording error, the phrase 'initial acceleration of photons' in the column 'Electron gun' should have read 'initial acceleration of electrons'.

2.
A

3.
B
A is correct, but X-rays are needed, C is wrong, D: Probably not true

4.
A
A precise wavelength is needed in a very narrow beam, so B, C and D are wrong.

5.
D
Using r = mv/Bq, B = 9.1 x 10-31 x 1.5 x 106 / (0.50 x 1.6 x 10-19) = 1.7 x 10-5 T Note: there was a error in the formula on the formula sheet.

6.
C
Using Vq = ½mv2, v = √(50 x 103 x 1.6 x 10-19 x 2 / (9.1 x 10-31) = 1.32 x 108 m s-1
7.
B
Scattered photons have less energy and a smaller wavelength.

8.
B
Using n = 2d sin  and the first peak at 150, d = 1 x 0.15 x 10-9 / ( 2 x sin 150 ) 



d = 2.898 x 10-10 m

9.
C
Using n = 2d sin  with  = 900 and the value for d from Q'n 8, 



n = 2 x 2.898 x 10-10 / 0.15 x 10-9 = 3.864, so number of peaks = 3, so the number of additional peaks is 2. Conseq on Q'n 8.

10.
C
The wavelength is longer so the momentum and energy are less, so it must be Compton scattering, all the others are elastic scattering.

11.
C
Energy transferred is the difference in photon energies, so using E = hc/, the 



difference = 6.63 x 10-34 x 3 x 108 x ( 1/0.0709 - 1/0.0749) x 109 = 1.498 x 10-16 J
	Question
	% A
	% B
	% C
	% D
	% no ans
	Most common error

	1
	3
	78
	6
	13
	0
	

	2
	81
	7
	8
	4
	0
	

	3
	5
	83
	2
	10
	0
	

	4
	50
	10
	16
	26
	0
	

	5
	4
	7
	6
	83
	0
	

	6
	3
	8
	78
	11
	1
	

	7
	5
	80
	9
	5
	0
	

	8
	6
	74
	12
	7
	0
	

	9
	19
	48
	18
	15
	0
	

	10
	19
	16
	55
	9
	0
	

	11
	30
	13
	52
	4
	0
	


Average = 69.3 %, 15.2 marks out of 22.

Photonics

1.
D
Others wrong

2.
D
Others wrong

3.
C
Others wrong

4.
A
Rayleigh scattering causes the left part of the overall curve, Absorption causes the right part of the overall curve.  D is wrong

5.
B
You need a very narrow range of wavelengths.

6.
B
Both a large diameter and a large acceptance angle will contribute to light capture.

7.
B
Using ncore x sin 800 = ncladding x sin 900, ncladding = 1.44 x sin 800 = 1.418

8.
A
Using sine of acceptance angle = √(ncore2 - ncladding2), sin  = √(1.442 - 1.4182) ,  = 14.480 Conseq on Q'n 7

9.
C
A, B, D wrong

10.
C
Multi mode leads to distortion over long distances, so B, D are wrong.  A is wrong because with a single wavelength material dispersion is less of a concern.

11.
D
A, B: will decrease intensity, C wrong

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

	1
	21
	13
	21
	46
	0
	

	2
	10
	10
	38
	42
	0
	C: Stimulated emission is the laser process, not LED

	3
	4
	21
	71
	4
	0
	

	4
	38
	21
	35
	6
	0
	C: Absorption by silica molecules causes the right part of curve

	5
	10
	56
	8
	23
	0
	

	6
	33
	35
	23
	8
	0
	A: To maximise the capture of light a large diameter fibre is best.

	7
	25
	60
	6
	8
	0
	

	8
	52
	29
	10
	8
	0
	

	9
	23
	23
	44
	10
	0
	A and B are wrong

	10
	38
	13
	42
	8
	0
	A: Material dispersion is not related to mode

	11
	38
	6
	15
	42
	0
	A: Light will be lost from the fibre, not added to.


Average = 48 %, 10.6 marks out of 22.

Sound

1
B
Using v = f,  = 330 / 30 = 11 m
2
C
Note: This is not on the course.  Sound should be described as a longitudinal pressure wave, not as a particle displacement wave.
3
B
Using L = 10 log(I1/I0), I1/I0 = 1080/10 = 108, I1 = 108 x 10-12 = 104 W m-2
4
B
Distance is increases by a factor of 2, so intensity is decreased by a factor of 4.  Using the rule that halving the intensity reduces the level by -3 dB, then decreasing by a factor of 4 is -6 dB to 74 dB.

5
A
Using v = f,  = 320 / 200 = 1.6 m. First resonance occurs at ¼ wavelength = 0.4 m
6
C
Next resonance occurs at 3 x ¼ wavelength = 1.2 m.  Conseq on 5.
7
B
From the graph, a frequency of 50 Hz heard at 60 phon must have a sound level of 80 dB.  Moving across the 80 dB line to the frequency value of 2000 Hz, you meet the 80 Phon curve.

8
D
A, B: wrong, C: irrelevant

9
D
0 phon is the lower limit of hearing.  Any frequencies at sound levels below this are not heard.  20 dB at 100 Hz is such a frequency and sound level.

10
B
Amount of spreading is proportional to the wavelength.  With a higher frequency, the wavelength is less, so the spreading is less.

11
D
Most likely explanation is reflections from walls.  A and B are wrong and C is not likely to be significant.
	Question
	% A
	% B
	% C
	% D
	% no ans
	Most common error

	1
	2
	94
	2
	3
	0
	

	2
	3
	8
	79
	10
	0
	

	3
	6
	80
	12
	3
	0
	

	4
	18
	71
	10
	2
	0
	

	5
	69
	20
	8
	2
	0
	

	6
	6
	8
	66
	19
	0
	

	7
	2
	84
	10
	3
	0
	

	8
	6
	6
	6
	81
	0
	

	9
	7
	4
	4
	84
	0
	

	10
	8
	71
	19
	2
	0
	

	11
	7
	17
	13
	62
	0
	


Average = 76.5 %, 16.8 marks out of 22.

Revision questions based on the question stems in this paper

Motion in one and two dimensions

1.
Assume the collision lasted 20 ms, calculate a) the Force by A on B, b) the Force by B on A, c) the distance traveled by A during the collision and d) the distance traveled by B.

5.
Calculate a) the time of flight and b) the speed with which the ball hits the ground.

6.
Draw graphs of a) Grav PE, b) Spring PE and c) KE against position.

7.
a) 
Calculate the speed of the spacecraft in this orbit. 


b) 

Calculate how much shorter the period of the satellite would be in a low orbit of half this radius.


c) 
Calculate how much larger the radius of an orbit would be if the period was 10 times greater?

Electronics and photonics

8.
What values for total resistance could be obtained by using all three resistors in any arrangement?

10.
The circuit needs to be re-designed so that the security lights go on below 40 lux.  


a)
Explain whether the value of the fixed resistor should be increased or decreased.


b)
The battery is then replaced by a 24V battery, do you need to change the fixed resistor, if so, how? 

Electric power

12.
Calculate the magnitude and direction of the force on side FG

13.
As the front edge of the loop enters the magnetic field, the magnetic field will perceive a positive charge moving with the wire as an electric current.  Use your hand rule to determine in which direction the positive charge will be pushed and so the direction the current through the voltmeter.

15.
Draw a loop to show the magnetic field of the solenoid.  Include four arrows.

16.
Calculate the voltage drop across one transmission line a) before the transformers are introduced and b) after.

Light and matter

18.
Determine the work function of metal A.

22.
a)
Calculate the momentum of the electron


b)
Determine the wavelength of a photon with the same momentum as that of the electron.


c)
Calculate the kinetic energy of the electron


d)
Determine the energy of the photon in b)
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PQ: No flux through loop, QR: increasing flux until all loop is in the field (1), after R: decreasing flux to zero, then zero to T. (1)  [ 0.4/ 2, 20 %]
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Induced emf = magnitude of the gradient of flux vs time graph. (2) Orientation of the emf graph depends whether the red terminal of the voltmeter is connected to X or to Y. [ 0.7/ 2, 35 %]
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