Suggested Solutions to VCE Physics November 2008 Exam paper
These suggested solutions have been prepared by the AIP Education Committee.  Every effort has been made to double check the solutions for errors and typos.  A suggested marking scheme is provided in italics.  A list of dot points that were not examined is provided at the end of the document.

Electric Power

1. Current flows up the back, towards the front on the top and down the front.  Using the right hand grip rule the field lines travel through the loop from left to right (1) , at right angles to the plane of the loop and evenly spaced (1).
2. AB
Using hand rule, Force is up, field is to the left, so current is A to B (2)
3. 4.0 x 10-3 N 
Using F = BIl, F = 2.0 x 10-3 x 5.0 x 0.40 (1) = 4.0 x 10-3 N (1)
4. 8.0 x 10-5 Wb
Flux = BA = 2.0 x 10-3 x 0.40 x 0.10 (1) =  8.0 x 10-5 (1).  The unit is the Weber (Wb) (1).  Tm2 is also acceptable.
5. B
The output from the coils will be AC, but the commutator reverses the voltage each half cycle. (2)
6. D
The output from the coils will be AC. (2)
7. 2.8 V
RMS voltage equals peak voltage / 
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.  Peak voltage = half of peak to peak voltage, so RMS voltage = (8/2) / 1.414 (1) = 2.8 V (1)
8. C (2)
There is an induced voltage when the flux is changing, i.e. when the loop is either entering or leaving the field.  The directions of the two induced voltages will be opposite because in the first instance the flux is increasing and in the second the flux is decreasing.

9. 1.6 x 10-6 V
The induced emf can be obtained in two ways, 



EMF = Blv (1) = 4.0 x 10-3 x 0.02 x 2.0 x 10-2 (1) = 1.6 x 10-6 V (1), or


EMF = Change in Flux / time taken with time equal to the time for the loop to travel the length of one side (2.0 / 2.0) = 1.0 sec. (1)


EMF = = 4.0 x 10-3 x 0.02 x 0.02 / 1.0 (1) = 1.6 x 10-6 V (1)
10.
Q to P
The magnetic flux into the page is decreasing (1) so the direction of the induced magnetic field will also be into the page (1).  To produce such a field the current in the square loop, using the right hand grip rule, will need to be going clockwise, (1) which means the current flows from Q to P through the square loop. (1)
11.
48 W
Power = V2 / R (1), P = 12 x 12 / 3.0 (1) = 48 W (1).  Alternatively using P = I2R, find the current first (V= IR, I = 12/3 - 4.0 amps (1), 


then P = 4 x 4 x 3 (1) = 48 W. (1)
12.
9.0 V
Voltage divider question: 



V across light = (Rlight / Total R) x 12 V (1) = (3.0 / 4.0) x 12 (1) = 9.0 V (1)


Alternatively current is 12 V / Total R = 12/4.0 = 3.0 amp.  (1)


Voltage across light = IR = 3.0 x 3.0 (1) = 9.0 V (1)
13.
4.8 amps
Effective resistance of parallel combination of the two lights is 3.0/2 = 1.5 ohms. (1)  Total resistance is now 2.5 ohms (1), so the current is now V/Rtot 



Current = 12 / 2.5 = 4.8 amps. (1)
14.
400
Ratio of turns = ratio of voltages: Np / 30 = 240 / 18 (1), so Np = 400 (1)
15.
0.17 amp
Power in = Power out, so 240 x Ip = 40 (1), Ip = 1/6 (1) = 0.17 amp. (1)
Interactions of Light and matter

1.
Light is produced by the random thermal motion (1) of valence electrons produced when atoms collide or accelerate. (1)
2.
The spectrum of the light globe is broad (1) because different frequencies are produced by electrons experiencing different accelerations.  In a mercury lamp the light is produce by an energy level transition and consists of several discrete frequencies. (1)
3.
4.5 cm
Path difference at Z = 1.5 wavelengths = 1.5 x 3.0 (1) = 4.5 cm. (1)
4.
Path difference equals a whole number of wavelengths (1), which means that crest meet crest resulting in reinforcement or constructive interference. (1)
5.
With S1 and S2 closer together, X, the position of the 1st minimum, will need to move further away from W (1).  The pattern will spread. (1)
6. 
Plotting (2), labels and units (1)
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7.
5.0 x 10-15 eVs Gradient of graph. (2) (1)
8.
2.5 eV
Y intercept (2)
9.
3.6 x 10-2 nm
wavelength = h/mv = 6.63 x 10-34 / (9.1 x 10-31 x 2.0 x 107) (1)


wavelength  = 3.6 x 10-11 m = 3.6 x 10-2 nm (1)
10.
3.03 eV
E = hf = hc/ = 4.14 x 10-15 x 3.0 x 108 / (410 x 10-9) (1) = 3.03 eV. (1) To get answer in eV you need to use the ‘eV s’ value for Planck’s Constant.  Note: To convert between Energy in eV and wavelength in nm, the following relationship is useful: E (in eV) = 1240 /  (in nm)
11.
An arrow down (1) from n =4 to n = 2 (1). Look for a difference of 2.6 eV.  Emission means arrows goes down.
12.
97 nm
Shortest wavelength means highest energy, so the biggest jump is from n = 4 to n = 1, that is, 12.8 eV (1).  Using E = hc/, and rearranging gives  = hc/E.



Wavelength = 4.14 x 10-15 x 3.0 x 108 / (12.8) = 9.7 x 10-8 = 97 nm (1)
Synchrotron and its applications

1.
B
Using Vq = KE gain (1/2 mv2), v = sqrt (2 x 5000 x 1.6 x 10-19 / (9.1 x 10-31)
2.
C
Using F = Bqv, F = 7.60 x 10-4 x 1.6 x 10-19 x 4.00 x 107.
3.
A
Using r = mv/Bq, r = (9.1 x 10-31 x 4.00 x 107) / (7.60 x 10-4 x 1.6 x 10-19).  Alternatively using F = mv2/r, r = (9.1 x 10-31 x (4.00 x 107)2 ) / (Ans to Q’n 2)
4.
C

5.
A
C and D are incorrect, B is what happens with all scattering
6.
C
Thomson scattering is elastic scattering with no change in photon energy
7.
A
In Compton scattering photons lose energy.
8.
D
Using E = hc/, E = (4.14 x 10-15 x 3.0 x 108) / (0.115 x 10-9) = 1.08 x 104 eV = 10.8 keV
9.
C
Using n=2dsin, for n = 1, d = (0.115 x 10-9) / (2 x sin 9.60) = 3.45 x 10-10 = 0.345 nm
10.
D
A: ‘2’ refers to path of the X-ray through to the next layer of atoms and back again.  B: same plane, different angle, different path difference.  C: True only for small angles when sin is similar to . D: Correct
11.
B
Because of relativity, when the electrons are approaching the speed of light, doubling the energy does not produce a proportional increase in the speed.
12.
C
A: Wrong,. B: Wrong, A single frequency needed.  C: Correct.  D: Irrelevant.
13.
B
A: Wrong, electrons are not use din Bragg diffraction. B: Correct.  C: X-rays do not circulate in the storage ring.  D: X-Rays can not be diverted, certainly not very easily.
Photonics
1. D
The mercury lamp has several lines, so graph 2 and either A or D.  The frequency spread of a laser is more precise than a LED, so D.
2. B
Using E = hc/,  = hc/E = 4.14 x 10-15 x 3.0 x 108 / (1.80) = 6.90 x 10-7 = 690 nm.
3. C
A: Wrong, the reverse is true, B: Wrong , see A. C: True. D: Wrong, LED light is not pulsed.
4. C
A and B are correct statements, D could occur but rarely, but C is the reason for light emission in a laser.
5. C
Using Snell’s law, 1.48 sin  = 1.41 sin 900,  = 720
6. B
Using Snell’s law, 1.0 sin  = 1.50 sin (90 - 60) ,  = 48.60.
7. B
Critical angle will be unchanged because that is inside the fibre.  But water will change the equation in Q’n 6 to 1.33 sin  = 1.50 sin (90 - 60), giving a smaller acceptance angle.
8. C
At 1300 nm, the attenuation is 5 mW/km.  A loss from 50 to 20 mW equal 30 mW and will happen in 30/5 = 6 km.
9. C
A, B and D unaffected by choice of a step index fibre.
10. A
B, C and D are unaffected by a change in the spectrum of the light sources
11. C
1000 fibres would be enough to obtain a clear image.
12. C
The longer wavelength has less attenuation.
13. A
Material dispersion is the same for single and multi mode.  There is modal dispersion in multimode and none is single mode.
Sound

1.
B
Dynamic microphone uses a magnet and a coil, that is, electromagnetic induction.  Only choice is B.
2.
B
Sound waves are longitudinal pressure waves, so assuming the speaker is aimed horizontally the dust particle will move horizontally about its mean position by variations in the pressure in front and behind it.
3.
B
Using v = f, = 330 / 220 = 1.5 m
4.
C
Use look up table or the formula L = 10 log ((1.0 x 10-3 ) / (1.0 x 10-12) ) = 90 dB
5.
B
Using inverse square law: distance is tripled form 20 to 60m, so intensity is reduced by a factor of 1/9 to 1.1 x 10-4 Wm-2.
6.
B
The point at x = 10,000 Hz and y = 60 dB is on phon line for 40 phon.

7.
C
A: Intensity is not a perception it is a measurement.  B: True, but not relevant.  C: Correct, D:  True, but not relevant.
8.
C
Using v = f, = 333 / 256 = 1.3 m
9.
C
Closed end pipe, so odd multiples only, frequency of the next harmonic=3 x 256 = 768Hz.  Note: the phrase ‘second harmonic’ is an error.  It should be either the third harmonic of the 1st overtone.  The use of the phrase ‘3rd harmonic’ to describe the next mode of vibration comes from music, prior to a time when the physical principles of instruments were fully understood, it does not come from the fact that the frequency is three times that of the first harmonic.  Musicians observed that when comparing the sound from a stringed instrument with that from a closed end pipe that there was a missing harmonic.  Physics subsequently explained this. The use of the terms ‘fundamental’ and ‘overtones’ avoids the ambiguity of the harmonic terms.
10.
C
A: Wrong, volume increases. B: Wrong.  C: Correct.  D: Only one frequency is produced by the generator at a time, so a pure tone.
11.
A
Length  = ¼ Wavelength = ¼ x 0.325 =  0.081 m
12.
B
A: incorrect, low frequencies would reach ends of front row.  B: Correct.  C: Diffraction would be a problem.  D: To a good approximation the speed of sound in air is independent of frequency.
13.
D
Exposed walls will allow the possibility of destructive interference (see Light and matter) to occur creating a dead spot for a particular frequency.  A: Wrong.  B: Wrong.  C: Distortion is possible due to interference effects, but different frequencies will not reflect differently within the range of human hearing from an exposed wall.  Note: In practice the sound absorbing effect of the curtain is much greater than interference losses, so in such cases curtains are not used.
Dot points not covered

Electric power
· Describe the operation of a DC motors,
· Compare and contrast DC motors, generators and alternators,

· Explain transformer action … qualitatively,

· Model mathematically … transmission losses,

· Explain the use or transformers in an electricity distribution system.
Interactions of light and matter

· Explain the result of Young’s double slit experiment … including qualitative effect of wavelength on interference pattern,
· Interpret the pattern produced by light when it passes through a gap ..

· Interpret electron diffraction pattern as evidence for the wave-like nature of matter …,

· Compare the momentum of photons and of particles of the same wavelength …,

· Explain a model of quantised energy levels of the atom in which electrons are founding standing wave states.
Synchrotron and its applications

· Compare the characteristics of synchrotron radiation including brightness, spectrum and divergence with … ,
· Describe the operation of a typical beam line as a tuneable source of radiation.

Photonics

· Explain qualitatively the operation of optical fibres as simple, intensity-based sensors.
Sound
· Explain resonance in terms of superposition … ,
· Explain qualitatively the effects of baffles and enclosures for loudspeakers,
· Evaluate the fidelity of microphones and loudspeakers in terms of … .
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