Suggested Solutions to VCE Physics November 2007 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 as is a set of additional questions that can be used for revision purposes which are based on the stems in the original exam paper.
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Electric Power

1. The lines leave the left North end, turn around and go either above or below the magnet towards the South end, then turn around and enter the South end.  The arrows on the lines at either end should point to the left, while the arrows on the line above and below the magnet should point to the right. www.bbc.co.uk 
2. The like ends repel.  The lines coming into the two South ends 

curve away from each other
3. 1.6 N, up
Using F = BIl, F = 4.0 x 10-5 x 2000 x 20 (1) = 1.6 N (1).  The direction is given by a hand rule (1).  Field S to N, current W to E, so F is up.

4. B (1), The direction is given by a hand rule:  Field is left to right (1), current in JK is to the back, so F is down (1), so the rotation is anticlockwise.
5. The answer to the first statement is to keep the motor spinning (1), which the commutator does by reversing the direction of the turning effect of the force (1).  The commutator does this by reversing the current (1), when the coil is at right angles to the field (1), twice every cycle (1).
6. 5.0 x 10-3 T
Using  = BA, B = 3.0 x 10-4 / (0.20 x 0.30) (1) = 3.0 x 10-4 / 0.06 
B = 5.0 x 10-3  (1) T (1)
7. 30 V
Using  = -n/t, = (0 - 3.0 x 10-4) (1),  = 1000 x 3.0 x 10-4 / 0.01 (1) 





 = 30 volts (1)
8. 12.5 Hz
Period = 80 ms (1), Frequency = 1/(80 x 10-3) (1) = 12.5 Hz (1)
9. 57 V
RMS voltage = Peak voltage / Square root of 2 = 
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 (1) = 56.6 = 57 V (1)
10. C
As the alternator speeds up the period decreases.  The change in flux is happening in a shorter time, so the peak voltage is increasing.

11. 2.50 A,  
i) The current will be stepped up by a factor of 5 from 0.50 A to 2.50 A.  

10V,

ii) The voltage across the primary coil will be 12 V minus the voltage drop 


across the Two transmission lines, which gives 12 – 2 x (2.0 x 0.50) = 10 V.  

2.0 V
iii) The voltage will be stepped down to the lamp by a factor of 5 from 10 to 2.0 V, This is consequential on part ii).

12. 6.0W,
The phrase ‘power delivered at the point’ is inappropriate and misleading as the

5.0 W, 

supply is AC (the primary coil of a transformer does not have an ‘input’) and 

5.0 W

power is generated or used in an object such as a wire, a globe or a supply.  




So reinterpreting the question:



i) The power supplied by the 12V power supply = voltage of the supply x current through the supply = 12 x 0.50 = 6.0 W.



ii) The power consumed by the primary coil of the transformer = voltage across the coil x current through the coil = 10 x 0.50 =5.0 W.



iii) The transformer is ideal so the answer is the same as for ii).  Alternatively, the power consumed by the globe = voltage across the globe x current through the globe = 2.0 x 2.50 =5.0 W.


Parts ii) and iii) are consequential on Question 11, and part iii) is consequential on ii)



If the question is interpreted in a DC manner, so that, of the power that is delivered at the ‘input’ of the primary coil, some is used in the coil, and remainder is used in the return transmission line to the power supply, then the answer to part ii) would be 5.5 W.

13.
The globe will not operate (1).  Transformers require a changing magnetic flux to produce as voltage in the secondary coil (1).  The battery will produce a constant current and a steady magnetic field in the primary coil (1).
14.
B
In the left coil the current flows up the front when the switch is closed.  Using the right hand grip rule, this current produces an increasing magnetic field pointing to the left in the iron core.  This produces an increasing left pointing magnetic field inside the coil at the right end (1), and by Faraday’s Law this induces a current in the coil at the right end of the iron core.  By Lenz’s Law, the direction of the current is such that its magnetic field opposes the change in magnetic flux (1) and so its magnetic field points to the right (1).  To produce this magnetic field the current needs to flow down the front of the coils and so go from Y to X.

15.
See comments for Question 14.
Interactions of Light and matter

1.
2.0 eV
The minimum energy is the Work Function, which is the Y-intercept of the graph.  Drawing a straight line (1) through the data points should meet the Y-axis between -1.9 and -2.1 V. (1)
2.
1.0 eV
The frequency of the light is given by f = c/, = 3.0 x 108 / (400 x 10-9) = 7.5 x 1014 Hz (1).  From the graph, 7.5 on the X-axis gives a value about 1.0 on the Y axis. (1)  Note: The calculated answer is 1.1 eV, which may have been marked wrong if there was no working shown.  0.95 +/- 0.05 would be acceptable.
3.
Interpreting the ‘cutoff frequency’ as the ‘threshold frequency’, rather than the upper frequency limit of the filter gives the following answer.  The evidence supports the particle model (1) because when a photon of light with a frequency below the threshold frequency give its all energy (E = hf) to an electron, that electron does not have enough energy to overcome the Work Function, the energy required for an electron to break free of the surface of the metal (1).  The wave model of light says that regardless of the frequency intense light should eject electrons (1), while weak light will also eject electrons, but only after the electron has accumulated sufficient energy to escape.

If students interpret the cutoff frequency as applying to the filter, they will be confused as they would expect some photoelectrons to be produced.

4.
2.0 x 103 m/s
Using = h/p = h/mv gives v = h/m 



v = 6.63 x 10-34 / (1.67 x 10-27 x 2.0 x 10-10) (1) = 1985 m/s (1)
5.
Yes (1), the wavelength is comparable to the interatomic spacing (1).  The answer ‘No’ (1)  could be argued for by saying the wavelength is smaller than the spacing and little diffraction will be noticed (1).
6.
B
The spreading is inversely proportional to the slit width, so the pattern should be narrower.
7.
2.9 eV
Using E = hf = hc/ (1)  = 4.14 x 10-15 x 3.0 x 108 / (434.1 x 10-9) (1) 



E = 2.861 eV (1)
8.
An arrow going from (1) the n = 6 line to the line n =2. (1)
9.
The surface of the Sun contains Hydrogen (1).  The core of the Sun is an incandescent object with a complete spectrum (1).  Elements in the surface absorb photons of specific frequencies as electrons in the ground state of their atoms use the photon energy to go to a higher energy level, then emit photons of this energy in all directions.  These absorbed photons leave a gap in the sun’s spectrum (1).
10.
i) Continuous spectrum as all frequencies are present.


ii) Emission spectrum as only a few lines are present.

11.
i) Thermal motion of electrons


ii) Electron transition between energy levels.
Synchrotron and its applications

1.
accelerates the electrons from the linac; travel around the curved segments; electric fields in the straight segments.
2.
2.65 x 107 m/s
Using Vq = ½ mv2, v2 = 2Vq/m = 2 x 2000 x 1.60 x 10-19 / (9.11 x 10-31) (1)


v2 = 7.0 x 1014, v = 2.65 x 107 m/s. (1)
3.
0.24 m
Using r = mv/Bq, r = 9.11 x 10-31 x 5.0 x 106 / (1.2 x 10-4 x 1.6 x 10-19) (1) 



r = 0.237 m (1)
4.
B
The curvature is outwards.

5.
2.0 x 10-16N, down
Using F = Bqv, F = 0.50 x 1.6 x 10-19 x 2500 (1) = 2.0 x 10-16N (1).  Using your hand rule: the field is into the page, the conventional current is to the left, so the force is down the page. (1)
6.
C

7.
10 keV
Using E = hc/, E= 4.14 x 10-15 x 3.0 x 108 / (0.120 x 10-9) (1) = 10.35 keV (1)
8.
0.200 nm
Using n= 2dsin and n = 1, d = 0.120 / (2 x sin17.50) (1) = 0.19953 nm. (1)
9.
D
Find  for n = 2 and n = 3, combining equations, sin2 x sin 17.5, 


2 =36.97sin= 3 x sin 17.5, 3 = 64.4
10.
D
The energy and momentum is less, so the wavelength must be longer.

11.
The angle at which the maxima occur is dependent on the photon’s wavelength and energy. (1) Photons of different energy will have maxima at different angles (1).  By rotating the crystal block, photons of the desired energy can be directed through a narrow opening. (1)
Photonics
1. population inversion / photons / same
2. 2.64 eV is the value of the semiconductor’s band gap.

3. 470 nm
Using E = hc/, = 4.14 x 10-15 x 3.0 x 108 / 2.64 (1) = 4.7 x 10-7 m 



 = 470 nm (1)
4.
A
The wavelength of red light is less than that of blue light, so the LED will emit light with a smaller voltage.  This will leave a greater voltage across the resistor resulting in a larger current.
5.
D
Using ncosin ico = nclsin 900, 1.46 x sin ico = 1.43 x 1.0, so ico = 78.40
6.
B
Using ncosin (900 – 700) = 1.0 sin , 1.46 x sin (200) = 1.0 sin ,  = 29.90
7.
The input signal has a small range of wavelengths.  The refractive index of the fibre varies with wavelength.  This means that different parts of the small range travel at different speeds through the fibre and arrive at the other end at different times.  This broadens the signal.

8.
The light from a laser has a narrower range of wavelengths than that of an LED (1).  This means that there will be a smaller spread in the signal at the other end. arrive at the other end.  So the material dispersion will be less.

9.
C
The laser has a wavelength of 640 nm.  From the graph at this wavelength, Rayleigh scattering produces more loss.

10.
The infra red laser would be better (1) because its overall attenuation is smaller. (1)
11.
As the beam bends the fibre will bend with it.  This will increase the curvature of bends in the fibre (1).  This will result in less light being totally internally reflected (1) and the intensity of the coming out the other end will be reduced. (1)
Sound

1.
out of phase, interfere destructively, intensity.  A compression at the front of a speaker produces a rarefaction at the back.
2.
3.40 m
Using v = f, = v/f = 340 / 100 (1) = 3.40 m (1)
3.
170 Hz
First resonance occurs when the wavelength = 4 x 0.50 = 2.0 m (1) because the open end is a pressure node and the closed end is a pressure antinode.  This gives a frequency of f = v/ = 340 / 2.0 = 170 Hz. (1)
4.
The sound will get louder (1).  As a compression goes down the tube it is reflected from the closed end as a compression.  At the open end it is reflected as a rarefaction.  If the rarefaction from the loudspeaker arrives at the open end at the same time, this rarefaction will be reinforced, resulting in a greater amplitude and a louder sound. (1)
5.
D
Only odd multiples of the first harmonic or fundamental will resonate. 

6.
The diaphragm is attached to a coil of wire around a magnet.  When the variations in air pressure associated with sound move the diaphragm backwards and forwards (1) , the movement of the coil through the magnetic field produces a varying voltage by electromagnetic induction that matches the variation in the air pressure (1).

7.
The response graph is flat (1) in the frequency range (1) of the human voice giving fidelity.

8.
1.0 x 10-6 W m-2
Looking up an Intensity vs Level table gives the value of 1.0 x 10-6 W m-2.  Alternatively you can calculate it using 60 dB = 10 log (I/10-12)
9.
200 Hz
200 Hz has a longer wavelength (1) and longer wavelengths diffract or spread more than shorter wavelengths. (1)
10.
C
Each increase of 3dB is a doubling of the intensity.  A difference of 9 dB is 23 or 8 times the intensity. 
11.
B
The intensity varies inversely as the square of the distance.  So if Z is twice the distance, the intensity will be reduced by ¼, which is ( ½ )2, which reduces the dB level by 2 x 3 dB, that is, by 6 dB to 54 dB.
Dot points not covered

Electric power
•
compare and contrast DC motors, generators and alternators;

Interactions of light and matter

•
explain the results of Young’s double slit experiment as evidence for the wave-like nature of light including

–
constructive and destructive interference of waves in terms of path differences

–
qualitative effect of wavelength on interference patterns;

•
explain a model of quantised energy levels of the atom in which electrons are found in standing wave states;

Synchrotron and its applications

•
compare the characteristics of synchrotron radiation including brightness, spectrum and divergence with the characteristics of electromagnetic radiation from other sources including lasers and X-ray tubes; 

•
use diffraction patterns to compare and contrast atom spacing in crystalline structures;

Photonics

•
describe laser light in terms of coherence, wavelength and phase;

•
compare optical fibre uses for short distance and long distance telecommunications;

•
explain fibre optic imaging in fibre optic imaging bundles; 

Sound
•
explain sound as the transmission of energy via pressure differences;

•
explain resonance in terms of the superposition of a travelling sound wave and its reflection;

•
interpret frequency response curves of microphones, speakers, simple sound systems and hearing including loudness (phon);
Additional questions for revision purposes based on the stems
Electric power

Qn 3
Should the engineer be concerned?
Q’n 9
What is the peak to peak value of the output voltage?

Q’n 10
Area any of the incorrect answers physically possible?

Q’n 12
What is the power loss in the transmission lines?  In what ways can this loss be reduced?

Q’n 14
For each of the incorrect answers, what action in the left coil would produce the effect in the right coil?

Interactions of light and matter

Q’n 1
Use Figure 1 to find the value of Planck’s Constant in eV seconds.  Calculate the equivalent value in joule seconds.
Q’n 1
Use Figure 1 to find the value of the Threshold Frequency.  

Q’n 1 
The experiment was repeated with a metal of a smaller Work Function.  Draw on Figure 1 the graph of the data from this experiment.
Q’n 1
Using the graph, determine the wavelength of light that will produce photoelectrons with a maximum kinetic energy of 2eV.

Q’n 4
Calculate the kinetic energy of the neutron in electron-volts and compare this to the energy of a photon with the same wavelength.

Q’n 6
For each of the incorrect answers, how could Figure 2a be changed to produce the intensity pattern?

Q;n 7
Which transition would produce a photon of wavelength 434.1 nm?

Q’n 8
How many other photons of different frequency are possible from the n = 6 energy level?

Synchrotron and its applications

Q’n 2
What is the electron’s energy in electron-volts?
Q’n 9
Is there a fourth Bragg angle at which there is a maximum?

Photonics

Q’n 9
Explain each of the terms.
Sound
Q’n 11For answers C and D calculate the distances at which these dB readings would be made.
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