Suggested Solutions to VCE Physics November 2006 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 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.

Electric Power

1. The conventional current goes up the left wire and down the right wire back to the battery.  This means the current comes down the front of the solenoid and up the back.  Using the Right hand Grip Rule, the magnetic field will leave the right hand end of the solenoid, turn around (1) and head to the left above and below the solenoid (1), then turn and enter the left end of the solenoid.  The field inside the solenoid will point from left to right (1).

2. Zero, None
The current and field are parallel, so the force is zero. (2)
3. 2.0 mN, Q
Using F = BIl, F = 2.0 x 10-2 x 5.0 x 2.0 x 10-2 = 2.0 x 10-3 N = 2.0 mN. (1)  Using either Fleming’s Left Hand Rule or the Right Hand Slap Rule, the direction if the force is ‘up’, which is Q. (1)  Possible consequential on Q’n 1.
4. Zero
There is no flux passing through the loop. (2)
5. 1.0 x 10-7 Wb
Flux = BA = 2.0 x 10-4 x 5.0 x 10-4 (1) = 1.0 x 10-7 Wb. (1)
6. The commutator reverses the direction of the current twice every cycle when the coil is at right angles to the field, that the position in Figure 3c. (1)  Effie’s idea does not work. (1)  Without a reversal of the DC current, the coil will only turn through 900, then stop in the position in Figure 3c. (1)  If the momentum of the coil carries it passed 900, the unchanged direction of the turning effect of the magnetic force will bring it back to this position.  Note: Diagrams are an effective way of answering this question.
7. A
There is an induced current when there is a change in flux.  The current flows one way when the flux increases, and the opposite way when it decreases. (2)
8. 3.0 x 10-6 V
The change in flux = 3.7 x 10-3 x 4.0 x 10-4 – zero = 1.48 x 10-6 Wb. (1)  The time for the loop to enter the magnetic field is distance / speed = 2.0 / 4.0 = 0.5 s. (1)  So the max induced voltage = Change in flux /Time taken
Voltage = 1.48 x 10-6 / 0.5 (1) = 2.96 x 10-6 V. (1)  Note that this value can be obtained by the use of the formula = Blv =3.7 x 10-3 x 2.0 x 10-2 x 4.0 x 10-2, but this formula is not on the course.
9.
400A
100kW of power is being consumed at 250 V,



so the current is 100 x 103 / 250 (1) = 400 A. (1)
10.
Assuming there is minimal voltage drop across the power lines, then the voltage at the step down transformer will be 22,000 V.  Using Power In = Power Out (1), the current at R equals 400 x 250 / 22,000 (1) = 4.55 A. 
11.
41 W
Power loss = I2R (1) = 4.55 x 4.55 x 2.0 (1) = 41.4 watt. (1)
12.
Increasing the transmission voltage with a step up transformer decreases the current in the transmission lines (1), because Power (P = VI) In = Power Out.  The power loss is given by I2R (1), so by increasing the voltage by a factor of 10, the current decreases by a factor of 10 and the Power Loss decreases by a factor of 102 , 100, because the current is squared.

13.
C
The ratio of the turns equals the ratio of the voltages which is 250 : 22,000. (2)
14.
A changing current in the primary coil produces a changing magnetic field in the iron core(1), which produces a changing magnetic flux inside the secondary coil (1), which induces a changing voltage across the secondary coil. (1)
15.
If the output from the DC generator is rectified, smoothed and regulated, the input voltage to the transformer will be constant and there will be no change in magnetic field in the iron core (1) and no voltage across the secondary coil (1).  However if the DC generator is just a rotating coil in a magnetic field with a commutator attached, then the output would be pulsed DC voltage, which would produce some form of voltage across the secondary coil of the transformer.
16.
B
Increased power use means a larger current in the power lines, with a greater loss in voltage across the lines leaving a slightly smaller voltage coming into the step down transformer. (2)
17.
B
Period = 1/50 s = 2.0 x 10-2 s.  Peak voltage = 250 x sqrt (2) = 350 volts. (2)
Interactions of Light and matter

1.
D
The light from the candle is produced by the thermal motion of the electrons, which means that the motion is random and with a range of accelerations.  This produces incoherent light of many wavelengths. (2)
2.
Y, Y, N, N
Note the first prediction is actually N for the Wave model. (1,1,1,1)
3.
1.8 eV
The minimum energy is equal to the Work Function, the Y intercept. (2)
4.
B
Same gradient, larger Y intercept. (2)
5.
8.7 x 1014 Hz
Highest frequency is the largest energy difference, which is 3.61 eV.  



Using E = hf, the frequency = 3.61 / (4.14 x 10-15) (1) = 8.7 x 1014 Hz (1)
6.
The wave nature of electrons means that electrons have a wavelength (1) and if they have a wavelength, that can form a standing wave in a confined space, (1) such as a circle around the nucleus.

7.
5.6 cm
P2 is the 2nd maximum, so the path difference is 2 wavelengths (1)



path diff  = 2 x 2.8 = 5.6cm. (1)
8.
Bright and dark lines mean cancellation and reinforcement of ‘crests’ and ‘troughs’ in a wave. (1)  This observation supports the wave model of light. (1)
9.
5.0 keV
E = hf = hc/ = 4.14 x 10-15 x 3.0 x 108 / (250 x 10-12) (1) = 4.97 keV = 5.0 keV (1)
10.
Both electrons and X-rays have a wavelength and show wave properties such as interference and diffraction and will produce bright and dark lines as in Figures 4b and 4c. (1)  The similarity of the two patterns indicates that the two wavelengths are comparable. (1)
11.
2.65 x 10-24 kgm/s
Electron momentum = h/ (1) = 6.63 x 10-34 / (250 x 10-12) (1) 



p = 2.65 x 10-24 kgm/s (1)
Synchrotron and its applications

1.
linac, bending magnets, electromagnetic. (1,1,1)
2.
X-rays from a synchrotron are many times brighter (1) that is they are more intense e.g. more energy per second through an area (1), and have a better divergence (1), i.e. come in a much narrower beam. (1)
3.
B
(2)
4.
D
This is what the synchrotron is designed for. (2)
5.
Compton Scattering (1).  The X-rays are scattered when they collide with an electron with a loss of energy and so a longer wavelength.  The energy loss varies with angle. (1)
6.
D
The energy loss increases with angle. (2)  This may be beyond the course.
7.
4.2 x 107 m/s
KE = 5keV = 5 x 103 x 1.6 x 10-19 Joules = ½ mv2. (1)  



v2 = 1.6 x 10-15 / (9.1 x 10-31) (1)  = 1.76 x 1015, v = 4.2 x 107 m/s. (1)
8.
1.9 x 10-18 kgm/s
Radius = Momentum / (Be). (1)  Momentum = 7.0 x 1.7 x 1.6 x 10-19 (1)


Momentum = 1.9 x 10-18 kgm/s. (1)
9.
B
The scattered beams reflect with the angle of reflection = angle of incidence. (2)
10.
2.0 x 10-10 m
Using the Bragg formula n= 2dsin, with n = 1.



Spacing, d, = 35 x 10-12 /(2 x sin 50 ) (1), d = 201 pm = 2.0 x 10-10 m (1)
Photonics
1.
greater than, lowest, reduced (1,1,1)
2.
A
E = hf = hc/ = 4.14 x 10-15 x 3.0 x 108 / (5.8 x 10-7) = 2.14 eV. (2)
3.
A
Decreasing band gap means decreasing energy and increasing wavelength.

4.
Brightness, coherence, monochromatic (1,1,1)
5.
When the light moves off the central line the path is longer, (1) but off the central line the refractive index is less so the light travels faster than when going along the central line. (1)  This means there is less dispersion between the different modes.

6.
150
nairsin  = 1.48 x sin 100 (1),  = 14.90 (1)
7.
830
1.48 x sin  = 1.47 x sin 900 (2),  = 830. (1)   Given that this question is worth 3 marks, could it be asking for the angle at the front surface in the air?
8.
change, same (1,1)
9.
B
The refractive index of glass decreases as the wavelength increases, but is that in the study design. (2)
10
The red signal is weaker than the IR signal.  Light scattering means that imperfections in the fibre send the light in all directions, light of shorter wavelengths (red) are scattered more than light of longer wavelengths (IR). (1)  Absorption means that the imperfections convert the light energy into thermal energy. (1)
11.
Total Internal Reflection (1)  of the light at the water – air boundary. (1)
Sound

1.
diffraction/less/increase (1,1,1)
2.
D 
Sound is modeled as a longitudinal pressure wave. (2)
3.
71.4 cm
Using v = f,  = 340 / 476 (1) = 0.714m (1)
4.
2.5 x 10-6 W/m2
Using L = 10 log (I/I0), I = 10-12 x 106.4 (1) = 2.5 x 10-6 W/m2 (1)
5.
Correct answer not included.  Distance increased by a factor of four means intensity is decreased by a factor of 16, which is 24, which means the dB value is decreased by 4 x 3 dB to 64 – 12 = 52 dB. (2)
6.
When a speaker produces a compression in the front, it also produces a rarefaction at the back, which is out of phase with the wave at the front (1).  If the speaker is freestanding without a box, the two waves can interfere.  The rarefaction can travel around to the front of the speaker and produce a cancellation (1).  At other positions, reinforcement can occur.
7.
0.85m
Open at both ends means that the length equals half a wavelength (1).  The wavelength is given by 340 / 200 = 1.7 m (1), so the length is 0.85 m. (1)
8.
B, D
Open at both ends produces all the multiples of the fundamental. (2)
9.
Resonance is the matching of frequency between the natural frequency of the tube and the frequency within the source of the excitation, the blowing across the tube. (1)  At an open end there is a pressure node, the distance between adjacent nodes is half a wavelength, (1) so this determines the natural frequency of the tube. (1).  
10.
C
(2)
11.
A dynamic microphone consists of a coil of wire inside a magnetic field. (1)  The coil is made to vibrate backwards and forwards by sound waves.  This movement within the magnetic field produces an induced voltage that matches the variation in sound pressure. (1)
Dot points not covered

Electric power
· describe the production of voltage in generators and AC voltage in alternators, including the use of commutators and slip rings;

· compare sinusoidal AC voltages produced as a result of the uniform rotation of a loop in a constant magnetic flux in terms of frequency, period, amplitude, peak-to-peak voltage (Vp-p) and peak-to-peak current (Ip-p);

Interactions of light and matter

· interpret the pattern produced by light when it passes through a gap or past an obstacle in terms of the diffraction of waves and the significance of the magnitude of the /w ratio;

Synchrotron and its applications

· model the force applied to an electron beam as F = evB incases where the direction of v and B are perpendicular to each other and parallel to each other;

· describe the operation of a typical beamline as a tuneable source of radiation;

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

Photonics

· explain the production of light by coherent light sources (lasers), in terms of light amplification (photons generated when many bound electrons de-excite at the same time) via stimulation from external photons (descriptive);

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

· explain fibre optic imaging in fibre optic imaging bundles; 

· explain qualitatively the operation of optical fibres as simple intensity-based sensors;

Sound

· interpret frequency response curves of microphones, speakers, simple sound systems and hearing including loudness (phon);

· evaluate the fidelity of microphones and loudspeakers in terms of purpose, frequency response and, qualitatively, construction;
Additional questions based on the stems for revision purposes

Electric power

Q’n 6
For the coil of wire in Fig 3b to rotate clockwise, in which direction should the current flow across the top of the coil?
Q’n 7
What motions of the loop of wire could produce the graphs in B, C and D?
Q’n 8
Calculate the average induced voltage.

Q’n 9
If the alternator was generating 100.00 kW at 250.00 V and T1 stepped the voltage up to 22,000 V, a) what would be the power loss in the transmission lines? b) what would be the voltage drop across the lines? and c) if T2 had a turns ratio the reciprocal of T1, what would be the voltage at the village?

Q’n 13
Which are step up transformers and which are step down transformers?

Q’n 17
What are the RMS voltages and frequencies of alternatives A, C and D?
Interactions of light and matter

Q’n 3
Determine Planck’s Constant from Figure 1.  Include an estimate of the uncertainty.
Q’n 5
A sodium atom is initially in an n = 4 excited state.  a) Calculate the lowest frequency of light emitted.  b) How many different frequencies are possible?

Q’n 9
Calculate the frequency and momentum of an X-ray photon.
Q’n 11
Determine the speed and kinetic energy of the electron, assume a non-relativistic speed.

Synchrotron and its applications

Q’n 10
Use the answer to Q’n 10 to determine the angles for other values of n.

Photonics

Q’n 2
Calculate the frequency of the light emitted by the LED.
Sound

Q’n 5
Calculate the distance from the loudspeaker to obtain each of the dB readings A – D.

Q’n 8
Draw the standing waves patterns for B and D.

Q’n 10
Give an example of a microphone for each of A, B and D.
