VCE Physics November 2005 Exam Paper

Solutions
Suggested marking scheme in italics

Electric power (40 marks)

1.
D (2)
Magnetic field leaves the North end of the magnet and enters the South end, so direction at P is B, so the direction of force on the wire is D
2.
4 x 10-4 m (2)
Using Flux = Field x Area, Area  = 8 x 10-6 / 2.0 x 10-2 (1) = 4 x 10-4 m. (1)  Note: Don’t use 100 turns, that comes in when calculating the induced EMF.
3.
5.0 x 10-2 s (2)
TQR is half a period and the period is 1/frequency, so it equals ½ x (1/10) (1) 



= 1/20 (1)
4.
3.2 x 10-2 V (3)
Average induced EMF = No of coils x (change in flux / time taken).  The flux changes from max one way to max the other way, so change in flux is twice the maximum value = 2 x 8 x 10-6. (1)  



Average induced EMF = 100 x 2 x 8.0 x 10-6 / (5.0 x 10-2) (1) = 3.2 x 10-2 V (1)


Consequential on Q’n 3.
5.
A sine graph (1) with double the amplitude (1) and double the frequency, i.e. half the period (1).
6.
Kris (1)
7.
The commutator reverses the direction of the current (1) twice every cycle when the induced current (and the induced voltage) is zero. (1)
8.
C (2)
Note: If the DC generator included a smoothing capacitor or had a multi-segmented commutator, then the answer would be B.
9.
5.0 A (2)
Using P = VI, the current will be 1200 / 240 (1) = 5.0 A (1)
10.
1800 W (2)
Using Ploss = I2R, Power loss = (30)2 x 2.0 (1) = 1800 W (1)
11.
180 V
Voltage drop along the lines = Vlines = IR = 2.0 x 30 (1) = 60 V (1), so voltage drop across the house = 240 – 60 = 180 V (1).  Note: the question should have used the phrase “voltage drop across the house”.  There is a voltage drop of 30 V across the return line from the house to the power pole.
12.
With a step down transformer, there is less current in the transmission lines (1), and so, by using Ploss = I2R (1), there will be less power lost (1).  There will also be a smaller voltage drop along the lines and less power lost by P = VlineIline.  Note: The transformer will allow more power to the house as less is lost in the wires, rather than the “same” as stated in the question.
13.
31 kV (2)
Vp-p = 2 x sqrt(2) x VRMS (1) = 2.8 x 11,000 = 31,113 V (1).  The required number of sig figs in this answer is debatable.  In theory, the correct answer is 31,113 V.
14.
0.10 A (2)
Using Power in = Power out, Ip = 11.3 x 2.2 / 240 (1) = 0.10 A (1).
15.
Both laws are about electromagnetic induction (1). Faraday’s law is about the magnitude of the induced EMF (1), while Lenz’s law is about the polarity of the induced EMF and the direction of the induced current (1).  Faraday’s law is the basis of the formula used in Q’n 14.  Lenz’s law is deduced from the conservation of energy.
16.
C (2)
B is not acceptable as the mains power point may be incorrectly wired. The meaning of ‘mains’; could be queried, does it refer to the power point or does it refer to the fuse box.
17.
coil to No 3, loop to No 1, straight conductor to No 2.
Light and matter (25 marks)

1. The thermal excitation (1) of electrons (1) which then lose random amounts of energy as photons.
2.
B (2)
A: applies to lasers, C: means single wavelength, D: similar to coherent.
3.
Na (2)
Draw line of best fit and find Y-intercept.
4.
4.5 x 10-15 eV s
Find the gradient (1) of the line of best fit (1).  Acceptable range: 4.8 – 4.2
5.
B
C, D will decrease x, A will have no effect.
6.
3.6 x 10-11 m
Using  = h/mv,  = 6.63 x 10-34 / (9.1 x 10-31 x 2.0 x 107) (1) = 3.6 x 10-11 m (1)
7.
No, the wavelength is much smaller than the mesh spacing
8.
B, D (2)
Light does not have charge nor mass.
9.
1.8 eV (2)
Smallest energy gap = 5.2 – 3.4 (1) = 1.8 eV (1)
10.
3.6 x 10-7 m (2)
Using E = hf = hc/ , then  = hc/E = 4.14 x 10-15 x 3.0 x 108 / 3.4 (1) 



= 3.6 x 10-7 m (1)
11.
If electrons have a wavelength, then the wavelength could be imagined to form a closed loop around the nucleus, as a standing wave (1), this would mean that only specific wavelengths (1) and their associated energies would be allowed (1).
Synchrotron and its applications (25 marks)

1. gun, 99.99%, linac
2.
0.97 T (2)
Using r = mv/eB, B = 1.2 x 10-18 / (1.6 x 10-19 x 7.7) (1) = 0.97 T (1).
3.
10.8 keV (2)
Using E = hf = hc/ , E = 4.14 x 10-15 x 3.0 x 108 / (0.115 x 10-9) (1) 



= 10.8 x 103 eV (1)
4.
0.34 nm (3)
Using n = 2dsin, n = 1 (1), so d =  / (2 x sin) = 0.115 / (2 x sin 9.60) (1)



 = 0.34 nm (1).
5.
Bragg’s law gives a value of 20.20 for the angle when n = 2 because the path difference is now 2 wavelengths.
6.
B (2)
Synchrotron radiation is generated when electrons accelerate, but they don’t collide with other electrons in a synchrotron and the chamber is a near vacuum , so they don’t collide with air particles.
7.
5000 V (2)
Using W = Vq, Voltage = energy/ charge = 8.0 x 10-16 / (1.6 x 10-19)  (1) 



= 5,000 V (1)
8.
C (2)
Using hand rule: Electrons are moving left to right, but they are negatively charged, so the conventional current goes from right to left.  The deflection is down, so the magnetic field must be from Y to Z.
9.
More intense (1) so more photons(1)  and with a more precise energy and wavelength (1).
10.
B (2)
Using E = hf = hc/ , then  = hc/E = 4.14 x 10-15 x 3.0 x 108 / (10 x 103), 



 = 12.42 x 10-11 m = 1.2 x 10-10 m. B
11.
C (2)
Elastic scattering, so no energy loss and energy is the same, so C,
Photonics (25 marks)

1.
coherent, a population inversion, photons of the same
2.
A: sodium vapour lamp, B: red LED, C: red hot slab of iron
3.
Electron jumps down across band gap releasing a photon with energy equal to the band gap energy.
4.
5.9 x 10-7 m (3)
Using E = hf = hc/ , then  = hc/E (1) = 4.14 x 10-15 x 3.0 x 108 / 2.1 (1) 



= 5.9 x 10-7 m (1).
5.
B (2)
You want Total Internal Reflection at core/cladding boundary and nair is the smallest.
6.
51.30 (2)
Because of the hemispherical end the light beam enters the rod at right angles to the front surface and so meets rod - air interface at the angle , so using Snell’s law 1.60 x sin (900 - ) = 1.0 x sin 900, sin (900 - ) = 1/1.6 = 0.625, (1)


 = 900 – 38.70 = 51.30 (1).
7.
B (2)
In modal dispersion the pulse that goes down the middle goes ahead of pulse that reflects off the sides, so to reduce this dispersion make the fibre thinner.  The cladding has no effect.
8.
B (2)
Modal dispersion is independent of wavelength.  Demodulation and multiplexing don’t affect the quality of the signal.  Raleigh scattering is important at short wavelengths.
9. i) Rayleigh scattering.  Scattering increases with frequency, so it is significant for short wavelengths.
   ii) Absorption.  Light at this frequency is interacts with the electrons in atoms.

10.
D
LEDs produce a broader spectrum than laser diodes so there is more material dispersion.  Multimode produces more modal dispersion than single mode.
Sound (25 marks)
1.
Longitudinal, parallel to, energy
2.
crystal: piezo; dynamic: emi; electret-condenser: capacitance
3.
When a compression is produced at the front of a speaker a rarefaction is produced at the back (1).   If this rarefaction was able to travel into the space in front, then partial cancellation would be possible (1)
4.
D (2)
The maximum response is in the high frequency range, which is supplied by a tweeter.
5.
The fixed diameter would mean that the high frequencies would not diffract off the centre line as much as low frequencies.  In a multiple speaker system different frequency ranges have different speakers of proportional size which gives comparable spreading.
6.
B (2)
Using v = f wavelength = 320 / 160 = 2.0 metres (1).  The length of a closed end tube equals ¼ of the wavelength for the fundamental, so ¼ of 2.0 = 0.5 m (1).
7.
480 Hz, 800 Hz
Odd multiples of 160 Hz = 480 Hz, 800 Hz.
8.
An air column not only produces the fundamental frequency, but many of the overtones above it, each of which will have a higher frequency.
9.
C (2)
Intensity = Power/Area = 100 /(4 x1002) = 8.0 x 10-4 W/m2.  Note: This is not on the course.
10.
6 dB (2)
C is twice as far away as B, so the intensity at C is ( ½ )2 of that at B (1), so by the rule of thumb (halve the intensity, subtract 3 dB), the intensity level is 6 (2 x 3) dB less at C (1).
11.
100 dB (2)
L (in dB) = 10 log (1.0 x 10-2 / 1.0 x 10-12) (1) = 10 log 1010 = 100 dB (1)
Dot points not covered

Electric power

•
describe the operation of simple DC motors; 

•
apply a field model to the qualitative effect on magnetic flux of differing angles between the coil and the field;

•
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 deduced from interference patterns;

•
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/w ratio;

•
interpret the photoelectric effect as evidence for the particle-like nature of light, including

-
effects of intensity of incident irradiation on the emission of photoelectrons;

•
compare the momentum of photons and of particles of the same wavelength including calculations using p = h/, 

Synchrotron and its applications

•
describe the design and operation of simple particle accelerators such as the cathode ray tube and including the application of ½ mv2 = eV for electrons in an electron gun;

•
describe basic synchrotron design including electron linac, circular booster, storage ring, beamlines; 

•
describe qualitatively the characteristics of synchrotron radiation including brightness, spectrum and divergence; 

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

•
use data to identify and describe types of X-ray scattering including … inelastic (Compton) scattering and diffuse scattering;

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

Photonics

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

•
describe the operation of fibre optic wave guides, including

–
modal patterns (descriptive only), material dispersion and modal dispersion (in terms of the ray model);

•
explain fibre optic imaging in fibre optic imaging bundles; 

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

Sound

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

•
explain qualitatively, in terms of electrical and electromagnetic effects, the operation ofdynamic loudspeakers;
•
evaluate the fidelity of microphones and loudspeakers in terms of purpose, frequency response and, qualitatively, construction;

Additional questions based on the Information in the Exam
Electric Power

After Q’n 11

1. The transmission lines consisted of two lines, one from the pole to the house and one from the house to the pole.  The system is earthed at the pole.  What is the voltage drop across one of the lines?

2. Instead the system consists of one transmission line of resistance 1.0  from the pole to the house.  The system is earthed at the pole and also at the house.  What is the power loss for a current of 30 A in the line and what is the voltage drop across the house?

After Q’n 12

1. What is the turns ratio of the transformer?

After Q’n 14

1. What is the turns ratio of the transformer?

Interactions of light and matter

After Q’n 3

1. What is the threshold frequency?

2. Light with a frequency equal to the threshold frequency of copper is shone a sodium.  What is the maximum energy  (in eV) of the ejected electrons?

After Q’n 9

1. Electrons are placed in the n = 3 state.  How many lines will there be in the emission spectrum?
2. Of the lines produced calculate the shortest wavelength.

Synchrotron and its applications

After Q’n 7

1. Calculate the speed of the electron.

After Q’n 8

1. Which way would each of the answers in Q’n 8 deflect the beam?

After Q’n 10

1. Find the energy for the wavelength in D.

Photonics

After Q’n 2

1. Draw the Intensity – wavelength graph for each of the three incorrect answers.

After Q’n 5

1. Explain what would happen in alternative A.

After Q’n 6

1. Explain what would happen if the end of the plastic rod was flat.
Sound

After Q’n 4

1. Sketch the response - frequency graph for each of the wrong answers.

After Q’n 7

1. Lee tests the 0.5m pipe by hitting it.  The pipe acts as an air column open at both ends.  What frequencies below 1000 Hz would be present in the sound?

