Suggested Solutions to VCE Physics November 2009 Exam paper
These suggested solutions have been prepared by the AIP (Vic Branch) Education Committee to assist teachers and students when using this exam paper as a revision exercise.  Every effort has been made to double check the solutions for errors and typos.  A suggested marking scheme is provided in italics.  

The average and maximum scores, and the average as a percentage will be included at the end of the each solution in square brackets once they are available on the VCAA website.  For the multiple choice questions for the Detailed Studies, the percentage choosing each answer and any comment on significant distracters will be similarly available in a table at the end of each Detailed Study.

Electric Power

1.
AC (1)  
Slip rings are used. (1). [ /2, %]
2. 0.0080 T
Using flux = BA, B = Flux / Area = 7.2 x 10-6 / (9.0 x 10-4) (1 )= 0.0080 T (1) [ /2, %]
3.
3.6 x 10-4 V
Induced EMF = / t (1) = (7.2 x 10-6 - Zero)/ (0.020) (1) = 3.6 x 10-4 V (1)


 [ /3, %]

4.
The current from the battery enters the coil at the bottom, so using the right hand grip rule the magnetic field inside the coil will be up the page. Each line should be drawn inside the coil with an up arrow, when the line exits at the top it should curve over and come down the outside of the coil, with a down arrow, then curve again at the bottom of the coil to join up with the line inside the coil.  Each line should be drawn this way, with some lines down the outside on the left, and some on the right.  [ /2, %]
5.
Up (2)
Use Hand rule, Field is N to S, current is T to U, so Force is up [ /2, %]
6.
0.0045 N
Using F = BIl, F = 0.25 x 2.0 x 0.0090 (1) = 0.0045 N (1) [ /2, %]
7.
Zero (2)
Field and current are in the same direction, so the force is zero. [ /2 %]
8.
A split ring commutator reverses the current (1), twice every cycle (1), when the plane of the loop is perpendicular to the field (1) [ /3, %]
9.
10,000 W
Current from generator = 20.0 amp.  Using P = VI, P = 500 x 20.0 (1)



P  = 10,000 W (1) [ /2, %]
10.
4,000 W
Total power loss = I2R = 20.0 x 20.0 x (2 x 5.00) (1) = 4,000 W (1) [ /2, %]
11.
300 V
Voltage across PQ = 500 V - voltage drop across both lines using V= IR) (1)


Voltage across PQ = 500 - (20.0 x 5.00 x 2) (1) = 500 - 200 = 300 V (1)  [ /3, %]
12.
5,000 V
Turns ratio is 10:1, so voltage at XY = 10 x input voltage = 10 x 500 (1) 


Voltage at XY = 5,000 V (1) [ /2, %]
13.
480 turns
Ratio of turns is 10:1, so number of turns in secondary = 4800/10 = 480 (1) [ /1 %]
14.
40 W
The current is now 10 times less and equals 20.0/10 = 2.0 amp. (1)


Total power loss = I2R = 2.0 x 2.0 x (2 x 5.00) = 40 W (1) [ /2, %] 



Conseq on Q’ns 9 and 12
15.
498 V
Voltage at primary of step down transformer = 5,000 - 20 = 4980 V (1).  Voltage at secondary of step down transformer =4980 / 10 (1) = 498 V (1) [ /3, %]
16.
Peak voltage = 50 V (1), period = 0.040 s (1).  The frequency is halved, so the period is doubled.  The change in flux happens in a longer time.  This means the peak voltage is also halved and there is only one cycle on the graph.   [ /2, %]
Interactions of Light and matter

1.
Supported wave model (1). Waves interfere (1). Young’s expt: light and dark lines (1) [ /3, %]

The two competing models of light were the particle model, initially proposed by Newton and the wave model proposed by Huygens.   The wave model predicted that if light behaved as a wave it should show the wave-like properties of diffraction (spreading through a narrow gap or bending around a sharp edge) and interference (points of reinforcement and cancellation on the other side of a double slit).


Young passed light through a pair of very narrow slits and produced an interference pattern, evidence of constructive and destructive interference.  This supported the wave model.
2.
PE effect expt supports particle model (1).  Max KE of electrons was independent of intensity (1).  For increased intensity, particle model predicted more electrons with same energy, while wave model predicted electrons with more energy (1). [ /3, %].  (Additional results of the PE effect exp’t that support the particle model were: i) instantaneous emission of electrons, and ii) the existence of a cutoff frequency below which no electrons are emitted regardless of intensity.)

The particle model proposed that more intense light had more particles with the same energy, whereas the wave model said that with more intense light, the amplitude of the wave was larger.  When light was shone on a metal surface, electrons were ejected.  


The wave model predicts that more intense light, because of the larger amplitude wave, should produce electrons with greater energy.  The particle model predicts more intense light, because there are more particles with the same energy, should produce more electrons with the same energy.

The additional results listed above can also be elaborated.  The results of the PE effect experiment supported the prediction of the particle model. 
3.
Thelma (1)
The path difference is zero (1) as the centre point is the same distance from S1 and S2.  The point is a maximum (1) because waves from S1 and S2 will constructively interfere. [ /3, %]
4.
496 nm
A and B are adjacent positions of destructive interference.  So, the path difference for A is one wavelength longer than that for B (1).  


The wavelength = 496 nm. (1) [ /3, %]

5.
EK max: The maximum kinetic energy of the electrons (1) ejected from the metal surface as measured by the voltmeter, Vs, when the current, as measured by the microammeter, A, first reads zero. 

f:
The specific frequency (1) of the light that is selected by the filter.

W:
Work Function, is the minimum amount of energy an electron requires to break free of a metal surface. (1) [ /3, %]
6.
5.0 x 10-15eVs
Planck’s constant = gradient of the graph = [(2 - 0) / (7 - 3)] x 10-14 (1)


Gradient = 5.0 x 10-15 eVs (1)

1.5 eV
Work Function = Y intercept = 1.5 eV. (1)  [ /3, %]

7.
i) unchanged (1)
Max KE depends only in frequency.


ii) increased (1)
Increased intensity means more photons ejecting more electrons. [ /2, %]

8.
8900 eV
E = hf = hc/ = 4.14 x 10-15 x 3.0 x 108 / (1.4 x 10-10) (1)


E = 8.9 keV. (1) [ /2, %]

9.
4.7 x 10-24 kgm/s

p = h/ = 6.63 x 10-34 / (1.4 x 10-10) = 4.7 x 10-24 kgm/s . [ /2, %]

10.
Lines: 3rd to 2nd, 3rd to 1st, 3rd to ground, 2nd to 1st, 2nd to ground, 1st to ground. [ /2, %]

11.
1st excited state (1)
0.51 eV corresponds to gap between 2nd and 1st , 1.16 eV corresponds that between 3rd and 1st (1).  Both of these transitions involve the 1st excited state, so that must be where the electrons start from (1). [ /2, %]

12.
Standing waves mean the wavelength is quantised (1). Electron energy (E = hc/) depends on wavelength, so it is quantised as well. (1) [ /2, %]

Electrons in atoms are in confined space.  Electrons also have a wavelength that depends on their energy.  In this confined space, this wavelength property means that the electrons form circular standing waves around the nucleus.  The circumference of these standing waves must be an exact multiple of an electron’s wavelength.  This means that the electrons can have only certain wavelengths and so specific energies, that is, the energy of electrons in an atom is quantised.
Synchrotron and its applications

1.
C
A: wrong, X-rays cannot be deflected by magnets.  B: True, but the X-rays don’t pass into the beam line.  D: Wrong, electrons stay in storage ring
2.
B
Standard question.
3.
C
Use F = Eq, F = 200 x 103 x 1.6 x 10-19 = 3.2 x 10-14 N
4.
B
Use ½mv2 = F x d, and the answer from Q’n 3, 



d = 0.5 x 9.1 x 10-31 x (8.4 x 107)2 / (3.2 x 10-14) = 0.10 m. B.  Or use ½mv2 = Vq to find V, then use E = V/d to find d. d = 0.5 x 9.1 x 10-31 x (8.4 x 107)2 / (200 x 103 x 1.6 x 10-19)  Conseq on Q’n 3.

5.
C
F = Bqv = 2.4 x 10-4 x 1.6 x 10-19 x 8.4 x 107 = 3.2 X 10-15 N. C
6.
D
r = mv/Bq = 9.1 x 10-31 x 8.4 x 107 / (2.4 x 10-4 x 1.6 x 10-19) = 2.0 m. D
7.
D
Use Hand rule: Force in direction B, Current: backwards as electrons are negative.
8.
B
A wiggler has a row of magnets of alternating polarity.
9.
C
An undulator is similar to a wiggler and both are in the storage ring.
10.
B
Use n = 2dsin, where n = 1.  d = 0.150 x 10-9 / (2 x sin 150) = 2.9 x 10-10 m = 0.29 nm. 
11.
A
The incident angle is the grazing angle.  If the frequency decreases, the wavelength increases, and since the spacing is constant, the angle must increase.
12.
C
Elastic collisions, so no loss in energy.
13.
B
Photon energy lost to an electron, so photon energy and frequency are less.
Photonics
1.
C
Spectrum 3 must be mercury as it is the only one with separate peaks.  Spectrum 2 could be either laser or LED depending on scale. Spectrum 1 is likely to be a globe, as the sun would have a peak in the yellow.
2.
C
Definition.
3.
A
B: Would require absorption of a photon, C: There are no free spots in lower bands, D: Would require absorption of a photon
4.
D
A: Not necessarily, B: yes, they can, C: the reverse is true
5.
B
Use E = hf =hc/ .  =  hc/E = 4.14 x 10-15 x 3.0 x 108 / 2.30 = 540 nm.
6.
C
Colour unchanged, but more photons emitted.
7.
B
nc = 1.36 sin 800 = 1.34
8.
B
sin  = 1.36 sin (900 - 800) = 0.236,  = 13.70
9.
B
Immersion will not affect what happens between glass and cladding.
10.
C
On core side of interface, ncore sin is unchanged, so if outer refractive index increases, then angle of acceptance will decrease.
11.
B
Material dispersion occurs because the refractive index varies with wavelength, the narrower spread of wavelengths in laser light minimises this dispersion.
12.
D
Modal dispersion occurs because light can travel along paths of different lengths along a fibre.  A thinner fibre reduces this dispersion.
13.
A
See answer to Q’n 12.
Sound

1.
B
Definition of crystal microphone
2.
B
Vibration is along direction of the wave
3.
C
Use v = f,  = 2.0m f = 333/2.0 = 157 Hz
4.
B
In one period the wave moves one wavelength, i.e. 2.0 m. So in ¼ period the wave moves 0.5 m.
5.
C
Ratio of Intensities = 2.0 x 10-7 / (5.0 x 10-8) = 4.0. So, because of inverse square law, the distance has been double from 20 m to 40 m.
6.
D
Halving the intensity is the same as -3 dB, so ¼ the intensity = -6 dB.
7.
C
The amount of spreading diffraction increases with wavelength.
8.
C
Convert 40 dB to W/m2 using dB formula.
9.
B
Point at 200 Hz and 40 dB is on 20 phon line
10.
C
Open at both ends means the fundamental is ½ wavelength. 



Wavelength = 333/385 = 0.86 m, length = 0.432 m
11.
A
Centre is a pressure antinode, where the pressure varies with a period of 1/385 s which is 2.6 ms.
12.
A
Must be a multiple of 385 Hz.  A is not.
13.
A
For closed end tube fundamental is ¼ wavelength, so the wavelength is 4 x length, not twice the length and so the resonant frequency is half of 385 Hz.
