VCE Physics Unit 4 November Exam Pilot Physics Course – Solutions and Comments
KB 11 November 2004.  These answers have not been checked and certainly are not ‘authorised’!
If you find errors or would like to add/modify comments please contact me.  keith.b@physics.org 
(Particularly those of you who did the Synchrotron and Sound options.)
Light and Matter

Q.1
2.1 eV
W = Eph – Ekmax = 3.0 – 0.9 = 2.1 eV (for blue, or same for UV)
Q.2
2.2 eV
Eph = hf = 4.14x10-15 x 5.4x1014 = 2.24 eV

Q.3
A
Current only depends on intensity given that there is some.

Q.4a
Graph should show three points giving straight line from (3.0,-1.0) to (12,3.0)

Q4b
red is N/A as no electrons emitted.  UV2 is 2.9 eV (+/- 0.2 eV)

Q5
B,D
Differences between 2-1 and 1-g states (6.7 eV also possible)
Q6
C
Difference between 3rd and 2nd.  (Transitions such as this are uncommon.)

Q.7
A
Diffraction patterns only depend on wavelength

Q.8
1.89x10-23 kg.m/s
From p = h/λ where λ = 35x10-12 m

Q.9
•Due to the interference between light waves from the two slits traveling different paths P1 and P2.  •Where P2-P1=nλ we have constructive interference →bright band, •where P2-P1=(n-½)λ get destructive interference→dark band.
Q.10
3.8x10-6 m  This point is 6th bright band so P2-P1 = 6λ = 3792 nm = 3.8 μm
Q.11
C
Shows four whole waves (8 nodes)

Electric Power

Q.1
perpendicular/magnetic/increases
Q.2
B  Use of right hand (palm) rule.
Q.3
1.0 T  From B = F/IL = 0.01/(1x0.01)

Q.4
The wire may vibrate up and down rapidly at 100 Hz or it may do nothing if it is reasonably heavy or stiff. (The magnetic force alternates up/down at 100 Hz.)
Q.5
•Current starts flowing, •produces increasing flux in T core. •current induced in secondary by this changing flux. •once flux stops changing current stops.

Q.6
C  Opposite flux induced

Q.7
0.05 s  P and Q are half a rev apart so t = ½ x 1/10th sec

Q.8
The graph should be a cos (or –cos) graph with peaks at ±2.8 V and the same period.
Q.9
D  Shows amplitude and frequency both decreasing

Q.10
A  Only reasonable answer (although if resistance was significant B could do it).

Q.11
•Current in rotating coil is alternating. •Commutator reverses connections to external wires each half turn •so that current in external circuit is always in same direction, ie., DC.
Q.12
•As there is a 1Ω resistance in the lead, there will be a ΔV along its length •which will reduce the ΔV across the lamp, •and hence the current and power. [In fact the ΔV in the lead is 4x1 = 4 V and hence lamp 2 has 8 V across it – but the Q did not require numbers.]

Q.13
32 W  There is 8 V across lamp2 and 4 A through it hence P = 8V x 4A
Q.14
D, as the current in L1 will be greater than that in L2 and the xtn lead.
Q.15
Transformer symbol or diagram showing/labeling primary, secondary and core with a statement that the primary has 20 times as many turns as the secondary.

Q.16
•The current in the xtn lead is only 1/20th of that in 12 V supply and •hence there is much less ΔV along the lead, with less power loss. •P=I²R so power loss only 1/400th.

Synchrotron

Q.1
B  Compton scattering involves a loss of energy of the X-ray photons
Q.2
71 pm  Thomson scattering is elastic and no energy is lost.
Q.3
1) It is very powerful and so only needs short bursts to produce a result

2) It has a wavelength of the same order as many interesting molecules and so can be used to find the structure/properties of such molecules.


•) It is continuous over a wide range of wavelengths and so wavelengths of the desired range can be filtered out.


•) It is coherent and so can be used to produce interference patterns

Q.4
As the energy increases, the velocity also increases and the electron bunches travel further between oscillations of the electric fields.
Q.5
B  Use of the right hand (palm) rule (remembering the electron is negative).
Q.6
Ek = ½mv² and so v² = 2x104 x 1.6x10-19/9.1x10-31 = 5.9x107 m/s

Q.7
r = p/qB = mv/qB = 9.1x10-31 x 5.9x107 / (1.6x10-19 x 2) = 1.7x10-4 m 
Q.8
C
Q.9
2dsinθ = nλ so for n=1, λ = 2x0.2xsin10 = 0.069 nm
Q.10
A  As sinθ is proportional to λ
Photonics

Q.1
1) Sunlight (peak in vis) 2) Incandescent globe (peaks in IR)  3) Candle (little vis)
Q.2
•Atoms raised to a metastable state by pumping from external light or electron source. •Photons emitted from this state stimulate other atoms to release their photons in phase (stimulated emission) •Photons reflect back and forward stimulating more atoms to release new photons •Light emitted from partial mirror is coherent, monochromatic and parallel.
Q.3
6.5x10-7 m  Eph = hc/λ = 1240/1.9 = 650 nm  (hc = 1240 eV.nm)
Q.4
C,D  More current just increases number of electrons, λ determined by band gap only.
Q.5a/b
Decrease, because if the fluid n is greater than the plastic, light will always refract into the fluid and there will be no TIR. Hence the light will escape from the tube.

Q.6
C  The acceptance angle must be between β and γ as β shows TIR but γ does not.
Q.7
Single mode means less loss from modal dispersion. [This means that the width of the digital pulses sent down the fibre does not increase due to different paths inside the fibre, and thus the resolution of close pulses is better.]
Q.8
C  Loss is 1 dB/km and so 30 km→loss of 30 dB (But B could be acceptable also – see comments.)
Q.9
•The lens focuses the image of the ants onto the end of the imaging bundle. •The bundle is ordered, that is all the fibres maintain their relative positions •so the image at the end is built up from the light falling on the corresponding fibres at the start.
Q.10
D  As 100x100 pixels requires 10,000 separate light channels.
Sound

Q.1
Dynamic, Velocity, Electret-condensor
Q.2
B  
Q.3
B
A reduction by a factor of 2 is equivalent to –3dB
Q.4
B
Spkr 2
Q.5
D
Spkr 4
Q.6
In free air the sound waves from behind the speaker can diffract around to the front and interfere destructively with the waves from the front. Particularly long λ (bass sounds) The board stops this interference.
Q.7
Spkrs 3 and 4 because the high cutoff for spkr 3 is about the same as the low cutoff for spkr 4 and hence they will complement each other’s sound. They also have about the same output over this range. Spkrs 1 and 2 have a high cutoff well into the range of spkr 4 and so the mid range would be too loud.
Q.8
1.0 m  λ = 340/80 = 4.25 m. An open/closed tube has resonance at ¼λ and so L = 1.0 m
Q.9
D  Resonance occurs at odd multiples of the fundamental, ie, 80, 240, 400, 560, 640, etc.
Q.10a
λ = 340/100 = 3.4 m
Q.10b
The low frequency sound will diffract around the screen because the screen is smaller than the wavelength. The higher frequencies of the dialogue will have λ around 0.3 m and so will not diffract around the screen.

Comments

General comments

Most students seemed to be quite happy with the exam and a number had plenty of time to spare. Perhaps it was a little short? The spread of questions seemed quite good and the difficulty level appropriate although there were few challenging questions in the core sections. This could make discrimination at the upper end difficult and means that ‘silly slips’ assume too much significance. In some places the balance of marks seemed a little odd, with some 4 mark questions seemingly easier/quicker than some 3 mark questions. Inevitably there were some questions where the wording might have been improved to make clearer exactly what was required.
Light and Matter

Q’s 1-3
Good straightforward if a little novel. Q.1 was the hardest (or more novel) of the three and could have been placed third to avoid the ‘initial shock’ it may have given some of the weaker students. In Q.2 (and some other questions in the paper) there was redundant data given which may confuse some students. Perhaps it would be better to leave all the data for the data sheet to avoid giving students false (or otherwise) clues.
Q.4a
Maybe worth 2 marks for time needed. Also may be hard to decide when to give 0 marks.

Q.5/6
Upward transitions between states are not usually discussed because they are supposedly very uncommon, however, the answer is clear enough. This may have confused some brighter students.
Q.7/8
Good, but simple, questions, but giving λ in pm with no explanation (eg. 1 pm = 10-12 m) could confuse. (Yes the p is on the data sheet, but not as pm). This year students probably picked this up from the trial paper. Again some redundant data given.

Q.9/10 
Straightforward interference questions.

Q.11
Is this a good question?

Electric Power

Q.1
‘amount’ of electromagnetic induction is a bit vague (although effectively defined in the question). A good student may realize that something (the amount of charge moved) is the same and put ‘does not change’ for the last part.  Why not simply say ‘the induced voltage’ at the end?
Q.2/3
The ‘stretchy’ wire was a little confusing and unnecessary. Use of I = 1.0 means students can multiply instead of divide by 1 and get answer.
Q.4
Is ‘nothing’ a full mark answer? The question did not ask ‘why’.

Q.5/6
Simple straightforward questions.

Q.7-9
Good questions but a couple of minor points: The graph does not start at the point shown in the diagram, and what exactly does the requirement to label your sketch mean? Will a good graph be penalised if the (obvious) minima and maxima are not labelled? (And does minimum mean 0 or -2.8?)

Q.10
A & B could possibly be acceptable if the resistance of the wire was significant.
Q.12/13
 Although calculations can be made, question 12 did not ask for them and so they should not be required. However, good students may waste time doing them (although needed for next question anyhow.) Also lamps which obey Ohm’s law are hard to buy! In fact their more notable characteristic is that the current changes very little with a small change of voltage. This question is basically on Unit 2 material.
Q.15
Minimum for full marks should be transformer symbol with primary, secondary and core labeled with statement about Np = 20xNs. Some students will waste time drawing unnecessary features of a transformer and calculating actual numbers of turns because the question is worth 4 marks. If they have 1 turn and 20 turns is that acceptable?
Q.16
Values can be calculated, but are not really needed to answer this question (at two marks). Perhaps this question could have been more searching and Q.15 worth less marks?
Synchrotron

This section appeared fairly straightforward with several ‘number plugging’ and some straight recall questions.
Photonics
Q.1
Some students were put off by the relatively high intensity of the candle which they expected to be a lot less than the light globe, and so thought it could be an IR LED.
Q.2-5
Straightforward questions. (No data given in Q3 by way of contrast with some other questions.)

Q.6
Basically a good question, but diagram and nomenclature may have confused some students.
Q.7
Is ‘less modal dispersion’ sufficient? The question does not indicate any need to explain it.
Q.8
Looking carefully, the attenuation is a little over 1.0 dB/km, therefore, if the overall attenuation is to be less than 30 dB alternative B is the correct answer. Either B or C should therefore be accepted. (Graph should have been a little under 1.0 dB.)
Q.9/10
Was it required to explain the lens focussing the image on the face of the bundle, or just the ordered ‘imaging bundle’?
Sound

This section seemed very straightforward, in fact some of us are concerned that it will reinforce the perception that ‘staying with the old material’ is the easy option.
Data sheet

The data sheet seemed appropriate. It could be suggested that data should be confined to the data sheet rather than being repeated in some of the questions – particularly when the data in the questions can be misleading.

There were two errors however; in the Photonics section the next was omitted from the acceptance angle and numerical aperture formulae. Perhaps this was deliberate, but could cause confusion. Maybe the words ‘in air’ could be added to the description.

Dot points not covered

It is noted that it is generally not possible to cover all the dot points in one exam!
Light and Matter

•2 Interpretation of diffraction pattern and λ/w
Electric Power

It seems a pity that in the last few years they have been few questions on the concept of magnetic fields and flux and their relation to magnets and currents.
•1 Magnetic fields of magnets and currents
•2 Magnetic flux

•3 Use of Faraday’s law

•8 Explain the meaning of rms voltage
•9 DC motor

•10 Explain transformer action in terms of electromagnetic induction.

•11 Transmission losses modelled mathematically. (Q.16 could have been used for this but was only qualitative.)
Again it is noted that, while being good precursors to the next questions, Q’s 12 and 13 are basically unit 2 material. This group of questions could have been used to find power losses in transmission lines.
Synchrotron

•2 aspects of synchrotron design (apart from linac)
•6 beamline as tuneable source

•10 analyse data
Photonics

•1 narrow spectrum sources
•5 material dispersion

Sound

•1 sound as pressure waves
•3 resonance as standing waves

