VCE Physics Pilot - Unit 4 November Exam Solutions
(Suggested marking scheme in italics)
Light and Matter

1.
2.1 eV (2)
W = Eph – Ekmax = 3.0 – 0.9 (1) = 2.1 eV  (1) (for blue, or same for UV)
2.
2.2 eV (2)
Eph = hf = 4.14x10-15 x 5.4x1014 (1) = 2.24 eV (1)
3.
A (2)
Current only depends on intensity given that there is some.

4a.
Graph should show three points giving straight line from (3.0,-1.0) to (12,3.0) (1)
4b.
red: N/A 
No electrons emitted.  (1)

UV2: 2.9 eV
Y value for x = 12 x 1014Hz.  Accept (+/- 0.2 eV) (1)
5.
B,D (2)
Differences between 2-1 and 1-ground states (6.7 eV also possible)
6.
C (1)
Difference between 3rd and 2nd.  (n.b. Transitions such as this are uncommon.)

7.
A (2)
Diffraction patterns only depend on wavelength

8.
1.89x10-23 kg.m/s (3)
From p = h/λ (1),  where λ = 35x10-12 m, p = 1.89x10-23 kg.m/s (1) (1)
9.
Due to the interference between light waves from the two slits travelling different paths P1 and P2.  Where P2-P1= even number of half wavelengths we have constructive interference and bright bands, •where P2-P1= odd number of half wavelengths, we get destructive interference and dark bands.
10.
3.8x10-6 m (3)
This point is 6th bright band (1) so P2-P1 = 6 wavelengths (1) = 3792 nm  (1)
11.
C (2)
Shows four whole waves (8 nodes)

Electric Power

1.
perpendicular/magnetic/increases (3) Note: ‘amount’ of electromagnetic induction is vague.
2.
B (2)
 Use of right hand (palm) rule.
3.
1.0 T (2)
 From B = F/IL = 0.01/(1x0.01) (1) = 1.0 T (1)
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.)  Note: Question dos not ask why.
5.
Current starts flowing, produces increasing flux in T core Current induced in secondary by this changing flux (1).  Once flux stops changing current stops. (1)
6.
C (2) 
Opposite flux induced

7.
0.05 s (2)
P and Q are half a rev apart, (1) so t = ½ x 1/10th sec (1)
8.
The graph should be a cos (or –cos) graph (1) (1) with peaks at ±2.8 V (1) and the same period. (1) Note: Are minimum voltages the zero values or the maximum negative values?
9.
D (2) 
Shows amplitude and frequency both decreasing

10.
A (2) 
Only reasonable answer (although if resistance was significant B could do it).

11.
Current in rotating coil is alternating.  Commutator reverses connections to external wires each half turn (1) so that current in external circuit is always in same direction (1), ie., DC.
12.
As there is a 1Ω resistance in the lead, there will be a ΔV along its length, (1) which will reduce the ΔV across the lamp (1), and hence the current and power (1). [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.]

13.
32 W (4) 
There is 8 V across lamp 2 (1), 4 A through it (1), 

hence P = 8V x 4A (1) = 32 W (1)
14.
D (2) 
as the current in L1 will be greater than that in L2 and the xtn lead.
15.
Transformer symbol or diagram showing/labelling primary (1), secondary (1) and core (1) with a statement that the primary has 20 times as many turns as the secondary. (1)
16.
The current in the xtn lead is only 1/20th of that in 12 V supply (1) and hence there is much less ΔV along the lead(1), with less power loss. •P=I²R (1), so power loss only 1/400th.  (1)
Synchrotron and applications
1.
B (2) 
Compton scattering involves a loss of energy of the X-ray photons
2.
71 pm (2) 
Thomson scattering is elastic and no energy is lost.
3.
1) 
It is very bright (intense) (1) and so only needs short bursts to produce a result. (1)

2) 
It has a wavelength of the same order as many interesting molecules (1) and so can be used to find the structure/properties of such molecules. (1)

3) 
It is continuous v over a wide range of wavelengths and so wavelengths of the desired range can be filtered out. (1)

4) 
It is coherent (1) and so can be used to produce interference patterns (1)
4.
As the energy increases, the velocity also increases (1) and the electron bunches travel further between oscillations of the electric fields. (1)
5.
B  
Use of the right hand (palm) rule (remembering the electron is negative).
6.
qV = ½mv² (1) and so v² = 2x104 x 1.6x10-19/9.1x10-31 (1) = 5.9x107 m/s (1)
7.
1.7x10-4 m (3)
r = p/qB = mv/qB (1) = 9.1 x 10-31 x 5.9 x 107 / (1.6x10-19 x 2) (1)


r  = 1.7x10-4 m (1)
8.
C (2)
The extra distance is BC and CD, up to B the waves are together, after D they are again back together.
9.
0.069 nm (3) 
2dsinθ = nλ (1) so for n=1, λ = 2 x 0.2 x sin 100 (1)= 0.069 nm (1)
10.
A (2) 
As sin θ is proportional to λ
Photonics

1.
1) Sunlight (peak in vis) (1), 2) Incandescent globe (peaks in IR) (1), 3) Candle (little vis) (1)
2.
Atoms raised to a metastable state by pumping from external light or electron source (1).  Photons emitted from this state (1) stimulate other atoms to release their photons in phase  (1) (stimulated emission).  Photons reflect back and forward stimulating more atoms to release new photons.  Light emitted from partial mirror is coherent, monochromatic and parallel.
3.
6.5x10-7 m (3) 
Eph = hc/λ (1) = 1240/1.9 (1) = 650 nm (1) (hc = 1240 eV.nm)
4.
C, D (2) 
More current just increases number of electrons, λ determined by band gap only.
5a.
Decrease, (1) 
5b.
because if the fluid refractive index is greater than the plastic, light will always refract into the fluid and there will be no TIR (1).  Hence the light will escape from the tube. (1)
6.
C (2) 
The acceptance angle must be between β and γ as β shows TIR but γ does not.
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.]
8.
C (2) 
Loss is 1 dB/km and so 30 km gives a loss of 30 dB  Note: the value of the net loss at 1.1 m is slightly above 1, so B could be argued for, the graph should have been slightly less than 1 dB/km.
9.
The lens focuses the image of the ants onto the end of the imaging bundle. (1) The bundle is ordered, that is all the fibres maintain their relative positions(1) so the image at the end is built up from the light falling on the corresponding fibres at the start. (1)
10.
D (2) 
As 100x100 pixels requires 10,000 separate light channels.
Sound

1.
Dynamic (1), Velocity (1), Electret-condensor (1)
2.
B (2) 
3.
B (2)
A reduction by a factor of 2 is equivalent to –3dB
4.
B (2)
Spkr 2, Max intensity at 100 Hz and 1000 Hz
5.
D (2)
Spkr 4
Consistent intensity over 500 – 10kHz
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 (1).  Particularly long λ (bass sounds).  The board stops this interference. The wooden board also vibrates. (1)
7.
Spkrs 3 (1) and 4 (1) 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. (1) They also have about the same output over this range. (1) Spkrs 1 and 2 have a high cutoff well into the range of spkr 4 and so the mid range would be too loud.
8.
1.0 m (2) 
λ =340/80 = 4.25 m.(1) An open/closed tube has resonance at ¼λ (1) 

and so L = 1.0m
9.
D (2) 
Resonance occurs at odd multiples of the fundamental, ie, 80, 240, 400, 560, …
10a.
3.4 m (2) 
λ = 340/100 (1)= 3.4 m (1)
10b.
The low frequency sound will diffract around the screen because the screen is smaller than the wavelength. (1) The higher frequencies of the dialogue will have λ around 0.3 m and so will not diffract around the screen. Diffraction means the sound waves spread around objects and through gaps. (1)
Dot points not covered
It is noted that it is generally not possible to cover all the dot points in one exam!  Note: the dot point numbers below refer to the pilot study design.
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. (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 and applications
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 
ound as pressure waves
3 
resonance as standing waves

