Suggested Solutions to VCE Physics November 2011 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.
Arrow down to the right. (1). The field at P due to the magnet with the North end on the right points to the right, while the field at P due to the magnet with the South end at the top points down.  Combined effect, that is the vector addition, of these two fields is a magnetic field down to the right at 450, but any approximate angle is acceptable.[0.44/1, 44 %]
2.
Arrow to the right. (2).  The magnetic field of the Earth at P is cancelled by the magnetic field at P due to the magnet with the South end at the top.  This leaves only the magnetic field of the magnet with the North end on the right, which points to the right. [0.75/2, 37.5 %]
3.
Commutator reverses the current (1), twice every cycle (1), when the coil is at right angles to the field or the torque is zero (1) . [2.44/3, 81 %]
4.
Arrow down on the line JK. (1).  At JK, the magnetic field is to the right, the current in JK is to the back from J to K, so using your hand rule, the force is downwards. . [0.7/1, 70 %]
5.
4.5 N
Using F =nBIl (1), F = 50 x 0.30 x 6.0 x 0.05 = 4. 5 N (1),. [1.65/2, 82.5 %]
6.
A
A rotating coil in a magnetic field will produce an AC voltage.  The commutator reverses the connection twice every cycle, so changing the AC voltage into fluctuating DC voltage. (1) [0.63/1, 63 %]
7.
The voltage will vary because the magnetic flux through the loop will vary (1), producing and AC voltage.  The commutator changes this Ac voltage into fluctuating DC voltage. (1) [0.71/2, 35.5 %]
8.
B
The maximum flux through the coil is  = BA = 0.020 x 2.0 = 0.04 Wb, but the coil is at an angle so the flux is less, but not zero, C.  (2) [1.46/2, 73 %]
9.
13 V
The average EMF = No of turns x (Change in Flux / Time taken) 



The average EMF = 50 x 0.04 x 0.15 (1) = 13.3 V (1) [1.57/2, 78.5 %]
10.
The moving magnet produces a changing magnetic flux in the loop (1) which induces an EMF. (1) [1.4 /2, 70 %]
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11.
Graph: A slowing rising voltage from zero to rapid peak (1)  then falling away through zero to a negative peak (1) which slowing falls away to zero.  A short section in the middle when the voltage is zero for a short time is an optional extra. [0.94/2, 47 %] 

12.
As the magnet moves away to the right, the magnetic flux in the loop is pointing to the left and decreasing (1).  The induced EMF in the loop acts to oppose the change in the magnetic flux (1), that is, in this case its magnetic effect will be to the left (1).  For the coil to produce a magnetic field to the left, the current would need to flow in a counter clockwise direction as viewed from the left. [1.23/3, 41 %]
13.
750 kW
Power = VI = 50,000 x 15 (1) = 750,000 W (1). [1.72/2, 86 %]
14.
If the same power is to be delivered (1), then a lower voltage means a higher current (1).  However Power loss is given by P = I2R (1), so a greater current means a larger power loss. [1.74/3, 58 %]
15.
40 ohm
Power loss = I2R, so R = 9000 / (15 x 15) (1) = 40 ohm. (1)  [1.71/2, 85.5 %]
16.
198
Ratio of currents = inverse of ratio of the voltages (1) = 49,400 / 250 = 197.6 (1) 



[1.47/2, 73.5 %]
17.
B
Force will be a sine wave as the voltage is AC.  Peak Force /m = BI = 1.0 x 10-4 x 30 x sqrt (2)  (1) = 4.2 x 10-3 N/m, so B (1). (2) [0.37/2, 85.5 %]
18.
B
For A: Power = V x I = 6 x 2 + 6 x 2 = 24 W (1), 



For B P = (12 x 1) x 3 = 36 W. (1) so B is greater (1)  [2.1/3, 70 %]
Interactions of Light and matter

1.
840 nm
P is second dark band from C, so path diff = 1.5 x wavelengths (1) = 1.5 x 560 = 840 nm. (1)  [1.27/2, 63.5 %]
2.
Increased (1)
As the screen is moved further away, the image, that is, the bands and the spaces between them will get larger and so further apart. [0.80/1, 80 %]
3.
Increased(2)
As the slits get closer, the dark band at point P will need to move further out to keep the path difference the same. [1.4/2, 70 %]
4.
Young observed an interference pattern (1), which consists of light and dark lines due to constructive and destructive superposition respectively (1) .  The spacing of these lines depended on the wavelength of the light (1). [2.03/3, 68 %] 

5.
The DC source provides a retarding voltage.  At a voltage, V, electrons with kinetic energy < Vq are stopped and reversed and don't reach the electrode and produce a current, while those with   KE > Vq do (1).  Eventually at a value equal to the stopping voltage, Vq = max KE and the fastest electron is repelled at the current is zero (1). [0.34/2, 17 %]
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6.
Plot the points on a graph (3) [2.2/3, 75 %]
7.
4.9 x 10-15 eV s
Planck's constant = gradient (1)


h = 4.9 x 10-15 eV s  (1)


Acceptable range 4.6 - 5.3 x 10-15 [1.22/2, 61 %]
8.
1.6 x 10-6 m
Threshold freq = 1.9 x 1014 Hz (1), so longest wavelength = c/f 



 = 3x 108 / 1.9 x 1014 = 1.6 x 10-6 m. (1)  Acceptable range: 1.4 - 1.8 x 10-6 m.  



Alternative method: Use the Y- intercept with Work function = Planck's constant x Threshold frequency, but use the value for Planck's constant from Question 7. [0.88/2, 44 %]
9.
Light consists of particles called photons (1)  whose energy is proportional to their frequency. (1)  The intensity of light is proportional to the number of photons (1). [1.6/3, 53 %]
10.
6.2 x 103 eV
E = hc/(1)  = 4.14 x 10-15 x 3 x 108 / 0.20 x 10-9 = 6210 eV. (1) [1.5/2, 75 %]
11.
38 eV
Wavelength and momentum of the electron and the X-ray photon are the same, so the momentum of the electron, p = h/(1).  Using E = p2/2m, the energy of the electron (in Joules) is (6.63 x 10-34 / 0.20 x 10-9)2/ (2 x 9.1 x 10-31) .  Now divide by 1.6 x 10-19 to change energy in J into energy in eV. (1) [0.48/2, 24 %]
12.
Electrons behave like waves and have a wavelength (1).  For the patterns to be the same, the wavelengths have to be the same (1). [1.3/2, 65 %]
13.
6 lines
i) 12.8 - 12.1 = 0.7 eV, ii) 12.8 - 10.2 = 2.6, iii) 12.8 - 0 = 12.8, (1) iv) 12.1 - 10.2 = 1.9, v) 2.1 - 0 = 12.1, (1) vi) 10.2 - 0 = 10.2 eV. (1) [1.85/3, 62 %]
Synchrotron and its applications

1.
C
A: electrons are stored there, B: Booster increases the energy, D: only X-rays enter a beam line.

2.
A
Using ½mv2 = Vq, V = 0.5 x 9.1 x 10-31 x (2.65 x 107)2/(1.6 x 10-19) = 1997 V.  Plate Y must be positive to attract the electrons and X negative to repel them, so the answer is A

3.
B
Using r =- mv/Bq, B = (9.1 x 10-31 x 1.30 x 106 ) / (0.350 x 1.6 x 10-19) = 2.1 x 10-5 T

4.
C
The speed is unchanged, or more precisely slightly less due to the generation of synchrotron radiation as the electron accelerates.

5.
B
Synchrotron is produced when electrons accelerate.  In a synchrotron most synchrotron radiation is produced when an electron is accelerated in a circle by a magnetic field.

6.
B
X-ray laser has a very fine spectrum with a width of only a few nanometres, so it is the first. An X-ray tube does have a significant spread, but a synchrotron beam is very wide.

7.
D
Undulators are a sequence of magnets of alternating polarity that cause the electrons to curve from side to side.

8.
D
Using E = hc/, E = 4.14 x 10-15 x 3 x 108 / 0.140 x 10-9 = 8871 eV

9.
B
Using n = 2d sin and n = 1, d = 0.140 x 10-9 / (2 x sin 150) = 2.7 x 10-10 m

10.
C
From n = 2d sin sin2 = 2 x sin1 and sin3 = 3 x sin1, so 2 = 310 and 3 = 510
11.
C
Using E = hc/ and the first wavelength, E = 4.14 x 10-15 x 3 x 108 / 0.081 x 10-9 



E = 15.3 keV, so C

12.
D
In Compton scattering, the electron loses energy and so has a longer wavelength.

	Question
	% A
	% B
	% C
	% D
	 NA
	Most common error

	1
	9
	7
	68
	17
	0
	

	2
	56
	24
	13
	6
	1
	

	3
	5
	86
	7
	2
	0
	

	4
	4
	26
	40
	29
	0
	

	5
	3
	77
	9
	11
	0
	

	6
	19
	35
	33
	13
	0
	

	7
	22
	10
	5
	62
	0
	

	8
	7
	13
	6
	73
	0
	

	9
	6
	81
	10
	4
	0
	

	10
	8
	22
	63
	6
	0
	

	11
	12
	10
	73
	5
	0
	

	12
	9
	20
	11
	59
	0
	


Average score: 15.5 of 24 = 64.4%

Dot points not covered

· describe that an oscillating electron produces electromagnetic radiation, and similarly, that electromagnetic radiation is produced when the direction of motion of an electron changes since the changing electric field produces a changing magnetic field;

· analyse the magnitude and direction of the force applied to an electron beam by a magnetic field, F = qvB in cases where the directions of v and B are perpendicular or parallel;

· describe the basic design of The Australian Synchrotron including the general purpose of the electron linac (details about drift tubes and RF cavities are not required), circular booster, storage ring and beamlines;

· explain, using the characteristics of brightness, spectrum and divergence, why for some experiments synchrotron radiation is preferable to laser-light and radiation from X-ray tubes;

· describe the operation of a typical beamline as a path that radiation travels that allows the radiation to be tuned and that directs the radiation to a target;

· analyse data from experiments that involve the interactions of synchrotron radiation with a sample,

· including

-
emission of photoelectrons by synchrotron radiation and how this process differs from the emission of photoelectrons by visible light

-
the production of X-ray absorption spectra and the interpretation of these spectra to calculate the energy of photons absorbed, ΔE = hf;

Photonics

1.
C
Sunlight is incoherent and the spectrum goes from radio to UV, if not X-rays.

2.
C
Electron drop down from the conduction band to the valence band emitting a photon.

3.
D
Using E = hc/, E = 4.14 x 10-15 x 3 x 108 / 620 x 10-9 = 2.0 eV

4.
C
Order of wavelengths from small to large is blue, green, red, so order of photon energy from small to large is the reverse, that is, red, green, blue.

5.
C
Voltage across R = 3.0 - 2.2 = 0.8 V, Current through R = V/R = 0.8 / 100 = 8 mA

6.
D
Each LED will have a voltage across it less than 2.2 V, so neither will emit light.

7.
B
B is true, A and D are wrong, C is irrelevant.

8.
D
Using Snell's law, n1sin1 = , n2sin2, then 1.42 x sinc = 1.38 x sin 


sinc = 1.38/ 1.42, c = 730
9.
D
Using sin  = 1.48 x sin (900 - 630) .   = 420

10.
B
Critical angle is between fibre and cladding so it is not affected.  But at the end of the fibre the equation in Q'n 9 becomes Using 1.33 x sin  = 1.48 x sin (900 - 630), which gives a smaller acceptance angle.

11.
B
A graded index fibre has the refractive index decrease as you move away from the centre.  A smaller refractive index means that light is slowed down less.  The speed of light increases with distance from the centre of the fibre.  This means that rays that travel further due to TIR don't fall behind those traveling down the middle of the fibre.

12.
C
Power at transmission end = (2)3 x 2.0 W = 16 W

	Question
	% A
	% B
	% C
	% D
	 NA
	Most common error

	1
	12
	3
	80
	4
	0
	

	2
	2
	16
	64
	18
	0
	

	3
	5
	8
	12
	75
	0
	

	4
	2
	3
	74
	21
	0
	

	5
	7
	6
	50
	36
	0
	

	6
	7
	38
	11
	44
	0
	

	7
	4
	82
	7
	6
	0
	

	8
	4
	4
	10
	82
	0
	

	9
	4
	11
	11
	74
	0
	

	10
	21
	60
	13
	6
	0
	

	11
	4
	78
	13
	6
	0
	

	12
	14
	17
	65
	4
	0
	


Average score: 16.6 out of 24,= 69%

Sound

1.
A
The dust particle will vibrate about its mean position. Sound is a longitudinal wave, therefore the dust particle will vibrate in the RS direction.  The dust particle will vibrate at the frequency of the sound.

2.
C
Use L (in dB)
= 10 log (I/I0 ), where I = 1.1 x 10-4 and I0 = 1 x 10-12,



L = 10 log (1.1 x 108) = 80.4 dB

3.
D
The distance is halved, from 2.5 to 1.25 m. Intensity varies as 1/R2, so the intensity will increase by a factor of 4. I = 1.1 x 10-4 x 4 = 4.4 x 10-4. W/m2

4.
D
A sound intensity level of 40dB at Ashley’s ear, is shown by the 40dB horizontal line on the graph. At 3000 Hz, this line is just above the 40 phon curve. ( 43 phon

5.
C
Use the 20 phon curve to read the sound intensity level at 100 Hz.  This gives 50 dB

6.
B
With a pipe open at one end, you get a pressure node at the open end, (because it mixes with the air) and a pressure anti- node at the closed end. (You must get opposite effects because one end is open and the other end is closed).

7.
D
From the diagram ¼ of a wavelength is 1.1 m. Therefore the wavelength is 4.4 m.  Using v = f(, v = 90 x 4.4 = 400 m/s

8.
B
The metal tube is open at both ends, therefore we expect to get a node at both ends. The first (simplest) resonance is B

9.
A
This is a diffraction question. Since the diffraction is proportional to wavelength / gap width, the smaller the width of the speakers, the more the diffraction.

10.
D
From your definitions of microphones and speakers.

11.
A
The low frequency sounds diffract more than the high frequency sounds, so they are louder. Low frequency sounds have the longer wavelengths.

12.
C
The purpose of the baffle is to reduce the interference between waves from the rear and front of the speaker

	Question
	% A
	% B
	% C
	% D
	 NA
	Most common error

	1
	81
	5
	9
	5
	0
	

	2
	3
	7
	88
	2
	0
	

	3
	8
	7
	13
	71
	0
	

	4
	6
	12
	28
	54
	0
	

	5
	6
	5
	84
	5
	0
	

	6
	9
	68
	16
	6
	0
	

	7
	7
	11
	9
	73
	0
	

	8
	8
	76
	7
	9
	0
	

	9
	40
	12
	5
	44
	0
	

	10
	5
	5
	17
	73
	0
	

	11
	85
	6
	2
	7
	0
	

	12
	3
	8
	84
	6
	0
	


Average score:  of 24 = %







