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Section A

1.

(a) In class we performed a demonstration where an aluminium disk at the end of
a pendulum was dropped into the field of a strong magnet and the moving disk
immediately stopped. The reason it stopped was primarily because:

(i) Aluminium is paramagnetic and like-poles (e.g. N and N) repel. O
(ii) Eddy currents could not flow easily because of slits cut in the disk. O
(iii) Eddy currents could flow easily and experienced a Lorentz force. )Z/
(iv) Aluminium is non-magnetic and shields magnetic field lines. O
(v) Aluminium is diamagnetic and like-poles (e.g. N and N) repel. i

(2]

(b) Light is normally incident on a thin film of thickness ¢ which is coating a piece of
glass. The film has refractive index ngy, = 1.9 and the glass has refractive index

Nglass = 1.4.

If A is the wavelength of the incident light in the film, which of following film S [ 2
thicknesses will minimise the reflected intensity? [Hint: there may be more than 4
one correct answer).

(i) t = A/4. O
(it) ¢t = \/2. )s(
(ifi) ¢ = 3A/4. 0
(iv) t = . -4
(v) t = 5)/4. 0

[2]



(c) Without correcting lenses, a person with myopia (nearsightedness):

/({ Cannot see near objects because the image forms in front of the retina. [

/(/i’)/ Cannot see near objects because the image forms behind the retina. O
(i) Cannot see far objects because the image forms in front of the retina. X
_{i) Cannot see far objects because the image forms behind the retina. O
[2]
(d) Two protons (each with rest mass my = 1.67 x 10~27 kg) are initially moving with
equal speeds in opposite directions. The protons continue to exist after a collision
that also produces an n° particle (which has rest mass 9.75 x 1028 kg). If the
two protons and the n° particle are all at rest after the collision, find the initial
speed of the protons, expressed as a fraction of the speed of light. (4]
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2. Anobject 2.5 cm tall is placed 10 cm to the left of the vertex of a concave spherical
mirror having a radius of curvature of 30.0 cm. Determine the position, size, orientation,
and nature (real or virtual) of the image. [Hint: you may find a principal ray diagram
helpful.] s 8]
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3. Write an equation describing the magnetic field as a function of distance and
time for a plane wave of microwave radiation. Assume it has a wavelength 6.28 cm
propagating along the z-axis in the positive direction with a linear polarisation and
the electric field points along the y-axis. The eléctric field has its maximum value of

3.0 V/m at ¢t = 0 at the origin of the coordinate system. Put SI units on all numbers. (8]
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4. A circular coil of 500 turns of wire has a radius of 0.04 m and a total resistance of
600 2 and is fixed to the origin of a coordinate system so that it cannot move or rotate.
It is placed in a uniform magnetic field that varies according to time as B(t) = at + bt?,
starting from t = 0, where @ = 2.0, b = 2.0 x 1073, and each constant has units to make
B(t) have units of Tesla. Both B(t) and the vector area A of the coil point along the

/A z-axis.

2 (a) Looking from above the coil (i.e., looking in the negative z-direction from a positive
/f z-position) does the current induced in the loop flow clockwise or anticlockwise? [2]
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(b) What is the magnitude of current through the loop at ¢ = 10.0 s? [6]
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(c) What is the magnetic torque on the coil at ¢t = 10.0 s? [4]

(Hint: this does not take the whole page] e
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5. Explain, with the aid of diagrams, how single and double rainbows form. [Hint:
be sure to describe the ordering of the colours observed in each case]. [12]
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Section B

6. A particular cable consists of two concentric conductors. The inner conductor is
a thin cylindrical sheet with radius a which carries current I. The outer conductor is
a thin cylindrical sheet which has radius b > a and carries current I in the opposite
direction.

(a) Determine the magnitude and direction of the magnetic field B at radius r:

(i) whenr < a
(ii) whena <r<b
(iii) when r > b. 8]

[Hint: be sure to state any symmetry assumptions you make].
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(b) If the wire has length [, calculate the energy stored in the magnetic field in the
cable. [Hint: you may require the integral [ : 14z =In(b/a)]
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7. An L-R-C seris circuit is connected to an f = 60 Hz source that has Vi = 120V.
The resistor has a resistance of 400 Q and someone has measured the impedance of the
combined inductor, resistor and capacitor at this frequency to be 500 .

_/\/\/\/_.
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||
I

(a) What is the average power delivered to the circuit by the source? [5]
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(b) You discover that the capacitor has been ‘shorted’ the whole time by a little bridge
of conducting solder, which effectively modifies the circuit as shown below.

This was true the entire time, even when the impedance was measured. What is
the value of the inductor? [Hint: include units]. [5]
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(c) Now you deliberately ‘short’ the resistor as well by connecting a wire to both sides.

Sketch the voltage and current versus time across the source for one cycle. Assume
that I(t) = 0 at ¢ = 0 and is increasing. You do not need to put numerical values
for current, voltage, time, etc. on your plot.

T~ I v (¢)
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(d) What is the average power dissipated in part (c)? [For simplicity, assume the
wires have no resistance.] [3]
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8. Two traffic lights are separated by 300 m. They turn green at the same time,
as measured by Stanley, in a car stopped at a light (meaning he is at rest in the rest
frame of the lights). Mavis is driving a relativistic motorcycle at v = (4/5)c along the
road, which is straight and contains the two lights. Mavis is at rest in the frame of
the motorcycle. [Hint: Don’t worry about the Doppler shifts to the colour of the traffic
lights in this question, because everyone can tell which light is which by whether its on
the top or bottom of the traffic light].

(a) In Mavis’s frame of reference, what is the distance between the lights? (5]
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(b) Mavis goes through the second light just as it turns green in her frame. How much
earlier or later than the first light did the second light turn on in her frame? Does
she deserve a traflic ticket for ‘running a red light’, meaning she went past the

[5]

first light when it was red in her frame?
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(c) We often saw that ‘simultaneity is relative’, meaning events that were simultaneous
in one inertial reference frame might not be simultaneous in another. Why then
in this case can ‘everyone’ (meaning all observers in all intertial reference frames)

agree whether the light was green or not when Mavis passed through it? [Hint:
What are the relevant events?) [4]
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(d) In Mavis’s frame, her kinetic energy is zero. But if Mavis’s mass (sometimes
called ‘rest mass’) is m = 50 kg, then her rest energy is Ey = mc?, which is
4.5 x 10'8 Joules, which is her total energy in her frame. What is her kinetic
energy in Stanley’s frame (in Joules)? 4]
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9. Two thin slits spaced 0.300 mm apart are placed a distance of 2.0 m from a screen.

They are illuminated with a laser of wavelength 600 nm.

(a) What is the distance between the third and fourth dark interference fringe?
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(b) If the slits are now 0.1 mm wide, how many interference minima fit inside the first
diffraction peak? [6]
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(c) Normally the interference pattern has a bright line at its centre. If you cover one
of the slits with glass (n = 1.4), what is the minimum thickness to change the
bright line to a dark line? [6]

[Hint: for simplicity, the angles are small enough that you can assume the light
enters and leaves the glass perpendicularly to its surface.]
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