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Answer all questions.
Calculators are permitted in this exam

The numbers in the margin indicate the weight that the examiners ezpect to
assign to each part of the question.
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Section A

1.

(a) A simple DC motor consists of a rotating wire loop (rotor), which is connected
to 8 DC voltage supply via slip rings and brush contacts and placed in a static
magnetic field, as shown in the figure below. Draw on the diagram the direction
of the magnetic dipole moment of the rotor and the direction of its rotation.

Does the DC motor experience a back-torque or a back-emf? [2]

badh- emf~ 17

(b) The lens focal length f, aperture diameter D, and shutter time T (ie. the time
for which light is let into the camera) for four different cameras are given below.
Which has the largest exposure (i.e. the greatest amount of light energy per unit

area reaching the film)? AC 'z D
OOy 7“[}\2 (i) A camera with f = 50 mm, D = 10 mm, 7' = 10 ms. (]
Qobls Ne 3 (i) A camera with f = 80 mm, D = 20 mm, 7' = 10 ms. ﬂ 0
d. 0G5 A1) (iii) A camera with f = 60 mm, D = 10 mm, 7" = 20 ms. a
C-0125 Klp * (iv) A camera with f = 80 mm, D =4 mm, 7" = 50 ms. O
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(c) A proton has rest mass m, = 1.67 x 10727 kg and relativistic momentum 3.76 x L\A C]
_1_0_1':’_1{5 m/s. What is its total energy? [3]
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(d) Unpolarised light with intensity I passes through a stack of four polarisers, each of

which has its polarisation axis aligned at 60° with respect to that of the previous
one. What is the final intensity of light that passes through the stack? 13]
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2. A 0.50 m metal bar is pulled to the left at a steady speed of 2.0 m/s perpendicular
to a uniform magnetic field with strength B = 1.0 T. The bar rides on parallel metal
rails connected through a 100 €2 resistor so that a complete circuit is formed, as shown
in the figure below.
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Calculate the induced current through the resistor, and indicate its direction on the
figure above. [Ignore the resistance of the bar and the rails]. [6]
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3. An electromagnetic wave travelling in a vacuum has an electric field given by

E(y,f) = (3.00x 10° V/m)kcos [ky — (12 x 10'? rad/s) ] .

(a) In which direction is the wave travelling? [1]

(b) What is the wavelength A of the wave? ‘ﬂ, E 7]

(c) Obtain an expression for the Poynting vector of thie wave S i /'w_,Lu_A 4 ﬂ' 41
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4. AnI-R-Cseries circuit is connected to an AC source of constant voltage amplitude
V and variable angular frequency w, as shown in the figure below.
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(a) Using a phasor diagram, or otherwise, obtain an expression for I, the amplitude

of the current through the circuit in terms of L, R, C, w and V.

v

=T Ve (€)= T cos (o t)

+phat engle, 1]
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-(b) Hence find an expression for Py, the average power dissipated in ug;m&&-\jn
terns of L, R, C, w and V. At what value of w is Pg a maximum? tigh

sketch of Py as a function of w. zloke candicete, (}\, /”W«/Mu/ﬁ 8]
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) 5. Explain, with the aid of diagrams and relevant equations, how a mass spectrometer
works, (12]
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Section B
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(a) A thinllens with focal length of —12.0 cm is placed 18.0 em to the right of an object
A—C, that is 8.00 mm tall. Draw a principal ray diagram of this setup and determine the
location, size, nature (real or virtual) and orientation (inverted or upright/erect) Y? ]

of the resulting image Iy. \@J
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(b) A second thin lens with focal length +12.0 cm is now placed 6.00 cm to the right
of the first lens. What is the location, size, nature and orientation of the final

image I27 What is the overall lateral magnification of the combination of lens%
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7. Santa Claus is coming to town! In erder to maximise the gift delivery rate, Santa’s
sleigh is pulled by relativistic reindeer, capable of travelling at speeds close to the speed

of light.
(a) A particular chimney has a square cross-sectional area with side length a = 20 cm
in its rest frame. What is the area of this chimney as observed by Sants, who is

travelling horizontally at a speed of » = (3/5)c relative to the chimney, perpen-

dicular to one of its sides?
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(b) One of Santa's reindeer, Rudolph, has a very shiny nose which emits light radiation
in the red part of the visible spectrum with wavelength Aeq = 700 nm (in its rest
frame). According to an observer on earth, standing in the path of the oncoming
reindeer, Rudolph’s nose appears to be emitting blue light with wavelength Apjye =
460 nm. How fast are the reindeer travelling in this situation? 6]
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(¢) Santa’s sleigh plus reindeer has a total length of 10 m, measured from the back
of the sleigh to the front of Rudolph's nose (in the frame in which the sleigh is
at rest). During one part of the journey, Santa is travelling at a speed of (3/5)c
relative to the earth along the xz-axis, and is being secretly observed by Ryan from
his bedroom window. At the instant that Rudolph’s nose is directly above Ryan
(event 1), both Santa and Ryan's personal clocks show time ¢ = 0. At the same
instant, in Santa’s frame of reference, a gift is dropped from the back of the sleigh
(event 2). At what time is the gift dropped from Santa's sleigh according to Ryan? (8]
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8. Four identical parallel narrow slits are cut into an opaque piece of card, with neigh-
bouring slits separated by a distance d. Coherent, monochromatic light with wavelength
A is shone on the slits, and detected on a screen a distance R >> d away.

(a) What is the difference in path length travelled by light from neighbouring slits
that reaches the screen at position g, where y = 0 corresponds to the centre of the
screen? Draw a diagram to justify your answer, and explain any approximations
you use. What is the corresponding phase difference A¢? 6]
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Light reaching the screen from a given slit can be represented as s phasor. Phasors from
neighbouring slits are offset by a relative phase difference of Ag.

(b) Show, with the help of phasor diagrams, that there are three values of A¢ in the A1C f/
range 0 < A¢ < 27 for which the total intensity of light 1ing the screen is zero: j V& /(J— e
If the intensity of the incoming light is I, what is th@gm—hwmity observed
on the screen? Draw & rough plot of the expected intensity pattern observed on
" the screen as a function of y around y = 0, showing at least X principle maxima,

and labelling their coordinates. {Other coordinates do not nédd to be labelled). (6]
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(¢) You inspect the screen and note that the central principal maximum and two
principal maxima each side of this are present as expected. However, the next
principal maximurm on each side of these five is missing, and the intensity at these
points is zero. How can this be explained by the slits having a finite width? What
is the finite width a of each slit, in terms of the distance d between them? [6]
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9.

(a) State Ampére's law (in the absence of changing electric fields), and use it to
find the magnitude B of the magnetic field a distance r from an infinite straight
wire that carries a current I. .Show clearly on & diagram the direction of the
magnetic field with respect to that of the current. [Be sure o state any symmetry
assumptions you make.]
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(b) Two parallel wires W, and W, separated by a distance 2y, each carry a current I
in the z-direction. Using your answer from part (a), and the principle of superpo-
sition, find the magnitude and direction of the total magnetic field at the point P,
a distance z above the midpoint between the two wires. [Hint: the angle labelled
6 is the only angle you need for this problem. You can express sin6, cosé, and
tan 6 in terms of y and 2 using a right-angled triangle]. 8]
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(¢) An infinitely long conducting plate of width w and of negligible thickness lies
in the zy-plane, with its infinite direction along the z-axis. It cexries a uniform
current I in the positive x-direction. The conducting plate can be modelled as
meny parallel infinite wires each carrying a small element of current dI = Ady,
where A = Ifw is the current per unit length elong the width of the plate: '

Using your answer to part (b), or otherwise, show that the total magnetic field at

& point a distance z vettically above the middle of the plate is

= L (02),

where C' is & numerical factor (which you should find). [Hint: you may need one

of the integrals fob Ej%g = Ltan~1[2] or
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