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PHYSICS 1C: Electrodynamics, Optics, and Special Relativity

Fall 2018, Lecture Series 4

Midterm 1—Thursday 25th October

Time allowed: 50 minutes

Answer all questions.

Calculators are permitted in this ezam

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

Do NOT turn over until told that you may do so.
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1. A simple DC motor consists of a rotating wire loop (rotor), which is connected to a DC voltage
supply via a commutator and brush contacts and placed in a static magnetic field, as shown in the figure
below. Indicate on the figure:

e The direction of the magnetic dipole moment of the wire loop
o The direction of rotation of the loop about the axis

e The direction of either the back-torque or the back-emf experienced by the motor. [It only expe-
riences one of these].
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2. Six long, parallel power lines each carry identical current I. A cross-sectional diagram of these lines
is a regular hexagon. For each of the four cases below, identify whether the magnetic field at the centre
of the hexagon (at point P) is zero or nonzero (write ‘zero’ or ‘nonzero’ in the corresponding box). You
do not need to calculate any fields.
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3. The dome of the Griffith Observatory may be modelled as a hemisphere with diameter 24 m. In
Los Angeles, the Earth’s magnetic field has approximate magnitude B = 50 x 10~® T and an inclination
(angle below the horizontal) of about 60°. Use this information to estimate the total magnetic flux which
passes through the curved surface of the dome. [5]
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4. A wire loop in the shape of a quadrant of a circle with radius R is rotating with angular velocity w
as shown in the figure below. When the loop is in the lower half of the figure, it experiences a magnetic
field B = —Bk.
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(a) Find an expression for the magnetic flux through the loop as a function of time ®p(t), for one
complete period of revolution (i.e. for 0 <t < T = 27r Jw). Hence ﬁnd an expressmn for the emf
induced in the loop as a function of time £(t). e
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[Hint: Your answers will be defined piecewise. You may ignore any discontinuities between rent
pieces when differentiating. You can use the next page for extra space.] (10]
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(c) Two such quadrants are now connected opposite each other using two different connection arrange-
ments, as shown below.
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Write down an expression for the (net) induced emf around the complete loop in each case. [4]
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5.

(a) A charged particle with mass m and charge ¢ is moving with speed v in a direction perpendicular to
a magnetic field with strength B. By considering the magnetic force acting on the particle, derive
an expression for the angular cyclotron frequency w, experienced by the particle. [5]
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(b) A particle with mass m = 1071 kg and charge ¢ = 2.00 x 107% C travelling with velocity ¥ =
(2 m s_l)i enters a cubic box with dimensions 2m x 2m x 2m, oriented as in the figure below.
Inside the box, an electric and magnetic field can each be applied along the positive or negative 2-
direction. The particle follows the curved path shown by the dashed line in the figure below, entering
the box at the corner with coordinates (0,0,0) and leaving the box at the corner with coordinates
(0,2m, 2m). Find the magnitude and direction of the fields applied along the t2-direction that lead

to this motion. 0-(’6"6*' 6«{0 ‘/‘D 4/"()\

[Hint: The motion in the-wy-plane-swed-thesmotion in the z-direction can be treated independently.
You can use the next page for extra space.] m Dl]
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6. The figure below shows an elliptical wire carrying an anticlockwise current I.

The point labelled F' is known as a focus of the ellipse. The vector

' from this focus to a point on the
ellipse making an angle 8 to the z-axis is given by

1+ ecos(d)’

where p and e are fixed parameters that describe the ellipse and t is a radial unit vector from the focus.
The infinitesimal line element of current dl at the position I’ is given by

= pesin0df pdd
dl = 0
(1+ecos€)2r+1+ecos6 ’

where 8 is a unit vector in the direction of increasing 6 (and is perpendicular to #). The unit vectors f
and @ are also indicated on the right in the figure above.

Find an expression for the magnitude and direction of the magnetic field produced by the elliptical
wire at the point F'.

[Hint: The only integration you should need to do is of elementary functions.] 6]
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