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PHYSICS 1C: Electrodynamics, Optics, and Special Relativity
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Midterm 1 Thursday 26th October

{newre all A I Tt |
Cadeylalors are pereitiad on 2N ez

Thr nurnbrrs i the margin ndwste the weight that the rzammnery expert {o

aangn Lo ruch part of the guestion
Do NOT turn ovor until told that you may do so.

Question  Points

1 ¢ /6

[~ 3 4. R 5 I )
) 'Y S
V.
&




v

Seolion A

Jie Ving, 1t Vollse chpag crgesit b TIREIY KN

1. Uhe fipane below shers i cone
win heenyth Jhy

y S, ) nd o g ety
chsped, cogdan i

fu ) e
Soddireetion (with densit foded oy e Vi
leevyoin,,

Alsiey shown i sigle, pepptaye Iy ok
i b sprdieate yhuee fadt ety epf Bt

crgigs, My st
o Add nrrows to Ve diog "y g
'

Che magpetie foree L espiniel o By

o Add{and t Talgnnto (e ehbga o Lo ppedpe ot Yhe !t T A A Ot
elee tpolafie frokd thet degelgr e g ot RISy

"
o Add nn wrrow Lo sl the
sepi lion,

L ' Lo " .
o Addd nu agrow 1y, o show e et fgee coprcn et g fhye cder o
”

/ w 2,

F‘-‘— j‘ﬁi’:

= gu(-*)1BLS)
Zl{,wi-ﬂ’) "L

“Wi‘g

/s, . —
7
. '

|y

— -

T S S S o . T e A .4

2, Ihe figure below ghows s dispnappetic mitarin (on e Jockh,) edepne boy thiee arth
pole of i permisient et (on e vight ), Indicibe s divoction of Ve dipoles iy
war mvow Lo shovs Whe direction of Lhi resiilting, fores.

K ¥ e

E /—'*"’/4-«-7)”—-—9(’“
6o pm — >
p—" I N

—
M=o p—>)

dismngnetic materisl, and mdd

\

i

g omar,  nomumform

(o W\'lu?)
Ca¥

Are the dipoles ahove pro-existing or Inducoed’?

mdveed

What, w’oul.d e suibable value of the relstive permesbility 16, for s dimmsgnetic
material? J v

0(’4le 'x“
i owabe B




e

3

3. The movement of an acroplane through the Earth's mugnct.i.c ficld may g(rncrn'tc n
motional emf between the tips of its wings. By modelling the region l)v,twcen‘ "hf't’ wings
as a conducting rod of Jength L = 50 m travelling at 2 speed of v = ll,)(‘) m/s, t::'l.mf\‘n;.e
the magnitude of the motional emf. You may asswne that the Earth'’s mnglgmmlc w.d‘
has strength B =.1 X 10~* T and points vertically downwards, and that the plane is

flying horizontally \vitméspc(:t to the magnetic field, as shown in the figure below. (12}
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The line clement AT shown in the figure may be expressed as

A = adl K4 .«‘.in()i 4 cos ()_:1] :

are unit vectors along the @ and y dircetions (mspcct’.ivcly).

where i and i
Hence show that

(n) Find an expression for the magnetic foree JF on this element.
tho total force on the loop is zero. [You may need to use the next page]. [13]
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(b) Write down an expression for the magnetic dipole moment i of the loop, and
hence calculate the total torque T it experiences. Draw a diagram to indicate the

direction of rotation.
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(a) If Ryan is pedalling at a constant angular velocity w, find an expression for the
induced emf &)

around the loop as a function of tirge. [Assume the vector area
of the loop A is parallel to Bati=0]
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(b) A different long conducting cylindrical wire has a cylindrical cavity along its
length, resulting in the cross-section indicated by the shaded area in the diagram
below. The wire carries a current [y uniformly distributed over its cross-section.
Using your result from part (a), or otherwise, derive expressions for the magnitude
of the magnetic field at the points A, B and C indicated on the diagram. (16]
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