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PART 1A PAPER 3, SEcTioN C

9@

g,4

Charge stored in oil-filled capacitor, O = g—"&—— vV

Voltage across air-filled capacitor, V,, = —i—Q =g,V =22x50= 110 volts
&o
(b) In effect we have two capacitors in series, each of half the original thickness and one

filled with air (Cy), one filled with oil (Co). The combined capacitance C is given by

1 1 1
+

Coil
d/ dl/2
= +
g, A .64
The ratio of this capacitance to god/d is 2/(1+1/g;):1 = 2/(1+1/2.2):1 = 1.375:1

Cair
2

(©)

C ¢g54 &4

1 h d-h
+

2 2
Stored energy, E = g + peAk”
2C 2
2
4E_Q —1—--1 + pgAh =0
dh 2g,4\ &,

2
e @ (111
2¢,084 £,

Now the charge stored on the capacitor, Q = CV = (g&.A/d)V, so

2
e (Ve,e,4/d) (1 __I_J

2¢,p84° £

r

2
b g6,V /d) (e 1)

2prg
8.854x10™% x 2.2(50/107 |
= 22-1)=1.99 um
2x1500x 98 ( )

Examiner’s comments: an unpopular question, and part (c) is difficult with only one
candidate completing it successfully. Success depended on noting that it is charge O
which is conserved when the capacitor is isolated. I was pleased to see that most
candidates realised the implication that D is conserved, and uniform across the oil/air

boundary.
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Gauss: ID.dS =0
N
D is only non-zero when surface S encloses one plate and not the other. If area 4 is large

relative to separation d, then by symmetry D must be perpendicular to the plates and
uniform so that DA=0.

Now D=¢EsoE = —6% and E is perpendicular to the plates of the capacitor.

AlsoV = '[E.dl so integrating parallel to E field, we get V = %

Now by definition, Q = CV so the capacitance of the plates is given by C = %
(b)

By symmetry, D must radiate from the centre of the sphere and if we enclose the sphere
with a spherical surface S of radius r then D will be constant at all points on that surface.
D will be parallel to elements dS of the surface at all points, so we get from Gauss that:

DAm* =Q
Now D=¢EandV = j‘E.dl . If we integrate radially from the surface of the metal sphere

to a point infinitely far from the sphere, then jE.dl = IEdr so:

Ty

9
V= dr
,;[ c4m’?
__9
&4,
so the capacitance of the sphereis &4 zro.




©

wnsens
* »
)
.
aes*®

We use the method of images, where we note that the fields between a charged object and
a flat metal plate are equal to the sum of the fields between the same object and infinity,
and between the duplicate of the object with opposite charge reflected in the plane of the
plate, also to infinity.

We cannot allocate a fixed charge Q to the cylinder (because it has infinite length) so
allocate a charge ¢ per unit length. Put a surface comprising a cylinder of radius r and
length & round one metal cylinder. By symmetry, the D field from a charged cylinder to
infinity must radiate perpendicularly to the axis of the cylinder, so it cuts the surface at
right angles at all points:

jn.ds =0

D2mél =qdl
q

2rer
The electric field at a distance x along a line joining one cylinder to the other is the sum

of the electric fields of each cylinder alone:
_ q ___~4q
2re(s—x) 2me(s+x)
The voltage from the plane of symmetry to the surface of one cylinder is the integral of

electric field:
2 frm st [ufe)|7_ o 2e)
0 2re (s—x) 2re a

0

¢, the capacitance per unit length, is g/V:
2rze

ln(2s—a)
a

Examiner’s comments: Almost everybody did this question. Success depends on working
from first principles rather than memory. A surprising number of candidates could do
parts (b) and (c) but not part (a).

CcC=




11 (a)

Maxwell-Ampere: cj'H.dl _ j_ (J . f))dS

S
Now the rate of change of D is zero, and IJ dS = NI . Also, the cross-section of the bar
N

and C-shaped bar is uniform, so H will be constant and parallel to dl round the dotted line.
Hence: HL = NI
B= popH so: B Lo, NI
L
_ 4z x107 x1000x100x 5
- 0.075

=838 T

...big, but this is a lot of
current in a small device.

(b) We can expect that the H-field in air (H,)will differ from that in the iron (). So:
H,L,+H,L =NI

SO .
—B-“La + B,

Ho HoH,
Now I B.dS = 0 so B is continuous across a boundary, so B, = B;
S

L =NI

) NI
AT ILin
1005
0.002+ 0.075/1000
=0303T

=47 x107’

(c) The energy per unit volume stored by a magnetic field = IBdH = B%ﬂ if Band u

are constant. If the bar moves a small distance 8x, then it sweeps out a volume 248X in
air where 4 is the cross-sectional area of the curved bar. The energy used to move the bar
equals the applied force, F, times the distance 6x, so:

B2

Féx=—2A&
2u
S0 B’ 8.38’
F=—4=—"-—001
Mo 47 x10°
=5.59 kN

Examiner’s comments: Answers to this question were good, and it was good to see that
many candidates were aware that this is a big magnetic field and force. Remember that
there are two poles to the magnet, so their cross-sectional area is 24.
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