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Moed A - Solution

1. Using Gauss law the field inside the cylinder is

The hole contributes a field,

and the total field is therefore,
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in the entire hole (including the y-axis).

47 R0’

€0

We need to potential to vanish on the inner shell, so
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which gives,

3. The voltage is,

such that
and using differential Ohm’s law

The current is given by,

The resistance is defined,
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4. Using Ampére’s law the magnetic field between the plates is

1 = I,
yB=pw—y  B=p—y, (11)
w w
and the flux is therefore 1.d
dp=1dB= ﬂo'?I, (12)
and the self-inductance is,
dp l-d
L=—"7=py— 1
7 Ho w (13)

5. A moving volume charge density creates a a current density

J = pv, (14)
and a magnetic field (using Ampére’s law),
2B = pgJdl B = %Jd = %pvd. (15)
The current in the moving line is
1=\, (16)
and therefore the force-per-unit length is
F Apd
— :IB:)\%@pvd: Luovz, (17)
l 2 2
and using pipgg = ¢~ 2 we can write it as,
Frag  Apd 5 Apdposo 5  Apd (v)2
== =2 == (=) . 18
l 2 HioV 2  ¢gp v 2e9 \c (18)

But this is only the magnetic contribution. Since the bodies charged there is also an electric force. Using
Gauss law, the electric field of the plane,

d
20AE =244  B=12 (19)
€o 250
and the electric force on the line per-unit-length
Felec Apd
= — 20
l 260 ’ ( )

and therefore the total force per unit length is,

p o vl [1 + (”)2] . (21)

a 250 Cc

6. At time zero the inductors act as R — oo and therefore I (¢t = 0) = 0. At t — oo the inductors “give up” and
act as R = 0. The effective resistance of the two remaining resistors is Reg = R/2 and therefore the current
is I =2V/R.



7. The current running trough R; and R, can be computed from,

10.

LRy =1LRy (22)
I= Il + 127

and therefore,

LR =(I-1)R;

R2 Rl
L =—="—"I Ih=——1I 23
' Rit R TRt Ry 23
The magnetic field of an arc can be computed using Biot-Savart
2
B:@[/dea :@]7 (24)
4 a® 4a
and the magnetic fields of both arc need to be subtracted,
Ho R — Ry
B==— (- 1I 25
da { 2) = 4a Ri+ Ry (25)

. Due to symmetry the current in point 1 splits three equal part, I/3, and splits again to two parts, I/6, each

at points 2,4 and 5. Again due to symmetry, the current on all branches coming into 7 is equal, I/3. Now we
have all the currents. The voltage can be computed by walking on any path. For example, 1-4-3-7,

I I 1 5 vV 5
V=R|-+=-+4+=)==RI Reg=—==R 26
(5+5+3) 3Rl Ra=7= (26)
The current in the small loop flows due to Faraday’s law of induction.
d®p & 1dop
_ =2 — 2
£= dt R R dt’ 27)

the charge which flows is,
d(t=0)

Q= /Idt R/ d(}ldt (<I>B(t—>oo) O(t=0)) = R

since the flux is zero when the small loop is very far. The magnetic field inside the small loop at ¢ = 0 can be
computed by Biot-Savart,

(28)

27 2
Lo dfa 140
B="—1I =—1 2
4w / a3 2’ (29)
and since a > b,we can assume it is approximately constant in the small loop. So
Ib?
Op (t=0) = Brb? = 227 (30)
2a
and therefore 2
T o
Q== (31)
Since the electric field is conservative making a rectangle which crosses both regions, we have
Fyl—E3l =0 Ey = Es. (32)

This can also be seen from a formula in the formula sheet. Electric field parallel to the interface is continuous.



