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1 Decaying magnetic field

A magnetic field, given in cylindrical coordinates, decays according to

B:Ee*tﬁi
s

where 7 > 0 is a constant with units of time and k > 0 is also a constant.

a) Show that V-B = 0.

b) Determine a set of differential equations that the induced electric field must satisfy.

Solve these so as to get a field of the form E = E¢q§. Find a solution that satisfies
V-E=0.

c¢) Determine the EMF around any circular loop of radius R centered on the z axis.

o 0
S | 2 13
fswo @) TE - 33 (E) - 13 M
U
= 2 /& —%) -0 = V-&=0
I \ &

b) We will use (droPPr'Qf] Ha  “ind" MESO‘:FU

VxE =- "=

t

To %zt an 103\31&‘ conSéer o skeel  Hf é)

A—B .Y
i R
) | o _V i into page
e | 5
@ 2) | o) O
- | x5 o of po

~

6! ‘ O =DV )(E rmf--a'}: 7"‘3‘

4,
- E circ&j??



So

<L

> 1 9Bz BBz 2 98 k) 7 )3 fp ) - 98]

1 98 _ oG
=V 5 o B 0

3Bs 2B o O

o a8
HE6E-5 ] é/@"%
We lenow Hlat ot of By orbsis ton-mo So we by E =Bgp
Two' -
%—»Fifr-o = E¢=E¢(gs) |
%6 (sBp) = -1% et <D sEg = -%&e”t/t + {({ﬁ)

=2 Eg= l% eth | S’-F(@
Tuus one Possfb;b‘\fj v

-

pese s’

Nou) conside .
o
R, T | i | 9_’
VoE = 33—5(8}?{) Py St 22




T VB0 » L§io v f@)- s an

o s case
_ﬁz_iﬁ.e“@% mi)¢

We now hawve o sikiahon whoe e el Sah‘sgz

-~

202 ._,6_3_[}_
VxE = 7 5§
L.
VE = 0
D
v'e =0
L . X A A
Ao Vb = “85%2’ o = —:—ze"t/@.@ ond so e Maﬁnzh‘c

Reld conld be Pmd,uc@d bg[ a hwe mejirg curent (M‘%l et»enhquﬁ
o conhbubon fom o h‘/wa-vw]}rﬁ elechic Rdd)

Noke ey oo desehes o lne of charge, sineg

.

Velgd)= {s0%

(,) Conside  Ye 1l vaked loop : . A
__ dd Os s'<k )
&= T 5 /x
O< ¢lsar — o -
b= fgdf 2 =const \\\N;k/
swhe O[E{j = S’Oﬁ/déié\
@ud&s = %e“f/’c )%/d&/dcﬁ) = k@-t/z AS/O(¢/

L
_ - A dg ket < >TIRk e ~th
SR RIK.

3T o oL 7T ot
ot < 2

enck +ie % Pasl'h'w; C.CW.



Fidd equatsns For clacknc Relds

I+ appecss Hiot Hure are two tmm of dechc  feld

E lectrestatic  held Field nckued by W'Clﬁfmh'c held
T Sthinaﬂ chouges 1 inee vwl.gl'r\j Mﬁ«gmh'c »C'e?d(
~ pe)
P Lo ) h
B-8) © o)
f:;-.)‘,_['L 62-/ é’“«‘i\
|'—{6M‘ VBl & P/éo '{?E ol o O
sabshes o R
VxE = -
[:i.LZC O VKE Ilf‘LO[ - —'-E_@
ot
We con  then Pﬁc(z&m. Yo clovc feld  as
S -3 A
E “Eedee + Eind
ondd Hus sahsfes
o e |
v ‘= F/go
St « -2
ot
Compuh'nq induced Nelds
For an ingeed  eleche ﬁ@ld
A
VE =0
o o 38
¥V xE =
3
whidh e similar 1o R =0



)

Mc&&@mah'& o kd’l (l{.t? e s 7% r d@ ‘JC)"(\JU;MIAj E

delermlaing mogqudosiahe felds, Tor exompto
considy g closed leop . Ty

SEJE?O& = J‘fx’-\xﬁj e
Joup St

o8 |, 1
= —jgﬁ_dﬂ»

§ wﬁacn.

~ 7/ \ ._ag\
Thas 1o aralogons 10 Amp.arel oo witk /uo’_[@,t -» ~90

at
Similely -
. ’ B |
B field  caleulahen E held  colcwlabion
& .38
Sowee J Sowrce =
B N
Heldd equahiony VR =0 VE =0
T k= g Q. 2. of
V X& - /ua VxE = :5-{:
2 . \ a_‘_: -
Bur-Swt 8= 5 e R 2
o NER s
Ampere @6”“%’}1} Pedf = ~ 4 [&da
\ewp jfd&f | letp Swiace
Surkree




2 Induced electric field

Consider a magnetic field restricted to a cylindrical region with radius R. In cylindrical

coordinates,
B B(t) z ifs<R
o if s >R
where B(t) only depends on time.

a) Describe the direction of the induced electric field.

b) Determine an expression for the induced electric field.
c) Evaluate V- E and V - B.
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