PHY481: Electromagnetism

Homework 7
Magnetic quadrupole doublet
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HW 7
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HW 7

(cont'd)

Problem 7.5
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HW 7 (cont'd)

7.9 Cylinders length L , resistive media between radius a and 3a. What is
the resistance? What is the charge density on the interface at 2a?

General solutions Current densities
V(iry=Alnr+B  J(r)=0,E =0,(-VV)=-04/r
V,ry=Clnr+D  J,(r)=0,E,=0,(-VV,)=-0,C/r

Boundary Conditions Determine coefficients
V.(a)=V, B=V,— Alna; C=Ao,/o,
V,(3a)=0 D=-Cln3a=-A40,/0,In3a
Vi(2a)=V,(2a) Atr=2a: AIn(2a)+V, — Aln(a) = AIn(2a)0, /0, — A0, /6, In3a
/,(2a)=J,(24) [( 1/(7 )ln( )+ln( )} Vy—> A= V/[ 1/6 ln( )+ln( )]
o AF e (4 Y Eo(0/0, )
O'ﬁee—eoAE—eo(A o= 2a[ln( )+1n(2)61/G]
I= JJdA:Jl(a)[ZnaL]: 2rLo ), Vo [( 1/6 )ln( )+ln(2)]
r=a [( 1/6 )ln( )+ln(2):| 1 27Z'LO'1
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HW 7 (cont'd)

Pr'Oblem 711 E1 =JpR1; Ez :JpRz
Gfree =& (Ez - El) ~ - 2 | 2 -
J=Jk
B EOJ(pRz - pRl) T Pr @ Pr2 ) Pr2 = Pri
O.f”ee — e ](pRz - pRl) J ﬂ’ pRl @ pRZ ) pRZ < pRl
c 0 A

Problem 7.15 e B .
0)=0,¢" =0 0(1)/0, = 021)/0(1) = 0(67)/0(T) =€ '

i/t

f(=01))0,=¢""; t=—tInf tro01="TI(0.1)=237
Change in stored energy in time t:

—2t/RC

AS(t)_ (QV OV,)= 0 (2)C O = QO( e U zero sum
Energy dissipation from resns’ror' in time t: \
t ¢ Q )

I(t):dQ(t):_% 8R(t):£dtp(t):£dt(]2R)_ =0 [ -2 RC]

dt RC
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HW 7 (cont'd)

Problem 7.18

R =R
— W\

2:/ * Ty % §
52} = 1/§ + %i + i)) m
I/R =1/R+1/(2R+R ) —éwxéwvé \—iw\—é/w\g
R 10 9 1 SO S W

R(2R+R )
" 3R+R_, . .
. _R(2R+Roo) R +2RR_—-2R =0
~" 3R+R. R =R(W3-1)
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Quadrupole

left or right, focused
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The quadrupole doublet

The quadrupole doublet. Focuses (weakly) in both dimensions

pl'ﬂ'[ﬂﬂﬂ
— ] |

;5.

left or right, focused
top or bottom, defocused

Protons
coming
at you

left or right, closer inward (field small)

top or bottom, further out (field large)
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Vector potential calculations

If currents are bounded (do not extend to infinity) get A by

Volume currents w, ¢ J(x’ dx
A(X) — 0 J ( ) ,
Ar? Ix—xl

Surface currents u, ¢ K(x’ d'x’
A(X) — 0 j ( ) ’
41 Ix — x|

Line currents Ax) = J 1dt

ArdIx —x’

If currents extend to infinity get A via Stokes's theorem and B:

SBCA-dK:j(VxA)-da:jB-da
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