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Mdterm Review

Ligt of types of problems: .

(28) GXen a \igh-symme e dishriloution, frd E
Ose. Gﬂ@t ?Ltj}au) tkj C"U’E

220) Given a chorge distrioution, fnd <P

U=zually, just inteqerote : s (7)) 4
gy Juat infegeste ). L [ 47 gy

Con then compure E=-V¢
(200) Td the copaditorce F 2 conduchrs (o 1 caducior .ot ir\ﬁn@)
Oaally, ‘just £® on conductors hrd the porentia) ¢,
Commpate DY biwon 2 conduchnry and compute C= O/ DY
(Somehmes, especiol P dielechrics ore present, 1S easies to
Stort assum)/g o po’r@\ﬁof difrence, DY then Rnd Q)
(335) Giwen o Ohdmge. distmbuhon and G conductor, find Y, E efc.
Use the, mefho of | T place shotegie fehtous
choges on the ofher Vaide of the condlenr
(331) Loploce’s egn i gpherical coodinates
lindrical
(34 Cortesian ‘
(330) Compure the multpole. expasion B a dhorge distrlounon
(344,uq) Compure the forece on o digde, o Rree dipole exerts
(42) Compure. Hre pdavizablity of o Chome distribufion _
Balonce_the Pore. B the applied Reld acginst, the restoring Rore
(42) Copue, E Rom an OSOCJ%T with polarizghon P
Find o< P A ond pw—@ﬁ and fd @ difa)ﬂ (ke 2_._)2@)
(48) Gven a h@h-SjmmeJ‘(j diedectric + conduchor ammgﬂ, fd E
Uee Grives 00~ § D=0tee ond D=¢E
2% Compute. fne fce on o dielectric
(s3) Force on a moyin e n®
(58,515) Fnd B fiom @ cusrent distrbution
(@) £ no summetvy, need to {ﬁi‘@arvd'e/ Byot-Savart™
(o) i symmeiny, coe Amperes ot _
(522) Fnd fhe nehe Vector potenhal A of a current dishrboubon
(525) F?g the mfﬁégn(,ﬁ(, dipde. moment- m &k o curcent distribution
Goaols LW up SM w. TEM (magnefizahon, chb)
1'1’03 * Quzemm dot CAN

STM vs TEM sa40, Conhnued . ..

Tf o want o g cid of o0 unwanted elechric Reld
thar's Messing up " Lpuc expesiment, how do you do 7

Answer: screen tt willh oo conduchng shield
A perfect conductsr 1n DO fimit- hos € =00 R
In ofher words I con polenize! f(\ﬁm%’dﬂ well B scren =

Bur therw's o mogenc 01\&103 o a pefect corductor
(unless you  congider superconduchry af veny Jow T).
In faor, “fee ae wy fow ma@ndw‘c, marerdls with
K even oppmoching “values ke Xe of typical didectrics,
Maﬁneh‘sm i maferiaYs s weak I compdrison.

(est er: pateial called  “Mu metal’
(becovse W hos lade {u/,u ~ 0%)
~35% Ni, I15% Fe, some Coppér mo?tjbdmum

Pablem: hod to Lork with, exprsive. A
fust be heat -treoted  (annedled in He o hﬁh T)
n ead frd sape o lees its Wﬁ\ﬂ JA

Lef's consider ™y AT solensd Magner” o ke a sn‘rv»'ole, dipole
m= U702 A locared &f the mﬁm
(o5 we computed, last Coss)

Now consider  Surrounds s wth a 5phaf}ca\ shell of
pmet) of  some thidkness b, af rodus  Re=l0m.




(o) Qualimﬁwj, what loppens?

Withour uu-medol — present,

Wi u-mefdl present:
reun Geld lines Concentrared in el

() Order o maﬁniﬁxo\@, how thick should u-meta) be
o reduce Vdhe equotorial Red af 10 m Bom 2.5 mir
(we calculoted last fime) 1o Ol mG (TEM specs) ¢

Bo,Ho

\Consider the Relds on e “@QUOTDF" & r ust < 10om
Qu&i’ at the @dﬁﬂ of the air of the oom, e M= )
and € \Jus# S Iom Qus’r within the  u-meta) ghield).

Assume. 1o 1% ordes Hhat B int much perferbed within
the oom Teelf

5 Bin= 35 MG = uoh;,

6\)3’ Within the /(,L—I’Y\@/Ta]’ e l/\O\)(/ _@%:/uﬂc

And we lave o bow’\d% cordhihon Hia= R because
thee's no Kee current of” the boundaeny, so an
Amperian 1oop sivaddlmﬁ the bour\darj MUErE Ve, §Q AL = o

> B bl puHos (5 Bi) = 4 B, = 10% (35 mC)
Flux lines can never end (no magnw’c monopoles)

(othout the  u-metal, the tofol fAux that needs  return
ouside. R, e-

o

T oo
6 Jois - Jo fo - r)or 088 - e
Lo ° 7

With umetal, we need the zame amount of tolal Fux retumn
bt now we have the ymuch noer oo 2 105 [3in
s0 e need much less areq Br P ehuen ﬂnrouﬁh.

&,
@ZE QT\{(SZ rdr 6"%}; = TG, Ro (l* %"—>

Set @i - @7— :
2T @™ = 2180, (1)
Bin= & 1- %—>

f/(o _ )
2 [- 1o
Ko( [+ [OHS) = R,

St R-R.= 105, =107 (lom) = O, mm
(&) How much does e cost ($20/E2)
UT(om)® = 12,521 #* = $270,000
Doesnt include ‘%;PP;’\@' installation, Sh]pp}nj back f3r
m—anr\@aﬁf\gl F@-sh'\plo‘) \ re-instaling ...
Also, uses an ower ly” idealized Mmodel

In ek, real u-metal 15 ron-linear, and < 105
for smal  Relds]




How else con e sdue this prodlem?

Midterm ceviewo O, © : set o secord Sclenod such that
the dipole moments com:g,) so for Reld fls P ke it
bur the central Relds st sum o 9T

Pemindec: B on axis of a curcent loop:
B Mo PIARL o o T _RE 4
b ad a 2 (e
G o conter o solencid:

>
%; _/UDIM ! 5
2 (Hz ’_KL)IIL 2

m of solnod = TI*NITZ

So now we need Bz 25 em, Re 2R bt as smal os possible
Hi= 30 em, foke He=Hi (bigaer H means beffer
central homegeneqty, but we don't
have ipa(,@ 5 ma. Ho> H))
Ny N2 65 smal 65 possble (wire is expersivet)
T.=T2o =30 A (con't exceed crtical curcent
of superconduct)
@ TK)LMI I = TR&LNLIL
= ﬂ\zf\)i = KLLNZ.

O wIiNg 1 TN L .
2 (H,Z‘fﬂpl)w‘ 2 (He™ rﬂ[‘)h« &m— Cf Tesla
Ny - n (O20M) 124 0uq
Tosmy 1]~
0.301
Lefs set Ro= Som > Ni= 174 049+ Ne (525
= o4+ 09N,
From dipole @Ciudl'ﬁj, Ne= 4N,
> 01525 Ny= [79 049
Ni= 237,923 Nz= S4,43S
~SK Mo furms fhon befire

Quontum Dot (midierm review © @ ad ©)
What is the copactance of a cylindrical quantum dot &£ rodivs o
ond hickness b, separated #om ‘on nfinite conducting - plane. by
s diclectric of Suﬁcapﬁbalit\j e ad thiekness h7
2

/Conduch'rg leindd
b

- p /( J tZoﬂduch}ﬁ pane

Soluton: Apply o chage @ 1o the ¢ylinder,
SN Laplace’s equahon in cylindrical coords B frd ‘f@vefjwhafq
Compute. [N behween Cylinderand plane,,
and  compute.  C=Q7DY,

In order 1o sdve V=0, we need bourdary condihons,

The applied @ on the dot will induce come “Charge on the
dielectric onel cord(ui/\ﬁ planes, bur we_know “this chage
wh be on order -Q Y and Wil be Bnrte. in extent

O ¢ js confinuous acmes all boundories

® @50 as 5500 ard 230

® Y=U,= constont on the dot

® @= constant on the conduchn planc.

Corvxparimﬁ © and ® we con e set W=0 on_the conduchng plane
(@nd,“in facr, B al zco; e dlso knas D=€E =-¢VP-0 2<0o)

Let §(5,2) e the potental in the vacuum above the diclectric.
Let 9(32) be the porental in the diclectric .

Let 0i(5,2) e the free chorge densi o the. dot,
Sois harsds + fcy.(s,hflo)ﬁrsds ¥ ya(a,z:)wrad?: =
0 h

Let 02le) be the fee charge density on e conduching place.
T2 950 of co, then E20 at (o, D-=¢E must >0 .




Acrezs a. boucdany, the dlﬁconhnw?y in DY I5 OFee.

® tp of the dot
Dr= EO;,ELIMM = 0,(5 b+h)
© s0e walls of the Aot:
Dr-£.28 - oi(e,2)
IS |s=a

€) TLDp o He dielechic

sca: <D = g | = Oi(sh)
Z=h
_ i M o -
SY6 ¢ D: 7, &ELM*_ 2'——‘9; ek

® conduch plaﬂé,

DZJ—: 6%% = 61(5)

Z=0

Loplaces eqn in culindricol  coordinates:
v L 2 (5T, LI 2L o

|
S s\"oe) & I ozt
Ler @(s,2)= S=)2z)
12 .9_5_> =
S B\ ds . J2*
o) %(@
0:;?_ = (const) 2

We krow 2(E)20 0s 270, s e want this T have
on exponental  soluton (not sh o cos), so checse const YO
> 2(2)= A +
12 (5dD\ .
595( E> kS
Check Bemula. sheet )= Csk+ Des™ (k>0)
or COIHS +D., (k=0)
@(5,2) 20 as 2o, 0 we reed A=O
45,2 50 05 5>00, %o we rced Co=Do=Ck=0

> Q(s,2)= 2 De ke

Yy(s,2) 20 as 5=co, o we need Co=D,=Cx =0
> Y, (5% Z 5K<AK@k%4'@ e:“>

Ic=1

Brurdory condifon © gues us, ol s,

@2(5,0): g,él(Amf (5Q=O > Br=-Ac
> b2 5 Aefee-n)
me\arg Cu\dnho(\ @ gives us
S - Z ‘(K\e—“‘" : 22 E (ke vhe”
TS

s az A&(m‘%kﬂ‘): 1(3)

&ljnd% cmahhof\ O 3\\/65 us

s Z . z Al e
Sa: At« Al (pkh_sH) - ¢
Arswer: C = 4e.(ev1)a (in the lim

Jd»)

F a>b)

”)




