EEAF 210 ELECTROMAGNETIC FIELD THEORY
JAVUVARY 30, 198%

ExemM No. 1

NAME. !

TNSTRUCTIONS § NOTES ®
. A formulo, sheet i1g Fej‘m'\Hec’: one side of o
Single 84 x1l sheet that will be collected with The

exo.m,
2  Closed book — no notes except for that alMlowed,

in 4.
3. Thece are Seven (7) Prob\ems ranked tn terms
of d\“u:uu-ﬂ e, 7 is much harder Than 4.

4. Not oll problems are worth the same -see below.

PROBLEM SCORE VAWE
1 5

5

Eso

10

20
29,,

30 ADVISORY GRADE
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~ & N p W
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1. Whot 15 Grx Qg in spherical coordinates ¢

a) a¢
b) —ae
<) zevo

e) -ae

Circle 3our answer,

2. Whatis Qex Q¢ n C:Sc,l;ndﬂ'ca.\ coordinates 7
d) Qe
b) -Ge
¢) Zevo
d) - Qr
e) ar
Circle Your answer.

3, For the carwylar tontour shown below what (S The
unit vector di n cartesian coordinates?

;cpn{:Our C




, . - 1 -
Va Lo b — 3 ¢
wWhat 15 Y k r ) n .SP‘hC‘ Y"HLC\‘ oo rdingtes ‘)

5. Evoliuvote f(g"f.)'dé for the surfgces indicated below.
5,+S,

Thistopis pz

= e -Zsinb a
dosed and. F= r‘s;n(_.xge mT de
it of S, t > ) 3 ¢

s deags pointed, outward

LY




3\

G, Ls The vechor fie\d F =10 oy {ophericad cocrdin ahe s
o rotationa\l feld ’ \?th? "

7. (@) Find the curl of the vector field F = rcospas
(ccac,\mér\' ca\ coordinates ) )



7 (0)

For the field of part(@) What is the e
lnksm\ of _E around the contour shown below 2

I am lookmg for o numerica\
answer.

e



EEAP 210
ELECTROMAGNETIC F1EWD TreoRY

LasT JEAR'S EXAM ON ELECTROSTATICS |
Thia was o one hour closed-book exam

€o

" R s ced <t tha center of & dielectne
:p;:mt&mmdﬁu?bﬂ: omd radius a, fissume tha .
vere is i free Space (§). Find Dand £ everyt™™

(Use Gousy Law ).

A delectric s\ab is immersedin o uniform eledric Lield n
free space.. T ha entronca amate 9 for the.dedric fied =
known in regon 4, find the fel components eithing e slab into

region 3. tunt: assume an cw\a‘.l. & for tha et Ounau.-,

\’;” regon 3, <o
g:lmsm 2, d«dedréi. sleb kel |
Z  platesof
E.,A regen 1, & area A ~

Considec ¥he povallel plate ‘ca.po.idor‘
with +wo lauers of dielxctyic as skowh

ok ‘M Y SK*O

(a) Calensdocle ME.&\&MMM -
Clectvostehic. potentio & evEyWHhere,
Stade all assumptons,

b) Suppose ome Qm inject free ch (99

d e interfac !z+we.eét: region 4 d:éﬁm‘gwn a (are=a) flow

much ehange must be. mJedCJ T moke E=0 inhrggoon 27
Of what sigm must & the fnjccted drange be ?
(& What is e capaditance of Thio parallel - plate capacitor @

)



65 Toox O4R

'EE AP 210 ELECTROMASZKNE TC  FIELD THEORY
"EBRUARY 27, \984

EXAM Neo. 2

NAME * SOLUTIONS

INSTRUCTIONS £ NOTES ¢ . . L
LA formula sheet S permitled® one side + 7ol the

]
other sida & a smgla Bs w1l Sheet, i}
2. The Jormula sheet will ke, collected wilhhe exam.

3. Ciosed bcook — no notes except for the formula sheet.

Treve are {ive (5) prob lems pranked in derms of
d\C-(nw,H:),‘-e« 5 15 mudy, horder than 4

5. Not all problems are worth e same - see below

PROBLEM SCORE VALVE

l Te

2. Y

3 20

4 ] 20

S 3S ADVISORY GRADE
TOTAL |00




41
—~

by circling twe appropriate letter
L. T @ The vormal Qompmen‘f of the electric fux denﬁ'dj

15 continuousS QACROSS a Novn- COWde’mj bOUhdo_r:j
with an abrupt "chawae, in perw:'cﬂ'w'r‘j €

1. (@) Moark the Hollowing stakements +rue o Faise.

u,. T The ""'O.V\Se(\'h.a;( COMPOﬂeV\{‘ o the electric field
intensy© s continuous acoss all boundaries .

Lil, @ F The hormal Com ponent of the aarrent dens}’rj J
| 15 continuous Qchoss G ‘oouncﬂcul‘(j marking an

alorupt chcmae, in cond.ud";m"‘j v

W, @ F The electric potential is continuous across all
dielectric terfaces,

V. @ F The electric potential 1s continuous across ali

conductor — dielectric mterface s,

Cb) Rewrite oll stotements -thot You marked
false in  part @ To wmake them Troe.

[ jost V\escch.nj 1The. verb e, 15 continvous ‘fo]
Is ot continuous, is wot acceptable .

The normol compomant oF the  elechtte Flux dg,v.sli-j [y
15 coninusus ACARSS 6 Non - ‘w'.v\clud'\\'\j boWd.o./ﬂ with
om Qhrupt Onomy*- " ?erfvu{'\'\\)\*j € aomd no sunface

oy Mg\ﬁj P5° of tha electnic Lield \nfencidy s

c,bn'\—mwu.&w a0ss all  duelectme boundoa, .

o



S—
2. For The poarallel - plate CCL(JQC‘\NLQF“ shown below
circle the oppropriate vesponse fo The given
siduation

‘meﬂd plates of area_ A

(a) I{ the 'Per‘m';ﬁs'o{{-j € increases The. C.(LPQCV"'O.V\CJZ,.

INCreases remamns the samc decreases

¢) If \/o nereases  The quacd‘anw

tnCrenses @qms The. S@ Ceecn?a.ses

(c.) T 4 increases The total c,\narge, on each plate

inceases remams the same @

(d) T{ A nowases The charge &enéﬁj on €ach P‘afe

In e ases @‘ms the s@ decreases

(e) T{ the baﬂevj Vs dtswmcseﬁ,&% Then decrzcssr.;j;
the potentiof between 'L Yoot ey

- Q(QWS‘W“)E— v 30 b= @I_ P = Y\'(szb,)
Vv d =-¢f
(e) V= Q(cms‘mmf) Q = _ehv
C (ceounas) Tt d.
c= ER



A ramdrop Can be modeled as a dielectric (

Y
i

5‘3‘: ¢ '.j% j

:,phere with a unr\rorm qu‘gaol. Q,harge, dQﬂSi‘B »

@) usmi Gauss' low determine the. E field everqwhere
-FDF SUCh o, m;l’\drOP. /\Assume_ oo rqd\'us K C;nd o

total sucface 'Q“—“"SQ- 1Q).

(5)  Assuming T(o)=0, what is the, potentiol ot the

surface, of the sphere?

) If i is found that @ raindrop has a potentiol
of 4400 volts ond a totaQ surface Charge of

1" coulombs , what (s The raindrop cadivs 2
[ = -9
use €= 3CT x 1O f&rads/'mder -j

a) fE'Q_g: de\le
€€ 4vct=@

£ == ZQEJ"
Rk

for €2 R

b) - E=2-=-9&
Q. -_-d2
QWGOF‘L de
. :{§= _4%6-0 %Z\:z
{ ;;F-.d‘ﬁ:_ KR r dr
: oo

‘-\“60 oo

r- .
Tor) ~ &) = +Q___l|?3°°__.

0 qT\'éo

9
4TEL

9 gz & ___ - 10
e, T(R) /K'ﬂ'

= x 10
= gy~ 3'%“/
Lf = 9%x10 miens

qX)



o
What Is the resinYonc. of The inswlotion iy o levialy
2 s

of coaxial cable. The toted current Thnough tiw

ihauloton s L awmperes,

L—
—
n——-——-——‘J " ““““““ \
[y A
k—— ,Q——-—%( ross - Sectiontad)
' View
The felds are durecked nodroty -
7- £ - X
A ame
but J= E <o - L
Ec La.'m‘r«t
F= - [en= — (= odr
- award
L fbd I (g b-tmal
- - = AV - —— -
amGh g, 0 amrfz,[
= I ()
2me L

[



5 foga The u_sedge CCKPOL(.\"so{“ shown ’;,:,:.r-:,\,ok,\)
(@) Usming laplace’s e%uq*;m" find tie form of F (r)
everywhere .  Wride Your expressiontfor T tr).
(b) What are the O ppropriate boundlcuzj conditions
to determine e cotHicients i your expression {or $r)2

(<) Determme The values of Those coefficients in Plr),

d Pot T E as funchons of
7

what iz dhe copacttance

(@ From () (URAIm2+RB =0 (i) ¢4 +D =10D
(LD BInm3 +B= Cn3+D
([V) ‘QéoA - S_é,C

3 r



qgd &

EESAP 2:10 — ELECTROMAGNETIC FIEWD THEORY
MAKE-UP €xam ¥2 |

NAmMmEg:

INSTRVUCTIONS § NOTES! . N
. A Formulq sheet 5 perm;ﬁed ° one S1de & 5

, of the othar. sids of a Slfg‘f. B.Sx |} inch sheet o{— pajicr,
2 The formula sheet will be collected with e

éxowm .

3. Closed book |
4. Problems ore voughly Yanked in demsof d‘mwj&y

5. Not alf

problems are worth the same.

PrOBLEM SCORE VALUVE

"
2

o

0o




L. A spnere of radius R amd centered ok Mo‘na\'n hao foun ‘
thanges wsde . Tw Q\,\M%M, e located on o.s?)um of sida
length "o \%‘hafh “Hhe \C-a. plane. as shown below . Two
of tha chaages o -Hjo oncdl dwo one —% as shkowx below.

(3 Whot 18 the eleckric fluz over th sphow, .. f\)'d}?

() Whet & the potential a\nawsz,? Do wnot s.mpl;fj Youa.
omswer.

(@ h:c\'s‘f-fpdv: 2a.

ob/lﬂfwlg - 2Q=0 so the Yotal eletade fluy=0.

q LA
¢ = Ck' — 4 _—i&—— + > + (_Qﬁéo\f:,'

.“meo\f;_\



A vottade V, 1s applied between 4 pate of c,md.udc'nj Plates

ot area. A  Sepanated bé o distamen d, A dieteckric
Slab of 'Hmc.kne§; Decd. s between the plates as shown

v
beow. Plot E,P,’PCQ amd p as functioms of x.

’L—J €o |/, €56 | G

2,

\
o- ‘ > X
te- Dl
d——»
\ (
D \ -: : 0% no,rmg&‘b \\5 m"'mw
p———e
, (
C %, ( _
r‘ e | Rned € D€,
:
I
{
) l .
r } rme D=e E +P
[ P=D-gE =cE-ck

|
-3 L/%’//(/\ =@-e)E
; l e &= -‘fE as .

\ ‘ | Vol -§ w ambinwuwn bt Slope ,he. E

ibuMS 15 disumthinuwenw)
Qf '\2 LTS T .
. SUN [V -n- (D, -
J mpm}w Bmee g-Q(; B)

%E‘\\hd/dgﬁi//



3, Two ‘“‘r"’"‘"‘b ‘0“3 wnduchng shells thed ara clindricad andw
toneevtric.  have wner and outer radii g and B, respechvely ’
> change. 15 placed on the wmer ghetl such thot each length, ¢
has 6. total Chanqe ®; coulon bs. The outer shell is Sroun&ld
omd, Yhe Spaca, bewean Tw Shells & filed with change whidy
distnbules sel with a. volume dmsi{:j p= K/r cowdombs /mS,

3) Uswng the appropriate Mexwel! .
Equatim tn inteqral form find, E
in the. region between the c%clmders.
Choage. @
b} Co use Laplace’s lencth &
)g%&m Tohiid T ntwe
problem 7 wa& o Why not ?

L oon'r vo T

¢) Fwd Ha choage Qp that” must be mducd
on tha. outer shell,

o pelv (a)

. ) dsuu»‘ r
Loluwme a2 o mughk %dm ~o) & ar
eE fam L]= O F Al (r-0) -
r 2
= @+ awpr [(-%)—-9;-_)}
E-= A+  TpL Laz-r*)

ATWe, - ©
. . (P \ E V2§= —‘ﬁ
(b) No , becorae M%uumd. J_%uahm W Fonam's (sn &
R YO N nduncd Yo L&LplaCL'S E%/n Vz§=0 u.)(w P—.—o e Thoe

mb\b“ﬂh anonT. Ob\nnwﬂb X P*O ow Twan waw
© o rsb g )= O+mpt Lat-6*] _E,

e, b

at the emfa  Ne®,-TY= ps z o
ar- (0 - eEnv)a)=fs. =

o Ps= o Qp + vrg,@?--sz
2meob




4,

R sheet of condiaching maderiol of wnifom Cenckudlu'ﬂa a
tut n the Shape shown below haa a bo.ﬂerj of potentiaf Vo
Covmected 1o tha end eleckrodas . Tha woderial /s of  thickness
€. I the eleckrodes ana perfect conduckors

& Rz n
@) Find expressions for ond B wHin e wateral,
(J) What is e Vvesistance of the. material as cgumcd'ee' 7

' 25 =20
@) Hvs w6 m-é\ww"l‘ma—d L;-{%w-i Ei)m ﬂ: zgj
vE= R aF (r Sr‘) *yz gt A2

NM& depemdanc wusthe W

d®_, g 4% Tw%=ag
.a-¢— o‘ - 4\,
et ca SR
[f;ia_v‘_;_‘;\ |
w
T 08 _\_ay L 4%
Ce— V8= — '%-\‘:3@5"1 b A
— 40—V -
(b) Whoti R? = —& SR 2,
Re
1= _ ‘4.rV . - 4¢._Vg_t dr
“cg, % A - dter T fﬁ, :

_ 40Vt R
= = AN a/‘)

§- = V6 = Al
T 40—!;{_; %R%‘ 4¢t Mk‘zt/a‘)

R=

/c
V)



5.
Consder the outer. sphone & raclios b %Youwdccf as shown

in the drawwmg below.  Thore s @ charge, +@ on the inner

spharicad /

d) Whot wviust be the ckaage,on‘tka. outer sphara?
b Find E_'_,Q for the madm ecreh
¢) Whet 8 The capacitance. ?

@ @ 2T
=0 L =
P ‘:‘i (\*R) r A= ("‘“9 L)+ Y e
vz or o nt—///‘,,;emtt’ Mm
2
r %:Q'd
- C L
daﬁ—(_"z__ __E}_\r - __Er\:_‘_(_i_'
Py -qla) = ~ e Bo)-Ble)
o=gw g W=+ O (-4+k) 9T L
brgl)=o  B)=FW - (-L) §a)
a
E<-V& = CL&‘-'- +ac (+JF‘-) TR
=er (a«" B)
V= €E= 4 Gr e__o B EC“)
= &-d)
ot the umer Awa ® (o)
€(a) &
- - €o
Ps_:_gitu)_(g(+&c_" E-1) -% t-.\.)
but s = - €, B(a) o+
4net- 49“—-‘{-— 2 (£-%)

3



3¢ =
r)-4 ({_1)_L_1 @ /.
L (3-4) - (1) i, (5
J‘ (-]
C e, =)
“Tfe,(i‘ﬁ'%.*f-)
()=
7= %, (F-%)
E(r)= o L f‘- (L
r €o b
GA

(f*) = Q _ Q@
A% [%)-?ta), = o? @

= 4 Weo

&%)
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SEAP 24D —

LAST VeaR'S EXam ONn MAsneTOSTATICS

TF B= pPH® what is Tha induceds magmetizaton M. (There is
no permanent mq%mhambn) omd. the permeqbﬂﬂj IJ? Is p

\nd&.PendeWt' O{ 3 ?

Whot is the Vector potentiol at The center of
Carrying a cwrant L7 What is B?

A cyclindricol conductor of radius 0. orented along The Z-axis
Covxries O. non- umiform(:j Aistnbuted current dewsiw, J= l\"zag
@) Whot is the 1otal cirent fowing n the conductdr ? "‘
(b) What s H euev'éuokere.? N
An nfinitely lon solenoid o} radius o has N forns/meter an

carvies o curvenk L. "
() What (s e surface current density !

() what s The on-axis 2-duwedted td? ‘ »
“W\‘t: e M-0X1S z-directed (e for a solenoc& of ‘euéﬂ; £

is qwen by W= NI
PETTRR 2(Y+o2)%
@) Lownet Gae the {ields euengwkere, 7 State
Considen. Hue hollow cyclinder censtaucked o a ﬁtgma permeable material
(such wo \?On; whera. P> No 65 shown below.

Your assvm pn""ons )

= k47
fa r
S 1
P F

(5) Twis holow coglunder s Placcdin o wmiform magnatic feld H: Kudz
Whot are. B AR isde twe Perwmeable materiaf ? "n\‘,j ma_s be assovaed
o e UMF( . ) ) :

(b) What i3 The nduced. magmetization M7 Sketch i as o function »f ™

(c) Whett oar the e%o\\m\en curvents Km form 7 Sketch Km @36 funchec

‘ ent of the ) fleld at T center o% o cachnc'lné-cd) cewv T

A The .Z-Ctrm '
(¢ d‘s‘knbwho'n‘)o_'\gt Ko ! radtus aamg (eng\'kL 13 gll:)(’h {13

Ba= ga:o [ 3 + _.‘?__'f.c__z_‘?-_ 'J
VZ-E v ot -‘k2+—\ +a

R +Q l . (4 .

Wswng thas '(Ofmu.(o\, Yhat i "‘\ma}te!d ot 220 6n }“tt_ s o;lh\k (‘.Ladmde‘u

due To the curvents found w (¢), <pt up eawdt —don't sole.

b~




EEAP 210
LAST YEAR'S MaereToSTATIC. £xam  (PapT 2)

S(conl.) @) If a>>t reduce YowL Awaults of @).

$) Does the wmdyend {ield le in The. some diwrection gs Tha
applied field?

2 Tt s desied to produce o magmetic field 8= 0.1 Webers /n? in fha
arge.p of tha elect romeqmat shewn below. The Cross- echion of
T torord 1§ dem?  te meam radius is loem , amc Thae QP
: leuajk s o O.)\c.m, Assums. Tha— Permia\iuh'-hs of The rmais

p= 4000 Pe and That Fr?na\h3 cam be lgmorfdv

@) deaw the equvalent Mac)ms&io aveut.
(5 Find The ndmbor of tuwns N, Reqoived To produce (his fiend.

3 A cooxias tramsmission hne (s made U-PO'GTfu)o 1f§h'-w0.“€d <m\dud-rnii
cuc\wmders it radit O amd. b. A aurrent - ﬂow.; a On? m"\ner‘
c:gc,\w\dcr,%& a retuan, current —1 a\o-v\a tha owler cyclinder,
Colewlate the fnductomee  per umit |€M8H"-

<1
r‘,Q
R ==1" .

L\no((ow \aver O%dh‘a der




EEAP 210 — ELECTROMAGNETIC FIELD THEORY
ExAm &# 3

NAME ¢

INSTRUCTIONS & NOTES 3

L A douwble sided 8,SxI] mch formula s permitied,

Thia formula sheetr will be collecked with The exem,
2, Closed. book & notes.

3, Problems are roughly ranked in terms O'Fdi-cﬂc‘dtj,
4. Mot all problems are worth the same.

PROBLEM  scoRE VAwWE
\ 20
2 20
3. 30
4 30
ToTAL 100




7/
\
P loop thax iz half C\rwlar and. half square. as showrnr belows

corres o current of T amperes,  Find e ‘magmetic field B at
P. b& Tha_ Biwot - Savasct law. Show and evaluale all

vector cvoss products, Set wp all integrads  but Do NOT evaluate
any ntegrats, The m%m of T coordinafe system 5 at P,

Evoluate Un ponts r= dmeler —1
B'Gt* Savaar Lew : R= .Bf J'E‘:%x_%é 1‘3
- 94w PY o-—;
, 2—1—1—7 Pt
. SUMLOREL meter,
dB-— PI"dﬁ(%xaj) P1d¢Q§ ‘—4!—. =Y
4mre Hmr ' T aimpehes
.'.%.ff teT dpa; = ML ag |2 mcter—
‘t'n'r' 4
r=
2, Side 2 1A r= ax *u’ ~—t‘— Sine '3_‘0 ‘w/obove coord mates -
mL_j‘-_‘J or = ax-yay IM:-I%%{
‘ \\+ta3-
B: P—f(Idsglx(%.%%)= + «_@f
m A (1 v\ % o (1+4*)%
3. sadn.ﬁB(bo“M) r= -x0x + S Tdy = Tdx Ar
Ar = —X0x + 24
(1)l
_ Idiax x (-x8x+ia ).. y
= -1 (e )%
4. sd 4 (CSSenhcla some s side #2)
P e r=—0x -4y TA=+Tdyay
N o e
i l.hf— o d
(]
- Tdy ay)x (- ayx-yay) el —5t—
B,= [o C 5-4) ( lx — 4% c Pla—w--" €|.H17_)’5/




~

2. Weknow that certain boundary condihons m%ufre, Fowwer
Series solutons of  Llaplaca’s e%mh':m, Match The opprop riate
senes soluton o ts boundany cond.itions

kpx
? Swn kng_

Solutons : (@) V(xg)= 2. Cn€
by V&Y =3 c, (e"—ﬂ""f.‘-_ve_:""")s-‘n kny
() V(X,%) = Z Cp S K X (ekng‘_ e~ kn“)
@) Viny) = Z cn (5%, e ") s kn Y

(€) Vixy) =2 sin KX (eky, e'k"ﬁ)
N . -

= Only remainin
V=Vo @ Risoan eos\%l \" — @so:meus";:;,(b and
one. Zevos at § (). ARo'S at =0,
V=0 V=0 X0 amd X=a V= Vo £ =Vp Uzo- ndicdlt She
mdicate S\ in X m Yyre-(b)n@)
x x direction, csuld =  iiaoma
Vo e g lerEle VTP el wemt
. . WAL % .
50\u+‘oﬂ . C ‘60.1’ 'gzD. s°) Soluhon : o Lmour.h 'B.C.‘G)
onswe? is (¢) Conwot - :
-0 Ve Thie 0 almost
\J (S conbmws from® ; V=Vo ‘%)©. Re u‘\‘r¢$ l;:‘;
= vV, 7i2-x = _aln X direcuon . .
’ °‘ L i L. V=PyiaolEo this
, ‘ X =X indicates (€)
Vv d yrﬁ;ﬁ(im V=V, '
Soluton ; ' Yo \ud . e
Pk @) Yoxas last chaica . maren B,  Solution:
Y0 m oo |
V=V, e VGo,4)= 0 NoTe: Al problemsare in
‘XV- > 3 60 X-4 Cariesion coordmate
B a | Systems  BUT not all
@ Soluwhon: : coordthate 535\-evn oriat‘ns are
First omd. E0siest owe 1o determins.. at The some Vocation relote
Vixy) =0 of X=0 T The boundory csmdihins |

Vixy) =0 ot X=0.

Twa s obwously (). Seres
soluhion will moteh Vp of X=0.



$0, cwant

| 2
3. f coawal coble is constructed in which the winer onductor 1z o heliy
(e, a solenoid) wovnd over a. core of Permeob'\lHS P>por B current T
flows thnough The wner condudtor and, tetwwmns thaough < Wi -wall
05c|tndr\c'n,0 comductor endosing The helica core.

Ié—m

Z\\"N twwns,
BT S
z

P

la

I

!

]

(&) For the winer conducton plot B,Hm as funchons of r~, state QAny
Q;somphmu . . L el ’
Twas s o S\W\P‘Q y " cw\'\*e_\n ‘Ma SO‘(&O|A ' A$ \ as 'ﬂ\.l. saleno l‘ L3 "\’pﬂﬂ"‘QJ 0"\3 ﬁ_

Ha‘f — NT L3 PNT ep M=W=-re)NT

I ]

=0, reg. < Y=a_

>~

(b) What s e e%wualen’c mazmﬁc curvent o M ? Plot ™o
ct‘)u\va\en‘& current I a5 o funchon of In=Vxm

d(c&my\&I&e\"\ m
1T T=wme_ag Meo gp gz

The currentt -F\omva The Qe.ﬁx. ma,s be, QSMM as o
X 4‘(0(»1%3 n e Z-direchom
sdewpsd.

(¢} whot & Theinductance qssociaked with the Belix 7 Hmit see @).
The, mductamea 1§ S\mp\% o Flur tnough the Relix  di0ided by T current
producing  that Flux.©  For amy length A the total flux X i3 grven by
A= NLBA= NL(pNT)wa% = pNg T wa?, LE--_%& = pN:LTa -
Tha . Maultvng nductomce per umik Venghy 2 them L= P”"T-az
(d) Whot & the mductance assocuated wla;Hq e, amuenécna.Q (f‘du?deé
curvent {iow ? |

/ = —1-— = I
(hars frag > Hpam=T & He= 3 Bp= Lot

. ocwrrent
E‘.—.".?. a cuwrvent T -Flowthﬂ n o,

b
T - I
Hafluy A= f@,‘é = Pt dr = E(_;:; _&(%_)

S awr

I b
L= T j;_:r'w(é)



L 2
4(' '!‘f‘.x’.‘x_&‘-o ;’;‘v_(\!j\é"{,,. ’7.":, AT ( fn 51_{,‘)

The tram is movect b«é, maﬂm’c{qllj prafwcnd, {orce s, :Wuzsc
forces are genorated b\d_ e\ed-romc.o.ﬂb swiiching curvents 10
cenduickors in the Solid  slab frnack a5 shaon below.

S d ¢

ChIES SEN SR S v BN
( e_——.+f(lf—k$
”‘.I"_" a b K /
Ie [ D A ) | N
z \ -
Tn terms of a s?qg\e ‘!ooP formed. b‘& po«n\-s abcd ;on&der
whadt hqppeml W othe twiin 13 posthoned  over thio loop,

c -
wdth PRI @ - “the tratn is moving n the &~ direction
~ {-a R GX&@ TE wit velocdy i,
3? - . ~ . |

% (eud'a:\-(;g m&%m.d';c_ field of train ((From ¢ c))
\emgﬂ\ L ' '

| the Lorentz - < . >
(f u_sm&V{onm o \W whot Is T‘w forc on the Hrains

ddSemts I3

Flqr«B = 1% & & sapent agl. Foad
T f—m’l&,. s The botiom of Tha Traun ks :n o e vl

rar & Ton s Team dF = Ldxarx Ry = IO MG o
(g)g'&‘zx P‘?‘&‘*‘ Qow - magquitic forees ieej’ “The -hrsun on ‘rrack_.t =
Hint: considon whot happens f The ‘rain  moues in the ¥ divectis
smu..&;-u..: I xB A tnein fvawes'tows:w. ;.o.b;(::) |
4 ¢ sda 0d U -Fnu..m - 3 S Sdehiom
_ sida ab gwes fnen in Qg% Qy = = QX o

o b e ooon bock. on tnacl -
(‘9\) f T mser\cd&"“%‘w"ﬁ‘ The *00f> Q‘B‘-d what UO("&:\%&.

W& it read ? J(
Coare_ dd o4 (LwBgp)=-= lwpok_g)
V=T x T ¢ ) at 2,
== pwNI (A AL, e
"I = - Dwu-MI
Ar= — PeWUNT




- 7?
4, Mmagmancally evitated Trlins are being omsidered for urban transportation

The. tramsverse cvess —Sechon & such & tvain can be model
/ e the
magmetic system choon below. A as

4t ooy =
pro1 7 [N

cross  sechiom A

—TK
: sohd slab track
@) Daw the ;&mw\mf W\Qémﬁo carcut t for the above mo.ﬁm.d‘t‘c.
lec

5%s§em. nz::)t:r e any ne\uctonces,
® — N+ Sgeendn
Kapr Rgop -

() what Aslucrances canf be Megladed and why? Draw the
simplfied arcuit.

becarats '.J>>,U° SO0 Swma Q= /-TX‘A-

R0 fr o> melascDs .

() Fwna e B fied n e qap. ~ NT
& = _‘_'_ = -H—-— - = e—— =
3 7 pA T poh ,Agop By Agep 3 Ryep Q*/onw,
Bgops Po DL o NI
aJ W ).3

(d) What & The Qﬂergn_ stored n b B fied. (v The 3“9)?

- L ‘o wyl NI P _ I \2

s JiiePar b n (G ag = v (5 Ay
. Suea @ gpues )

(e) what s the {pva:hnj force on the Hrain ?

o —OWm -y NP, 2L
a; PTA%C‘?)



HEAP 210 - ELECTROMAGNETIC FIELD TrEckY
Exam #3 Make-~uP
NAME ® SoLUTIONS

INSTRLUCTOMS & NoTeS |

l. A douvble sided 8.Sx1l mch formula sheet 1s permited |
Taan formuda, sheet Wil b collected with Yo evam,

2. Closed book 8 nStEs,

3. Trobdems ave nouah\g vanked m terms of thﬁcuﬂfkj.

4. Not all problems are wotth The some,

5, THe HieHeR GRADE (DETERMINED RS A PERCAITAGE oF
THE MEAN Exam Score) OF EXAM 3 ok THIS E£xam

WAL BE USED IN DETERMINING YOUR FINAL COURSE GRADE,

PrOBLEM  SCORE  YALUE

l o
e IS
3 20
4 2¢
> 30
TOTHRL




S

5\&0:"6&» O distamee & From oo power

I, A v loop of sides o is
. e an

hne as shown below,
v LgHE
aoranr flew 2% g "

Bt Ma bt ' a‘;
.o.) Ewnd. the. B-fied due o & curvent I fossing Aauw, The powen.

‘\V.Wo
y) Find The Hlux Fhruo the square \oop

) If T= Tosimwt (fo the power hine) whek Uottege wouddo
o wmater insetled m The AqUare loop read?

3) Jhav= [z.ds
H¢,Z‘rﬂ“ = L
Hy= L = !:’_OI
4 2nr B4> 2T
b)  Flux tua S |eop &9
d+oo o oLfa,
?\z\g\. f&Edrdz= _LIa_jér;
A YA d o 2T ”
= po L

Po - & d+a

(o) T T=T , smwt

:—-C_ll —J[OIL d‘}&]
v dt dt P'i-—,r"”‘(j)

asu-nlﬁ T o a fumchon of e

R *:3)9‘_1.
i Lﬂu(d’ dt

= - a. d+a
U ﬁgﬁr JZ'w(_l_)‘ro.wc,os«,ot



£

2. P cooma\ cuble 1S had - filed  With  materiad, of permen’m‘\{ﬁ
P>pPe &° shoum below.  Find expressions for &,H‘ nm.

Hwnt: what Udriable s continuous acoss e mienface 7

Answer. to Hinb : Bnnmd, W enhnusuo.

o\mrwwb Hi not wtmtwviuwown, but we war te M ond wm

Hain amd Hnddiud w loums OB B

Bn e+ E’.".Wr;Io

Po p
L4l =T
B, P0+P)1Tr To
. T
“F“vg Cv%&ﬂw— an .&E—P—b r
D To
o H Hain, = o Hmatemad = P
{ﬂ'/ v Tr(p+pe) o TP+ o)

vt non-filled ha!f ojoﬂu. cwble M=0

for m SN P = Po o

sinee 'J'—‘fPo wm Twe g\l(g(& "\L‘g-

B= p, (H+m)
P Pe Lo N o M To

he Bl = +
m= VouHm‘J;u y.-n'r(Per.) 'n'r'C,J"'Po)

m:—. E—po IO
P+ Po e




3, Two solenolds interpenetrdie as shown below. End effects ™
onde clifferences in <plenoid dametese moy, be maa\ed-ed.

g wh¥ L ol #1
- 2 s sechional area S

7 ] hswsdn

dustance of T, durrent

ovenlap

(a) What s the mutuad inductance between tha solenads ?
(b)) wWhat i e enangy stoudiin the ragiem of overlap ?
(c) What is the force. between the two solenoid s 7

G  HAdd i fme wil =T Lelngth of fist el
Cluy m frst il = BS = n|I|LS

im= _ﬁux \mke-& b‘& SQCO’NJ Cl'\j = (n;z)() P°n|n|s

—A~t N\
#o;k'lwns Liux dur o £ist ok
el #2

\m(uma fluy of enl %1

- &
%, Loy = _f»-_—_ pon,_n,g:'l‘sl =}pomnz3%

I, curent




&

4, Two pancliel ciwmdmeod.  temduciors of vadivz o are Sepaial

by o dustamagdds as shewon below.

sfat
condudo, *2
.
T k} 3 TP
T 'Qum > r':ﬂ"z-!—(g"i-d)'" ‘__=unz+gn_d)?
(3) Finds tha H field vn the X, % P‘M&: . You wn assume hO
2- dapomdame, Yyt use Supa posihiom
(6) Whotis e seM-nductance between the cnductors?
_ L
From problem *#| {o a endudor Hé" Tor
= = —0 _— = =
':HW amN r ¢ 2T r’&p (
u @mﬁ comdundio & comluctn #3
aa . eonducdvy #'
i . cond-#2

= —aps e nd ¥l
Q¢~ S‘negg ‘Lr\/g/\ (‘\.:L_-/j
r/

= 9 = _‘4_. = -d’
wi&eg\ 1 whene o3 3 ..ﬁ_,r
SmMe = X - n ol
— K

'llg\

d—

2

Sn& N -y
4 I _eMBay cosbar _ T smOu-asda
total Q2™ /- )‘— E'.T\. ~
—_———
cond *| cond. ¥,
sz | e o gyl
2‘" 2 Y-OL
L LN
-
= T an (!!wl-d‘) _(:!uﬁ-d)c_hj +a Q_L:‘ - ?g'_'i
em _ ke 't "3‘ c'* ~z

T omswin labedlr) o ony ﬂmmaccnpbﬁu



() fa  sel - nducama, we ore emaned by the Lluy
;m"tnnc,o‘ﬁia bva a contsun &MWé The Gw.cwj') lLe.
o mchamgle Oy

dmdan

"
=0.
‘Cfom (a) two hes in  Tthe \é"% P'O/M.J e X

Then, 1”: %".‘.&, r= ,5“"
omd. _ :_1:_ a. [L _ |
Howa = o3 5% ged ~ w-d

By dfondmn = Z
3 L’ +(d+a)

+ (dt a.)
§: j Mo Hx “‘mm)dsu - lJ_“2—_‘;1:1' fc‘i&d B 3‘!“1’ ) ngﬂ
~(d+a) ~(d4a)
d+o.
Yol In (lﬁ-\' CL) —m (‘j’ d/)‘]
?F.W —d-+o v

= gg%lr [!M (2&-"0)-— Qv\(q,) —_ n (—-0,) + m (—-Zd—a)

<
S pF g, 2 c2ite ol (U)o
(4 - 0w 2T a
- T
t;r_m( d«, )

= ()



5. Fuwd _EE(X::?,‘) for  Aue boundlcuué ndthons  Bown belowd . —~
g-o
——tny OO
3§_‘ (e0,4) =
'g;\-K . TOJ § )3) o
—_ 00
3o
TR0 ‘
by paparohitn of panole e lo \‘\g - whae ‘EC\‘,‘Q‘)’—"‘(OS%)
whach, |eares v8 WATh & chone o% CoQuras oL e»ppam’naﬂa
Ll ssluiums odomg dada  Cuus
Prede WPW m X SwWeo § craimeg VN 3.
-k x
+e=c e +Co e""\“ acy)= Cgeosky + Gsinky
nSt ThaXk™ The Sl”; 0 ka‘AMd \Q o ine)u ded. v Theat SMOM
an mpmo.i’w-n wm kz.--k Ao wWe Comnr
A Hne W 2egln dachion !

T (wy)=0 m‘)wus Co=0 & (x,0) =0 magpsnes =0

? (x a.) =0 pagaanes ko= T

At fwia M&mg) Rx)g(é) C e 643\”‘ k% whars k-mr
Amnes— tu\a_nu) oa aoodm omother our —Gmdsw ot oz

Auch aclvdhone
O Aum o.\ L 0 —knX k a !!l’_
[XENNES 2 cp,€ s k,,g "~ oo
comdtun & X=0 e

do  mant T boumdory
o= 2B \Z Cn(~kn) e smkng
X %=0

2. Cnt-kn)sum kny
\obams bo“\ S\&u b\} 5“"‘%8 omdo | ,_;\-wxj cven Y.
‘[K 5‘““0.3 dy = S - Cokn 51 kny sinkmy dj

/W
3 cm z — o} fk 8|nkm:)d»3 =.L W m=n, OMM-
2 w&u._; k

Ken
04.
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EEAP 2i0 — ELECTROMAGNETIC FIEWD THEORY
FINAL EXAam

mAY 8, 1984

NAME ¢

INSTRUCTIONS & ROTES
1. You ana. atlowed. 3 3.5%x1 formula S‘ruud‘s, e,
one. sheet double sidad plus oie side of avothar .
Thaae sheets wi\ be eWected W the exam.

2. CUsed book amcl notes.

PROBLEM ScoRe VYALVE

v so
2, 50
3, 50
4.1 ! s
5. 50
6. 50
TOT A, 3%




Zh ~

&')\’ b {ectt ductin
+ /) /// / v"’:gfoipqq::; J
T | & ')
€ )/

X AN
BN

@) Defermme e cagacttance, of tha pasallel - plate copaato (with oo
dielectrics ) shown avove.

() Whoti Hu totel energy Stoud i e field ?

© What is tha for. Lpon the. section Of diedectric where €% €o.
Spearfy Ws direchion.



, Tthe, di2ia Shown ov, Tha Tight comdists ok o {Awﬁ@@‘:{,‘(t}
{orodal eoil with & current Consuging wire
*wun Vs center, An n- twwnm @l s
wropped around, twe toroid,

(3) Wrile am expression for the
watual mduckance M betwan the
wire and, the toroidol coil e  NMunns oo

evivent in fhe wire (s I(Q=Iosmwt Vu

Q’} Xt p= S000p,, o= iom, b=2.cm, d=2m./ z&)

nz=wo omd I,= o amms,éf-" Wﬂé‘a"nd«m
w.l

whot & Yy (¢)? 311

Fos




5 . »\m’gn&m,. % E%&hm.

X Pa € ® (ex)=0

@) w"\‘k. (o, place's oa:&m in ‘"\l G.WMMB coordinaty 5!654€m Inchmll
en.n»\.o& SO(u:\-hn {n thio problem.

Q ﬁpp\a\né Tha guen boos\&ua candc'hm$ solve for all constants,
YOK Mﬁ& tecwe \h“t%




o\(}u&w% -7
4, Faopagaton  Bn clectwe field is of tha Lo 4 g0
| j(arwibt + QrxioR 2) P’
E-loe Ay V&&/r’nekr.

(@) What is the. (Ineor) —fm%uenc_(j -amd, wwc\mxﬂw of {ield (wwuc)?
(b) Tf e mediom is « [ossless dielectric with =4wx¢6ﬂ-\,{,‘ amd

€= LT <€g=§’-—w x5 F/m), what 13 the wave mpedonca

omd- te mageetic feld H? 1

(& Whetis fhe time ayerased lumid e d

e e 'Po%am;:\ ‘:)ed?n xpou)ap wnit aress ¢ by tha Wave,
-:),

@ If e me.dwm comes loss-é With ¢~ = 4 /.n.-m and, p°’4e° as
befoe wAae i exparsson fr ¥% IAen*«‘fj e conduchitn
omds des P"""*’}'J\‘h curvent terms . What ane MMLP (nunercaly)?
Is the mateiad a condicin. or isulator 7 é

(6) Fou The. Woawe of (cl), wrde apressions fa B and H F He

wone PnOpmao.‘es at an angle & 30° platwe T the Zrawd,
Noti: Sne 30°= 0\5') cos W0°= 036k , tam 30°= 0.571) v —WEM‘
Splupxc
%Mﬁ







| 5, Pulses on *tromsmission hing,:

o TOR |
%‘4“‘—(‘)
Veit) Z,= BN Z,.= 50N
'4) )
e= bS.‘IrC/,, ‘
; Zl=- o | 2=12 mdar s
‘HO \ﬁﬁt)h ” (| 1 ” ﬂ
) 7t (merosconds)

(@) what w the wmput Uol*aac to tha. cable , We. \I(o’t'-'o-\), oX the
bu‘mmnso‘- tha frest Pulsc.z

(b) When does the first pulse orrive ot the 10ad and what Lo The
Resulting veltege. Qtnoss tha l0ad?

(). Tea gewsrodor sends ot Loun, pulses as shown above. Sketch V(z=tam)é)
You. may T o pulse after s Second aflection fiom the load,
Tndicakn a: dve and  voltace. w ypur dhw‘;‘é'

@ If Z= S0, skeich V (2=12m,t )



N

0 R
LSS TR BTS¢ LU l.x)!"f"q e Ame LA
, o omgedomo, ob T2 e 440 0L
jersnatos SLE440 8 VS Cmnocted s .
i\n ator vie & 1Semden. section of T Re-cgA 2t To o fembE
own helow. . - A Coon
The coble 5 drven by a q il Cabole @na-
Per)

Cﬁ-’ O'S

Zs':SoSL
\ov 5 Z=50.Q.I Z= 72+
@ ‘m“% 4 o o . 12 34'0
2=0 U= 200 MRS /i enosecond, .
2=iSA S

(3) Whot ‘s Aka thpuk wnpedance. of the cable?
(b What s The Ustiage mepsured af 4w load, ?

(4 (
) What is tha power delivened & te an"tmm,.?
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EEAP 210 — ELECTROMAGNETIC FIEW THEORY
FINAL Exam

MAY 8, 1984
NAME ¢

INSTRUCTIONS & ROTES -
1. Youw one allowed. 3 3.5%x11 formua s\um.h’ I.e.
one. sheet dovble sided, Py arie side of anothanr. .
Thare sheets Wi\ be cWected W, e exam.

2. Clsed book amcl notes,

PROBLEM -SCORE  VALVE

\ 50
a, S0
3. 50
4. 50
S =Y
G, 50
ToTAL L_ 300



perfectly conductm
metal, pqqks J

@) Determme. the capocitance, of tha M“e\ - plate mpn&&u.(w;“n $oo
dielectrics ) shown avove.
) Whoté ta totel energy Stoud i W field ?

© What is tha force. Lpon Tha. sechon of dielectric where €% Eo-
Spectfy s diwechim.



¥ -
T, T, olenice Showws oy, Thee 2“&3‘;«:'3“ cmsigis Gﬂc D z_,:;;;_m-{m'f 5..({",’-

*crO\&q-Q eoil witth o currews: Cnfvua\rg wire,
S fhs center, An n- tuun, il 1%
wropped around, twe toroid,

(8) Write am exprassion for the b ?{l
watual, mductance M betwan the
wire and, the toroidol coil H the N{wns D d

evirent in the wire s I({)‘:Iosmwt ~
(b Zf p= S000po, a.=4dom, b=2em, d‘-‘--’laa} %)
n=too omd T,= 10 ampms,éﬁ' ’0°H5—~n‘0.|05n«dms
wl
whot i Vp (t)?




=0
@) wrde. Laplace’s Equackim in the agpropriaki cwordiiate system. Tndeate
e genanol Soluikn {fn thic problem. 7t
(b) Replying Tha gwen bound comdihon s $olue o all constants
Yow. mous leawe \ntegrels Vas sucl,. .

/8



4. ?:‘.omgm‘hﬂ‘ﬂ_ Q&h G.,‘ec_hf{g, 'fte.‘é i3 oﬁ 'HLL. gsrm

£ - 100 eg(an.o"tumxo‘a 2) "
& Qx S 7 meder.
(3) What s the. (limeor) 4’m%oen<3 amd, wwe\m?h of tha field (wcwc)?
() Tf e medivm is « lossless delectric with p= 4w Wiy and

€= 4¢, (éozi;wﬂo" F/m), what 13 the. wave mpedanca

omd the m«%md-l‘c feeld H? -’l

(C-) What is fhe time averaaed. poutn lumik areos carmed by tha way
le. The Poymtn Ucdét 2 S ©

@ If Ha mecdiom beomes l;ss:é with ¢~ ;-_{/_Q_m anl, (-’0,460 as
befee. w«l‘ﬁz, “tha ey pas SSI1ON -& 3,2'. I&gw\-q‘(:‘ e conduchdn
amd des plau.m-\gu't curvent terms . What ane Kond P (nuunenu,(%)?
Is the maledal o condicin or msulatol ?

€) Fothe wave of (d), wrie apressons fo E and H ¥ Hoa

wone. pmopgau\es at an angk. of  30° pufatwe T the Z-aud,
Noti: Sne 30°= 0.5, cos 30°=m 0866 , tan 30°= 0.571) ‘



100
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\

5, Puisea on TrONSMILSSION lii‘\.’ .
TN

)
Vs(t) zo= 3.0, ‘Z-L""' S0
| ))-_-}

)
¢ =6s4 ?$ /m

l =12 mdaa s

. =0
Vs(t)h 0.1 ﬂ H
L e M2 1.3

e

7 (m:mosgw,.&s)

(B) what w th nput Lottage to tha cable , We. V(O,fFO*), oF the.
_ buxmmnso& tha frest Fulse.z

(b) When does e First pulse orrwe at the load and What L the
rasultg celtege auwess tha load?

() T gemrodor sends ot foun, pulses as shown above. Skekch V(“u"’)t)
You. mad 14 o pulse after s second acflection {iom the load,

. Twdicok i v and 00(4‘&(52. " \y\l&. dnhawrm é.
@ If Zi= 50N, skeich V (2=12m, ¢t )



102

\.
Ry 5 pfeagne. It oo \:'n';,‘(fc'i;r_;q,_a__ of i Fo P jc-’)@ 0. s Oy e e
Jemunator uvle a 15 miden. section of KRG -S8
shiown beloo. The cable (5 drige

T o, e miHe
Afw Coastial cable pa

N ‘ N
lov Zo’;' SO-O.. ZL= 7:2 +3 4‘0
@ tomiz lﬂ 3

220 l&=200mdﬂ\5/m‘3,,°5¢m4,
TS s
(3) Whot s Hua npul wn pedance. of fha cable?

(B Whot (g e Ustiage mensured  at 4, load, ?
) (Vhat 5 tha pPower delwend & Hio andenna ?




