ETAP 210

ELEcTRoMmAagNeTICc FlELDS
ExarminaTions No L — Sovomony 3T

© A 3uv2gy-q
B= 3an-4qy -Sa
L= qx - 2y 4 q
@) A+B = Lay-Za - kag
(b} A-B = F-gus=¢
(<) RAeB-C e NonsSense,
(&) r%a Gy Qa
e |3 TN e Consu ) sy vt
3 -4 -5

= - oy +i2ay ~18 ez
(&) ‘Yt & be ta Gngle bokween B and B
Ao = 1alB) ws e
S E = Q.'... whang ‘A’ ‘{3 -&274(-!) .r*‘

’P‘”B} 1Bl= {24 a4+ = 5o

\"s"or S aeed
% 76.0% Jeams
atiernahvely
Bxgi=| A’e;B Mn®

Frem ahove R Y

-

(c':

’: f—-!‘%% +i2@%~38%£l
,{;% i T S = -ﬁ:?.;fé

smo= 08| | qom O.G74
e 20 OFTY

Al = 155
8 2 7y 5qdepurs.

i



‘9\3 diwrect evo,\ua;\z‘m

S\da
! é_é‘{l_gdﬁd% 35‘5}_«_0 Gx dyd=z = xté‘ciad-l for x=2

2 ds= g dxde xg'dv- dy dxdz —>O
3 dg=-axdyde xyfQxs ~dxdydy = —xPdydz for x- 0
¢ ds =-qydxdz *yidxe ~@y dxde —>0
'y ds=-Qg dxdb x\f&l . -qidxdtj —_—>0
¢ d3= Qe dudy *§"0x + 4z dxdy —>0
Beconse of tha unidireckonol Hield (2x direckin W\:’“_g
tal. Oh‘:j

four of Tha s1x Sides howe no cemiribubior to thke mieq
sides | amd 3 centrbure amd  the ominbuhdn from 3 qees

P %ro becanee X=0 on that side; thue, A =0 there.
o 2 2 2 5
oe £&J_§ = YYZSZdﬁda = Q(%‘?}Xz__o): %@3‘0 ) = ég._‘!
6o o
) iﬂ-é.s 15 Ak NET  (or +o+d) $luy 'H’“"_"Jgh Yha
volume bounded 6‘9 S
(C') | £Q:‘L5 S0 Indicates thol Hhane is a source of

Flux within V ( bounded b:s S)




(8,00)

®
1o evaluate §m¥ e A8

\
A(rsmn
fiest evaluade TF = ay %(rsmé)-;- a$ %%ir&mﬁ)-&- Ql'ﬁ;(rs' é)
= Gy Sin ab I, 4 >O
Or Sinf+ ap - v cos$
= %5'W¢*§'éoos¢
Ok = Qr dc+ ap rdg + Q= I

many pjo:opfe. Q)rao‘t‘ e © M the ad torm

Vio(g = (Q_L‘S\n(i)+2_j>cn5¢)- (@!.‘A\“+2.¢ rd¢+ﬁl_§ A.g.) ‘
= Sm(ﬁ dr + rc,osgé d¢

T
P a ?.E k2 | I
f%‘.@' = fsm#dr * d"f 556‘;76 = &[@5%#3d51h¢s%za‘
?‘ 6. () (-] (o]
™

- does nol chamye
oiong the comtour

So thia m»‘cegraﬂ qoes fo 2evo.

fa
Viwg = G
|



2z .

P 'T“ ~5-$uf€auz. 3
, R
A3

’ \
’
/

> 4

- i% n c%do'm\ ricel) ordinates

Brdt= (rag-20s)-(rddag+ drge + d2as)

= r*de¢-zda
ax )
i&’-—'—' jrzd‘/’- 2dz = ZwRa (asrzk)
6 o
Ny -

lis tntegval has thse ladts amd
qoes fo 2evo ast &dd because Cis mn
Haa Xg (i=o) P‘cuu,.

(b) ‘33' Stokes' Theorem ANY  open surface aHachec]

fo tha contour . has the same m*eard of teo
curl ag the Yo ‘ml—eﬁm.p avound Q,’ Le.

f(?_*_e)°<!3= f A.dL = zaR"
L |

[

Where S 15 as showh in the drawun above .



EERAP 2i0 ELECTROMAGENC FrEWD THEORY
FEBRU ARY 20, 1983

Exam No. 2.
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EEAP 210 ELECTROMAGNETIC. FLELD THEORY
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exam No.3

NAME !

Insﬁud‘!ong :

I. Do ALL 7problems (There are five *Frob\ev;-s),
2. Wride nea-\\a .

3. Read The problem Carcfw\\.tj
4. THINK

5. Show all your work S’(Ah‘ng assumphons
6. Staple your formula Sheet -lo The evam —

v\. "t Wl” be, re'.hln CC& “'O aou'
ERADING
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2 : ‘
[, TF B= pH whot is the induced magne+ 1ization
m, (There' is no permanent magnetizat on)

and. The Permeab(\{w‘j P? Ts p wdependent
of H ?

2. What is the veclor po{'en".’(d at the center o( o.
\oo? of wire chrnéins a current. IZ What s B ¢

L



8.

(S c«éc\\‘ndrimﬂ conductor of radws a onenied.
g.\on3 the 2~aX\S ccwrfes o non~wm“}orml_\j
distributed cuvrent

T=Fr e
@ What (s The tcta® current flowrng in the cenductor?
(k) Whaxr is W eucn3wm?
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A \h-ﬁn’&glj kms solenoid of radivs & hao. n
4ooms/ymeter  and carries o current I.

(@) Wwhat is The surface. curvent densiiy?
(o) ‘What is The. on-ous #-cdirecred field 7

Hot:  The on-oavs 2-chrected ekl for a solenoid
ot lewgth L is quen by : |

= NT
He =

M,
2.(-%4—0@) 2 |
(c) whax ore The DeVds eu@ﬂww? State e

asswnp-homs .



HaRD PROBLEM — Do  LAST

5, Consder % hollow c;léchndm consiructed of o htg\nb
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below . 4\% P
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(38) This hollow cyelinder 15 placcd W0 o umiform
magqnetie field H = Hy0a, What are B omd § mside

the- permealole wateriog. Tkej macy be assumed Yo be
, LM\l-"orm.
(L) What & e (nduced moﬁmh‘waé«q M7 Skeihitas a
Sunckien of 1. |
() Whot are the e%u:uo.(ewk'Surf—ac,e, cwrvents Kim —forM?
Siete  Km as a fumetion of r.
(@) The 2-component of fhe Q‘—ﬁc
of o ojc\‘m&ptéd current dist n
.r‘a_d&,s a and ‘enj""h L is g\oeh b%:
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2_ R ey
| | '?(*" £y o> JetSy+>"
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the axis of the c‘éc,\indu‘ due 1o the currents Jound
N (e)?  Set up result — don't solve \aet.
(&) T a>>t reduce Your resulis ot (d).
(£) Does te tnduced feld lie in the Same Airectien as
the. opphed feld 7 |

id at e center
bukden 5_-’-‘-“ Ko ?;" of
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MmARCH 28, 1983
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AME |

Tastruchions

1. Do ALL 7problems (‘Fhere. are fve 'Frob\cms)_
2. Wride heoﬁt\‘\j

3. Read The problem carefully
4 THINK

5. Show all your work s’co;h‘ng assomphons

6. Staple gour formula, sheet -lo The exam =
it will be retwwed +o gou-

GRADING

R 3\ AR S

PloBiem 4 .
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?E;s?bie
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3 2.0 ps. 'possibif
- ADUISORY
4 2;,Q>P{3 pos&\!ﬁe sRADE
5 3.5es possible

TOT AL, GRADE i\ ;:ts fosatbiﬁ




{. If BR= Po”?” whot s The induced magneh%qj‘{on
m, (There— s no PerVHane-W\: magne’rmahon)

and. The permeab{\{w‘S ]J.? s P wmdependent
of W ?

by defimtion B=pH)H
£ B= poH® Than pH= ) B

: o .
Lurthenmore | W RB= \-’o(\'\‘\"M) = |J°H
POH+ PoM = Pon

o \-H-M:H?"
m= H>-t &
P s a Lumetion of H,

—% -CJ\ cacla -
O\o'\r'lcuo\b,

2. What is the Ucdor‘ po*enh'a.ﬂ' at the center of oo

loop of wire Carr%"ms o current. IZ What (s B

a= (pLldt - p J‘:eu.. rre T=T @ reo dL= o3¢
T YT US on
-
e folcya::c\ S ), a0

‘s o y ’ ‘ lobole not
y =0. By wnspection, ag w o-VOA ,
- © o 3;% 2 i vrants iuxu& eaci othan,

o consStant and- oPposinj cwrrent ele

' = S not nacasaon
Even ‘\’lfum%e-\, &_-—-o . (for r=0) %mnonu cw.:Qj

w
2%( Sinee lOg} B‘Ol— gwu"' - —q—;;-i‘ = | —_— '+_ “l—%__—-o?_

)
=7 =~L a

Z
B=Ral oa

2.0,



\ﬂQM\L@‘ f (\M

A _cucl Gncbut‘ror o radivs a orenled.
o..\onj he 2-aX\S Crxv“r!es o. non-~ WY\\“}ofm:j

distributed cuvrent
T= 5rde

@) What s The ‘i‘d{‘a& curvent flowm g n the Cﬁ%dudﬁf‘?
() Whar is H evmsm\wm7

Ton™ y:r ds = ff:(r@ rdrd ¢

0 aqr ~ r
=S§Q_g »21' Z rdrdd = G% S\f drd¢
00
3 %
dr = a Q_—r\'J f_‘__\
= C_(.‘} _\TT g = 4 o
= Gz WO, ‘\D

—_— 4 4
i 2mr T Iﬁ% 4y L

I3 3, 4 \r
- = ™
JoS C Ar 2 '-t o
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A fnf{n'&elj long solenoid of radivs & haa. n
4oms/metar and carries a. current I, ‘
(a) What is The Suf-‘a.cn, current density 7
(b) What is The on-ous 2-direcred Feld ?
Hot: the on-oas 2-cirected feld for a solenoid

ot length L aven by N= ‘hums/'

H& = NT errof
= ;"z
2(q+q

() Whax one The fNle\ds euenawkm? State o
assmphm‘}.

The problom wan adapted from HW. A5 AND the clasa ledture on 't

(@) |
\JZWW Toms = 0T

Suntace covarnt A’ens‘l\:\j k= nL a¢

totod +wwns

) W= % «L Tt of coil
nL.
o M= nl

(&) UWae Am‘ﬁj&'s LM f
]
‘W&LMT k {L g l oudside

&o\)w‘hﬂopfv‘)‘s' @LOJ‘HQ:LDQ,CL&F:O-
e W(r=0)t —Hema)L = nT 9
wyhore kd\\f,_&nh& {ields )
. Ha (r=0) = Ha(r>a) = nl.
nT — Ha(r>a)= nI ":> H;(rx*-):O
@ v H.Z(r>a:)=o- Thaan '\3\6\2. any L0 .
o hvgint's Lo Wa(rea) =nT ., Hg to comband trsda o csil.

. AT r<a _ [ ponT TSa-
‘e Ha'{o Fya B {-o r>o—

sunfoce cwvant s




BARE PROBLEM — Do LAST

5, Consider %.honow %qc.\mdm eew_s%ru&c& of o Htg‘n\j
permea. ble™ isuc\a aA.- \rovx) whee pP>>2, as shown

kelow. ,%% | | p2
HREEY ) Z Z
R PR B A 77
: : A P
1,-,;:1;,’,:.’.,;.;-. L | /? |
N z,;tlﬁ
' o

(8) This hollow cyclinder 5 p\a.u,& n o umiform o
magnetie fleld H = Hyla ., What are B omd 4 mnSide
the. perimeclole moakerioQ . They masy be assumed o be

n I(orm .

(L) What & the (nduced m

Sumckion of 1. .
ot ave the € vivalent surfoce cwurvents .;IS”’\ -fqrM?

Siete  Km as a fimetion of r.

- {d The é;c,om ne.yr}of- the § —Rc\d at He center
@ o o 030\\“&;?&«12 cuwrrent  distributdm K = Ko &¢ of

radivs a and length L is gwen b%:

L b {
z He-gyr s e

s Sormula. whot s The "er\d at =0 on

U»i‘;\hﬁ .
the aais of The cyclinder due to Tha currents found

N (e) 7 Set up resutt — don't solve yet.

(e) I‘F o>t reduce 30\.&.\’" resullts ot (CU

€9 Does the tnduced Lfield lie in e Sume Airection oS
the opphed feld 7

asm'\‘(“%o;\'céh m7 Skeidhitas a.

Q




@ appled fied evergwht o fran space w Heta

10 T drop 1o StMcL n plaw ot T T opm of
Jead coordinate system , Tha OPP led H{e\d
| hone oxeept yOS.S\\a(é_ w Tha

o.cu&e\m
will remain The Sama eu%w

permm.b\e moderiad
normall B i continuoul,

Tou ths ?arma,b(e maderiall .
4 FeBdin the moterial.

s pM,oz= pH e whore B
H= tefo,
g |
Tha W wmfom t\r\mu%\«owm ’Perme‘o.ble "Mai'eﬂ\d.
L«kn..w(sn,) %_:- Po""o a3 o—ﬁé\&h) omd, B= PH% \-’oHo Az
inside the materiad .
, H= %Ho% nside Twa rpexw&ab\@ Vho}eVLG.Q:

B= Po“\od_%
mipuad,

definkon  B= P O(A-vm) in o permeable
lething  po(H+mM) = it

Pol‘l + Pom = PH
— PH - H,H(,, = P
m ‘ Po ' (P" l)H

(b)

m

(%o-m* - r
>




Q) The eomigat wa%*\o

Tuo i noTl'u«}nﬁ more than the denvakioe of m

- Al
0A-. y_’(@_”‘ Qr r »a¢

=0 ond
I
A |
___. Slrq
(414" } )
‘b

(,’::Clzl'&.‘
S LIRS

Twin oo

@ 8= B, (Jy(a-) +Bqy (T4(=))

1 L
L o
% _ POKQ _i 2

7 B L2
|5+ 15+
I

for 2=0
‘ 2 5

= M Ko L

and subshtule wn fo pach o &s _e:ﬂ,.,,wy\ aboeve.

BB, = po(B-1DH L [ ]
L‘l.
——+(<L-t\ *‘s + a* |

Lad, eI_m 1O Mecadl szyx

m

—

s ke 4o coaniel carrent dietrnbuhons,



(e) considan %Mt ta fackou w~ Sgprens loaackats 1n (d)

KD 2 T )
v -t L =
.\lL,*@‘ ) \]¢+a

T covect w’agT» do This U to wh "hit ‘we wamt faddor
out . mmon wp/u.ssim A

- +| +|

Vo + o Dot +t% TiE o i :\ 2 *
. T — Z2a L?*.a_?- L_-_-|—a,7'(l"i‘—t‘____~2xb 5 Lm.‘,a‘-'
ns LZ +o® r
. 4
S N ~ |
+ |
4 X (2 2
. Tty
as  t«wa  t_2at & 2at
~ | [ =i \ | B A ]
L= R | - 20t T = | ~— L ___éLaJ: |
Fte 2\2, 2 Lo 7 T
z ta F t C‘—i—cf')
4
.
2z
L 2
'E ra
(§+=)
. 0B = — P ’;—o—u)HL_ at
2 3
=k

C—F) No, th the opfosHC direchon, s o the Pru‘vuple of maany;h’g
sh\.e.\d(nd. As t 'laLcO'W\MA\MS)%, BB% Mcomes mow mgmﬁue
Cld‘(r‘\% 1o comef ot The mpp\\kd o ‘Gc\d ond male The
fled nside & chretded voloma o Nk Thed™ we
only boked at The Seld ON T Fmoxis, at 2=0,
Othenwice |, U QAPALSSIONS wrudd owe  become EXTREMELY

COM |

|
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PROBLEM
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Exam No. 4

SoLLTION) SET
Fn elect romagnetic  Loave propagates (n o mediom
desciibed hé Um 'promcaodnmq cemstant YE xwy (0‘+3w&)

poerry
-

(o) TDefme amdfor discuss displacement and conduchion
Carrent as ’Hn.c,ﬂ relate. o The above expression

for {P'.
(6) Tor wWEDT ond, WEKT what qre approximate

{Ogﬁﬂ“,'f) -G)r' X:'&f-{jgc
§ ' 7 -1 - \ a
@ ¥ o= 5 7x10" (2-m)T ) W 2110 sec, amd
€= f\%ﬁ* 6™ farad /metery iy the medivm o
cavduztor of an msula tor,

@) Caledlale o and B for the valves guwen i (¢},
(e) whlLf is ’[i) "fh.e. \mpedo.\(}& 0_@ T‘\L med‘bm)

Sor the uUalues qiuen o ().

‘ A - o2+ 34B2
(;) 1{' § = B ¢ 3 @% oorrcsponc)s 45 o
plerz uJQ.\)e.. Propagating m.lhe -2 d\rec:he'n)

whit g ﬁ ?
ob
(2) displace mamt current = 5t
conduction current aE

Lor complex fleMds '%2 —> swe E

Qa—wd.ud‘\on ouur‘rent The secomd, term 3006 COWC’S(JO’nds
to displace mant our'ren't

>

(b)) @ helps o rewrite 3% do amswer thos ques hem
s o -wipe = - fpe(1-ig)

B wesa the seond tem kb mud \ess thom 4 ond

T —wipe

(a5 d

L b’."&‘jw pe
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¥ —wpe (—- : E)_._-_ 3 wpPa-
= G ;
3z %

Recarl thot 3-—- 3] '\[5: € :cOs‘+$°+3S;n‘*§'°

Ya .

El

(¢) wes= (amudg)(-_ yA12) 1) = §S6X10 -
T = 57 x0

v THWE emd Yhe materiad & a conductor becawse
comduciion cvent dovundlza

(4 uee roaudts °30,(193
o (5. 7x107) '

y=("+ 3)@ =(143) ~‘s((—;m-:k 102 ) 47 2

= (H3)(L4sTx 105)

L = 1487 %10°_
A= 487 x105
@) A£~~~:w|’ - AWP _ T sw - H Etxto*)(%rxw")
i ¥ f3‘4wpr ) \] §7x07

L= (I+5)(2.b5‘§* )
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2, Ttois de sired To o produice, & magme He feld B= 0,1 Whim
o the air qep of  the eie/_%mmaﬂmﬁc shewon below,
“The cross - cedhiem o the Yoroid 1 4 cml; s mean
fadtos & 46 om , omd Tha gap ‘fmaﬂq kk Oilem,
fissome the permeab'd{-tj of fna n‘ng_ s p= 4080 [ amd
Fhodt ?rs%%\’nj can be :amoreci.

mean covttour
F= mean radivs

(’a} Draw Fthe Q%U‘Va(ehuf W\acém&,‘ﬁc, Ck\’;:.!,(.ﬁ'.

b -

(g) Find the numben of durns }M; %’eci)ucf‘ecg ‘o ?ro&uc;_g“
thio field.
. ‘ @mm
E%uwo.( ent ceeuil + Ty
NI ® A= lem = 10 m,
- ‘ enP
_ 2 OUR(0™ ™ - . 7
Kenp= =, = - oM = 796 xi0” B

b (4rxo)o e 1ax e

62
Rogows = Qeacco - aw (o) _ 0628 . =2 3 1
~pA 4000 po A 400 (12.6xI0") 5ot x10

7 A
= 0. o = |, A-t
0.125 xlo = [(,a5x (0 Bt

NT = & [ Rept Rroges ) where $° )
= (0u) () = 1o

jB*nclc» - BAS'

NT = 00'-5) (7.% xto(’+' LQS‘x;o" ]
= Q2110 = 9a.| Ampane  twuns.



3, P cooxal, Aromsmission hine js madg up of o
~Hhin -walled, onduching C‘éc\md\irs with .radil o amd. b.
{)rwwewt T flows o.lo—ng The nnen %C‘thd\m; omé. o

retwun current =L aleng the owten Cléch;a&m . Calaulate
The wnductames pare bt \enéﬂ\.
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I r,©
S e
1\“"“"‘0 mner. Uads'n&u.a
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4. Twe fou_;er transmitted by a lossless coonial cable cam
b considened \n terms of Poum Fing vector mside
e dielectnic medium  between the. \hner and outer
condutctors Assume “that mueﬁ+a3g, Vo g
apphed between U wner anductor (of radios a)
and the outen conductor (of radius h) causes o-
carvent I to flow To o load wnpedance .

(@ Find the fieds n tha cdielectrme, Hmt: Recall ¢= d [ L.\

() T what dicechon is Power tromsmifled. ” | |

() Whoat is The ot power {ransmitted ¢

() Consder the sruation whine the dieledtric beeomes
lo_ssa. amd. o current flows mdiod(:i between the.

nNner and outer comductors. Discuss o this
wouwld alter the 'Potjn’nhs Uedor- HON?

| ) | . y
(@) From pooblem (3) He= S%R whae T= “('n: “‘:r:MSM ssion
Foo B meeatd F:0 amd E= _v§._.-c3_§
Lo cao\lnMd wordumate s
<tg =0
P)
R(E)
d -d&\ -0
dr (r ar
cdE _ e bur 8. _E
ar dr
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- ?LMD ATy -t
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ff dé 4
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(A) \g. wmediom e comes \0553
Powem flow 0&50 n
of radial aurrent nt flow.
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direction )
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INDVUCTANCE 3
FARADAY 'S LAWY 2
TOvAL I
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PROPAGATION) 2
An eleckric field s ‘ of m‘a Forvm . E}
E = 00 e,f‘(zm'o t+ amxo é)&. \Jg%%‘
{0y Whot 1S e -?reobuencﬂ and, wa.ue\en%fh ol ﬂ.\g_,e b:::::e?
(k) .

) 0 -7
TI6 the. wedivm s g lossless c;\tdedﬁc.. with 3’- Y xi0

¥ omd p= 9P, (f"" .L 10 F/m)> whot 15 the

wave 1mpedanee 7 onck T\Nz_ macxm:ﬁc. fierd H7
@

What ts the tume —avenaged. power per umb oxea-
Corried hé 1the wave ?

@ T He dieldric becomes lossy wih &= L Jobwne

wride  the express'ron for ‘6’2, Tdenh% Conductien ancl

dieleckric erms , Find & amd @
| b Wt - pz)
= (17(4“
r‘ _C:_ lob
@= 2T = QrxiO A= 10" mTors
A

= ,0530 x\o' = 5.3x:o'g_fL
W= E; o‘w“’ﬁ"—)

= -q%SXIOb w&ﬂs/mq_ = Q"('% ‘LM)/ML
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= jup el T
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Y
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:e ' Lo 2—: _ | — l % 10
e (walob)(4ﬁx lO—-') gn=

\

= ,0l26T7xl0 = 0O,l267
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-4-7 1 -
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Y= _a.'7q><|o'*(l—j0“_267)

—m—
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MAsNETIC C\RCUITS

An
pcrmomen{/ }: ..... .\.-.-'

mwaw.t q -

A permanent magmrt is used nthe magnd:fo (:w;uif Shown

abpove., The <ross Sectionol area. s A, omd 15 vt form for the

th.oa«w\', won arm), omdd aaf'-

@) Draw an egpvalent electnead crreult {or tha W‘"b’“‘*'." cwreuit,

(B Assume ta maamet Produces o masyu.*:c fied \MCMS&“:’ H,
What & e maametic fierd nfensidy ashess At 807

(9 What is the flur ™ e gap? |

@ I W wagmebic potentia ('3‘) acrass the irom 6rms cam be
V\Q%\fzdea ) whot (& The felation ship behoveen Una m%mdic
fierd ;hkm'% omd the fux in e gap.

© . Qk
(3 H = <E Tl Ry
&

G he,, +2BL + “5 ﬁ&’ 0. swma yq.a.o.a NT.

H&‘z - Kl -Z&HQL: _ H dnt Qb
& .
o) _ _
( ‘g' BA;Q'POH%A: '_' POH<&L’£5_£LA
(d) ( @}, Cm%l.rznjith}c&, we hoawe .
“’Qm'+£_j= 6% omd 'j' = @ﬁ&
T | = don ¥
' Hlp, = — R [m
e dure 1? f"‘mw,

%55
B=-proH L +2L; /7 EB}L«-‘-— B ln‘i'ui,j 4
. 'o'é ' , Po



INDUCTANCE

What 15 e nductance of a toroidal <ol msus\vkgo{ N |

durms on & core ot Pﬁ‘mg,ab; !,‘-l»:j P The core haa ao
rﬁc.’iamctdo.n. eross - sechon. ‘

-
>
L
AY
I \'ih
O r< R, |
H.dL = H¢ ATF = N4 ’E‘(r<|2a H-gp‘; -;’—"T?‘_
O PPEL
‘S|n39-0_ ‘OOP ‘cluvj., = E = p fH 'dS
= p(wi ds
2T r
Ra - da Z:_.
= = PNLD
'{% ot s ek (%
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L= VB pp N (hy )L e ()
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The fo;d'tém of -the Sl-.dﬂ.‘va bar & qen b& x= 0.35 cos wt
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fie1d
- _2 S%a}/% 02)2%(\+03540swt>

-a_%- L&Ds wt (140 3scos ‘Dt>J

— 3% ( eos wt +0.35 coszuﬁ_)

1l

—

- \_-ws'n wt — 0. faos wt swxwtj

wWasin wt E\+O,‘I¢as¢otj,



EEAP 210 ELECTROMPGNETIC FiELD TTHEORY
APRIL. 29, 1483
Expm No 5

NAME ° SOLLVTION S

Thstruchons?

{. Do Atl. prcblems (there are Yhree Prob‘ems)
2. Write neatrly -

32, Show all Your work — indicate where
Sé:)me+h“n3 %ow wsed come from.
eae—€-36= QjSMQ
e® +e73%: 2c050

GRADING
PROBLEM A 4+
- 4
R E
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oL 1 oRARe




A RERLECTION & TRAMSMISSIO N
A delecirie (25 2p) of thickness ol coots oo _penfect
Conder ctor, no unform plane. Llowve i normally 1ncident
owip the oo tin

F from the SQrY‘OVWdi"S mediom wiih
propilevies (e, 1)
5 .

"
A
£ %
. / cerfect
8 &
‘% > % duclior
wave vegion 4 ) =0

e ion L regiom 3

(a) ’er-%xf, r’ixpress{aws ‘C:r Q:_‘_L +he waves in ._?:_!_L "“k@_
medva . Idewh‘-fj any Lramsmited or reflected
toaves s such

(h) wheatr are thae bound COV\d\"hc’m.s at z= 0’) 2= ...&‘?

(© Whet b the reflecton coefficient ot 2=0, 2=~d ?

(&) Set uwugp ey ?ress;cms for te total Hfelds For
z<-d -dcg< 0, 2>0. Ppply, Lk ‘boundary
condihoms of (b) 4o et wp e%um'hé—ns:ror
30""':"3 for tha rellectiom and ‘!‘famsmOfaS'é'v?
coefhicients, DO NOT SOWVE THESE EQUATIONS

P e

@

Mg;ow A v%u':n 2 r’ea'\cm 3
e peitt,gePe pegihe oot o
H = Q.’jP&'_ Ec e'SP‘% éie'jﬁ%— g‘a"s?"%.

oo v

wmadenk reflected tomsmitied  reflected

w ¥ ,
from dieledtric A““’a’“ = S‘:\"’Q_‘: ol .

Lb) ‘tam mho.L 'g C-D"\"‘\n‘w o:i" A —

: t&n%&nt&d H antinuowo d
'huam-hu g =0
'\'M%m-\-\&.o H

—
—

1% (sun-ckcn_ uMM»\:b’)

Lhod\w\a‘.\ SMS"&'Q,) Si‘:O'
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‘YDP a_ lossless c\\;\ec*r(c, "'L,= {_g_.i )w(z:.{%:_

":br o ?Mged‘cmwc\'n T = 00 omd YQ'-"’O~

. ok i“‘\i’ le M w R 'YL,:J-%? , ,th{%:;
2=0 = - = =)
2

do eomduckn (-d<ZE<0) first
E_= é\-t- ‘5?2** 2-g 45 P22
2
= E+‘ (e_ 3&' _\.rle"'ﬁh%)

£ (et g*dP ) = £* (-23Snfee)

"

gﬁum 2 fieste :
= E“'?';'a@‘l%‘ £ —e"&h%:" ._E:.‘,.E—:sz% e—ahej
R ')\,_ ‘11_

), E e -3 -\P‘Eéj@'d" E+23anp5_c!
® -3Bd
E < r& E ej?d A?E+m5 P?. \mu&'he\\3© 53'
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21, €, I 26% (4 Sinpd - Y c,oa,a‘a>
E* e 3pd
| €L jeinpd- S cos B,d.
Mlhplgmj %-H amd SUb'Mtci'm.j p
ZE e, AP o 25+(3sm 2 A\ cos B, d
E* _ es"“‘P | & el
E. 33n fad + %]ws PLA




2. POLSED  HEAULITSSION REENT

e T
m‘mwotﬂ T it

6. aounil.. \mve&anm, O'\ 150-ohwms s

0 pulse vsa.nef‘r\’ci?‘" wrth
Xeagw of So-ohm coon. T Tha

sonnected To 6. 40O0- meter:

Aerminated N ol M T- O load restsbor

hnc, V”
current on Thae

(j;i} whot 15 The i had udkas& omd.
hne oY 2= O? ok ‘t“O"'.? )

(b) whed e the load volia ye refleckiom CMgﬂCcuemi’?
Ve load cmrvent refieckion coeffiaemt 7

(") Shet ch V(D *L) ané ‘_[(o't) Lfor Ogte ‘Oi\)sec&nds
'«s’on-

4o(ms' £y ) % R.= 16700
4.0 mnoseondo
" 400 m

pulse }z—-— 400
oom —3
: = 2 phec.
' <[ T 200 Mfane g
(3) Ve tmpedamea- 5 sesm as sofL \m-\-‘._m:)
IS0 S~
Qovet = SP 4o = 10 vetds,
Sofe So4-\SO
loueths 0.2 Ampores.
L= SO ohws

b (M= BoRe len-s0 333 x 1 .
() AR e TR (uektoge @ 2= QOOM)‘

r':r.""‘ L- +-‘i (eurrent @ a---.-lloom)

= - \so—-S0 _ o _ 4L
akzro 4= Ry-Re _1S0-S0 - =5 =+
3T R.tR. Iso4s0  ¥® =




S N enc
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o | ’ t""‘l'm'b o.ll"——-——::\_' ]
)
~25 { el P ~o5f oo |

rl:]i P= —£
t= ‘o+,.m-°.
JS
+1.25 ‘ &131as I
S g CI— ~0.05 1028
. F:-i

*
] WS 4 ‘ t= 8 parc
L5 _ _| 4,012.6’

o —
—_ ozs’ —=r L
Y i
t= 1ot [U.TXS
at othar end
vat) M?c:e? not
érrec .
VR A o) 44'\(°|t)
+10 _ +0.2A
+ “Fﬁ ‘-] +.05
| = 7 )
PN AR o 1T o _
Ve 3 U “ 7 8 ¢ aﬁdl"‘“‘) R ._-.0,0125
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FSRTTNE momm FRLveeToN OF fwﬂmmmbgf(w us,,é“”"

BN ar SN

- fNa. Qaw:s Nerd e %chm% ("uxu»»fs L. He —Ymd;- o Svnatlt
.,ké‘chrdncaﬂ obéect ovy the Floor whiel, looks like ihe copacitor
issoed to The elass for  thair tuboratory. Bemg a conservative
Person Cosey dendes ‘o Play ¥ sofe anmd. measure The obe,%c}é's
value. x The digita® LCR meter is not working but The lah

befie putong it 3

uthn his &
ssi5tan VAco.sures_h_ \Mfcd ance. gh  an 'mped. anca. bndag

If the. weasurement 1S mad.a.‘ as  shown below and The
Yok  assistant  wneasures an imped ance o = "",53' 4-51. should

' Q&‘iﬂ":\é, use Tha. unbtnowm obaéd' v his arreuit P What (o Fhe tnlenam
O\o(\ed , and. whot 15 its value?

ImpEPANCE ¢
 BRIbEE ‘

)
\
iooks hke On
oscillador at
!
{
i

UN lnown © ’baéc:’c‘

168 He. L= 0i13x10 H/m ‘ _
. ¢ =44.3%x 16 % F/m v=c .
! ' Xe = "'.3_
‘ ! ) we
measured, Z,! t XL= ij
s “33\ 400 -
Res \r (ns %" o 2S5
< 44.3 K 10712 .
1
u = =, 0.3“x'0 M/”(_‘
J‘H&x;o"z ¥ 0.173%x,0°%
ﬁ: w o ‘aﬂ.x los/"“’ =, l.73Q%
W 0.36x10Ym Jace '
| 2x102 M /e = 3m.
l ﬁ\. ,X': <L = — = m.
" v lo® [ aac

AL= 1139 x00R= 1570 had & T wasr Suppreed To
| be ©.6571 had.
ot (570 padians.



adwﬂﬁa.,'r? QoU UL 0.9032\ Theyo |

FF 2m (O.C’(ozah) - 2w (0.9032)
X

'8L_ + :.\PCTM/Q'Q
?Q +3 'ZL_TO.A«; ﬁL

‘ztr) = EC

sdlosh-}vd‘ma wdo This eypressiom

2.+ 3 (62.5)(- Ab)
b2. S +j kt_ C-',bq‘o)

— 424 = b2 S
331 Y S
amd - cross multiplyi g

-1 1762,5 — 21.852_ = 62.52_ - :‘32718,'75‘

5’[5(.,.25_—_ 84352,
Z, = ) 8966 1

Hoo & om  indwmctor of volue.

48966 = 5coL.
_
L= §—q—6-(i - R%6b _ | H27 X10 Henm}s-
v 21 (10%)

= 0,43 nhk
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de=
w3

=

Answer: \5’3 JHSPecﬁhm the thoamsvissiom gt =0 gmes
e (oA +namsvn4{a¢|m ovw:ﬂ o /u.glad*lon mdtc&ﬁd

b

'Tﬁ.P ’?\ec*(gh:b at 2= ”\' (s mc\d.omi' upon Tha
nterface ob 220 afbung Tie To  a nuflection
Gmd.  themsisstion Civdicated b‘&‘ﬁ'\t double prc;nc.s)

ot 2:0) wKid« rellects a wewe back ® 2= AL )
, 4
omel the procesrs comtinves ad mfintom,

QIR tegion 4, negion 2 negion 3
— ~3p + b2 —3,2 + 5By — 4Bg2
"::.' ELQ 1€> +Ere E2 j@z_’_ E esﬁz L+ 363

162 (P2 ., _ . -4iBa2
E-oe;‘e*-gre*‘? EiLej@*ﬁ— Ezejs@e% Ere i

K IS N %




(d) ’KGM%M’O&D £ cmtinuowo no e %CM%L
C{M%m-\—\;,o H continuowo ,m‘uv\m}[aca_o

)
— A
ak 250 03'%“"2;‘,
' _ - —aPa M —_— A .
E._E._ &5 & Y i
@D =2 —=- E2+€. 3‘52-4‘— Ez'é‘jpz) _ E3+€ 3/53“\-

(O B s

we. cam simplif - aT\'
Sovnawhat -rks.e;%mssvons Tk Ty

'QG‘L%"?; (&QF-A‘-}S:QEu_:W

<

psi—' = 3 z’—‘ 3w
4 1 }(_L" Y
T e £ 4T .
T € = tawr E{snT =4
ES 3rr§_iT
omd. | e m&mj Tha EX PSSO S ‘(;n., 2= 2_\
: 5
— — 5
By 4+ Ey = 43F3
g * E::—

fa _Ex - 148

‘ 3
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2. PULSED TRAVSMISION LINES

A pulse Qevsrator with o soures mpedon ot 25 owmg
s comnedted. to 6. dramsmissioun  hee of chonacteristic
tvn ped N 50Q2. The Wine is 300 melers J!oné ound
derminated wn o shork.

@) Whar oaLthe Sour oand load, Refleckion cocfficanls .

(k) skerch V(ot) for 0<t< 10 pariomds Lo ke pulse

exctalm shown  below.
250,  u= 00 w/peec

& o sn ]
\5& Jg,t} S s

Z-owmeters 2= 300milens

s . U= \ 3vors 02t < pmec
yo, | ] 7 Joutts 2.<t < pace.
> 4]
TEE 4 L) ° 0 Bripee
@ [ = Eofe -
%L_"\' Qc, . EC
T-\S — Ze —Ke 25 - S0 "—%-g——‘:’é

P+ (microgeeonds)




t=o*

=02+

1=4+

e

1 1

S —

-t

\e—————‘ Speec \on3*’>|

+b
i —
| -t
P=—y
e B
3 ~— + EOS
£

t=9+
+2 )
1} : .o‘

) — ﬁ'ﬂ
t=10*f | _ 1o

Nete . heavy dots hara
C.orrespond{ ‘o
hea.o% dote on

'Prewou,s “'Do..g,m..



5. SINUSOIDAL TRANSMISSION LINES

A long, Re=1001, Y038 less “rams mission lme & derminated
in om wnlknown mpedona. and. operated ot a ‘P"'f'g’e“‘ﬁ
of 4MHz. The wput impedance, & measured as 10 —350_(),,
T 4w unknoon load impedance. & removed 1.e. |
fhe lne now s Oopen at Yhe load, and. the tnput
impedance. o NOW "375:1 detervnine. lha oné\ﬁ«p
load- impedence, Hint: Let 2Z_(unkwown)s R+3X,
you don't need. exponentiols £or thio problem .

_“—qéc_ o022
ﬁ.ML(‘A? T 2L

Se—— .

%,__-\- Qec—tO.M.aFyQ
Z0= Ne Rc_'-rj?x_@w@t

o b
beth TCAMJ/%,Q_ omdy £ o wvxl«.nowﬂ bux o lewn
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EECAP 210 ELECTROMAGNETIC FIELD THEORY
mavY S, 1983

FINAL EXAM
NAME 2 SOLVTIONSD

T ns-} ructions.
. Do ALL Problems-— There. are ‘FIVC (S)
2, write neo.ﬂy

3. Show all your WOrk — indicate where. your
results came Prom

GRADING FOR  EXAM.

ELECTROSTATICS ";f '4 FRINTS
PLANE WAVES 4 P;cm-i's
poLses 5' P,c.ww'rs
CAPACITANCE S Poinrs
NAGNG-T*C-‘F,{GLUS S PoINTS
TOTAL ! 1 23 POIAMITS
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Ereckroshtics

charge Q, Charge Q.
%
-~ / ry
Swiken
- o >

Two comducting sphares with Aadil Thoaad . amde surfoce

thoages (total) Qand nespectioely have Thaly

centexs a dustamez. 4 apaat 6o Swown dbove, . The

charqes oae unifoumly dusinbuted , Nealec.+t‘y13 any

mterachon betwemo the sphanes,

(@) Lhok le Tha P&W'“w on eads sphure n terms of @
omdo M Findl s fletd st using Gouna' Law

omd, “tham find ¢
(b) T{ a swidh is used to shot Tha fwo sphores
togethar. whoX happens to e pokential oX gacly

sphara's sunfaca? : |
(0) LdhoX onra The hew electnic Qe\és? Hnt: QvQ= constamt .



( \(€S7M v oo MCJAM o O tha Wt e O
entarndov mu\%aw e d«&ﬁd/\ﬁc Dp\«suuz.. TWis
Q)r\m%ﬂ_, oppROAs Oa Thae o) oXovma OJ-—kcdrn ‘)MW\QL\\JES
L Tl»-ea,pPhéd) ‘ﬁc\c\. Tr tra WNALoD & The Abutl, The

mat MMARROS LoPic &Amse,d.g-vv‘u\-'—\ doar. to T wlednie dxiaoQas
N W)QM&MA) e Uha w}\cjﬁ.\:ﬁj thene o M mot

AAM«%\QS_ ,

The QD\OA%Q, QLQ.M.AA.\—j cou be ao*\ew. anm\ h:-?.f

Pe= — r*ar
= _o ?_ ‘_(’?3
Yrre> 20 (" € j
—€o
= -L%LE{\-—(’-E) g(r—o-) == S(f-b)]
R
Q - €o
“nm;-“ 3
1 ‘r b > r
_Q _¢&o
- l\-rra"(\ €

DSt thok Tuia o Bxactly The Auncontinuiiy oo the E Held.

Thare & Nno Croe CJAM%L ot ‘wten face as,

= By A



Electrostaties

A m‘.hbe pont charge is survounded 5:5 o SP‘\IM“.Q
‘a0 as Shaon albove.

shell o dielectric moatern

@ whet are E D amd B eve.rawkuu.? Flot
+hem as fumctioms of I,

() Tshere any changs on the cielectric shelt?

T{ g0, where. , how mitch omd from where

does v coma?
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.
. Yre,
= - SE A = ~f I '“Jl '
Yme, - -
-0 LhTéo
_ o —
< I o W1 J _ =&
L\TTG_O cd r L}“Téor‘

LWke wise fn The Recomd @&Mb CP z ___——
Ywéo Mo

() polwtils must be egual,

s coamot dr\o.mgp. co Q% mmet Chomg s calls The
4>.=¢a new chorgeo QM«&QL
f_‘_, Q2"

2 — / { =

/ = (®‘+Q¢) "Qq/
Q /
& @) @
_Awer, Yyel 1,
Q, AR L _ 9t O,
) r r =
! 2 rz
Q / _ @JTQZ
VS 5
vy 6 r\-‘—rz (Q‘-‘-QZ)

"



e g»&fcs

6, = @r@) - ( - )(GI*'QL) = T2 @+ Q2)

n+v-
2 n+n

@O aoin () oy Mo G4 chomgd

/

/(:r__? Qn rl Q |+ QZ

E = <
' U e, T2 n+r Yreo r*
/
E,0)= & - ( 2 ) @+ O
Yre,r? O+ Yre, r

e

i rmeaowad MW% :B‘“"‘ 2ack .



PLane WAVES

Twe electric fievd {n'\ew3a§ o+ o umitom Plane wane
p;\opo.%qjms wn the 42 direchion W Sea. woater is

5:—. Ax (oo e.ns(‘ovrt) uel*s/ \
meter

okt 2=0. The Propteriesg of Seo. Water ang €= 8069
=% omd 0= 4 -~

() Wha*x Vs Twe hnea.h_.—ﬁ“e%oen% ..c ok Thia wm?
(0) Is sea waler alconductor or o dhelechric ¢ wh5

() Find owx&ﬁ for sea. water ?
@) Whek o The complex tmpedonee of sea water?
() write phosor expressions for the E and H

fieds w n e S€a. Wader

(5) TDetermine the distance do ot which 1ha
amptduda. of e electric field decreases 1ol
of s value ok 2=0. (3’03+ set wp tf Your
caleuRotor does viot hawe. tha appropriate i chons)

T
(EL) awg:: w = 10 Iy

20=10"

-
(- 0.5x10 H2.

. t
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PULSED TRANS MISSION LINE

A pulse 8e,nera:‘t0r‘ \no.umj an oPencincuit UoHaae of 40 volts
and on internodl vesistanae of 1605k prodr s pulses of 0.1
pesc dunokon with o peciod of 3paec. 03 shown below. Tha
gensnator s conneded 1o o 214 meter lengih of RGSBA W
coomal coble (Z, = SoN. , &=~ 13,5 %10 '2E/m), The
othan end of tha s%sl-em is o pulse detedor ham‘nﬁ an
mput 1mpedance ol 15 ohms. Tia. ownen of ‘hm... system finds
that , after the Qevnerator s 4wwned oun, e time betwear
the pulses vecewed b%_ the detector is NOT Spscc. What

s hopp em‘na?

(@) Colewlate w, the propa.qatien veloct

- -q _ >
€= 4oy RO Fhm 5 Mo 4 xioT /.

43 own \ha cable.

(®) whet Qre 4 velflectm (vc“asc.) coeflicents ok eacla

end. OQ e calila. ‘

©) Plot L delector voltage ( V(2tmeters £)), 85 o funchin
of time for 0% t& 14 ppac, Specfiecally wditate e
voliaqe of eadhy pu.\so sean, b«a twe detector, What b

the Une interval  between ?u.lses.? ______
genecakor [ "7 =" 7L { idetector
“ 1500 {. _ ‘t \
\ @\& @& ! 2= S0 £ ! 1SS “
et = ____|
-- T Z=0 2= 21hwaters
) A

=V

‘:’;‘i“i Z 3 4 5 6 4 8?' 0 CV”")
<
pee OPEN C1RCUIT GENERATOR QuTPOT
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Y\'\g%m’ro Satics

A Wwe curcent T passes doum e center of an 1n finitel

{own

c-ac.\'mdefu of radivs & ands Permecxb“(*d P Tha

cc.ac, WAL 13 surrounded b& Lhea spact.

(=
Q
)

(@

Fnd B 4 omd M eveywhare . Plot your
rtesullls as a Cumetion of r.

What » T ma3m+|ia+cém carrent J =VxXM,
Pot T, asa Lumckion o}

what is 6. magmetizatiém current ? Discuss
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@
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e ! >
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MAGReTIC, FI\ELDS

500 +urwms
—F
O ' Sem
=lampne ___‘_31_
! e
4dewm 8= mean, Qap width
%mp rean toroid w dem
ra.dis = 0,8 mabers
Sida LVwew of 3&9:
la [ 11— faling loo
Tom & 'oop:
P Sem Sor paat Q))
O jasc.
Sem

A {oroidafl wron core of relotive ?a\meab;h"\u 3000 p,
hos oo Meaum roclivs R= 0eB3 muters onds a 5x 5em
Sqpone.  cross secton . HAn air 9op of mean widtl
Rg= Lem exists . A d.e. current T = 4 ampere
Liowas \n o 500 +wwn, UJ!;‘\dl;’LS avround, Yha ‘oroid.

() Fund the W\o.%nuh'c, Lield '5_ m qQap.

(¥ IS o squane loop of lore. of dimumsions Ixlem
fosis thnougl the gap at oo comstomt udoc'dj of
= 10w/ what & The induced qu-Ga:)e.
in the loop s o fumchion of 4ime 7 "Plot your
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ef T fed , amd that gra.u'tfj cam be
Mg\eded.
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Caparihon e

A copacitor 15 formed. from two c«ac\\nAmkaQ condumctors

& tength L avd raddl R, amd Rz respectioely,
The per m‘ﬂioib of the moteriod betweon the clectrodes
s €, for R gT<Re omd €, for Ra¢ T < K3,

Tha mmner conductor 15 at 2ero erﬁS’ the ouder at +V, volfs,

3 7-\—(:2 Find, Thae ?0"*'—”1*{5-0 omds electric fierd
Sov Insi1de the Capaai“tor‘*, Hinl: Use Loplaces Egod-«'eﬁ

/7(5) kot o The Copacitomce of twn Cop acvor ?

2
\éi‘ NoTE: THIS IS A HARD PROBLEM !
From LaP\aca:Ar Ejoua;h'm Vzc[: =0
A d¢ =0
r é}(" ;;)
\S H: C,
dr s
dé = C| d_o_‘:
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ot +o Rere. - q; Q! = < @m" <+ Co_ )
Fo o whe \mes.x\ﬁu.& ot e
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