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ELECTROMAGNETEICS I
(EECS 230 - WINTER 199%
Final Exam

Date: December 20, 1990

Time: 1§ 3km-12:30pm
Instructer: Professor S, Rand
Crrmaticn: 2 hours

LOCATION: EECS 1200 and 3437

The course textbook may be used for this examination. Programmable elsctronic
caleulabors and note pads are NOT PERMITTED. Simgple, scientific cafoulaters are
allowed. Shew your work and reasoning, 10 be eligible for part marks. As much ag
possible, complete problems symbelically before substitating for parameter values.

[ TANSWER ALL 4 QUESTIONS |

Honor Code:  Thave neither given nor received aid on this exarr.
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1a. Short Problem Scction A (10 marks)

A 506 lossless transmission ling is terminated by an upknown load jmpedance 7, A
standing wave ratio of 5 is measured, and the first and second voltage maxima are
focated 15cm and 135cm from the load. Use the Senith chart provided wo find Z,,

}F =.@55‘—;5)cm =T 20 e —F A :Zu:‘;ﬂcwm‘l

Hene Hie load s lecated on Hee chadt
a; af: ‘Pﬁ'ﬁri‘!ﬂo:w carrﬂ-ﬁ!;avd;i.«\j +o ﬁac'ﬂ"-}:%

TThe  corresponding  rolatiom. 15 2 of o
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Frowa,  the Q.Lulr‘l‘:_ we.  £id asﬁf,l:,f.‘?) o
(2, 502 = (59 r395)n )

1B. Shart Problem Section B {10 marks)

A distribution of charges consists of 2 point charge +4q at the origit and a thin tng of

radius b that has a linear charge density of p = —%. The ring is cemtersd on the
origin and [ies in the x-¥ plans. :

(i} Find the axial potential ¥iz) of this distribition of charge. S_'m &.‘H‘Ml‘ﬂ‘i

(i} Caleniate the magnituds and direction of E on the = axis from Viz). [Tmportant
Acte — you may not calowlate £ by a direct integratien method that does nat

depend on ¥{z), No enedit wil be given for other approaches or for answers that
are not derived.}



b aH &y
al s = a.ar 2l i
a.ﬂ"" i EL hao " Ay .
#.1 hy i "|. [ | + i i
e : i
:’3{@ o A -
* q
i \ &
ﬂ'tr é\ ' , l.
A 3 L i
- '| ]
A‘I n."}. o ~
£7 T v
& :
Bt O
1] R
. H
P
£i
Isfe +
. 5‘ : : :
3 E|Fu;-|:ﬂ ¥ ;-ﬂ ',:_" —B'H;llorm :
by (== - —E o I_A_'..|.|_5-I-I-|-I-ll v
= T :
Haa) ' :
iy
% e
‘g.. ¢
WS
5‘;% '~ ; . ~ éw;
[
"l i o ‘f-"
R K 4
* K g
,."“"h
-,
ol
fay Wi g
ey [rim - .
Iy are o z 1] SU}F\H I.::"‘
e
Radial scales =50
1.
L_qn L 1K ] Lt S oz TFT IIJ . |..t Izln \ ].u n . T
T ar 0 ms a3 M lm VI R



CHLWTIOHS
___...—'—-—‘—'—'_"\_._

L Oetb T L2
18.Vy €)= “twe WEF:E 5 e YR

The teudval er&ﬂ frodwceg o agmtewﬂhd
(O Fm TE

“The tohl fmte Al s

V(2)s U (2)+ V/2)

. _.j%:*-l S
B o S t Ars -?;

o) e = -V
4‘“‘:;\1.(%}
= - = =
> zifh——— +—J—~~z-
= _E?z 1.‘3*4—%:

N St
) *EG@Emw 'ﬁ""l

ijc’[w_. *'::;r Loedd %—"?‘?Lv awmdl e

 dl

.—'\[:-‘

& 41&&

Lol

L

€

)



2.

(20 marks) When a pulse on a iossless ransmission line encounters a junction

betyeen sections with different characteristic impedances, it i3 neondy reflecred (with
voltage amplitude ratio [ but alza wansmitted (with voltage amplitzde ratio T), such
that
T=i+T.
Refarring w the figue, consider a sq‘['h are pulse of duration t, and magnimde 1 volt
incident from the left at junction A. The section of line berween junchions Aand B isa
At quarter-wave transition section of length €= ﬁv: where ¥ = veloviry of the wave
{i.e., the transition section is & dmes longer than the pulse).
| i 3 Tanetion A Juncticn B
— L2
Ty = 100802 Z,,=2000 Ly = 40002
= 400}
Line 1 1 —~ v i
I_{_ = E’ ,__,}I Line 2

Transition section

To find cut whether the quarter-wave ransition section works for pulses the same way
it does under sieady-ztate conditions,

(iy Stare the mtendedﬁmmunofa?ﬂmmmmmdbctwmafmdbmandalmd
{1 mari) ?u/i. Frangtorme 'sﬂc-‘hms rovid E. | edauce

ey 'l.-_wg 'P-E.&p“rw-r_,. q_ Qr‘.ﬁr ‘ﬂq&{
f}re.m et j ~ v;.f"ﬂl’.‘- n ~39 q-——;ze 15 c.ho
Y S e e. -1y
(if) Drawafﬁmoediagmmshowmgmﬂ and transmitted waves axl’aﬁzd:_mn:ucns
(& marks)

NOTE: You may draw your diagram with the leading edge of the pulse in mind, or the wailing
edge for full marks, Huwem.youmayfndlthalpﬁﬂmdmwhmsforbmhm leading and
tratling edges to answer part (¥i).




Prohler 2 {eont’ d)

(i) Calewlate the reflected voitages and transmitied voltages when the pulse first encouniers
Tunctions A and B, (6 marks)

Rgmm"l"d ﬂa’%“‘jf akoflﬂﬂ Jj TF\HHENIM "’G'H“:]‘E of A
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{iv}1s there any reflection of voltage milses on the 4000 line from the load? (2 marks)
—I'E:H‘L pra. wo redlectta g €romn Hee lﬁ“!f.l be Cowg

z-ﬂa ZL , r.e.s...a.Hmﬂ v o redlec How coellic et of 1% CI."

(¥} Whantheﬁrstreﬂemmfmmmncumﬂamvesbackaa,m I:tsﬁmhumtoatransmmcd
andl reflected part. Caleulabe the voltage dinectad back towagd gm:ratnrandthamltagc
directad toward the load upon this second anuntal.‘ wnh Illnr.l::unA (4 marks;

"z r""i"’t"'t:

TN ~t+%_%:}: ) %‘% i ,ﬁiuaah

Tausetleadt V= - i(40)- (952 )
V= "'%1 Uol‘H'

(vidMake a quick plot of reflectsd voltage at & verss tims (it units of t). Does the transition
section prevedi refloriions of pelses? {2 marks)
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. (20 marks) A large flar (thin) ¢oil of radins 2 with N, wms carmies 2 eurrent T i the dircction
shown in the accomspanying figure. A small, flar coil of M, turtts i3 positioned on axis 1

distanice 2424 from the fisst eoil. s padins s %.

(&) What i3 the on-axis, vector magnetic field H at the nosition of the second coil?
(4 marks)

Fpr‘ a s‘!w{slﬁ ]aﬂf Hhe, qu.f, "—‘m.ici

H’#E—'—.;__f—&fi}p

F'—Dr H'Z-ltf";.rnﬁ]w*—r‘p""d Gt.j:- %‘_"“Zrﬁ‘l‘hqﬂ'
T = Lo & NI

=2 fEveay T E o

{7 What 15 the flux thoough coil 22 (Leave T£f-::uu.1' gnewer jn erms of ). (2 warks)

‘EE Sgﬂf = p S]f = CE AR /“ogfq T[jl'}

() What is the Eluxi inkape between ¢oils | and 27 {2 marks)

_ _ ot Ny Lwa
A=, P - Rl

4en
(d} What is the mutual indoctance of this azangement? (2 marks)
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{2} What is the vectorial magnetic force (magnitude and 4 direction) on an electron 25 it
crosses the axis of the large coil 4t a distance of 2+2a, wavelling downward with
velociry 7 (Ignore the small coil.) {6 marks)

T?m: %(F;{E) = _-E'(u;.e;-f_j\; Hes ;.{;:.a,me

- -(\-or duﬂ’: ; I
|F1- eslT |
" "5401.—

Directim of F, is ouk nfj&a pocger

(£} What magnilde B, of the magnetic field would cause the electron above, travelling
at spead u perpendicular to the field, to follow 4 ciroular arbit of radivs a#20%
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4

(4 marks)

fiy Write down the Maxwell's equation for magnetcstatics that relates the fiald w g
moving charge Jensicy. |1 mark)

vxﬁ::f :

{i1] Given that a curren| Jensity J =—

¥ . L
o & s flowang ina straght wire of ciroular

[
eroas-section and radius 4. find ihe total cument by pedorming an appropoate
inegraticn. (% marks)

- — ! Zon — wharg T %

I = gd’d_é = = ‘—2-—[";2'_*31:—?' ..IJ-._:_ t_r.:.-s*;SE:f"-M

Ta 2T = 2 ot He e
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T=+ ggi-}g.iragar = -2 25

o, Tae 4 |.

1‘:—0?:@ ]
T = + 1 [(AY:

{iir) Apply the integraton variables of part {i2) o both sides of the Maxwell squation
from part {i) and use Stokes’ ehearem to substitute for one of the integrals. In this
way, derive the coculation of the feld m temms of currenl and find its value.

{5 marks}
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[i¥] Find the magnetic feld {magnitude and direction) at an arhicary radivs ¢ < 2 ingise
the wire. (& marks)
—~

H a‘j_ = -"E:.g“;i_ﬂ_
IR H
r-;g ?:a
N
S _ﬁ-)

(v How much power is dissipated by the magnetic field inside the wire in opposing
the mition of charges? (3 marks)

The power | or wark d:-wcj_{.a
FVIE E.dL = qlanb) A
[ g[I= W At amd  w L
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