EECS 412 Electromagnetic Fields III
Fall 2003

Homework #2:
Due September 29th

Reference Ramo, Whinnery, Van Duzer, Fields and Waves in
Communications Electronics, 3" Edition, Chapter 2.

Biot-Savart 2.3a

Helmbholtz coils 2.3e (not as simple as it looks)
Field from a current distribution 2.4e

Inductance of a coaxial line 2.5

The following will require additional references and are not restricted to
subjects covered in class.

Eddy currents 1 (attached)
Induced voltages 2,3 (attached)
Mutual inductance 4 (attached)
Solenoid & magnetic forces 5 (attached)




2.3, A loop of wire s formed b3 twor sem) cireles, The inner

of radivs au ond The outer of radios b, joned by radial line
Se%men’ts ot =0 omd $=Tr (see Figune below), Find the

ma%\neﬁc_. fle\d at the origm.
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2.%3e.  Pn arrangement That can prou'\c\p a. region ot re\o&\ue\j

umiform Fields consists of o pair of paxallel, coaxial loopss tha
wniform - field region 1S on the axis mm\waj betwean The loops.
Show thot the ovial mag matic field ﬁxpressed as aTaa\or Series
expamson &\ona the ans about ’ﬁru. pont m\d.k)oué_ betw-een the
oo\\;, will have a zeno F\rsf second,, amd trd derivathves 1f

\oop roadii ave c%ua\ o the spacing d of the loops, This is the
so-called Helmholtz conhguraton.

. To solue This problevn Loe com use

our previous results for the on-axs

fied from o current {oop, Le,, p.3l
of class hotes.

. = Ia® Ry
=D o)t
For the upper loop the H fe \Aod' 2=0 will be qwen by
Hu (2=0) = % La’

2(0\4-(7~ )

The comesponding b flel From the lower loop will be gien by, -

‘\)
- -——_Oé__
N

e
Y

) - Iou
H_(z=0
&)= z(a (%42 )2)3/2

% 12
N T62 al, fa o \2 )2 zgh_lz
HTOT’E(-Z:O): HU(Q:O) +HL(2:‘O) +* _.6‘- [(C\ +(%+2) ) + (()‘ + ( 7 Z) J
The I—\thT 0S G Taé\or 56;165 ex pomsion looks ke

s SHmTL A%. _Bm Azagl't'mr
m,(&) i (i_)+ Az ‘07‘— %«o (Al ‘# +'



The dequates oce caleuladed as
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Now we cam evaluake eacly derivahe at 2=0
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See olso Problem b-Yo \n Exam ¥ , EECS 412, Fal| 2002
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2.4e

2
Consider o round stamght wire carrying o wniform  axrrent
densiry T throughouX] except for o round cylindrical void
parallel with The wire axs so That the cross sechion Is constont,
Call the radws of The wire € theradivs o}, the hole b, amd. the distamca
ofThe. centerot The hole fromthe center of the wire a.. Take b<acc
amd. b<c<-a., Use supenposrhon tofind the Fiel B os a
fumction of Posrhen along « radial line through the centerof the
hole Forall values of radivs Trom the center of The wire.
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S\m{\ax{\\j for T small c\é’\mckr\ml vord VsIng r as its radius
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25 A coaxiad tromsmisgion e porthh nner conductor of radivs as
amd outer conductor of radivs b has oo cooxial o&lmd mead ferrite
of permeovb\l\\-:j Vi ex‘ﬂindmg From r=o. t r=d (wth ckb)
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1. An electromagnetic “eddy current” brake consists of a disk of conductivity ¢ and
thickness t rotating about its center with a magnetic field B applied perpendicular to the
plane of the disk over a small area a’.

If the area a’ is at a distance r from the axis, find an approximate expression for the
torque tending to slow down the disk at the instant its angular velocity equals .
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A more detoiled discuzsion of ma%mn.h'c. bmk;ncé; com be
found. n .

HD Wiederick, N. Gauthier D, A.Campbell and P. Rochon
“N\ng\yj"\o Bro&.mg . 5\mp\€. Theory ond ExPemmfnT)-"
American Journak of Phusics , Vol. 55 No.b, Jure 1487,

Mork A Heald ! N\o\g)nd-{c Bmkmg: Im@m\;gd T\xaorj "
American Journak of PH%SICS/ Vol. 5k, No. &, June 1988.

Lee Barnes, John Hardwn , Charles A. Gross, Dewain Wasson,

" An Eddy Current Brakmé 5‘»&5+€m“

P“meedm%s TEEE 25th Southeastern ng Fosium on
S\és*ems T\\aovg ’ March 1993.



2. A conducting wire is bent into the shape shown below. The segments 1-2, 4-5, and 7-8
are parallel to the x-axis. The segments 2-3 and 6-7 are parallel to the y-axis and the
segments 3-4 and 5-6 are parallel to the z-axis. This conducting loop is immersed in a
magnetic field given by B = B,(3 +22)cos®t pind the induced voltage that would be
measured between terminals 1 and 8.
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3. A very long thin wire has a current I flowing in it. A square single turn coil is rotated
about an axis parallel to the wire at an angular rate w. Derive an expression for the EMF
between terminals 1 and 2 as a function of time. At t=0 the coil is in the plane defined by

the wire and the axis of rotation of the coil.
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Now uar Lenz's Law 1o 3;:\’ 1\3
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4. Consider two infinitely long metal cones with a half angle 6, as shown below. A

current I, uniformly distributed over the cone surface, flows in the upward direction on
the upper cone and flows towards the origin on the lower cone.

(a) Find the magnetic field H surrounding the cones. |

(b) Find the mutual inductance between the two cones and the |

conducting loop labeled C in the figure. The loop extends from

r=a to r=b and infinitesimally close to the cone surfaces.
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5. Derive an expression for the required current to cause the armature in the illustrated
relay to pull in. All iron paths have a cross-sectional area A. The spring force is F.
FTE The. magmet e fleld sounce. s Tha
so(eno dof coil of N turms.
—distance L— — — _.‘ »
‘ 4
\T,{ : ‘ T X §H‘ CLL = j:r: n dS
| megligiblealrgap N turns é ) - -
| == <
- - - — — — <] \
L T T~ Pick The contour shown
Sinee yoe lenow B\rs continuous we com write -cor Thaa- comtoun
B . B ~
§_L+E~x *N.L whoe p«r) j_"lAS:NI
N
Thew B x2NT
Mo
&“A/ (% %I‘OE
X
2
The s Themo \uenb\é ‘L S‘BHV
The er\en%k& stored \n oir Qe p 2p
N .L
N]’. L Po
;lpo
. W
The mw&w&fo force. 15 qwen ’b‘ér Fn= ix .
A T
2% : 2 - _ N'T A
BN ITAY X | NTAC)x =+ Po —=

. \ Tha spr G)m F
For e Telay to pull in e must be %f/ua}e;» tham The 5pring

T
F ‘ P

‘ X
~_ p,,M’-f-A ot pud=wn =5 T= “\-‘4}00’\




