
PHIaS 3414 - Electricity and Magnetism- Test 1 - Part 1

All problems are worth 25 points. The majority of points on each problem will be awarded for doirng the
prhysics correctlyi if you have correctly done the physics, but cannot carry out the mathematics, you will still
receive most of the points. Final tournament score : Woodland 25 - Bentonville Black 17. \\bodlaud finishes
season as undefeated regional champions. I wrote the test after the tournament.

1 A non-rrniforrn senti-infinite cylinclrical volurne charge witir volume charge dcnsily | : lp2 occup.ies the
region p < (t,. Comprrtc thc clcctric ficld insidc (t, < u) ilnd thc field orrtsidc (p > u) the volurne crharge,
that is computc the field everyrvherc.

2 A c y l i n d r i c a l r e g i o r r p < a h a s a r n a g r r e t i c f i e r l d t h a t i s d e c r e a s i n g i r r s t r c n g t h w i t h t i m e u r E : + 2 . A
ring of wire with resistance /? and radius b < o lies in the e g plane centercd at thc origin.

(a) Draw the system. Cornpute the current in thc rirrg as a function of tinre. Indicate the direction
of thc current on your drawing.

(b) Conrputt: the el<x:tric field catrseci b-l,- the ctr:r,ngilrg rrragnetir: ficltl {or p < u. Igncire any r:oritribu-
t ions of  the wirc .



?'))=J
(l) cC u pre '5 *he

c.ln *.ge d*r,!

+ ' ln .  C t l t  i "s ;Je

re$rc ln 
I  

tO.

va. . ies qs i l tCP=

(? . " )  *^J  " 'F 'Ju

*
n

Vlo{-cln r t{./n/\ cy) i , , , ,d ' , .0 [  vo l r * *  oA"1 e
, f

Tke Vdl,r t^,\ €

1

.5/,^ c/s<

J  
t "

s.-,- kr t'

n o  d l ' s

Go, ,  s t

.7  l i *  A" '  '

A (o"9 tL

"'.. lo 
r.t

c-
\ O  P \

a 3 J v

o

r

! r
-J

= l \  z ' r r  aJ r
J Vo

= ez$=l;

Tl,,,n, 0lr*

z

,.f o*

g =
i l "  60""r ro r\

Z r r p g  €  =
J

&r"9
ZQ.

L*^t
)

o [ 6.,r: t

)  " . n J

o " l -y*

, . -Ar* t  s

&r
tq)

Yy'

Cy'")

- lcOulTrr l'€

r {t tlrn volume

z F ]9 € =

Ll  6out3



1::' 
<l cr

J-'o Q'^-.= ryI
L

t  Y P 3  / \
a =  ?

4 t" 
\''

i -  n t o a P  6 .  Y . r  ^ ,
L - - y

4 n p l € o  4 t . J. J



?rl'L
,-ar-.^

y 4 0

de n"ros i.;

r€5 r, L,"

fr*la

A
+l^,"

ring o{

A .yl ' ,' J'i. o t reSior^

-horu s["-5*[ tE

*rtl^

hsr o *o5no{".

qs  €=  +  1?
o^d "oJ'* 

L *

R /,^€: I  r 'r

-,J,^ qs tL'  ̂ ^

R" g.^.t t"th ^rry,, LJ"

7 \ - /

("o)

TD

lA"ynl, tl"

n ,9,^-
€rnat = - *1;

4 ) r f €

f l * * ,
? I +)te
C.s "^g" 

tse '

r tLe
tl.rt lf f e.rztt r F

I

*^d  dr feeht ' ' ^

C, -g.rL"

r<c 'g '

x

("') Tl^. ch"t"f .'' a f c utr*'F

r) t" l^ */.tf  fLt C/'" d'e

cl^'.^-gt t^ A*.c* S/" 
' 

L'

t" l-I,.

e,+e t[r

+
C uf f* r  I

I
fUf  fc{ , i  I

6 l fos ,  s '  iFA"

t 5 cc'cl nl '*"/o'L."

6,^ .=  N 'BA

rT LZY

t  z t /

rrb 0

f
A

4 -  e : r
' a t >

/.\\

c'".{* J o{- rA'

*ti-9

t[* e l*t L' ' C" /d, r( ^* tr'-r {:' 
,

R"g'r-f A'te Gr '^tnL'

. v

o

X;t
$ v t

r l

q z



( D AJo- (crvt^tr rL +l^t un^{ orov vt d q 
Po$

aS  ' od ' - r  
J

6^= d
t

'  6,-  = of Y' ="^{
t=

"'^ 4; $ e dt : Z*T €(r)

€(r) : +6 (D'"'"f"'-'C'- J"''Y)
z*Tt

= + 4 6
Z T



PHYS 34L4 - Electricity and Magnetism- Test 1 - Part 2

All problems are worth 25 points. The majority of points on each problem will be awzrrded for doing the
physics correctly; if you have correctly done the physics, but cannot carry out the mathematics, vou will still
receive most of the poirrts.

3 For eacrh of the follorving fielcls, deterrnine if the field is a possible electromagnetic field.

(") E : ^,r2i in spherical coordinates

(b) i - ^tp2 p irr cylindrical coordinates

If thc licld is a possiblc clcctlorna,guctic Iicrld, rc1.rort thc cila,rgc dcrisity f, thc currt,rrt density J', a,rrd any
a,dclitiotral field (E or B) required. Sorne or all of these quantities may be zero.

4 A square of charge with uniform charge density o lies in the r - y plane, centered at the origin. The
square has side of length 2o. Clellculate the field at a point a clistancr.r R > a along the y axis.
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PHYS 34L4 - Electricity and Magnetism- Test 1 - Conflict

AII problems are worth 25 points. The majority of points on each problem will be awrrrded for doing the
pli'lrsics correctly; if you have correctly done the physics, but cannot carry out the mathernatics, yolr will still
receive rrtost of the points. Final tournarnent score : Woodland 25 - Bentonville Black 17. \l'oodlarLcl finishes
season as undefeated regional champions. I wrote the test after the rournarnent.

Cl A non-uniform semi-infinite cvlindrical currerrt rvith volume current densit,y ,i : -, p22 occupics the
region l) < o,. Comprrtc thc ficld insidc (p < a) and thc ficld orrtsidc (p > ,,) the current, t l iat is co.mpute
the field er,r:ry'rvhere.

C2 Asphericalregionr { o, cclntains anon-unifcrrmvolurnechargef : ?r'3 wherel isacorrst;ant. Compute
the lield evt:rvrvhere.
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