EC ENRG 101 A Midterm

Name:

Winter 2018

\'(Vl'@ 33"{!\ Wcl

Student ID#:

A. Please put all the work on the test paper.

B. Show your work! Provide clear explanations and show calculations. You

may not get credit for work that is not shown.

Name of person on LEFT
even if “far” way.

If wall, then write “Wall”.

If aisle, then write “Aisle”.

ROW NUMBER:
(as measured from front)

Name of person on RIGHT
even if “far” way.

If wall, then write “Wall”.

If aisle, then write “Aisle”.

A I{)r Ec'wv‘-{j gvﬂ \Nt»\\\

BE SURE TO ENTER THE FOLLOWING INFORMATION ‘

Allowed:
pen/pencil '
i e calculator
formula sheet: one side of a 8 2" by 11" sheet of paper.

Score
1 (Y 120
2 £ /15
3 & /30
4 M /25
S |4 /40
Total 9] /130
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Table 3-1: Summary of vector relations.

Cartesian Cylindrical

Coordinates Coordinates

Differential length dl =

Xdy+vdv+12dz rdr -é-‘r d¢ +1dz

Differential surface areas dsy =Ndy dz
tls\. = S dy d7
ds, = 2dx d)

ds, =trd¢ dz
dsy = drdz
ds, =ir dr d¢

Spherical ;
Coordinates

— 1

RdR +OR dO + $Rsinb dé '

dsgp =RR*sin6 d8 d¢p |
dsg =ORsin6 dR d¢ ,
dsy =R dR db |

Differential volume dV = dxdy dz rdrdp dz

RZsinA dR db d¢
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Problem 1: (20 points

'(Z)={ o, lzI>b

Note #1: J1 is a constant bulk densit
Note #2: Make sure you give the fie

Y
A

3

? {’5 é&_ ;tij e

B34+

Lol MZb 27,

e
b

Find the B-field and H-field created b
x-y plane, who density is given by

]lf' —b<2<b

) — Slab of current (hopefully fami

y an infinite slab of current den

y with units Alm?.
1d for all values of z, an

liar, it’s from problem set #3')

sity extending in the

1A

d don’t forget the direction
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Problem 2: (15 points) Magnetic field boundary condition f the H-field across the
Derive the boundary condition for the normal C_Ompone?[;? °= p

boundary between medium 1 with g = y; and medium 2 Wi 'btlle Yir'u probably have the
NOTE: Please make sure your derivation is as clear as 90;51 4 obviously know where
answer on your cheat sheet, so I want to see on the paper tha t}llle answer and try to back
this boundary condition comes from (i.e., don’t write down

into it somehow).
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Problem 3: (30 point

wended shell of charg
form charge density-

shell has a uni
outside the shell

(1) Derive an ex

(2) Sketch the €

(3) What is thev

poth of these

L
7\ r -
srpldr’)

pressi

s) Shell of charge
free space has 1

e in

oltage betwee
points

on for the
lectric field (as @

p. You may a

n the points (3

fall in the space outsi

electric field fo
function of r)

nner radius '/ an
there is empty space in

ssume

. 0,-4) and (
de the outer €

r all space (@S a functi

d outer radius r2- The
side and

on of ).

0, 6, 8)? You may assume

dge of the shell.
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Problem 4: (25 points)

Y.ou have planes that extend into infinity in the radial and z directions a$ shown mt:?lz
picture below. You know that the first plane. at angle ¢ = 0. has potential v Otwﬁe‘d
the other plane at angle ¢ = a has potential V = V. Derive an expression for the &
between the two planes.
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Problem 5 (40 points) .
A current loop with radius a, carrying current lo (anti-clockwise), 1S pl
z=b i
. . . the Z—ax\s
1) Find the magnetic flux density B caused by the current loop am:t%is loop is iN
(through the center of the loop). For this part you can assume
free space (i.e., with no conducting plane). d planeé
» 1 I‘Oun p
2) Now you can assume there is an infinite, perfectly CondUCtt“\l(%ogp in the ground
at z = 0. Where is the image current caused by the §urre“image charge that
plane? (Hint: to think about an image current, imagin® &

you move around.) ;
. iseora
3) Which direction is the image current flowing (clockw

= -axis fro
4) What is the total magnetic flux density B along the z-ax1>

loop and ground plane?
5) Where is the magnetic field zero?

aced at @ height

nti-c\ockwise)?
m the current
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