EE101 Midterm; 10/27/2010, Wednesday // Student Name: Student ID#:
(GPEN BOOKS AND NOTES)

)12 PTS TOTAL
Two point charges, Q; = +Q and Q, = -Q-are located at (-2, 2, 0) and (1, 1, 0), respectively,
above a grounded (V=0} conducting metallic plate coincident with xz plane.
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a} Find the total force F acting on Qi
b) Find V at P(2,1,0).
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2) 12PTS TOTAL
Determine the magnetic flux density at the points P,, P,, and P.
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3) 7 PTS TOTAL

Given a vector function 4 = Cos(@)f . Calculate ¢p A.ds over the whole surface of a cylinder
that is shown below (the center of the bottom circular surface is placed at (0, 0, 0)).
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EE 101
Sample Midterm Question

1} Celf Membranes (the walled enclosure around a cell) are typically about 7.5nm thick. They are
partially permeable to aliow charged material to pass in and out, as needed. Equal but opposite
charge densities build up on the inside and outside faces of such 3 membrane, and these
charges prevent additional charges from passing through the cell wall. We can model a cell
membrane as a capacitor, with the membrane itself containing proteins embedded in an organic
material to give the membrane a dielectric constant of about 10.

a. What is the capacitance per square centimeter of such a cell wall?
b. Inits normal resting state, a cell has a potential difference of 85mV across it membrane.
What is the electric field inside this membrane?
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Solution:

Inpmyry: C=KC = Keﬁ;fm . Ve B Tor a paraliel plate capachior; this equation applies whether or not g dielectric

is present,
SETUm  A=10on’=10x10" m*.
(B85 1077 B L0 10 ™)

- =118 i4F per mﬂ
T3=xHr m

Expcarrs:  {a) O =)

v 85 mV
KA 750" m
Evarvary:  The dielectiic material Increases the capacitncs, I the diclectric were ot present, the same charge
density on the faces of the membrane would produce a Iarger potential difference across the membrane.

{hy E= =1.13%107 Vim .
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The following question (question 5) is a bonus question.
5)7 PTS

Consider a conducting sphere with diameter R; which is covered by a spherical dielectric shell
with dielectric constant g, in the way that the outer diameter of the sphere is R, { as you see
below). If the charge Q is placed on conducting sphere surface, calculate electric field and
potential everywhere in the space {0 < R < ).
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