PHYS102 Midterm Exam I 1

Yy
1. Three charges that are fixed and arranged as shown in the figure is P
one type of electric quadrupole. +Q —2Q +Q
——————O——————————> I
(_d7 O) (dv 0)
[8 Pts.] (a) Find the expression for the potential at point P = (0,y) as a function of y in terms of the
given parameters.
1 1 1 2
V(0.y) = <+ e
dmen /d2 + y? dmen /d2 + y? dmey y
9) 1 1
V(Ov y) = -
2meg \ \/d2+y2 Y
[7 Pts.] (b) What is the total potential energy of the system of these three charges?
_ 1 Q2 5 2@2 _ 7Q2
 dweg \ 2d d - 8meod
[10 Pts.] (c) If the —2@Q) charge is given an initial velocity vg in the positive y direction, what is the

minimum value of vg such that the charge escapes to a point infinitely far away from the

two positive charges?

Energy is conserved E; = Ef

1 2
U, = —-2QV;(0,0) = —2Q —Q
dmeg d
and Uy = 0. Then, K; +U; = Ky + Uy
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Two thin insulating rods carry uniform line charge densities of equal mag- OOT Y
nitude A.

+A
e A straight rod with line charge density +\ lies along the y-axis,

extending from y = —oo0 to y = 4o0. /\

e A second rod with line charge density —\ is bent into a circular arc of N
radius R. The arc is centered at the point P = (R,0), is symmetric g
with respect to the z-axis, and passes through the origin. The total -
arc length is L (so it subtends a total angle L/R). \//

25 Pts.] 2.

Find the total electric field vector E at the point P = (R,0) (the center
of curvature of the arc). Express your answer in terms of A, L, R, and g9.
You may assume L < mR. l

Gauss’s Law for an infinite rod, ¢ E-dA = Qj—(:”

o, Al o, A
El(27Rl) = — Elrog = ——,
[El(2rRi) €0 = [Elrod 2meg R

7 direction

For the arc, no y-component due to symmetry

1 do 1 \db
p— /\% ,and dE, = )\— cos 6
0

_471'6[] R
* 1 Add A .
E:r,arc = - /_a 471‘60 ? cosf = _47'[‘60R2 SN o

dg=—-A\Rd0 = |dE|=

Since L = 2R«

A L
Ez are = — 51 Py
' 2megR S <2R>

Then, the total electric field at the point P is




[6 Pts.]

[6 Pts.]

[6 Pts.]

[7 Pts.]
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. A nonconducting sphere of radius rg is uniformly charged with volume charge density pg . It
is surrounded by a concentric metal (conducting) spherical shell of inner radius 1 and outer
radius ro , which carries a net charge +(). Determine the resulting electric field magnitude in

the regions

(a) 0 <r<rg,

Applying Gauss Law with a spherical Gaussian surface with radius r,

fﬁdg:@h ARY

€0
= 4 = PE
Eldnr? = pp—nr® = |E|=1=
|E|47r pEZTr |E| 3607’
(b) ro <7 <1
Now, Qin = pE%ﬂ’r(z))’v
fﬁdg:iﬁ B di
€0
\E|47Tr2 = pE%ﬂ'T‘S = |E\ - PETO
3 3ep 172

(c) r1 <r <rg, and

Inside a conductor, |E| = 0,

4
Qin = 0 on the interior surface, induced charge is equal to — PE§7”"8

(d) » > ro where the radial distance r is measured from the center of the nonconducting

sphere.

Total charge is equal to the sum of the charge of the sphere and charge of the shell,

Qin - PE%W”S’ + Qa

fﬁdg:@ﬂ B dA
€0

\E|47Tr2:pE§7rTS+Q = |E|:<Q+

dmegr?

Qin = PE%WT
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4. A parallel-plate capacitor has a plate separation d and a total plate A/2
area A. A linear dielectric slab of relative permittivity x is inserted I d
so that it completely spans the gap between the plates but covers
exactly half the plate area (as in the figure). Fringing is negligible.

[10 Pts.] (a) Determine the equivalent capacitance C.

Two capacitors in parallel, C7 = /%OAT/Q and Cy = KEQAT/z,

A
Ceq = (1 + :‘Q)f()ﬁ

(b) Suppose the dielectric is slowly pulled completely out of the capacitor by an external force
while the capacitor is connected to a battery that maintains a constant potential difference
Vo.

[5 Pts.] i. Find the change in the stored energy in the capacitor.

The capacitance after removal, Cy = eog,

Ui = %CEqVO2 = %(1 + H)EO%VOQ
Uy = %CfVoQ - %m%‘/@?
Then,
IR e e
[5 Pts.] ii. Find the work done by the battery.

The charge after removal, Qy = C'Vp = 60%‘/0,

(1+k) A A 1+k A (1-k)
Qi = C1eq‘/0 = 9 EUE‘/O = AQ = GOE‘/O 1— 5 = EOE% 5
Then,
1-k)A
W= AQVy = ot v
2 d
[5 Pts.] iii. Find the work done by the external force.

U = Ui + Wy + Wewr = Wewr = Uy — U) = Wi,

Wea:t = 560 9 E‘fo




