(20 pts) Problem 1: Multiple choice, 2 pts each. Circle the correct answer.

1.1. Three small charged bodies are placed at the vertices of an equilateral triangle. The electric force F.
on the lower right charge is

(@ ®)

(a) as in Figure (a).

b) as in Figure (b).

écj as in Figure (c).

d) as in Figure (d).
(e) zero.

1.2. The electrostatic potential ¥ in a region of space is only a
function of x, and W(x) is shown in the figure. Consider
the electric field magnitudes at points A, B, C, D, and E.
The largest magnitude is at point
(a) A. —
~ (b) B. E - VYV
()C' Lb (L,karj Ao S(°{9<

(d) D.

(e) E.

1.3. A charged metallic body is situated in free space. The surface
charge density and electric potential at a point P; of the body
are o1 and V1, respectively. At a point Py, these quantities g,
equal o; and V5. If the total charge of the body is positive, we  p, \!

have that , 2  metallic bbdy s
(@) or=02and V1 =11, sirl or o) \N v
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(d) o1 <oy and V) < Vs, S g d C A e Vi
(e) o1 >oyand Vi > V. 'X( gy\)ivc.\v/,
59 6, 26,

1.4. If the total charge enclosed inside a Gaussian surface is zero, then E everywhere on the Gaussian
surface must be zero. o Covshim b fal u
(a) True Covnte” € *mvﬂe ¢

G'GQSS‘GV‘TN’fILC\
1.5. A spherical region (radius R, “centered on the orlgm) has electric field E(r) = 0 throughout. The

)
voltage ¥(r) must also vanish throughout that region. [ AV [ PN

(a) True .
@False Cowndel gron il G \LJJ Vol ke
Vinyesy (cw‘g*»%-,;f"; ’I’L\hdJ L')
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1.6. A spherical region (radius R, centered on the origin) has voltage ¥(r) = 0 throughout. The electric
field E(r) must also vanish throughout that region.
a)/True ]
(b) False E K Vi « ,S‘V\S’l"d aera (o any tonsdant valvg )/

“4hen B Wil be gero.
1.7. If you have a point charge at rest at the point (xo,0,20), and no other charges anywhere, then V- E =

0 everywhere in all space. .
(a)—T?uﬂeL— p The Awtfy«'\cﬂ v\ Lo rormaess or) Fe e cudiem £

@False The cL\Wy ¢ NV E 2 Clew

T, 1oL (220 ), pazen < E(g2)
1.8. If you have a point charge at rest at the point (xo,0,20), and no other charges anywhere, then V x E =

0 everywhere in all space.
2
% gr?e For \‘MQ,K'\M(’“MA’ toges Qxg 20O K‘r“h}w""“, ¢
alse C !
(etecdric £d Vaas o cuv \)

1.9. A surface in the x-y plane (i.e. z = 0) has a constant surface charge density o on it. Just above the
surface, the electric field is +32 N/C, just below the surface the field is —3Z N/C. What is the

surface charge density o? \ L _ e
(a) 3 N/C X €y Dr'sk'w\“ e \j : EA\ a oVt - bl belamy /éa
(b) 3N/C+e 5= e A €,

@6 N/C x € ) N A 3 )
(d) 6 N/C + ¢ = s <«-'5q - ‘

(e) Zero - m

1.10. A negative point charge Q is located in air above a large, flat conducting sheet. The electric field
intensity vector in air immediately above the surface of the sheet is

o (( gLJ»HkG‘f
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(a) (b) (c) (d
* st
(a) as in Figure (a). ’\SQ\}P s::»/\:{:w\( e
(b) as in Figure (b). v Nl
as in Figure (c). ¢ (W\ . RA
d) as in Figure (d). Q“@}‘f" ¢ " af)
() zero. e qe Qo.!—ﬁn
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(14 pts) Problem 2: You have a short line of charge on the y-axis from y = 0 to y = L. The linear charge
density is 4=k y*. Set up the integral that you would need to do in order to directly calculate the electric
field E(x,y) for an arbitrary point in the x-y plane. You don’t need to do the integral, just get it into a
form that e.g. you could type into Mathematica to get the answer.
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(16 pts) Problem 3. A sphere of radius R has a spherically-symmetric charge density given by:

poe—r/R
(r/R)?

Determine the electric field for the two regions: (i) ¥ <R, (ii) » > R.

p(r) =
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(18 pts) Problem 4. Suppose the electric field in the previous problem came out to be

-1l R
r<R: B=PRe
80
3
r>R: E= PoR7e >
NG

{(Note: those are not the correct answers!)
Find the potential ¥(r) for the two regions, using the typical convention that V(r = c0) =0
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(18 pts) Problem S. Using the same electric field as the previous problem, namely:

. Re—l'/RA

r<R: E=p°—r
&

. Re™
r>R: E=P0 >
N

(a) What is the volume charge density p which gives rise to this field?

(b) Is there a surface charge density at » = R? Justify your answer. N
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(14 pts) Problem 6. As mentioned in class, the electromagnetic energy of a point charge diverges (is
infinite) due to the » = 0 limit of integration. Because of this result it has been suggested that physical
particles (like the electron) are not point particles. One possible model for the electron is that it is a
spherical shell of charge with small but nonzero radius, having a constant surface charge density
everywhere on the shell. Calculate the radius you get for such an electron by assuming that the total
energy stored in the electron’s electric field is equal to Einstein’s equation for the inherent energy of a
particle: Energy = mc?. (Give a numerical as well as symbolic answer.)
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