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1.47. Field from a semicircle

Choose the semicircle to be the top half of a circle with radius R centered at the origin.
So the diameter of the semicircle lies along the z axis. Let the angle § be measured
relative to the positive z axis. A small piece of the semicircle subtending an angle df
has charge dQ = Q(d6/). The magnitude of the field at the center due to this piece
is dQ/4meoR?. The z components of the field contributions from the various pieces
will cancel in pairs, so only the y component survives, which brings in a factor of sinf.
The total (vertical) field therefore equals

Qb))

E, A (Aﬂ")ﬂm/

(30)

‘where the minus sign indicates that the field points downward (if Q is positive). This
result can be written as —A/2megR, where \ is the linear charge density. Interestingly,
it can also be written as —Q/dmepA, where A = 7R2/2 is the area of the semicircle.

1.48. Maximun field from a ring

At (0,0,2) the field due to an element of charge dQ on the ring has magnitude
dQ/4meo(b* + z°). But only the z component survives, by symmetry, and this brings
in a factor of z/v/B% + 2. Integrating over the entire ring simply turns the dQ into
Q, s0 we have E, = Qz/4me(b® + 2%)¥/2. Setting the derivative equal to zero to find
the maximum gives
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Since we're looking for a point on the positive z axis, we're concerned with the positive
root, z = b//2. Note that we know the field must have a local maximum somewhere
between z = 0 and z = oo, because the field is zero at both of these points.
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1.52. An equilateral triangle 6Fy  6Fy

(a) Let Fy be the force between two charges of ¢ = 10-°C each, at a distance of
a=02m Then Fy = g*/4meqa® = 0.225 N, as you can verify. The force
between B and C has magnitude (2)(2)Fo = 4Fy, and the force between A and
cither B or C has magnitude (3)(2)F, = 6F,. From Fig. 11, the magnitude of
the force on A is

Fa=2c0530° - 6Fy =

The magnitude of the force on C is (squaring and adding the horizontal and
vertical components)

34N, (39)

Fe = [(4+6c0s60°)? + (65in60°)2] /*Fy = (8.72)Fy = 196 N. (40

And the force on B has the same magnitude.

(b) Three equal charges of 2-10~° C would yield zero field at the center, by symmetry.
So the field at the center is due to the excess charge of g = 10-°C at A. Since
A'is a distance a/y/3 from the center, the magnitude of the field at the center of
the triangle is
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1.69. Carved-out sphere
The given setup is equivalent to the superposition of a sphere with radius a and density
P, plus an off-center sphere with radius a/2 and density —p. The desired fields at A
and B are the sums of the fields from these two objects.
The charge in the big sphere is Qi, = (4/3)ma’%, while the charge in the small sphere
is Qu = (4/3)7(a/2)*(~p) = —Qu/8. For convenience, let the field at B due to the





image4.png
big sphere be labeled Eo. Then

_ Qv _(4/3)map _ap
T mea? T dmea® 36

Ey=FEus . (©7)

and the field is directed downward. The field at A due to the big sphere is Ey 4 =0.
The field at A due to the small (negative) sphere has magnitude

Q 4/3)m(0/2% _ ap _ Ey
Boa= dmeo(a/2)? ~ dmeo(af2)?  Ge 27 (©8)
and is directed upward. The field at B due to the small sphere has magnitude
_ Q. (/32 _ ap _Ey
Ben= dmeo(3a/2)? ~ dmeo(3a/2)?  Sde 187 (69)
and is directed upward.

The total field at A is therefore directed upward with magnitude 0+ Eo/2 = ap/6eo.
And the total field at B is directed downward with magnitude Eo—Eo/18 = 17Eo/18 =
17ap/54¢o.
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1.70. Field from two sheets

The field from an infinite sheet with charge density o has magnitude o/2e,. It s
directed away from the sheet if o is positive, and toward it if o is negative. The total
field in the given setup equals the superposition of the fields from each sheet; the result
is shown in Fig. 23. The field has magnitude (300 + 209)/2€0 = 500/2€0 inside the
sheets and (300 — 200)/2€0 = 00/2€o outside the sheets. In all regions it is directed
away from the 30, sheet.

If the sheets intersect at right angles, the field is again obtained by superposition, but
now the two individual fields are orthogonal. Fig. 24 shows the results in the four
regions. The magnitude of the field everywhere is v/3% + 22(d0/2¢0) ~ (1.8)00/¢o. In
all regions it s directed at least partially away from the 30, sheet and partially toward
the —20 sheet.
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