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Chapter 24  Electric Potential

02. The magnitude is

AU = eAV = 1.2x10° eV = 1.2 GeV.
05. (a) E = Fle = (3.9x10" N)/(1.60x10*° C) =
2.4x10% N/C. (b) AV = EAs = (2.4x10" N/C)(0.12 m)
=2.9x10° V.
11. (a) The charge on the sphere is q = 4z&VR =
(200 V)(0.15 m)/(8.99x10° N-m?C?) = 3.3x10° C.
(b) The (uniform) surface charge density (charge
divided by the area of the sphere) is

o= g/(42R) = 3.3x107° C / [47 (0.15 m)?]
=1.2x10°° C/m°,
14. According to the problem statement, there is a
point in between the two charges on the x axis where
the net electric field is zero and the fields at that point
due to g, and g, must be directed opposite to each
other. This means that ¢, and g, must have the same
sign (i.e., either both are positive or both negative).
Thus, the potentials due to either of them must be of
the same sign. Therefore, the net electric potential
cannot possibly be zero anywhere except at infinity.
17. (a) The electric potential V at the surface of the
drop, the charge g on the drop, and the radius R of
the drop are related by V = g/4zeR Thus R =
a/4reV = (30x107* C)(8.99x10° N-m?%/C?)/500 V =
5.4x10* m. (b) After the drops combine the total
volume is twice the volume of an original drop, so
the radius R of the combined drop is given by (R)?
= 2R%*and R = 2*®R. The charge is twice the charge
of original drop: g =2q9. Thus, V =q/(4zgR)
= 20)/[476(2*R)] = 273V = 2%3(500 V) ~ 790 V.
23. (a) All the charge is the same distance R from C,
so the electric potential at C is (in SI units)
V:L(&_ﬂ):_Lﬂz 230V
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where the zero was taken to be at infinity. (b) All
the charge is the same distance from P. That dis-
tance is r, = (RA+D?)"? so the electric potential at P
is (in Sl units)
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30. The magnitude of the electric field is given by
|E| = |-FAV/AX| = 2(5.0 V)/(0.015 m) = 6.7x10% VV/m.
At any point in the region between the plates, E
points away from the positively charged plate,
directly towards the negatively charged one.
39. (&) We use Eq. 24-43 withg; = gp=-eand r =

U= 1 0,42 - 1 ez
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(b) Since U > 0 and U o 1/r the potential energy U

decreases as r increases.

37. We choose the zero of electric potential to be at
infinity. The initial electric potential energy U; of
the system before the particles are brought together
is therefore zero. After the system is set up the

final potential energy is
- ¢ 11 1 1.1,
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Thus the amount of work required to set up the
system is given by (in Sl units)

_ 2(8.99x10%)(2.30x1071%)? (~1.293)= —1.92xx10% (J).
0.640

53. If the electric potential is zero at infinity, then
the potential at the surface of the conducting sphere
is given by V, = g/4zgr, where q is the charge on
the sphere and r is its radius. Thus
q=4rgrV, ——(0 19A500) — 5 5y 1078 (©).
8.99x10°

56. (a) Since the two conductors are connected V;
and V, must be equal to each other. Let V; = qu/
dresRy = Vo = QldngR, and note that g + g2 = q
and R, = 2R;. We solve for gy and ;g1 = /3, O
= 2q/3, or (b) aqu/q = 1/3 = 0.333, (c) and g,/q = 2/3
= 0.667. (d) The ratio of surface charge densities is

o1 — q1/4”R1 —(ql)(RZ)Z_ 2.00.

(g} q2/47zR2 Qo R
81.° (a) Clearly, the net potential

v=_t (94 ,_2 )
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is not zero for any finite value of x. (b) The elec-

tric field cancels at a point getween the charges:
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which has the solution: x=(42-1)d=0.41m.
106." We imagine moving all the charges on the
surface of the sphere to the center of the sphere.
Using Gauss’ law, we see that this would not
change the electric field outside the sphere. The
magnitude of the electric field E of the uniformly
charged sphere as a function of r, the distance from
the center of the sphere, is thus given by E(r) =
o/(47gr?) for r > R Here R is the radius of the
sphere. Thus, the potential V at the surface of the
sphere (where r = R) is given by

R R
V=V, + [ Er= L[4 =
0 472}90 o I 472'

~=8. 43x10% (V).

107.* On the dipole axis & =0 or z, so |cosd = 1.
Therefore, magnitude of the electric field is
-, oV p
E(N)|=1- — (=)= .
[E(N)| = | ar Idr(r )= P—

97.° Assume the charge on Earth is distributed with
spherical symmetry. If the electric potential is zero

Chapter 24, HRW 04, NTOUCcs960402




at infinity then at the surface of Earth it is Vg =
o/4reR, where g is the charge on Earth and R =
6.37x10° m is the radius of Earth. The magnitude of
the electric field at the surface is Eg = q/47r£0R2, o)
Vg = ERR = (100 VV/m)(6.37x10° m) = 6.4x10° V.
112.* (a) The potential would be
V, = Qe 4”Re0e =40 — 12 V)
dregRe  AmegRe 4reg
= 47(6.37x10°)(1.0)(-1.6xx107)(8.99x10°).
(b) The electric field is
E=—t="e=__——=7 =-18xx10°N/C,
6.37x10° m
or |E| =1.8x10® N/C. (c) The minus sign in E
indicates that E is radially inward.
114.° (a) The charge on every part of the ring is the
same distance from any point P on the axis. This
distance is r = (z%+R)™?, where R is the radius of

the ring and z is the distance from the center of the
ring to P. The electrlc otentlal atPi |s

471'190 '[ r 471'80 j '\/Z +R2

dg=

47[50 z +R2 '[ 47zgo\/z +R2

(b) The electric field is along the axis and its com-
ponent is given by

(Z + RZ)—l/Z
=4 4 _ 22 _.q z
drey 2 (22+F22)3/2 drsy (22 + R
This agrees with Eq. 23-16.
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83. /n[(C+a)M?+x] + (n[(E+a2) > —x]= ¢n(|al).
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