Due Monday 10/01/18 at 11:00am Name

Homework Chapter 24: Electric Potential

24.06  When an electron moves from A to B along an electric field line in }:‘](l"(imc
Fig. 24-34, the electric field does 3.94 x 10°2° J of work on it. What e
are the electric potential differences (a) Vs — Va, (b) Vc — Va, and line

(C) Ve — VB?

6. (a) Vg— V4 = AUlg = —Wi(—e) =—(3.94 x 1077 1)/(-1.60 x 10 C)=2.46 V. «
l quipotentials
b)Y Ve—Va=Vp—Vs=246V. oA———————

(¢) Ve— Vp=0 (since C and B are on the same equipotential line).

24.08 A graph of the x component of the electric field as a function of x in a region . E,, /_
of space is shown in Fig. 24-35. The scale of the vertical axis is set by o
Exs = 20.0 N/C. The y and z components of the electric field are zero in this Z\ y
region. If the electric potential at the origin is 10 V, (a) what is the electric Vi 1 2/3 4 5
potential at x = 2.0 m, (b) what is the greatest positive value of the electric = K
potential for points on the x axis for which 0 < x < 6.0 m, and (c) for what value T
of x is the electric potential zero? x(m)

8. (a) By Eq. 24-18, the change in potential is the| negative of the “area™ under the curve.
Thus, using the area-of-a-triangle formula, we have

x=1 1
v-10=—| E-d§=§(2)(20)
which yields =30 V.

(b) For any region within 0 < x <3m, —IE -ds 1s positive, but for any region for which

x > 3 m it 1s negative. Therefore, V' = Fpy,, occurs at x =3 m.

x=3 1
V—lt]:—ju E-d&':E(s)(m))
which yields Vipax =40 V.

(¢) In view of our result in part (b), we see that now (to find ¥ = 0) we are looking for
some X > 3 m such that the “area” from x =3 m to x = X 1s 40 V. Using the formula for a
triangle (3 <x < 4) and a rectangle (4 < x < X)), we require

%{1) (20) +(Xx —4)(20) =40.
Therefore, ¥=5.5 m.
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24.13  What are (a) the charge and (b) the charge density on the surface of a conducting sphere of radius 0.15 m whose
potential is 200 V (with = 0 at infinity)?

13. (a) The charge on the sphere i3

(200 V)(0.15 m)

—~ _=33x10" C.
8.99:10° N-m*/C’

g=4mr5, VR =

(b) The (uniform) surtace charge density (charge divided by the area of the sphere) 15

3.3x107° C
o= 9 5= .K _=1.2x10"° C/'m”.
47R 47(0.15m)"

_{/'0

24.17 In Fig. 24-38, what is the net electric potential at point P due Q\*‘/
to the four particles if V= 0 at infinity, ¢ = 5.00 fC, and d =4.00 cm? \ d
\ -~
({ : 'O
\ d -4
\
P o\ ’
d

\

\
{ i 0

Pt A Sy € o 48 s o v -

17. A charge —5¢ 1s a distance 2d from P. a charge —5¢ is a distance d from P. and two
charges +5¢ are each a distance d from P. so the electric potential at P 1s

o 4 [ 1 1+1+1J_ g _ (8.99x10° N-m*/C?)(5.00x107°C)
dre, | 2d d d d] Sxed 2(4.00107 m)
=5.62x107V.

The zero of the electric potential was taken to be at nfinity.
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24.19

In Fig. 24-40, particles with the charges g1 = +5¢ and ¢> = —15¢ are fixed
in place with a separation of d = 24.0 cm. With electric potential defined to ]

%

be V=0 at infinity, what are the finite (a) positive and (b) negative values
of x at which the net electric potential on the x axis is zero? 1 d -

19. First. we observe that F (x) cannot be equal to zero for x > d. In fact V (x) is always
negative for x > d. Now we consider the two remaining regions on the x axis: x <0 and
0<x<d.

(a) For 0 <x < d we have di =x and d» =d — x. Let

V(x):k(ﬂﬁ]zi(u =3 ):o

\d, d,) 4me, \x d-x
and solve: x = d/'4. With d = 24.0 cm. we have x = 6.00 cm.

(b) Similarly. for x < 0 the separation between g1 and a point on the x axis whose
coordmate 1s x 1s given by d; = —x: while the corresponding separation for g» is dh =d — x.

We set
v =kl L) - 19 (i+ - )=o
d d,) 4msy; \—x d-x

to obtain x = —d/2. With d = 24.0 em. we have x =-12.0 cm.

Q— X

-
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24.28  Figure 24-47 shows a thin plastic rod of length L = 12.0 cm and
uniform positive charge Q = 56.1 fC lying on an x axis. With }'=0 '
at infinity, find the electric potential at point P; on the axis, at 2
distance d = 2.50 cm from the rod. T

P

I+ F + + F+ + + F F+ FF X

- (f wf L -

g A i it S by S amane e

28. Consider an infinitesimal segment of the rod. located between x and x + dx. It has
length dx and contains charge dg = A dx. where A = Q/L 1s the linear charge density of the
rod. Its distance from Pj is d + x and the potential it creates at Py 1s

1 dg 1 Jdx

dV = = .
drey d+x dmey d+x

To find the total potential at Py. we integrate over the length of the rod and obtain:

y y L { A
A IL d __ 4 In(d+x)| = 0 ]11| 1+£|
dng, "' d+x  4mng, 0o 4mg, L . d)
(8.99x10° N-m*/C?)(56.1x107°C) X \'!1+ 0.12m |

= 1 —
0.12m Lo 0.025m )

=7.39.107 V.
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24.30. The smiling face of Fig. 24-49 consists of three items: 4
1. a thin rod of charge —3.0 xC that forms a full circle of radius 6.0 cm; Y 4

2. a second thin rod of charge 2.0 xC that forms a circular arc of radius { gt S,

4.0 cm, subtending an angle of 90° about the center of the full circle;

3. an electric dipole with a dipole moment that is perpendicular to a radial Ill . ||,
line and has a magnitude of 1.28 x 1072 C-m. \ /
What is the net electric potential at the center? /
Lmmym poeevengpimmttogemes et fnes

30. The dipole potential is given by Eq. 24-30 (with &= 90° in this case)

Vzpcosﬁzpcosgﬂ —0

4??303'2 4??301'2

since cos(90°) = 0 . The potential due to the short arc 1s g, /47g,; and that caused by the
long arc 1s g, /4ms,r,. Since g1 = +2 uC, rp = 4.0 em, g2 = -3 1C, and r; = 6.0 cm. the

potentials of the arcs cancel. The result 1s zero.

24.35. The electric potential at points in an xy plane is given by V = (2.0 V/m?)x? — (3.0 V/m?)y2. In unit-vector notation,
what is the electric field at the point (3.0 m, 2.0 m)

35. We use Eq. 24-41:

v d

E_(x.y)= — " ((20V/m’)x* —30V/m’)y?)=-2(20V/m’)x;

&x
c¥V e, .2 2 oy 2 2 g 2
E (x.y)= o = —g(ﬂ.ﬂ\f /m7)x” —=3.0V/m")y ): 2(3.0V/m)y.

We evaluate at x = 3.0 m and y = 2.0 m to obtain

E=(-12 V/m)i+(12 V/m)].
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24.49. Two electrons are fixed 2.0 cm apart. Another electron is shot from infinity and stops midway between the two.
What is its initial speed?

49, We use conservation of energy. taking the potential energy to be zero when the
moving electron is far away from the fixed electrons. The final potential energy is then

U, =2e"/ 4re,d . where d 1s half the distance between the fixed electrons. The nitial
kinetic energy is K, =1mv’, where m is the mass of an electron and v is the initial speed

of the moving electron. The final kinetic energy is zero. Thus,

E=U = 1mv2=232!'4m5'd.
i) 5 0

Hence.

2 899 %10° N-m?2/c?)(4)(160x 107 ¢)’
N A (899 m'/C7)(4)(160 ) =32 10" ms.
Ane, dm (0.010 m)(9.11x 107" kg)

24.70.  The chocolate crumb mystery. This story begins with Problem 60 in Chapter 23. (a) From the answer to part (a) of
that problem, find an expression for the electric potential as a function of the radial distance  from the center of the
pipe. (The electric potential is zero on the grounded pipe wall.) (b) For the typical volume charge density
p=-1.1x 107 C/m?, what is the difference in the electric potential between the pipe’s center and its inside wall?
(The story continues with Problem 60 in Chapter 25.)

R
70. (a) We use Eq. 24-18 to find the potential: V_; -V =— I Edr. or

BRI pr P [p2 .3
0—V=—I, (2_50) = - =—4_50(R -7).

Consequently, V= p(R2 — P)/4g,.
(b) The value at r=01s

~11x107° ¢/’ 2 s
= 0.05m)” —0)=-78x10*V.
center 4(8.85 % 10—12 C/V ] m) (( nl) ) X

Thus, the difference is |V, |=7.8x10%V.
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