P9-24) plastic rod has been bent into a circle of radius R =8.20

cm. It has a charge Q1 = +7.07 pC uniformly distributed along one J }
quarter of its circumference and a charge Q2= 6Q1 uniformly o, I
distributed along the rest of the circumference With V=0 at - J
infinity, what is the electric potential at (a) the center C of the R -
circle and (b) point P, on the central axis of the circle at distance B i

D =2.05 cm from the center?

Solution:

9.(a) All the charge is the same distance R from C. so the electric potential at C is

12 ~
©)_ —-3.88V,

o | |-'g_%";__ 50, 5(8.99x10° N-m®/C?)(7.07x10
416 \R R ) 4ngR 8.20x107 m

where the zero was taken to be at infinity.

(b) All the charge is the same distance from P. That distance is Yy R™+ D", so the electric
potential at P is

po L |9 6% __ 50,
4’?—5” I- VIRE - DJ \"’R2 +D1 _ 4,-?#‘9@
_ 5(8.99x10°N-m*/C?)(7.07 %1077 Q)
8205107 m)T = (2.05%107 m)?
=-3.76 V.




P11-24) An electron is placed in an xy plane where the electric potential depends on x and
y as shown in (the potential does not depend on z).The scale of the vertical axis is set by
Vs =100 V. In unit-vector notation, what is the electric force on the electron?

11. The electric field (along some axis) is the (negative of the) derivative of the potential
V with respect to the corresponding coordinate. In this case. the derivatives can be read
off of the graphs as slopes (since the graphs are of straight lines). Thus,

ov [ —1000V )

E =——=— ———— |=5000 V/m=5000 N/C
ox \ 0.20m |
V[ 600V )
E =- Cﬁ =— |=-2000 V/m=-2000 N/C.
: ay 030 m
The force on the electron is given by F=gE where ¢ = —e. The minus sign associated

—5

-
with the value of g has the implication that F pomts in the opposite direction from E

(which is to say that its angle is found by adding 180° to that of E ). With e = 1.60 =
107°C, we obtain

F =(~1.60x10"° C)[(5000 N/C)i— (2000 N/C)j]=(~8.0% 107 N)i + (3.2x107 N);.



P17-23) What is the magnitude of the electric field at the point (1,-2,4) if the electric
potential is given by V =2.00xyz2, where Vs in volts and x, y, and z are in meters?

EXPRESS With ¥ =2.00xyz*, we apply Eq. 24-41 to calculate the x, y. and
components of the electric field:

E.=-L 300,
cxX

E = _Y .00
R C_“.L.
4

E.=—Z = _400x)2
cz

which, at (x, », z) = (-1.00 m, —2.00 m. 4.00 m). gives
(Ex Ey, E:) = (+64.0 V/m, +32.0 V/m. =32.0 V/m).

ANALYZE The magnitude of the field is therefore

|E|=[E2 + E} + EZ =/(64.0 V/m)® + (+32.0 V/m)® + (=32.0 V/m)’
=78.4V/m=78.4N/C.



P33-24) The particle shown in the next figure each have charge of
magnitude g = 5.00pC and were initially far apart. To form the square with
edge length a =64.0 cm, (a) how much work must done by an external
agent, (b) how work must be done by the electric force, and (c) what is the
potential energy of the system?

EXPRESS We choose the zero of clectric 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

g (11 1 11 13 2¢ (1

———— e —— = 2
L a a v2a a a J2a) 4ngal2 T)

(a) Thus the amount of work required to set up the system is given by

2(8.99x10° N-m*/C?)(5.00x10™°C)* [ 1
0.640 m V2

2¢° (1
Wa_:p:ﬂUsz_Uiszzai'ri ﬂ‘
ep

=-0.08x1075T.

F

(b) The work done by the electric foree is
W=—W,_ =+9.08x107"7.

(c) The potential energy of the system is the work required to set up the arrangement:

U=W._ =-9.08x107"7.

~ app
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P39-24)(a) What is the escape speed for an electron initially at rest on the surface of a
sphere with a radius of 20.0 cm and a uniformly distributed charge of 1.6x 10'> C? That
is, what initial speed must the electron have in order to reach an infinite distance from
the sphere and have zero kinetic energy when it gets there?(b) If the initial speed is twice
the escape speed, what is the kinetic energy at infinity?

Solution: The escape speed may be calculated from the requirement that the initial kinetic
energy (of launch) be equal to the absolute value of the initial potential energy. Thus,

where m=29.11 1G_31kg. e=1.60 x 1077 ¢, g =10000e, and r=0.20 m. This yields

_ 2keg  [2(8.99:x10° N-m*/C*)(1.6 107" C)(1.6x107" C) . 5
v, = == — =5.0x10" m/s
mi (9.11x107" kg)(0.20 m)

(b) By energy conservation, K, +U, =K, +U,. At mfinity, U, =0 and we have

keq _ lm ‘ , |2keg ‘_ _keq _3keq

rooo 200 ro r r

_ 3(8.99%10° N-m’/C?)(1.6x107 C)(1.6x107" C)
0.20m

1 5
K, =K, +U, = ?m(lvm}‘ —

=3.5410757




P44-24) In the next Fig, we move an electron

from an infinite distance to a point at distance ~ ~* —"’9_0

R =8.00 cm from a tiny charged ball. The move - 0\0
requires work W = 5.32x10%3 J by us. (a) What F/D )
is the charge Q on the ball? In Fig. b, the ball has 0{3 6 &,

been sliced up and the slices spread out so that \ /
an equal amount of charge is at the hour |*_H _'1 Q O/Q
positions on a circular clock face of radius R = \CL___D__,
8.00 cm. Now the electron is brought from an (@) ()
infinite distance to the center of the circle. (b)

With that addition of the electron to the system of 12 charged particles, what is the
change in the electric potential energy of the system?

Solution:

44. (a) The work done results in a potential energy gain:
(0 | < 13
= / == = 4+ T W T
W=gAV =(-e) |-4ESOR..-' 532 «107°7.
With R = 0.0800 m. we find 0= —2.96 « 107 C.

(b) The work 1s the same. so the increase in the potential energy is AU= + 5.32 » 10777,



P48-24) Two isolated, concentric, conducting spherical shells have radii R1 =0.500 m and
Rz = 1.00 m, uniform charges g1 =+3.00uC and g, =+1.00uC, and negligible thicknesses.
What is the magnitude of the electric field E at radial distance (a) r = 4.00 m, (b) r=0.700
m, and (c) r =0.200 m? With V =0 at infinity, what is Vat (d) r=4.00 m, (e) r _=1.00 m, (f)
r=0.700 m, (g) r=0.500 m, (h) r=0.200 m, and (i) r = 0? ( j) Sketch E(r) and V(r).

48. Since the charge distribution is spherically symmetric we may write

G

E(r)=

drgy ¥
where genc 15 the charge enclosed in a sphere of radius r centered at the origin.

(a) For r=4.00 m, Ry =1.00 m. and R; = 0.500 m., with » > Ry > R; we have
E(r) q,+q, (8.99x10°N-m’/C*)(3.00x10°C+1.00x107°C)

r' — : = 3

drepr” (4.00 m)”

=2.25210° V/m.

(b) For R >r=10.700 m > Ry,
g, (8.99x10°N-m*/C?)(3.00x107°C)

= . _ - =5.50 10" V/m.
dre v (0.700 m)”

(c) For Ry = Ry = r. the enclosed charge 15 zero. Thus, E = 0.



The electric potential may be obtained using Eq. 24-18:

Vir)-v(r)= I:r E(r)dr.

(d) For r=4.00 m > Ry = Ry, we have

+ 8.99 « 10° N -m?/C?*)(3.00 « 107°C +1.00 » 1078C
7=tk - [CX ) _8.9910° V.
dreyr (4.00 m)
(¢) For r=1.00 m = R> > Ry, we have
- 2/-2 5
r )= 0+ d, _(8.99x10°N -m?/C*)(3.00 x10°C+1.00x10°°C) 360x10° V.
dsgr (1.00 m)

(f) For Ry > r=0.700 m > R»,
R 'rql qz‘l_ Syl ,z'r
v( )_ELTJFEJ_(S.%MO N-m?/C )L\

3.00%107°C . 1.00<1075C !
0.700 m 1.00 m

=4.75%10* V.



(g) For Ry > r=0.500 m = R,.

il i i
AR B R 9 37240
V()= rem |-?+E_x| =(8.99 x10°N -m*/C |

3.00%107°C , 100 10°%c!
0.500 m 1.00 m

=6.29x10* V.

(h) ForRa =R > r.
I"

(3.00x10°C 1.00x10°C)

1 ) ) )
=—| 5% (399 10°N -m*/C?)| +
4;?50 \ Rl R‘z L 0500 m 1.00m
=6.29x10* V.

(i) At r=0. the potential remains constant, ¥ = 6.29 10" V.,

(j) The electric field and the potential as a function of r are depicted below:
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P59-24) The electric field in a region of space has the components Ey = Ez 0 and
Ex =(4.00N/C)x. Point A is on the y axis at y 3.00 m, and point B is on the x axis at x 4.00
m.What is the potential difference VB — VA?

50. We connect 4 to the origin with a line along the y axis. along which there 1s no
change of potential (Eq. 24-18: | E-ds = 0). Then. we connect the origin to B with a line

along the x axis. along which the change in potential is

=4 - PR (43 )
AV =—[ " E-ds =-4.00] x’dx=-4.00 4? |

which yields Pp— V4=-853 V.



