14.

19.

-7
=9 - _ X100 _5eex10°l
2€, 2(8.85 x 10—12) C
V = Ed

504 = (5.68 x 10° ﬂ)d
C C

d = 8.8 x 10~ meters

(9x10°)(1x107)

a)V, = 5 =45x10°
9x10° 1% 107°
)

b) Has to be the same as a).

Let + g be at the origin and — 3q be a distance

d down the x — axis.
voka k=3a) _,

_?+m_

There is a place to the left (x < 0) of +q
where the potential is zero also.
v kq k(=3q) _
e
kg  3kq
X (d=x)

-3x=d-Xx

X=-—
2



36.

43.

V = 1500x%°
E= _av_ —3000x
dx

@x=.013 E= 39X
m

The charges will be brought in starting with the top left and going
clockwise. Their subscripts 1, 2, 3, and 4 will follow this order.

W, =0, ] Eed

For a point charge, E = k—?
r

bk 1
W = QOL r_?dr = qoqk(_F)

1 1
w-an{2-2)

a rb

b

a

If bis at infinity, then W = 929K

a
0,9k
2

: 9o9K g9k
The third charge? W =-——+——
’ a J2a
_goak + do9K g9k
a J2a a

To bring in the second charge, W = —

Fourth charge? W =

Total Work = qoqk(_4+ zi) %8 1 (—4+ \/E)

J2

a a 4meg,

q2
Total Work = -.21—
ag,



45.

73.

r

W, = _Q(Vz - V1) = _Q( r r
1 2

2 r1

For uniform circular motion:

2
Fo szq _mv
r r
Need to know how much KE is available.
1 2o 1kQa
2 2 r
. 1 1 1
KE available for work = K, - K, = —qu(— - —]
2 r

Work an external agent must do:

kQg( 1 1
W:We_(Kl_Kz):T[r_l_E]

v_Ka_ (9x10°4x10~)
r Am

V =36x10*volts
What is the E —fieldon a 10cm sphere?

V =Ed :>E:X
d
4
E:36><10 =3.6MV >3.OMV
Am m m

b)no



99.

V:I kdg
Vr2+a’®
\r? +a* = constant, so
k kq
V=—o [dg= —o0—
\/r2+azj \r?+a?
E=-VV
1
Ez_i{L}z_kqi(rz ra?)
dr r2 +a2 dr
1 3
— _ - 2 2
E= kq( 2)(r +a ) 2(2r)
E_ kqr :
(r2 +a2)E
98.
d = 1.3meters so the diagonal = 1.84 meters.
kaq

r

0= (220, 42D (4203, (207) | (20D, GUAD)50
13 1.84 13 13 1.84 13

U = k(-224 + 286 + 111— 314 — 404 + 405)10~**
U =-1.24x107° joules

104.

y_ka_ (9 x 109)(1.5 x 10-8)  s0valts
r 16




Additional Problem

(8)
a)V. -V, = —IIF Eods Let V(center) = 0.
F qr q r
Ve -V, =- dr=—- rdr
Foe 0 4mg R* 4nsOR3I0
qr’
V.-V, =-
P 8me,R®
b) Using V. -V, = — ar’ withr=R
"% 8mg,R®
2
VR _VO = — qR = q

8ne,R° 8mg R
c) If g>0, then V. -V, <0. So V; <V,.
The center has a higher potential.



