24.2 &g = EA cos 0 = (2.00 x 10" N/C)(18.0 m?)cos 10.0° = |355 kN - m?/C

k.
*24.10 (a) E ZTI-ZQ

,  (8.99x10%0 3 o o
8.90 x 10" = W , But () is negative since E points inward.

0O=-556x%x10%C=[-556nC

(b) The |negative| charge has a |spherically symmetric| charge distribution.




2342 (a)
(b)
(©
23.48
(a)
(b)
(©
23.61

~19 ]
|a|:'i'_E: (1.602;1607 iéﬁ_.g(;x 10°) =576x10" mfs so a= |-576x10"1 m/52
m R *

v=v;+2a(x—x;)

0=v?+2(-5.76x10")(0.0700)  |v;=2.84x10%i m/s

v=v;+at

0=2.84x10°+(-576x10"%)¢ ¢t=]4.93x10%s

-19
a, =36 (1602x10°)B390) _ 5 g6 113 1y /52

Y m (9.11x107%Y

2v; sin@ . . .
t=——— from projectile motion equations

¥

2(8.20x 10°) sin 30.0° 5
t= =1.20x10"s) = [12.0ns
86107 ) = [12.0ns

2.2 5y2 . 2 o

v;“sin“@ (8.20x10")sin” 30.0°
h=- = = -1.23 mm
2a 2(686)(]01')’] -

y

2 . 542 . a

2a, 2(6.86  10'%)

Q = d1 =[*0- 4g cos ORAO=2g R sin 6’5 = 2gRI[1- (1)] = 229R Y

Q=12.0puC=(21¢)(0.600) m = 12.0 uC so Ag =10.0 uC/m R

dr

__ 1 ((300uC)(Ad)) 1 (300 uC)(2q cos” ORd0)
Y 4re -

R? drey R? cos #

cos® 6d6 0

J.ﬂn_rr o N-m?)(3.00x10°C)(10.0 x 10°° C/m)
Fy=1J 900|899 x 10" =7 (0.600 m)

(10 N} Ef2(1+lc0529)d9 v o
2%z 10570

/2 PN

~8.99(30.0)
YT 0.600

/

R

F, =(0.450 N](%" +45in26 fﬁz) = |0.707 N| Downward. % 360°

Since the leftward and rightward forces due to the two halves of the
semicircle cancel out, F, =0.



kAL k(Q/D1  kQ  (899x109(22.0x 10°%) 0=14.0cm
di+d) d1+d) dl+d)  (0290)(0.110 +0.290) —dt .

<36.0 cm—>
E =|1.59>< 10° N/C| . |directed toward the rod| .

23.24 E=

k,Qx
dE 1 3x°
For a maximum, — = Qk,|— - | =0
dx Q (XZ +32]3f"2 [XZ_’_aE]ﬁ-fZ
“+ab-3x4=0 or X:i
A2

Substituting into the expression for E gives

k, Qa kLQ [2k0Q Q

@(2_;32)3,!2 - 3§32 a 33 2° G@Eenaz

2330 (a) From Example 23.9: E=2rk,0|1- —~
X’ +R?
o= %: 1.84x 107 Cfm?
R

E = (1.04x 10® N/C)(0.900) = 9.36 x 107 N/C =[93.6 MN/C

appx: E=2mk,0 = 104 MN/C (about 11% high)|

: 30.0 cm
/30,02 +3.00% em

= (1.04x 10® N/C)(0.00496) = [0.516 MN/C

(b) E=(L04x108 N/C)[l

5.20% 1078

. Q 9
appx: E=k,—5 =(8.99x10%) 2222
ppX r? ( ) (0.30)°

= [0.519 MN/C (about 0.6% high)|

2340 (a) L-=5_|_

= l
¢ 18 3

(b) [qi is negative, g is positive|




23.10 The top charge exerts a force on the negative charge % which is directed upward and
2) +x
to the left, at an angle of tan'l(d / 2x) to the x-axis. The two positive charges together exert
force
z.?kchz = 0i o7 | = ma or for x<<df2, a:ﬁx
(d*/1+x°) (/4 + ) md* /8

(a) The acceleration is equal to a negative constant times the excursion from equilibrium, as in

a=-w’, so we have Simple Harmonic Motion with w? = %

md?

3
T _2z_ & md , where m is the mass of the object with charge —Q.
o |2 kqQ

b))  Vpax =wA=|1a Jﬂ

md®

9 6 0, 0.500
2318 (a) E:%: (8.99><ll?]}](;?0x10 ) ~ 14,400 N/C g v /»—E( m)
' 200 S 2,00
4 uC -9 | a1~ uC
E,=0 and  E,=2(14,400) sin 26.6°= 1.29x 10* N/C D ~lp—
1.00m 1.00m
so [E = 12010 j N/C]|

(b) F=Fg=(1.29%10*})(-3.00%10°%) =



