15.1 Since the charges have opposite signs, the torce is one of | attraction |.

Its magnitude is

.m2 Y(4.5x107 C)(2.8x10” C
F 2 ‘= 8.99x10° — — ( I - )= 1.1x10° N
7 C (3.2 m)
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15.8 The magnitude ot the repulsive torce between electrons must equal the weight of an
electron, Thus, ke’ [r* =m,g

N v (8.99x10° N-m?/C?)(1.60x10™ C)’ e
mg (9.11x10™ kg)(9.80 m/s?)




15.12

15.14

15.17

Consider the arrangement of charges shown in the sketch at
the right. The distance 7 is

(.500 m

r =4/(0.500 m)’ +(0.500 m)’ =0.707 m

The forces exerted on the 6.00 nC charge are

= _(g90510° N.m?J(E}.DDxlD'Q C)(2.00x107 C)
- X
2 C’ (0.707 m)’ v

-----J

0.500 m

=2.16x107 N

m2 M 6.00x107 C){3.00x107 C
and F3=[8.99x1[}9 A il J( i - )=3.24x10'? N
(0.707 m)

Assume that the third bead has charge (Q and is located at 0 < x <d. Then the forces
exerted on it by the +3¢ charge and by the +14 charge have magnitudes

KRB g g 2 KRG

xE 1-(d_x)2

respectively

These torces are in opposite directions, so charge () is in equilibrium it £ =F,. This gives

3(d—x)’ =x*, and solving for x, the equilibrium position is seen to be

d

1+1/4/3

X

This is a position ot | stable equilibrium it ) > 0. In that case, a small displacement trom

the equilibrium position produces a net force directed so as to move () back toward the
equilibrium position.

For the object to “float” it is necessary that the electrical force support the weight, or

24 x 107 C)(610 N/C
qb=mg or ‘m=qE=( h )( ; / )= 1.5x107 kg
Q 9.8 m/s




15.22

15.24

The force an electric field exerts on a positive change is in the direction of the field. Since
this force must serve as a retarding force and bring the proton to rest, the tforce and

hence the tield must be | in the direction opposite to the proton’s velocity |.

The work-energy theorem, W,,, = KE, —KE,, gives the magnitude of the field as

KE, 3.25x107° J
—(gE)Ax =0—KE, E=——_= =
(95) - 7(Ax) (1.60x10™ C)(1.25 m)

1.63x10* N/C

The altitude of the triangle is 41=3.00nC @
h=(0.500 m)sin 60.0° = 0.433 m FARERN
SO
I:::Il" f; ‘\
and the magnitudes of the tields due to o :
each ot the charges are / : ‘1
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" <0230 mag— F, f2-500mC
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kg, (899x10° N-m?/C?)(8.00x107 C)

=1.15x10° N/C
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and E,=

8. 10° N-m?/C?}(5. 107
k, qu‘=( 99x10° N.-m /C )(f 00x10 C)=719 N/C
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15.27 It the resultant tield is zero, the Y
contributions from the two charges must € ! 10 :
be in opposite directions and also have € =d3 :' E vm ? —
equal magnitudes. Choose the line ‘E"_"';‘_’E" TToTe é "7 '2'5 """"""" P
* * ‘ s 1 Ey V1 = =25 uC 4> = 6.0 pC
connecting the charges as the x-axis, with ! ! .
the origin at the 2.5 4 charge. Then, the ——7) = 1.0 m + d—M™

two contributions will have opposite

directions only In the regions x <0 and

x>1.0 m. For the magnitudes to be equal, the point must be nearer the smaller charge.
Thus, the point of zero resultant field is on the x-axis at x <0.

k k . .
Requiring equal magnitudes gives — E | =— j d or 20 ;uC - 60at >
h f d (1 0 m +d)
Thus, (1.0 m+d)|/£ —d
6.0
Solving for 4 yields
d=18 m, Or 1.8 m to the left of the —2.5 4C charge

15.28 The magnitude of g, is three times the magnitude of 4, because 3 times as many lines

emerge from ¢, as enter ¢,. |¢,|=3|q,]|

(a) Then, 9./, =—1/3

(b) |4, >0| because lines emerge from it,

and | g, < 0| because lines terminate on it.

15.30 Rough sketches for these charge configurations are shown below.
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15.50 Consider the free-body diagram shown at the right.

15.9

15.32

Since F, =gE, we have

(a)

(a)

myg
cosé@

XF, =0 = Tcos@=mg or T=

>F =0 = FE, =Tsinf@=mgtan@

mg tan @

qgE=mgtan@, or g=

- (2.00%10 kg)(9.80 m/s*)tan15.0°
= 1.00x10° N/C

=525x107 C=[5.25 4C

The spherically symmetric charge distributions behave as if all charge was located

at the centers of the spheres. Theretore, the magnitude of the | attractive | force is

.m? Y(12x10™ C)(18x10™ C
13=ququ2‘=[8.99><109 A il J( - I f )= 22x107 N
7 (0.30 m)

In the sketch for (a) at
the right, note that there
are no lines inside the

sphere. On the outside
of the sphere, the tield
Ines are unitormly

spaced and radially
outward.

In the sketch tor (b) above,
note that the lines are
perpendicular to the surface
at the points where they emerge. They should also be symmetrical about the
symmetry axes of the cube. The field is zero inside the cube.

(a) (b)



15.33

(a) | Zero| netcharge on each surtace ot the sphere.

(b) The negative charge lowered into the sphere repels | =5 4C to the outside | surface,

and leaves | +5 4#C on the inside | surface of the sphere.

(¢) Thenegative charge lowered inside the sphere neutralizes the inner surface, leaving

zero charge on the inside |. This leaves | —5uC on the outside | surface of the

sphere.

(d) When the object is removed, the sphere is lett with [ —5.00 £#C on the outside

surface and | zero charge on the inside |.

15.54 The charges on the spheres will be equal in magnitude and opposite in sign. From

F=k,q" [r*, this charge must be

2 1.00x10* NJ(1.00 m)’
q: F F —t ( 9 )( 5 E) =1.D5)(10—3 C
V k. § 899x10° N-m*/C

&

The number of electrons transferred is

g 1.05x10” C

= =6.59x10"
. " Teoxio® c_oo0x Y

=

The total number of electrons in 100-g of silver is

A= [ 17 electrons )[ 6.00 x 102 atoms ) 1 mole (100 g) =2.62x10%
atom mole /| 107.87 g

Thus, the fraction transterred is

o 6.59x 10"

= eI 2.51x107° | (that is, 2.51 out of every 10 billion).
. X




