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Halliday/Resnick/Walker 7e
Chapter 21

1. (a) With a understood to mean the magnitude of acceleration, Newton’s second and third laws
lead to

(6:3x107kg)(7.0m/s?)

ma, =ma, =>m, = 50m/s =49x107"Kkg.
(b) The magnitude of the (only) force on particle 1 is
F - ma, -k %1% _ (gg9 . 10) of
o r? 0.0032°

Inserting the values for m; and a; (see part (a)) we obtain |q] = 7.1 x 107 C.

3. Eq. 21-1 gives Coulomb’s Law, F = k‘qlr‘# , which we solve for the distance:

_ [Kg gl =\/(8.99x109N-m2/C2) (260x10°C) (47.0x10°C)
V" F 5.70N

4. The fact that the spheres are identical allows us to conclude that when two spheres are in
contact, they share equal charge. Therefore, when a charged sphere (g) touches an uncharged one,
they will (fairly quickly) each attain half that charge (q/2). We start with spheres 1 and 2 each
having charge g and experiencing a mutual repulsive force F =kq®/r?. When the neutral sphere
3 touches sphere 1, sphere 1’s charge decreases to g/2. Then sphere 3 (now carrying charge q/2)
is brought into contact with sphere 2, a total amount of g/2 + q becomes shared equally between
them. Therefore, the charge of sphere 3 is 3g/4 in the final situation. The repulsive force between
spheres 1 and 2 is finally
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7. The force experienced by gz is

— —

= = 1 ~ . - 2
F=F,+F,+F, = . [— | q36[|2q1 | i+ |((j3é|2)22| (cos45°i +sin 45°]) +—| q36|1|2q4 | IJ
0

(a) Therefore, the x-component of the resultant force on gz is
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2(1.0x107Y
F3X=|L|2[|QZ|+|q4|j=(8.99x109) ( 2)( L +2j=0.17N.
Ired? \ 22 (00507 \ 242

(b) Similarly, the y-component of the net force on gz is

2
|, g, | 51 2(10x107) 1
sl | _ 220 1=(8.99x10° ) —m——————2 | —-1+—— |=-0.046N.
7| el (8.9910%) (0.050)? W2

8. (a) The individual force magnitudes (acting on Q) are, by Eq. 21-1,

BQ _, [e[Q

(-a-3)  (a-3)

which leads to |gi| = 9.0 |gz|. Since Q is located between q; and gz, we conclude g; and ¢ are
like-sign. Consequently, q:/g, = 9.0.

(b) Now we have

@ _, l%[Q

(a-tF  (a-%)

which yields |qi| = 25 |gz|. Now, Q is not located between g; and gz, one of them must push and
the other must pull. Thus, they are unlike-sign, so q./q, = -25.

k

10. With rightwards positive, the net force on gz is

%9, 9295
F,=F;+F,;=k +k .
3 13 23 ( Liz n L23 )2 L§3

We note that each term exhibits the proper sign (positive for rightward, negative for leftward) for
all possible signs of the charges. For example, the first term (the force exerted on gz by q;) is
negative if they are unlike charges, indicating that gs is being pulled toward g1, and it is positive
if they are like charges (so gz would be repelled from q;). Setting the net force equal to zero L=
L2 and canceling k, gz and L;, leads to

b g,=0 = h-_g00
4.00 a,

21. (a) The magnitude of the force between the (positive) ions is given by

4rg,r? r

GG
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where q is the charge on either of them and r is the distance between them. We solve for the
charge:

9
q=r |- =(50x10°m) | > <IN ___35.10%c
k 899x10°N-m?/C

(b) Let N be the number of electrons missing from each ion. Then, Ne = q, or

_g_32x10°C _
e 16x10™°C
23. EQ. 21-11 (in absolute value) gives
-7
p_ A _10x107C g5 i
e 16x10°C

25. The unit Ampere is discussed in §21-4. The proton flux is given as 1500 protons per square
meter per second, where each proton provides a charge of g = +e. The current through the
spherical area 4t R? = 4x (6.37 x 10° m)? = 5.1 x 10" m? would be

i = (51x 104 m?) (1500 protons
Ss-m

)(1.6 x107° C/proton) = 0122 A.

45. For the net force on g; = +Q to vanish, the x force component due to g, = g must exactly
cancel the force of attraction caused by g, = —2Q. Consequently,

2
Q___QI2Ql o Q@
4rsyd’  Ame,(N2a) 4rs,2a

or q = Q/+/2 . This implies that q/Q=1/~/2=0.707,
51. Coulomb’s law gives

Clal-lq] k(e/3)* (8.99><109 N-mz/Cz)(1.60><10’19 C)? ~

= 3.8N.
drg,r’ r 9(2.6x10°m)?

53. Let the two charges be q; and .. Then g1 + g> = Q = 5.0 x 107 C. We use Eq. 21-1:

(8.99x10° N-m?/C?) q,q,

1.0N= E
(2.0m)
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We substitute g, = Q — q; and solve for g; using the quadratic formula. The two roots obtained
are the values of g; and gy, since it does not matter which is which. We get 1.2x10° C and 3.8 x
107 C. Thus, the charge on the sphere with the smaller charge is 1.2x107° C.

54. The unit Ampere is discussed in §21-4. Using i for current, the charge transferred is
q=it=(25x10'A)(20x10°s)=0.50 C.

56. Keeping in mind that an Ampere is a Coulomb per second, and that a minute is 60 seconds,
the charge (in absolute value) that passes through the chest is

[q] =(0.300 Coulomb ) (120 seconds ) = 36.0 Coulombs .

second

This charge consists of a number N of electrons (each of which has an absolute value of charge
equal to €). Thus,

_lagl _ __36.0C

- 20

N

59. If the relative difference between the proton and electron charges (in absolute value) were

a5 — 9]
e

=0.0000010

then the actual difference would be g, —|g,| =16 x107° C. Amplified by a factor of 29 x 3 x
10? as indicated in the problem, this amounts to a deviation from perfect neutrality of

Aq=(29x3x10%)(16x10C)=014C

in a copper penny. Two such pennies, at r = 1.0 m, would therefore experience a very large force.
Eq. 21-1 gives

2
A
rg) _17x10°N.

F okl

66. (a) A force diagram for one of the balls is shown below. The force of gravity mg acts
downward, the electrical force F, of the other ball acts to the left, and the tension in the thread
acts along the thread, at the angle @to the vertical. The ball is in equilibrium, so its acceleration
is zero. The y component of Newton’s second law yields T cosé— mg = 0 and the x component
yields T sind— Fe = 0. We solve the first equation for T and obtain T = mg/cosé. We substitute
the result into the second to obtain mg tand—- F, = 0.



HRW 7e Chapter 21 Page 5 of 5

Y —>
| T
|
|
16
|
F X
mg
Examination of the geometry of Figure 21-43 leads to
tand = Lz
L2 —(x/2)

If L is much larger than x (which is the case if 8 is very small), we may neglect x/2 in the
denominator and write tand ~ x/2L. This is equivalent to approximating tané@ by siné. The
magnitude of the electrical force of one ball on the other is

2

F=—a
dngyX

by Eq. 21-4. When these two expressions are used in the equation mg tané& = F,, we obtain

mgx 1 q° 2 \°
mox 1 o¢t_, f @L )
2L 4ne, X 2mg,mg

(b) We solve x* = 2kg?L/mg) for the charge (using Eq. 21-5):

3 0.010kg)(9.8m/s?)(0.050m)*
q= /Mo \/( 9)(9.8m/s)( ) _12.4x10°C.

V2Kl \2(8.99x10° N-m?/C?)(1.20m)

Thus, the magnitude is | |= 2.4x10° C.
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