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Fundamentals of Physics, 8" Ed
Principle of Physics, 9" Ed
Halliday & Resnic

8" Ed [CH21]) Coulomb’s Law
9™ Ed [CH21] Electric Charge

8™ Ed : Homework of Chapter 21 :
3,5,9,15,21, 29, 35, 54



U Ed [ Sample Problem 21-2]

Figure 21-10a shows two particles fixed in place: a particle of charge ¢, =+8¢ at the origin and a
particle of charge ¢, =-2¢ at x =L .At what point (other than infinitely far away) can a proton
be placed so that 1t 1s in equilibrium (the net force on it 1s zero)? Is that equilibrium stable or

unstable?

21-10 1 » T T-HEC(EGIE Lo Hrf @k T g, = +8¢ (VR EE 5@k T
g, =—2q WEETE x = LAGHI ST - BITEFHAEGIRE (REIRSRIL ) ALRE — ST 2k
WEEIREE (SRR NIBE) ? HEBER TR RN ?

b4
%l i Iy o
+ & 6= X
(a) | L (b) ) P R
J b,
F; $ & I‘i
+P— ——x —F <=
K S R F
(e) (d)

([& 21-10)




| 8qq9, 1 249,

<fige> © (1)

4

.= ; 2
Are, X dre, (x—L)

(2) unstable



8™ Ed [ Sample Problem 21-4)
The nucleus in an iron atom has a radius of about 4x10™"m and contains 26 protons.
(a) What 1s the magnitude of the repulsive electrostatic force between two of the protons that are
separated by 4x10™"m?

(b) What is the magnitude of the gravitational force between those same two protons?

HR TR IR 4x10m BEET 26 FHE ()& M#EE TR 4x10™ m - F#
ZEIFFEAET JIA/ NG A 2 (b) R [EHTE TR N R R ?

£, =8.85x10""C*/N -m’ G=6.67x10""N-m*/kg*
| & (1e02x10™C)
<ff>: () F = < =(8.99x10°N-m*/C?) ( - ) = 14N
Are, r- (4x10""m)”

1.67x107C)’ y
———— =12%x107"N
(4x10"" m)?

2
(b)F = G2 = (6.67x107'N-m’/kg*) (
-

G % kA5 TGk R




8" Ed [Problem 21-3) : 9" Ed [Problem 21-5)
A particle of charge +3x10™°C is 12em distant'from a second particle of charge —1.5x107C .

Calculate the magnitude of the electrostatic force between the particles.

R B A AEER 12em » HAp—([EfE+3x10°C » Sk FHE-15x10°C - FHEE
I E R T RIHYE TR -

<f#> : The magnitude of the mutual force of attraction at »=0.120 m is

e

3.00><10‘6c)(1.50><10‘6(‘.)
(0.120 m)’

F=k =(8.99><109N-mz/C3)( = 281N,




8" Ed_[ Problem 21-5] : 9" Ed [Problem 21-1]
Of the charge Q initially on a tiny sphere, a portion q 1s to be transferred to a second, nearby sphere.

Both spheres can be treated as particles. For what value of 4 will the electrostatic force between

Q

the two spheres be maximized?

B Q EIIE— BE/NERE » —E (0 q EREEIE (E > IBIE - SREET LLiE
%ﬁ%o%%%@%kﬁ*ﬁ%ﬁﬁﬁ%v%ﬁﬁ%%k?

<f#> ' The magnitude of the force of either of the charges on the other is given by

o Q(Q_)—é?)
dre, 17

where 7 1s the distance between the charges. We want the value of g that maximizesthe

S . ... dF
function f(g) =g(0 —q). Setting the derivative - equal to zero leads to O—2¢g=0, or
q

) =] ] P74 s 174
g =%. Thus, %=0.5. 7@ - 7@* //% {”) /«%005?



8" Ed [Problem 21-8) : 9™ Ed [ Problem 21-10]
In F1g. 21-23, four particles form a square. The charges are ¢, =¢, =0 and ¢, =¢, =¢q . (a) What

18 g 1f the net electrostatic force on particles 1 and 4 1s zero? (b) Is there any value of q that
q

makes the net electrostatic force on each of the four particles zero? Explain.

FE 21-23 §1 > PUEFER T T —VUAE - EMfPIEESFIE q=qu=0 ' =q¢=q-°
(a)s Olq tLEBEME - SRFWEHER T 1 14 213 15E? OV E iRk — q ErHEE S
RIERIUER 23 T B2 7 ifiEs -

¥
[ — b
T T
] i
14 Y
> § * X
3|_‘ o 44

([& 21-23)




<fi#Z> : For ease of presentation (of the computations below) we assume O > 0 and ¢ < 0 (although

the final result does not depend on this particular choice).

(a) The x-component of the force experienced by ¢; = QO 1s

Ty

gl | Q) 450, 14D (@) Qq2(_Q/|qH]
Y Az, (\/Ea) a’ drea’\ 242

(b) The x-component of the net force on g, = ¢ 1s

| 2 ) o |
F oL | _ldl 2Simso_(lfz\)j(g) __lq| ( 1 _Q)
ool (V2a) ¢ Tama |\ 202 al

2y

which (if we demand F», =F>, = 0) leads to Q/g=-1/ 2\/5 . The result 1s

inconsistent with that obtained in part (a). Thus, we are unable to construct an

equilibrium configuration with this geometry, where the only forces present are given
by Eq. 21-1.



8" Ed [Problem 21-9] : 9" Ed [Problem 21-11]
In F1g. 21-23, the particles have charges ¢, =-¢, =100nC and .4, = =g, =200nC , and distance

a =5cm . What are the (a) x and (b) y components of the net electrostatic force on particle3?

& 21-23 b1 fi PR EE 7RIS g, =—¢, =100nC > g, =—q, =200nC - FEBfa="5cm -
M EREMNT3EFE] & (a) x72 (b)) ya=E755H 7

¥
1:***“442
T *T

([E 21-23)




<fi#> ' The foree experienced by g3 is

by
Il

T
"y
&l

_ 1 ( IAARE 1397(‘,034501“111450,)#3%J
0

a’ (\/_a) a

(a) Therefore, the r-component of the resultant force on g3 1s

ramera
F_= +
N dze,a’ 22 | 4‘

=(8.99x10°N-m*/C?)

2(Lox107c) (g
- +2
(0.050 m)* | 22 ]
(b) Similarly, the y-component of the net force on g3 1s
14| 19|
¥ dnea’ 4 22

2(1.0x107c)2( o

=0.17N

=(8.99x10°N-m*/C?) j
(0.050 m)~



8™ Ed [Problem 21-13): 9™ Ed [Problem 21-17)
In Fig. 21-26a, particles 1 and 2 have charge 20uC each and are held at separation distance

d =1.5m . (a) What 1s the magnitude of the electrostatic force on particle 1.due to particle 27 In

Fig. 21-26b, particle 3 of charge 204C 1s positioned so as to complete an equilateral triangle. (b)

what is the magnitude of the net electrostatic force on particle 1 due to particle 2 and 3?

(B 21-26a H1 - {1 /1 2 & 20uC ZEE - HEEERBIERES 4= 1.5m - (a) FEHEKT
2{ERfERLT 1 ZFETIRV N 7 (D)TEE] 21-26b 07 > fREz55—1H 20uC ﬁEZ*MT
EFIE= A2 55— 83, s\FRT 2 f 3 (ERERL T | 1R E TR S A

N

IOT d\

d 3e
| d

2e 0/

(a) (b)

([E 21-26)
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<@g &= - (a) Eq. 21-1 gives

=1.60N.

20.0x10°C)’
F, =k4e: =(8.99><109N-nf/c2)( Sl )
S d (1.50m)

(b) On the right, a force diagram 1s shown as well as our choice of y axis (the dashed
line).
The y axis 1s meant to bisect the line between ¢, and g3 1n order to make use of the

symmetry in the problem (equilateral triangle of side length d, equal-magnitude

charges g, = g> = g3 = g). We see that the resultant force 1s along this symmetry axis,
and we obtain

7 (20.0x10°C)
=2| kL+ |c0s30°=2(8.99x10°N-m*/C?) —c0s30°=2.77N,
) (1.50m)

F

.“’I

\ .(13

C{_—_, .



8 Ed [Problem 21-15) : 9™ Ed [Problem 21-13]
In Fig. 21-28, particle 1 of charge +1C and particle 2 of charge —3C are held at separation

L=10cm on an x axis. If particle 3 of unknown ‘charge ¢, 1s to be located such that the net

electrostatic force on it from particles 1 and 218 zeto, what must be the (a) x and (b) y coordinates

of particle 37

21-28 0> fit | AU BERAIC » KT+ 2 B BEE R -3C » MER &1 x #i L - 1
B 10 29p - DR 3 (FERGRAM) HhE o K1 | fIkT 2 {ERERIT 3 1Y
FEIRE  S\ERT 31 (a) x 1 (b) y LIZEEE 2

J

L
»—X
|
|

I
I L >

(& 21-28)



<fi#> 1 (a) There is no equilibrium position for g3 between the two fixed charges, because it is being
pulled by one and pushed by the other (since ¢; and g, have ditfferent signs): in this
region this means the two force arrows on ¢3 are in the same direction and cannot cancel.
It should also be clear that off-axis (with the axis defined as that which passes through
the two fixed charges) there are no equilibrrum positions. On the semi-infinite region of
the axis which 1s nearest ¢, and furthest from ¢; an equilibrrum position for g3 cannot be
found because |q;| < |g,| and the magnitude of force exerted by ¢, 1s everywhere (in that

region) stronger than that exerted by ¢, on ¢3. Thus, we must look in the semi-infinite

region of the axis which is nearest ¢ and furthest from ¢, where the net force on ¢g; has

magnitude

elogs] e \
L (L+L,) |

with L = 10 cm and L 1s assumed to be posifive. We set this equal to zero, as required

by the problem, and cancel &k and ¢3. Thus, we obtain

o ol o o (L+LO J'=2= 3.0uc|_ Lo
Ly (L+L,) L, q,| [+1.0 uC
which yields (after taking the square root)
L+L 10 ¢
+ O=\/§:>Lo= L =10"mzl4cm
L, J3-1 3-1
for the distance between g3 and g1. That is, ¢, should beplaced at x=-14 cm along

the x-axis.
(b) As stated above, y =0



8" Ed [Problem 21-21) : 9" Ed [ Problem 21-23]

In Fig. 21-31, particles 1 and 2 of charge~q, =g, =+3.2x107°C are on a y axis at distance

d =17cm from the origin. Particle 3 of charge ¢, =+6.4x107°C is moved gradually along the x

axis from x=0 to x=+5m. At what values of x will the magnitude of the electrostatic force on
the third particle from the other two particles be (a) minimum and (b) maximum? What are the (c)

minimum and (d) maximum magnitudes?

21-31th > KI5 1 fI 2 WY EERE B g, = ¢, = +3.2x107°C » “FA7fA y §il k- B EEAIEE

BEd=17cm - KIT 3 (FWEEF ¢, =+6.4x10 7C ) 5 x #l > Ex=0FZFF | x=+5m - 35

0l
FIRL T 3 FEHb B (x FRAR ) » SYMRER e ERURFE IR © (a) /T (b) H&K 7

X.
RT3 AT=HURFE Y] (o) BR/MER 7 (d) EAER ?

y
$1

=R

T
d
¥
t
d

i3

72
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X

Jat +d?

We note that, due to the symmetry in the problem, there 1s no y component to the net force

<fi#£> : If B1s the angle between the force and the x-axis, then cosé =

on the third particle. Thus, F represents the magnitude of force exerted by ' g, or ¢, on
q,. Lete=+1.6x10""C ,then ¢, =¢q, =+2e¢ and ¢, =4e andve have

-

2(2e)(4e) X de”x

s@ = = :
ner 2 2 3 5 o \3/2
dre,(x"+d") \[x* +d ﬁgo(x‘-i—dz)

(a) To find where the force 1s at an extremum, Wwe can set the derivative of this expression
equal to zero and solve for x, but 1t is good an any case to graph the function for a fuller
understanding of its behavior — and as.a quick way to see whether an extremum point 1s
a maximum or a miminum. In this way, we find that the value coming from the
derivative procedure is a maximum (and will be presented in part (b)) and that the
minimum 1s found at the Jower limit of the interval. Thus, the net force 1s found to be

zero at x =0, which 1s.the smallest value of the net force 1n the mterval 5.0 m=>x=> 0.

. . d |
(b) The maximum is found to be at x =— orroughly 12 cm

V2

(¢) The value‘of thenet forceat x=0 1s F =0

1 . .
(d) The value of the net force at x=—— is F_ =4.9x102°N

\/5 net



8" Ed’[ Problem 21-29] : 9" Ed [Problem 21-31]

Earth’s -atmosphere 1s constantly bombarded by cosmic ray protons that originate somewhere n
space. If the protons all passed through the atmosphere, each square meter of Earth’s surface would
intercept protons at the average rate of 1500 protons per second. What would be the electric current

intercepted by the total surface area of the planet?

HOERH YR R FFEE /MR ZE T 5T FHERE TH# S - FE & maRm/E

ﬂ:m

B RS HEEE R 1SR 5 - 1500 ([ /0 - Z5RE H b ERE s mAE P ein S
RN 9

I

1J|_.

<f#> : 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 ¢ =+e. The current through the
spherical area 47R* =47(6.37x10°m)* =5.1x10"m* would be

protons

i=(5.1><1014mz)[1500 )(16 x 107 C/proton) = 0.122A.

S'Ill



8" Ed [Problem 21-35] : 9" Ed [Problem 21-35]

In crystals of the salt cestum chloride, cesium ions Cs~ form the eight/corners of a cube and a
chlorine 1on C/" 1s at the cube’s center (Fig. 21-36). The edge length of the cube 1s 0.40 nm. The
Cs™ 1ons are each deficient by one electron (and thus each has-a charge of +e), and the C/ 1on
has one excess electron (and thus has a charge of —e). (@) What i1s the magnitude of the net
electrostatic force exerted on the C7 ion by the eight. Cs™ ions<at the comers of the cube? (b) If
one of the Cs 1ons 1s missing, the crystal 1s said to have a defect; what 1s the magnitude of the net

electrostatic force exerted on the C/” ion by thé Seven remaining Cs™ ions?

R stRyaE T > $aEET Cs™ (AT A Rely NETEA > 8B I IFAIL A iRyt (2NE.
21-36 Fi) © EIZ T REATRYZ R 55.0.40 nme E{EfEEET Cs™ & — EE+ (HILEE Cs”
HHEER +e ) BEEHET A FZH—EET (HHEECTHERRE —¢ ) © (a)igH
HE S\ Cs™ {ERITE CI™ R E SR ANBA 2 (b)) g b —'fl 5 Cs™ o BRI FTATER AL
Aeie o BIERIGrE-C @ Cs™ TERTE CI i S E TR/ NE ]

ClI-
Q@cs

N

(B 21-36)



. (a) Every cesium 1on at a corner of the cube exerts a force of the same magnitude on the

chlorine 10n at the cube center. Each force 1s a force of attraction and is directed toward
the cestum 1on that exerts it, along the body diagonal of the cube. We can pair every
cesium 1on with another, diametrically positioned at the opposite corner of the cube.
Since the two 10ons 1n such a pair exert forces that have the same magnitude but are
oppositely directed, the two forces sum to zero and, since every cesium 1on can be paired
in this way, the total force on the chlorine ion 1s zero.

(b) Rather than remove a cesium 1on, we superpose charge —e at the position of one cesium
1on. This neutralizes the 1on, and as far as the electrical force on the chlorine ion 1s
concerned, 1t 1s equivalent to removing the 1on. The forces of the eight cestum 1ons at the
cube corners sum to zero, so the only force on the chlorine 1on 1s the force of the added
charge.

The length of a body diagonal of a cube 1s V3a , where a is the length of a cube edge. Thus,

{3a

the distance from the center of the cube to a corner 1sd = . The force has magnitude

Since both the added charge and the chlorine ion are negative, the force 1s one of repulsion.

The chlorine 1on 1s pushed away from the site of the missing cesium 1ion.



8" Ed [Problem 21-54] : 9" Ed [ Problem 21-42]
In Fig. 21-42, two tiny conducting balls of identical mass m and i1dentical charge q hang from non

conducting threads of length L. Assume that & 1is so small that tan € can be replaced by its

q°L
2nemg

1/3
approximate equal, siné. (a) Show that x =( j gives the equilibrium separation x of the

balls. (b) It L=120cm, m=10g,and x=5cm, what is |q| ?

21-42 1 f{E/ RS RS - B HEIRVE EMHEERER 0 H—REE L H TpeEHE
HIAEEE R - a0 1R/ > tan O A LIFT{UME sin OHUX - (a) ZERARTERAYA frrEsk

~1/3

L | _

7. o (b) A% L =120cm > m=10g > x=35cm > E']|Q|Ebfﬁf ?
2me,mg )

([&E 21-42)




<f#> ! (a) A force diagram for one of the balls is shown on the right. The force of gravity mg acts
downward, the electrical force !?;, of the other ball acts to.the left; and the tension 1n 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 7 cos@—mg =0
and the x component yields 7 sinf— F, = 0. We solve the first equation for 7 and obtain

T'= mg/cos 6. We substitute the result into the second to obtain mg tanf— F, = 0.

x/2

Examination of the geometry of Figure 21-42 leads to tanf =

If L is much larger than x (whichis the case if fis very small), we may neglect x/2 in the

denominator and write tan@~ x/2L. This is equivalent to approximating tan&by siné.

2

q
dre x”

The magnitude of the electrical force of one ball on the other1s F, =

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

5

1 4 L " yoo=
obtain 5= % q_) = x| L= | r
2L 4mg, x” 2ng,mg

a

————X

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

_ /2 3 F.
q=ﬁ= (0.010kg)(9.8mfs )(0.050111) 2 4x10°C. Fe
2kL

2(8.99x10° N-m*/C*)(1.20m)

Thus, the magnitude is |g|=2.4x107°C.

2



