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CHAPTER 1:Electrostatic

e-a

of charge?

a.1.08 X 10*°
b.1.17 X 10%°
..2.11 X 10"
d.3.12 X 10%°
e.3.72 X 10%°

How many electrons does it take to make up 5.00 C

5.00 C W )ale ddad Jucinl 4o DU el Sl sae oS

a.1.08 X 10%°
b.1.17 X 10
C2.11 X 192#
d.3.12 X 10%°
e.3.72 X 10%°

/7

What is the total charge on 3.72 X 10*° electrons?

a.5.00C
b.6.78C
€;5:.95C
d.0.430C
e.233C

fosAsl) 3,72 X 10%° J A Al A L

a.5.00C
b.6.78 C
€:595C
d.0.430C
e. 2.33C

What is the net charge of 1 mole (6.02 X 10%)
of electrons?

a.-5.48 X 107 C
b.5.48 X 107C
c.-6.02 X 103C
d.-9.63 X 10%C
e.9.63 X 10*C

Tl gAY e Jga 1 A e L

a.-5.48 X 107 C
b.5.48 X 107 C
c.-6.02 X 103C
d.-9.63 X 10*C
e.9.63 X 10°C
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(a) How many electrons are needed to form a
charge of -2.00 nC

(b) How many electrons must be removed from
a neutral object to leave a net charge of
0.500 ucC?

(a) 1.25x10%° (b) 3.13x102

NC 2.00 W 8 diad oy a1 4o U1 il g <) sae o (1)
alaal) ) Gy Ll 5) i Al @l g S s oS ()
TUC 0.500 W a8 ddla diai &

What is the total number of quarks in a helium
nucleus consisting of 2 protons and 2 neutrons?

a.2
b. 4
c.6
d. 12

2 (o AdgSall a galgd) 81 gd A ils ) oSl AlaaY) 2al) g4 La
Tlerss 2 5 Sligy

A top quark has an approximate charge of a ......

............. C.ogbed s oiadl &) oSl Aoy 5 Lia

When a metal plate is given a positive charge,
which of the following is taking place?

a) Protons (positive charges) are transferred to
the plate from another object.

b) Electrons (negative charges) are transferred
from the plate to another object.

c) Electrons (negative charges) are transferred
from the plate to another object, and protons
(positive charges) are also transferred to the
plate from another object.

d) It depends on whether the object conveying

the charge is a conductor or an insulator.

fliag o Laa sl ¢ dua ga Aak ddura da gl pllae | ais
AT ans e ds sl (Aus gall calinall) il i gl Jan &

POVENN | [ BRI P (W BV G KSR |) I E PN g PR T (W
A

v ) da Sl pa (Al lisall) el K Jis o (2
I Ul Ll sa 2y (A sal) cllinill) clligi g pall g ¢ A
DA aus e ds Sl

3 o sa dinill Jaiy (23] anal) IS13) e e Gl agiag (o
die
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What fraction of the electrons would you have
to remove from a 10.0 mg sphere of iron (Z = 26,
A =56) in order to make its charge 1.00 C?

a.0.224%
b.0.482%
c.2.24 X 10*
d.4.82 X 10*
e. 4.00 X 107

58 O WAl 3) e i (Al il g S Al (2 Lo
LGMM(A=56 ¢Z=26)4§4=-“c:-°10.0mg
£1.00C

a.0.224%
b. 0.482%
6. 2.24 X 10
d.4.82 X 10*
e.4.00 X 107

0.482% of the electrons are removed from a
sphere of iron (Z = 26, A = 56), resulting in a net
charge of 1.00 C on the sphere. What is the mass
of the iron sphere?

a.4.64 mg
b. 10.0 mg
c.3.19mg
d.3.99mg
e.6.20 mg

waal) (a5 S (e il g 5SS (14 0.482% 413 au
1.00 C W 8 dbla diadi 4o @il Laa (2= 26 ¢ A = 56)
fagaal) § SN ALS A La 5 9 SN Al e

a.4.64 mg
b. 10.0 mg
c.3.19mg
d.3.99 mg
e. 6.20 mg
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Two spheres carry electric charge, and a third
charged sphere is now placed between the two
charged spheres on a line connecting the two
spheres’ centers. If the result of the placement
of the third charge is that there is no net

electrostatic force on each of the two original
spheres, what can be said?

a. The original spheres carried charges of
opposite sign.

b. The original spheres carried charges of the
same sign.

c. The original spheres carried charges of equal
maghnitude.

d. The new charge is placed equidistant from
each of the two original charges.

e. None of the choices may be said with certainty

4 gaiia A5G 5 S auda g ad g ¢ Al S Aok (Plaad oo S
o Gmdp BA e piadal) ¢ ) g V)

558 292 9 pie ALIGN) Adadd) auds g Al cullS 13) ¢y S
) S ke ¢ Cpalial) i S e JS Ao dasinlio g S
e W

3 Lay) 8 olaahisa (U L) Gl ol Sl cilas
3L L Ol () L) bl ol SH ciles
SR ol i 50 a5 S lan

(o A aia il Bapiall Aiadl) gy o o

anea Gl jLall e g Jd K Y o

When a positively charged rod is brought near to
an isolated neutral conductor without touching
it, will the rod experience an attractive force, a
repulsive force, or no force at all?

a. an attractive force
b. a repulsive force
c. ho force at all

Juasa (Al Aadl) i g il Jldaa) ol Lesis
S oia Bl ) it Jgd ¢ desal (g8 Jgira slaa
Ty Ao 568 Y al ¢ Bajldad g
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An uncharged metal plate (P) is connected by a
conductor to ground through a switch (S). The
switch (S) is initially closed. A negative charge -Q
is brought close to P without touching it and then
the switch (S) is opened.

After the switch (S) is open, the negative charge -

o) G o i 53 (P) Ayt e Lt da gl i 37 3
s ot Ll Ui (S) k) (S), lite dNA (e Y
sny Ukl 238 o o Lgnsal (90 P (g0 iy -Q Al Ain
a3 -Q. Aol Aia 30 A ) A% ¢ - gida (S) Flisall o
Al e diasl Lo o QAL dial) A1)

b. It is now negatively charged.

c. Itis still uncharged.

d. It cannot be determined without knowing how
much charge was on the metal plate P befor

switch S was closed.

Q is removed. After the negative charge -Q is °(P)
removed, what is the charge on the plate (P)?

———= S

{ I'l

0 | P
L =
a. It is now positively charged. Lnd)) aase
sl My ey

Osadie pe J Y 7.
aA Sl e 53 a sall Ain Bl 4048 48 jaa g0 0mand (S Y
sl sle J8 duiasall

A positively charged rod is brought near a
charged electroscope. As a result of doing this,
the electroscope leaves move closer to each
other.

What is the charge on the electroscope?

A iLiSa G AL Aall) G e Gandal g
O Al LS (g1 ) o i ¢ il ALAN At | ¢ sandia
o) L

Al dilisal) Aad A L

A. Positive

B. Negative

C.lItis neutral

D. It depends on the distance between the
electroscope and the rod

E. It depends on the material that the
electroscope is made of

4 50 A

Al B

Us~de 2.C

il g CalESal n ddlual)l e adtiey SN D

SLel LSl Leta aiay il sl e Sl aatay F
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When a rubber rod is rubbed with rabbit fur, the
rod becomes

Gaiall) s ¢ il Y gl allaa il L Lasic

Human skin
Leather
Rabbit fur
Glass
Juartz
Human hair
Nylan

Wool

Silk

Paper
Cotton
Waood
Lucite
Amber
Nubber
Rayon
Polyester
Styrene
Acrylic
Polyurcthane
Silicon

Teflon

a) negatively charged. ‘

b) positively charged.

c) neutral.

d) either negatively charged or positively charged, |
depending on whether the fur is always mc:\ga'&~
in the same direction or is moved back and
forth

+ bt ¥l als
aldl
—z)'s' el 3
rl>Jl
Falesl
Sleas¥l at
Geleld)
aguall
sl
ausd!
bl
E )
gl
ol 4S80
dalladl
aul
Fadg )
Crtapnmal!
JONAK:
Obaan el
JOPE TS|

sl Cll (1
Al s se (@

IS 13 Lo e 13ldie ) ¢ Ll daa ga ol dinil) Al L (o
Ul 4S) ja &y sl alati) e 8 Wadla ¢ jall el ja Jy
WLl

Concept Check 21.3

You place two charges a distance r
apart. Then you double each charge
and double the distance between the
charges. How does the force between
the two charges change?

a) The new force is twice as large.

b) The new force is half as large.

¢) The new force is four times larger.
d) The new force is four times smaller.

e) The new force is the same.

1.3 pealal! dasl 0

L‘-d-"-.'e' J..cu:r [ M —D g '5]
Seasddl e WS Cacls o 5 a8l
Sosinddl o dgid) 54all Hlaze
Slaal) lis wass suad) sl yeSiw (@
Slaal) lia caas duad) 340l yeSiw (b
lasl da)b suad! ag1) Jlunae e (C
Slaa) any b syad) sg) Jane Jaww (d

s Azl dagad) 3g0)) eSiu (@

s |
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Concept Check 21.5

Assuming that the lengths of the
vectors in Figure 21.15 are proportional
to the magnitudes of the forces they
represent, what do they indicate about
the magnitudes of the charges g, and
@,? (Hint: The distance between x, and
X, is the same as the distance between

X, and x.)

a) |n| < o

b) ‘q&‘ = ‘QE‘ d) The answer cannot be determined
from the information given in the

0 “?1‘ > “?2‘ figure.

1.5 pealal! da>|

e aria JS Jsb ol Lol 13)

o by 115 o) 8 gl
s L alie i1 sgall Jlan.
gilazs pesase sleall adl by
ow Al peals) $Gs Gy atas i)
{xgs X pas Ll Ly 8 Xp Xy

a |q| <|a2]
b) |91 =42
o |91 > |94

oe ala¥l wad osc v (d
SLEN N TR RN SN Y

When two charges are separated by a distance
d, the magnitude of the electrostatic force
between them is F.

What would be the magnitude of the
electrostatic force between them if the
separation distance was d/2?

a. F/4
b. F/2
C. 2F
d. 4F

Bl e 5 ¢ o ABlisay opiind Juald ot Lasic

F.sb Laghn 4l g 4l
Alaldl) Adlecall cilS 13) Lagain AaSilin, g gSl) 5 g8l laka La
d /2 g

a. F/4
b. F/2
C. 2F
d. 4F
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Consider three point charges located at the 5 LaS dyg) 311 ol i L g5 A als Adals clin DG
corners of a right triangle as shown, where g2=22.00 mC ¢q; = qs = 5.00 mC ¢ =g
g1=q3=5.00mC, g>=22.00mC, anda =0.100 m. a=0.100m.y ¢
Find the resultant force exerted on gs. Qs (25 5isal) Aaaall 5 g4l 22

0 '
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Two particles each with a charge -Q are fixed a
distance L apart as shown. Each particle
experiences a net electric force F. A particle with
a charge +q is now fixed midway between the
original two particles. As a result, the net electric
force experienced by each negatively charged
particle is reduced to F/2 . The value of g is

(2 -Q A Lagra U8 Cprasen ol

Bl Ala i ava IS midage s LaS Baslia | dbleal)
O ABlusal) il B 4 g ddad g ) a3 F, Ay 4l
JS Lgta Al ) 5 oRl) Bla b ¢ UM daang pia i)
@A Qi F /2. ) g Al da

-Q_________jQ
1
a.Q a.Q
b.Q/2 b.Q/2
c.Q/4 C. QM
d.Q/8 d.Q/&
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Two ions are placed on the x-axis. One has a
charge of +e and is located at the origin. The
other has a charge of -4e and is located at x = +d,
where d > 0.

Where on the x-axis could a third charge be
placed such that the net electrostatic force on it
caused by the other two charges is zero?

a.x=-2d
b.x=-d
C.x=+d
d. x=+2d

Aal al g, ad) jsaadl o sl (e ol pudag a3
de )b dak 4l AY) Jua) dals B adig 4 @ Ao
d>0.Cua cx=+d s adug

C5S5 any hd) gaall gl AU diad puda g (S ()
S5k G AY) Guiiadl) ce daalil) AuSaliu g sl 5 ghl)

a.x=-2d
b.x=-d
C.x=+d
d. x=+2d

In the opposite corners of a square there are
two identical ions. Each has a charge of -e. The
length of one side of he square is L. In one of the
other corners there is a third ion which has a
charge of +e.

What is the magnitude of the net electrostatic
force on the positive ion caused by the two
negative ions?

4ol aalg g8 lildaia (gl 3 0 g el AL Ll g3 (A
Lol aal AL 2 gsal) il 2 aaf Jsh-e. dda

e Adind Gl ¢ gl 33 g 5 AY)

i gall (eI (e B Sipall Auilins g sl 5581 ke La
fAallud) @l o) ce Aasllll

a. ke7212
b. ke/L>
c. 2kell?

d. 2ké7L?

a. key2L?
b. ke/L?
c. ZkeJL?
d. 2ke7L?
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Three electrons are located at the vertices of an
equilateral triangle, one at each vertex. The
length of one side of the triangle is 1.00 nm.
What is the magnitude of the net electrostatic
force on each electron?

a.2.30 X 10°N
b.3.25 X 10N
€.3.99 X 101°N
d.4.60 X 10°N

¢ ) (5 ghuucia iia gy Ko g sl) ADDE 2a 58
1,00@3@M1&Mih‘@_wb&m dal g

JS e 3 el Aalig <l S8 Ala jlala Lo, yia gl
oAl

a..2.30 % 10°%N
b.3.25 X 10N
c.3.99 X 10°N
d.4.60 X 10N

Two point charges are placed on two of the
corners of a triangle as shown. What magnitude
of force would be felt by a 6.0 uC charge placed
at the right angle?

5 LaS Culial) L g5 (e Cia gl 5 Ao oliuhall liiand auda 8
MUC 6.0 diad gy s A1) 550l laka La ,griin ga
Aadll) 490 ) B ds guin ga

60 puC

i

10 cm

—20C

|4— 20 cm —}T

a.10N
b.24 N
c.32N
d. 44 N
e.58 N

a.10N
b.24 N
c.32N
d.44 N
e.58 N
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Two point charges are placed on two of the
corners of a triangle as shown. What is the
direction of the force would be felt by a 6.0 uC
charge placed at the right angle relative to the
horizontal (positive x-axis to the right)?

9 LS &l Ll (o Gyl (ol bl Gliiaud puda g3
6.0 uC Adady ds guaall 5 ghl) olad) & Lo udaga
Xo53a) Y ) Aty Aadlll) 4o ) 31 A Ao guda g
(Casd) (Ao i gl

60 puC

T

10 cm

. —20pC
~e

|4— 20 cm

—

a.-18°
b. +18°
c.-45°
d. +45°
e.-85°
f. +85°

A charge Qi = Q is positioned on the x axis at

X =a. Where should a charge Q: = 9Q be placed
to produce a net electric force of zeroon a
charge placed at the origin?

a.atx=2a
b.atx=-2a
c.atx=3a
d.atx=-3a
e.atx=4a

dbeJAdiuJDaSyble:Qm
Sﬁgéhaclﬁﬁqzzgqa.iﬂ@b‘,%@i X=a
flal) Ahali b Ao gdage Lk o i L laka duily S

a.atx=2a
b.atx=-2a
c.atx=3a
d.atx=-3a
e.atx=4a
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What is the force on the -4 uC sphere?

4 uC 581 Ao 3 Sl 360l A La

2cm 6 cm
4—r< |
L O
5uC -4uC 10 uC

a. 550N, to the left
b. 350 N, to the left
c.0

d. 350 N, to the right
e. 550 N to the right

a. 550 N, to the left
b. 350 N, to the left
c.0

d. 350 N, to the right

e. 550Nto the right

Three charges of equal magnitude Q are heldj in’
the configuration shown. If a small positive
charge, q, is placed at the origin what will be the
magnitude and direction of the force it
experiences? (Note: Pay attention to the sign on
each of the three charges.)

Crssil A Q ! 4 glucia diad EDE, BlisaY) o3y
Mmaq¢a)MAay4muMJiJi o gl
rddiadl) Sl L s 5 Al 5 gl oladl g j)aka Lad ¢ Jual)

(A 2 g ) (pa JS Ao 392 gall dadlall 43)

-Q b -Q
Q x
T
a. 9Q > in positive y-direction a. 7Q in positive y-direction
dme ba : dme ba )
b 9Q 5 in negative y-direction b. 99 > in negative y-direction
47rgnh 41‘I‘E‘0b :
C. 9Q in positive x-direction & 99 - in positive x-direction
2me ab 2me ab
d. ﬂz in negative x-direction d. 9Q in negative x-direction
2me,a 2megn”
e. 0 ¢
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A small ball with a mass of 40 g and a charge of
0.3 uCis suspended from the ceiling on a string.
The ball is suspended a distance of 7.0 cm above
an insulating floor. If a second small ball with a
mass of 50 g and a charge of 0.6 uC is placed on
the floor directly beneath the first ball, what is
the tension in the string?

a.0.04 N
b.0.06 N
c.0.33N
d.0.39N
e.0./72

(o Ala uC 0.3 W fiha A g aa 40 WAKS § a5 S
Lda )l (358 i 7.0 Adlocal 5 U (gdas a3 Jaky LB
dadig aa 50 LaliS 5 piea Auils 5 S cauaj 13 A jke

Lab ¢ 5 ila AV 38N i ) 1o 0.6 uC W ke

¢ dadd) A sl e

a.0.04 N
b.0.06 N
c.0.33N
d.0.39N

e.0.72N

Two equal masses of charge 36 nC each are
suspended at the end of two 1-m strings of
negligible mass. The ropes make and angle of 5°
with respect to each other. What is the tension
in one of the strings?

a.0.060 N
b.0.044 N
c.0.019N
d.0.023 N
e.0.035N

Al (A nC 36 Al (e (il gl (kIS (b o3,
493y gl Jual) Adaga ALS (553 e 1 Lagia JS (ol
TV ) Bkl s Le ) g d Luilly el 0 5

a.0.060 N
b.0.044 N
c.0.019N
d.0.023 N
e.0.035N
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Two initially uncharged identical metal spheres
are connected by an insulating spring
(unstretched length 0.75 m, spring constant k =
35.0 N/m). Charge +2q is placed on the first
sphere and -q on the second sphere, causing the
spring to contract to a length of 0.54 m. Recall
that the force exerted by a spring is k A x, where
A x is the change in the spring’s length from its
unstretched/uncompressed length.

Determine the charge g.

Lgadiall pd Alblatall dudaal) @) Sl e Gl Juua 68 2l

¢ 54 0.75 Sas s b (e & ) Adad g el A
Charge + 2q <9 o). Aa/ fgik =35.0 & ) s
oy Laa ¢ AN 38N o g g JaY) B8N e

G B i SN 0 0.54 Jsk & ) allly igan
i3l Jola A i) sa Ax Eua ¢ KAX A & 3 Lt
Jaghuiadd) 5 | Saal) b Algh rm

.q dsail) J:_\J:!

Before charging

'.|'_||'I.
‘\\HH\H‘

1 \ \ 2
I L, e

After charging
q=*q 4 =9

I\ I\
‘U'\'IM'\\". ‘

1‘ |2
«—— [ —>

a.1.19 X 107%°C
b.1.09 X 105C
c.2.06 X 105C
d.1.75 X 10°C
e.3.62 X 10°5C
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In the figure the net electrostatic force on charge Q, is zero. If Q4 = +1 nC, determine the magnitude of Q if posi-
tion of Q, is (+2a, —2a).

4
)1-

+ "t_}'.l = l‘ “‘ 7

A A

|/

O
v

o
-1 nC’ O

(+2a, -2a)

4.24 nC
3.04 nC
6.80 nC
9.61 nC
2.15nC

e ap o op

Find the magnitude and direction of the electrostatic force on the electron in the figure shown.

Proton

...-.._._-,.._.-...._-

]
e}
B

m

]

&

=

o

S

5.07 x 107%° N to the left
5.07 x 10”2 N to the right
ON

6.23 x 107% N to the left
6.23 X 107% N to the right

P oo o
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21.13 Consider an electron with mass m and charge —e moving in a

electron is correct?

ke 2ke? ke?
a) v=, |— c) v=,|— e) v=
mr mr- 2Mr
2l 2
b) v= ﬂ d) v= K
r k

circular orbit with radius r around a fixed proton with mass M and charge
+e. The electron is held in orbit by the electrostatic force between itself and
the proton. Which one of the following expressions for the speed of the

ordad caai gls Jlas § oy —€ wintiy M kS 5y <8) § S5 113

aal! Jam ojlie § s AN mey HE wiy M cliS ool gigp Jo= 1
SusANY! de ) provs AL sl adl) e o) L 0gsd) Dy ale LSSliwy oS
ke* 2ke? ke?

clv= el v=
mr mr? 2Mr

- 2
b= M d o= me
r \ kr

21.14 Consider an electron with mass m and charge —e located a distance
r from a fixed proton with mass M and charge +¢. The electron is released
from rest. Which one of the following expressions for the magnitude of the
initial acceleration of the electron is correct?

_ 2k
mMr

2ke?
b) a=,/—2"2 d) w=2
mkr mr

ke

mr?

a) a

) a=%m82k2 e) a=

wiliS 2yl gy e F iBlue aly — € aasdy M abS o280 3 S0 114
Al e _.-n;_,.; NCTC S| IPUCUSCRNPLL JFRICPL 1) { [ NUE T - IPLOCSE N |V |
S ALY Ly o A 3313 ¥) dlall Engonio

_ 2ke? 2
al a- J'."LM!‘ cla= %llﬂ.’zkz e] = ‘_kf_z
mr
z 2ke®
bl ga= % d a=
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In a region of two-dimensional space, there are three fixed charges:

+1.00 mC at (0,0), —2.00 mC at (17.0 mm,—5.00 mm), and +3.00 mC at (-2.00 mm,11.0 mm). What

is the net force on the —2.00-mC charge?

N

_E\ X
9, — '
’I: 6({:

fl ‘ﬁ[(xz —x,)x+(y, 'yl)j':|+‘fa[(x2 —x;)x+(y, _)"3))}] 1
iR .

l\ [(x.’. _"’ﬁ)2 +(y, _,V!)—:I ‘:(xz _I_a)1 +(, _y_i)-]m l

Fac.2 = Fiz + Fn = kq,

P 1.00)(17.0% —5.00; : 0%-16.0% ’
Fre2 =(8.99-10° )(-2.00) (100 y) , (3.00)19.0%-16.05) |

- 312

[“7'0)3 +(-5.00 )-TI ‘:(19.0)3 +(—15'0)3] J

=-1.2181-10° ¥ +7.2469-10 .

E,. =Jf~;2 +F; =\/(—1.2181-10“ N)2 +(7.2469-107 Nf =1.4174-10° N

Charges 1 and 2 exert repulsive
forces on each other. ¢, = 4¢,. Which statement is true? @ @
1 2
A. Flon2>F20nl
|B Flon2 =F20nll

C.Fion2<Fyon1
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insulating surface separated by a distance d = 2.00 cm.

given identical charges (magnitude and sign).
What is the minimum charge needed to start the beads moving?

Two cylindrical glass beads each of mass m = 10.0 mg are set on their flat ends on a horizontal

The coefficient of static friction between the beads and the surface is p = 0.200. The beads are then
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A positive charge ¢, = 2.70 pC on a frictionless hori-
zontal surface is attached to a spring of force constant
k as in Figure When a charge of ¢, = —8.60 uC

is placed 9.50 cm away from the positive charge, the
spring stretches by 5.00 mm, reducing the distance
between charges to d = 9.00 cm. Find the value of k.
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A small sphere of charge 0.800 pC hangs from the end
of a spring as in Figure P15.7a. When another small
sphere of charge —0.600 pC is held beneath the first
sphere as in Figure P15.7b, the spring stretches by d =
3.50 cm from its original length and reaches a new
equilibrium position with a separation between the
charges of r = 5.00 cm. What is the force constant of
the spring?
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Figure P15.7
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11) A small charged plastic ball is vertically above another charged small ball in a frictionless
test tube as shown in the figure. The balls are in equilibrium a distance d apart. If the charge on
each ball is doubled, the equilibrium distance between the balls in the test tube would become
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