CHAPTER 1: Electrostatics

How many electrons does it take to make up 5.00 C | 5.00 C W _)afa disd Jiil da ) il ) 30 oS
of charge?

a.1.08 X 10%° a.1.08 X 10%

b.1.17 X 10%° b.1.17 X 10%

c.2.11 X 10%° c.2.11 X 10%°

d.3.12 X 10% d.3.12 X 10%

e.3.72 X 10% e.3.72 X 10%

What is the total charge on 3.72 X 10%° electrons? fa9 Al 3,72 X 10%° J A4S sl A L
a.5.00C a.5.00C

b.6.78 C b.6.78 C

c.5.95C c.5.95C

d.0.430C d.0.430C

e.2.33C e.2.33C

What is the net charge of 1 mole (6.02 X 10%3) Tl g AN (pa Jga 1 i Bla L
of electrons?

a.-5.48 X 107C a.-5.48 X 107 C

b.5.48 X 107 C b.5.48 X 107 C

c.-6.02 X 103 C c.-6.02 X 103 C

d.-9.63 X 10*C d.-9.63 X 10*C

e.9.63 X 10*C e.9.63 X 10*C

Mr. Adham Zewin




 Physics

(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 uC?

(a) 1.25x 101  (b) 3.13 x 10%2

-2.00 nC W a8 diadk ¢y o<l da DU il g istY) dae S ()
ol acaall (e Ll ) g (Al Slig AN 23 oS ()
SUC 0.500 L b ddla 4iad & yi

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 (e A gSall agalgl) 31 g8 B cils ) oSl Maal) duadl ga La
$O9is 2 5 wligig

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

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

............. C.osbud s olal) &) oSl Ay &5 din

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.

faay i laa gl ¢ A o ddad Aima da gl slhae) aic
AT i (e A sl (e pal) clinll) g ) i S (1

e ) A sl e (ALl cliall) cls g Iy i o (o
A

e ) Aa sl e () cliaial) g Y1 i o (2
) Wl Lol gt oy (dam pall linill) il gig pll 5 ¢ A
A aa e da

5l o s Aaall Jiy (62 ansadl S Lo e @l ading (2
ke
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Aneutral metal sphere is touched to a ¢ N A Ll ¢ g (dna Gupnall Bylae dana S Gual oy
negatively charged metalrod. As a result the iaal) o) Ao G 9Siuy 1SS Adad g8
sphere willbe__1__and the metal rod will be —_
2
1 2

A Positive negative

B positive positive

C negative positive

D negative negative

Aglass rod that has been charged to +8 x 10° C
is touched to a metal can. Afterward, the glass

rod's charge is +6 x 10° C. How many electrons
were transferred from the can to the rod?

Lo N +8 x 107 C diady gyaidia ala) il (ual oy
s 246 X 1070 C glash quudad Liad il ¢ lld 1y diaea
fouall) ) dual) (e LgdlS a3 ) il sy

1.88 X 10° ELECTRONS

1.25 X 10° ELECTRONS

3.75 X 10%° ELECTRONS

OO |lwm|>

2.50 X 10'° ELECTRONS

The figure shows a blue ball which initially has
a charge +6.4 X108 C then it touches a
neutral red ball. After the balls are separated,
the red ball has a charge of +2.6 X10® C, what
is the charge on the blue ball?

Lo o L) B (5 g5as o855 S JSA pa gy
Juad day Aldlaia o) pea B8 (uali a5 +6.4 X108 C
dlady 4 gadia o) yaal) 5 SI) oS08 ¢ <l S1)

Celd 3 38l Ao Aadi) A L +2.6 X108 C

o 6

A +3.8x108C
B -3.8x10%8C
C -6.4x108C
D 0
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atom?

(a)neither a conductor nor an insulator
(b) conductor

(c)insulator

(d)both a conductorand an insulator

In what type of material are all electrons bound to atoms and can only move within an

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 (e A gSall agalgl) Bl g B Sl oSl Alaa) daad) 8 La
$O9ris 2 5 wligig

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

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

............. C.osbud s olall &) oSl Ay &5 A

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.

faay b lea gl ¢ A o Aol Aisa da gl sllae) 2ic
AT ann e Aa gl (R sal) cilinal) il g5 5 5 Jas &5

e ) A sl e (Al cliall) cls g Iy i o (o
A

i ) Al e (ALl i) g SV RS o (2
U Lol sad oy (s gl cilinll) g5 5l 5 ¢ A
A aus e dall

5l o s Aaall Jiy (62 ansadl S Lo e @l ading (2
ke
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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

88 (e gl ) dhle gy (Al i g ASIY) A (A La
giiadi Jaal (A =56 <Z=26) wall (« 10.0 mg
£1.00 C

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

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
magnitude.

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

e. None of the choices may be said with certainty.

A gadia A3NE B S udag Ay g ¢ Aol S Adandi (Daad (5 S
G804 O b bad o Gtiadial) ¢ <) G V)

5o aga g ade AU Aisdl) audy A cullS 13) ¢y S
Of g 1ka ¢ Oalua) oS Coa JS o Al g S
¢,

3Ly b olubiae (Ll glisla¥) ol <)) cales
3 LAY b oligaliie ()Ll glialal) (s <)) ciles o
Dbl Al gl (L8 Glidal) ol Sl claa

O A sbuia Al e 3aaal) Al ja g oy 2
..:”S ‘\2“ .:. ““UALSS

@\MQ\JQ;J\UAL.S\J)SL)SA.JY::
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When a positively charged rod is brought near to ‘
an isolated neutral conductor without touching | ) ¢ 2 858 caudlll jfaw Je8 ¢ dal (90 g Jaa ylaa
Qé)bY\"JQSJEYe\ ‘Jél.\:lSjé

it, will the rod experience an attractive force, a
repulsive force, or no force at all?

Lhasgd
A A o

a. an attractive force
éﬂk:ﬁ\ uj; 7’)3 Y a

b. a repulsive force
c. no force at all

An uncharged metal plate (P) is connected by a ) a0 Aaidl 5 (P) A gadia e Avimae da d Jra 6 o
conductor to ground through a switch (S). The s a3l Bidsa (S) Zlidall (S), #lite A e Y]
switch (S) is initially closed. A negative charge -Q day ~lidall 38 oy o5 Lgasal (90 P (e all -Q Al s
is brought close to P without touching it and then

the switch (S) is opened. 2y -Q, ALl R B A ) S ¢ - gida (S) ikl
After the switch (S) is open, the negative charge - dall) e a3l o Lo o -Q Addlad) sl 41 5)
Qis removed. After the negative charge -Q is " (P)
removed, what is the charge on the plate (P)?

|I'— S
o P /
III| IIII =
|
a. It is now positively charged. Lndl) s g
b. It is now negatively charged. Al Al o,
c. Itis still uncharged. Osade pe d Y z.
d. It cannot be determined without knowing how | s3Il e 33 s gall LaGl) A0S 48 jaa (593 o223 (S Y 2
much charge was on the metal plate P before Zldal) sle J8 diaedll

switch S was closed.
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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?

S LS (e Rl sl i ga b puda g ol
Oa AN CLESAl) (§) o) & pati ¢l ALY Aaii | ¢ gadia
o) Ll

€ Al GiLESal) Adadi A L

A. Positive

B. Negative

C. It is 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

daase A

s B

Osnie e C

Cadl) g LISy Adlall e adiay clld D
eSS Lgia piiay Al salall e <l aiay E

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 petlal! da> 40

cpdd) e WS Cacls o5 7 d8ls
ot o adgid) 342l Hlazs

Slaall lia case syad) sl peSiu (@
Slaal) lia wies syad) sl gesiuw (b
wlaial zayl sayad! agal) jlazs w5 (€
Alasl dag)ls susad) asall Jaze Jaew (d

caaadd laall dasad) 3e3)) eSis l@
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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
g5? (Hint: The distance between x, and
X, is the same as the distance between
X, and x;.)

a) ‘fh‘ < ‘Gz‘
d) The answer cannot be determined

from the information given in the
figure.

b) |91] = |a]

Ca)a/>ed

1.5 p,«_-lLA-U Iu:_-l,..

e amia JS Jobo ol Lo 31 13)

go ol 115 JS20) 3 Ggeal)
s L alig il 39l ,)ine
golame peguasy pleaall ad] il
x BLal) geals) $qp5 Gy peiao sl
Ux3s X5 e aBLl) Ly o X9 X

a) || <|q2
b) |91 =92
o |q| > |92

e e wad o5c ¥ (d
JEL) § slaall wleglall

qy 4> Fios g5

° O—=—
l l F._"—)} }

X Xy X3

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

8RN laha (39S ¢ d Ablusay (piadi Juab ol Ladic

F.9b Lagn 4Siilina g gl

dlaldl) Adlucall cuilS 13) Lagiu Sl g gl 5 681 084 La
fd / 2 Lagin

a.F/4
b. F/2
c.2F
d. 4F
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Consider three point charges located at the
corners of a right triangle as shown, where

g1=q3=5.00 uC, g2=2.00 uC, and a =0.100 m.
Find the resultant force exerted on gs.

98 LaS Ayl 3l Al Culiia Lyl g (A adl dadi culia &G
‘G‘*.‘J"

g1=q3=5.00 uC, g2=2.00 uC, and a = 0.100 m.
O3 5 35l dlaaal) 3 glll aa g

~
Fig
o
a Fas
ool —————— ~f— S — — —
s
,
P
r
.
a o
7\ 2a
e
p
v
s
rd
r
'
o (@ ¥
. ) . |@9”€"3‘
Use Equation 22.1 to find the magni- g = k', S
1d = a*
tude of F .

= (8.988 x 10° N - m%/C?)

FALA
(V2 a2

Find the magnitude of the force F . s

= (8.988 X 10° N - m%/C?)

F

. - -~ =
Find the xand y components of the force F : s
E x

Find the components of the resultant force acting on g;:
F

3 "'J:;_\-

Express the resultant force acting on g, in unit-vector form:

F.=

Mr. Adham Zewin

(2.00 x 1075 C)(5.00 X 1075 C)

- = 899N
(0.100 m)?

(5.00 x 1075 C)(5.00 X 107°C)

= (11.2 N) cos 45.0° = 794 N
F,, = (11.2N) sin 45.0° = 7.94 N
Fy = by, + Fyy, =
+ Fpy, = 794N + 0= 794N

s = (=1.04i + 7.94)) N

=11.2N
2(0.100 m)?

794N + (-8.99N) = —1.04 N




 Physics

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

S -Q A Lagla S (papy il o

5l Lo Ly ases JS dage b LaS Baslia | AdLucal
O Alaal) Ciaaiia B+ q A puda g OY) a3 . Ay S0
08 e a3 30 5 5 il ol ¢ I Apig cpind)
@ qAadF [ 2, A J8 Adla s

|-
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— 1
a.Q a.Q
b.Q/2 b.Q/2
c.Q/4 c.Q/4
d.Q/8 d.Q/8
ok
\ L=
xR k =x92
;1 = K/-;_" — '—_‘:—2-
- (=)
2




 Physics

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

Al 2a) g ) jsaall o @iligl) (e ¢l gy o
de W3 dad 4 AYY Jua¥) Ak B alyg + @ Aiad
d> 0.8 cx=+d 2 adyy

0555 S i) g o 8 i g 0

9 i AY) Giadl) oo Aadlil) Al g ,eSll § 4al)

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?

4l aal g g8 Gliaia (U gl 2 g9 g all ALl L) 5500 8
Lg3W aal AL, 98 gl il ga aaf Jsh-e, Aiad

+ e Adind QU ¢ gl a2 gs s AY)

i sal) (e Ao 5 sl ASiling g ¢Sl 5 ghl) jaka Le
SAdlL) @l g e Al

a. ke/2L?
b. ke/l?

@ V2 keI1?

d. 2keé7L?

ke/2L>
kel
V2 keé7L?
2keVL?

SRS
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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 101N
b.3.25 X 10°N
c.3.99 X 10N
d.4.60 X 10°N

¢ B (g glucia Euliia ugyy die il g St A Ay g
1.00 (5 5hua aliall g3l aaf Jgh ul ) JS 2ie 2l

JS (1 B el dusiilin g 4 B 68 Ala )aia L, e gild
fQ A

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

Two point charges are placed on two of the 9 LaS S Ul g5 (e g e il Gliad audagi
corners of a triangle as shown. What magnitude MC 6.0 Aiadi g jadd (Al 5 g1 jlala La geud ga
of force would be felt by a 6.0 uC charge placed faadldl) 499130 (2 As gudn 5a
at the right angle?
60pC
T
10cm |
. —20 pC
|1— 20cm 4}'

a.10N a.10N
b.24 N b.24 N
c.32N c.32N
d.44 N d.44 N
e.58 N e.58 N
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Two point charges are placed on two of the 3 LS Gliall Ll g5 O gl (e Gkl liiad puda g
corners of a triangle as shown. What is the 6.0 UC Aiadyy A grunall 5 g8} slal) g2 La e ga
direction of the force would be felt by a 6.0 uC Xusna) 88Y) ) dpadlly daildl) 4yl 30 3 A gua ga
charge placed at the right angle relative to the Opadll Ao gal)
horizontal (positive x-axis to the right)?
6.0 pC
10cm |
—20pC

. ~e

f——20cm —
a.-18° a.-18°
b. +18° b. +18°
c.-45° c.-45°
d. +45° d. +45°
e.-85° e.-85°
f. +85° f. +85°

A charge Q: = Qis positioned on the x axis at

X = a. Where should a charge Q2 =9Q be placed
to produce a net electric force of zero on a
charge placed at the origin?

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

JbXJJM.“uJQKQJ*.AJAQ].:Qm
898 Ala gl Q= 9Q disdi pag e wl x = a
S0l Akl B Ao gudage Aindi o jhua W laha 4l 48

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 nC 381 Ao 5 Al 5581 A L

2cm

6 cm

4>«

5uC -4uC

>

10 uC

a. 550 N, 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. 550 N to the right

Three charges of equal magnitude Q are held 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.)

OasSill A Q aaad) A glucte Aacd G0, JaliSaY) Al
Al Mo ¢ g ¢ B_iua A ga Aad Caa § 13) | gruda gl
1Adaadla) Slgd (g Al 5 gRN) olail g ke Lad ¢ Juad)

(SN 2 gl o JS Ao 852 gal) Aadladl 4

d. qQ

dme,ba

> in positive y-direction

@ 1¢ -1in negative y-direction
dme,b )

C. 99 - in positive x-direction
2meqab

d 79 R in negative x-direction
2meya

e. 0

a. 99 5 in positive y-direction
dme ba

b 1o - 1in negative y-direction
dmeyb

C. 99 5 in positive x-direction
2meqab

d 70 > in negative x-direction
2meya

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.0.72N

(oo ddlaa - 0.3 pC A ke dindi g ax 40 WaliS 5 a5 S
L )i (388 am 7.0 Ablusal 581 (Galad a3 Jaydy Ciedl)
Liadi g an 50 LaliS 3 yiua 4l 5 S caay 13) AL Jle

Lab ¢ 5 pilia (A ¥ 380 Jiad G ¥ e 0.6 pC Lo iia

?.h:\i.“gém\ laka

a.0.04N
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.0.023N
e.0.035N

4l A nC 36 Aiadl) (e (il ghaudla (NS Galad oy
43l aual Juoad) Alaga ALS (593 jia 1 Lagda JS (b
UV aal B Ad)) g Le el Lgudaad Ll cila 0 5

a.0.060N
b.0.044 N
c.0.019N
d.0.023N
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 q.

4 gadial) e Alilaial) dxinal) <l SN G Gl Jua gl aly

¢ 54 0.75 San € Job (ol &) Aaal gy Aol A
Charge + 2q &2 ak). e [ (fgsik = 35.0 il el
o ey Laa ¢ 400N 3 SN e g g AV Sl e

N 358N o S8 0,54 st & il palily Cigan
il Job B st o Ax dua ¢ kAX A i Wt
o gruaal) b [ daal) & Algh e

.q Adail A@j\

Before charging

"k't'lk'lk" VVVV

After charging
=9

q = 89
‘II'LI'L VVVVV ‘

1‘ ‘2
«— [ —»

a.1.19 X 10'°C
b.1.09 X 10°C
c.2.06 X 10°C
d.1.75 X 10°C
e.3.62 X 10°C

a.1.19 X 101°C
b.1.09 X 10°C
c.2.06 X 10°C
d.1.75 X 10°C
e.3.62 X 10°C
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Find the magnitude and direction of the electrostatic force on the electron in the figure shown.

Proton

7 cm @

et

/a2 Y5.07 x 1072 N to the left

b. 5.07 X 107% N to the right
c¢ ON

d. 6.23 x 107 N to the left
e. 6.23 x 10"* N to the right

Electron

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

ol Caan 505 Hlas 3 oy —€ atistiy M aliS 5y 280) 3 L85 1.13
a9all o o)lia 3 0sASIY) Ry € widy M wbiS cubs 9390 Js= T
f0s AUY! de s e AJL sl (o g L 0g39 ) (g i 2 S5liwg S

electron is correct?

[ke? [2ke2 [ ke
a) V=, |=— c) v= |_2 ) V=, | —
mr mr 2Mr
e —y
b) v= ﬂ d) v= lllﬁ
r N kr

2 2
s 2ke ke
mr mr 2Mr

F]
_ _ |me
Nr @2 kr

el p=

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

a) a= iﬁi c) u=%mezk2 e) u=:1—i
2
b)a=\j£ Q) -2k
mkr mr

28 ol gign e P idlue ddy —8 atimdy M aliS 59,28 § 50 1.14

LN Slean)) e ¢ osSad) pig oe €5 09 AY) Tud e iy M
S0s AT L i ) aSlan ¥l aball dsvoa

2ke? 2
e c) a=Lme?k? ela= ke

2
2 2

b) a= 2,_ d a= 2ke
\ mkr mr

ala=

mr
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Charges | and 2 exert repulsive
forces on each other. g; = 4¢,. Which statement is true? @
1 2
A. F10n2 >F20nl

|B*F10n2:F20n1‘
C. F10n2<F20n1

Two cylindrical glass beads each of mass m = 10.0 mg are set on their flat ends on a horizontal
insulating surface separated by a distance d = 2.00 cm.

The coefficient of static friction between the beads and the surface is ps = 0.200. The beads are then
given identical charges (magnitude and sign).

What is the minimum charge needed to start the beads moving?

Ty

F |_ F
—— +y —_—
q q
I . d [ /

2

F=f = %Zﬂm‘g = q=+ld’ umg I k

0.0200 m )’ (0.200)(1.00-10 kg)(9.81 m /s
q= { ) ( ){9 _ ?)( )=9.3433-10“° C
(8.99-]0 Nm‘IC‘]
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 Physics

PROBLEM

Two identical charged balls hang from the ceiling by insulated ropes of equal
length, £ = 1.50 m (Figure 21.17). A charge g = 25.0 .C is applied to each ball.
Then the two balls hang at rest, and each supporting rope has an angle of 25.0°
with respect to the vertical (Figure 21.17a). What is the mass of each ball?

SOLUTION

Tsinf-F, =0, Tcosti-F, =0.
T F
E =k—, g ~ M8
d*
sinfl =E.
¢
T'sinf  F
Tcosf o
tan® =£.
Fg
m=0.764 kg,
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PROBLEM
A bead with charge g, = +1.28 p.C is fixed in place on an insulating wire that makes an angle

of # = 42.3° with respect to the horizontal (Figure 21.20a). A second bead with charge
g, = —5.06 pC slides without friction on the wire. At a distance d = 0.380 m between the beads,
the net force on the second bead is zero. What is the mass, m,, of the second bead?

SOLUTION

F, =m,gsinf.

|'511'511|

kd2

=m,gsinf

(8.99-10° N m%/C?)(1.28 u.C)(5.06 uC)
Hy = =
* dgsing (0380 m)’(9.81 m/s? (sin 42.3°)

__kag, =0.0610746 kg,

Mr. Adham Zewin
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ezl e 35 50l 2l S 33 Aasen ) ol JS2U

v qZ

//“:9 Loy 5 yall O3] e pomd Jloms 3 Wbl [g5]|=3.0x107°C

-, 1
' £ i)y o)
0.50m EE ? -
e 1= (@1 Q) i) 0 JS g 5 -0
q:’----vom--Egn N A T e qjm,.ﬂ
F, ST () Bl b 5 Aamad) 250 500 3530 i 1D

;| =2.0x107C

shows three charges and the net force on charge -g. Charge Q is some multiple a of g.
What is a?
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Two point charges g1 and g are held in place
4.50 cm apart. Another point charge Q =-1.75
mC, of mass 5.00 g, is initially located 3.00 cm
from both of these charges and released from
rest. You observe that the initial acceleration of
Qs 324 m/s? upward, parallel

to the line connecting the two point charges.
Find g1 and q2.

e 4,50 agin 2l gp 9 Qg (il uiand Cunl ol

¢ a2 5,00 WAliS ¢ Q = -1.75 mC Al 4k Aiald 3a g
Cra oAty Culiadd) ila (e cm 3.00 2 Ao Liidua 2l
324 m/s? s sbed Q2 Aalg¥) Aaall o Bads | ¢y gl
BRI & gy o g M) RN ) (505 ¢ oY
q2.5ql 2l

1 [0q |

-
e, 2

force on Q is given by Coulomb’s law, FQq = (for ¢) and likewise for ¢,.
1

ExecuTE: First find the net force: F =ma = (0.00500 kg)(324 m/s®)=1.62 N. Now add the force

2

1[0l Py (0.0300 m)*(1.08 N)

= =6.17x107° C.
(9.00x10° N-m?/C*)(1.75x107° C)

signs. Fqu = I
E\Q\

¢y =—q =—6.17x107° C.

Mr. Adham Zewin

SET UP: Since we know the acceleration of O, Newton’s second law gives us the magnitude of the force
on it. We can then add the force components using F = Foq, cosf+ Fy, cost =2Fp, cosd. The electrical

components, calling & the angle between the line connecting ¢, and ¢, and the line connecting ¢; and Q.

F 1.62N
F=Fp, cosf + Foq, cosf = 2Fp, cos@ and Foq = Seoed :m: 1.08 N. Now find the charges
of 2.28
[ 3.00em |

by solving for ¢; in Coulomb’s law and use the fact that ¢; and ¢, have equal magnitudes but opposite
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2141 o+ [f two electrons are each Figure E21.41
1.50 % 107" m from a proton (Fig. E21.41),

: . e
find the magnitude and direction of the net 6
electric force they will exert on the proton. /
/
/63.0°

f

r®---L---9¢

Taking components, we get £, =1.023x107° N; £, =0. F,, =F,c0s65.0°= 4.32x107° N;
F,, =F,sin65.0°=9.27x107 N. F, =F +F, =146x10"° N: F, =F +F, =9.27x107” N.

- F. . -9
F=\F+F} =1.73x10"° N, ‘rant?z—}:w:[}.@éw which gives
F, 146x10°N

0 =32.4° The net force is 1.73x10™° N and is directed toward a point midway between the two
electrons.

" A 0.020 g plastic bead hangs from a
lightweight thread. Another bead is
fixed in position beneath the point r15°

where the thread is tied. If both beads |

have charge ¢, the moveable bead

swings out to the position shown q({j‘) q
What is g?

5.0cm

LF, =Tcos45°—mg=0 = T:i
cos 45°

2

2 2
F =kL —Tsin45°=0 = 4 :’Trsin 45°
2 A

2 2 A
q —JLTSiII 45° = r_l me isin 45° =r f%ranzt.io
k k\cos45°) k

(0.020x10° kg)(9.8 m/s%)
9.0x10° N-m?*/C?

=(0.050 Ill)\j (1) =7.4nC
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Il Figure P20.55 shows four charges at | :
the corners of a square of side L. What ! !
magnitude and sign of charge Q will £ I
| I
| I
| I
| |

make the force on charge g zero?

0 —~10nC
rTTTTTTTT Tt T T T I (qq) A ey (g = 9.0 X 1077 C) il 1343 L LSl 2d (@) Aaiid) B D 0095581 audag
e s q; : QY e Ligs
| _-otomie——030m—— 203y e il sl
lg1] _ lq2| 2 _ 90x107°x0.12

—>qu|=%er— =1.0x107°C : &y

T2 ()2 0.32
(g2 =—1.0 X 107°C) & rin Lo densdi gl a0 Guianll O (i) (o @i Jlanal) phand) At () g

lg21xlge]  9%107x1.0x107%x1.6x1071?
F.=k, — =

- — =1.0x 101N

Sl dgan 0585 (g ASIYY (B 8 iipall 3 gRN ( (gf A B 58 Lagrlus B R (B Akl £ gl G (g,) Al g (AN O g
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