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1.5 Electrostatic Force - Coulomb’s Law
0905S 938 - aSilinsg e8I Bl
U ‘ )
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Different charges attract ?F'—»
sl dalisall linall | )

a) the force on g, points away from q. if the charges have like signs
dglio wlodle L wlswdl wilS I3 Q2 ve ey slbadl w8 (685 Q1 e dgill
Same sign )
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b) the force on g, points toward q. if the charges have opposite signs
doliso wlisadl wlS 5] Q2 955 Q1 wle 5580l B9l i
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Opposite sigm
. . | qiqzl
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> F, ,sF,  Isthe reciprocal force between the charges in (N) units.
((N) Glas o QLB p Adalisall 3 8l & Foosq sF1o2 >
> g, The value of the first charge in Coulomb.(C)
(C) .pshsS ban o I s¥) Ainill e gy >
> g, The value of the second charge in Coulomb.(C).
(C) .pslsS Bas 59 A0 dia il 4 gp >
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> 1, Square the distance between the two charges is in m,. k=8.99 x10> N.m:/C:

1

coulomb’s constant k= ——
4 1te

1

4 e

=Kol S Sl k=8.99 X100 N.1m2/C> g, sialls inl (s Ailsdll s ya 12 >

& =8.85 x 10 (- / N .m: electric permittivity of free space §15al) 3l I Ao Lol

= lg.q:| . . Fyas
F, ., =—K — (7 — 1) S -
r > P
B __K lg.qz1 — Ja ;=T /a2
251 — — 3 21 - _— Fasy
75, IS a unit vector r N o

pointing fromg., to g,

(a) (b}

> |n the case of multiple charges affecting electrical forces on a certain point
charge, we calculate the sum of the forces acting on the point charge as follows:
855 80)l Seall & 900 sy dugo dubaiti disui e Al Sl Seill wle 5355 will Baseinll wlssdl dls w8
Ul goill wle dbsill disi e
1- If the forces are on a parallel line of action:
a) In the same direction, the sum is equal to the sum of the forces
b) The two forces in the opposite direction, the sum is equal to the difference
between the two forces and in the larger direction
1S slgio Joc s wle sl culS 5] -1
: S9ill €900 Sslu € goall b3l yuss o (]
A3 o233l w9 gl pu Gl Sslu g sezall uSlaall ol 98 Gligall (o

2 - If one of the forces tend to the otherangle F,,, = \/Flz + F,> — F,F,cos 8

S = aal Il Lgi Seill sl eulS [s] - 2
Fnet=\/F12+F22_F1F2C059 = ﬁ)Jd\JJJ‘OJ 39J o b D]
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The point at which a third charge is not affected by the sum of the forces acting on
it:

Lede 6 ,530) Sl € gamos @l din Baic 3lo Y il dbniill
> If the two charges of the same type: The Equilibrium point is located on the line

between them and closer to the least value charge.
(The charges are equal the point is halfway between them)

hsiiall 08 dimvis S8 ol s logi Juoldl] sl wle o3l il doiis g8 2 gill uis o olimall culS 5] >
(logiw @luuoll Ciniio 0 il g5 ygLsiall wlisndl dls 08)

> For two different charges: the point is located along the line connecting them
(outside) closer to the least amount of charge.

shsiall 08 S8 @il ] ol (251L) oghy s 3l sl Jsbs e dill g <ol il >
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Exercises

Concept Check 1.3

You place two charges a distance rapart. Then you double each charge and

double the distance between the charges. How does the force between the two

charges change?

doall juei &S .olisudl w Bluall Cielaig disis JS elai 2 ey 7r@8lue wle (i g9 diSoy
C i

a) The new force is twice as large.
00 S| sl 8l
b) The new force is half as large.
Boall 5lado L Baasl bdll
c) The new force is four times larger.
ol o g,k Sl sl 8l
d) The new force is four times smaller.
ol 0 &l 2ol baall gl
e) The new force is the same.

Aguii 9® B33J1 Bl

Concept Check 1.4
What do the forces acting on the charge ¢ in Figure 1.15 indicate about the
signs of the three charges?

Se il wlisadl g9 Jo 1.15 JSadl 6 g3 disidl wle 6550l Seill ] i Syl Lo

y

q1 > Fiss g3

| Q Q — >
| | P
B %, X3

FIGURE 115 The forces exerted on charge 3 by charge 1and charge 2.

a) All three charges must be positive.
b) All three charges must be negative.
Al SN wlisadl eS| oy
c) Charge gz must be zero.
d) Charges g1 and g must have opposite signs.
AuSlaio glgl g2 9 g1 sl 658 ol e
e) Charges g1 and g must have the same sign, and ¢ must have the
~ opposite sign. :
Sleo €9 G5 dinid) 55 ol ez g9l puts G2 5 g7 olinad] (8S) ol ey
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Concept Check 1.5
Assuming that the lengths of the vectors in Figure 1.15 are proportional to the

magnitudes of the forces they represent, what do they indicate about the

magnitudes of the charges g1 and g? (Hint: The distance between xi and x: is

the same as the distance between x> and x3.)

ad| ez Sl Lod (lekios will Seall o go Ls b wwlin 1.15 JSadl wé wlgmiall Jlgbl ol vl il
(X3 9 X2 s Blusall juti 9 X2 9 X7 o Bludll J2uab) € G29 g1 il Hlio liy

y

Ll qz 53 43
o O—==0—
1 1 D
o % x!
FIGURE 1.15 The forces exerted on charge 3 by charge 1and charge 2.
a) ¢l < gz
b) 1911 = lq,]
C) lgil > 19|

d)The answer cannot be determined from the information given in the figure.

el 8 85, lgll @loglaall o wls Nl i oSau

Concept Check 1.6
Three charges are arranged on a straight line as shown in the figure. What is the
direction of the electrostatic force on the midd/e charge?

ole b 530l 80l 56l 55l olsil lo .Sl 09 o0 9B oS miiaso bas e & o wlins &Y
S o] iz

O 0 ©
- Tb)a Ty Td4

e) There is no force on that charge.

Concept Check 1.7
Three charges are arranged on a straight line as shown in the figure. What is the

direction of the electrostatic force on the right charge? (Note that the left charge

is double what it was in Concept Check 1.6.)
wle 65530l dSiling 56Ul 898l olxil o . JSill @8 2590 93 oS At b3 e 40 wlisis b
(.Concept Check 1.6 3 ade wilS lo o wd S juudl disidl ol baX) § i/ disill

W v v
-2q q q

A= bje oy di
e) There is no force on that charge.

a)
b)
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c)
d)
e)

EXAMPLE 1.2 Electrostatic Force inside the Atom
o, Ml sy asSiliowg,pSl 898l 1.2 JUo

PROBLEM 1
What is the magnitude of the electrostatic force that the two protons inside the
nucleus of a helium atom exert on each other?

Susedl logse) wle aglell 855 8les dsls Ugg ol ey 558 il dSiling e8Il 8oall laio o

PROBLEM 2
What is the magnitude of the electrostatic force between a gold nucleus and an
electron of the gold atom in an orbit with radius 4.88 x 10-2 m?

€4.88 x 10712 m o,bd Cani ;lno w8 cddl 5,5 9,089 wddl 895 ¢ dSuiling eS8l 898l lxio lo

EXAMPLE 1.3 Equilibrium Position
ulVl gogo VY Jlo
PROBLEM
Two charged particles are placed as shown in Figure 1.16: g1 = 0.15 uC is
located at the origin, and g = 0.35 uC is located on the positive x-axis at
x2 = 0.40 m. Where should a third charged particle, g, be placed to be at an
equilibrium point (such that the forces on it sum to zero)?
=gz 9 Jo Xl doi o8 g8y 7= 0.15 PC :1.16 JSill 3 zdgo 90 WS (ignisn (am RuD9 Al
c 3 (950 b A 889 sy ol 2 X2= 0.40 die o goll il 930/ e gé pC 0.35
Tl ao dde 85580l Sedll £ 9030 (95 Cumy) 5l gi dai xic (S

¥y
Bhl q3 q2

- — Q—=
xp =0 Fios | Fyys :
I I
X3 XZ
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SOLVED PrOELEM 1.1 Charged Balls

PROBLEM
Two identical charged balls hang from the ceiling by insulated ropes of equal
length, /= 1.50 m (Figure 1.17). A charge g= 25.0 uC 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 1.17a). What is the mass of each ball?
JSadl) 2= 1.50 m Jsbll & gluio dlg 520 Jls dowl gy sl o litslaio )l gsiuo b S wai
acls dis Sy oSl dls @8 U8l o a5 5,8 US wle ¢ =25.0 PC disis Gl a1y .(1.17
5,8 JS dliS bo (1 1.17 JSadl) Syg00)l I daidls @555 25.0 digl

(b)

FIGURE 117 (a) Two charged balls hanging from the
ceiling in their equilibrium pasition. (b) Free-body diagram for
the left-hand charged ball.

Self-Test Opportunity 1.2
A positive point charge +¢gis placed at point A, to the right of two charges ¢ and
@, as shown in the figure. The net electrostatic force on the positive charge +¢gis
found to be zero. Identify each of the following statements as true or false.
339 . JSall 8 asgo 98 WS « g2 G7 puiinis oy e« Pdbiill i g + dis90 Ao disis 859 Al
wle 43l wl,bell o 85le IS 3> L as Solui  + dz gall dinuidl wle &SI diiling 68l 398l |
Aoz gl Glgs Ll
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qh q> P
a) Charge g must have the opposite sign from g1 and be smaller in magnitude.
2233 g9 g0l 95 (9 Q1 o puSleo E4 G2 dividd] (95 o iy
b) The magnitude of charge g1 must be smaller than the magnitude of charge .
Gz dinall lsio o 2ol g7 dinall o 68 ol Ly
c) Charges g and g must have the same sign.
9l puts G2 9 g1 olisill 98 ol ooy
d) If ¢1 is negative, then ¢ must be positive.
290 G288 ol v dllu g7 S 13|
e) Either g1 or g must be positive.
Lo g2 9l g1 b/ Sy ol ooy

Concept Check 1.8
Consider three charges placed along the x-axis, as shown in the figure.
The values of the charges are g1 =-8.10 uC, o = 2.16 uC, and ¢z = 2.16 pC. The
distance between ¢: and gz is di = 1.71 m. The distance between ¢ and g is
& = 2.62 m. What is the magnitude of the total electrostatic force exerted on ¢z
by g1 and ¢?
Sl o8 zp90 98 WS s/ 5930l Jsb wle de g go o e Wl Ll
oD G293 q1ow Bluall .g3=2.16 pC 9. g7=-8.10 pC  g2=2.16 PC yo wlswl 48
e 85580l QS il g gl g8l Hlrio b B2 =2.62 M gd g3 9 g7 o Bluall 1 =1.71m
€gz9 grdbuly gs

< d, >
- d] ‘;—i
N S Q@ —-———- o
a1 q> 43

a)2.77x 108N

b) 7.92 x 105 N

c) 1.44 x 10°N

d) 2.22x 10*N

e)6.71 x 102N

1.2 Bead on a Wire

PROBLEM
A bead with charge g1 = +1.28 pC is fixed in place on an insulating wire that
makes an angle of 8= 42.3° with respect to the horizontal (Figure 1.20a). A
second bead with charge g =-5.06 uC 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, ., of the second bead?
Quaily b 55 8= 42.3 4915 Jezy Jsle dlw wle LgilSo g9 g7 = +1.28 PC s wld b33 i Aly

wle bl wle il ey @50 g2=-5.06 PC dini go duli 55,3 .(1 1.20 JSall) a8l Jl
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bl 85,30l diS Lo .1 e dulill 55,301 wle dosall dgall 9S «5 53l w d= 0.380 M d@luo
Sm2

(b)

FIGURE 1.20 (a) Two charged beads on
a wire. (b) Free-body diagram of the forces
acting on the second bead.

SOLVED PROELEM 1.3 Four Charged Objects

Consider four charges placed at the corners of a square with side length 1.25 m,
as shown in Figure 1.23a. ‘

1 1.23 JSall 99 9o 90 oS x 1.25 agls b g0 by 09 degpgo wlisw gl &)lic] o8 gs
PROBLEM

What are the magnitude and the direction of the electrostatic force on ¢4
resulting from the other three charges?

0,5 M clinal e @il @a ol 55550 @b ,eS) Baill olsils o Lo

qy =150 pnC gy =450pC
. » ]

T 125m | a

D g X
4= 250 pC gy =-350 pC & 43

(a) (b)

9|PAGE DR. AHMED ABDELRAHIM 0551032930 AL KOBAHY FOR PHYSICS



Grade 12 Adv. AasLd) ol gl Electrostatics

Concept Check 1.9

Three charges are arranged at the corners of a square as shown in the figure.
What is the direction of the electrostatic force on the /ower-right charge?
There is no force on that charge.

ol 8530l 4S5ling oS b5l ol Lo .Sl 08 g0 5B LaS @150 Ll s 3ic 50 wlisis &

e) Thereis no force on that charge.

a)
b)
c)
d)
e)

Concept Check 1.10

Four charges are arranged at the corners of a square as shown in the figure.

What is the direction of the electrostatic force on the /ower-right charge?

There is no force on that charge. :

disuzd] ode b 55 80)l @Silin g Sl 598ll olil bo . JSidl 08 @290 9 WS &1 30 Llg 5 die @i o wlisa &)
Aol 030 wle 598 359 ¥ Souiad/ dulin/

A W g d¥Q

e) There is no force on that charge.
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1.1 When a metal plate is given a positive charge, which of the following is taking
place? :
ey wls loo Sl cduingo d> 9l) dum g0 dinuis whosi loaic

a) Protons (positive charges) are transferred to the plate from another object.
3l au o o glll Wl (4= g0ll Olisidl) Blgigll Jos a3

b) Electrons (negative charges) are transferred from the plate to another object.
3 pux ol @ glll o (WLl wliswll) g SIA Jis Al

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.
ol (4= g0l wlisudl) wbgigull i aiy S 31 aus ol @ glll o (WLl wlisadl) wlis SN Jis A
3] pws o &l

d) It depends on whether the object conveying the charge is a conductor or an
‘ insulator.
Asle ol Nogo dinadl Jaiy SNl sl (S 3] o e ell> saing

1.2 The force between a charge of 25 puC and a charge of -10 uC is 8.0 N. What
is the separation between the two charges?
€ ool o dog)l @luall o .N 8.0 wd PC 10- disig UC 25 disis ¢y B3l

a) 0.28 m

b) 0.53 m

c) 0.45m

d) 0.15m

1.3 A charge @ is positioned on the x-axis at x= a. Where should a charge
C>» = -4 (1 be placed to produce a net electrostatic force of zero on a third charge,
Gk = @, located at the origin? ‘
598 glud Q2= -4Q1 dvall B9 Ly il X = Gaic s/ 590l e Qr disi 859 Al
Sl dbos vic gii « Q3= Q7 @l dinis wle | ho Solui 4l dSiiliug 1S

a) at the origin

b) at x=2a
c) at x=-2a
datx=-a

1.5 Two point charges are fixed on the x-axis: g1 = 6.0 uC is located at the origin,
O, with x1 = 0.0 cm, and ¢ =-3.0 pC is located at point A, with x> = 8.0 cm.
Where should a third charge, ¢, be placed on the x-axis so that the total
electrostatic force acting on it is zero?

9x1=0.0cm g« O Jodl dhits ¢ gii g7= 6.0 UC il 930/ e ik (s s A

wuwd/ H93all wle ¢ g3 ¢ AL dioin gb9 Loy wl X2 = 8.0 cm go « A dbiilll sic g8y g2=-3.0 uC
st lpde 8 330l 419 8ol o) 38l 55 ca

41 qz
Q o >
O A
a) 19 cm
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b) 27 cm
c) 0.0 cm
d) 8.0cm
e)-19 cm

1.6 Which of the following situations produces the largest net force on the charge
Q?

a) Charge Q=1 Cis 1 m from a charge of -2 C.
b) Charge @=1C is 0.5 m from a charge of -1 C.
c) Charge Q=1 C is halfway between a charge of -1 C and a charge of 1 C that
are 2 m apart.
d) Charge Q=1 C is halfway between two charges of -2 C that are 2 m apart.
e) Charge Q=1 C is a distance of 2 m from a charge of -4 C.

1.7 Two protons placed near one another with no other objects close by would
459 S, 3 alusl 5929 axe g0 poell lagbey o L8l plegsgo (Ligis
a) accelerate away from each other.
uoedl logiey oo Iy plo Ly
b) remain motionless.
&> Gev oMy
c) accelerate toward each other.
uosll lagsey ol o8 le )by
d) be pulled together at constant speed.
4yl ey bdly
e) move away from each other at constant speed.
4l deyun plaeld

1.13 Consider an electron with mass m and charge -e moving in a circular orbit
with radius raround 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 electron is correct?
M ailiS il 5590 Jo= 1ok s S,ils Sl @ sy e diisisg m ailiS Ly sl] o, Licl 9 g
4C o) 453 So3laall S| .y359 4l g i ASbing 68l B8l lsall 08 ¢3Sl oty € + dimuing
Tolso 9,83
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1.14 Consider an electron with mass m and charge -e located a distance rfrom 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?
Slowy e + disisg MailiS iyl (9591 yo 7d8luo wle gl & dimisg M ailiS g | o, licl o8 gs
Caomuall 9,8 dulaiydl daell Hlxio Sobuy 4l pusliall | .o 9Sudl (o (9 80Xl
2ke*
a) a= -~

_ [2¢?
b) a= mRr

—1 21.2
c) a=5me°k

2
9 a= 2ke

mr

1.15 If two charged particles (the charge on each is Q) are separated by a
distance d, there is a force Fbetween them. What is the force if the magnitude of
each charge is doubled and the distance between them changes to 24?
I5] 598l Sls80 bo .lagin F 599 Jligd @ Bluay (Q lagio JS wle disall) (uigsie cuomus Juod & 13
$2d | logiw dluoll & yueig disis JS laie Laclai

1.19 Two positive charges, each equal to Q, are placed a distance 2d apart. A
third charge, -0.2Q, is placed exactly halfway between the two positive charges
and is displaced a distance x < d(that is, xis much smaller than a)
perpendicular to the line connecting the positive charges. What is the force on
this charge? For x < d, how can you approximate the motion of the negative
charge?
09 0.2Q- @b dinis gb9 Al ey 2d @l e « QSoluy logio IS « i g0 (i 859 A
(d oo LS seol X ol Sl) X << d @l lginl 5] aivg disgall sl ¢ sl dluall Csiio
AS « X K d ol dudl Saisall 03d wle 65580l 598l b .dus gall sl by 5y SAl b3l wle Ly goc
Call disidl aS > i iSey
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1.21 Two charged spheres are initially a distance d apart. The magnitude of the

force on each sphere is F. They are moved closer to each other such that the

magnitude of the force on each of them is 9F. By what factor has the distance

between the two spheres changed?

ol 60,53 s 35,8 S wle 853l il lao . 0/lao ol 8 logiay ooty ligmio b5,
S oS o Bluall @i Jole b L9F Lgio JS wle 8 5580ll 0all Hlstio o9 cusy panll lgde) 0

1.24 Two charged particles move solely under the influence of the electrostatic
forces between them. What shapes can their trajectories have?

0S5 ol oSay il JKal 0 Lo login dSiiling eSIl Seill 5l cims b o ligsiso olomus &>
Sl Sl

1.26 Two electric charges are placed on a line, as shown in the figure. Is it
possible to place a charged particle (that is free to move) anywhere on the line
between the two charges and have it not move?
5>) s pru> &D9 Seall o b .Sl 8 rsge 98 laS (b3 e il eS i g9 AL
?QS_)NP.\QIJ;QW| o Juwoldll bl wle (8o Sl 08 (45,2

1.27 Two electric charges are placed on a line as shown in the figure. Where on
the line can a third charge be placed so that the force on that charge is zero?
Does the sign or the magnitude of the third charge make any difference to the

answer?
pitioll b3l le @b & 8.9 Son o Sl 09 3s90 90 1S Ias e Jlisl S linis o3
09 8,9 Sl allill disadl laso gl 65l @asi dd oo disidl 03d wle b 558l 598l 08 Cumy
ol
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L
o) O
200 C 4.00 C

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

1.38 Two charged spheres are 8.00 cm apart. They are moved closer to each
other by enough that the force on each of them increases four times. How far
apart are they now?
598l 355 Gy oS Lou il lgssy o LAl LSy 30 alh anw 8.00 Bluso (i gmiso (i S (w Juodi
Codl 9aclkio 20 Sao Sl .wl o &5l o JS wle

1.39 Two identically charged particles separated by a distance of 1.00 m repel
each other with a force of 1.00 N. What is the magnitude of the charges?
Culisadl Hlaio o .N 1.00 b))l 598 ol yiliz m 1.00 @l logins Junty dinidl Wilaio ¢)lous
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1.40 How far apart must two electrons be placed on the Earth’s surface for there
to be an electrostatic force between them equal to the weight of one of the
electrons? ‘ ‘
logiuy 4iS,5ling 1S 598 Jid ()5S wi> yo, 3l @b wle g S o Juoisi ol iy il Blusall o
Cowg Sl »sl 55 Solus

1.41 In solid sodium chloride (table salt), chloride ions have one more electron
than they have protons, and sodium ions have one more proton than they have
electrons. These ions are separated by about 0.28 nm. Calculate the electrostatic
force between a sodium ion and a chloride ion.
cwligio ll o0 _)JS| Al Ug)ﬁ“ wle 5,98l uby| (S 9ixJ (alebll alo) wlall agsgall _\J)gJS w9
0.28 W= dgunin lig Nl o3 lig SRl 0 Sl 29 990 wle aggall bgl Sgisig
2,8 G 0lo aamsall ol o aSling oSl Beill Cus . yiogil

1.42 In gaseous sodium chloride, chloride ions have one more electron than they
have protons, and sodium ions have one more proton than they have electrons.
These ions are separated by about 0.24 nm. Suppose a free electron is located
0.48 nm above the midpoint of the sodium chloride molecule. What are the
magnitude and the direction of the electrostatic force the molecule exerts on it?
wlgl S99 «lgigdl o LI asly (9,8 wle )8l Wlgl (S S5 agsgall 3,91 08
ol wail .nm 0.24 lg= dgnio g Al oad .l Il sac (o LS| aslg 659 0 wle agsgall
doall ozl Slsdo bo .agud el 35 elS S 55 Aaiio doss G99 NM 0.48 gl )| wle géy | > Lig i8]
Tade e 52l lp ,58 il dSiling seSll
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1.43 Calculate the magnitude of the electrostatic force the two up quarks inside a

proton exert on each other if they are separated by a distance of 0.900 fm.

ilS 5] el loguses wle ¢gig0 d3ls plglell GlS,188l g 58y il 4S5bg el 893l 1o us|
fm 0.900 |0 logiy @ lull

1.44 A -4.00 pC charge lies 20.0 cm to the right of a 2.00 uC charge on the
x-axis. What is the force on the 2.00-uC charge?
8 538l 898l o . i/ 950l wle PC 2.00 disis oy wle aw 20.0 325 wle A -4.00 pC dinis 855
TuC 2.00 disll wle

*1.45 Two initially uncharged identical metal spheres, 1 and 2, are connected by
an insulating spring (unstretched length Lo = 1.00 m, spring constant A= 25.0
N/m), as shown in the figure. Charges +¢g and -g are then placed on the spheres,
and the spring contracts to length L = 0.635 m. Recall that the force exerted by a
spring is Fs = kAx, where Axis the change in the spring’s length from its
equilibrium length. Determine the charge q. If the spring is coated with metal to
make it conducting, what is the new length of the spring?
sioo & Jgb) Jsle &uis dowle 2 91 @l 8 oo e cuitlbiio cuiviseo (S Juogi Ai
G 5 g+ wlowll oy & .JSall w8 rsge 98 S « (A= 25.0 N/m w3l el 2 LO=1.00
w8 w3l gy 5iss il B8l ol Sxi . L =0.635 m Jghll | w3l paliiyg (i Sl wle
oo & w3l OB I3 g disazdl s> 9l 05195 Job e &suisll Jebs @8 a0l 9 Ax Cus « Fs = KAX
Sl w sl sl Jobll 9 dbuogil o320l

Before charging After charging

q =+q 2=

. 0 \ N\ . !p N\ “ \
WWWWW @  @VWWW @@
‘ -
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*1.46 A point charge +3¢ s located at the origin, and a point charge -gis located

on the x-axis at D= 0.500 m. At what location on the x-axis will a third charge, q,
experience no net force from the other two charges? K

&390 Sl w8 .0=0.500 m sic X 90l Wl G- dioisy disuis g (oAl @3 30+ dubniti disis 3> 95

C o3 Al il o doso b9 (g0 (&b disis (b, ) s H9all Wle

*1.47 Identical point charges Q are placed at each of the four corners of a
rectangle measuring 2.00 m by 3.00 m. If @= 32.0 uC, what is the magnitude of
the electrostatic force on any one of the charges?
I5] .2 3.00 % 2 2.00 dwld Jubicua 21,1 Llg 3l o digls US @9 Q g g iy liall dpbniil] lisuil|
Sl o Sl e 85580l 4Siliug oSl 5ea)l Hlaio lod « @=32.0 uC wls

+1.48 Charge ¢1 = 1.40 x 108 C is placed at the origin. Charges ¢ =-1.80 x 108
C and gz =2.10 x 108 C are placed at points (0.180 m,0.000 m) and (0.000
m,0.240 m), respectively, as shown in the figure. Determine the net electrostatic
force (magnitude and direction) on charge gs.
@ 9q=-1.80x108C wlowl gag xi .Jodl dbii w8 g1 = 1.40 x 108 C dinaf/ g9 A
9 loS « Wlgill wle (0.000 m,0.240 m) 5 (0.180 m,0.000 m) bl xic =2.10x 108 C
.3 disaall sie (ol lg Hlasall) Al 4Silin g eS| B8l Aol LSSl 08 aB 90

0.240 m

g, -1.80-10%C
X
1.40-108C

|<—O. 180 m —>|
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*1.49 A positive charge Qis on the y~axis at a distance a from the origin, and
another positive charge gis on the x-axis at a distance b from the origin.
wle X H9nall wle g6,z dmgo dinig « Jodl o @ Bluo wle y H9mall wle Q din go dini 293
ol o b @l

a) For what value(s) of 6 is the x-component of the force on ga minimum?
Cousl 38 g wle 6380l 8gal) Xl 4SS 0 9@ b J (8) dasd S

b) For what value(s) of bis the x-component of the force on ga maximum?
Touodl 2> 1955 G ol 85580l d9all Xl 4S50 b J (a8) 408 SY
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*1.50 Find the magnitude and direction of the electrostatic force acting on the
electron in the figure. ‘
Sl o9 9,8 e b5 g0l @Sl g Sl 8oa)l olsilg S lado 3>l

|
:5.00 cm

! :
Protons :— —————————————————— Electron

IS.OD cm
|

*1.51 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? c
sic -2.00 mC . (0,0) xc +1.00 mC :aub wlsw b Jba « slesdl wilis clag)l dabhio 98
e 85580l dasall Bgill b .(-2.00 mm,11.0 mm) xc +3.00 mC 5. (17.0 mm,-5.00 mm)
¢-2.00 mC dio
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*1.52 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 s = 0.200. The

beads are then given identical charges (magnitude and sign). What is the

minimum charge needed to start the beads moving? :

w8l Jsle g sl dbbunll bl wle m=10.0 mg aiS IS gl ghoul pibmla 5 o655 g9 Al
sloc| aiy a5 .5 = 0.200 98 ghlly 5,30 o Sl KA oleo .aw d'=2.00 Bluos Jguoio

€503 el i ead 4 coiad) win 3 sl 98 bo (doNellg axall) diylaio wlisi wl 5,3l

*1.53 A small ball with a mass of 30.0 g and a charge of -0.200 uC is suspended
from the ceiling by a string. The ball hangs at a distance of 5.00 cm above an
insulating floor. If a second small ball with a mass of 50.0 g and a charge of 0.400
uC is rolled directly beneath the first ball, will the second ball leave the floor?
What is the tension in the string when the second ball is directly beneath the first
ball?
Bluo e 5,8 @i o dawl gy Sl (0 dileo -0.200 PC Lgisiug 30.0 g LiliS § 80 5,8
O)Sjlds..u|0400 HC lgiinig 50.0 g LiliS 4l 6 80 5,8 w5 3] QJJR:MJ|@_995OOCm
6,8 Jiaal dwlbill 5,80 0S5 Lonic Jousdl o sl | laio bo Sy, dulidl 5,80 5oles Jgd o6 ulo udg}!l
Co_bo ol

*1.54 A +3.00 mC charge and a -4.00 mC charge are fixed in position and
separated by 5.00 m.
2 5.00 logiy Juoiig lgd90 99 -4.00 MC disisg +3.00 MC disds caui pli
a) Where can a +7.00 mC charge be placed so that the net force on it is zero?
Sl e lgde 655 50ll diosall dgall )9S5 cusy +7.00 MC disis 59 Say ol

b) Where can a -7.00 mC charge be placed so that the net force on it is zero?
Cl s lgdde b 5i50ll daall 598l 95 Cusy -7.00 MC disis 59 Seu ¢l
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*1.55 Four point charges, g, are fixed to the four corners of a square thatis 10.0
cm on a side. An electron is suspended above a point at which its weight is
balanced by the electrostatic force due to the four electrons, at a distance of 15.0
nm above the center of the square. What is the magnitude of the fixed charges?
Express the charge both in coulombs and as a multiple of the electron’s charge.
3| wle 10.0 cm dgb gly SNl g1 50l) 24531 Llg sl wle « g bl &)1 o @gSall wlisll e A
oy, 3l Wlig SRl e doulill 4Siling eS8l 558l 459 B3ic (5l om dlois G99 o9 58| Bl .l gl
AelaoSg agdoSIb disidl e e Sanlill wlissdl lxo b .gs 0l 58 50 G99 15.0 Nm ddluo e
09 S disi)

*+1.56 The figure shows a uniformly charged thin rod of length L that has total
charge Q. Find an expression for the magnitude of the electrostatic force acting
on an electron positioned on the axis of the rod at a distance ¢ from the midpoint
of the rod.

5all s ¢ s 330l . Qo] ity d L Jolall 3350 JSiiw Lgmniio lod, Lusd Sl zsy

il Laiiio o o @ Bluo wle usill 5930 wle 8990 (9,8l e 6 550l ASiiling ¢S

| 5 |
_____________ Q________
!“' d “|

+«1.57 A negative charge, -g, is fixed at the coordinate (0,0). It is exerting an
attractive force on a positive charge, +g, that is initially at coordinate (x,0). As a
result, the positive charge accelerates toward the negative charge. Use the
binomial expansion (1+ x)n= 1 + nx, for x < 1, to show that when the positive
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charge moves a distance 0 < xcloser to the negative charge, the force that the
negative charge exerts on it increases by AF = 2kg?0/X°.
wills « @+ Az go dinis oo L= b9 Jig @l .(0,0) Sl vie - ¢ WLl Aol 2ol A
ALl dsll olsil @8 daey dis gall sl & jai (N dogisg (X ¢ 0) wilss A sie Glsdl 98 98
Bl @ 90l dinzll i loxic @l Sl « x << Td =1+ nx(x+1) o)l 95 sl il
AF = 2kq258 / x3 ,lsies lede ddll disl lgas Lo il 898l sl 55« ddll disall ol L8l 0 < x

+«1.58 Two negative charges (-g and -g) of equal magnitude are fixed at
coordinates (-d,0) and (d,0). A positive charge of the same magnitude, g, and
with mass m s placed at coordinate (0,0), midway between the two negative
charges. If the positive charge is moved a distance 0 < din the positive )~
direction and then released, the resulting motion will be that of a harmonic
oscillator—the positive charge will oscillate between coordinates (0,0) and (0,-9).
Find the net force acting on the positive charge when it moves to (0,0) and use
the binomial expansion (1+ x)n= 1+nx, for x < 1, to find an expression for the
frequency of the resulting oscillation. (Hint. Keep only terms that are linear in 0.)
Ao gs9 Al -(d,0) 9 (d,0-) sl sic aaall 08 puiysluio (G 9 ) ol i s 2y
A 3] il szl @8kl Cuniio @8« (0,0) wilas Xl xic m LiliSg « @« axoll jusiy 4> 90
o® dxilll & 5ol ¢ 9Siud « 8] &5 &5z gall Solall olidl w8 O K @ Bluwo di gall disil ey =i
8,380l dasoll 898l 39l .(5-,0) 9 (8,0) wlilxaXl ¢ dis goll diszdl g 5l - w8l i Ldo aS >
XK T1don=1+nx(x+1) gl 95 sl sl g (3,0) ol Jmii lovie dis goll disuill e
(.0 w38 sl wlallaoll hid hais| 1 awl) bl Oadil 35 (e uei Sy
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Multiple-Choice Questions

1.What do the forces acting on the charge gz in Figure indicate about the signs of
the three charges?

Sl wlinall g9 Jg> JSall 8 g3 il wle 553500l Sl adl i s3I Lo

Py @y
|
I
|
s

lf?' o =2

(A)AIl three charges must be positive

(B)AIl three charges must be negative.
Al W wlsadl oS ol wsy
(C)Charge g3 must be zero.

1o Soluii ol Wy 3 sl
(D)Charges g1 and g2 must have opposite signs.
luSleio ylegi g2 9 qr pisil) 688 ol ey
(E)Charges g1 and g2 must have the same sign, and gz must have the opposite
sign.
wSleall g gill g3 2matt 58 ol wmng e gill i g2 9 G sl G8S ol

2.Assuming that the lengths of the vectors in Figure are proportional to the
magnitudes of the forces they represent, what do they indicate about the
magnitudes of the charges g1 and g2 ? (Hint: The distance between x1 and x2 is
the same as the distance between x2 and x3.) -
lio Jo> | s SHI lod ¢ lglios ill Seall Lalio go cuslin JSidl o8 wlgmiall dIghl ol ol 8L
(.x3 9 X2 s Dluoll Lt 9@ X2 9 X1 w @ludll 1auel) € g2 9 q1 wlsull
(A)lqi] < |g2|
(B)lg1| = |q2|
(C)lg1| > |q2|
(D)The answer cannot be determined from the information given in the figure.

3.Three charges are arranged on a straight line as shown in the figure.
What is the direction of the electrostatic force on the middle charge?
JSil 08 290 93 oS Ao b sl wlisws & G Al
Codouwgll disill e 65 50)l diSuiling oSl il ol Lo

v v v
-9 q q
A= be oOf d4
e) no force
(A)a (B)b
(C)c (D)d
(Dle
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4. Three charges are arranged on a straight line as shown in the figure. What is
the direction of the electrostatic force on the right charge? (Note that the left
charge is double what it was in In-Class the last Exercise.)
wle 855 80)l Al g a8l 898l olil bo .Sl g8 rd g0 98 oS astiuo b3 wle wlisuis &b i Al
((Jatdl S0 5u3 Al o aill @8 ale cilS bo e 0@ Sl dinidl ol b)) Sdopall disill

v v v
—2q q q
a»> be oy d4
e) no force
(A)a (B)b
(C)c (D)d
(E)e

5.Three charges are arranged at the corners of a square as shown in the figure.
What is the direction of the electrostatic force on the lower right charge?
JSall o8 zsgo 9 WS gy sall blgs ¢d wlisu & cai i A
€ ol ioyl diniadl wle b 5580l @Sl g S 593l olsil bo

S
I |
Lo
q q
A bR )F dN
e) no force
(A)a (B)b
(C)c (D)d
(E)e

6.Four charges are arranged at the corners of a square as shown in the figure.
What is the direction of the electrostatic force on the lower right Charge?
JSall o8 zsgo 9d WS gusall blgs 08 wlisu g4,1 wai i Al
C il wandl diniadl e 8 55 80)l 48l g 168l B8l olsil o

24—
| |
bt
q -9
A bR oF dN
e) no force
(A)a (B)b
(C)c (D)d
(E)e
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7.Consider three charges placed along the x-axis, as shown in the figure. The
values of the charges are ¢q1=-8.10 uC , q>=2.16 uC , and g3 = 2.16 pC . The
distance between g1 and gz is d1 = 1.71 m. The distance between g1 and gs is d2=
262 m.
Olszdl a8 .Sl o8 asge 98 oS ¢ v/ 5950l Jgb wle degs g0 wlisi &b &)licl w8 2o
adi = 1.71 @q23q1og.;fl'9l.um” -g3 =2.16 ng «q1=-8.10 |JC «qz = 2.16 |J.Cu®
.ald2=2.62 ;__;@q33q1c,_1_._:5{§L.\mJ|
> What is the magnitude of the total electrostatic force exerted on g3 by g1 and
q2?
Cq2 9 q1 dbowly q3 wle b 5580l QIS aSiiling 68l bg8ll lado lo >

- dl
[
0@
| 42 43
(A)2.77 -108 N (B)7.92-10°N
(C)1.44-10°N (D)2.22 - 10™* N

(E)6.71 -102 N

8.A metal plate is connected by a conductor to a ground through a switch. The
switch is initially closed. A charge +Q is brought close to the plate without
touching it, and then the switch is opened. After the switch is opened, the
charge +Q is removed. which of the following is true?
+ il coui b alll o8 oo 2lisall .2lize s o y2,3l Joge doulg diseo dog) duogi s
e glisoll &id xoy .2lisall & Al i ¢ Lgua 93 d9lll o Q
Culss il o Sl .Q+ il dl 5| ai
i

R | ] S

° &

(A)Charge the board with a negative charge.
Al doi 2ol i

(B)The board charges with a positive charge.
A 90 diniy 2olll iy

(C)The board remains uncharged
woio e zolll Jby
(D)charge type cannot be determined.
sl g9 u3si Sy Y
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9.In the adjacent figure, how much the electrostatic force affecting in the proton?

S o,5590l 0 B30l Aty oSl Boill laio bo « glsall JSall 8

J.Ocmx‘w‘”!“! T
3..Cll£
& G50
20 x 107 N towards right 2 x 10™° N towards lift
(A)1.5x 10 d h (B)1.5x 107 ds lif
(C)ON (D)9.2 x 10?6 N make angel 37°

10.Which of the flowing is correct relationship between coulomb constant (K) and
electric permittivity &- if the free space is vacuum ‘
8l dolwall clS 3] 2y € @l eS)l dslowdly (K) agdoSIl cnli o dousnall @l s (Ul 0 Sl

&l 3

(A)K &= 4r (B)K &= 21

(C)K e=1/An (D)K e=1/2n

11.You bring a negatively charged rubber rod close to a grounded conductor

without touching it. Then you disconnect the ground. What is the sign of the

charge on the conductor after you remove the charged rod?

€9 bo .p2,3 oty pgti A .l (95 p2,80 deoge o LIl dsll Ll wblhe §lu Lss| diSa
Cogndisall Gl dl 5| aey Lo gall wle dinill

(A)negative dllw

(B)positive di> g0

(C)no charge dinuisd>gi X

(D)cannot be determined from the given information
dlboeall Wlo gloall alaziwl yasill (Say X

12.The force between a charge of 25 uC and a charge of -10 uC is 8.0 N. What is
the separation between the two charges?
Sl o dolal aluoll 1580 o .N 8.0 g@ pC 10- disg puC 25 disi o bl

(A)0.28 (B)0.53 m

(C)0.45m (D)0.15m

13.A charge Q1 is positioned on the x-axis at x = a. Where should a charge
Q2 = -4Q+1 be placed to produce a net electrostatic force of zero on a third charge,
Q3= Q1, located at the origin? : :
leosg sy Q2 =-4Q1 @il o985 ol 2o il X = a @8 gl H g0l wle Loty b Q1 disus
Sdo )l dois sic g8« Q3 = Q1 « @b disias wle |00 Solui 8l @Siiling 168 849 2l Y

(A)at the origin (B)at x = 2a

(C)at x =-2a (D)at x = -a
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14.When two charges are separated by a distance d, the magnitude of the
electrostatic force between them is . What would be the magnitude of the
electrostatic force between them if the separation distance was d/ 27?
doall Slno 98w I3lo . F 68 logiu duSuiliwg oSl b9l Sl 6 « @ dluo (uiini o Juadi loxic
Cd/ 2 dlos)l @luoll cilS 5] logiy dSiilivg oS
(B)F/ 2
(D)4F

(A)F/ 4
(C)2F

15.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? ‘

ging -4e dini 4l ;33 . Jodl dhsi ¢ giyg +e disi ) 3l s/ H93all wle uigl o9 A

Silins g 5 6981 955 Cung ] 930 sl @l dinis 859 Say ol A >0 s x=+d 8
/160 s 33 X piinil] iy gl 855 60d] 4T/

(B)x=-d
(D)x=+2d

(A)x=-2d
(C)x=+d

16.In the opposite corners of a square there are two identical ions. Each has a
charge of -e. The length of one side of the 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?
w239 .L 9d g0l el sl Jgb -e dimi Lgio JS) .o lislbio Loyl &soll dblaall Llg 5l 0 3> 9,
w90l 03l e 65550l duS)l dSiling oSl B9dll laio lo +e disa b ol LSPXI Llg )l sas)
Sl wligdl e il
(B)keé? | L?
(D)2ke? | L?

(A)ke? | 212
(C) 2 ké? ] [2

17.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?

S9buy ciliall o 39 gls Jgbo .l 5 IS @8 2319 B Al Sglusio o yugd, 9 Wlig S| & 3> g5

Cuaoll IS wle b

330l S0 4 bing oSl 851l ,lado lo .nm 1.00

(A)2.30 x 100 N

(B)3.25 x 100 N

(C)3.99 x 100 N

(D)4.60 x 10-0 N

18.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 initial acceleration of each electron?

Soluy cliall o 3319 glss Jb .pul; IS w9 3lg (e NBA Soluio o ugs, w9 wlig,lS)l & s>

€98 JS) wolsidl e Ll laéo o .nm 1.00

(A)2.52 x 102 m/s?

(B)3.57 x 102 m/s?

(C)4.38 x 10%° m/s?

(D)5.05 x 1020 m/s?
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19.A 3.0 C charge lies 10.0 cm to the right of a 2.0 1C on the x-axis. What is the
magnitude of the force on the 2.0 4C charge?
2.0 dvid| wle 6,740l 698l ,lréo bo . X 950/ sle UC 2.0 ey e aw 10.0 g5 uC 3.0 diis
cuc

(A)2.4 N (B)4.8 N
(C)5.4 N (D)6.7 N
(E)7.9N

20.The force between a 3.0 4C and a 2.0 4C charge is 10 N. What is the
separation distance between the two charges?
Coniingd/ o dbolil] @luscd] lo .N 10 g UC 2.0 9 uC 3.0 i ¢ 83l
(A)5.2 cm (B)7.3 cm
(C)8.6 cm (D)9.5 cm

21.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 4C charge placed at the right
angle?
A B i il 8g8ll Sl lo @90 98 WS Cliadl Llg s o uingls wle dbaiill wlisall a4
$dailsl] 49/ Il o9 dc 9590 HC 6.0 1,580

10 cm
l 2.0 pC
——20 cm—)
(A)10 N (B)24 N
(C)32 N (D)44 N
(E)58 N

6.0 nC

22.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 4C charge placed at the
right angle relative to the horizontal (positive x-axis to the right)?

ole a4 g0l Say SNl 8gall olsil b .as90 98 oS Cliall blg s o cuingl 5 wle diniill wlisill a4

<

Slewad] o e 90l ivd] , 930)) 589 Y/ ] dnanilly dailil] 49/ ] pS de 9590 HC 6.0 B ,lni0 dinuis
0

6.0 nC

10 cm

JL 20uC

|4720 cmgﬂ

(A)-18° (B)+18°
(C)-45° (D)+45°
(E)-85° (H)+85°
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23.Two-point charges are placed on two of the corners of a triangle as shown.
What magnitude of force would be felt by a 1.0 4C charge placed at the right
angle?
les Hgidl Say il 898l lsio bo .as90 68 WS Cliall Llg;s oo gl 5 wle duosill wlisil g4
Cdailsl] 49/ i 09 dc 9590 HC 1.0 b, |5d0 disis dlowl o
6.0 uC

10 cm

L 20uC
|!— 20 cmH
(A)1.4 N (B)2.9N
(C)3.3N (D)5.4 N
(E)6.8 N

24 A charge Q7= Qis positioned on the x axis at x=a. Where should a charge
Q->=9Q be placed to produce a net electric force of zero on a charge placed at
the origin? :
Al ,gS 599 2l Q2= 9Q dinull 289 oy il X =38 WX 90l wle sy A Qr= Qdiu
Sl dois 99 de g 90 dinis wle | Lo Solui ddls
(A)at x=2a (B)at x=-2a
(C)at x= 3a (D)at x = -3a
(E)at x=4a

25.A particle (charge = -15.0 1C) is located on the x- axis at the point x=-25.0
cm, and a second particle (charge = +45.0 1C) is placed on the x-axis at x=
+30.0 cm. What is the magnitude of the total electrostatic force on a third particle
(charge = -3.50 1C) placed at the origin (x=0)?
= @) b A 88919 « X=-25.0 cm dbiill s X Hesall e ((15.0 L4C = disi) apws 359
> e 85 3all Gl 48l g g8l 898l a0 Lo X = +30.0 cm aic X 9=l e (+45.0 LC
C(x=0) Lol dhii sic dcosgall (-3.50 4C = dinill) ¢l
(A)2.33 mN (B)23.3 N
(C)0.818 N (D)8.18 N
(E)2.67 N

26.Three-point charges are positioned on the x axis. If the charges and
corresponding positions are -25.0 1C at x=0.00 cm, -50.0 .C at x= 30.0 cm,
and +100.0 .C at x=80.0 cm, what is the magnitude of the electrostatic force on
the -25.0 -C charge?
x= ¢ -25.0 1C g Aol gl g0llg wlisidl cilS I5] X Hga0ll wle dunits wlisus &N 59 Al
doall ,lnio L8 « x=80.0 cm xic +100.0 4C g . x=30.0 cm ¢ -50.0 1C 4. 0.00 cm
225.0 -1C vl wle 5 5550)l dSuilig 1S
(A)89.7 N (B)160 N
(C)8.97 mN (D)16.0 mN
(E)O N
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27 .Identical point charges Q are placed at each of the four corners of a 1.0 m x
2.0 m rectangle. If Q=35 uC, what is the magnitude of the electrostatic force on
any one of the charges?
culST3] 2 2.0 x 2 1.0 dgb Jubnine) 25,3 Llosdl wo digls JS @8 Q dgylhniall dubnsill wlisiall g5
Solinid] o Sl wde 6,5l @Siiliv g 65 593l 560 lod . Q=35 uC
(A)12 N (B)13N
(C)14 N (D)15 N
(E)1I6 N

28.Identical point charges Q are placed at each of the four corners of a 1.0 m x
2.0 m rectangle. If the magnitude of the electrostatic force on one of the charges
is 28.5 N, what is the charge, Q of one of the four charges?
o8 1Bl .2 2.0 x 4 1.0 dgb Jubniuua) 81531 Llgsll o digl s JS o8 Q diylninll ol wliszdl .54
S @ nall 510 1o isw TA,0 5 il S35 wle 8 530ll asliss o8l ol st

S, M wlisall
(A)35 LC (B)68 1C
(C)79 4C (D)83 1C
(E)52 1C

29.Identical point charges Q are placed at each of the four corners of square 2.0
m inside. The magnitude of the electrostatic force on any one of the charges is
4.41 N. The absolute value of the charge Qis
boall Slsto .3l A 2.0 &1 0l &3 Ll sl o digly IS 8 Q dgyliall blaill wlisi gub9 Al
0 Q dinil) dilboll doysll L ign £,8) Soluw wlisidl o Sl e b5 80)l 48l g 1Sl
(A)32 1C (B)15 4C
(C)48 1C (D)23 1C
(E)67 1C

30.Two-point charges are fixed in space along the x-axis. The first charge of 3.8
uC is located at x = - 4.5 cm, while the second charge of -5.6 uC is located at x =
3.5 cm. Where should a third charge (with charge 1 uC) be placed on the x-axis
so that the total electric force it vanishes?
x = sic 3.8 pC @l WJodl dinall g sl 590l Jsb e clssll w8 ity i Cuiii Al
1 disiw) @l diss 289 wsw ol X = 3.5 cm aic -5.6 puC delul dslill dsull gii loww « - 4.5 cm
Slgale 5,530l A 2l Sl B0l (i sl Hs3all e (Cp
(A)-0.214 m (B)0.214 m
(C)-0.312m (D)-0.419 m
(E)0.419 m

31.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 kAx,
where Ax is the change in the spring's length from its unstretched/uncompressed
length. Determine the charge q.
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« 2 0.75 3o e Jsb) Jsle s dowly @lsl o8 puiismine e cuibillio cuiine GiLS Juogi A
lao « dulill 5,8 wle g- 9 WAl 5,8l We 2g+ disidl guB9 Al (a7 g k =35.0 &)l el

sl 5 AX o < XAK 0 i3l oy s il Bl ol S5 5o 0.54 Jsho ol ol o8 vy

g dindl x>l e

| e [ 930all e dsb e sl Job o

(A)1.19 x 100 C

(B)1.09 x 105 C

(C)2.06 x 105 C

(D)1.75 x 10° C

(E)3.62 x 105 C

32.Two initially uncharged identical metal spheres are connected by an insulating
spring (unstretched length 0.75 m). Charge +2q is placed on the first sphere and
-g 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 kAx, where Ax is the change in the
spring's length from its unstretched/uncompressed length and k is the spring
constant. If the charge g = 2.06 x 10 C, what is the spring constant?
(+ 0.75 xino e Jgb) Usle &5 dolgs dibsdl o8 puiigniso e puitlaio uiniseo (i S Juogi i
0.54 Jshy &, 3l yali 08 capy oo « il 581 wle -q 9 wJo3l 6,80 wle +2q dinill g5 AL
sisall e dgb e dusll Jgb @8 il 9 AX Cus « XAK @& sl b 5ig all Beall ol ,SN . e
sl culi Slaio bd g =2.06 x 10° C disiadl cilS I5] &), 5l culi 93 K 9 bgauaall jue /
(A)125 N/m (B)187 N/m
(C)35.0 N/m (D)58.3 N/m

(E)142 N/m

33.Two initially uncharged identical metal spheres 1 and 2 are connected by an
insulating spring (unstretched length of 0.68 m). Charge +6.2 uC is placed on the
first sphere and -6.2 uC on the second sphere, causing the spring to contract to a
length of 0.43 m. If someone coats the spring with metal to make it conducting,
what is the new length of the spring? Recall that the force exerted by a spring is
kAx, where Ax is the change in the spring's length from its
unstretched/uncompressed length.

Nioo i€ Jgb) Usle ous dawles 2 9 1 dladl o8 Guigsise e cuitlbiio opuivinen (S Juogi Al
09 ety oo « dulill 5,801 wle -6.2 PC 9 W93l 5,8 wle +6.2 pC dinall 259 A . (Lio 0.68 &ly

sl Jglall led « Mo go dles) aeall & w5l diosiy bo oz A6 15 . yio 0.43 Joloy & w3l (alis

e dgb e sl Job o8 sl @b AX cus « XAK b &3l gy 55 il Bl ol S Tl 50

bssadll e / 33300l
(A)0.25 m (B)0.43 m
(C)0.56 m (D)0.68 m

(E)0.75 m

34.Two charges are placed at the corners of an equilateral triangle that is 0.25 m
on each side. The first charge is 4.5 uC and the second is 3.2 uC. If a charge if
2.5 uC is placed at the third corner of the triangle, what is the magnitude of the
electric force on the third charge due to the first two charges?
o® o3l diniall . uls IS wle 5o 0.25 aeks Job gly eNal Slusio cio blgs o o linis gbgs
doall ,laio Ld (il o @Il gl )1 08 2.5 C disis e 5] 3.2 uC wd dslillg 4.5 uC
Tl puiinall e dsildlg @bl disadl wle b 5580l dy Sl
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(A)0.602 N (B)1.96 N
(C)2.41N (D)3.19N
(E)4.31N

35.Two small, charged objects, Qs and Q-, are some distance d apart from each
other and there is a force F between them. What is the value of the force if Q;is
increased by a factor of two, Q-is increased by a factor of 3, and d'is increased
by a factor of 5?
I5] 898)l dod Lo .logiy F 898 32959 uaied/ logusier e d plaey « Q2 9 Q1 < pligauio yl s laws
€5 Joloas dwsl 59 <3 Joloay Qo wsl 59 (il Joleos Q7 il
(A)0.20 F (B)0.24 F
(C)0.12 F (D)1.2 F

36.According to the Bohr model of the atom, an electron orbits the nucleus in a
circular orbit. Find the acceleration of an electron in a circular orbit around a
proton. Ignore any relativistic or quantum effects.

Je> Sl ,lse 03 a8l e,k 3380 .Sl Slse 0 8lgill g 9,08 Hen 8,5 59 2bged 9
4S9l dus 0l L5 Sl ddlsi .39,

Mass of the electron: 9.11 x 103" kg
Mass of the proton: 1.67 x 10?7 kg
Radius of orbit: 5.29 x 10" m
(A)2.19 x 106 m/s? (B)1.20 x 108 m/s?
(C)4.78 x 102 m/s? (D)4.90 x 10'° m/s?
(E)9.04 x 1022 m/s?

37.According to the Bohr model of the atom, an electron orbits the nucleus in a
circular orbit. Find the linear speed of an electron in a circular orbit around a
proton. Ignore any relativistic or quantum effects.

Slso 08 9,80y ddasll de ol as gl .S 5l lso w3 8lgill Jo= 9,8 Hen (8,0 90 2dgail 899
‘U.OS_QIWU'_)JJLJLS'J&L)J U_9J_9)JJ_9>&S)J|)

Mass of the electron: 9.11 x 1031 kg
Mass of the proton: 1.67 x 10?7 kg
Radius of orbit: 5.29 x 10" m
(A)2.2 x 108 m/s (B)5.6 x 105 m/s
(C)4.3 x 106 m/s (D)5.9 x 10° m/s
(E)9.0 x 105 m/s

38.According to the Bohr model of the atom, an electron orbits the nucleus in a
circular orbit. Find the linear speed of an electron in a circular orbit around a
proton. Ignore any relativistic or quantum effects.
o130 09 9 ST Aol de sl 3351 8,0l a0 @8 8laill o 98 Hen < 5,0 90 25904 899
S ol dus 0l 86 Sl Jdlsi .o g9 Jg> Sl

Mass of the electron: 9.11 x 1031 kg
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Mass of the proton: 1.67 x 10?7 kg
Radius of orbit: 5.29 x 10" m

(A)5.6 x10'¢ rad/s

(B)3.2 x10'6 rad/s

(C)7.9 x 10" rad/s

(D)4.1 x 106 rad/s

(E)1.0 x 10" rad/s

39.Find the magnitude of the net force on a 1.20 mC charge at the origin if there
is a +2.40 mC charge at (3.0m,0) and a -5.70 mC charge at (0,4.0m). :
e +2.40 mC disi Jld wilS 5] Jodl xie 1.20 mC disi wle dosoll dgall st 3 9l

.(0,4.0m) sic -5.70 mC disg (3.0m,0)

(A)1.8 kN

(B)2.9 kN

(C)3.8 kN

(D)4.8 kN

(E)16 kN

40.Find the net force between two positively charged objects, each with charge of
1.2 mC, separated by a distance of 2.0m. They are in a material where the

electric permittivity is ~—1-2s-10= <= (v-m*)

08 d . io 2.0 @l dguntn « 1.2 MC dinis logio JS « dinill gz 90 o> o dhasall 558l 3.9l

==1.25=10""

Lo (A -ru") _quLJ)-eSJl qDlM-” UJ; Oblo

(A)2300 N

(B)6400 N

(C)4600 N

(D)3200 N

(E)2.6 x 10" N

41.Which of the following have a largest net force?

oo 598 ST 4wl oo Sl

(A)A 1-C charge a distance of 1 m from a -2-C charge.

(B)A 1-C charge a distance of 0.5 m from a -1-C charge.

(C)A 1-C charge exactly halfway between a -1-C charge and a 1-C charge
separated by 2 m.

(D)A 1-C charge exactly halfway between two -2-C charges separated by 2 m.

(E)A 1-C charge a distance of 2m from a -4-C charge.

42 .Which of the following have a smallest net force?

Clono 593 2ol d b oo S

(A)A 1-C charge a distance of 1 m from a -2-C charge.

(B)A 1-C charge a distance of 0.5 m from a -1-C charge.

(C)A 1-C charge exactly halfway between a -1-C charge and a 1-C charge
separated by 2 m.

(D)A 1-C charge exactly halfway between two -2-C charges separated by 2 m.

(E)A 1-C charge a distance of 2m from a -4-C charge

43.A 1-C charge is placed at the origin with a 2-C charge placed at the
coordinates (2,0). Where should a charge of -4 C be placed such that the net

force on that charge is zero?
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b ,lx0 dinis g9 Wy ol .(2,0) wlilas Nl sic 2-C dina 59 80 Juo | w8 1-C dinis 859 A
1 ouo disidl 038 e 65530)l dlosall B93ll S5 Cusy -4 C
(A)atx <0 (B)at 0 < x <1
(Clat 1 <x <2 (D)atx > 2
(E)atx=0

44.Two equal charges of mass 15 g 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 charge on each?
Jlal . dago diS wlgd & 1 Lgio JS Job sz dules 08 a> 15 Lgio IS diS iy glaasio cpriisis Gule ay
Clgio IS dinis o o a2l lptsed duuill °5 dgl 5 login
(A)36 nC (B)30 nC
(C)74 nC (D)55 nC
(E)64 nC

45.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 mass of one of the two equal masses?
dogo diSllg M 1 logio JS Jgb ooz 4l 9 koo logio JSI NC 36 disill o ¢ lglusio LS
oz oluaiall il o JS AS Lo .p0il lgsded duully °5 ol 5 giss JLal
(A)8.1g (B)15g
(C)d.1g (D)3.6 g
(E)6.7 g

46.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?
dago dliSllg M 1 logio JS Jsb ooz dilgs 9 ditloo logio JSI NC 36 @il oo oliglutio o likS
Ty JS 9 sl 868 1580 o . ypi0l lgssed duuilly °5 dyol 5 giss JLal
(A)0.060 N (B)0.044 N
(C)0.019N (D)0.023 N
(E)0.035 N

47.Two charges of 0.5 C are placed at (0, 1) and (1, 0). A charge of -0.5 C is
placed at (0, 0). What is the direction of the force on a positive charge placed at
(1,1)?
lo.(0:0)ac-0.5C dinis 59 a1 (0 1) 9(1:0) 2e 0.5 C lgio S lrdo ¢piisis 859 Al
T(1 1) e dc 9590 @90 dinis wle b5 80ll 593l olsil
(A)towards the origin

(B)towards (1, 0)

(C)towards (0, 1)

(D)away from the origin

(E)There is not enough information given to tell.

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

DR. AHMED ABDELRAHIM 0551032930 AL KOBAHY FOR PHYSICS




Grade 12 Adv. AasLd) ol gl Electrostatics
asall Sl 0 oS0 wle 53500l &Sling rgS)l 531l oaly lako s3]

T
/@5 cm
|

Proton

é‘ ““““ I B @ Electron
O
(A)5.07 x 10?6 N to the left (B)5.07 x 10?6 N to the right
(C)6.23 x 10?6 N to the left (D)6.23 x 1026 N to the right
(E)O N

49.In the figure the net electrostatic force on charge Qa is zero. If Qa = +1 nC,
determine the magnitude of Qo if position of Qa is (+2a, -2a).
Qo ,ls80 3338 < Qa = +1 NC WS 3] . o0 93 Qa disdl We ASsibiug ¢Sl 598l WSlo « JSl 98
(+2a, -2a) 95 Qa 2290 oS I3

Y

+HQyp -1 nC
a

SR
0
-1 nC OQ?**:.L -2a)
(A)4.24 nC Sl 0
(C)6.80 nC (D)9.61 nC
(E)2.15nC

50.Two charges, g1 = +10 nC and g2 = -30 nC are 20 cm apart. Where (other

than infinity) can a proton be placed so as to experience no net force?

0394l go9 Sey (Gl Oy) el .aw 20 lagin dati g2 =-30 NC 51 =+10 nC . L
Saloso 598 S o, A Cusy

q1 (+10 nC) qz (-30 nC)

(A)left of charge g1
(B)on the line joining g1 and g2
(C)right of charge g2
(D)at a point P on the right bisector of the line joining the two charges

51.In Bohr's model of the hydrogen atom an electron revolves in a circular orbit of
radius 0.053 nm around a proton. The number of revolutions made by the
electron in one second is
3C 0539 Jg> ingili 0.053 0,08 Bums S,ils Sl w3 098] 593 ez 9l 853 590 23905 9
S9luy 8319 4wl 8 9,8 lgoinay will wl el
(A)12.8 x 10%° (B)9.8 x 10%°
(C)4.3 x 1031 (D)6.6 x 10"
(E)6.2 x 10'?
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52.The diameter of C'? nucleus is 2.75 x 10-'® m. It has a charge of +6e. The
magnitude of the force on a proton placed 2 x 10" m from its surface is

2 x 1075 o5 wle (9590 wle B35l 5ol st +6€ diini @l 2.75 x 10715 m g8 C12 5lgs ,bd

Soluw sl o M
(A)1214 N (B)345.6 N
(C)542.1 N (D)632. 5 N

(E)980.1 N

53.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?
o sy b3 wle gl Qi S o Gigmie @G 5,8 g9 3l Ay (Al eS A QULS Josi
Sl o IS e S dSiling 168 899 3929 mac & AL Al guag dovi culS ] LSl S 5S 50
Sy ol Say I5lod ¢ pwido Nl
(A)The original spheres carried charges of opposite sign.
.4uSleo dodle Wl Wlisw Josi ddod wl S culs
(B)The original spheres carried charges of the same sign.
Aol juts Josi wlisus Josi ddodl wl S eslS
(C)The original spheres carried charges of equal magnitude.
el @8 dgluio wliss Josi ol wl Sl cilS
(D)The new charge is placed equidistant from each of the two original charges.
o Al sl o IS e digluio Lo wle i)l dinill A4
(E)None of the choices may be said with certainty.
il a9 oo wl)bsl o Sl Jgd 5920 3

54.Two spheres carry electric charge, and a third charged sphere is now placed
somewhere on the line that runs through 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?
S3S0 e o Al sl wle o 8o 08 digmiin @l 8,8 (3l @iy « Al 68 A QUi oo
58 o IS e &S Aoliang 568 198 595 mc 0 @l Al g s S o] .3
Sd ol Sau 3led (i pinl ol
(A)The original spheres carried charges of opposite sign.
.4uSleo dodle Wi Wlisus Josi ddo | wl S culs
(B)The original spheres carried charges of the same sign.
ool s Josi wlisws Josi Aol ol Sl culs
(C)The original spheres carried charges of equal magnitude.
o)l @8 4y glusio Wlisuis Josi ddo | wl S culS
(D)The new charge is placed equidistant from each of the two original charges.
o Al il o IS e dgluio Al wle i)l dinill A4
(E)None of the choices may be said with certainty.
il a9 oo wlHbsl o Sl Jgd 5920 3
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55.1n a region of space there are 3 fixed charges: +1.0 mC at (-1.0 mm, 0.0 mm),
-2.0 mC at (8.0 mm, 5.0 mm), and +3.0 mC at (0.0 mm, 9.0 mm). What is the
magnitude of the net force on the -2.0 mC charge?
sic -2.0 mC 4 (-1.0 mm, 0.0 mm) xic +1.0 mC :aub wlisw 3 cladl o dibio o8 3> o)
e 8 yi8all dasall 593l 1560 o (0.0 mm, 9.0 mm) xic +3.0 mC 4 (8.0 mm, 5.0 mm)

Aasledf ply sl

Electrostatics

¢-2.0 mC dsull

(A)5.3 x 108 N

(B)7.8 x 108 N

(C)8.4 x 108 N

(D)9.7 x 108 N

(E)7.5 x 10° N

56.A small ball with a mass of 40 g and a

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?
7.0 cm @luo e dileo 5,8 Jous wle sl

6,S)l Jiwl y2, 3l wle 0.6 pC lgiimzg 50 g LeiliS dubi b 80 5,8 Cedg 3] .d4)5le dus ) G99

charge of -0.3 uC is suspended from

oo dileo -0.3 nC lgiisuiug 40 g LiliS § 00 5,5

Chusll we 6550l 32l 598 lsio lod 8 ralo ol

(A)0.04 N

(B)0.06 N

(C)0.33 N

(D)0.39 N

(E)0.72 N

57.A small ball with a mass of 40 g and a

the ceiling on a string. The ball is suspended 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 and the tension in the string is 1.0 N, what is
the distance between the first ball and the insulating floor?

5] .asle dus,l b 6,801 s i daus wle il

sidl o9 8 ibo ol 8,80 Jal yb, 31 wle 0.6 UC lgiming 50 g gl dwli § 00 5,5 oy
Ca;la)l 4 Mg Jgdl 6,S) o @bl lod 1.0 N sl

charge of -0.3 uC is suspended from

oo diles -0.3 pC leiining 40 g LgiliS 5 w00 5,5

(A)8.3 cm

(B)7.0 cm

(C)5.2 cm

(D)5.7 cm

(E)6.4 cm

58.A small ball with a mass of 40 g and a
ceiling on a string. The ball is suspended

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?

§99 7.0 cm @luo e dilen 53 bos wle il o dilen 0.3 PC lginuisg 40 g LiliS § 00 5,
ool 5,8 ol yo, 3l wle 0.6 puC lgiinuzg 50 g LS dubli 5 00 5,8 cosg 5] .4)5le dus

charge of 0.3 uC is suspended from the
a distance of 7.0 cm above an

Shusll e 5,550l 2l 598 lsio Lad 500

(A)0.04 N

(B)0.06 N

(C)0.33 N

(D)0.39 N

(E)0.72 N
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59.A small charged ball with a mass of 40 g is 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 -0.60 uC is placed on the
floor directly beneath the first ball and the tension in the string is 1.00 N, what is
the charge on the ball attached to the string?
5| .a;5le dus,l G99 7.0 cm @luo wle dilen 5 SI s e Ciill oo diles 40 g LgiliS b s 6,5
sl o9 b bo el 6,80 Jawl o3l wle -0.6 PC Ly 50 g LgiliS duli 6,80 5,5 sy
Tl o9 dleall 5,8 disi a0 o8 « 1.0 N ozl o8
(A)0.96 uC (B)0.55 uC
(C)0.72 uC (D)1.3 uC
(E)0.30 uC

60.A fixed +2.0 mC charge is located at the origin, and a fixed -5.0 mC charge is
located at x = 1.0 m. Where could a +7.0 mC charge be placed so that the net
force on it is zero?
diniy 859 S ol X = 1.0 m i -5.0 MC s giig « Juo 3l dhii 0§ +2.0 MC disis 3> 99
Sl oo lgde 6 5580)l dosall §gill 0S5 cusy +7.0 mC
(A)-1.7m (B)-0.67 m
(C)-0.39m (D)+0.39 m
(E)+0.67 m

61.Three-point charges are placed on the x-axis as shown. Assume that Q1 =
2.40 uC, Q2 =-Q4, and Q3 = Q1. The coordinates of the point charges are x1 = -
0.100 m, x2 = 0.120 m, x3 = 0.300 m. What is the force (in N) on Q2?
9Q2=-Qu 5 Q1 = 2.40 pC |yl .3b90 90 oS sl 2all wle iy Bl Y g5
898l lo X1 =-0.100 m, x2 =0.120 m, x3 = 0.300 m & dosill Wl wlils=] .Qz = Q4

TQ2 wle (N bx>g))
Q Q Q
| # | | ) -
0 X
(A)0.324 (B)0.366
(C)0.414 (D)0.468
(E)0.528 (F)0.597
(G)0.675 (H)0.762

62.Two charged objects are a distance 2.0 m apart. Object X has a charge 33.0
C and Object Y has 3.0 C.
.C3.0dY auwlly C 33.0 aiimis X aws)l . 5io 2.0 @luw ¢,Ugnuio ¢lows s

(A)The magnitude of electrostatic force on X is 11 times thaton Y.

(B)The magnitude of electrostatic force on Y is 11 times that on X.

(C)The electrostatic force on X is the negative of thaton Y.

(D)The electrostatic force on X is the same as thaton Y.

(E)The electrostatic force on X is 99 times thaton Y.
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63.Two charged particles attract each other with a force F. If the charges on both
are doubled, and the distance between the charges is halved then the force
o L)l cassily ¢ logdS wle wlisil caclsi 3] F t48) podl logass obdsy lgsio ¢lows
doall 8« il Wl wlisuil
(A)is 16 times stronger (B)is 4 time stronger
(C)is twice as strong (D)remains the same
(E)is 1/2 as strong

64.What is the force on the -4 uC sphere?
-4 nC dinall wle 5 y530ll 598l 580 Lo

2cm 6 cm
(OO @
5uC -4nC 10 uC
(A)550 N, to the left (B)550 N to the right
(C)350 N, to the left (D)350 N, to the right
(E)O

65.An electron in a hydrogen atom experiences a Coulomb force, F = 85.2 x 10
N, as it goes in a circular orbit around the central proton. How far away is the
electron from the proton?
s> Sl 5130 08 0w slil « F = 85.2 x 10 N (aglgS 8l cumg 00l 855 08 9,80 500
Sugioodl pe 9,8 sey o .5 58 50l ygig,ll
(A)0.052 nm (B)52 um
(C)0.35 nm (D)35 um
(E)27 mm

66.Two charges of 1.6 x 103 C and 6.4 x 104 C are a distance of 5.1 m apart.
What is the magnitude of the force (in N) acting between them?
83> 91) lagiw 8,580l 598l Slsio Lo . yio 5.1 dluw 6.4 x 104 C 9 1.6 x 103 C uiinis o Joois
S(N

(A)354 N (B)290 N
(C)120 N (D)456 N
(E)35 N

67.Three charges of equal magnitude Q are held in the configuration shown. If a
small positive charge, g, 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.)
NE (G b 320 Q90 dinis sy BB 290l igSill (8 Q Azl ¢ dygluio wlisui ey blas Al A
Glisdl o IS wle 8593 gall a9 ol il ddas o) $ledde b 5580l 598l olsilg lnto Wd (Jo Xl dloss
(el
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Q b -Q
3 e,
(a—)<a—)’
qQ g9
A7 ba?. e . . dme b2, . . .
(A) "0 in positive y-direction (B) 0" in negative y-direction
g0 Y
e a,z . " . . < aZ . . g g
(C)*o"”"in positive x-direction (D) ™" in negative x-direction
(E)O

68.What acceleration, will an electron experience when it is a distance of 30 nm
away from a charge of Q = -30e ? (Use the sign convention here: + for
acceleration away from the charge Q, and - for acceleration towards it.)
€Q =-30e @i e Ingy ingil 30 @l wle 8 losic (9 SNl o juisuw Sl &Ll 3 b
(o9 & 5kaill - 9« Q dinidl e ey &5 lil] + :ld 5, L] 2wl Adsiiwl)
(A)-7.68 x 1012 m/s? (B)8.43 x 10" m/s?
(C)3.26 x 1077 m/s? (D)- 8.99 x 10° m/s?
(E)+ 8.99 x 10° m/s?

69.In a hydrogen atom, the average separation between the orbiting electron and
the proton is 0.53 x 107" m. What is the force of the electron? Use a negative
sign for attractive, positive sign for repulsive force.
593 10 0.53 x 10779 m 959,49 S, Inall 9 S s dlotd] dlisall Jouugio &l « =g 50l 5,5 w8
Sl 98] dulyl dodleg « duslal) ddl b, Lal il T9 SNl
(A)-8.2 x 108 N (B)+8.2 x 108 N
(C)-4.4 x 103N (D)+4.4 x 103N
(E)O

1.What is the magnitude of the electrostatic force that the two protons inside the
nucleus of a helium atom exert on each other?

Sl logussy wle agulgdl 8,5 8lgs U3 Ugigll Ly 58 il @Siling ¢Sl 898l lndo Lo
k=8.99x10° Nm?/C? q,=+e=1.602x107"°C 4 r=2.00x10"""m
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2.What is the magnitude of the electrostatic force between a gold nucleus and an

electron of the gold atom in an orbit with radius 4.88 x 1072 m ? Z=79
4.88 x 10712 o 08 ani Hlao o8 wddl 6,5 9,589 wadl 8l o aSiiling 16l 58l Slrio g Lo
Z=79m

3.Two charged particles are placed as shown in Figure : g1= 0.15 uC is located at

the origin, and g>= 0.35 uC is located on the positive x -axis at xo= 0.40 m. Where

should a third charged particle, ¢, be placed to be at an equilibrium point (the

forces on it sum to zero)?

g g2 =0.35pC 5 « Jodl @8 g8 q1 = 0.15 pC :JSill o8 @sgo 98 oS (uigniso posws 9 Al
ol sl dbis sie 684 « @3¢ 9o b amus 289 sy il X2 = 0.40 m dic o gall X je=ll wle

(| o Soluy dile 5,580l Sell € 900)

4.Two point charges g>=—20 uC ,q1=40 uC the distance between them is equal to
30 cm as adjacent.

1 da
©
FEnseE 3I]rm----)9

> a) Determine on the drawing the direction of the electric force that the first
charge effects on the second charge.

Al dnadl oo WJodl dowll Ly 35 ol dul S a3l olsil aw )l wle sas (1>
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> b) Calculate the amount of electric force that the first charge effects on the
second charge.
il dsall oo ol dinall Ly 5 ol sl eS)l gall lsio Cus| (W >

5.Two small balls of the bilsan marrow were attached to two light strands
adjacent to the air so that the distance between them was 0.06 cm when charged
with identical charges repulsed at 40 N.
loginis 2iC aw 0.06 logiy @luall cilS cumy s sy oludy €185 Go G o S by &
o 40 by ld 8l & diyllnio wlisuiy
> Calculate the amount of charge on each ball.

3.5 S wle il lsio cusl >

6.Two identical charged balls hang from the ceiling by insulated ropes of equal
length, L = 1.50 m (Figure 1.16). 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 What is the mass of each ball?
A .(1.16 JSadl) a L =1.50 « Jelall & glusio dg 300 Jloy il oo olislaio ol gsio olisS oo
dwld digl 5 acls Jis JSg osSudl dls @8 LS Wi &5 .5,8 JS wle g = 25.0 puC disi dubs
5,8 JS dliS Lo Syg0nll ol duuill &2 5 YO,

T
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7.The point charge (q1) in the adjacent figure affects electric force ( F )
> How much the force will become if the distance between the two charges
becomes (1) ? ‘
(F) asl,eS)l sl Hglaall Sl 9 (qa) ddoill disll il
(1) cuinidl o Bluall Cowsl 3] 598l i S >

8.The point charge (g1) in the adjacent figure affected by electric force ( 0.64 N )
> How much the force in the charge (g2) ? ‘
(s 0.64) dsl oSl 898l ko ,glsall JSl 08 (q1) ol dimiall
C(q2) ol ¢85 5530ll 598l lnio Lo >

9.The point charge (g1) in the adjacent figure affects electric force ( F )
How much force becomes if the distance between the two charges becomes
twice ?
(F) 2l S0l 85l 5okl Sl 3 (1) ol dinl il
Cinall puindl ou Bluall cowsl 15| 5eall o Lo

q, q;
-9 ©—
0 x (m)
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10.The point charge (q2) in the adjacent figure affected by electric force (0.4 N)
How much force becomes if the distance between the two charges becomes
(3x) ?
(s 0.4) 2l SN 55ally il sslell Sl & (q2) doitil] disiall
C(3x) il o @ludll cspsl 1] bl o Lo

a4 q2
o ©—
0 x (m)

11.Consider four charges placed at the corners of a square with side length 1.25
m, as shown in Figure .
Problem :What are the magnitude and direction of the electrostatic force on g4
resulting from the other three charges? :
JSall o8 zsge 93 WS ¢ 1.25 aels Job g1 50 by 03 dcgusgo wlinw oyl olicl w8 2o
6,33 Ml wliswdl (e dsilill ga wle @Siiilin g g 8oall olsilg laio bo :dludll

¥y Il-l

q, = 1.50 pC § = 4.50 pC

G =250pC ¢gy=-350puC

(a) (b)
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12.As shown in the figure: Calculate the amount of electric force affecting on the
charge g3. and determine the direction of the force.

3l slatl s .3 disnidl e 8580l @l gS)l g8l laio sl 1Sl (08 2B g0 o LS

y (m)
q, =|2.0 uC s q, = 6.0 uC
1.0 2.0 *(m)

13.As shown in the figure
> Calculate the amount of electric force affecting on the charge g2
> and determine the direction of the force.
JSall o8 o 9 oS
2 @il wle 85580l duly eS8l lsio Cuws| >
Beall olsil s3> g >

q, =—6.0uC q,=—30uC q3=50uC
— 0.40 0 20 XM
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14.A positive point charge +gis placed at point A, to the right of two charges g1
and g2, as shown in the figure. The net electrostatic force on the positive charge
+gis found to be zero. Identify each of the following statements as true or false.
329 .JSall 99 psge 98 WS q2 9 q1 i ey wle - Pl xic +q a0 dois disis 59 A
wle Al wl kel (o b)be JS 33> s Solui +G dus gl disidl wle S 480k g eS| Bl )l
oz gl Ulows Lyl

o] o —>
‘?l l'!: P

a) Charge g2 must have the opposite sign from g1 and be smaller in magnitude.
Olaall @ auel 0585 oly Q1 oo 2uSlas Adle 2 L ddd 055 O

b) The magnitude of charge g1 must be smaller than the magnitude of charge g2
qz dxill Hlxie o 2ol g1 diniall o g ol Loy

c) Charges g1 and g2 must have the same sign.
Aol Gt 2 9 q1 wlisid) S ol way

d) If g1 is negative, then g2 must be positive.
4290 92 (855 ol W Al q1 S )

e) Either g1 or g2 must be positive.
=90 g2 5l g1 L) oS ol

15.two point charges 5.0 uC ,6.0 uC , if the reciprocal force between them (3N),
> What is the distance between the two charges?
« (BN) logiw dsliiall 58l clS 5] « 5.0 uC ,6.0 uC lississ ¢l
C ool o dluall lado b >

16.Two identical charges (-6.0 nC ), placed at the two positions (0.0 cm , 0.0
cm),.(+3.0cm,+3.0cm)
(s 3.0+ ¢ aw 3.04) (s 0.0 ( 2w 0.0) 2s90)l 8 olicssse « (-6.0 NC ) liwlio i

> Calculate the net electrostatic force effect on a third charge 2.5 nC at the
position (0.0 cm , +3.0 cm )?
(0.0cm, +3.0cm ) g5l w8 2.5 nC @l disu e b 5 8all Al g Sl doall Slsio Cuws| >
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> Calculate the angle that the net force makes with an x—axis
X 5950 &0 dosall beill geiai will digl 3l sl >

17.Two point charges g1 and g2 were placed on the x-axis as in the adjacent
figure, and when you put a point charge gs on the x-axis The electrostatic force
effect on charge g is zero. If g1= g>= Q and g3= -90Q

> Find the distance between (g3) and the charge (q1).

wle q3 Qb disis g loxic g « Hglall ISl 08 oS X 920l wle q2 9 q1 b s g9 &
PB=—9Q9q1=qz = Qs 3 .| sr q1 dinzdl e Al g Sl 598l 55U 5 « X 9=l

(q1) dinally (g3) ow @l .\>__9i >

A
)
th

18.A bead with charge q1 = +1.28 uC is fixed in place on an insulating wire that
makes an angle of 8 = 42.3° with respect to the horizontal

(Figure). A second bead with charge g2=-5.06 uC 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, m2, of the second bead?
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o dauailly @5 0 = 42.3 505 Jeny ke ellu wle Wi § ate q1 = +1.28 §C diss wls 4o
d = 0.380 @luo wle .ellw wle Jinl (95 @50 gz = =5.06 PC dinis o duli dis . (USll) S
my sl 55,30 diS bo .| oo dulill 55,301 wle dlosall 898l 685 « 5,30 pum

19.Charles Coulomb measured the deviation of the ball A when the charges of
balls A and B were equal and located R from each other. If Ball B makes one
third of Ball A's charge, how far should the distance be between the two balls for
Ball A to take the previous deviation itself ?
o R @luo wle giig digluio B 9 A i Sl wlisw cilS losic A 6 81 Gl il iy agdoS 5) 5L 218
A0 wis oS G 0885 ol sy wall @bl lod « A b Sl diss i L B 6 S cslS 3] a2l e
Cawts bl Sl >3 A b Sl

20.Static electric forces between charges are enormous compared to
gravitational forces, but we usually do not feel the static electric forces between
us and our surroundings, while we feel the interactions resulting from gravity.
Explain.
Skl dul oSl Soall e X bale WS (dudlall Sgiy di,lio dild sl ¢w ASLul 4l el Sodll
il alall ge sl eelill o low  Wnso g bis
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21.Calculate the ratio of electric force to gravitational force between the electron

and the proton in the hydrogen atom.
(02950l 855 08 959 5ls (9 ST G Aus I 869 Wl Al e8Il 698l dus G|

22.three charged balls placed, as shown in Figure.
Calculate the net forces acting on the ball B
JSadl 08 2o go 93 oS ¢ digsuio wl ;S Wi g9 A
B 5 S e b 5580l dioall Seill s

+y
+4.5,C o
A } / 8.2 l‘c

I 40cm———i B

+x

23.The balls in Fig. have masses of 1 g each and their charges are equal. One
was suspended with an insulator thread and the other ball was rounded to 3.0 cm
from the suspended ball. The hanging ball now hangs, and the thread forms an
angle of 30 "with the vertical axis. Balanced Calculate both:
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8 53 Jole sy loaosl e 25 gl (gl clagio S 1 ol LS JSll g6 o3
ssmall g0 30 dsl basll Ky« 31 ol dileall 8 <01 dleall 5,50 o s 3.0 ol 331 5.5
150 XS | gl

24.As shown in the figure, charge 1is 3.94 uC and is located at x1 =-4.7 m, and
charge 2is 6.14 uC and is at x> = 12.2 m. What is the x-coordinate of the point at
which the net force on a point charge of 0.300uC is zero?
HC 6.14 wa 2 disiallg « x1 =-4.7 m xic giig uC 3.94 wd 1 disadl 18 « Sl @8 390 90 oS
dulndy disis wJe 8 5380l dasall 5gill Baic 985 will doiil] X Wilss| bo .x2 = 12.2 m xic gd g
€l 0 0.300uC b, lxio

q q:
' a : F ' , x
X 0 X2
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