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CHAPTER 21:

ELECTRIC CHARGE & ELECTRIC FIELD
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Chapter 21: Electric Charge & Electric Field
10 B 0 sSH g <l ) (e ALl (o oS

.(the positively charged proton) < sis nli(1
.(the negatively charged electron) <l 5 yiSIY)(2
.(uncharged) <l 5 ill(3

55 al) 2a (g slne s SV 230 g 5% Alabasiall 3,300
.(the substance that lost electrons) 4ullu ciliad a8 L3 Linll dun go el Lgild il Y salall canid 13)

.(the substance that gained electrons) ddbu ciliad CaniS) LY Laill Al zeaai Lgild Gl 5 3 salall i€ 1)
A2 4 Tasay ansy Lo 130 5 (05 SIY) A e Lims (g 0585 O g s g1 A ()3 Al

the principle of quantization of the charge (Ll 4S5 faw):
q =ne

Where:

q:the charge on body.

n: number of (lost or gained) electrons (AumsiSall sf 53 siiall il 5 SIY) 2ac)
e: the negatively charged electron(e = 1.6 * 10719)

Ex: if an object lost (3*101° e), what is its charge?

Solution:

g=ne = q=3+1010 x16+1071° = g= 48+10"°C
q = 4.8 nC, positive because it lost electrons

coulomb’s Law:
(Ldlas gl )AL () oS5 AL 5eS 848 A paidiall alea¥) g L
.(A positive and a negative charges attract each other) &kl s dll ¢ @ilas 3 48 Las
.(Two positive and two negative charges repel each other) dgliiall ciliaill o H3lE 5 @ LS

Ol (i (e ALl Al 560 5 gl ke Lesle Maing 1) ol sl 083 (00 51 S allall (i
(11 Ga1) i) o IS e o Lok ol (F) 860 5800 laia(1
(1?) Lagin ALl o ye e Lo Calii(2
(a2 5 (30 Tl dapls e 2ix(3
“The magnitude of the electric force between two-point charges is directly proportional (b3,b)to the product of the charges and
inversely(LwS<) proportional to the square of the distance between them”.

F=k|Q1Q2|

Where:
F: Magnitude of electric force between two point charges

k: coulombs constant (k = —— = 9 * 10)
4TTES

r: Distance between the two charges.
(g1 )(g2): Values of the two charges
€: Electric constant (€. = 8.85 * 107 12).

GG ) adaion Gl zladll Uaidial) 4 ) ehal ¢ o< Ladic
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Ex1: Two-point charges g;=20 nC, q,=50 nC and the distance between them = 3 cm, find:
a) what is the magnitude and direction of electric force from q; exerts g,.

b) the electric force from g, exerts on q;.

Solution:

q1 9 201072 %50 « 107°
= F=9%10°
72 i (3+1072)2
F=1%10"2N=F = 10 mN (repel).

b) the same result of (a) F = 10 mN (repel), &dols ddac o yuall ()Y,

a)F =k

Ex2: given figure below, what is the total force on g3 ?
Solution: d1=10nc

1, =+/(0.6)2 4+ (0.8)2=>1r, =1m

r1=1, from Pythagoras (c? = a? + b?) S
3 43=5nc
91 U"‘é'.‘J F13 = F23 U\j )Md}l.uﬁ 08m
91 93 10 %1072 %5 107° o
Fin =k—— = F;» = 9% 10° ¢
13 7.2 13 * (1)2 g
F13 = 450 nN
q1 93 10% 1072 x5% 107°
Fyp3 =k—= = Fy; = 9x10°
23 1,2 23 (12 d2=10nc
F23 = 450 nN
*The total Force (staell JSEI 8 LS Cilgatiall Jidas ) #la)
Fy = F23 Sin 01 = F13 Sil‘l 91 = 0 Fys
F,3 cos 6,
6,
Fx = F13 CoS 91 + F23 COoS 91 ° 0, o F3 cos 6,
o
F, =450 * 1072 *0.8 +450 * 10~° % 0.8 3 G Fis
FE, =2%450x107°*0.8
E, =7.2%1077 dialt 9, =0,
inf; = sinf, = —=10.6
sin 6, sin 6, 10
0.8
cosf; = cosf, = —=0.8

1.0
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Electric Field (S¢St Jaall): E
Tind b 55 (F) oS 58 IS e ol el (g) il peSl) Lntlly sl all dpsls (E) e il amy
m@b)@\dhd\&uuﬁ\&edm.»u}s@bﬁd&aﬁ@bub)@\aﬂ\wdﬂ‘ﬂ\\&@@4}46}\

(Gy) AESYI ind e o sudie (F) il 50 5 580 1kl y done il ke () ke

5 s A e i 5l Jlaalls

F
E=—
90
Where:

F: Electric force on a test charge q, due to other charges
E: Electric field

qo: Value of test charge
unit of [E]: N/C.

Electric field due to point charge:
L eSH Jlaall Gl (Sasd ik Rind Sl el Jlaall yame IS 13 (Sl (E = 2) ai ie il oS Jlaal) claa (o
- £ % £

E=—

90

quqol £ Iqqol o qul
= 2 = *qo_ z = —
L
Where.

E: Electric field due to a point charge

r: Unit vector from point charge toward where field is measured.

A -

r= D (S e pany b Al g A ALl S 1Y Jla b a2is)
- : :

A A

r = ((—0.73 ) i+(0.390 k))m
T o_ (<073 )2+(0.39o I~
r V(=0.73)2 +(0.390 )2

A

Electric field is a vector quantity that means it has magnitude and direction.

E (ol 5 A Al dgatia ApaS AL HeSI Jlaall)
Direction of (E): 9 qo—

q, always positive charge

= E —qo and it is very small.




{Done by: Omar Mohammad}

Ex1: Two-point charges ;=5 uC, q,=-5 uC distance between them 5 cm in figure shown, find

E at point c?

Solution:
4 3 0 5% 107
El_krz = F, =9%10 —(5*10_2)2
9

E, =<+ 107 N/C= E; = 1.8+ 107 N/C.

a 3 0 5%107°
2 = FE,=9%10 —(5*10_2)2

E, =2%107 N/C= E, = 1.8x 107 N/C .

E,=k

Jlaall alag) die (22 gny ¥ llll*

i oLyl yyaasd LI

Gl Y da )2 60 (s skt B dad 2 an ) e
Y 5 slia

LBl g =6, = 6; * P Eper 2

E, sin 0,

E, =E cos@, + E,cos0; = E, =1.8x107 cos60° + 1.8 * 107 cos60° B

A

Ex = 1.8+« 107 N/C (_l) E,cos Oy

Ey =E15in92 —EZSin91 =0

< E, sin 6,
01 =0, 5 Ey = E; O ja g 03

5cm

d\;a!\d%\)m.d\ &MM\MSJDBJYUJ\M\‘;‘C\JUJ:\QM\ Lﬁ\@)&;ww&wU\@b)@ﬁ\ Jaddl
Adlsall 324 ) e (L Sl

Electric field lines (SbugS!) Jaal) ks ghi):
Properties of electric field lines:

1) electric field lines point away from positive charge (¢ *) and toward to negative charge (g ).
(AL Al 8 JA s R pal) &) (ge a5 L ghall)

2) electric field lines are close together where the field is strong, farther apart where it is weaker.
() Jladll (e 3aeliie s (5 BY) Jlaall wie 4 i (5S35 o shadll)

3) direction of electric field is tangent of lines in any point (b shall & dhis Y Gulaall 8 Jlaall olail),

4) electric field lines do not intersect (ablis ¥ Jaxll b ghi),
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Uniform Electric Field (afiiall AL <) Jlaall):

Ly g calliiily Laguadas o £ 550 cliadd) (M A a (s A 9 Al Ay Lab haa] iy ) g (il ga (pfindia (i aie
1Y) e amy cpiadial) G Saad) B Lgaan Al die Waladl g ) lake cull aliile il S Jlae

Aaliia Ban g < Adadil] 43aS b (A) Aasiial) dabuiag (q) Cingdeall gaa) o Ao gall Al gl iakl) lala oS 133
(%) Baa gy (uliig (o':%)cﬂ:\;(o') LARTRAL M\HGSS\“.AME

AL Jlaal) (8 18 of 51 98 Guiandiall G Jagll (S g Ay gluia (pfiasiual) o sl adand) 48U cails 1)

E ? =
= . E
Where: :
0. charge density " Q_.
+
Ex1: A proton is placed in a uniform E = 5% 103 % (proton = 1.6%10717C, +
mass = 1.672 * 10727 K g), find: +
a) magnitude of Force (F) on the proton. +
b) proton acceleration (0Js) Jwa) xie), +
C) speed after 1us.
Solution:
a)F=Eq0=>F=5>l<103*1.6*10_19 = F=8x10"1°N
+10-16
b) YF = ma, from Newton’slaw = 8 x 10716 =1.672x 1072 xa=a = L_N
1.672%10

a =478 101 m/s?
c) v, = vy + at, v;=0 (is placed) > v, = 0 + 4.78 * 101 x 1« 107° = v, = 4.78* 10°m/s
A eI 5 8 Al sl ol ot 1308 A 568 58 A, 438 alatie S 5eS e (B (M) 4lS () saiie ppesn g sy Ladie
il ke Ll (@) Lo caniSons Al

F=am , F=E=xq

F=am=E=x*q

(g by AS jall ¥ Alae aladiuls Lhia g (S aaal) A8 ja 8 (AL HeSI) 3 gall olatly & lull oladl (5 5K
v, = vy +at

vzz = 1712 + ZaAL

AL =t * vy + 0.5at?
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E=5N/C
Ex2: in the figure shown, find (q is equilibrium) VI LLL L LY 4

a) Tension of rope.
b) g if its mass =10 g.

=
30°

Solution:
a) because q is equilibrium then, Tcos30 = mg & Tsin30 = qE

* =34
T="19 o p100710_ 7+ _ 113N

cos30 cos30

VLYl P 74

Tsin30°

Tsin30 _0.113x0.5

b) Tsin30 = qF =q=—""= q = g=113mC

g =10m/s?

Example: When the terminals of a battery are connected to two parallel conducting plates with a small

gap between them, the resulting charges on the plates produce a nearly uniform electric field E
between the plates. If the plates are 1.0 cm apart and are connected to a 100 — volt battery as shown,
the field is vertically upward and has magnitude E = 1.00 *10* N/C.

(a) If an electron (charge —e = —1.60 * 107° C,massm = 9.11 = 1073 kg) is released from rest
at the upper plate, what is its acceleration?

(b) What speed and kinetic energy (k) does it acquire while traveling 1.0 cm to the lower plate?

(c) How long does it take to travel this distance?

Solution: 2R
a) i
E,=a,m=Exq 100V

ay *9.11 * 10731 = 1.00 * 10* x —1.60 * 107°
ay =—171%10% y

b)
fromrest: vy,; =0
Ly = 0,soatl; = —=1.0cm = =10 x 10—-2m

V2% = vy ? + 2aAL

V)" =042+ (=1.71 % 10%) x =1 % 1072

vy, = 5.9 % 10® (m/s)

k=05xm*v2=05%9.11 10731 % (5.9 x10%)?2 = 1.6 x 10~'7J

V2= V1

o)t= =34%10"%

BLalld il gl £1 41 cha Jdal g« pdlly & e jlaliind e a )
DS Gl g i) dua B
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Electric field absence point (Jiaall alai) daii):

X R —N— 1-]—)

- the point is between them and closer to the - the point is outside them and closer to the
smaller charge (L) Lnll ) o 85 Legin). smaller charge (Lay) Ll ) o il 5 Lega J3),

Ex: Two charges g;=5 nC, q,=10 nC, distance between them 10 cm, find the absence point.

Solution: q; 10 cm q1

_ kaqi _ kaq 2 _ 2 _ _
El—EZ:—TZ ——rzﬁqlrz—qzrl,rl—x&rz—lo—x 310_;5 X 9
1 2

5% 1072 % (10 — x)? = 10 * 1072 = (x)? ... take the root after simplification.

JA0—x)2 =/2x2 2 10—x=vV2x = V2x +x = 10

10
142

X = cm = x=414cm

Electric field for charge distribution (Usdd) (e a5 93 (Al gt Jlaall):
38 ana Ui gl COB 8 g 8410 Al o JUia Gptny B gl adliieia bad b o Jlie aay B cilall)) g 5

Along line Over surface Through a volume
A:line charge density o:surface charge density p:volume charge density
1=0/1 0 =Q/A p=Q/V
q=Al =dq = Adl q =0A>dq=o0dA q=pV =dq=pdV
dq
E = f kr—zr

f dl = [(JsH) f dS = A(ialud) f dV = V()
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_ Al L a
Ep a(a+l) A q=A
:Lﬁ}Lua...i (b)&bﬁ.’d\ e Jlaall ol (a) W Hlasa (b)w\u;@m“(mu}bhg; il &IOS
dgq = Adl
dgq Adl
E :fkr—z = fkr—z

S i) 55 e (e D aally (L 4 @) Wi Quldl) )yl Adaiil) ) i ) a3 55 40 e J5Y) aad) JelSll 3 0a
(@) Waie Gl ol el ALl

L+a 1 1
E:k/lf —dl = —kAx( -9
a

12 L+a a
E o=k Al
b= " ala+D
E
b. finite rod:
Asin® y) p
2kAsin kAl
Ep = a or Ep = a/az+12 /4 /7 /GI 9\ \NT
7 N
7 la N
’ | \
—L/2 L L/2
q=A
c. infinite rod:
E o 2kA
b=, E
b
|
|
| a
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2) ring:
_ kQx
Ep = (x2 + a?)3/2
E.=0
Q =Al,l =2mna
dq » Adl
E=fkr—2r—fkr—2r Q:A(ZT[G,)

r=+/x%2+a? a:raduis

Jdl = L(:=a) = 27R

E=k A2nR
(x%2 + a?)
dE, = dE *cosa |
_x__ X o\
cosa =— = \/3(;2:4-(12 \
E =k A2nR . X _ A2nRx
) iy @ P+ a)n
B kQx  *

(x2 + a?)3/2 L

3) disk:
E 2tk [1 ¢ ]
= 2nko |1 - ——
b VR?2 + a2

Q = 6A,A =nR?
Note:wisinrad = 3.14 or 22/7

Q = o(wR?)

R:raduis




4) semi-circle:

kA _
E. = z [sin@; + sind,]

91 92

0, = 90°
0, = 90°

{Done by: Omar Mohammad}

Q=AlLl=nR
Q = A(nR)

R:raduis

91 =0°
6, = 90°
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Ex1: A uniform linear charge of 5 nC /m distributed alongy = —2m toy = 1m, find E aty = —4m ?

Solution:
2
_ Al _ . . 9 5%107 %3 1
Ep _k—a(a+l)'l =3m from figure = E, =9 %10 2 (273) ) _ ,
1 l=35m
E, = 13.5N/C (—]) a=2m
3
E b

Ex2: rod its length 4 m is uniformly charged with 40 nC, find E At point it 3 m away from center of

rod(above)? .
. E
Solution:
kAl 9+102%40%107° $b
Ey = aJaz+i2/a ’ Q=AU=E,= 3+,/92+42/4 3
a=3m

A

E, =33.28N/C (])

Note:if charge be negative the direction will be (—])

Ex3: A ring with radius 5 cm has total charge g = 0.25 nC uniformly distributed the center of ring is at
. . . R(incm)
origin, find: 1

>
E
/ ' ’
kQx 9+10%+0.25¥107°+80%1072

_— = v
(a2+R?)3/2 Ep ((5¥1072)2 +(80%10-2)2 )3/2

1) E at x = 80 cm.
2) force (F) onq = —5uC at x =80 cm. *

Solution:

DE, =

E, = 3.495N/C (l)

2)F=Eq=F = 3495%x5%107°® = F = 17.475uN (—i)

Ex4: charge Q = 13 nC is distributed uniformly on face of disk of radius 2.5 cm , find E in point it is

4 ¢cm away from disk center? o= Q/A A= nR? R=25cm
Solution: ” e 13 %107 Z
3.14 % (2.5 % 1072)2
a
E, = 2rtko [1 — W] 0=6.6x10"°C/m?

4%1072
J(2.5%¥1072)2+(4%10-2)2

E, =2%314%9%10%% 6.6 x 107°[1 — ]

A

E, = 56.909 x 103§<i)

iy ek g il g gf ALy g duay b alal) oy (i
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Ex5: the charge density is 56 nC/m it distributed on semi-circle with radius 25 cm, find E in the center
of semi-circle?

Solution:

9+10%+56%107°

Ar . :
E .= % [sinf; + sinf,] = E, = ei10

[sin90° + sin90°]

A

E. =4.032*103 N/C (—1) 6, = 90°

Electric dipole:

Electric dipole: A pair of point charges with same magnitude and opposite sign (positive and negative)
separated by a distance d (Adlue Lagin Juadi 5 JLEY) (uSe 5 Aagsl) il agd Apdadill LS (e 2 9)).

q

—

d

Electric dipole moment E = p =qd,unitof [p]:C.m
Direction of p from negative charge ¢~ toward positive charge g (s sall &3x30 ) Ll a3l o),
Electric dipole in uniform E : 2

F,. =qE

 f 7
The two force in figure shown will generate torque (7). perpendicular # %ﬁ;/.%,_
5, ] 7 dsind

tT=FXr ¢

r:the perpendicular distance between the lines of two Lol S

forces (Cxlaill (4 saal) Ailusall),
F =qE

sing =§ = r = dsing
T = qE(dsing), p = qd = t = pEsing

T= ;X E, cross product
Potential energy of electric diploe (U):
dw = td¢ = dw = —pEsingpd¢p

2
W= (—pEsing)d¢p = W = pEcos¢, — pEcos¢p,

¢1
*The work is negative of change of Potential energy.

U(¢p) = —pEcosp > U = —; .E,dot product

+




_ {Done by: Omar Mohammad}

f f:. "Q

Ex: in figure shown if magnitude of E = 15 * 10°N/C and two electric charges in electric dipole are
(3.2 * 1071°C) and distance between charges d = 0.125 nm,find:

1) electric dipole moment p.

- F
2) torque(t) of dipole in E. 7=
3) the potential energy (U) of dipole in E. 3°
i
Solution: 3¢ 1}’

Np=qgd= p=32% 10"17%0.125x107° =
p=4x10"2°C.m (from q~ toward q*)

v

A 4

v

v

2)T=EXE:>T:pEsin¢
T=4%1072 % 15 % 10° sin143°
7 = 3.61 x 10723 N.m (counter clockwise)

3)U=-p.E = U=—pEcose
U=—4%10"2%%15 % 10° cos143°
U=4.79% 10723 Jol
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RPAPNY
The principle of quantization of the charge 3)disk:
q = ne a
125158 58 E, = 2o |1~ ﬁ]
F—k lq;?l 4) semi-circle:
E.= kA i 0 inf

S Jladl . = ?[sm 1 + sinf,]

= i Electric dipole

qo

2okl ddad (e (LAY AL S Jlaal)

lal
E :kT_2

aliital) (i S Jaal

F=am=E=xq
rindl) 558 (b S Jaal
1)Rod:

a)( Rod) Usas e (el Jadll

A
Eb =k a(a+l)
b) finite rod:

2kAsinf kAl
= or E, =

E, =—— "~ -
b a b aa? +12/4

c)infinite rod:

E 2kA
b= g
2) ring:
k
Eb = Qx

(x2 + a?)3/2

E.=0

T = qE(dsing)

p=qd

T = pEsing

Potential energy of electric diploe (U):

U(¢) = —pEcos¢
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Problems

Book & more
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1-What is the number of electrons that should be added to a conductor to give it charge of 152 « 10718C?
a)95000 b) None )4.75 e21 d)950 €)1900

q =ne

15210718 =n+ 1.6+ 1071°

n =950

2- How many electrons would have to be removed from or add to a sphere to leave it with a
charge of 4.46 nc?

a)2.79 * 1019, electron removed. b) none c) 4.46*1019, electron removed
d) 2.79*%1013, electron added e) 2.79*%109, electron added

3- Two-point particles of charges q; = 5.84nC AND g, = 2.89nC are placed on x; = 0mmand x, =
169.7 mm respectively. At what position on x-axis a third charge g; = 1.4 nC can be placed in such that
the its net electrostatic force in zero?

a)136.317 mm b) 56.178 mm c) 70.080 mm d) 99.620 mm e) 113.522 mm
Fl - FZ
laasl 192 gl
(169.7 — x)? x?

x = 70.080 mm

4- In the figure, if Q =30 uC, g = 5.0 uC, and d = 30 cm, what is the magnitude of the electrostatic force
onqg?

o—0QQ——-—0
Q q 2Q
a. 15N b.23 N C. Zero d. 75N e. 38N

5-Two small spheres spaced 20.0 cm apart have equal charge. How many excess electrons must be
present on each sphere if the magnitude of the force of repulsion between them is 3.33 * 10721 N?

Answer: ............

1Q?| _16
F=kr—2—>Q=1.2*10 - Q =ne
1

n=760

[ 48 pal) g cullal) A o) g (93 033 g Mok U i aaa g 3aa J
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-“T:I'Q

6- Three point charges placed in xy — plane such that ¢, =3.7uCat(x =0mand y = 0 m)
g =78pCat(x =0.14mandy = 0m) and g3 = 16.65uC at (x = 0.14 m and y = 0.14 m). What

is the magnitude of electrostatic force (in N on charge 2?

a)61088.89 N b) 61.089 N c)8552N  d)31.079N e) 281.606N
191 q2| 3.7 7.8 % 10712
F=k =9x%10° =13.25
' r? ) 0.14%
192 g3 |15.65 * 7.8 x 10712
F,=k =9x%10° =59.63
: ry? ) 0.142

FNET = ’ Flz + FZZ = 61088

7-Three-point charges are arranged on a line. Charge g3 = +5.00-nC and is at the origin. Charge q2 =-3.00
nC and is at x = +4.00 cm. Charge q1l is at x = +2.00 cm. What is g1 (magnitude and sign) if the net force

on g3 is zero?

Answer: ............

8- A point Q is placed at the origin. A second charge,2Q, is placed on the x-axis at x=-3m.

If Q=70uC, what is the magnitude of the electrostatic force on a third point charge, -Q, is placed on the

y-axis at y=4 m?

o leql
Fi= k= 5= 2756

9-Ifa=3.0mm, b=4.0mm, Q1 = 60-nC, Q2 = 80-nC, and g = 32-nC in the figure, what is the magnitude
of the total electric force on g?
q o ®

a.1.6 N b.1.3N c.19N d. 22N e.0.04 N
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10-When two point charge are 0.04 cm apart, each one experiences a 1 N electric force due to the other
charge. If they are moved to a new separation of 0.2 cm, the electric force on each of them is:

1)0.04 N 2)5N 3)0.20N 4)0.08 N 5) 0.02N

11- A point charge Q is placed at the origin. A second charge, 2Q, is placed on the x axis at
x=-3.0 m. If Q =50 uC, what is the magnitude of the electrostatic force on a third point
charge, —Q, placed on the y axis aty = +4.0 m?

a.3.0N b.25N c.3.7N d. 44N e. 18N

12-Ifa=60cm, b =80cm, Q =-6.0 nC, and q = 3.0 nC in the figure, what is the magnitude of
the electric field at point P? 0@

a. 71 N/C b. 56 N/C c. 60 N/C d. 53 N/C e. 67 N/C

13- A +15-nC point charge is placed on the x axis at x = 1.5 m, and a —20-nC charge is placed on
the y axis at y = —2.0m. What is the magnitude of the electric field at the origin?

a. 105 N/C b. 15N/C c. 75 N/C d. 45N/C e. 60 N/C

14- A +8.75 uC point charge is glued down on a horizontal frictionless table. It is tied to a -6.50 uC point
charge by a light, nonconducting 2.50 cm wire. A uniform electric field of magnitude 1.85 *108 N/C is

directed parallel to the wire, as shown in figure, Find the tension in the wire. i

—
Answer: ............ K——250ecm——>

—6.50 uC 8.75 nC
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15-When two point charge are 0.1 cm apart, each one experiences a 1 N electric force due to the other
charge. If they are moved to a new separation of 0.27 cm, the electric force on each of them is:

1)0.69 N 2)0.27 N 3)0.14 N 4)1.46 N 5)0.87N
191 g1
F, =k
1 T12
191 q2|
FZ - k ‘]"22
lg1 q2]
k 2
F. 2 r
— = 11 —>F2:L2:0.14
F, k lq1 q2| p)
2
L)

16-The point charge (+6uC) is held fixed on the x axis at the 4 cm mark, and similarly the point charge
(+12uC) is held fixed on the x axis at the 8 cm mark. A tiny particle of charge ((+3uC) is released from

restat x = 0 cm. if the initial acceleration of the tiny particle is 100 km.s ™2, what is the the particle’s

mass (in g)?

1)9.12 2)3.54 3)4.05 4)1.52  5)7.42

17- An electron enters the region of a uniform electric field as shown with v; = 8 * 10°m/s and E=284
N/C. the horizontal length of the plate is [ = 0.100m.

a) what is the magnitude of elecron’s acceleration while it is in the electric field

b) Assuming the electron enters the field at time t=0. Find the time at which it leaves the field.

F=am=E=xq 7 L '7 7777'

a*9.1%1073 = 284 1.6 x 10717 i V0 Sws - 1101 D

a = 4.99 x 1013 pil /A \
l 0.1

t=— =1.25%1078s

v, 8106
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18- An electron is projected with an initial speed v0 =1.60 * 10° m/s into the uniform field between two
parallel plates in figure. Assume that the field between the plates is uniform and directed vertically

downward and that the field outside the plates is zero. The electron enters the field at a point midway

between the plates. If the electron just misses the upper plate as it emerges from the field, find the

magnitude of the electric field. 5 (0 cm—St

A
1.00 cm
Y

Uy

N

Answer: ............
=

S

19- An electron is moving east in a uniform electric field of 1.50 N/C directed to the west. At point A, the
velocity of the electron is 4.50 * 10° m/s toward the east. What is the speed of the electron when it
reaches point B, 0.375 m east of point A?

Answer: ............

20- Two-point charges Q and +g (where q is positive) produce the net electric field shown at point P in
figure The field points parallel to the line connecting the two charges. What can you conclude about the
sign and magnitude of Q?

a. negative b. positive

21- If two electrons are each 1.50 * 10~1% m from a proton in figure, find the magnitude and direction of
the net electric force they will exert on the proton.
e

Answer: ............ i

A

i O6S (P
3 63.0

I T

22- A small 12.3-g plastic ball is tied to a very light 28.6-cm string that is attached to the vertical wall of a
room in figure. A uniform horizontal electric field exists in this room. When the ball has been given an
excess charge of -1.11 mC, you observe that it remains suspended, with the string making an angle of
17.4° with the wall. Find the magnitude and direction of the electric field in the room.

Answer: ............ \
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23- A charge +Q is located at the origin, and a charge +4Q is at distance d away on the x-axis. Where
should a third charge, g, be placed, and what should be its sign and magnitude, so that all three charges
will be in equilibrium?

Answer: ............

24- Two-point charges g1 and g2 are held in place 4.50 cm apart. Another point charge Q =-1.75 uC, of
mass 5.00 g, is initially located 3.00 cm from both charges in figure and released from rest. You observe
that the initial acceleration of Q is 324 m/s? upward, parallel to the line connecting the two-point
charges. Find g1 and g2.

Answer: ............ /\ 4y
Pl
& 7
a \\\\\,/
V-’\//
\g\ ’
7/ =
4.50 cm

QS L
9 ==

o
"
5
N
le
<

25 A 5nC charge is distributed uniformly along the y axis from y=0 to y=2 m. which of the following
integrals is correct for the x component of the electric field at x=6 m on the x axis?

2 dy
a)15 [ —— Q 5%107°
(36+y2)2 L=2 A= z = T = 2.5n 1 -
2 dy
b)135 [ ——=  dq = Adl = 2.5+ 10~%dy YIS

(36+y2)2

— 2 —_69
c)135f06 dy i r=436+y cose—m

(36+y?)2 ; ) . -
2 dq 2.5x107°dy -—
2_dy  E=| k—o=[ 9%x10°———F—— 4 .
d)270 [ ——— 2 f 2 h Ecf coB
fo (36+y2)% n T 0 (36 +y%) FE
6_d 2 25%107°d 6 2 d
€270 [ —— Ex=E*c059=J9*109 =, =135]—y3
(36+y2)2 0 (B6+y?) /36 +y2 0 (36 + y2)2

26- A charge of 80 nC is uniformly distributed along the X axis from x =0 to x =2.0 m.
Determine the magnitude of the electric field at a point on the x axis with x =8.0 m.

a. 30 N/C b. 15 N/C c. 48 N/C d. 90 N/C e. 60 N/C

[ pellac LT A cdanly | Bl g cclyy oY caaind) ]
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27 A rod (length L= 6 m) is uniformly charged and has a total charge of 30 nC. What is the magnitude of
the electric field at a point which lies along the axis of the rod and is d=6 m from the center of the rod?

a)5 N/C d
L=6 a=3 Q=2 - : -
b)10 N/C ) ++ ++ + +
g Mg, 0302107 S ——
=k—— =9 % _—
c)20 N/C » = @+ 3(3 + 6) L
d)1.667 N/C E, =10N/C
e)3.162 N/C

28-A nonconducting rod of length 93 cm has charge -8.9 nC uniformly distributed along its length. What
is the magnitude of the electric field produced at the point p at a distance 46 cm from the rod as shown
on the figure?

1)125 N/C 2)37 N/C 3) 0.0125 N/C 4) 5760 N/C 5) 877 N/C

29- A charge (uniform linear density = 9.0 nC/m) is distributed along the x axis from x =0 to
X =3.0 m. Determine the magnitude of the electric field at a point on the x axis with
x=4.0m.

a. 81 N/C b. 74 N/C c. 61 N/C d. 88 N/C e.20 N/C

30-A charge of 25 nC is uniformly distributed along a circular arc (radius = 2.0 m) that is
subtended by a 90 degree angle. What is the magnitude of the electric field at the center of the
circle along which the arc lies?

a. 81 N/C b. 61 N/C c. 71 N/C d. 51 N/C e. 25 N/C

31- A 16-nC charge is distributed uniformly along the X axis from x =0 to x =4 m. Which of
the following integrals is correct for the magnitude (in N/C) of the electric field at
X =+10 m on the X axis?

4 4 4 4
36dx 154 dx 36dx 154dx
aL (10_x)2 b JO (10_x)2 C. ,fo (x)z d JO (x)2 €. none Of these
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32- A 12-nC charge is distributed uniformly along the y axis from y =0 to y =4 m. Which of
the following integrals is correct for the X component of the electric field at X =2 m on the

X axis?
* Jied * 544 * J08d *27a

a. | =2 b. >y c. 4 d Y e.none of these
0 (4+y?2)3/2 o (4+y?2)3/2 o Y2 0 42

33- A uniform linear charge of 2.0 nC/m is distributed along the X axis from x =0 to X =3 m.
Which of the following integrals is correct for the x component of the electric field at y =2 m on

the y axis?
3 3 3 3
—18xdx —-18dx —-18dx —18xdx
a. b. C. d. e. none of these
o (4Hx?)3/2 o (@02 0 P o (@+x?)3

34-A linear charge of uniform density equal to 8.0 nC/m is distributed along the X axis from x = —
2.0 m to x = 3.0 m. What is the magnitude of the electric field at the point x = 6.0 m on the x axis?

a. 60 N/C b. 10 N/C .26 N/C d. 15 N/C e. 45 N/C

35- A uniform linear charge of 2.0 nC/m is distributed along the x axis from x = 0 to x =3 m. What is the x
component of the electric field at y =2 m on the y axis?

a.-5.0N/C b.-57N/C c.—4.0 N/C d.-6.2 N/C e.-9.0 N/C

36- A particle (q=3.0 mC, m =20 g) has a speed of 20 m/s when it enters a region where the
electric field has a constant magnitude of 80 N/C and a direction which is the same as the
velocity of the particle. What is the speed of the particle 3.0 s after it enters this region?

a. 68 m/s b. 44 m/s c. 36 m/s d. 80 m/s e. 56 m/s
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-“T:I'Q

37-When an electron moves from rest against a uniform electric field a distance of 10 cm it attains a
speed v. if it moves an additional 10 cm, the final speed is:

1)0.7 v 2)4v 3)v 4)1.4v 5)2v
ki Jlae 4 i g il

Alla Jl
UZZ = vlz + 2aAL
v, =v v, =0 AL=10cm
v,2 = v12 4+ 2aAL > v?2 =0+ 2a*0.1
“=02
A0 Al
vy = vy VL=V AL =10cm

2
v
2 2 2 2
= + 2aAL =v-+2—%0.1
vy 121 all » ve= =v 07"

vp = 14 v

38- A particle (m =20 mg, g =-5.0 C) moves in a uniform electric field of 60 N/C in the positive x
direction. At t =0, the particle is moving 25 m/s in the positive x direction and is passing
through the origin. How far is the particle from the origin at t=2.0 s?

a. 80 m b.20 m c.58m d. 10 m e.30 m

39-Positive charge Q is distributed uniformly along the positive y-axis betweeny =0andy=a. A
negative point charge -q lies on the positive x-axis, a distance x from the origin in figure. Calculate the x-
and y-components of the electric field produced by the charge distribution Q at points on the positive x-
axis.

Answer ............
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40-A charge Q = 3nC is uniformly distributed over a ring of radius a = 6 cm. an electron is released
from rest at pint c which is 8 cm away from the center o of the ring. Find the speed (in 109m/s) of the
electron as it passes through point O. hint: m, = 9.11 * 10™31kg.

a.7.95 b.3.1 c.5.13 d. 1.32 e. 0.23
kQx 9%10%+3 %107 % 8% 1072
= - = 2160

E, = =
(x2+a2)z  ((8%1072)2 + (6 10~2)2)2

am=Exq—>a=378x101*
1,2=0+2%3.78x 10" x8x 1072

v, = 7.795

41-A plastic rod with a linear charge density (1) of 4.1*10~7C/m and total charge Q. it is bent a 26°
circular arc of radius 71 cm as shown in the figure. What is the magnitude the electric field due to the

rod at point p when 6 = 28°?
b J

a)4880 N/C b)1.56 N/C ¢)2440N/C  d)3.45% 105 N/C  €)1260 N/C ;

Plastic rod
s of charge -Q

42-A proton (m = 1.67 = 10727 kg) is placed a distance y above a long, horizontal wire of linear charge
density (A). The proton is then released from rest. Determine the magnitude of the initial acceleration of
the proton (in m/s?). Take A = 2.8 * 10712 ¢/m and y = 70cm.

1)1.9%107 2) 4.4%107 3) 8.8*10° 4) 6.9*10° 5) 7.4*10°

N kA
infinite rod: E = 27

F=qg+«E=a*m

_2kA 16 10_192*9*109*2.8*10_12
Ty T 1.67 * 10-27 + 70  10-2

a=6.9x10°

43-A proton (m = 1.67 * 10~2"kg) is placed a distance y above a long, horizontal wire of linear charge
density (A4). The proton is then released from rest. If the magnitude of the initial acceleration of the
proton is (0.52 = 107) what is the value of in A (c/m) take y = 40 cm.

1)2.2*%10712 2)1.2*¥10711 3)2.2*%107 11 4)1.2%10712 5)2.2%10713
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44- A semicircle of radius a is in the first and second quadrants, with the center of curvature at the origin.
Positive charge +Q is distributed uniformly around the left half of the semicircle, and negative charge -Q
is distributed uniformly around the right half of the semicircle in figure. What are the magnitude and
direction of the net electric field at the origin produced by this distribution of charge?

Answer ............

45-An electron dipole has opposite charges of (5 * 10~1°C) separated by a distance of 0.4 mm. it is
oriented at (6 = 60°) with respect to a uniform electric field of magnitude (2% 103 N/C). The torque (in
N.m) exerted on the dipole by the field is:

Solution: — ’f
+q
T = gEdsinf ——
T=5%10"15 %2 % 103 * 0.4 * 10~3 * sin60° [J /\9 =
i . //()
7 = 3.464 * 10~ (clock wise) / e

= :

46- Two 1.20-m nonconducting rods meet at a right angle. One rod carries +2.50 uC of charge distributed
uniformly along its length, and the other carries -2.50 uC distributed uniformly along it in figure. Find the
magnitude and direction of the electric field these rods produce at point P, which is 60.0 cm from each
rod.

Answer ............ (S 1.20 m >
T+ + + +F F

1.20 m °pP

47- When a positive charge ¢ is placed in the field created by two other charges Q1 and Q2, each
a distance a away from @, the acceleration of q is:

a. in the direction of the charge Q1 or Q2 of smaller magnitude.

b. in the direction of the charge Q1 or Q2 of greater magnitude.

C. in the direction of the negative charge if Q1 and Q2 are of opposite sign.

d. in the direction of the positive charge if Q1 and Q2 are of opposite sign.

e. in a direction determined by the vector sum of the electric fields of Q1 and Q2.

[ plinall g Adud) 4d &l Juany 531 g4 alal) Juaadl (e g (hSa Juadi ]
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48- Two charged particles, Q1 and Q2, are a distance r apart. Q2 = 5Q1. Compare the forces they
exert on each other. F1 is the force Q2 exerts on Q1. F2 is the force Q1 exerts on Q2.

a. F2=5F1. b. F2 =-5F1. c.F2=FI1. d. F2=-F1. e.5F2=FI1.

49-How long (in ns) does it take for an electron starts from rest to move a distance of 1 cm through a
region with an electric field of 10* N/C

1)8.48 2)5.05 3)2.17 4)3.37 5)6.02
F=E=xq
F=16+10"1%10* = 1.6 x10°1°

F 161077 1.75 = 1015
= = = —0= 1. *
am=a=491%10-31

AL=1tx* v; +0.5at> > 11072 =0+ 0.5 * 1.75 = 10> % t2

t =3.37s
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1. d)950 11. |a. 30N 21. | 1.73*1078 N, 32.5°

2. |a 12. |d.53N/C 22| 3414 10% NIC, (=)

3. c) 70.080 mm 13. | c.75N/C 23. q= _%(negative)

4. d. 75N 14. | 382N 24. @ =537 %107°C,
g, = —6.11%1078C

5. 760 e 15. | 3)0.14N 25. | p)135 foz dy 3

(36+y2)2
6. b) 61.089 N 16. | 4)1.54 26. | b.15 N/C
7. +0.75nC 17. | a=4.99x10" 27. | b)10 N/C
t=125%10"8s

8. 5.98N 18. | 364N 28. | 1)125 N/C

9. b.1.3N 19. |6.35%10°m/s 29. | c.61 N/C

10. | 1)0.04 N 20. | a. negative 30. | d.51 N/C

31 4 edx 38 b.20 m 45 | T = 3.464 * 10715 (clock wise)

a.L (10-x)2
__ k@t ket 1 1% E=62%10*N/C,0 = 225°
o (4Hy?)3/2
33 3 _iexdx 40 v, =78 47 |e
a'jo (4+x2)3/2

34 d. 15 N/C 41 a)4880 N/C 48 | d

35 |c.4.0N/C 42 | 4)6.9*10° 49 | 4)3.37s

36 | e 56m/s 43 4)1.2*¥1071?

37 vy =14v 44 L
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CHAPTER 22:
GAUSS’S LAW
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Chapter 22: Gauss’s Law
Charge and electric flux (kg 38ai): ¢

“the number of electric field lines that flow a surface (b 3385 Sl Al yeSl Jlawdl b ghad 2xe)”,

- 5 o

¢ =E.A,A:vector of area(perpendular of the surface) (Asluall 4xia s mhudl o (53 saall),

unit of [¢]: N.m?/C

electric flux of closed surface ((3lie o Al gSh (33ail)):

@ = Genc /€0 » enc :the total charge inside closed surface (sl gl Jals Glialll ¢ sans),

Ex1: three charges inside cube its dimensions (2m, 2m, 2m), ( q; = 20pC, q, = —60pC, q; = 50pC),
find electric flux (¢)? (g, = 8.85 = 10712 C2/N.m?)

Solution:
(20-60+50)*10712 P
® =denc/€0=> ¢ = 8.85:10-12 = ¢ =1129N.m“/C
Ex2: in figure shown, find ¢:(side length=2m -

g ¢ & ) E=50%103N/C
Solution: AI ) >
*the cube has 6 faces from (1-6): —

1,2: front and back
3,4: sides Z
— —p

5,6: top and bottom

»

o

A of faces 1,2 perpendicular to E, then ¢, , = 0;because cos90° = 0

A of faces 1,2 parallel to E, then:

¢p3s=E.A = ¢p3= EAcosf,0 =0°= ¢3 =50 * 103 % (2 * 2) cos0°
¢5 = 200 * 103 N.m?/C

¢, =E.A > ¢, = EAcosf,0 =180°= ¢, = 50 * 103 * (2 * 2) cos180°
¢y = —200 % 103 N.m?/C

A of faces 5,6 perpendicular to E, then ¢5 ¢ = 0;because cos90° =0
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Ex3: square surface inside E with magnitude = 15 * 103N /C , angle between E and surface =37°,find ¢:
(side length= 3m)
Solution:

— N N

¢ = E A cosB,0 = 53° because we take 6 between E and A not between E and surface.

¢ =15 %103 * (3 # 3) * c0s53° = ¢ = 81.245 N.m?/C

Gauss’s Law:

“the total of electric flux ¢ through any closed surface (a surface enclosing a define volume) is
proportional to the net electric charge divided to &, inside the surface”.

(Falend) o guie mhandl Jals sl s g s Blae g Y axll Aad)
Qenc

€o

p=9¢ E.dA =

Find electric field from gauss’s law:

joeste 58 alasiuly dall <l shaa
a5 65 JSA e (G sle o) el i (1
ol i M) (Lasle lan) Jaly Aiadl) ded Cuaai (2
ol 8 (53 (usle s Aalisae i (3
ol B8 Jala [ sai & (4
1) for a point charge:

s gl - o~

¢ E.dA = Q:—:C=>Ef dAsEsE. / ry b
|
E (4 2 = i gauss's surface (sphere)
(4mr<) o \ ,

N
* [ dA = gauss's surface area

q

b= TN * area of sphere surface = 4mr?
4mey(r?)

* Qonc: the total charge inside gauss's surface

>
E
2) infinite line: * [ dA = gauss's surface area (side area of cylinder) F §§a
Q A * area of side surface of cylinder = 2nrl | |
$ EdAd = 2o E[dA == r
o o * Qenc: the distribution of charges a long line (A1) | |
Al
EQnrl) == | |
€o
A 2kA | |
E= orE =— \__V_ -
21eq (1) ) 4 j
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3) surface charge distribution: (sheet)

SﬁE- dA = Qenc
€o
€o
¢ E.dA; = 0,because E perpendicular to 4 surface 3.
é EdAl + ¢ EdAZ - Qgenc
0
gA o
Ef dA1 + Ef dAZ = 8_ * Qunc: the distribution o
gA 0 oA * cylinder has 3 sides
EA+EA —E:ZEA =
o
" 2¢g,

volume charges distribution:
1) conducting sphere: (s sl ghadl e g 558 sl Al sl bl L3)
a) inside sphere r<R:

fﬁ E.dA = % ; Qenc = 0; because no charge inside conducting sphere
0

E=0

b) outside sphere r>R:

ﬁ E.dA = Qenc, Qenc = q for sphere
o

c)on surface r=R:

* [ dA = gauss's surface area

ﬁ E.dA = Qenc, Qenc = q for sphere
o

4ada g dagd g Alg) @ ) :MhJ‘ﬁ‘PJ‘JSC)A

arges a over surface (c4)

sphere

gauss's surface (sphere)

£
* [ dA = gauss's surface area
Ef dA = gi = E(4TL’T2) = Ei * area of sphere surface = 4mr?
0 0 * Qqne: the total charge inside gauss's surface
_ q
41e, (rz) gauss's surface (sphere) sphere

£
q ) q x area of sphere surface = 4mR?
= — = —
Ef dA o E(4-T[R ) o * Qqne: the total charge inside gauss's surface
_ q
47T€0 (R 2) gauss's surface (sphere) sphere

gauss's surface (cylinder)




o)

2) non- conducting sphere:

a) inside sphere r<R:

Sﬁ E.dA = %
€o
3
Efda= L5 Eanr?) = ©je,
& R
—_ar
T 4megR3
or

_ G )r o po P

T 4meyR3 3¢

b) outside sphere r>R:
¢ E.dA = %, Q,,. = qforsphere
0
EfdA= L= E(4nr?) = %
€0 €o
q

- 41ey(1?)

c) on surface r=R:

Sﬁ E.dA = Q:nc, Qenc = q for sphere
0

EfdA= 1=>E(4nR2) .
€o €o
q
E=—"+
41ey(R?)

Relation between E and r for sphere:

1)conducting sphere:

inside sphere E = 0.

. 1
outside sphereEa .
r

2) non- conducting sphere:

inside sphere E a r.

, 1
outside sphereE a —.
r
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The density of any object or
part from it is equal.
(osludie 40 6 B paa \_5\,! 44l

* [ dA = gauss's surface area

* area of sphere surface = 4mr?

p=p
q — quLC
%rrR3 %nr3

qrs 4
enc = F q = p(§HR3)

gauss's surface (sphere)

sphere

* [ dA = gauss's surface area 4 \

* area of sphere surface = 4mr?

' |
* Qonc: the total charge inside gauss's surface \ ' /
\ \i/

gauss's surface (sphere) sphere

* [ dA = gauss's surface area
* area of sphere surface = 4nR?

* Qenet the total charge inside gauss's surface

gauss's surface (sphere) sphere

1
outside: Ea —
;

inside

1
outside: Ea —
p

<
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3) conducting infinite cylinder:

a) inside cylinder r<R:

gauss's surface
(side area of cylinder)

Sﬁ E.dA = Q:nc ; Qene = 0; because no charge inside conducting sphere R
0
E=0

cylinder

”
b) outside cylinder r>R: + [ dA = gauss's surface area _ -
fﬁ E.dA = Qenc = Ef dA = ﬂ * side area of cylinder surface = 2nrl
€ € * Qenc = Al,A; becuse cylinder is infinite
Al -
E(ZTL’TZ) =— 7
&o ' »
2kA
=——orEk ="— | ” L*
2meg (1) (@)

gauss's surface
(side area of cylinder)

cylinder

c) on surface r=R:

Sﬁ E.dA = Qenc Qenc = q for sphere

&’
Ef dA = i = E(ZT[RZ) — i * [ dA = gauss's surface area
& &
0 0 * side area of cylinder surface = 2mRI
_ . . c e e gauss's surface
E y) * Qone = Al, 4; becuse cylinder is infinite (side area of cylinder
2meg(R)

cylinder

4) non-conducting infinite cylinder:

a) inside cylinder r<R:

$ E.dA = e S pfda= 2eme o onpe

€o €o

r
-]

¥ I.r
E(ZJ‘T?E) = gr e gauss's surface

Ep R (side area of cylinder)

o cylinder

E=2

2eg
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b) outside cylinder r>R:

§ E.dA = 22 5 FfdA=
0
2
E(z”TI)zLRI
o]
E= 2%
2ET

c) on surface r=R:

¢ E.dA =%:>Efd,4=
0

2
EQnmRI) = 222
€o
E=28
280

Relation between E and r for cylinder:

1)conducting cylinder:

inside cylinder E = 0.

outside cylinder Ea %

2) non- conducting cylinder:

Inside cylinder E ar.

outside cylinder E %
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”
”
7
-
Q -
enc 2 7
g ’ QETI.C = pT[T l l
0
* [ dA = gauss's surface area |
* side area of cylinder surface = 2mnrl ¢ ,dga“SS'S Sf‘”f‘i",ced )
side area ol cylinder
cylinder
Qenc

enc _ 2
g Qenc = pRTL * [ dA = gauss's surface area

gauss's surface

* side area of cylinder surface = 2nRI (side area of cylinder

cylinder

1
outside: Ea—
7

inside
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Ex: two spheres one conducting (radius a) inside one non- conducting (radius b), find E if:

a) r<a.
b) a<r<b.
c) r>b.

Solution:

1)9SE-dA = dene Genc = 0

£ 7

0 a
E=0 \

enc 4 4
2) § E.dA = dene Genc = PVshet = Genc =P (E”r3 —Ena?’)

€0

*n(r3-a?) pgrr(r3—a3)

Efda="00"0) g (appry = 200D
&o €o a I
r3 —a3
PG —a) E 3

3¢&g.12 b

4 4
3) 95 E.dA = qz_:C = Genc = PVsneu = qenc = P (gnbg _gnag)

' &o ) &0
r
- p(b* —a?)
3¢&y. 12

[ Aal g Al () 41 el 2151 o ]
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Problems

Book & more
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1- Charges g and Q are placed on the x axis at x = 0 and x = 2.0 m, respectively. If q=-40pCand Q =
+30 pC, determine the net flux through a spherical surface (radius = 1.0 m) centered on the origin.

a.-96N.m?/C b.-68N.m?/C c¢.-85N.m?/C d.-45N.m?/C e.-1.1N.m?/C

q

Eo
_ —40%10712
T 8.85+10~12

= —45N.m?/C

2- A uniform linear charge density of 4.0 nC/m is distributed along the entire x axis. Consider a spherical
(radius = 5.0 cm) surface centered on the origin. Determine the electric flux through this surface.

a.68N.m?/C  b.62N.m?/C c.45N.m%/C d.79N.m?/C e.23N.m?/C

¢ = Ax2r _ 4x1079%10%1072
& 8.85+x10712

= 45N.m?/C

3- Charge of uniform surface density (4.0 nC/m?) is distributed on a spherical surface (radius = 2.0 cm).
What is the total electric flux through a concentric spherical surface with a radius of 4.0 cm?

a.23N.m?/C b.1.7N.m?/C ¢c.28N.m?/C d.40N.m?/C e.91N.m?/C

4-A flat sheet is in the shape of a rectangle with sides of lengths 0.400 m and 0.600 m. The sheet is
immersed in a uniform electric field of magnitude 90.0 N/C that is directed at 20° from the plane of the
sheet in figure. Find the magnitude of the electric flux through the sheet.

. 0.400 m
Answer: ............. S 0600 m——]

5-You measure an electric field of 1.25 * 10% N/C at 0.150 m from a point charge. There is no other
source of electric field in the region other than this point charge. What is the electric flux through the
surface of a sphere that has this charge at its center and that has radius 0.150 m?

Answer: .............
k r?

E——Z—>q =—=3.125%10"°
r

p=L_35.10°
Eo

6-A point charge g1 = 4.00 nC is located on the x-axis at x = 2.00 m, and a second point charge g2 =-6.00
nC is on the y-axis at y = 1.00 m. What is the total electric flux due to these two-point charges through a
spherical surface centered at the origin and with radius?

1) 0.500 m

2)1.50m
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3)2.50m

Answer: .............

7-A hemispherical surface (half of a spherical surface) of radius R is in a uniform electric field of
magnitude E that is parallel to the axis of the hemisphere. What is the magnitude of the electric flux
through the hemisphere surface?

a.tR%E/3 b. 4nR%E/3 c. 2nR?E/3 d. tR?E /2 e.mR2E

8-Charge of uniform surface density (0.20 nC/m?) is distributed over the entire Xy plane.
Determine the magnitude of the electric field at any point having z =2.0 m.

a. 17 N/C b. 11 N/C c. 23 N/C d. 28 N/C e. 40 N/C

E=-—2_—11N/C
T 2%& /

9-Charge of a uniform density (8.0 nC/m?) is distributed over the entire xy plane. A charge of
uniform density (5.0 nC/m?) is distributed over the parallel plane defined by z = 2.0 m.
Determine the magnitude of the electric field for any point with z = 1.0 m.

a. 730 N/C b. 450 N/C c. 280 N/C d. 170 N/C e. 340 N/C

10-A solid metal sphere with radius 0.450 m carries a net charge of 0.250 nC. Find the magnitude of the
electric field at a point 0.100 m outside the surface of the sphere.

Answer: .............

. S
4T * & % 12

Ee 0.25 % 107°
T 4% x g0 (045 + 0.1)2

=7.44N/C

11- The electric field 0.400 m from a very long uniform line of charge is 840 N/C. How much charge is
contained in a 2.00-cm section of the line?

Answer: .............

12- The electric field at 0.145 m from the surface of a solid insulating sphere with radius 0.355 m is 1750
N/C Assuming the sphere’s charge is uniformly distributed, what is the charge density inside it?

Answer: .............




{Done by: Omar Mohammad}

13- Charge Q is distributed uniformly throughout the volume of an insulating sphere of radius R = 4.00
cm. At a distance of r = 8.00 cm from the center of the sphere, the electric field due to the charge
distribution has magnitude E = 940 N/C. What are the volume charge density for the sphere?

q N pxV

T Axmrgo w2 4RIk go kT2

4% (4%1072)3
*f
4% 0% €0 % (8 %x1072)2

940 =

p=25%x10"°

14-Each 2.0-m length of a long cylinder (radius = 4.0 mm) has a charge of 4.0 nC distributed
uniformly throughout its volume. What is the magnitude of the electric field at a point 5.0 mm
from the axis of the cylinder?

a. 7.2 kN/C b.8.1kN/C  ¢.9.0kN/C d. 9.9 kN/C e. 18 kN/C

15-A long cylindrical shell (radius = 2.0 cm) has a charge uniformly distributed on its surface. If
the magnitude of the electric field at a point 8.0 cm radially outward from the axis of the shell is
85 N/C, how much charge is distributed on a 2.0-m length of the charged cylindrical surface?

a. 0.38 nC b.0.76 nC . 0.19nC d. 0.57 nC e.0.98 nC

A
T 2wmrerr?
A=3.781x10"1°
q=21x1=3.781x10"10%2
q = 0.76nC

16- A square insulating sheet 80.0 cm on a side is held horizontally. The sheet has 4.50 nC of charge
spread uniformly over its area. Calculate the electric field at a point 0.100 mm above the center of the
sheet.

Answer: .............

17-A very small object with mass 8.20 * 10~°and positive charge 6.50 * 10~°C is projected directly
toward a very large insulating sheet of positive charge that has uniform surface charge density 5.90 *
1078 C/m?. The object is initially 0.400 m from the sheet. What initial speed must the object have for its
closest distance of approach to the sheet to be 0.100 m?

Answer: .............
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18-A small sphere with mass 4.00 *10~° kg and charge 5.00 * 10~8 C hangs from a thread near a very
large, charged insulating sheet in figure. The charge density on the surface of the sheet is uniform and
equal to -2.50 * 10~ C/m?2. Find the angle of the thread.

Answer: ............ "‘l
/

19-Charge of uniform density (20 nC/m?) is distributed over a cylindrical surface (radius = 1.0
cm), and a second coaxial surface (radius = 3.0 cm) carries a uniform charge density of —12
nC/m?. Determine the magnitude of the electric field at a point 4.0 cm from the symmetry axis
of the two surfaces.

a.0.45 kN/C b. 1.0kN/C c. 0.73 kN/C d. 0.56 kN/C e. 2.3 kN/C

A =2xmxrxl

Qtoter = (0141 + 0,4;)
E = 0.45kN/C

20-A charge of 5.0 pC is uniformly distributed throughout the volume between concentric
spherical surfaces having radii of 1.0 cm and 3.0 cm. What is the magnitude of the electric field
2.0 cm from the center of the surfaces?

a. 33 N/C b. 113 N/C c. 30 N/C d. 450 N/C e. 47 N/C

21-A charge of 8.0 pC is distributed uniformly on a spherical surface (radius = 2.0 cm), and a
second charge of 3.0 pC is distributed uniformly on a concentric spherical surface

(radius = 4.0 cm). Determine the magnitude of the electric field 5.0 cm from the center of

the two surfaces.

a. 14 N/C b.11 N/C .22 N/C d. 18 N/C e. 40 N/C

Qtotel
Ex AJ'JL*— - .

8—-3
-2y2 _
Ex4xm«(5x107%) 8857 1012
E =18

22- A long line carrying a uniform linear charge densit+50.0 uC/m runs parallel to and 10.0 cm from the
surface of a large, flat plastic sheet that has a uniform surface charge density of -100 0 uC /m? on one
side. Find the location of all points where an «a particle would feel no force due to this arrangement of
charged objects.

Answer: .........

il (ya Agale Al g JS g5 ccapd (o i S g et 32 O34 a5 S S A ]
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23-A surface charge of uniform density 3.0 nC/m? is placed on a spherical surface which has a
radius of 2.0 mm. A uniform surface charge (density = -10 nC/m?) is placed on a concentric
spherical surface (radius = 8.0 mm). What is the magnitude of the electric field 5.0 mm from the
center of these surfaces?

a. 63 N/C b. 54 N/C c.72N/C d. 45 N/C e. 36 N/C

24-The field just outside the surface of a long conducting cylinder which has a 2.0-cm radius
points radially outward and has a magnitude of 200 N/C. What is the charge density on the
surface of the cylinder?

a. 2.7 nC/m? b. 0.9nC/m? c. 3.5 nC/m? d. 4.4 nC/m? e. 1.8 nC/m?

25-A long cylindrical conductor (radius = 1.0 mm) carries a charge density of 4.0 pC/m and is
inside a coaxial, hollow, cylindrical conductor (inner radius = 3.0 mm, outer radius = 4.0 mm)
that has a total charge of —8.0 pC/m. What is the magnitude of the electric field 2.0 mm from the
axis of these conductors?

a.24 N/C b. 18 N/C C. zero d. 36 N/C e. 226 N/C

Ea=S
&

4%10712 x|

-3 —

E =36

26-A point charge of 6.0 nC is placed at the center of a hollow spherical conductor (inner radius
=1.0 cm, outer radius = 2.0 cm) which has a net charge of —4.0 nC. Determine the resulting
charge density on the inner surface of the conducting sphere.

a.+4.8 ,uC/mZ b. 4.8 ,uC/mz c.-95 ,uC/mz d.+9.5 ,uC/mz e.-8.0 ,uC/mz

27- A conducting spherical shell with inner radius (a) and outer radius (b) has a positive point charge Q
located at its center. The total charge on the shell is -3Q, and it is insulated from its surroundings in
figure. Derive expressions for the electric field magnitude E in terms of the distance r from the center for
the regions r<a, a<r<b, and r>b.

Answer: .............

28- Negative charge -Q is distributed uniformly over the surface of a thin spherical inst -
radius R. Calculate the force (magnitude and direction) that the shell exerts on a positive point cnarge q
located a distance r >R from the center of the shell (outside the shell).

Answer: .............
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29- A small metal sphere is suspended from the conducting cover of a conducting metal ice
bucket by a non-conducting thread. The sphere is given a negative charge before the cover is
placed on the bucket. The bucket is tilted by means of a non-conducting material so that the
charged sphere touches the inside of the bucket. Which statement is correct?

a. The negative charge remains on the metal sphere.

b. The negative charge spreads over the outside surface of the bucket and cover.

c. The negative charge spreads over the inside surface of the bucket and cover.

d. The negative charge spreads equally over the inside and outside surfaces of the bucket and
cover.

e. The negative charge spreads equally over the sphere and the inside and outside surfaces of
the bucket and cover.

30- An uncharged metal sphere is placed on an insulating puck on a frictionless table. A rod
with a charge ¢ is brought close to the sphere but does not touch it. As the rod is brought in, the
sphere.

a. remains at rest.

b. moves toward the rod.

. moves away from the rod.

d. moves perpendicular to the velocity vector of the rod.
e. moves upward off the puck.

1. |d.-45N.m?/C 11. | 3.74*107'°C 21. | d. 18 N/C
2. |c.45N.m?/C 12. | p=0.26 uC/m3 22. | 16 cm outside
3. |a.23N.m?/C 13. | p=25uC/m? 23. | b.54 N/C
4. ¢g=74N.m*/C |14 |a. 72kN/C 24. | e.1.8 nC/m?
5. | s =353%10°N.m?/C | 15. | b.0.76 nC 25. | d.36 N/C
6. |10 16. | 397 N/C 26. | b. 4.8 uC/m?
2) ¢y = —678 N.m?/C
3) pp = —226 N.m?/C
7. | e.mR?E 17. | 40m/s 27. . k_czz’E _0F = k@
r r
8. | b.11N/C 18. | 6 =10.2° 28. |F=k i—g toward sphere
9. |d.170N/C 19. | a. 0.45kN/C 29. |c.
10. | 7.44N/C 20. |c.30N/C 30. |e.
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Chapter 23: Electric Potential (b ¢S! 2¢2l)

O L) die Aiad sas g JST A0 56l aa )l A8Ua 3 il 58 :(Electric Potential(V)) cxiba (g SbseSl) agall (34
plladll 8 ) 38 g ol (DI Jlaall s Al G oo s Sl eSS Jlae (A 400 568 Aiad pum g die | b j6S e 4 (il
(U = 0) s e sl dila (i )¥1 i (20) dileDU) plalall mllacal 3l oS0 Juaall a8, 3 oS i sl dilda e 46l
858l (5 bt Am HA 550 Lo 558 A0 e sy (L 56 Jlaal) (i A3 ) Ll oy 5 VL) (8 Adal) m 5y o) oLl
J& e Al 5o ) A () 3is0 e (external force) dus Jlall 3 gall Jas Msie 5 olaiWl Leuslaty lasally duily <l
Al A all el 855 a5 4l

Uy=q*V,
Ug=q*Vg
AU=U,-U; =qxVp—q*V,=q 1V —V,)

AU U,-U
A==

=V =V
Where:
A U: (electric potential energy) =il 4l
AV, Electric Potential.
g-: point charge.
U,: Potential energy at b.
U,: Potential energy at a.
Uo =0
(B) Adaiil) ) (A) Adail) (g daih Al joS) 5 Al il cam JRii Lilh L 5eS Jlae (83 s diadi aa g vie
4da sine SISl Ul () g1 (Conservation of system) Jadlae aUas (Jlaall 5 iaill) ol )
the total mechanical energy (kinetic plus potential) is conserved under these circumstances.
KE, + U, = KE, + U, ,KE: kinetic energy
KE, —KE; =U, — U, F
AKE=—-AU,_4

KE = =mv?
* va




> {Done by: Omar Mohammad}

aﬂhd.\u;j c@&M\hb@\&mﬁ\h&u@é‘M@h@‘ajsl\ )ﬁtuﬁﬁjﬂ\@h@\ &L\M\:\Sﬁdjﬁ
A )al) Adlall 8 A gl 334 )

Wop=—AU
Wosp —AU

q. q.
Wash=—(o (Vb_Va)zqo (Va_vb)z_AU

AVap =

Where:

W ,p :Work done by a conservative force

R/

+» Electric potential due to a point charge:

113) Ak Aind el Jlaall jaeme (IS 13

V=— PRESAE IR IR IVRVEN |
r adaid) 5L

Where:

r:Distance from point charge to where potential is measured
LSl agall (Bl olaily Ly () oSy (Al yeS Jlaall olail*

+* Electric potential due to a collection of point charge

ok i Jlae ol A die il S gl

Vtot=k*<&+%+%....>=k* &
ry I; I3 il‘i

Ex: in the figure shown, find the electric potential (V) at point (a).

Solution:
q, = 15nC 41 =5nC
Vel y 9%10%%15% 1077 4500 "
= i = = vo w
T T 3v2 * 1072 VZ 3
=k By, 2 210 10107 0 ol
e P T 2

4500
Vior = Vi + Vo + V3 = Vo = 1500 + W_ 3000

Vior = 1681.98 volt

H.d\d,é@biib c&Jﬂ‘d,édjmiﬂé ‘u.\.\hl\gécJ.ﬁJch,anS
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Ex: in figure shown, find:

1) Electric potential (V).

2) Electric potential energy (U) forq = 1 nC .

3) work done to move g = 1 nC from oo to center.

Solution:
q, = —4nC
1)‘/C: V1+V2+V3
Vo= kB2, B
T T T

1 2 3

9x10°
2%1072

(3—4+5)%107°

NS

k
(1 t+a+q3) = Vo=
18*102 volt

NS

2)U, = q.V. 2U,=1x10"% * 18 * 10?
U, =18+ 1077 Jol % is V=0

3) Wasy= AUnsy = q AV, AVigoe = (Vo — Vi)
Wip= 1% 107 « (18 * 102 — 0)

Wiooe = 18 % 1077 Jol

Ex: An electric dipole consists of point charges({ +12nCand q,; = —12nC placed 10.0 cm apart
as shown. Compute the electric potentials at points a, b, and c.

V, =k * <ﬁ+ﬁ) =9 * 109*<+12*10‘9 _12*10—9>
a rq Iy 6*10_2 4*10_2 |
f !
L\
[ V,=-900v | TR
/ \
13.0 dm / \l 30cm
: \\\\
w0 (R 4

| v,=1930v |

qs =5nC

Electric potential of
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The electric potential energy of tow point charges:
A A (e T Lagild claguiany (je laa (i (g 0qp) s 5o Ofind (e O sSa allas Sl
(r) Legin 2l ()5S, Aslaia
i Laf 54 Jle L 2252 Y Al ) e L i 2 il Y (g ) 1Y) Al i o
3 5h Ll Callatd (g ) oY) Lanil) (e (1) Ablase 22y Ao Akl ) AV (e (@, ) Al diad
Sk JAs A A

_ kq, q;

T2

Where:

U

U: Electric potential energy of two point charges.
11,: Distance between two charges.

Ex: A positron (the electron’s antiparticle) has mass 9.11 * 10~31kg and charge(q, = +e = +1.60 * 1019
C). Suppose a positron moves in the vicinity of an a (alpha) particle, which has charge (q = +2e C) and
mass (6.64 * 10727)kg. The a particle’s mass is more than 7000 times that of the positron, so we assume
that the a particle remains at rest. When the positron is (1* 10~1%m) from the a particle, it is moving
directly away from the a particle at (3 * 10° m/s).

(a) What is the positron’s speed when the particles are (2* 10~1° m) apart?

(b) What is the positron’s speed when it is very far from the a particle?

Solution: g, =+1.60*107% @=3.20*10"% 7r, =1 10"1%m v, =3 % 10° m/s
a)

KE, + U, = KE, + U,

*

kqyq _ (9 * 107) * (1.60 « 1071%) * (320 * 1071%)

= = —-18
U= = PRTET 461 + 10718)
9 -19 -19
kq,q (9 * 10 )* (1.60 * 1071%) * (3.20 * 10719 y
V2= == 2 % 10-10 =23+ 107
1 , 1 —-31 612 -18
KE; = Zmvy =E*(9'11*10 )+ (3 + 109)? = 41 « 10719

KE,=U; — U, +KE; =461 x 10718 — 2.3 x 10718 + 4.1 » 10718 = 6.41 x 10718

KE, = = 2
2 2"”72

2%6.41x10~18
v,= [——— — =3.8%x10°m/s
2 \/ 9.11 %1031 /
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b)
Fr=r; > o
U3=0

KE1 +U1 =KE2 +U3
KE, =KE, +U; =4.61 = 10718 + 4.1 » 10718 =8.71 » 10718j

2%8.71 %1018
vy = = 4.4 %10%n/s

9.11 % 10731

Electric Potential Energy with several Point charges

U:k*q0*<&+&+&....>=k*qo*z&
F1o0 T20 T30 — I

Ex: Two point charges are located on the x-axis, g1 =-e at x =0and g2 = +e at x = 1m. (a) Find the work
that must be done by an external force to bring a third point charge g3 = +e from infinity to  x=2m.

Solution: g1 = -e g2=+e (@g3=+e fn=-¢ qz=+e g3=+e
& ® ® X
X=£ X=a X=72a
-1.6%1071° 1.6%1071°
U=k*q3*(2+2)=(9*109)*1.6*10_19*< + )
i3 Iz3 2 1

Finding electric potential from electric field:

b-> -

b - -
W, = F.dl:f g.+E .dl
a a

b - -
W,y fa go * E .dl
q q°

(Va - Vb) =

b- -

b
Vpa = = ab=—(va—vb)=_f E'dlz_f E * dl * cos(¢) = —E * d * cos(¢)
Where:

Vap: Electric potential difference.
E: Electric field magnitude

ff dl: Integral along path from a to b(4iluall)

¢: Angle betweenE and dl
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el Jaall JalS o el sgall elia Gl 5 ol 8IS L 5eS)) Jlaall ldac 1] ag®

(E=@ 1 volt -1 newton @L})@S&\ Jadll san g *

d meter coulomb "~

Ex: have ¢ = 5 nC moves from (1) to (2) then moves from (2) to (3)

N 1 2
in uniform E=500*%103 N/C , find AV;,& AV, . * Tcm * >
Lo >
Solution: 3
AV, =E.d.cos® = AV, = 500%103 x 2 * 1072 x cos0° 3
A V12 = 10*103 ’UOlt
AVy3 =E.d.cosf =500 * 103 %2 1072 * c0s90°
A V23 = 0
Note:
*all point line from (1) to (2) have same V.
*V from (1) to (2) is positive, then V; > V5.
*when we move from (+) to (-) charge the V is decreasing.
*direction of E from big V to small V.
b
Ex: if V, > 1, find direction of E for figure (1) & (2). a
(M
Solution:
" -2 volt
(1): from (a) to (b)...( j)
(2): from (-2) to (-4)... (-)) -4 volt

Ex: in figure shown velocity of proton = 5+ 10°m/s (massyroton = 1.67 * 10727 kg, p = 1.6 * 1071%))
*when proton enter field its velocity was = 0 and after it became 5% 10°m/s .

+

Find A V for field. ()

Solution:

44+ + + +

AKEz_AUz_,l,AUl_,Zz_AUz_,l

AKE =AUy, = KE, —KE, = q(AV)
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1 1 1
Smvy? — cmu? = q(AV) = om? —v,?) = q(AV)

1
2 * 16710777 x ((5 10°)* = 0) = 1.6+ 1072 +A YV

AV =130.468 * 103 volt , AV =V, — V,

Electric potential due to charge distribution (CUsdll (e a9l Al ¢Sl 3gall):
AV = —[E.dl
Q= [Adl(ba Jia sy am) 4

Q = [ o.ds(islue )

X
1) rod: < al L
a) v
x+1
v, =k/11n( )
x
A
ae
b) Y
« L
JEE+y2+1
Vo = k2 In S v

2) ring: \\
R S
k
v =

a R X
Q = A(2nR) - -

*Note: there is V in center.

[ SN (e daaa £ ok s LoV o @ sal g A S Gl JS (el A4 J
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3)disk: R
V, = 2mok[vVx? + R2 — x|

Q = o(nR?)

minrad (m = 3.14 or 22/7)

4) semi-circle: m
V. = kA0

where:

0 inrad.

s
180

f@inrad =0 * (m =314 0r 22/7)

ex:0 =90°

T T
finrad = 0.— =90 *

_n o T
180 180 2 6=90°=5rad

5)Electric potential due to sphere:
1) conducting sphere:

AV =—[E.dl

Vs is the reference.

a) outside r>R:

b) on sphere:

Vb=k

x|

c) inside sphere:

Vo=kl, AV =0>then V.=V,

*potential inside sphere is equal to on
sphere because AV =0




2) non-conducting sphere:
AV =—[E.dl
Vo is the reference.

a) outside r>R:

V, =k

R ES

b) on sphere:

_ 4
Vy =k

c) inside sphere:

Ex: in figure shown, find V at (a).

Solution:
Va = V1 + V2 + V3
x + 1
a _kmn( - ) =V, =k/11n(
V; = kAlIn(3)
VZ == k)l@ = Vz == k/‘{n'
V, = kA(3.14)
x + 1 R+
Vl == klln( X ) = Vl = klln(
Vi = kA1In(2)

* A is same because same rod.
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L1%]

v
y'
» r
R
V2
4 a V3

R + 2R

3R
) =V, =k/11n(?)

R 2R
) =V, =k,11n(7)

V, = kAIn(3) + kA(3.14) + kAIn(2)

Va
Va

kA(In(3) + 3.14 + In(2))
kA(In(6) + 3.14)
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Electric field calculations from potential:
eI gl sl 5eSl Jlaall i alla g 5L 5 agal) lldac 13)

*V as a function.

V=—[E.dl
E=-V

av’, av’, av,
E=——i——]——
dx dy dz
Ex: in an area v=2x2y + 2y%z, find E .
Solution:

=-VV

A

W gt W2 LA
dx—4xyl,dy—(2x +4yz)],dz—2y k

E=—-4xy i — (2x*+ 4yz) j — 2y*k

Ex: E = 6x%y 2+ 9yzz;’ — 4zx IQ, Vio,00) = 6

Find V' ?

Solution:

V=—[E.dl

V=V +V,+7,

Vo=—[E.dx= V,=—[(6x%y).dx=> V, = —2x3y + ¢;)
V,=—[E.dy= V,=—[(9y%2z).dy= V, = —3y*z+ ;)
V,=—[Edz= V,=—[ (4zx).dz= V, = —(22%°x + ¢3)
V==-02x3y +c +3y3z+c, + 22%x + ¢3)

|4

—(2x3y +3y3z+2z%x+c),c=c¢c; t ¢, + ¢35
V(0,0,0) = _(0 + C) =6=>c=-6

V=—-Qx3y +3y3z+ 2z%x — 6)
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Jurs L IVY

electric potential energy
AU Uy,—U,

A Vba = = = Vb - Va
q. q.

Wosp=—qGo V=Vo) =qo V, = V) =—AU

Electric potential due to a point charge:

k
v="
r

Electric potential due to a collection of point charge

r{y rI; T3 iri

The electric potential energy of tow point charges:

_ kq, q,

12

U

Finding electric potential from electric field:

b-> -

b
Vpa = Vi = —(Vy — V) = — E.dl:—f E * dl * cos(¢) = E * d * cos(¢p)
a a

Electric potential due to charge distribution (SUsdl) (e aaj el (Al ¢Sl gall):
AV = —[E.dl

Q = [ Adl (ba Jieaalyan)

Q = [ o.ds(Asbus o)
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Problems

Book & more
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1-A particle (charge = 50 £C) moves in a region where the only force on it is an electric force. As the
particle moves 25 cm from point A to point B, its kinetic energy increases by 1.5 mJ. Determine the
electric potential difference,Vz — V.

a.-50Vv b. 40V c.-30V d. 60V e.+15V
AK = —q(Vg — Vy)

1.5% 1073 = =50 % 1076 (V — V)

1.5%1073
Vg —Vy)= “sor106 — =30V

2- A particle (charge = +2.0 mC) moving in a region where only electric forces act on it has a Kinetic
energy of 5.0 J at point A. The particle subsequently passes through point B which has an electric
potential of +1.5 kV relative to point A. Determine the Kkinetic energy of the particle as it moves through
point B.

a.3.0J b.2.0J c.5.01J d.8.0J e.10.0J

3- A proton (mass = 1.67 *10727 kg, charge = 1.60 *10~1° C) moves from point A to point B
under the influence of an electrostatic force only. At point A the proton moves with a

speed of 60 km/s. At point B the speed of the proton is 80 km/s. Determine the potential
difference VB — VA.

a.+15vVv b.-20V c.-33V d. +33V e.-15V
(kg = ka) = =q*(Vs — V)

0.5*m*(vp* — v,?) = —q* (Vs — Va)

0.5%1.67%10727((80 * 103)2 — (60 * 103)2)= —1.6*1071°(V, — V)

(Vg — V) = —15V

4-A point charge gl is held stationary at the origin. A second charge g2 is placed at point a, and the
electric potential energy of the pair of charges is +5.4 * 10~8 J. When the second charge is moved to
point b, the electric force on the charge does -1.9 * 10~8 J of work. What is the electric potential energy
of the pair of charges when the second charge is at point b?

Answer: 7.3* 1078
AK = —-AU

(K, — K,)=-1.9%10"8
(U, — U,) =1.9¥10"8
(Up — U,) = 5.4¥1078

(o = Ug)*+ (Up — Up) =7.3%107°

[ @ﬁw&\éﬂgﬂﬂ\&#\gww\ J
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5-Two protons, starting several meters apart, are aimed directly at each other with speeds of 2.00 = 10°
m/s, measured relative to the earth. Find the maximum electric force that these protons will exert on each
other.

Answer: ............

6- A particle (m = 2.0 g, g =-5.0 nC) has a speed of 30 m/s at point A and moves (with only electric
forces acting on it) to point B where its speed is 80 m/s. Determine the electric potential difference
VA - VB.

a.—2.2 MV b. +1.1 MV c.-1.1 MV d. +2.2 MV e. 1.3 MV

(Ka—Kg) = —q(Vy — Vg)
0.5*%2*107%*(302 — 80%)= 5 * 1079*(V, — V)

(V,_Vp) = -11MV

7- Points A [at (3, 6) m] and B [at (8, —3) m] are in a region where the electric field is uniform and given
by E = 12i N/C. What is the electric potential difference VA — VB?

a. +60 Vv b.-60V c.+80V d.-80V e.+50 V
V= —[Eidx — [Ejdy

V=-12x

V,=-36v

V, = —96v

(V, — V)= 60v

8- Several charges about point P produce an electric potential of 6.0 kV (relative to zero at
infinity) and an electric field of 36i N/C at point P. Determine the work required of an external
agent to move a 3.0-uC charge from infinity to point P (without any net change in the kinetic
energy of the particle) along the X axis.

a. 21 mJ b.18 mJ C.24m] d.27 m] e.12m]

9-Three-point charges, which initially are infinitely far apart, are placed at the corners of an equilateral
triangle with sides d. Two of the point charges are identical and have charge g. If zero net-work is
required to place the three charges at the corners of the triangle, what must the value of the third charge
be?

Answer: ............

10- A particle with charge +4.20 nC is in a uniform electric field E directed to the left. The charge is
released from rest and moves to the left; after it has moved 6.00 cm, its kinetic energy is +2.20 = 107° J.
What is the potential of the starting point with respect to the end point?

Answer: ............
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11- Identical 2.0-uC charges are located on the vertices of a square with sides that are 2.0 m in
length. Determine the electric potential (relative to zero at infinity) at the center of the square.

a. 38 kV b. 51 kV c.76 kV d. 64 kV e. 13kV

k
V=_q

:
—I1F1

_9%10%%2+107°

7 =12727.9

Vat center =4 *v = 51 kv
12- Identical 4.0-uC charges are placed on the y axis at y = +4.0 m. Point A is on the X axis at x =
+3.0 m. Determine the electric potential of point A (relative to zero at the origin).

a.—4.5kV b.2.7kV c.-1.8kV d.-3.6kV e.—-14 kV

13- A particle (charge = q) is released from rest when it is a distance of 3.0 m from a point charge
Q, which is held at a fixed position. If Q =50 uC and q =-36 1C, what is the kinetic energy of the
particle after it has traveled 1.0 m?

a.3.3] b.3.0] c.2.7] d.3.6] e.14]

AK =36 1075(75000) = 2.7 ]

14- Two-point charges g1 = +2.40 nC and g2 = -6.50 nC are 0.100 m apart. Point A is midway between
them; point B is 0.080 m from g1 and 0.060 m from g2 in figure. Take the electric potential to be zero at
infinity. Find the potential at point A.

B
Answer: ............ \\\/\ 2,

& %

Q- %

kq:  kq L

1 2

Vrotar = r + r & 0.()50m->z<»0.(>5(>me\a
q; 5]

VTotal = —7371
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15- A total electric charge of 3.50 nC is distributed uniformly over the surface of a metal sphere with a
radius of 24.0 cm. If the potential is zero at a point at infinity, find the value of the potential at the
distance 48.0 cm from the center of the sphere.

Answer: 65.6V

v _kq_9%10°%3.5¥107°
out™ . 48%10~2

=65.6V

16- A particle (charge = 5.0 4C) is released from rest at a point x =10 cm. If a 5.0-uC charge is
held fixed at the origin, what is the kinetic energy of the particle after it has moved 90 cm?

a.1.6] b.2.0] c.24] d.12] e.1.8]

17- A particle (q = +5.0 uC) is released from rest when it is 2.0 m from a charged particle which is
held at rest. After the positively charged particle has moved 1.0 m toward the fixed particle, it
has a kinetic energy of 50 mJ. What is the charge on the fixed particle?

a.—2.2uC b. +6.7 uC c. 2.7 uC d. +8.0 uC e.—1.1 uC

18- Through what potential difference must an electron (starting from rest) be accelerated if it is
to achieve a speed of 3.0 *107 m/s?

a. 5.8 kv b.2.6 kV c.7.1kV d. 8.6 kV e.5.1Kv
Ak = —q * AV

0.5%9.1 %1073 % (3.0 x 107)? =1.6*1019%AV

AV = 2.6Kv

19-A very long insulating cylinder of charge of radius 2.50 cm carries a uniform linear density of 15.0
nC/m. If you put one probe of a voltmeter at the surface, how far from the surface must the other probe be
placed so that the voltmeter reads 175 V?

ANSWer: ............

20- In a certain region of space the electric potential is given by V = +Ax?2y - Bxy?, where A =5.00 V /m3
and B = 8.00 V/m3. Calculate the magnitude and direction of the electric field at the point in the region
that has coordinates x =2.00 m, y = 0.400 m, and Z = 0.

Answer: ............

_dv dv

T dx dy
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21- A charge Q is uniformly distributed along the x axis from x=ato x="b. If Q =45nC, a=-3.0
m, and b =2.0 m, what is the electric potential (relative to zero at infinity) at the point, x=8.0 m,
on the X axis?

a.71vVv b.60V c.49V d.82vVv e. 150 V

Ve =K+ (%) = Wn(@ +v/ay
Vi =910 (45 4107/ )« (Ln((6 + 5)/6))=49 V

22- A charge of 20 nC is distributed uniformly along the X axis from X =-2 m to x = +2.0 m. What
is the electric potential (relative to zero at infinity) at the point X = 5.0 m on the X axis?

a.b7Vv b.48V c.38V d.e7V e. 100 V

23- A nonuniform linear charge distribution given by 4 (x) = bx, where b is a constant, is
distributed along the x axis from x =0 to x =+L. If b =40 nC/m2 and L = 0.20 m, what is the
electric potential (relative to a potential of zero at infinity) at the point, y = 2L, on the y axis?

a.l9v b.17V c.21V d.23V e.14V

24- A positive point charge g1 = +5.00 * 10~*C is held at a fixed position. A small object with mass 4.00
* 1073 kg and charge g2 =-3.00 * 10~* C is projected directly at q1. Ignore gravity. When g2 is 0.400 m
away, its speed is 800 m/s. What is its speed when it is 0.200 m from q1?

Answer: ............

25- A small sphere with mass 1.50 g hangs by a thread between two very large parallel vertical plates
5.00 cm apart in figure. The plates are insulating and have uniform surface charge densities +¢ and - o.
The charge on the sphere is g = 8.90 10~° C. What potential difference between the plates will cause the
thread to assume an angle of 30.0° with the vertical?

Answer: ............

26- A charge of 4.0 nC is distributed uniformly along the x axis from x = +4 m to X =+6 m. Which
of the following integrals is correct for the electric potential (relative to zero at infinity) at the
origin?

6 6 6 6 6
18dx 36dx 18dx 36dx 36dx

al b. C. d. 5 e. ”
4 X 4 * 4 * 4 7% 4 X

)
V:k*f — dx
4
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27-A charge of 18 nC is uniformly distributed along the y axis from y =3 m to y =5 m. Which of
the following integrals is correct for the electric potential (relative to zero at infinity) at the point
X =+2 m on the X axis?

> 81d > 162d 581(1 5162d 581d
y y y y y
a.] L b.f e c.f Jora d.f ora e.f .
3 3 3 3 3

28-The electric field in a region of space is given by Ex = (3.0x) N/C, Ey = Ez = 0, where X is in m.
Points A and B are on the X axis at XA = 3.0 m and xB = 5.0 m. Determine the potential difference
VB - VA.

a.—24V b.+24V c.-18V d.+30 V e.—6.0V
29-When a charged particle is moved along an electric field line,

a. the electric field does not work on the charge.

b. the electrical potential energy of the charge does not change.

C. the electrical potential energy of the charge undergoes the maximum change in magnitude.
d. the voltage changes, but there is no change in electrical potential energy.

e. the electrical potential energy undergoes the maximum change, but there is no change in
voltage.

30- The electric potential inside a charged solid spherical conductor in equilibrium:

a. is always zero.

b. is constant and equal to its value at the surface.

C. decreases from its value at the surface to a value of zero at the center.

d. increases from its value at the surface to a value at the center that is a multiple of the potential
at the surface.

e. is equal to the charge passing through the surface per unit time divided by the resistance.

[ @\Jw\g\xiﬂﬂgi‘ﬁﬁ\cuﬂ\&\m&\ ]
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1. c.-30V 11. | b.51kV 21. | c.49V
2. b.2.0J 12. | d.-3.6kV 22. | ¢c.38V
3. e.-15V 13. |c.27] 23. | b. 17V
4. +7.3x1078] 14. |V, =-7371V 24. | v=152km/s
5. 0.194x 10~*N 15. |V =656V 25. |V =47.75V
6. |c.-11KkV 16. |b.2.0] 26. ® 18ax
o [
7. |a +60V 17. |a.-22uC 27. 1y
L (2 +4)1/2
8. b. 18 m] 18. | b.2.6kV 28. |a.-24V
9. _"4 19. |23cm 29. |c.
qsz = )
10. |523.80V 20. | L o 727 NJC 30. | b.
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CAPACITANCE & DIELECTRICS




{Done by: Omar Mohammad}

Chapter 24: Capacitance & Dielectrics (<l gall)
Al ,eS A8 o 5] axaiu sl :(Capacitor) gl sal

Jie (an insulator) 4)le il Lagin Juadl (any two conductors) osba sa (o gl gall ¢ S5
ol sl LDl ol o ggl)

The capacitance depends on (e gl sall 2ainy):
1) geometric of capacitor (dmsigll slx¥)).
2)type of insulator material () sl & o).

Types of capacitors (el sall g\}ﬁ);
1) parallel plates.

2) cylindrical.

3) spherical.

1) parallel plates capacitor:
Aaludl & ol slude Gl ) sie Gilia ga (iaaiia (e i ) siall iagdiall 53l sall o oS3
At 3ala (e ks Lagiy Ja

Ak G el (585 ad sall (8 A sl Al AaS G Al & 1AL Sl Ard sall
(Ainia)
Q

C =
AV

Where:

C : Capacitance of a parallel-plate capacitor in vacuum.
Q: Magnitude of charge on each plate.
A V: Potential difference between plates.
(A V) iy 23630 3 (Q) sl oy 13 i ¥ A5 () sl sall kT e dgall (38 e A sudie Ll 4o
the ratio of charge to potential difference does not change. Q

The unit of [c]: farad(F)
1farad(F)=1coulomb(C)/1volt(V)

Slope =2

AV
AV
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e e i o il b L s a5 clin (8 gl ot i

(E:i)%w%o@@u)@\d@\dg\q;)pdw\w@\dﬁt'q}é
o ’
(AV =E.d) Ofispuall G agadl 38 O 5Su
AV =E.d E=2 0 =2 (Ofinda o el Jad)
0
o Q0 _ @ _0xs
AV Ed 92 4 Qd
€o A
Ax*e
.0 "
AV d
Where:

A: Area of each plate
d: Distance between plates
&o: Electric constant

Ex1: parallel plate capacitor the distance between its plates d = 1.2 mm and the
area of plate

A=15%10"4m? and E between plates 3.6 V/m, find:
1) capacitance(C).

2) potential difference (A V).

3) the charge (Q).

4) charge density (o).

Solution:

A&

8.85%10 12x15%107%

1.2¥1073

=>C

= C =11.06 pF
2)AV=E.d=AV =36*12%1073

AV =432%103V

Q
4.32%1073

3)C =< = 11.06 10712 =
AV
Q =478x+10"C

Q 4.78%10~ 14
- D> 0=
A 15%10~4

0=32%10"1C/m?




{Done by: Omar Mohammad}

Ex2: parallel plate capacitor C=40uF and connect with battery AV = 36V, find:
1) The charge (Q).
2) The charge (Q) if area was doubled.

3) The charge (Q) if distance between plates was doubled.

Solution:
_ 9 -6 _ 9
1)C—AV =40+ 10 =1
Q =144 mC
2) from C = %, d is constant A was doubled
C'="24 =24
=25 =2c
d
C=% =>5Q0=CAV =2Q'=C'"AV

Q' =2CAV= Q =20
Q =2%144x10"3= Q' =2.88mC

3)from C = %, A is constant d was doubled
C'="2d" =2d
c=%5c=1c
2d 2
Q
C=——>20=CAV 2Q0'=C'"AV
NG Q Q

=lcavs gr=t
=—C. = = —
Q' =3 Q' =350
Q' =%*1.44*10‘3:,~Q’ =0.72mC

R/

** energy storage in capacitors and electric field energy:

U=QAV =>du=dq.AV
U=quAV=>U=qu% Q
U=%deq=> U=%.%.Q2 /C V\
Q
_1e* _1.,2_1 C=—
U_zc_ZCV _ZQV g
VZE
Q=CV

[ gl ¥ L) Ak adaY) ]
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We connect a capacitor C; = 8.0 mF to a power supply, charge it to a potential
difference vy, = 120V, and disconnect the power supply. Switch S is open.

(@) What is the charge Q, on C;.

(b) What is the energy stored in C;.

Solution:
a)
Qo =C; vy =8.0x1073 %120
Qo =960 pc
b)

1Qo2 1(960+107%)2

U=—-
2 Cy 2 80x1073
U = 0.058]
electric-field energy:
u U ,V:volume
4
Ace
u=— u=%CV2 = u=%TOV2
Ad Ad Ad
g V2 1 , 14
u= > 42 >u== &kE*°, :E
Unit of [u]: Jol/m3
1
U=z & E?

Where:

u: Electric energy density in a vacuum
E: Magnitude of electric field




{Done by: Omar Mohammad}

Combinations of capacitors (el sall Jua 5i):
% capacitors in series ('8 e Jua ll):
) sall 2 £ panad U sbon IS sgall Lty clinnll iy glia b sl (5585 il e Jaa il

C equivalent:

V:V1+V2+V3

G G G
0_% &, & F —

cC ¢ C G

I|IE
Q (1+1+1) [
c=¢ C, C, Cs Vv
1 1 1 1
— ===+

*Ceq is smaller than any capacitor in parallel.

_ C1x(y )
Ceq T 4G, (peren o e )

% capacitors in parallel (s s e Juasill):
il sl L g sanal L glan IS0 il Lais cgal) (3 slasie o sl (5S35 (530580 e Jua ) 3
C equivalent: Cs
Q=0.+0;+0Qs
CV=CLV+CpV+CaV

C.V=V.(C+Cy+Cs) G

Ceq=C1+C2+C3+"'

. . il
*Ceq is grater than any capacitor in parallel
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Ex: in figure shown, find:

_{I |
I |
1) Ceq- c1 2 | _1
2 yF 3pF

2) Qfor C, = 1.8uF. I zc:F
3) V for C, = 3uF. 15 4F
| +
36V
Solution:
1) C;and C, is series = L =i+i=> ! :1+1:> 1 _3
Ceqi C1 Cz  Ceqn 3 2 Ceqi 6
Ceqn = 1.2 uF. I

Ceql —{

. 1.2 pF

Ceq1 and Cs is parallel. H ca
2 uF

Ceq2= eql + C3 = Cqu =12+18 1;}
Ceqz =3 ‘LlF

s

Ceq2 and Cy is in series.

36V

Coq = 1.2 uF H H
2)C="%50=CAV > Q=12+10"+36 com| || c4
Q = 43.2 uF
*Q of Coqg = Q of Cpqp = Q of Cy |+
Ceqzz%V:AV=CiZ:>AV=% 28V

Vegz = 14.4V
% eqz = Veql = V Of C3
Cs 23_2:} Q;=C3.V3=> Q;=1.8%107° 14.4

Qs = 25.92 uC

Qe
3) Vegr = 144V 2 Cogr = S5 2 Qeq1 = Coqr-Vequ

Veq1
Qeql =12% 10°%%14.4 = Qeq1 =17.28 uC
- 2 _ @ _ 17.28+107°
C, = v, =V, = Cz =V, = vy

V, =576V
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Ex: in figure shown, find energy in C, ?

Solution: |
] ~ || ~
C; and Csis parallel = Cpqqy = C; + C3 i—gv U I P P
Ceq1 = 15+ 15 = Cpqq = 30 uF T 10pF [ 15pF T [ 15pF
- . 11 1
Ceq1 and C is in series = Coz - Comt + .
1 1,1 1 4
= — —_ -
Ceqz 30 10  Ceqz 30 | |
ir c1 —1 _ceq1
Q - V' owF T 30pF
Ceq=ﬁ’:>geq=Ceq.veq:>Qeq=7.5*106*9 I u v
Qeq =67.5uC = Qeql =0
Qeq1 Qeq1 67.5%107°
Coar = gy = Vear =7,y = Vear = o0
Veql = 225 V = Vz = V3
1 1
UZ = ECZVZ 2 = UZ = E* 15 = 10_6 * (225)2
Uy =38pf
2) cylindrical capacitor:
Two cylindrical conductors are separated by insolated. T
C= —Q (4 ; '
AV .
AV =—[E.dl = ,.
f ;‘ | A
___ 0 . ) \ > ;
b= 2meg (.17 for cylinder l 4/
— _ Q - __9 1 S
AV = fm(](r)_l dl = AV == = ) ~.dl,dl = —dr
b 1 T
Av=—2 f larsav=-—4
2meg.l )y T 2meg. .l 1y,
_ Q
2meg.l7 g
2meg .l
Inlb
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3) spherical capacitor:

Two spherical conductors are separated by insolated.

Q
C=——
AV -
—-Q
AVpsg =Va—=Vp
n = L , for conducting sphere e
4mey (1) o
as "
@
41ey (1) E l
= e _ Q - @ 1 _1
AV = 4meg (rg) 4meg (rp) DAV = 4mey (ra rb)
Q
e

4TTEY Tq Tp

Special case: one conducting sphere radius of another sphere r = o

4T1TE 4T1TE,
C=1T1=>C=—"7°

G Ta
C =4ngyry,

[ SN Ly g JAT) ]
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Dielectrics:

. . exA . . L v L. . . .
i any Laghn Al 5 (C = ) e e A (G) €108 05 (C) Ajle Bale (findiall G Gl G as g Ledie

—M— .(Dielectric constant) J_=l

k=X

Co

C > C,

e =Kgg
oA
C=K°7

Where:

K: dielectrics constant number greater than 1. (K > 1:J <)

K

——

+
|
I

* if there is insolated material and battery is connected (_ladl Jua 5 olés aa A jle 33k 252 ),

&4 &4
C=K-7,Co=—=C=KC
C>C,

Q. Q
C_Vﬁv_%

V =V,, same battery

= KQ _
C_Vo_kCO a

*If there is insolated material and remove the battery (4 ladl Jad s & jle 32l 352 5). C=KC,C>C

&4 g4 e=Kegy,e> ¢
C=K7,C0=7=>C=KCO
Q =KQy,0Q >Q
C>Cy
Q Qo
C=V,CO=V_O E=E0/K,E<EO

Q = Qg, same charge U=Uy/K,U<U,

% u=uy/K,u<ug

Yol V=Vy/K,V <V,

c )
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*If put different insolated material: (Ailise 4 jle 3 50 puza 5 13)):

) se e Y pl sall o *

s e e sl doua 58 (50 sl sall b e S 13 *
Vs el sall Jaa i ()5S Aalsall e sl IS 13

i /S

C_eq oG /
X X X /
Ceq  2Ki£0A ' 2K,80A X X X /
A A
1 4y et é
Ceq 280A 'Ky Ky X X X %
2604 KqK, X X X
Ceq = B—— 2 2
a  (Ki+Kp) d
KZ
X\ X
Ceq = Cl + C2 ¥ X
c KiggA KregA X X
¢4 d.2 d.2 X X
X X
&4
Ceq = d.2 (K1 + K3) A2
in parallel
Ex: in figure shown, find C:
Solution:
C; and C,are in parallel.
Ceql = C1 +C2
A A
K& 5 K& 7
Ceql - g + é
2 2
oA
Ceql = T(Kl + KZ)
Ceq1 and (5 in series.
it 11 d a
Ceq  Ceq1 Cs Ceq  €0AK1+Kz) — 2£0AK3
Lol Ly, o Rt (Halhr)
Ceq goA K1+K2 2K3 d 2K3+K1+K2

Ks

><><><><></

X X

A2
X X
X X
X X Z A2
X X \\
d/i2 d/i2

K2
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10 581 aaf

Capacitance

_ Q _A*eo
N A %)\

- /CIV\

energy storage in capacitors and electric field energy:
U—le—lCVZ—1 %4
2 C 2 =30

electric-field energy:

1
u=— g E?
5 o

cylindrical capacitor:

Two cylindrical conductors are separated by insolated.

spherical capacitor:

Two spherical conductors are separated by insolated.
471'50

Special case: one conducting sphere radius of another sphere r = o
C =4meyry,
Dielectrics:
C=KCy,C>C,
e=Kegy,e> ¢
Q=KQy,Q>0Q
U=Uy/K,U<U,
u=uy/K,u<u

V=V0/K,V<V0
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Problems

Book & more
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A glaa ¢ ghas Adiaid

Q1) For the circuit shown, the charge stored by the 5uf capacitor is 35uc. The potential difference (in V)
between points a and b is:

Csu=2—v=7V

C7M=%—>v=5V

Vop =5+7=12v

Q2) The capacitance of a single isolated spherical conductor with radius R is 5pF. if the charge on the
capacitor is 85uC, then the surface charge density (inuC.m™2) is.

For isolated sphere
C=4mne. xR
R=0.04496

Q
— 2 _ 3346
7=

Q3) If C; = C3=8.0uf, C, = C,=16.0uf, and Q3=15 uC , then Q4 (in uC):

V.. = 9 _ 18757 G G

3 C3
a b
VC3 = VC4 = 1875 74

C, C,
Qu = Cy* Vg, = 30uC > ‘

Q4) The circuit shows a network of 4 identical capacitors. while the switch is in position 1, the capacitor
Cihas a charge of 36 uC . when the switch is moved to position 2, the charge (in uC) stored by capacitor
Cibecomes:

Ver = Veacsca

© _30 1
c ¢

Q; +Q; =36uC ol

=
Q, =36 uC — Q, ) T

Q1 _3(6uC—-01)
c C

Q1 =27uC

L)

—
e

~

[ il & bl AY ala ]




{Done by: Omar Mohammad}

Q5) If V4-V5=80V, how much energy (in mJ) is stored in the 54- pf capacitor.

Cr=em Qr =32+ 10" o

Vr
A B
Ve = Vp — Vyp = 356 '.E'HF

U=.5%Vs, *Qs, = 34.1mJ 54 uk

Q6) If AV=12.0V and C;=C,=C3=2200pF, then the energy (in J) stored in the capacitor network is:
U=.5%Cp* V2

U=.5%33x10"7 %122 = 2.37 x 107

Q7) Two identical parallel- plate capacitors each having plate area A=50.0cm?and

plate separation d=1.0 mm are completely filled with two different dielectrics of d dielectric constants
K;=2.0 AND K,=6.8, and then connected as shown in the figure. the equivalent capacitance (in pF) of
the combination is:

& x A

C=K*C0=K*

C, = 88510711

C, = 3.009 x 10710

C,and C,series then C; = 6.838 x 10711

Q8) Two identical parallel- plate capacitors each having plate area A=50.0cm?and plate separation d=1.0
mm are completely filled with two different dielectrics of d dielectric constants K;=2.0 AND K,=7.4, and
then connected as shown in the figure. the equivalent capacitance (in pF) of the combination is:

& x A

C=Kx*x(C =K=x

C, = 3.27 10710

Cl = 8.85 * 10_11 Kl Kz

C,and C,parallel then Cy = 4.1 x 10711
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Q9) A 20 uf capacitor is charged to 200 V . Its stored energy (in J) is .

U=5xC*xV?2=04]

Q10) The equivalent capacitance (in pf)) of the combination of the capacitors shown to the right is .

Cso with Csy series = 25 % 107° S50 uF 50 uF

Cyo With Cyo series = 10 x 107° ‘ ‘

C,swithCyyparallel 20 uF 20 uF
‘ 1

Cr=10%x10"%+4+25%10"¢=35%10"° ' |

Q11) Two parallel-plate capacitors of areas 4.89 cm? and 1.2 cm?, are connected in parallel to a
battery. if the electric field between the plates has a magnitude of E;=2476.8 V/m andE,=1039.3 V/m,
he what is total charge on both capacitors?

Q i
E=
[
. e
Q. =1.072%10 'I' e p Jf—

Q, = 1.103 » 10712

Qr=0Q,+0Q,= 118210~
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1-If C = 15 mF, determine the equivalent capacitance for the combination shown.

all

a.20mF  b.16mF ¢ 12mF d.24mF e 75mF —F

::C ::zc —
2-If C = 50 nF, determine the equivalent capacitance for the combination shown.
a.29nF  b.019uF c.34nF d.023uF e.75nF I

3- The plates of a parallel-plate capacitor are 3.28 mm apart, and each has an area of 9.82 ¢m? . Each
plate carries a charge of magnitude 4.35 * 1078 C. The plates are in vacuum. What is the capacitance?

Answer: .........
4-A 5.00uF parallel-plate capacitor is connected to a 12.0V battery. After the capacitor is fully charged,
the battery is disconnected without loss of any of the charge on the plates.A voltmeter is connected across

the two plates without discharging them. What does it read?

Answer: .........

5-What is the equivalent capacitance of the combination shown?

a. 20 uF b. 90 uF C. 22 uF d. 4.6 uF e. 67 uF 20pr 30 yF
10 uF 30 uF

6-1f C = 24 uF, determine the equivalent capacitance for the combination shown.

a.20uF b.36uF c.16uF d. 45 uF e. 27 uF __| c 2c
2C 2C
2c

7- A cylindrical capacitor consists of a solid inner conducting core with radius 0.250 cm, surrounded by
an outer hollow conducting tube. The two conductors are separated by air, and the length of the cylinder
is 12.0 cm. The capacitance is 36.7 pF. Calculate the inner radius of the hollow tube.

Answer: .........
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8- A spherical capacitor contains a charge of 3.30 nC when connected to a potential difference of 220 V.
If its plates are separated by vacuum and the inner radius of the outer shell is 4.00 cm, calculate: the
capacitance?

Answer: .........

9-In the figure, if C1 = 5.0 uF, C2 = 15 uF, C3 = 30 uF, VO = 24 V, what is the total energy stored in the
three capacitors?

| LS
)

a.43mJ b.59mJ c.7.7ml d.9.7mJ e 13mJ
—

| |
1| F
+ | —
A

10-In the figure, if C1 = 20 uF, C2 =10 uF,C3 = 30 uF, and VO = 18 V, determine the charge stored by
ClL

a.037mC b.0.24mC c.0.32mC d.0.40 mC e.0.50 mC c
|_{ +I| =
v

11- A spherical capacitor is formed from two concentric, spherical, conducting shells separated by
vacuum. The inner sphere has radius 15.0 cm and the capacitance is 116 p.What is the radius of the outer
sphere?

Answer: .........

12-In figure shows a system of four capacitors, where the potential difference across ab is 50.0 V. Find
the equivalent capacitance of this system between a and b. 30uF

10.0 uF 9.0 uF
Answer: ......... . |

8.0 uF

13-What is the total energy stored in the group of capacitors shown if the charge on the 30-uF
capacitor is 0.90 mC?

a.29 m]J b. 61 m]J c.21 mJ d. 66 m] e.32m]J




{Done by: Omar Mohammad}

14-If VA — VB =50 V, how much energy is stored in the 36-uF capacitor shown?

a.50m]  b.28m]J c.13m]J d.8.9mJ e. 17 mJ

15- For the system of capacitors shown in figure, a potential difference of 25 V is maintained across ab.
What is the potential difference across the 7.5-nF capacitor?

75nF
1|

. T

Answer: ......... 18.0 nF 30.0 nF 100 nF’

!
¢

I|
11
6.5nF

16- A 5.80uF, parallel-plate, air capacitor has a plate separation of 5.00 mm and is charged to a potential
difference of 400 V. Calculate the energy density in the region between the
plates, in units of J/m3.

Answer: .........

17-If a 3.0-uF capacitor charged to 40 V and a 5.0-uF capacitor charged to 18 V are connected to
each other, with the positive plate of each connected to the negative plate of the other, what is
the final charge on the 3.0-4F capacitor?

a. 11 uC b. 15 uC c. 19 uC d. 26 uC e.79 uC

18-A 25-uF capacitor charged to 50 V and a capacitor C charged to 20 V are connected to each
other, with the two positive plates connected and the two negative plates connected. The final
potential difference across the 25-uF capacitor is 36 V. What is the value of the capacitance of C?

a. 43 uF b. 29 uF c.22 uF d. 58 uF e. 63 uF

19- A parallel-plate vacuum capacitor has 8.38 J of energy stored in it. The separation between the plates
is 2.30 mm. If the separation is decreased to 1.15 mm, what is the energy stored if the capacitor is
disconnected from the potential source so the charge on the plates remains constant

Answer: .........

20-A cylindrical air capacitor of length 15.0 m stores 3.20 *10~°J of energy when the potential difference
between the two conductors is 4.00 V. Calculate the magnitude of the charge on each conductor.

Answer: .........
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21-A 4.0-mF capacitor initially charged to 50 V and a 6.0-mF capacitor charged to 30 V are
connected to each other with the positive plate of each connected to the negative plate of the
other. What is the final charge on the 6.0-mF capacitor?

a.20 mC b. 8.0 mC c. 10 mC d. 12 mC e. 230 mC

22-A 15-uF capacitor and a 25-uF capacitor are connected in parallel, and this combination is
charged to a potential difference of 60 V. How much energy is then stored in this capacitor
combination?

a. 50 mJ b. 18 mJ c.32mJ d. 72 mJ e. 45 m]

23- A capacitor is formed from two concentric spherical conducting shells separated by vacuum. The
inner sphere has radius 12.5 cm, and the outer sphere has radius 14.8 cm. A potential difference of 120 V
is applied to the capacitor. What is the energy density at r = 12.6 cm, just outside the inner sphere?

Answer: .........

24- A 12.5uF capacitor is connected to a power supply that keeps a constant potential difference of 24.0
V across the plates. A piece of material having a dielectric constant of 3.75 is placed between the plates,
completely filling the space between them. How much energy is stored in the capacitor before and after
the dielectric is inserted?

Answer: .........

25-A 15-uF capacitor is charged to 40 V and then connected across an initially uncharged 25-uF
capacitor. What is the final potential difference across the 25-uF capacitor?

a.l2v b.18V c.15V d.21V €.24V

26-A 30-uF capacitor is charged to 80 V and then connected across an initially uncharged
capacitor of unknown capacitance C. If the final potential difference across the 30-uF capacitor is
20V, determine C.

a. 60 uF b. 75 uF C. 45 uF d. 90 uF e.24 uF

27- The dielectric to be used in a parallel-plate capacitor has a dielectric constant of 3.60 and a dielectric
strength of 1.60« 10~ VV/m. The capacitor is to have a capacitance of 1.25x 10~° F and must be able to
withstand a maximum potential difference of 5500 V. What is the minimum area the plates of the
capacitor may have?

Answer: .........

[ A g L 5 0 16 e (155 Y13 4o e 6 e ot o ]
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28- When a 360-nF air capacitor (1nF = 10« 10~° F) is connected to a power supply, the energy stored in
the capacitor is 1.85 = 10~5J. While the capacitor is kept connected to the power supply, a slab of
dielectric is inserted that completely fills the space between the plates. This increases the stored energy by
2.32 * 10™>J. What is the potential difference between the capacitor plates?

Answer: .........

29-A parallel plate capacitor of capacitance Co has plates of area A with separation d between
them. When it is connected to a battery of voltage Vo, it has charge of magnitude Qo on its
plates. The plates are pulled apart to a separation 2d while the capacitor remains connected to
the battery. After the plates are 2d apart, the magnitude of the charge on the plates and the
potential difference between them are:

1

a. EQO, %Vo b.%Qo, Vo c. Qo, Vo d. 2Qo, Vo e. 2Qo, 2Vo

30- A parallel plate capacitor of capacitance Co has plates of area A with separation d between
them. When it is connected to a battery of voltage Vo, it has charge of magnitude Qo on its
plates. While it is connected to the battery, the space between the plates is filled with a material
of dielectric constant 3. After the dielectric is added, the magnitude of the charge on the plates
and the new capacitance are:

a. %Qo, %Co. b. éQo, Co c. Qo, Co d. 3Qo, Co e.3Qo, 3Co
1. c.12mF 11. | 17.5cm 21. | d.12mC
2. a.29nF 12. | Coq = 347 uF 22. |d.72m]
3. C = 2.65pF 13. | d.66m] 23. | u=1.63%10"*J/m3.
4, Vo =12V 14. | d.89mJ 24. | Upefore = 0.0036 ], Ugper = 0.0135]
a. 20 uF 15. |V =25V 25. |c 15V
6. c. 16 uF 16. | u=0.028 J/m3. 26. | d.90 uF
7. mn, =3 cm 17. |a.11uC 27. | A=135cm?
8. C = 15 pF 18. | c.22u4F 28. |V =10.14V
9. a. 43 mJ 19. UZ = U1/2 29. b-lQO, VO
2
10. | b.0.24mC 20. |Q@=1.6nC 30. | e.3Qo, 3Co




