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Chapter 21:
g=+ne., n=1,2,3,....

e=1.6x1 6“0.
q=-1.6x10c.
a=1.6x10"c.
m=9.11x10'kg.

Repulsive force: fo e& —— _ ___ _  ®—fa

el a9 S % o

Attractive force: —) q;[f\‘\éﬁ 12— H@ﬁg ,
Fa b

Electric force: = F-o k9%
(\7_

K depends on :

1- medium between q1&g2.

2- units in the air (vacume)=k=9x10 N.n3/C.

L k=1 L $0.9.95 K6 CN. q=
Y1 ¢.

[__, perm.migk constant f&( am (vacume).
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=y fn ﬁ—%e, svyaabi'en Qs +he adle bepween

|y ne ;[ [25s +Hian or me +hey ‘{50'7':) [ess ‘\‘{aﬂ s’
L, #=6 beause %pmp.

+he net Lyao andl

______________________________ D
Examples O %:0 =
a W)
A
O® @
5Se fo Rah - Kk QE _a ©
(L av yat

547 x5 Nz Sk
If we changmﬁeutroa so we will have a positron, e."
If we change_iﬁ% so we will have an electron, e.
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Chapter 22: /{

£,
—®@9 £ k9L
(—2,
F- K% .
(2
L , )
AN € \i/d/ O dpls JE Tt
> (D e AL &)
J RS |
. s+
U"q‘.P/)PE E\>
AP S
Ddabadll e s

T ¥ Dl e Tasns Logias Jualoll Al £la 1 (caiillon 1 cpiangs) olibilaie oliad Suie -
| Latdl o] il Lo Jualell bl ole Lagiss Gilead) Jals ipibing oliiad guie -¥
Bodilis Lagin dilead) Caiatiia ¢ oatgleuiog (adling Gliiad guie -V

Electric dipole: - —— = =

qusg LC
P=qd. W = F.d=F d cos 9 Teno ﬁ\—%*
Vf2= vi-{at W=q (E.d) v
Vf=vi +2ad . Whet= K. , 2 ¥~ < + « «
d=vit+0.5at W = 0.5 m(Vf-Vi) L pes
R AfEn NN
F=ma T 7 iﬁ
Eg=ma ®i
E=ma m ;,L
4
IR T+ % v+~
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Potential energy: exa,mp\Q:) 5‘: 22*?'6\‘
U=-PE o
U=-PEcos®. ) : 0
Torque: 3\ ,Z_; ¢ 1 "«
7= PxE 2 2 o = (zen) (2@[0 ]j\ + (U k.
T=PEsin®: N
2 ¢ oS-k
1- linear charge density : )\= f\L
- 2 AL QP I NG e )

2- surface charge density : 5 = _% .

A
3- volume charge density : f= 2 = . — Py W sl

\4
Rod:==)  —_wpcke — v S 5

S M —
&”’D\@jhﬁdrﬂkw L . P
* A%~ Ndx
E- = K___AJ:,
a (L+a)

Ring F: o9k N Ee kA
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Disk:(_ 20lE cos®
P
4&:.‘(\6¢A. solE SIn® 0[?-— = LA

Cxn® = _Z

= RNk LoEes [\ —-2__] :
A el IR

itz 227R 2 £ o

KPR 2oy z o) g2 =
2 &

33 In Millikan’s experiment, an oil drop
of radius 1.64 um and density 0.851 g/cm’
is suspended in chamber C (Fig. 22-16)
when a downward electric field of
3.20 % 10° N/C is applied. (a) Find the
charge on the drop, in terms of e. (b) If
the drop had an additional electron,
would it move upward or downward?

:I,AL{Xléq m , /= o-%5) gr/cm3 , E= 3220058,
CIRET N
%ﬂé Mp tn 4wl blium — St
*he mass of e R R P

e -mq B 1 i had an oddienal e so
2.2%107 Bl %77- (\-{M\Sé)g KE&51 Xlo- /%7ma‘L- mofe. upusa[c@\
q—: L\-(‘\”\ld\qv
9-ne
n- -dams" --3
16x 1074
?’: -3e.. (- Menna Tullah Jayousi
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38 An electron enters a region of uniform electric field with an
initial velocity of 30 km/s in the same direction as the electric field,

which has magnitude E = 50 N/C. (a) What is the speed of the
electron 1.5 ns after entering this region? (b) How far does the
electron travel during the 1.5 ns interval?

= o - =
11 In Fig. 2227, two curved Figwe 22-28 Problem 10.

plastic rods, one of charge +¢q and y
the other of charge —¢g, form a circle of ra-
dius R 4.25 cm in an xy plane. The x axis
passes through both of the connecting
points, and the charge is distributed uni-
formly on both rods. If ¢ 15.0 pC, what
are the (a) magnitude and (b) direction

(relative to the positive direction of the x Fine.
axis) of the electric field £ produced at P, Figure 22-27
the center of the circle? Problem 11.

m,,zﬂ, AL s &
oR
ARde- e

L=/'_"~al1 Snd
vz
=K A Kde )
e

)\=9:S_.=£l

L DBW

E}; kA Tgs‘ne de - % -me/j

Zﬂ - ‘_‘\RA‘ = "'Lk\ —

=2hon IS 2™ = YT uz).

Uas Kt
- qo(]).
- 12

A= - 5ne e
Z sxist R I N

Az L2 xS

the (a) magnitude and (b) direction (rela-
tive to the positive direction of the x axis)
of the electric field £ at P, the center of

the semicircle?

sl

V(= gokm(s = 2o P -
E-5s MIC.
+ s L.5X \QP\S

m=Ra e 2

NEAENKEN Y

In Fig. 22-29, a thin glass rod forms a +q,
semicircle of radius r 3.00 cm. Charge is
uniformly distributed along the rod, with = -
1 N 2 . n alf 3 Feas Ecoroy
+q 4.50 pC in the wupper half and E £+

4.50 pC in the lower half. What are = i
! bty Erina

Figure 22-29
d Problem 14.

dby = oI sne. S @r
= —Bdi SIS
=

= ksl sne
(L

dss (0(6} r=%._
52s = Jq.
Srdoe =42

T
::]Sj_\f sh & dO - ;{SKEZ’,CQS@];‘:’-
)

=.bri‘[cos%- ccsc] = L -5~
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.

23 A 10.0 g block with a charge of +8.00 x 10 ° C is placed in an
electric field £ = (30001 — 6000)) N/C. What are the (a) magnitude

and (b) direction (relative to the positive direction of the x axis) of
the electrostatic force on the block? If the block is released from
rest at the origin at time ¢ = 0, then at 1 = 3.00 s what are its (¢) x
and (d) y coordinates and (¢) its speed?

m= o xo* A3 9= 2GS, L= (3ose T~ bocof].

Je = o , €= 2.

£

D f=2 L -24xi'r- \4%)\(5\\6‘ - £ alqe .

Fr= max Fy=may:
2ux 18’ - XS at. -Ugns” - \mz;?aé_-
ar -~ 2.9 T\]o"q. O\J_: -‘L?K\Dﬂq,

2 DK = x4 Av—;—O\/\’CQ,
- o ,}Z_ (Z-Wf\m’a\) (4) = [o% Kio ©.

%‘L=Ug_f - ,l_gi e

4 )
= o J’Z (Q )(U\\gv\lb-q) = 2. 16X\ .

JZ] Uﬁxswx -(-a/é-

- o 4+ 3 A2anis = “7(27\10@1

U*P—}: Ug;—r at.
= 0% (M8 A6)RZ — (YUY x1e™™
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Chapter 23: .
x £ eetic f/w/( > ﬁ: LR-TAcs® . (cuvjpill))
g - SE«?(’A B ESATPON NHY)

K " 6

=49
é, ,
Applications on Guass’s law :
1- spherical symmetry:
E due to a uniformly charged conducting sphere: — o - 4 = L
R i R>
)O'— _[%—_, = (,(4 E
2R

Pat 7R - k&
("L

Lat <f .o
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E due to a uniformly charged nonconducting solid sphere:— 70; QL_ = C&—
\V

et (7R = [Cd4s 'it . :;%-\_(cLZ- T3

wl—&

fae <R > L fC

Es= k%
B +—
LAR - tg/—.\%i} ) %
& folsre 2
)

2- cylindrical symmetry :
E due to a uniformly charged infinite rod .

LE@M _Tenc— NN
axgwaju( &.

E. A\ s (e[

IV &

3- planer symmetry :
E due to a uniformly charged thin infinite nonconducting surface:

L JE%A:M” = A

K éo =) zf: D .

£h « EA 228
4- a charged isolatd conductor :
X = @
N =) E insiole = o .
f = % insde -o.
l:euts\\dQ—— =
&
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5- E due to a uniformly charged conducting sphere: — = - 1 .
o°U
N Eat (<N so. Ere UK
Cat (2R k3
(7—

Es. Es. k2 .
R’L
; .
R
E due to a uniformly charged conducting sphere :
Fav 0o .o fFat c2 K- k2 .
r‘L
E due to a uniformly charged nonconducft)ing solid sphere:
E = k ?\— P’ (7 R . = r- . f\< .
=F 7 E . AN

E due to a uniformly charged infinite rod :

£- X ,

2T &

E due to a uniformly charged thin infinite nonconducting surface:
=3

A charged isolated conductor: L. s— -

17 In Fig. 23-30, a proton is a distance d/2 directly above the center = -9
of a square of side d. What is the magnitude of the electric flux ﬂéﬁ;& = _?_GA&_ :% = \ehwe .
through the square? (Hint: Think of the square as one face of a cube Ze 3

with edge d.)

@f) /dfo(an& Pace = L%ﬁ% = 3.00x05".
d/2

Figure 23-30 Problem 17. - d v
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3 An unknown charge sits on a conducting solid sphere of radius
10 cm. If the electric field 30 cm from the center of the sphere has A E—,L(i‘;_

the magnitude 3.0 X 10° N/C and is directed radially inward, (a) 2 a 3

. b 2 =qio_ % = =-2 N 5
what is the net charge on the sphere? and (b) what is the charge Ao o3 >4 ©
density?

[B) s’:_%_ 300 - -2.3gN6P.

ar (oV?
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Chapter 24:

F=qE, = -3V

],J: %E_; :'{ufi—t/z}
P___) o <

[Se--3 [ L. vieo[Lds -k
D ¥t

o
V- 111_ Fle (ot J$ _vi ~—jus
F.ka

V due to an electric dipole :

\/:ﬁ—& 7@23{01/ 0<\:)7,6\- g

f 7
2ta N \
- BL ARG\ G Ll V=o
fr zwwa = V- kP - - @VL\,s_
2’L E v

Potential due to a continues distribution:
1- v due to a uniformly charged rod (line of charge):

—
\/= kA \v\}d{—L’. p\‘*_i/VIF 1 ‘
L
\/= kg [u R _al . |
N-Cx F—— .
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2- v due to a uniformly charged ring : .

I_,a j\:i,:) Ve k&

3- v due to a uniformly charged disk :

L)\/:;é; F—R’L—azf_zlf 2.

26

Potential of charged isolated conductor:
1- the charge inside the conductor =0.
2- E inside the conductor =0.

3- E near the outer surface = _s—

o

4-all points have the same potential. va=Ye-3b =ud

charged isolated conducting sphere :
5= 4 ., Poo
TR

Fs. ko , Ee-m— 0 (Us- 27 <R ~m R
R* b L Rt Vs
Vsl Lr
Elh&kﬂje = - L S

£ O%g'\a(f - ﬁ%_ /,/7/‘3\' Uotsle = L2, c.zR.
v
1V :\"'ZJ"‘T k‘L' -Ue 4kt 4 mOMgrUm mggiwah) p=my.
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Chapter 25:
= - %\/f cloott =?Pa/ao[

conducting sphere =) Bx C

Parallel plate capacitor:

er AR
Y ALV
& A —
C-&A
R S
Spherical capacitor:
.
C = kahk.
b—a

o Eo
Energy density—) u =L 7= - _szo J,: : L) = Atea .a./ﬁt s \J eue,
o
ol 4.‘7?—2° O—l\)_),L 1__%/‘1-\)~
ok
31 = pn e RAE
3. 7
e
Capacitor with dielectric = K- & >| = C- kG
Lee” & -k (2A)
d

Capacitor in parallel =) Jsotel= L1+ %1 x Qe = QN Coa x G2
\j")'D(‘O/“: D=9 —\U3.
C&$= (i« CosCs. = C:i-i‘
d
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Capacitor in series =) h1= ¢o= o= F ssal:
\):\)\,\-\)1*\)}- = \: %L_\(}l_\(&_
,_\._- = ,_\_—\-A_\*v L 2
<eq

(@) Ce a3

2 In Fig. 25-18, a potential differ- &—H—I—]

ence V = 75.0 Vis applied across a Figure 25-18 Problems 1,2
capacitor arrangement with capaci- and3. -
tances C, = 10.0 uF, C; = 5.00 uF,

and C, = 15.0 uF. What are (a) charge ¢,, (b) potential differ-
ence Vy, and (c) stored energy Us for capacitor 3, (d) ¢, (¢) V;,
and (f) U, for capacitor 1, and (g) ¢,, (h) V,, and (i) U, for
capacitor 2?

Figure 25-18 Problems 1,2,

CinzCi+Cr = 1BHF N T T W
@@ B eAfr

(et =¥ 5 MF
« (e - _?To/z o %2-15 x 75=5825HcC.
B) Ts-560.5 pC.
B Ue-2s . moesd - 215.
Cz J<7//’(
P vioes - 75-225 -315.

4|; (,V U = 3:#\;’ X \D /J:;;CEA‘
B %-ViCe-st.5x5a- 2154,
) Us=L e u= ) (54 (21.5)" = lo5ué- 315 UT

3 7 2 N
[@ UI/ _%Cl U= %_[loﬂ) (345)" = Zo3/ .25 M

W lh.f Gl L B (375" 2515625 AT

B AF
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(a3ethe,

GANOR_ Luho(k 'a “CX\ shineg +hem cT»L[D\S\S—»(
W= AL - (,(“f uL% g
op
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PE-?' A ';"f; Capachl™ 15 cha ¥ A apo}e.duh’ J-',fumh,
4 fo.o v and -ﬁv» Cluaug b “J X1 Jircamccl—u’ vT‘H-]
Capucitor is Hhen commached in pardlel with a Inm" !
C;ﬂ"“‘.J UM‘“’ QJ_) Cq‘anco"'af a[ “q_ pg}ﬂtkn' J-”w-a_ 4
acrmss . She [ Cn,:u-"d' J.rops te 35.0vV, whal s
“4_ Capacitanc. {4}‘«; gecond («f«e:l’d?

Sel: O-= cV
?i'- beFore H\b CL"J;..J kc“vua s 4-3amn:‘t;{

’i’- C|V = 100pF X o0y = Qooopc l
1’,: ePktv. He durg.'.y "‘““d i i vinisakad

C\\J connzched  im P.f-\“‘s \m\& Ca. 'r
qu. GV = INPF135= R Soo0 pe

L: e dv.uag on  capachr L

?a. o 7i - ?, POP ) IBPELTLIP PRSI l
peaw
= Qoevpe . 25eep e
"3 \]joo'gg ‘c.: Ileope
-
T‘ =C, V
lr—-:i |
CL - q.. Tt’ Qe pPC l
" |
- ‘4500‘40‘1
5
= 12857 X1
= 121 p F ]
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31 Figure 25-30 shows a parallel-plate ca- | A-1gax 16\\ .
pacitor with a plate area A = 7.89 cm’ and

= _ -2
plate separation d = 4.62 mm. The top half Ky f, A
of the gap is filled with material of dielectric Ky 1
constant k; = 11.0; the bottom half is filled Coe kel

with material of dielectric constant k, = 4.0.

What is the capacitance? Figure 25-30 4 . %.89 I\ro“\y
- 1
=\ %8390 ( z
462 Kio*
2

= [.46% 007"

(o= k%ol - 6-057\\6(2'

L NGea-z2xid C.
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Chapter 26:

kf:ﬂ :\YUTJK’:?A"—‘LQ—-: e_r\AL:‘\’JIA \Ja‘l\)
< ' —
- ’ * Q5 L as i~ ot speed].

«Aqmbe/ oid&<46ns nthe Wle = N A’/

F- enAl.
J
k8= _ en ¥ g
A
«\/= EL. « L. PT “RoPL . 1
x <= _\ «J-1R. A
2 R A
K- Fo o BT
aR_fo = Red -} Naw
Resistors in series =) V= [/ s Uz +Us.
- ¢Ry +TR2 +IRg.
Reg = Ry 4 Rk Rz
Tea =Ti = To=Ta.
Resistors in parallel = VYeq- V.=V2-13.
TeTiaGexds.
T;eﬂr TR TR TR
«f-pu - NVT =L - x = pW «t= _L .ZHlo
DL e pE ISH gl Bt
= _Vf AT - & = _&
_ ;1 N Rav”
= T
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3 An electrical cable consists of 63 strands of fine wire, each
having 2.65 pf) resistance. The same potential difference is
applied between the ends of all the strands and results in a total
current of 0.750 A. (a) What is the current in each strand?
(b) What is the applied potential difference? (c) What is the

racictancra nf tha rahla?

R- 2.45x16°. Vs colgab
I-01
@ f:M_ = Q.E :o\o\\q A.
pres 63
standod

B Vo rR - ooua €9.65 x5 - 2.5 xis3.

) #R:e\)_, = 315, P Y2400 72,
T o7
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Chapter 27:
€ 2 clecomotive Yok ot e poves soufes.

2”% T/ s polt-

- ¢ T , PR=TR. = xlonsumed] U« kthO\ieJ S Pt

ckivhotbsy 3 Tente/ng = 2 Tiewin]

AV
xCilculds - ¢
RC- cilcusr = £-R1 1—_%__ o ek
w-ce (- | i
- C o (1-6&
fine corsanee? = RC | N
£RC T
I1=£ e In 7
R ) _%1 |
Ve ) = 4y - (e \
&
D
N ¢
t#) N
V. Rt - Ze( 4
2 RQMar= C; z-
x £ = 2// N
1
S &
f’(D\5Chﬂfj/ﬂ‘( ac/‘apa errol = gl
? imox e JE
A .
1) = Tax £ -3 &
. T S £
/ 2>
stoled Mg_} : Menna Tullah Jayousi
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15 What multiple of the time constant 7 gives the time taken by
an initially uncharged capacitor in an RC series circuit to be

charged to 89.0% of its final charge”

Q(t Qmu Q,E/L)
084 Lim = Bl (I/ )
6894 (-8
g/L = |- a4
LI
o) = o.l].
~t_ _ ol
z
t . 77 (~2.20) =y = 2217
_t/T
B ®i)-Cm( (-& )f/"’
539 - A ( (- ?)
LT
e -0 o)
—t  lnoe Dt=-T(>)
T t-5T.

STUDENTS-HUB.com
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Chapter 28:

by ]
M-S o atifacige 763/&9_ = el
/U//U ,$-S 2 lePlysve force =) -_;U‘

AR %ng =2YBwne
> oﬂ}J_ c/ﬂ/gf; He chpecrion oF Moﬁ\g»
e couldd not cho/pj@_ . @%
it ol ot c/m}a e ﬂlﬁ/f)ﬂ—uo(e, oLy
B0 o aldays.

« Lo ahan;/z 148 _n@l memenrum. (o),
’?)‘\

A K;Jq,rnl/q-'

Applicationon qv x B :

g moves in a uniform circular motion :

X =My . V= 287
76 ™
ATe o0m = 207 - ~fo1 -2k
16 v T ztm
Cyclotron:to accelerate charged particles:
Kmax = L m vhav = Nzav. = L 278
2 2 m
Vimax - 2 BR.

m
l/: Umar s$mwt = Voux sin (e L)

Mass spectrometer :> 1o measde  pass oF ronsi-
—7 'V,T L M‘J’L 5 (= mnyY.
z 1B

r2m V-
16"
M= 7 Bgt’l =,£51_X_1. =X
z
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Helical motion :

=TS Ve ST o Prch.

v

(= Msp® | T. 20/ =Tl Vv ‘
q, B V1 %9 Vsind. =N

R-qup V2

Crossed field velocity selector :

re- rE;e, collecte”

T ey | e

?—UB —Q—[rb :) U= % C‘aueded Selezid T+ —-B_
Fe -af \r<_/=‘g

Hall effect (crossed fields):
T-en Aud
F=eJdXE
a# g wlbtiums) e vl B-epu =4

ol Ln -yt
R X

Lorentz force:

1—:9])_;:& g Fx8.
[f:‘/\l}zwy.

Magnetic force on a wire carrying current : 0 2N
lag e, ying //,;\(\
L=T0y% = TLBsin® Res

Y
1
<
ase Li- | e > fet-o [ Thetzo 2 F-TLiB.
STY fe,
' |k [-16B 2
Fey.
f2. 1p8 (0
q
L.Tog ()
M- T8 (7). Menna Tullah Jayousi
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cqse -
: = Foetzo , Tfo
)( J4 b -
v SE a4 T- rx¥ =3 X (T6B) clockpise.
{ K £
5 Tmb: 1@ B chekwise.
a

Lot~ TH B
for N Leops = Ther= NI AR chekolse -

G 2 ﬁ)}@eﬁl case = “hete s an angle between B aol <he  nstoned of -the plage.
T:Tab B sio. %J‘éﬁsaﬂl,gqi,\j;&mj
Z/: NIabR sne& - ()\J’I—A\Q snd-

« Ma),mtfc Apde  monent = T= pB; Ao NIA

’ﬁ,gga’dl,:p - AxB- HBsine

«@m&l poren+ial @4%_; Kz
Remember =  Electe Oiple mewert=4al.
T-PE, 0.-RE
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Chapter 29:
« 1dBl= Ho) L@@ . @Sd< pf’b%\y@g\ C;.%&lim

4T =
f(o; ‘/(TVX\D’:‘K T . miA.

B due to | in a long straight wire(not infinite):

B=lo Isiho
ZTI‘J/

Consicle, %ﬁollowl\/) o s -

B} ﬁmf mﬁz‘nf%e W C L7)77R- = e = J__le
g = KD 1—

2V

ﬁ/ e/ /})ﬁ‘nik& wWe => )%14(0/1_ .
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