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faga fawa (Electric Potential)
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T8t E, = EcosO , di ®fx# E drues 2 | ea
Il B 3Tf3Mh 3Tadhelot Uciid! Bl SUANT fhar & S I8
garan & fob Swad T foeht fAfde ot (a2t ¢ st @
forg) fovra 3 uRacT =i ST 31T & Qe E & e Bl
ARG PR ST ® | TS ¢ 30T BT 8H TRI—aNI I HATX,

Y Z el & ave A Al fofl g R E @ x,ydzacsd
B |

= g O g9V (324
* ax Y ay z aZ
ot P i 7

E=Ei+E j+Ek

g1

ay 0z
ar E=-VV ...(3.25)
_ ~0d ~d ~0
g] V= |i—+j—+k— ... (3.
T8l (z 8x+]8y+ az) (3.26)

39 APRE Bl sod AdHRd (Del operator) HET
SITAT © | AT (3.25) @1 FEdT | f3a wet V(, y,

2) S B R E ST (63T S Aepell & |

fe fava wa el wwfia srifq e r &
Bl & d9 o3 fagga &

o dar

Er
dr

...(3.27)



JarevvT 3.7 ol faea &= & faepa fova e @ 9
fear Srar 8 V——volt Refyafew r=3i+2j-6km

Wﬁgﬁaﬁaﬁaﬂﬁlﬁl
av .

-——7

dr
343 343
r2

r= H = \/(3)2 +(2)2 +(=6)

ol: Hifd F =

dV d
dr dr

=J49=7m
. (-343),
aq E=—( > )r
r
"
‘qug V==
i
Fo3%
r
343 s a
- =y (37+2]-6k)
w E=(31+2j-6k)V/m

SQTeYVT 3.8 faga & ¥ fagd fawa i
V(x,y,z)=6x—8xy—8y+6yz

3 e far Sirar g, Sief Vdlee § ar x, p, z, m ®

215 (1, 1, 1) m W faga &= &1 gRemr snd S |

VY A OV A dV
+Jj| —— |t k| ——
ox 0z

gel: E_—VV_{(
ax

T

=2
ox  ox
v _ 9
9y oy
14 8(
0z oz

6x—8xy— 8y+6yz)=(6 8y)
(6x 8xy — 8y+6yz)=( 8x—8+6z)

6x —8xy— 8y+6yz) 6y
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SUGer A BT TANT HRA TR
E=—[(6-8y)i+(-8x-8+62) j +6yk]
(1,11 fag =
E=-[(6-8)i+(-8-8+6) j+6k]

E=(2i+10j-6k)V/m

‘E‘ = J(2)* +(10)* +(=6)> =+/140 = 2435 V/m

3.7 faga fawa &1 dR@ (Calculation
of Electric Potential)

3.7.1 U A ATARIT Telld I & SRl
faga fava (Eletric Potential due to
uniformy Charged Spherical Shell)

T

711 fh R 5901 @ el B &I g 3T |
AR fHAT AT B | 3AA DI B AR, S R qAT
Trer Ryd famgeil wr S fagga fava &1 Torr &t

2| v fag & Mol BT & B A A r 2|
(@) Mo dr @ R (>R) R fag w
fagga fawa &1 alRvmT |

—]’E-d?

R+ 918X Rord fig & fory E =

drre,

Fdr

1 g .
=7

SIS H V=—J.4”EO

r=dr ®ife 7 9 dr FEE feem ¥



g7 V=+

T V= - ... (3.28)

e, r

e & & el dre & arer Red fagent &
forI faefa fova S8 ®w A g 7 & YhATUIIT Bl
21 3R 3= WR I Bl ST & |
@ T B B g8 (r=R) R Re@ g w

R
faerd favwa & oRwmer & V:—J.F?-d?

T r= R FH. (328) W T WX

__ 1l g
' 4me, R

...(3.29)

+
a3 3.10 T @ |9ag W g (r = R)

(@) M ST & =X (r < R) W) Rea g w

AT BIeT & <R fd=g & ford fagd fawa @

T H I W g I AT &3 a1 dierar o g9 W)

foriRar v St 98T 2 oren:
V=-[E-di

w +

+
o 311771 & arfdRe fawg w fawa (r < R)

7 A # favdd B B B 2
(1) 3= & g R T 2T
(2) S R A nirs fag &1 g r qd dfq

V:—TE-df—jE-df
oo R

UIH FHTHAR BT AT FHI. (3.29) I U fohar
ST FHAT & AT Tl FHdha &1 419 2 BT & |
Fifd R A rd® E I BIAT B | 37

= 94 ["-0-dr
4re, R R
I g
a1 = —
" 4me, R ... (3.30)

. (3.30) W W § fh el e & n=alRa
fag R fagg@ fova &1 791 g wR Rera g & faggd
fava & A9 IRIER BIAT © | I8 A1 WAl BT A Scq+
fawg &1 Afddas 79 2|

AR Melia BIer gIRT I fagga fava &r
T W A BT e T 312 # yshRia 7

VA
m o
4re, R
r<R r>R 1
» VOC—
0] r=R g r
—
C-AR N

= 3.12 SmaARE el @ & fa9a &1 g0 &
gRad
372 ARG dle® Mol & RO faga
(Electric Potential due to Charged
Conductiing Sphere)

AR @Tel® DI ST 1 W 3T 5HD TS
TR &1 TEAT 2 37: AR efid aTeld & HROT I
faega &= @ ard, el BT & BRSO fIega e
BI AgdT B AT B b BROT g 9@ Y et
PIET & FA BN | §9 ford el HIer (3.7.1) # afvid
IR&AT BT IYIRT fohar Srar 2|




3.7.3 AENRE sadd M & SROT faga

a9 (Electric Potential due to Charged Non- 91 V=~ 47;] c, J. %dr (7-dr =dr)
conducting Sphere) B

AT R 501 & 319 JraTeld el Bl g 3MMAe 4 q 17
STIRIT fraT T R | THD PRV M B AR, YO WA V:_47Z'EO|:_;:|‘X,

arex Rerd famgall wR faga e &1 < A= el €
L

g (1 1 1
a7 V= {———} w—=0

CIRN E:47z'e ;%f (r>R) dre | r oo oo
0
= 1 q . 7 y=—1 ... (33D
IS R E_47[€ FI’ (r=R) dre,r
0
L1 _ aa:aawnﬁaﬁ%ﬂﬁg&ﬁzﬁfm%cl BT S |
q
IR E:47re - (r<R) r
0

@) srETae Me @ Was W (r=R) Rem g w
fagga & @t figar £ # fooeht farg W fawra THIHIO 331 H 332 W r=R @A W
1 g3 g7 uRafora favar Siram &

1l ¢
- P ... (3.32)
v=—[E-di 0
- (@) srEmTe® M @ =X (r< R) R fig w
arq Yeror famg 1 fafer=r Rerferat # fagga fawa 3rETeTd et & 3fax Rerd famg & ford s9=a |
P IRBAT BT o— r S I fafa &3 @1 Al E U wu | R T80

(@) srmed WA B AR (> R) Rerd Ry w FHRAT AT T FAT TP G 7D I B JHATTURI
. AT TS A el B D deb G340 7 FHIFIT! BIT © |
V:_J.E‘.d,‘; 31T FHIGE B &I AR # favad #d 2 |

RAS|
RIF 3.14 3=ETAd Mol B AR AT < < R
R_> r_>
a1 V=(—IE-dFj+(—jE-dFj
o R
1 g ¢ 1 q .
V= = Zrr-dr
a 4re, R ;[4%601?
1 g .
: = —r
St [ " Are, R j
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1 ¢ 1 g (7 r
T V= == oy
dre, R 4rme, R | 2 |,

po L a1 afr R
g1 3
dre, R 4mre, R 2 2
1 1 7 1
9| ——7=+t-
4me, | R 2R’ 2R
1 ¢ r
V= L i3-—
a 47reO2R( sz

_q [3R*-r?
ame,| 2R

V=

T V= ... (3.33)

T R Rerd fog & ford . (333) § =0 A W

V;’entre = é q
2| 4re, R

:%Vszl.SVS

.. (3.34)

7 Veontre

31d: SR AT el B des WR faegga fava
IHB TS DI A 3 1.5 AT 81T 2 |

e 2 & mafrd srarers Wiet § @ | a8
a® fava 2 a1 faldre ¥kl § gcar & S9a ueanq

¥ @ E A B EIh] S TR I 81 ST R | 39
o (3.15) § % gRT Ui fhar a7 €

A

3q
V. = m=l.5Vs

fava <« —»
|
s
N
- | —

0 R
F=Agh
2 3.15 AR sraTed el H B5 ¥ g & A1
fava &1 ffzar

SeBYl 39 10 cm B3 & Th o9 I™edd el &l

3.2x107°C M QA ST ? | el & = ¥ (i) 14em (i)
10cm @01 (iii) 4cm TR Rerd fagall W fagga fawa s & |
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Bol: T8I R=10ecm=0.10m

g=3.2x10"°C
@ r=14cm=0.14m
31T fag Ml & qrer Rerd &
yo_1 4
drre, r
. 3.2x107" .
a7 V =9x10"X————=2.057%x10"V

(i) =10cm =0.10m 3pIfq fIg et & U W Rera
T r=R

1 1_9><109><3.2><10‘19
4re, R 0.10

Bl V =2.88x107* Volt
(i) 7 =4cm=0.04m T g et & 3R Rord & 7@

2
p=L 4|3
4re, 2R R

_9x10°x3.2x10™" 3_(0.04)2
2x0.10 (0.10)°

T v

16
V =1.44x10"] 33— —
a { 100}

T V =1.44x10"[2.84]

at V =4.09%10"*Volt
3.8 A & e & Rerfasr Hf

(Potential Energy of a System of Charges)

9 ST B YR H B < o { Bl Re
O &= & w1t v Rerfast it dag @ S |Fad
2189 el & el e & forg Rerfors ot a1
fade & | omael & fal e R faar Y|
™ & M9l U R IR ReR Jei 9o ammd © afe
1 i 3 ga a1 a1 smawil @1 Refa uRafia &1
g dierta @t @ deaer gRafda & @ 2 ar g7
faga st gRT F fear oar 2| Af Frew fad
TR T i W T fa=are uRafda &= fe sif<m




3TERRAT f T UgaT & aeH RerR fagfda i gy fvam
T B W ar gk i e @l Rerfast ot §
aRad

AU=U,-U,=-W,
31T fadl e a1 faega Rerfast Soott # aRad= e
& fa=umr uRaci= # Rer faeRia 91 gIRT fhg 7Q BRI a1

FEOHS BIAT 2 | Jod U § 9 9781 9all & g7 fhy 1Y
B W, & U H W FHSI S FhT & Ifa 89 A9 o &

ext

TshH & TR iR 3f # e @ Tt Sootf 3 € 9
AU=U,~U,=W

ext

Fider & forg &9 3y Reyfast Syolf & forg was &l

q=q, @TW
_ 1 q4q, 13
a1 PR ...(3.35)
@------ PR @
q, 9,
2 3.16 <1 3w Y

IfE A1 3w I foreg @ € ol 91 &l g
T T BRI TS BT Fifd I8 B 39D URWIRG
gfaedo & fawg fear Srar 2 | 98 «ard e &)
Rerfarst ol & WU H FUfEd 8idm & a2 Rerfast sl
g BT | 319 IfE Mg &1 Jaa &R faar Sig ar
MR & U TR ¥ X S & HRYT RIS SHoll AL b

AT Bl B bR &) 39 e & v A & R
PR & U TE g A g Weaa U, =U_ =0
o R e @ sif<ae Rerfast Soif @ gaat Rerfarst st
PHET ST & T

U=-W_

Tl W, 11 & T2l Bl 3= 3 31fwqH Rerfer e A
# faeld i g1 foham 11 B € Afe &9 91 9ol & 8T
fPT U BRI & wU H STad AHIHROT DT fora=T ared af

U=-W_=+W

ext

I8t W, e IR 9181 91 §RT B © STafds o &
it Soff # aRad= TE g1 e R |
SR gRATIT & MR TR §ad Ugel 89 &l

araett & ey a1 Rerfost Hott o1 uReer s & | o
(3.16) BT fawg 3R ¢, T g, BT ST & | TSB! TP

FAM 2 AT S+ G0 A Rerd 2 | 89 Foul oxd 2

3T URT H U TN | 3 4 R fIR 3 &1 | 51 afaer
g, T 3T W SAD! aTA ReIfcr H <R S & dr Rifds
Ugel W g [AE[d & SURe T8l & ofd: A1 a1 & AT &1

Y aTer el §TRT IS D1 bl ST & | IR T4 g, B

3T A STHR D! actaI ReIfcT IR 3T 7T & o foedt
I Fl DI ReR JgId 9t (@) & faeg B HRAT BT |

g atmaer ¢, ® R R ¢, & BRI g

po_ 1 a4
dre, r

9 favg &1 aRyrer 9
W.=-W, =qV
Fq@ U=W_=qV
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TS Syoll & wd H el |

e A g, 9 g, & fore ol & a1 g™ &
Rerfarst woft sromee grfl | ara: fagdiy Rerfast st
T Rerfast 3ot & g9 o1merg # =1 2 o g smmaet
DI YT & THY FHTHED IT FOMHED 81 Al & ST fb
HOI & U JH & folq o RISt SHoll Aqd oD
BB © |

3.8.1 <l ¥ 3f¥ra fa=g smden @ e a3
Rer fagga Rerfesr <t (Electrostatic

Potential Energy of a System of more than
Two Point Charges)

31 9 g s & e @ faga Rerfas
Soll ST PR B [T g AT H H Q—al AT 4 I
| T gl Bl g Reafrst Sofiel &l dHTiord
fafr | (FRrg= |fEd) I #R < & | I8 AN B AR
g @ g faga Rufaw sorf &kt 7

PZ(FZ);-(]Z Vs —i—(;}PB»(’;;)

R 347 99 smaw e
AT o 3.7 &1 ARG 19 ¢,,q, T g,
mer fag P, P, 91 P, R Rerd € a9 &gl Mara

P Rerfars Sl 791 R d &1 W1 Febdll 2—



U AN g, BT B (7)) T @ 7 far
HI I BT b &3 F PIg 31 MY TN 8 el

W =0
vid g, ?ﬂﬁ'QTEﬁQBIEF%PZ(I_’;) W g, q ha @
R A g dr fear = sl
W, =(q, eroTfawd)xq,
1 q4q,
W, =—— 2112
a7 2 471'60 v

3T UBR IMMAY ¢, D AT A

a3 & P (7) fog = o & faar war o

W, =(qlaq2?$ﬁli X W)X%

1 1
a7 W, = 4 . kEl Xq,
Arre, n, 4mE, 1y

o W= 4% | 94
4me,| s s

39 |4l ARl & g @ | faga Rerfast St
U=W+W,+W,

71 U: O+ 1 qlqz + 1 (q1q3 + q2q3]

Are, n, 4me,| n, Py
o U= [ 9% 9% 4
are,| n, hs3 I3
1
a7 U= Q1Q2+Q1%+Q2% ..(336)
are,| n, 3 I3

SESRINEAGI GG CNEECIN IR CEGRRIINS
Sl BT geRid HRar & 5ad 9 U © |
IR AN & e & ford ReR faga Refdst ol

U=W+W,+W,+W,

U=l [9% 99 99 D9 | D9s | 959
N2 ns N4 I T4 £V

...(3.37)
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et fafe=r 3w & Wd B8 ug 2 | 3 TR
A N el & e o Rerfast Soil $1d &) Fad & |
BT IT &I IGAT LIS BT & A= & b oA
@ fore U & ug foram S @l |

a9 N amawl & e & fov Refast et &1

TGP B

... (3.38)

el AN & s | Y@ 1/2 &1 ug I8 gAed
PR BT & b AT H IuRT Il & &1 IR ford o1 &
IR W 991 wU W gd@hl Refast ol U & IR
ANTE B |

JaTEV0T 3.10 31 UICH 6X10"" m @1 T ) Rerd
2| Ul @ e ReR fagga Rerfist Soif &l Setag
diee H A9 AT Do |

gol: gef r=6x10"m

q,=q,=1.6x10"C
T9 a1 JMART BN & g @) Refast ot

1 qq
U= 1712
ar dre, r
9x10°x1.6x107"" x1.6x107"
a1 U=

6x107"
Rl U=384x10"J

3.84x10™"

il e
1.6x107"

a7 U =0.24x10°¢V=0.24 MeV

JETEVT 3.11 I & R 9 e =aRerd &

T 2| SFd URERe ReIfcret HoIl &1 A1 <1 B |

Al B g =1.0x107 C Gl T a=0.10m
—4q

+q a +§q



g | ool U=U, +U,, +U,,

:(9_0X109)[(+61)(-4q) (+4)(+24) (—461)(+261)}

+ +
a a a

=9.0x10°x(-10¢")/a

9.0x10°x10x (1107 )’

- 0.10
FTHS forg I8 weldd &rar & fb g7 amaer

P U TN A AT B 3T db o H 9 x10° I i
BRAT TS |
JETEVT 3.12 F H I9Y AR R A& d ol
arel feeft af ABCD & sl wk raRerd by w1 2
(a) S FIRAT BT U AT 91 # foar 131 &1 S
BT | (b) BIE A ¢ 3 A T & g E R
ST ST 2 T =Ri Smaer oo e W gg W' 7
VAT B & Forq {1 sfRad &Rl B=e11 Tt 27

=-9.0x107J

*q K
A B
9o
[ ]

E
D C

gdl: (a) o & <uilE € sgaven @1 999 # foear war
g H1d Fer a1 Rerfast St & av1eR 811 | I8 aR

el & e & fog M

9(=q) , 4(=9)

AB AD

=6 I I B

q9
AC

W:U:l{

L(ca)a, (=9)(=9) ﬂwq

+
BC BD CD

der  AB=BC=CD=AD=d
td  AC=BD=d+2 2|
2 2
W:_4kq +2kq
d dJ2

=

kq® o
:—%[4—\/5] el k= ine,
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(b) 5 EWR a7 & Al ok Rerd =Rl sael & wiRor
ol faggd fava

+kqg  —kq
(BE) (CE) (DE)

_+kq  —kq
(4E)

kq kq kq kg

V= - + - =
diN2 diN2 diN2 diN2
3q: fag E R qgot fa9a 3 & orh: fhl Jirder g, &l

E T% o # &g AfIRET SR 781 ST U |
JQI8V0T 3.13 dF AL g, 2 TAT 8¢ B 9 cm AT
XYGT U QT AT 2 | 37 AL B FHal G difh Fawrg a1
Refast St =Aaw 81 967
gaol: M &1 Rl oIl =AdH 89 & o a1
A arel FOIATT AR} DT URIR TSI F¥d g3 TR
G ST @1y | gAferd 2¢ AT 8¢ dTel A URTR 9
cm §3 W I A1 |

AT WA ST g BT MM 29 F xem TR DT
2 1 e @ Rufos st T |

a7 0

2q e o e 8q
<+« xcm —»+—— (9x)cm —»
1 2gxq 8gxq 2g%x8q
U= 4 -2 . -2 -2
e, | xx107  (9-x)x107  9x10

2 8 16
}[x 9-x 9 }

Rufost soif =gAaw 89 & ford av _ 0

dx

|
dre,| 107

2
dv __1 12, 8 Lo|=0
dx  4re, 10 x* (9-x)
2 3
xZ (9_x)2
14
X (9-x)°



(9—-x)* =4x’

9—-x)=12x

x=3cm
SAl x =-9cm
T- x = —9cm AIF GHG &I & | 3N: 3L g Bl
3TIRT 2g AT 8¢g & §19 2¢ W 3 cm T TR I AT |
39 faga &= ¥ faga faga & guiv 4 &
(Work in Rotation of Electric Dipole in
Electric Field)

ol faega fega &1 faega &5 3 v R fgya
W T g A BT & O 59 &F @ faem #
RRIT B BT T IRl B | Id: fgga |aramawen
BT UTd B I & 1 fawm F o o1 7| 39 USR
THaa fIea &3 # W fgga &1 ArareaRen | gAae
HR BT TS B |

E

>
»

>
»

Y™
|

v
e
es]

>
»

ﬁas.mwﬁwaﬁaﬁﬁgﬁfﬁgﬂﬁrwﬁﬁ
fera T B

R 3.18 & AR AMT U fagfa fgyga wawd
faga &= £ # Rafy AB o wraraver 3 <@ 2| s/
fgga fgga a1 9, ®ro7T gAreR A'B' Rerfer # < Siren
g

AT foHdT eror fgga ok O BT WR g Yl
T = pEsin@

319 fggd P 31T DIUAO H A ¥ fBar T wRi

dW = IaTgel x SO fawermoT

g1 dW =1d0O

JT dW = pEsin0dO

a9 fgga &1 0=0°" 0=6, dP gaH 4
fepar rar i

0=6,
W= [ pEsingdo

6=0"

a1 szE[—cose]i0
AT W = pE(cos0" —cosf,)
a1 W= pE(1-cos6,)

g 6,=0 = ar

W = pE(1-cos0)

fafre Rfadl (special cases)
() I Teyga @1 6, ¥ 0, TH AT SR T

... (3.39)

W = pE(cos6, —cosb,) ... (3.40a)

i I 6, =0°72" 0, =90°Td W = pE
... (3.40b)
(@) I 6, =0°72" O, =180° qd W =2pE
... (3.400)
3.10 9189 &7 A ol fagga faga <
fRerfast woIf (Potential Energy of an

Electric Dipole in Electric Field)

“fage &t ¥ fodl fage faga @1 Refast o
I P & d_IER B © | S g fgga &1 o= 9 54
&3 H am & fordy fan wiar 2 1

fora 310 a1l e & R
a3 3.19 % e fIgyd fga @1 o= & \F Y

faeq & E ¥ 39 YR o i ® o fagga reef p
waa fagd &9 E & fRen ¥ R | fea &5 E & dro
+q AT R 9 F =gFE &= o fawm # qorr amawr
—qRIA F =—gE &3 fARd f3en & o axar 2 |
ara: faga @1 fagd &3 % o™ & ford amawr ¢ R 918y

BT BT SITaT & Safd 1w —¢ R W3 fIgd e ard
BT 7 | 3T | g &3 3 § —g 37T Bl ¢ B
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T # 2a 0 31d T BT TSl 7 | 37 SMA —q
T fhar o a1l i Tor FomcHd BT B | 3T
faega a3 g fban Tar R

W =312 (—q) R 9 X =il T8 AR g
W =—-qEX2a=-2qaF

W =-pE

Bl
Rl w p=2qa

are: fagd &5 E & aaox Y fagga faga @
Rexfarst St

U, =-pE ..(3.41)
g faga & E & wArR Rafd | 0 divr
ga | fBar T sifaRed Rl
U, = pE(1-cos8) ... (3.42)

31cT: ey &3 3 0 BIv1 R Rerd faggd faga &1 g
Rexfast st

U=U, +U,
U =-pE+ pE(1-cos8)
U =-pEcosf
AT T H U=—p5-E ... (3.43)
AR (3.43) faga faga o Refdst oot
BT FHHT T |
fafkre Rerfaat (Special Cases)
(a7) TS faga faga smel fagld &= 9 (° P11 W &1 a9
Rerferst ot

U =-pEcosf
U=-pEcos(’
JIq U =-pE ... (3.44) (RN Ae)

(@) afy faera faga smeet g &5 & odd & d9
Rerforst sort

U =—-pE cos90°

U=0 ... (3.45)
() afe faega faya smef, faga &= & 180° HIoT R &
a9 Refast St

65

U =-pEcos180°

U=pE ...(3.46) (3TeRrrY Aot )

Rerfar (e1) el dge @ Rafa wgard
Fife g0 Rfa § St =a+ & den Rfa (4) smemh
AgaT @ Refd dear & Hifd g9 Rafa F o
B B |

SEIEYT 3.14 TS fAga faga & +1.0x107°Caen

~1.0x10 ¢ < favg I TP TR A 2cm & U W

Rera 7| 7' fagd faga 1.0x10° V/im & wawy fagqa
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