Electrostatics

(This s very important
chapter in last 15 years more
than 40 questions has been
asked or advance 2024 #
IR question FET ¥ I3 T | ‘

3R TS content 3@ book ® ® Sa g!ﬁ T e
you can solve more than 80% of JEE advance
PYQ by yourself. Let's start from basic to
(advance.....

J

CHARGE
At rest = produce electric
field only E
Charge Moving with const. velocity

- = —
= E, B both [B — magnetic field]

Moving with having accelerations
= EMW & radiats energy

Electromagnetic wave

PROPERTIES OF CHARGE

¢ TInvariant,scaler, two type positive and negative.
¢ Foranisolated system fotal charge is conserve.
¢ Charge cannot exist without mass.
.

Charges quantized Q = the
(nis integer e = 1.6 x 10™ C)

COULOMB LAW

Electrostatic force of interaction b/w two point
charge at separation r is observed as

f o qq,
fo 4 andfod%
f' r?

kq,q,
r 2

f=

K= 1/4mcq = 9 x 10° Nm?/c?

|—> Permitivity of

free space

(80)

¢ Two like charge repel each other and unlike charge
attract each other.

+ +
Ex.: f= k‘hqz & 92 £ = kq12q2
r? —_—r— r
+ - k
bl :f f qu qlqz (magnitude)
—_— r‘_
fe ~q B . f- kg9,
_ r
-9
f//
+q1'///” f

€ This force always act along the line joining two
points
@ Central force

© Electrostatic force b/w two charge particle are
action reaction pair

@) Conservative force

@ Force applied by one charge particle on another
charge particle is independent on presence or
absence of other charge

@ Net force on a given charge is the vector sum of
all the individuals forces exerted by each of other
charge [Principle of superposition]

Q. If natural length of spring is |, and blocks are in
equillibrium. Find elongation in spring.

0000000000
*qy k *q,
Sol. Let elongation in spring is x
kx I:I £ - K99,
(I, + x)?
_Kqgq,
(l + x)

(37 379 value put T cubic eqn. SR FX @R T ©)



Q. What should be the minimum value of charge q, so
that block lift of f?

L] —q2

[m] (m +q)

ka9,
mg = "
Q. Find the value of q so that tension in lower
string becomes zero

L
Sol.
ATy T,=0 £ . ki
tre -
. 2m
2
l —2:2m9
r AT, om
9
2m, -q

Q. A charge (-q;, m) is moving in a circular path of
radius r around positive charge +q, with constant
speed. Find speed

T @ Bohr's Model
P % first postulate ®
’ off grar em

Pooor
Q. Find min value of -Q so that block start moving

Ty —

u

-Q fix

q
-— | —
F.>umg

k
TTQ > pmg (Assume block is a point mass)

kq
@

Q. Find min. value of -Q so that block start sliding
up

Fe2>mgsin 6 + (f ). = % =mg sin 6 + u.mg cos 0
N
fFe
mg S0
f
0g €0

#1eft @ chapter #1 starting ? safeT wee
coulomb force =t feeling = basically
¥ question vector & & & 99 @ @@ w
I W& 1 29 fFE R force fehem € 3R
kiss ki e & fhrerT 21

Q. Find the net force on the given charge q
<« r —> k.5q.q.

(a) > f=—
+5q +q r

(b)

*q
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Frer = \(4F) + (5F)? +2 x 4F x 5F cos 60°
2
- Jo1F =61 K

|2

(d)

Frer = (F? +F% + 2F? cos 120°

= \J2F? + 2F? cos 120°

=F =k /P
(e)
+q | +q
R Tt
F= +q l +q F
FoFr oy
2 F:@ =
[ 2

2 2
F' - k¢ kg F

T W2y 2
F = F\E+g - F[ﬁ%}

") +4q *2q
F=
3F < +q +3q
. \J
“F o4
Electrostatics

2
Fre 2kq

F, =-3F1 —4F] + [—F—'Z - F—J]

Nal

N

i Force =1 resultant will be
answer. 3F 3R 4F &1 resultant
5F =Ml So answer = 5F + F =
6F eR g fean @ g @gd @

\W‘b‘f Bl Bcz 6F is wrong.

(W2

Bcz 3F

Jed A #R 4F =1
e ;“ < ‘\s resultant F

. / L | @ T
vheatiné;kart‘hait- e

(9) Find F,, on the charge -q at centre
+Bg

-q +2q

2F +F = 3F
2
Fok@ ¢
IZ
2
FneT = 5F = 5k2q
r

(h) Find F,, on + Q at centre of square.
~69 +q

NG
oF (square, I)
/7 2F + F ™\

-2q -2q

©)




Bkq®  10kq *q
F .. =5F= = -
net (/2@ P
- F
(i) Find F,, on + Q at centre of square. Q N /
*q +q *Q
F F
*q *q
><Q For=0 () Regular hexagon
*q
F F
+q +q
+q +q F -0
(j) FindF,,,on+Q at the centroid of equilateral net
+q +q

triangle.

120°
*q
120° 120° =0.
*q
Fne'r =0
()
+
! *q *q
F F
*q
X F_kQg
F r®
*q *q +q
qu + Xq -q
Frer = F = 9 -
net (l/\/z)z q = F _ qu
*q *q |2
*q
# Method-2 Q. A charge +Q is placed at the centre of ring of
*q uniform charge +q, of radius r. F . on + Q at
7 centre will be
O s g 4+ FF ++
arge +g g {9
+
q s + +
+ +
g d + +
+ +
+ +
+q + +
ey + + *

*q

Fret 0N+ Q at centre = 0

Sol.
Physics @




Q. In above question if small charge element 'dq’
from the ring is removed now find the force on
+ Q at centfre

Sol.

Fo: = dF = % (3« dl % charge %1 oS8 9
r
force 3T ST WE cancel)

2nr—q
1 —q/2nr q
dl —>q/2nrxdi=dq [d9=5,dI=2dl

= Fne‘r :k(q_lexg:M
2nr ) 2 2nrS

Q. A ring of radius R is made out of a thin wire
of cross section A ring has uniform charge Q
distributed in it. A charge q, is placed at the
center of ring. If Y is young's modulus for
material of the ring and AR is the change in
radius of ring then find tension develope in ring

and AR.

(on ring)

Sol.

dq = rdx (where
L is charge per
unit length)

do ka (dx) g,
e

2T

Electrostatics

ki d& %

RZ

T, 85
R

_ kiqg 1 Q% I:yA_R

T= R |~ 4ne, 2R R A R
Q. Where we should place a charge Q so that it
remains in eqb™.

____.. __________________ _..____
+q (fix) +4q (fix)
@ +Q [

-t —E—————-0-——-

kqQ
F,= Q_ZI )=
X
F,=F, [in eqb™]
kqQ _ k4qQ Do vector ka sum 0,
2 T _ ¥ tbhi hoga jb vector
8 (-x equal and opposite
1_ 2
x |l-x
|- x=2x
x=1/3 Ans.

Q. Where we should place a charge Q so that it
remains in eqb™.

Sol.
<t | -
___._ __________________ _..____
-q +4q
<« o--—-
F +Q F; q +4q
-« X Pt | -
F. - KQq kQ4q
7@ 78 (14 x)?

1 _ 4
x2  (1+x)?
| +x=2x
x =1 Ans




#SKC
+Q @ -Q & [T
arell charge] df Ans
same aaega. Ans is
independent on third
placing charge

#SKC
RECIICICEL D
g & ot T 37 SR
%H Magnitude wale

charge ke TE#
@R

Q. Find where we should placed +Q charge so that
it remains in egb™.

Sol. e 3R TeH! o sra § Hel T S T A wga
e €1 THfeT 81 charge 1 A W@

+Q
®-—--- & -—--—--—-———- o--—-
+4q -9q
«—X—>—— | —>
k4qQ B} K99Q
x2 (x +1)?
4.9
X2 (x+1)?
2 3
== = 3x = 2x + 2|
X x+l
2l = x

EFFECT OF MEDIUM

In Vaccum
F +q1 +q2 F
<@ - >
Force applied by q, on g, = 9% _ F
! 2 4ne, r? o

OTI GANGA BOL'KE®

IR NALR ME KUDA DIVA
In Medium
+qy *q;
___.. _____________________ ..____

If medium is upto « then net force on the charge q,
will be

1 q¢ 1

47[8 |r'2 47T80k r-z

F
9% _ ?° k — Dieletric const.

Permittivity of that medium
€= gy¢E,

Q. Two Charges are suspended from a common

Sol.

Sol.

point through the string of length | as show in
figure. If charges are in equillibrium find

(a) Find 0, tension etc.

Tsin6=F,
TcosO=mg

[91 = 92]

Fe
tan 6 = —
mg

0 = tan™ [F—e]
mg

1 q.q 1

; _ 9.9
¢ 4ney r2  4mey (2sin 0)

F

(b) If q, # q, and m; = m, repeat above question
0,=0,

.1 a9
e drneg 12 (same)

F
tan 6 = —%- (same)
mg
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(c)Ifq,#g,and m;>m,
Sol. Then, 6,<6,

m; m,

(d) If whole system is dipped in water (upto «)
repeat the above question.
Sol.

Fe/k

o - F, /k T cos 6

ME g - B B=p Vg
ino= F./k

TSIH@—Fe/k Tsino e

TcosH+B=mg

B = Buoyant force mg

(e) In (a) part find the rate dq/dt with which
the charge leaks off from each ball.
So that their approach velocity varies as

a . L.
V= T where a is constant and x is distance
X

between sphere (x << 1). (irodov Q. 3)

TR QU sol. famn
no. of page @A
a5 H Book &I price

Sol. Homework

dg _3a 2ne,mg

dt 2 / 97 ST @
2
Hint: tan6 = F = lgq (i)
mg x“.mg
x/2 .
(x very small) tfan 6 = sin 6 = T i)

Electrostatics

Solve (i) and (ii) and differentiate smartly.

l”'&

Mria

Bas... nikal gayi hawa

Q. Find force apply by rod on point charge [q,]

+q,
[++++++++++}------------ & -
+Q.L) <« qg —>»
Sol. Directly columb law & & Hehd AT x T ST
dx THEll
(+Ql L) <« —>+qo
+ + + + + + +++|- ————————————— o—>dF
kg d s N
dF = —2d This is a small [L—Q
X
Q
force due to charge dgq. S T
asl dx—> Rx = dg
= de: I kqoqu L
© X I &9 ¥gd 9R
i a].L kqudX | use B )
= | ===
. Lx
= quQ {% - ﬁ} (After solving) @
__kQ
ala+L)
If kaQ i El|
a»» L, F ., ~ —— (3@ ¥ point charge
a
result )

Q. Ifacharge(Qg, m)isslightly displaced from its
mean position along find time period of SHM.

(+QOI m)
«— | —— | —>
o --------- o --------- R J

Sol.




+Q
Frer=F2-F1 Fie——"—>F,
_ kQq  kQq _ (kQq4l)x
(+x)? (-xP?  (P-x*)
If x <« |
- x% ~ |2
1 Qq 4lx
net ” 4ney |4
_Qq,
net ~ |3
TESO
FneT = - kx

T=2x | M
Qq / TC80|3

Q. If acharge (-Q, m) is displaced slightely along
(+y axis) on smooth horizontal surface in given
figure. Find time period of oscillation.

(-G,.(_)) ________ _'._Q_ ________ (21 o)
fix +q (0, 0) +q fix
<t 2a =
Sol.
TFsine: 0 -Q >F sin
-

X <" 2FcosO . X
7/ 1 N

F .= 2F cos 6 (9)

net ~

2kQq x
o O
B 2kQq

- (02 +X2 )3/2
If x«a

- 2kqQ
F -/ X

. X #SHM

net

net — 03

Tz=2n| ™
2kqQ/ a®

VECTOR FORM OF COULOMB LAW

Force by g, on g, N
k ~ r
- ChZQZ r -r? +q2
r ! -
k - - F
__KGq% r r
“ln_nlP |n_pn - - —
I, -n " I —n r=r,-r

O

_ quQE (F)

I, -1 P
But 1 SKC & X Heldl solve |
%
q roq,
[ > @
Force on q, due to q, = kqlzqz r
r

HHSKC
™ force I8 W 7 3R

q; & g, with sign
put &

Q. Find force applied by + 5C on -10C:

_9
+5C r -10C
[ > @
1,2,3) (4,6,3)
e d A ~
r=3i+4j
£ . k(B)-10) @i +4j)
- 25 5
=-36x10% (37 +4))N
-5C g -20¢C
Q. ,.° >0
0,1, 2) (4,4,2)

Force applied by -5C on -20C:
e A A
r=(4i+3})

9 x10° x (~5) x (~20) [4? ; 3]}
Force =

52 5
Q. Find net force on +5C.
+3C ¢(3.7.4)

+2C

3, 4,0°¢

Find F,, on + 5C

e d A N

ri=3i+4]

e ~ A
r,=-3j-4k

e d A ~

rs=4i+3]

Physics @




_ k(2x5) (31 +4])
net ~ 52 5

, k(3x5) -3j - 4k
52 5

k(-10)x 5 (4i +3])
+

5 5

Three charges (+q) are placed on the vertices

of a equilateral triangle of side a as shown in

diagram. Find net force on 4™ identical charge

particle at a height h = a above the centroid of A.
q

Sol.

B

A

h
and tan 0 = &—

oc =
ﬁ

Hence 6 = 60°
F F

F cos 6 F cos 6

120°

>

120° 120°

F cos 0

Fret = 3F sin 6]

Top view: F cos 6 - cancelled but
Fsin®+Fsin6+Fsino

Q. Four charge (q) are placed on the corner of
square of side a. Find force on fifth charge Q

placed above at a height h = 4 from centre

of square as shown in figure.

*Q
h
qe i 9q
/ | /
°q
Sol.
0.49°
\h:a/\/g
|I‘ -q
°q
(6 = 45°)
2 2
2 12 a a
P = 4/ X +h = —_— + | — =a
R e
: k¢® . o kg® 1
Fret = 4F sin 6= 4 x > sin45° = 4 x . xﬁ

ELECTRIC FIELD

€ The region surrounding a charge (or charge
distribution)

@ Electric field strength or electric field intensity
9

E , it measure how strong is the electric field at

that particular point.

= Electric field intensity is defined as force on
unit test charge.

Electric Field due to Point Charge

F
(EF)atAdueto+Q=—
%

Fret = 3F sin 6
( r? = (OD)? + (OC)?
2
= he 4+ a
. &
where F = iz < 3
r 2 02
- a+—
3
_ 4d®
\ 3
Electrostatics

Force experimental per unit test charge.

)




R A
Fix < r > +q,

F _kQq _kQ (IT is the elec‘rr‘ic)

2 .2 \ field due to +Q at A

%209 r°q r

1C charge pr jitna

electrostatic force lag ) )

rha h, utne magnitude
ki electric field
hogi.

"~

\ )
=7
D
]

[5
(1] E- @ (unit = N/coulomb)
b

@) EF due to +ve point chare is radially outward and
due to -ve point charge its radially inward

[aqasuer—‘ﬁanmm@ﬁmwwaﬁ

7% coulomb law S/ & question

Q. Find E.F (net) at point A.

(d)

A
*3q I \60°
2E
k
Let E = |Tq
Ener = |/(2E)? + (3E)? +2 x 2E x 3E x cos 60°
= EJ19
(f)
+4q | +q
'
\\\ A - Kq
+q . 2
v g- K49 _%Kq_,
e K Wy P

l2

Eret = E\/E+2E=|I<Tq(\/§+2)

(9 +4q *2q
E-= TTq (Let)
3E< 434
. \/
E'=E 4

Physics @




@ #1 resultant will be answer. 3E 3 4E 1
resultant BE 3T So answer = BE + E = 6E 3TR
T fean o gu e at ok oft wgd € U 52 T E

Bcz 6E is wrong.

A A Ei Ej
E ,--3Ei—4Ej+|-=L_=L
net J { 12 IZJ

(h) Find electric field at point at centre of
square (/) at O.

+q +2q E 4E
Ne)
2E E
2kq
= 2E =
+4q +q (1/2)
0] ‘
69 9
q‘4q —q 4q
2
q 24
3E A
5k 90°
(EneT)A = BE = _zq
4E
Q. Find E,, at centre 0.
+11q +12q +q
o » 58 6F 7
q 9 4 8E
+9q +39 3E 9E
+4q 2E 10E
e E 1Jp 1E

3@ component @& Solve Fd
¥ vector § & 9

E .. = (12E + 6E\3) - 6E]

Electrostatics

Q. In above question find the angle made by net
E.F at O with x-axis

Ey 6E
Sol. t = ——=—— =2-4/3
o T B T 2B 4 6E43 V3
Q. Find net electric field at O.
(@)q q (b) q
.O
q q 9 o d
E=0 B
(c) q (d) Uniform
q q (Ring Q,
R)
q q
q E=0
E=0
(e)q

T 1 We FE @l corner T
.O +q & -q ® charge assume X
Tehd T ST +q I A corner

q q % charges ¥ setting #wF O
k W EF zero #X 3 &R -q

E-= \7,2 o5e ¥ O W het EF 1 e
(1/2) N J

Q. 39 WA Haell ¥ electric field o Faral a9 S
Ei
(a) From a uniform charge ring q, R. A small
element dl is removed find electric field at
centre.

++++
++ ++

kdq kQ
Eret RZ  R?27R d
- kQ_
2nR3

(b) Three charges (+q) are placed on the
vertices of a equilateral friangle of side
a as shown in diagram. Find electric field
at a height h = a above the centroid
of A.

&




Sol.

Sol.

E,=3Esin6
[0 = 60° already solved] ‘
q

where E = —

(c) Four charge (q) are placed on the corner
of square of side a. Find electric field at

a height h = -+ from centre of square as
g N q
shown in figure.
A
s
'h= a2
P a q
‘ @ E,=4Esin0[0 = 45°]
q

(d) Find EF at A due to rod at shown in figure.

[++++++++++}F------------ oA
(+Q. L) «~——a—>
dq «—— a—> 4

: - o2 dE
dx X =

a+L a+L
CYkdg _“TkQdx . kQ
Sol. .[dE_ .[X_Z ) .[ L x2 a(a+l)

Q. Find where net E.F is zero (null point)

(@) ®------"------mmmmmo oo °
q *q
mid point
Sol. ®&------- «——------- )
*q E=0 *q
+ +
() oo 7

#SKC
[GEEORCITACECaleD
o H i el 37T 3R &

;@‘I\Magnh‘ude wale charge
o ke U9 & @ |

Q. Find where electric field is zero.

_____ .____________..___
+4q -99
Sol. TSH1 AR EH! o o9 § wefi TE S A
®---—-- - - - o----
+4q -9q
«—X—>— | —
kdq_ K39
2 (X+|)2

ELECTRIC FIELD DUE TO PT. CHARGE
IN VECTOR FORM.

E, = lim£=k8—q°.r“
©°0q, raq,

Physics @




»e——»FE,
- E A
cQ <_>A >0
r
éA :LgF

r
\—»due to pt. charge

If Q>0 = Ealong 7

o r @ head @1 wrE sigr E.F.

fAepre ¢ |
e q@ with sign

- . @arl
Q<0= Eopp.tor

Q. Find net E.F at point A.

—9
+2C r
(a) [ >0 A
0,1,2) (4,4,2)
=41+ 3]
2 9x10° x(+2) (4f 435
A~ 52 5 J
(b)
+2C -5¢C
0,0, 4) ©.1,4)
.e
r, —
s
11) e >e (4, 3,4)
.11 Yo ,?1 A
r‘1=4’j+3'l\<, r2=4?+3'j, r3=4?+23

> Kk10) (45 +3k) k)[4 +3])

R U M= G

k(-5) [ 47 +2]

20 oo )
- -
F =qE

Force on charge q
placed in electric

%
field E

Electrostatics

# q charge &I TH w7E
@ § el electric field E ®
38 W qE force @ 3R charge
=
positive € dl E =1 ™% force
TR SR 3R charge negative

N o = N .
g d E o opposite
force @i

Q. Find min. value of E so that block lift of f

E

*q
m

qE >mg
- mg
Ein = =
Q. Find min. value of E so that block start moving
Sol. .

—_————

Q. When block will strike the wall in given figure.
Find the time after which the block will return
to its initial point.

. qE = (f$)0x = Mg

: +
Initially at rest [m 4> 4E _
«— | — >
E
Sol. a-= E SLd
m m
L
s=ut+ 2 at
s= O+—cn‘2

25 m2s
V qE
If collision is elastic block will return to initial

point at t = 2t,

Q. Find velocity of block just before it hit the wall
if ground is rough (u)

E
.
m+gq E

He—— | ——

&




Sol. m+gq 9 m
Ve — | ——>
(WD)G” force = AKE
W, + W, + W, + W, = AKE

1
0+0-pumgl+qEl =K. -0= Smv*-0

2
2(qEl - umgl
Vv, = 2(q mu gl
a

_>_
3 lm—+q|—>qE
f = umg

V2= 0%+ 2dl (D)
=0+ %cﬁr2

_ 9E —umg
q- JE—Hmg

m

eq(1)-V = Jz x [“E‘T“”‘g\l

Q. A charge particle (q, m) is projected from
ground where electric field is also present along
with gravitational field. Find is time period and
range in following figure.

0
Sol. T= ZUY: ZXVEsine
a, ngq cos f
m

R=(V, cose)T+1[—qES‘"BJT2
2l m

Q. If particle is released from rest from top of
hemisphere find where it will loose the contact.
E

RN

(+q,m

Sol.

mg(R-R cos 0) + gERsin0 +0 = %mvf2 -0
L\
mg cos 6 - qE sin 6 = = now solve and get
Q. A charge particle of radius 5 x 10”m is moving

in a horizontal E.F. of intensity 2x x 10° V/m.
The surrounding medium is air with coff. of
viscosity m = 1.6 x 10° N.S/m?. If this particle
is moving with a uniform horizontal speed of .02
m/s. Find no. of excess electron on the drop.

Sol. 6nrnv; = qE

Ans. 30e

# Graph b/w E Vs r

# €4 p
Qk J -Q

““"ﬁ """"" PX e f » X
[For +ve,l (3m)] [For'l-ve]
#
#
- | |
o e g
Physics @




Use
#SKC

[GECIRC RCECacT
atg H @oft el o i

%A Maghitude wale
charge ke T #

ELECTRIC FIELD DUE TO CHARGED
UNIFORM RING AT AXIS

dE

dE sin 0

Eper = | dE cos 0
E_ - Jm: ; IM _

2y (2 1+ x2)2
r= R? + x?

kQx
E Q

atx=0, => EF=0
Q. Find where E,  =?

kx
- (RZ +X2)3/2 J-dq

B kQx
(R? + x2 )32
% =0 (after solving we got x = i%)
i _L(i\“ E,
m°x_'4ngoR2L3v§J """""" g
R z
V2 o i N
i ‘- i X
V2
"""""" E

max

Charge Distribution

d
A= i = charge per unit lengths.

dq = Adx [Linear Charge Density]

- 99 harge per ani
o= 4 © charge per unit area.

Electrostatics

dq = odA [Surface Charge Density]
dq )
Py © charge per unit volume.
dq = pdV [Vol" Charge Density]
Q. If A= x onarod of length | as shown in figure
find the total charge on the rod.
A= AgX
[+ + + ++ + + + + + + +]
x=0 x=L
A= hgX
[+++++++ I+~ +]

<« X —» dx «— x:=L

jdq - Jkdx

Sol.

L 2

Aol

QToTal = J.}\’Ode = T
0

Q. If volume charge density of a solid sphere of
radius R varies as p = p r find total charge on
the sphere.

Sol.
p=pr
Solid sphere

Shell

dq = pdV

R
0

Q. If surface charge density o of a disc of radius
R varies as ¢ = g r find total charge on the disc.

Sol. dq=cdA © = %" Disc
dq = oyr2nr dr
R Ring
Qiotal = qu = J.cor'.an'dr‘

0

ELECTRIC FIELD DUE TO UNIFORM CHARGED
DISC AT A POINT ON AXIS [+Q,c, R]

qQp

kdg.x
2 )3/2

dE =
(r® +x

it is a E.F due to small ring at P

&




Ener = [dE
¢ dq = 6.dA = 62nrdr.
dx | |

4—2nr‘—>

® ko2nr dr.x
net = ,[

(r,Z n XZ )3/2

0

E= -2 |1- X (After solving)
2 ¢ [ JRZ 4 %2 J

E=-2" (1-cosh)

:ZEO

If disc is very large/Infinite sheet......

(o
EA: E(I—COS9O)

#SKC

o sheet & g AqAS

. sheet T9 # Sgad <t €|

« 1% point sheet & agd
g 8, Il 38 98 o sheet

il

o sheet

P

! o o sheet
—.—>O/2€O OR +
+
o0~ '_>O'/2€0 +

<o |+ | o—>p

0/2e5¢— “—;NJ/ZGO 0/2e, |*|0/2¢,
0/2604—0 I
oo"— &» +

ELECTRIC FIELD DUE TO CHARGED ARC
AT CENTER

1
i
+ 1+ 4+
+ = +
i

2k . ekn
E-= T sin 45° = R
(EO)cenTer = E\/Er = %

Physics @




3V2 ki
E = 2k(31) sin 45° = —\/7
R
42 K
E, = R

Ee kn 5v2
(Enet)O EZ R

E-= @sin%:—kk\/E
R 2 R

= 4EV2

ELECTRIC FIELD DUE STRAIGHT
CHARGED WIRE AT A POINT

e E“——(cos 0; —cos 6,)

+

+

+

+

: _______________ g‘ T E -_(S|n 91+Sln 92)
+

+

M

teEe— p ——

+ 4+ + 4
’

+

i

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
l’

~
2
S
D
+
0
S
D
~—

+ 4+ + o+

9 o E=0
.60 M K- (sin 60° + sin60°)
o 60°.A r
90> 69 "
o s

Electrostatics

4 )
N Now put the
o | valueinformula
: 0, = 60 o
+ 0.=0° |andget ans. 37
. o i 7 st § @ FE
ol 89 A N T H S
«— X ——>»
P
|
+
+
+
+
+
O
+ 30°
+
+
®
+' semi « wire
+
’ 0, = 90°
+ 0, = 0°
S A Here
9
ki(o_l):_kl E, ==2
r r
I 34 IR HLel
(9
—(1+0
7 - (1+0) E
E, k%‘. ka g
O:O E Enet
E A 2K oo wire ki asig §
""""" R 2k
M r EF==" &g
+
i
A ~
+
+ o
N 0, = 53
+ _ _27°
: 0,=-37
~ ~~~~~~\5\?;‘
37° e
______________________:‘.E
"""ttt 7P
90°
0,=0
P 0, = 60°
30°




a Find electric field at O.
4),

e a—> 2E

x--‘l?—f:ao 3 3«2 E

7
e
4

al 4E
2\
ZEj
=
2E
2kn .
E,. =2EV2 = 2x 5 (sin 45°)2
® -
+I +\
N 2kh  ka amo
. T+E(O_1) 6, =90
+ 6,=0
+
N Solve and get
+
+ EO :%\/E

+
+ 4+ + F

@® Find electric field at O.

+
+
+ +
+k+ +
+
0] +
__________ PR A
+
+ +
+ +
et
.
R
(E,.)at'0=0
LW
R

@® Find electric field at distance R from centre of
A charge ring (Q, R) on the axis.

@QR)

_kQR
EA - (R2+R2)3/2

-_kQ
22R?
@® Find electric field at A, B, C

+o +o
+ +
+ +
+ +
A C
o |t oB | e
+ +
+ +
+ +
+ +
o sheet o sheet
Sol.
+o +o
+ +
+ +
+ +
A, B + C
o N o : c G : o o
2¢y 2¢ +2€0 2¢ |+ 2 &g ieo
() + =0 + -
Eer = ) Crede=
0 o sheet o sheet

Q. From a infinite charge sheet a disc of radius R

is removed. Find electric field at a distance R

3

from O as shown in figure.

Sol. The given body can be assume as it made up of
two body inifinite sheet (+c) and disc (-c)

\

4+ o+
+ 4+
+

s+t
++ 7t
++ 7t
++ 7t
++ 7
++ 7
++ 7
++ 1

+ 4+ o+ o+
+ 4+ o+
+ 4+ o+ o+

;

+c -c

Physics @




; ° . ° (1-cos¢
(Ef),; Point A = 2 <, <
L1 L
— —
E due to ®o E due to -ve
sheet disc
R
tano = = 0=60° (- h
R/ 3 Oq o @relt SE |
d H -o *1 disk W@
.06 o6 _.© .

Q. Find electric field at A.

o0
1
1
1
1

R~
_____Q::::= A
-‘.G/I
| B
%
Sol. E,=E, 4.0~ Eyee= 5 7o (- cos 60%)

Q. Two concentric rings, one of radius 'a’ and
other of the radius 'b' have the charges +q and

(2%
“I5)

on the axis z = a is in eqb™.

q. Find % if a charge particle placed

Sol. R;=a,R,=b,x=a

(EA)neT:O
Bdangs = Ee,
kg,x ~ kg, x

RE+x)7 (RS + )2

Electrostatics

q i (2 / 5)—3/2q

(202)3/2 - (b2 +02)3/2
1 5

202 B 2(|:)2 +02)

b® = 4a°

b =2a

b_,

a

Q. A particle of mass m, charge -Q is constrained
to move along the axis of radius a. The ring
carries a uniform charge density +\ along its
circumference. Initially, the particle lies in
the place of the ring at a point where no net
force acts on it. The period of oscillation of the
particle when it displaced slightly from its eqb™
position is

Sol. Let charge displaced by distance x from center
of ring along the axis now F=qx E

- QE (41®)
F = (chfk% [x¢<<R]
N kqQ -
et * 3
= 2n |

@

Q. Find the force applied by infinite (rod,) to
(rod,) of length | and charge Q in given figure.

op
P
+
+
+
(I"Odl) + I++++++++++++++I(Q: L)
+eag>
: (rod,)
+
+
o

@




Sol. Rod, # x W ST dx length %1 i1 © charge dq
kel 59 W let dF force &

0

dF = dq.E P
+ dq
dF = Qdx, 2. e x—»> 4 df
L X T T (Q, L)
[aF= T—de 2 T
L X M

~ Q(1 (a+1) :

Q. Find the force applied by rod on ring or force
applied by ring or rod.

(Q,R)
+ N+
+ + /x
+ +
+ TR T T iy ®
+ +
A+
Sol.
(Q,R)
+ A+
+ +
+ +
+ + +
-«
+ +
A+
dF =dq. E
Fne’r: _[dF:

- R%+x%=t.
=k | xdx 0 + 2xdx = dt
: (RZ +x2)3/2 1
© dx J’ Xg* = Edf
X
F .=k _ XXk
net Q J(; (Rz +x2)3/2 Q 21.3/2
B ka _3/2 B }\/kQ 1.—3/2+1
"2 [r¥2dr= 555
KQ (1) 1|7 kQ
= — | = = ;\‘k _
ARV R BN~

ELECTRIC FIELD LINE (EFL)

€ The electric line of force is an imaginary line or
curve, the tangent to which at any point on it
represent the dirx" of net electric field.

@ Jaha EFF.L density @ = wha E.f. jyada
Jaha no. of EFL jyada = wha E.F jyada.

D)

E.>E.>E

No. of EFL « magnitude of charge
EFL ye +ve charge is nikalti he aur -ve charge pe

terminate @i 81

3 Line 6 Line
q;>0 q; = q(let)
q,<0 9,=-2q

© EFL never intersect each other
@ EFL never from close loop [Electrostatic] bcz
EF. — conservative in nature
@ Agr m kisi charge +q ko E.F.L mein rkh du to vo
EFL ke path ko follow ker bhi skta hai aur nhi bhi
kar skta.
EE
T g g SUh TR HT HR
o T3 918 & eft 9

&I & line

\Two electric field line never intersect each oTher‘.)

ELECTRIC FLUX [¢]

Kind of no. of E.F.L. crossing on area
(1) g
perpendicularly.

@ Electric flux through small area dA is defined as
do= EdA

. #SKC
Ppet = Id¢ ='[ EdA Uniform = & e
same g |
- —
Opet = _[ EdA Constant = g aaa
same g |

If E.F is uniform

- =
= (¢ =E. A

AREA VECTOR [A]

Ay

For closed body/surface

Physics @




Dirx" of area vector is assume along outward normal.
9
N dA
—_
dA, dA,;

—
A

T 1

i

2

Q. Find flux through an area as shown in figure:

yl\ .
© © E =10k
S 1
® ® |3m
® © .

<« 4 m—>
= 1012 — uniform
- —> A

A =10k .(12k) = 120
= 3?+4j+10l2 = uniform

(a) E
o

(b) If

Q. Find flux through given area in following
question.

o %

R :(I):Eo'nRz

= EnR? cos 60°

Electrostatics

Q. Find flux to the rectangle if E) = 10x k (non-
uniform) in given diagram.

YA
A B
® ® 0O I)
OBNOMONO l
D | —C mX
Sol.
> -
dp = EdA it is small v,
flux through area dA A= X—> x:— B
(4 © @ 2% I}
¢nef‘ @ @ @ l
c

= lexb.dx
0

/
- 10b j xdx = 5bl?
0

Q. Inabove part E= 50+ 103 +10xk
[ABCD] ¢ 500 = 0+ 0 + 5bl

I—»Lasf part

wﬁaaﬁ'{aarea%&ﬁwwqﬁ
et ® 3! a8 ¥ flux = 0

Q. Find flux through the rectangle if E -
3x%yi + 4y3x] + 3x%k in given diagram

YA

- -
Sol. dp=E.dA

I do = Jl-3x2b.dx = b3
0

Q. If _E_> = 10yi find the flux through the area

&

ABCD and flux through whole cube.




AZ
A
Y
B
D
C
Sol.
AZ
y Y
AN B
A<
D y
C mx
- = -
dp =E.dA

L
O agen = IlOy. Ldy (magnitude) = 5L° (magnitude)
0

net flux through cube = 0

% ¢ Through Body/closed area

[% = 10y nl - 10, mﬂ]

Q. If E = 10{ then find net flux through cuboid

(I xbxh)
AZ
C Ex b
y B \F
e
h
D H
Ae— | —6  *
¢=EAcos0O

0 aacp = 10bh cos 180° = - 10bh = ¢,,
Oout = dgren = EA cos 6 = 10 bh

out ~

19,41 = 16,4] - 16;,] = 0= 10bh - 10bh = 0

o)

° ¢in = ¢body # o arer flux
— Negative
° d)ouT = d)body @S et flux

— Positive i &bq%
o 3R M el = SH awﬁ,g\‘.‘ =/
dl body d net flux gl
-0 e O

’
[\

# Sphere
h
—_— Sphere
—_—
—
_>_ _
D — (I)nBT - O
_>_
—
_>_
# o e
¢net =0
+ +
#
— R —
¢net =0
— —

Physics @




(I)ne‘r =0

Solid cone

¢ne‘r =0

# N,
3 .=0
= C=

Q. Find flux through the curve surface of in
hemisphere in following figure.

Sol. ¢,,=0
¢;, = -EgnR* Hence ¢, oart surface = Eout = EiR?
#
I Dcurve surface = * Eo™R’
l = - EgnR?

s, = ds,

Electrostatics

Q. If E - Eof find flux coming out from slant
Area ABCD in given figure.

Sol. ¢, =-Eghb Y
¢ou'r = EOhb 4
D
¢ne‘r = 0 T \
" o
e B » X
l x° 0

GAUSS LAW

[ ]
44
Gaussian surface
¢net: (ﬁ? dX: q'—" - w
L I

80 SO

Gauss Law
due Yo all the charge
’_> 31X a1ell charge

_ - 9_ qn _ QI + q2 _q3
¢net(c|ose surface area) ~ Cﬁ E.dA= gl_ - €
0 0

L 1
Gauss Law

# Net flux through a closed surface is equal to

1
the — time to the charge inclose by the closed

€0
surface.
— e _ qi _ ql.
.éE'dA'i (I)ne‘r's_n
# o .= G+Q
net SO
#
o .= @+~
net
€0




Q. Find flux through the Gaussian surface

Gaussia: surface

: I
(RigQR) o
+ 5Q
+ + + + + +:+ + +
: mid
°Q
b2 Q,3RQ,.Q 5@ _Q
net =~ 2 = S € 2¢ <o
#
Q
¢ne1’= g ¢net

¢51: ¢52 [¢32 = Q/eo. ¢51 :Q/EO]

(d)ne‘r)full gaussian surface ~

Q

(¢)upper half hemisphere = 2 o = (I)Iower' half hemispheres

‘ 260

a¢ Gauss law 3
W/ e electric

field i femer gm0
Gin
.d)neT: @E dA: g

e gl Electric field due
to all charges hai. [3igT
aret oft aTgt Tt o]

* q,, — Gausian surface & 3fgz ar charge.

Iski guaranteeme nahi‘de sakta

o STEX are charge net flux ® participate =&t @
[through closed Gausian surface]

o Gauss Law &I #eg § g & SI¢ E.F 7@ Fepret oend, |
selected symmetrical cases # fiehret et § |

Physics @




p
e Gaussian surface smartly AFAT

®, 9T @eg e, R Gaussian
surface TH WM &l & ST | 0
value 0°, 90°, 180° firt
Gauss law W based two type of
question ¥ W ¢ Teel
1. Flux calculation based
2. EF calculation based
\%’é &4 flux calculation based questions %

J

Sphere hemi-sphere
ne’r d)ne-r
¢em‘er‘mg = ¢m in= EORR
_EOTCR (I)ou'r EO‘"’-RZ
¢ou‘r = EOTCR
# Cylinder
—
> T ¢ne'r =0
h ¢;, = -Eo 2Rh
— l ¢ouf - EO 2Rh
EO
<«—2R—>
#
E)— ¢ne’r 0
. b fn EOzxZRxh
/N s
<« R —>
#
QU
¢sem| spher'e 2 o

Electrostatics

_Q
(I)slan‘r—sur'face -2 <
Q>
# It }“(unifor‘m)
+ A A
+ +
+ +
N cube (L) +
+ ++
+ +
+ +
+ +
+
o = Gn _ AL Gn A3
cube o o cube c - <o
# Q
(I)cube = g
sQ
curve
> ¢fuce = 6Q
€o
# Q
L/2 T (sq.)
Q
l L ¢sq face = 6 A
L
#q
Q
¢cube 8 o
#4q Q
¢cube = 8 o
¢3faces ¢samne bala
=0 ) q
- 24 EO

&




q
A
6=
q
NS
q
\‘¢

q
Q=0
q
24 ¢,
q #90=0
q
24 ¢,
g 400
q
2460

Shaded area =
2nr?(1 - cos 0)

d)_

£ important formula 3 #d ‘q\wn\
Flux Thr‘ough the disc ¢

(1-cos0)

b= q ~ (1- cos 45°)

Q. Insidea cylinder‘ a charge q is placed as shown
in figure. Find flux through the circular area
and curve surface area of cylinder.

RJEI 610,
X4 2R3
\_><¢2
0, = 5 (1 cos 30°)
0 -ia-cose) {mne—i:e—soo_
1= 2 R R\@ ]
-9 4 °

by = 2 ¢ (1 cos 30°) oy — flux Through\

upper circular area
Peurve area = ((I)l + ¢2) ¢, — flux through

lower circular area |

-i-—(1-cosso°)

S <o

.93

g 2
Q. Net flux through the disc will be

[F e A

Dot = ql (1 - cos 37°) + (1 - cos 53°)

Q. Fmd net flux through the cube of length | if

E- on' also find charge inside the cube.

z
A

Y+

Physics @




Sol.

AZ
B i D
E— »
Y. A ol I
1 x 6% | —> EF=ELT
¢ —
0 Frorx

(Di)eube = o apc = O (because x = 0 so E = 0)
(¢ouf)cube = ¢DEFG = EO"“"’2 = EOl"3

Net flux 3‘rhr'ough #SKC
cube = EoL" - 0 S oft #+ft 73 charge
(d)cube)ne‘r = Qen/eo enclose W,ﬁ
Eol’ = /50 Opet = Qin/ € T8 TR
Qin = 8oEoL3 @Tﬂ
E.dA = dn
|0
L > Gaussian surface area

VERIFICATION OF GAUSS LAW
E.F Due to Pt. Charge

- - A 6=0
qSE.dA:'—"
)
Q 0=0
dA=-—
3| o dA E
E47tr'2=8
)
e, QK
47ceor‘2 p?
E.F DUE TO « LINE-WIRE
o0
+
+
o o 1
R p— :’LA_Eezo T
! e
dA ! * |
E<+—<= +
9=Oi AF —>»—»0=0 l
v T i dA
______ '_*‘___,_—’
o0
$E. dA = In
&)

Electrostatics

q.
El{dA=""
Joa-
Al
E2nrl= —
€0
A 2k
- 27'”‘80 a r

E.F Due to « Sheet (0)

da i b7 dA
: +i + _ o
900 ++++ ;-++++ e —A90
dA + + /[M\+ + dA
20 LT
0=0° P 0=0°
y (6 = 90° - at all
o i curved surface
: area)
- e A
$E.dA = I
€0

EdA + EdA cos 90° + EdA = Z—“

¢ 0

Curved Surface area

cdA L -

2EdA = 2e

€0
E.F due to hollow sphere (Q, R)

[Non-Conducting] or spherical shell

(a) E.F inside the hollow sphere
Forr<R

$E dA =3
€0

qin =0
E=0
(b) For r >R (E.F outside)
$E dA =3
€0
Q
A=z—
E j d 5
E4nr? = Q
€0




E - Q = k_Q
4T[fr'280 r‘z
Ey

E.F DUE TO SOLID SPHERE (Q, R, p)
[NON-CONDUCTING]

€ Outside (r>R)
q. II \‘
E|dA=" ! !
J. 80 \\ @ r I, A
E4nr? = Q . A
80 S o - - e
E-= % = k_CZQ p= 4Q
4nrcey 1 2R3
@ Inside(r<R) 3
9, &4 781 O ¥ r radius
Ednr®= " T o T ST P
0 . charge =feul
.4/3
E. 4nr® = p.4/3mr
o
_ P
E=p 3¢
- r
E = P53 — p = uniform
1)
EA
</
s/ \&
o/ e
R >r'
( N\
Very Important Result
[Solid sphere uniform Q, R, p]
1
gl > E = k—? =>Eox—
r r
3T > E-= Pr e Eer
3 EO
k
at surface — E = R—?
(. /

@

E.F Due to non-uniform Solid Sphere

Q.

Sol.

If volume charge density of a sphere of radius
R varies as p = pyr ... (r <R) find

(1) Total charge of this sphere

(2) Total charge of vol" from r=0to r = R/2
(3) Electric field outside the sphere

(4) Electric field inside the sphere at r = R/2

. R
Total charge of this sphere ..~y p-
R I N
dq = pdV o ':_ +++\\
1 +
_ 2 oo* +7)
dq = por 4nredr i, .t
R \\+ ++ + +Ill
_ 2 Nt g e
J-dq = J;por'.4nr' dr +1+ v
4nR dV = 4zrldr [learn it]
T

Qo= Po— = pnR*

Total charge of vol" from r = 0 to r = R/2
R/2

jdq: j por-4nrédr
0

For calculation of electric field at a point outside
the sphere.

E[da=dn

For EFatr=R/2
E.4nr’ = Z‘—” Gaussian surface ke andr ka charge
0
q,, = r =08 R/2d% charge
R/2

9, = IpdV = j Por 4nridr
0

R/2 2
(R)? J.O poranradr

E.4nL§J = ;

16¢,

0o

Physics @




#5SKC
*Very very important

R
2
— Q‘ro'ral = jp4m" dr.
0

s Inside E.F = E.4nr’
r

= Jp4nr2dr'
0

€0

5 Outside E.F. = E.4nr?

<@ € rough copy
o TH* practice
STEL HT A S
exam ¥ q senm|

% 3k e ke 3k gk gk vk vk 3k ok gk e vk ok ok 3k gk ke vk ok 3k ok gk v ok ok ok gk gk ke ok ok Sk sk ke ke ke ke ke ke ke ok

Q. Find the electric field at a point outside and
inside the sphere if sphere has volume charge
density p = por'3 and a point charge +Q is placed
at centre of sphere. (Homework)

p= Por'3
Sol. Hint:
€ Outside EF
- Kn
2
TR
Gin= Q'+ [ por® 4rrldr
0
@ InsideEF[r<R]
r
[J‘ por‘3.47rr‘2dr'] + Q'
E4nr?= L2

€o
Q. Suppose we have a hollow sphere of charge Q
and having inner radius R; and outer radius R,.
Find E.F at a point inside, middle, outside.

Electrostatics

Sol.
€ Forr>R,outside @ Insider<R
2
2 _ q._n - 8 E.4nre =
E.4nr® = S
ek -
2

© ForR,<r<R,

Gin
€0

E.4nre =

Q A3 03
= x_q(r’ -R})
2 A3 (R3-RY) 3

o
E=____ solveand get

E.4nr

Q. Find total charge enclose inside spherical region
fromr=0tor=2R.

p,=p,r O<r<R
p2=por‘2 R<r<?2R

€ Total charge dq = j 4nridr

R 2R
Qital :jpor. Anridr + IDOPZ- 4nrédr
0 R

kQOG
EouTside = EA = th l
r
@ FindEFat r=15R

@




p4nrédr

€

15R
qin

E4nr?= =" = J.

S 0 0

R 15R
jpor4nr2dr+ I por’ 4nridr
R

2
E.4n($) = 4
2

Q. A system consists of uniformally charge sphere
of radius R and a surrounding medium filled by

So

a charge with the vol" density P = a/r, where a
is a +ve const. and r is the distance from the
center of the sphere. the charge of the sphere
for which electric field intensity E outside the
sphere is independent of r is:

Q+ I p4nridr
E4nrfz 2o —R
So o
Q+Ia/r4nr2dr
E4nr® = 5 -

0

E- Q + a2n (r? —R?)

4nr? SN
(Q - a27R?) + 2nréa
E-= 5
4nr® g,
E- 2nréa __«a
" 4nr’E, 2¢,

If Q-a 27R%=0
then, E will independent of r.

Q. A narrow tunnel is made inside a solid uniform
sphere such that -q charge at centre of sphere.
Charge is displaced along tunnel by x and release
find time period of oscillation.

>

Sol. mp — centre

Fnet = qE = qﬁ (:ﬂa)

3 Eo
— i —
Frer = 052 = ~Kx (SHM)
€o
_ 9
k= 3¢

in SHM if F = - k x

m m
i i T=2 1/— = 2n ’—
‘rhen time per'lod T k qp/3 %

(&R 3 tunnel 7@ B @+ time period same ST )
It's your homework to prove it.

| J

(p.R)

Physics @




3 e 3¢ =
- 200,
<o
- P Ol .Oz

0,0,=0
E = 0 (37R)

Q. Find the E.F at point P = ?

Sol. First we have to find E.F at point P due to
individual sphere and then add them vectorly.

N
¥

- = =
E,= E+ E,

Electrostatics

EP:pSEO 360 360-360
= 30 [G-51=3"-00,
€

o

E.F due to long hollow cylinder (o, R)
€ EFinsider<R P

E[ da=n_o
)
A

@ EFOutsider>R

E=0

| <

. .r
(R.0)

E.F due to solid cylinder (long) [p, R]
€ EFinsider<R

[aa- =
< P R

vol" S
E 2rrl = p .
S0) +
+
L

2
rel
E 2nrl = p_ﬂ: ++ + + o+
o /_r\
~ .,
r 1 <> 1
€= Py :




r
2 ¢

E=p

@ EFoutsider>R

vol

E2arl=p
€o

E.2nrl=p
)

RZ
:pzeor‘ !

E

EA

>

[Circular motion ATt W]

Q. A charge (-q, m) is moving in a circular path
around the infinite long wire (1) in a radius r.

Find its speed.

2k _mv* =
r r +
2krq +

Sol.

B0

<« r >

v« r0 (v is independent on r),

Q. Repeat the above question if infinite wire is

replace by solid cylinder (p, R)

' e~ " E,= PR’
+ + + [P PRZ mv?
---------------- I

A quor':
<:+ + + Fe§+q
N VOCr'O

ELECTROSTATIC POTENTIAL ENERGY

Electrostatic P.E. b/w two charge particle at a
separation ' is the amount of ext work done required

)

to bring the two charge q; and q, from « to separation
'r' slowly, slowly (without change in K.E without acc.)

Fix
L e ® ©
91 9z
@---mmmmmeeeeeoo @ -
91 q,
«—pr —>»
dU = dw
dU == _[ FelecTrosT' dx
u r kq 'q
idU=-£i?idx
k k
U-U,= | 5 |1fU, =0 = U= e
# Find P.E of system
a4 q,
-« —>»
- kg9,

v r
#SKC

eU= kqfqz .(U_=0)[gq, —>withsign]

q9; 9z
r

o THFH! AI ¢ A set up I H 73! 3a1 WD AT 97T |
o P.E is the energy due to interaction. Hence it is define for
system of particles.
e Change in PE is -ve of work done by internal
conservative forces.
e (WD) by internal force are frame-

Q. Find P.E of system

e q= -=3q

0 !
92 14 93
Lou- K%, keg | kqg
14 14 14

Physics @




\&q, "C, = Total
! no. of sefts.
q- 7
= U= qu 4. K99, 5
w2
® ¢ -q
Square (L)
462 = 6 (terms 3
-q q
U= —qu (4K,
w2
6 ¢ g
q q
—> (Cube, L
a q (Cube, L)
q q
8¢, = 28 terms

LSNP NP

kqq
Ui n2 zf

(W.D)

exTernaI
\v) slowly slowly

(kaddu), ¥ (kaddu), slowly slowly s # work done
by external agent = AU = U; - U, = <(W.D)y, cjectric field
Q. Find WD ext.

(WD)exT
slowly slowly

kq x 3 U= —"x3
' Y4 : 2/

Electrostatics

2 2
Ui:kix3—kix3
20 ]
[Radius = R]
q R q
R R
q R q
2 2 2 2
U= 4.5 o uf_ki 4:59
RV2 R RV2

THANOS WALE SAWAL
(CONSERVATION OF MECH. ENERGY)

Q. A charge q, is fixed and another charge (q,,
m) is projected from infinity with velocity v,
directly towards q;,. Find min separation b/w

them
Sol.
Fix Vo o
. _________________________________
+q1 +q2m
Fix M
*+q Rest
<« =p —>»

(WD)hinged force = 0

M.E — conserve

(K.E); + (P.E), = (KE), + (P.E);

Ki+ U= ke+ U

{o . % mvoz] 4% _ 0.0y fﬂz

_ kqg, x2
min ~ ng

&




Q. If in above question q, is kept free. Find min
separation b/w q; and q,

Sol.
m Vo 0
. _________________________________
*q, (m, q,)
Free
v v
< <
m . m
) min >
9; 9z

Since, (F,.;)
P, = P,
0 + mvy = mv + mv

exT

Mininum separation
tab hoga, jab dono

particle ki velocity

V= V?o ____________________ 0) same ho jayegi.
ki+ U = ke+ U (apply thanos MEC)

1 (1 1 k49,
O+§mv +0 = LZmV + = mVJ+ -

Solve (i) and (ii).
Q. Find min. separation for the given diagram.
le

@ k-+U-=k+U

k
o+%mv +O—%mv S

min.

@ abt point 'O" angular momentum will conserve
L; = L¢ (abt 'O") because 1= 0
mMVod = MV P m oo (2)
Solve (1) and (2)

ELECTRIC POTENTIAL

€ Potential at a pt. is defined as (WD)b ext. agent
required to move unit +ve charge "from = to
that point slowly - slowly (or without acc.) [v_ =

0 assume]
@ |(WD),,, =AU =- (WD), [without acc.]
© Pot difference is defined as change in P.E per
unit charge

@

AU U-u,
Av= — = v-v =

q q

AU
avs =V -0

q
@ Electric potential = interaction energy of unit

+ve charge.

~

&
)

e 3WRH q charge %I UHl S7Tg T g, ST potential v g4t
39 ga [a1 setup] &I P.E = qv @rt |
e 3R # q charge @l oo & T point pr lakr W@ (B
-gidl), STl potential v & @ 72T qv work done krna
padega
. F qE q @ et SiTg 7@ g el E 2 O SH R 3 gad
qE electrostatic force lagega.

o TR # fFHlt charge & [E1d-8d] A point se B ®

AR SIS ol
(WD)exT.: AU
(WD)elecTric feild =-AU
(WD), = AU = - (WD)
# HHE FT ST
- =
o F = qE
o U= qv
e AU = qAv

o k;+ U, = k; + U; (Thanos) ME — conserve

K AEF- kr‘Q Potential at'A’ k?

e +1C charge ko « se 'A’" pr laane me Ext. WD =

Potential at A [t -gidt]
# Electric potential due to point charge Q at a pint

Fixe--------------- -é— --
< r >
=V, = kQliscalclr')
r

with sign
# Find electric potential at Pt.'A".
& 2 vy - KEQ

r r




kq kq
Y4 ¥4 VA 74—7
+q 7 A
e <—r‘/2—><—r‘/3—>
¢ - (R ——— 2Q
Fix A Fix
_ kQ | k2Q
Va= r/2 " r/3
(4] q
¥ /
_q' ( 'A
SV, = ﬁ+@:o,buf EFatAisE, #0.
6 2. A 1Q
< 2r >
kQ
V,= Tx 2
4=0.
0 ¢ -q
——>[Square, L]
2
+2q A
k2qg kq kq
=>V,= —+—F——-—
AT W2 o
@ < Q
\‘\g /N2 —T—>[Square, L]
\\‘A
Q Q
kQ
= ——X 4
=Vat 2
o 2q
oA
6Q -Q

Electrostatics

y . kQ L kQ  kQ  kQ
YT 2 N2 Nz o2
4Q

Va? 12
© ring(Q.R)

=V, = kTQ [Uniform or non-uniform]
@ q "'q
=V,=0
2q -2q
= E — +x Ans.
q -q

Potential at a point x from center of
charged ring

V,= kQ
_kQ

center ~ R

» X
Q. Find potential at A due to charge ring (Q, R).
Ring (Q,R)

kQ

_ kQ

V, = -
A7 JRZ + (3R RYIO




Q. If acharge (g, m)is released from point A find
its speed when it reaches at B in give diagram.

(Q, R, Ring uniform)
+ A+

(Release m)
............... do .,
R A B

3R >

Sol.

g kQ L e o kQ
Jer? 2 JI0R?

Q. Repeat the above problem when charge reaches
at infinity.

(Solve and get v)

Sol.

O+O+qvA=0+%mvf2+O

qkQ 1
\/E—Emvf
# bv-o
-0
v V=0 l
—— —e
+q mid -q
l\/:o

—> Equipotential line

—> 39 Line @ & point pr
potential same to (zero)
[Dipole Equipotential line]

#SKC

Equipotential line ka #ds 3 line
Ke hr point ka potential O hai, aur
equipotential surface ka Hders

34 surface k hr point ka
potential same
hoga.

Spherical surface

Equipotential surface

Q. Find potential at A due to uniform charge rod as
shown in figure.

Sol.

QL) = X > ‘
[+ + + + +Is +}F------------ _é [uniform]
—>dxe— «— g »

dqzkdxz%dx

a+Lkdq a+L de kQ [Cl+f]
d = _—= —_— :_|n -
e e i

S5SQ. Find the potential at 'O’ due to given part of
disc.

dq (+o,R, 2R)

(@)
2R
J.dv:J.@:J‘ka‘dr: -
r R
dq = odA *dr‘
dq = onrdr < mr >

POTENTIAL DUE TO DISC AT A POINT
X FROM CENTER OF DISC

(c.R)

(Disc)

Physics @




kdq Q. Find the speed of charge (q, m) when it reaches

dv = dg = cdA
Ir2 1 %2 q at (B |
o, R
.[ dv = I ® ko2nrdr fix
Vr X Release
*q
———————————— -0—————————Bo
¥ A
Solve and get and IR& Tl R/\3—>
p
V, = 2ia-cos 0) x (yR® + x°)
€9
c e
- 9 (JRZ+x - ) - o
o 28°( N 7 . 60% o 307z Y
vnear' center — ZLR (jUST bahar) R/ \/§ — A B
80 R\/g 5
=% - T Tk S el .
EA_ZS (1-cos0) = % T T tA+UA__k:+UB
f | 7 At QVa = KgtQvp
Enear‘ Cen‘rer' (JUST bahar) or‘mu a-q-la 2
T 3T =g o o o (R
. J O+qz(1-c0560) R+£
#  (o,R,Disc) 0
\ z 1mvB2 + q——(1—cos 30°) \R? + (RV3)?
2 2g,

Q. Find min. sepr" b/w Disc and charge particle
(+c,R)

fix

ki+ Ui=ke+ U

1 2
- - - —mvy +0=0+qv,
E.=E T Disc * E st bisc(o) f
2 c Ip2 2
- = =g=—(1-cos0)x (VR" +x
SE,= 5. (1-cos 60°) + - 2 % (1 - cos 45°) 2 Mo = a3, )x )
0
o Q. A non-conducting disc of radius a and uniform
SV, {2— (1 - cos 60°) \/(RV3)* + RZ} positive surface charge density o is placed on
%o the ground, with its axis vertical. A particle of
- mass m and positive charge q is dropped, along
- L— (1 - cos 45°) \IZRZ} the axis of the disc, from a height H with zero
%o initial velocity. The particle has q/m = 4 ¢, g/c

Electrostatics @




Find the value of H if the particle just reaches
the disc.

1
/
S

kA * UA = kcen‘rer * Ucen'rer‘

0+mg H+qV,=0+0+qV,

0+ mgH + q%(\/RZJrHZ —H):0+0+q22 <R

o

4R ,
Solve and get H = =3 (Thanos fSiEmETR)

RELATION BETWEEN ELECTRIC
POTENTIAL AND ELECTRIC FIELD

AU = (WD), =—[qE.dr
qAV = —IqE.dF

- -
dv=-E-dr
v r A
.fdv:—J'k—zqdr' qe---------- - ----------
2 wr «—r —>
v-0=-Kkq {1}
_r‘w

.k

r

Potential Difference Between Two Point
Due to Infinite Line Charge Wire

o0

+

+

* A B
[} [}

tl«— f‘A—b

+< r‘B >

+

+

o0

P
dv=-E-dr

vjzdv——jg'ztkdr'

B
Ta

Vg-Vy=2kL /nr

y
" a9 r, and ry shortest
- B
vA—vB-Zkkénr— dicular di 3
A perpendicular distance @l

Potential Difference Between Two Point
Due to « Sheet

(e}
_______ _._ -_— - e - - - - _.. -
A B
VatVg=?
= =

dv=-E-dr
B B
Idv . jidr‘ i r, and ry shortest
A 5 260 perpendicular distance 21
VB VA = g dl"

(e}
Vo= Vg = z("'e —r)

+
o
[ Jve)

+
A
(&)}
V>
\

Physics @




Q. Find speed of +q, m when reaches at 'B'.

oy
+
. +q (Release)
A B
B B °

+
A
N
~
\J

4R

-vg=2kh /n | ——

Vo~ Vg n(ZRJ
kA+UA:kB+UB

1
0+qv,= Emsz +qvy

1
q(v, - Vg) = > mvy

q2k\ ¢ n2 = % mvy

(e o W ® A WA H
ring disk infinite sheet, infinite
wire etc. ¥ thanos 3rel Hamd aATT
ST ghd & 99 3= ¥ mech energy
conservation ¥@ &Il

Q. FindV, -V, if distance btw center of ring is 4R.

Ring (Q, 2R) Ring (Q, 3R)

t4p‘.
kQ kQ

Vi= 55 T
AT 2R J(3R)? + (4R)?

Lok kK
B7 3R J(2R)? + (4R)

Now find V, - V,

Electrostatics

( )

AU (WD F.dr
save 2o WOk ¢ P d

q q q
=-j_q—€q'd?=-j€d?

# Av:-jE.d?
\# IfE=0=AV=0=V > const.

ELECTRIC POTENTIAL DUE TO
HOLLOW SPHERE/SHELL/SPHERICAL
CONDUCTOR

€ r>R[outside]

Vsur'face - R

L > Radius
eV = kB [

. e
L > Distance

@ r<R]inside]
E=0
v = const.

V= R = vsur'face = Veentre =




VA E
kQ
R v v
Q. Find potential at O, A, B, C due to shell as shown
in figure.
(QI R) +
+ +

+ +

"

Vo = F'VA: kTQ,vB: kFQ,vC: :—S

Q. Suppose we have to concentric shell (Q, R) and
(3Q. 2R) as shown in figure. Find potential at O,
A, B, C, D, E points.
OA=R/2,0B=R,0C=15R,0D=2R,0E=3R

Sol.
(3Q, 2R)
+ ¥
(Q,R)
+ +
+ D .E
+
+ " +
k k3Q _ . _
Vo— FQ + ZR -VA—VB
_ kQ | k3Q
VeT15R T 2R
vy = Q. 3Q
2R 2R
kQ , k3Q
E" 3R 3R
Q. Find potential at given point.
(5Q, 3R)

kQ k3Q k5Q
oI R TR T aR VATV

v.= KQ k3Q K5Q (w8 = distances =& |
©oc 2R 3R 2 Y o9 § TR g=t 9
v = KR K3Q KSQ | rercht 7t st 2

> ob ob 3R

_kQ L k3Q  k5Q
Ve= OE " OE ' ©OE

\\

Electric Potential Due to Solid Sphere
€@ Outside [R>r]

A 0
————— o---------o
r—» V= 0
[dv=-[ E.dF¥
0 0
r kq
-0=- |=tdr
v-0=- X
.- kQ
r
@ Inside[r<R]
——————————— °
o0
E.dr
—8dr + I kCER dr}
r » R
kQ
Va = Vinside = 5p3 (3R* -r’)
w2 arel formula
VA
kQ
6 vsur'face = ?
3k : |
e vcen‘rre = 2_5 E E -
>
Physics @




Q. We have a solid charge sphere uniform density
p total charge Q and radius R.

€@ Find EF and potential at a distance 3R from
centre of sphere.

(r, QR)
2
_p. QL _kQ
BamB= @Ry Y TR
Find E.F and potential at centre of sphere
3 kQ
02005 %

© Find E-F and potential at a distance R/3 from
centre of sphere.

_pr PR/ 3 B kQr _ kQR/3
B3¢, 3g BT R X
kQ(3R? - (R/3)
Ve 2R’

Q. Find speed of particle when reaches at centre

andv, 2 [Vel at centre]

(Release)
A -q,m
&
Solid sphere +Q, R

Ole

Fix

Sol. k,+U,=ky+U,

1
0+(-qv,) = Emvo2 +(-qv

gk _1 . 3kQ
1R 2™ ~9373

k
Vot [y
Rm max

cen'rre)

3 particle SHM
krega, jiska time period
hm nikal chuke hai, aur

amplitude R hoga and
Viax = AO

Electrostatics

Q. Find speed of charge -q where reaches at

centre
edrop (-q, m)
RI :
+Q, R)
Fix
(0]
Mo
ki+ U = ke+ Ug -
Rt e [ 3kQ
0+ [ qZRJ—va0 +[ 55 ]
Q. Find vel. of particle when reaches at B.
A(H.P) B(L.P)
+q (drop) 40V
100V
ki+ U = ke+ U,

0+qv,= %mv§+qx4o

q x 100 :%mv§+qx40

120
"\

Important Point (H.P =we= High Potential,

L.P wa@@ Low Potential)

€@ If a+ve charge is released from rest ina E.F it
move from HP to L.P

@ If a-vecharge is released from rest in a E.F it
moves from L.P to H.P.

_ Release (+q)

Ae Be oC

> Py >

Release (-q)
=V, > Vg > v, (potential)

© If a+ve charge is released from rest in E.F it
move high potential energy state to low potential
energy state

@ If a-ve charge is released from rest in EF it
move low potential energy state to high potential
energy state

* Dirx" of E.Fis from H.P to L.P

@




Agar main a charge ko rest
se potential difference Av
se accelerate karu to uski
k¢ = gAv hogi.

7% 94 important € magnetism, modern physics
| ¥ @R AR use BN 7= H AR Heel

J

d
rop  E
*q

R = e e e e
Vi Va
ki + U, = ke + U
0+qV,=ke+qV,
q(vy - v,) = k¢
qAv = k¢

EQUIPOTENTIAL SURFACE

€ Locus of all point havig same potential. Surface

of all point of which potential is ame.
dv=-E.dr=-Edr cos 6

v — same

dv=0=E=00r6=90°

i.e., EF is L% to equipotential surface.

Equipotential surface spherical

@ If achargeis moved from one point to the over

an equipotential surface
*hen, WAB == UAB = q(VB- VA) = O ['_' VB = VA]

© Equipotential surfaces can never cross each

other.
Equipotential
= - surface planner
s —_
—> e
— JEN S
—>— R e G
+/4_>_

@0

o wire + . .
Cylinderical surface/
Cj Equipotential surface
o +
|
_/

E.F.L ki trf chaloge to H.P to low potential jaoge
E.FL ke L°" jaoge to no charge in potential

Same potential

1 VA
Y >
B“ > Uniform
i— E.F
A
N
dv=E.dr
dv=-Edrcos 0
0=90°=dv=0
v — const.
o0
* A
B . ®
> > V, =V
A . A B
> e
. . +
. B
Equipotential line
Av=0 (Same for «-sheet)
Va-vg=0
Physics @




vy - vy = 2kL /n

4 3
tle— Iy —> r,
+ B [rg,r,— L™ dist.]

oo sheet, oo wire ke ||rl

chloge to potential main koi
bhi change nhi aayega

Q. Find potential different A and B.

(n)

Vy-Vvp=2Kkh n LFJ
1

r, = 10 sin 37°

r, = 20 sin 60°

(e}
Va=Ve = op (rg=r4)
B,
perpendicular distance
Electrostatics

()
Vy - Vg S E [(r, cos 6,) - (r; cos 6,)]

(Electric field @it electric
potential & relation ™
based question maximum
mathematicaly @@ % so @@
mathematics =1 fxarm ON wwa!
et @ +ff defination e

| minus @ el Let's practice it

Q. If E= 2xi +3y2] + 4z°K if pot at (0,0, 0)is 10
volt. Find pot at (1, 2, 3)

v 1 2 3

[dv =- {[Zxdx + [3y*dy + j4z3dx}
10 0 0 0
v-10=-[1+2%+3%
v=10-90=-80

Q. E= 2xi +10y] + 4zk if pot at (1,2,3)is 20 v,
Find pot at (2, 3, 4)

v

I dv=- I:JZ‘ 2xdx + J§10ydy + f4zdz}
1 2 3

20
v = - 7 solve and get

Q. If E= 3i + 4] +5k . If pot diff. at (0,0, 0) is
10 v. Find potential at (2, 2, 2)

jdv =— ﬁ3dx + T4dy + .2f5dz}
10 0 0 0

v = - 14 solve and get

or
E — uniform
- > - ~ ~ ~
Idv=-E-dr Ar = 2i +2j+2k
- —
Av= E -r
v,-10=-[6 + 8 + 10]
ve = -14
* '
—6m—> E = 100 volt / m
A B

»
>

@




#sKC = Ve=Ve
37R uniform E.F g 3R Vg=70-10x8=-10
FEUEUEEEREERSl | #E - 10 20 5k
Ed &7 drop aa jayega = pot. A r B
Ed &H & SR (1,3,4) (7,8,9)
v,=10V Vg = ?
- > b d ~ ~ -~
Av=-E.d d=6i +5j + bk
HP—> A vp - 10 = - [60 + 100 + 25]
AV = - 1007 . 6 vg = - 185
Vg-V, =-600 Q. Ifv=4x’find EFat (2,3, 4)
V, - Vg = 600 £ g
> ax—> o
p 6m g E - 100 a‘rx=2,2E3=-8x2=-161
A B Q. If v=4x°y"z(let) find E.F at and E.F at (1,1, 1)
> = ov 2 30
W= — i =—[4x2xy’z]i
A —> BT 3 pot. FH 100 x 6 = 600 L
E. = 8xy’zi
V,- Vg =600 _)" oy - )
= - —j =—[4x*z 3y?] = - [12x°y*z]]
Q. FindV,-V, E=- %) [ y'1=-[12x%yz]]
a A
E . Ek: —4X2y3k
/j,’: N E=- - 8xy’zi — 12x°y*zj - 4x*y’k
VG >E at (1,1,1)= - 8 —12] - 4k
s : o
g ! #SKCH
s + > = =
A C dvV=-E -dr
-« X —>»
- *E=- X7 partial diff. of v wrt. x
Sol. E= EOI X ox . o
e ~ R =g ov 2 . .
d= éi)s_i)u + (sin 6] E, =- EJ = diff of v wrt x by assuming vy, z,
Av=-E.d=-E, fcos6+0
constant
Vg - V4 = - Egx.
= ov
Pot. at B = pot at C *E, =- Ek = const.
vy - Vo= Ex
v, - Vg = Ex Q. Ifv=x%zfindEFat(l,2,3)
Ve ™ Va7 TEoxX = |ovs ova vy - 2 ~
3 A R 2, 2
. vB—vA:—EOx E:-{&|+EJ+ak}:-[2XYZI+XZJ+xyk]
# ,fB > at(1,2,3)putx=1,y=2,2z=3
ST = oA
\0@ E E=-10 E:-|:12I +3J+2k:|
/ 37° i Q. Some equipotential lines are shown in the
A'(7O V) c diagram. Write down the corresponding E.F in
vector form?

@ Physics @




N\
A ,RQ K A
l’ Q’o
e /, A ‘ v
/' \’,\J,Q ’,/
/, ”60 '/10 Cm= ’ ’, 600 "
NGNS TN N30
N o o
20=Ed = E(cos 307 — E sin 30])
E 10 sin 60°
20= =00
£ . 400
3

Q. Equipotential surfaces are shown in figure.
Then the electric field strength will be:

" 10V N
0 £ oY
g f
30° _
o 10 20 30 mx
(cm)
I. YA
ol T 10V o)
2 T o)
5 o
30° _
o 10 20 30 mx
—
(cm)
d=10sin30cm=5cm
10 = Ed
5
10 =
Ex 100
E = 200 v/m
DIPOLE

System of 2 equal and opposite charge separated by
a small distance d.

-

v

9
d
Dirx" moment = 8 = q?

Direx" is -ve
+ve charge

magnitude = qd

Electrostatics

# ¢ d
1,2,3)

+2C
(4.5, 7)

Pz 2x (30 +3] +4k)

ELECTRIC FIELD DUE TO SHORT
DIPOLE AT A POINT ON AXIS.

-q€e—2( —>»+q E, A K
«—o0—Po--------- c——————0
< r >
E.=E-E;
[P = q2 ¢ magnitude]
_ __Kkq kq
Ba=Bi-E,= (r— (2 (r+0)

i kq{(rwﬁ)z —(r'—!i)z:l
(r—0%(r+ 0y

_kq.2r2¢  2kq20r
- (r‘z _ éz )2 (r,2 _ EZ)Z
If ¢ <<<p
B 2kq2ir 2k(q2/) Z_kP
A~ r,4 - r - r‘3
2kP
6
E  =-———
axis r13
Potential at A
kg k(=q) (r+0)-(r-1)
= =k
R ) RO - )
kg2¢
Vy = rzq_fz [ ¢ «<r]
_ kP
Va= =%

E.F AT A POINT ON A EQUITORIAL
LINE DUE TO SHORT DIPOLE

E—>Equi'ror'ial line
¢B

+

p
Y Yo
[ ]

27

A




A
nN
~
\

+
Na)

E,, s = 2E cos 0 (41®)
) 2kq I _ kq2e
) (\/r'2 + 12 ) \/r‘2 N R

Ifl«r= Eequi'r = Ls (Eﬂ@)
r
9
£ ._KkP
equit I"3

r L
/’—9
G,
_______ ._»_______
«— p —> 2kP
E,= 3

Electric Potential due to Short Dipole at
Equitorial line = zero.

1
1
1
QV=0
YALIEN
[
7’ ! \\
I N
, *—>v=0
’ 1 N
4 1
$>v=0 ~
4 1 Y
¢ - ---———--- R £
_q . +q
o—>v=0

2kP
« Axis wale pt pr EF ;
dipole @ = # |

« Equitarial @t point pr E.th,

dipole @ opposite fa=m
Hi

Q. Two short dipole P, and P, at (3, 0) and
(O, 4) respectively are placed along + x-axis and

+ y-axis as shown in figure find net electric
field at (3, 4).

EFat AduetoP, = 1 (-i)

EFatAduetoP,= 3—32(—3)

2 oL KRy ke
Bret= * 54 1) 757

n

Q. Find E.F at A.
: P, A (a, b)
(O, b) —> E<—Q—E
[ 1 2
e — -
! (a,0) P,
Potat A=0+ —%
kP,
Bz g (1)
- 2kP,
E,= 032()
= v kP Ao 2kP e
(E,p) at 'A' = b—;(-|)+ 032 (i)

E.F at a general point due to short

Dipole
EneT
kP . a /" 2kP cos 6
—3sm6 - 3
r r

/,c
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kP sin 0
3 tan 6
tana = ——F =
% kP coso 2
r,3

E.=

2kP cos 0 ’ kP sin ’
r ’ r
kP X
= = \/4 cos? 0 + sin® 0

E-= gdl +3 cos® 6 = E.F kabhi zero nhi hogi

r

Epox > 0=0"=E-= @ (Axis)
r

P
Epox = 0=90°=E= t—B (Equitorial)

# Find dipole moment of following cases

(1) *q +q
& T/
-q
-2q l *q -q 4 *q
P=qv¢
—9
= Pne'r
60°
P=qv¢
e +q P2 = q3r' Pnef - Iaz +P22
3r =

dP cos 0

Electrostatics

Pt = [dPsin6 = [dgRsin 0

T T

P = | ARdORsin 0= [ 2R%in 6 do
0 0
2 9 p2
-2R%2= dR?2
WR2 = L
2R
:qx—
Y
4 N\
q
+q
[}
= xR
1
_____ Y
-q
= 2R~
P=q—]
T

*Q ot
® Q
LS T
R
Q 3n -Q
@ |++++++++|+Q
Ja
E===-==-=-= ]
P=Qd «Q
DIPOLE IN UNIFORM E.F
?:?x? U:‘?? FneT:O

@




#SKC
Agar system pr net force
zero hai, to hr point ke about
4 torque same aayega.

#SKC
Uniform

L L electric field
o= qEsin®x — +quin9E Tehid P
electric field
1o=qEsin6L % parallel
rhe
t=PEsin®
T=PxE
—>E
If0=0,7=0 0=-180°1t=0 Pe——

Potential Energy of Dipole in Uniform E.F

(WD), to rotate dipole from 6, to 6, [slowly - slowly]

= (WD), AU = - PE (cos 6, - cos 6,)
= (- PE cos 0,) - (- PE cos 0,)

Us=-PE cos 6,

U, = - PE cos 6,
— =
Us=-P - E
- =
Us=-P - E

Q. Let EF is along + x-axis and dipole is making
angle 30° with x-axis as shown in figure. Find

P

30 E

PE

2
- =
PE=-P .E =-PEcos6=-PE cos 30°

Find (WD),,; agent to rotate dipole so that
angle b/w dipole and E.F become 45°

1 = PE sin 6 = PE sin 30° =

P
P
WD = ?
30 o E 45 c
Ui = -PE cos 30° Uf = -PE cos 457°
(WD),,; = U; - U, = - PE(cos 45° - cos 30°)

(v Imp & 9@ JEE Mains # o8

T 2
(WD)by oxt. @gent o rotate a dipole

from 6,10 6,
= - PE (cos 0, - cos 0,)
= PE (cos 0, - cos 0,)

\_

J

Q. Initially dipole is placed in a E.F st. it is parallel

= U, - U,

@

to E.F

> P

>E
(a) Find F, 7, U
F=0
t=0[t=PEsin0=0]
U,=-PE cos 0° = - PE

Physics @




(b) (WD)ext. required to rotate st dipole
become 1% to E.F = - PE (cos 90° - cos 0°)
=+ PE

(c) (WD),,; require to totate st dipole become
antiparallel to E.F [from 6, = O]

= - PE [cos 180° - cos 0°] = 2PE

> P P =
> E < E

#SKC
Uniform E.F

X% 0=0 >?
9
> E
T=0
U=-PE
U — min
Eqb™ stable
pk'e P
1= PE
90° Uu=0
>E
0=180°
X 80" ¢
P =
t=0
P.E=+PE
U — max

unstable equilibrium

Electrostatics

X  11™ class
unstable
U Fz0

stable
# & @ g T P
- =

=-P . E »
TP Fu
©=PE sin 6 0 »E
U=-PEcosb6 -
«0=0°1t=0,U,,, (U, =-PE), stable eq™, F,,, = 0
*0=180°1=0,U, .. (U, = +PE),unstable eq”, F:e,r =0
*0=90° 1, U=0 No equillibrium

# Initially a dipole is in egb™ st it is parallel to
E.F E (uniform). Time period of oscillation if it
rotated by small angle 6 is:

Sol. IfBis ver'};small

T =-PE . 6
P
> P
»E 0 »E
©=0 t=PEsin0
© = PE sin © = PE 6 (Approx because 0 is very
small) Hence

I = moment of inertia

I
T=2n|—
"\ PE

Q. Initially dipole makes angle 53° with E.f as

shown is diagram and release. Find K.E of dipole
when it become parallel to E.

p
Relese
— =E
@) 53°  E B H_’P
0O Ko
Fix axis
Ki+ U;=Ke+ Ug

0 - PEcosb53° = K; - PE cos 0°

2 1_5
-—PE==
K¢ 5 E 2I(D




Q. If a Dipole |5:2f+3j is placed at (1, 2) and
electric field in non uniform E = 3xi +4yj . Find
force on the dipole

Sol. U=-P.E=-[6x+12y]

fx—-%——[—6+0J=6
au _

f=-— v =-[0+12]=-12

Q. If a short dipole P Pof‘ is placed in non-
uniform E.f. E = E,r? (F) find force on dipole

Sol. U=-P.E-= -[POEOr F-rl= -POEOr‘

Q. Force by co-wire on short dipole

o0
+
+
+ P
+
* o
. 60 E
:4— r —
+
+
+
Sol. U=-P-E=-P-Ecos60°
U= -%c $60°
F- _ﬂ - P2kicos60
dr r‘z
= P2K\cos60
F=-—"—"—"r
P2

3@ infinite wire %1 T8 3R ring 3 |
g df S5t EF =1 formula 7% a1k €
& i dipole W force feme @ =l

Q. Force b/w them [short dipole]
—>p —>P,

—>
r

>

Sol.

Sol.

U=-P,. (Ef)y, ToP.onP,
- 2KR

-p .1
2 I"3

2kPP,

r,3

f: _d_U:_%
dr r'4

U=-

. Two short dipole are placed as shown. The

energy of electric field interaction b/w these
dipoles will be:-

U=-RE
U=-Bi (§i +EJ)
U= -PE,
U=-n ZKPzgose
r

Find force of interaction b/w P, & P, or find
force P, on P, [short dipole

— P,

—I_>P

1

U=-P,-E = -RE Cos180°

Physics @




KR

Uz‘Pzr—3"(—1)
-1
f=—j—g:-KﬂP2(;—f)

—> Conductor — Free e bahut saare.

—> Semi-Conductor — Bahut Kam free e [12”‘ last]

—> Insulator — No free e”

CONDUCTOR

— They have free e’. Which are free to move inside
conductor.

— Inside the conductor, E.F = O [jha jha maal bhra
hua h] [In Electrostatic]

— Metals are good conductor

— Agar m kisi conductor ko E.F mein rakh du to,
conductor Ke ander free e- ke motion ki vajah se
charge seprate ho jayenge, mtlb induce ho jayenge, or
ye to tab tak hota rahega, jab tak ander net electric
field zero na ho jaye. Mtlb, jitne External E.F ho utni
hi opposite dirx" me charge sepr" ki vajah se induce

ho gyi.

Ene’r = E0 -E
U
0 E

induce

induce

= EO
— Agr kisi conductor ko charge dedu to,

s lrlot
r

Electrostatics

Perfect el

R — same
0 — same uniform

ox1/r
rd, of

— Potential of every point of conductor are same.

— Hence, we can say that surface of conductor is
Equipotential surface

— Since E.F is always 1" to Equipotential surface
Hence E.F is always 1" to conducting surface

dv = -E -dr = -EdrCos0
V — same
dv=0=E=0 or

6 =90°

E.Ldr

Q. Which of the following diagram is not possible
for a conductor?




SPHERICAL CONDUCTOR OF 'R', +Q.

( )
_KQ
- Einside =0 = Eou'rside - e
KQ
vinside = R vou‘rside =
\Resul’rs are same as non conducting shell.

E Va

SN

L > >

Q. In following diagram we have two conducting
sphere. Find potential at A, B, C, D, E.

(3Q. 2R)

Q. A charge q is placed at P outside at a distance r
from the center of a conducting neutral sphere
of radius R (r > R). Find EF and EP at A due to
induce charge.

Conducting
[Neutral R]

@

Sol.

Sol.

Conducting
[Neutral R]

EFatPt. A=0
Kq _
E.F at pt. A due to pt. charge q = 2 &
E.F at pt. A due to induce charge = E,
K .
E, = d_g (opposite to E,)

V=V,
VA = vat Aduetoq * Va‘r A due to induce charge
E = ﬁ + V .

r d at A due to induce charge

v - Ka_Kq

at A due to induce charge r d
Repeat the last all parts if conducting sphere
is given + Q charge. Find potential at A due to
induce charge.

_v _Kg KQ+q'-q)
vp.vo.7+T

-y - K9, KQ
(R
Pot. at ‘P’ due to induce charge = @g3g

vp = vdue to 'q° +V

K, KQ _Kq,
r R d

induce charge

vdue toinduce charge

Physics @




IDEA OF EARTHING

V, = 0 & faan

#SKC
fS@a Earth Kiya

hai, uska potential zero

Krna. hai.

Q. Suppose we have two concentric conductor
as shown in figure. Find the charge on inner
conducting sphere after switch close.

Sol.

= K—X+ﬁ =0
R 2R
x=-q/2
Q. Find the charge on outer sphere

(x, 2R)
: #SKC

@&t Earth Kiya
hai, uska potential
zero

Krna.
hai.

Electrostatics

(4Q.,2R)

— Find charge flow through switch after switch
(x, 2R)

Sol.

closed
vV,=0

X=-
- +5Q charge flow.
find no. of e” supply by earth
5Q =ne
Find charge on inner sphere & outer sphere
after switch closed

(4Q.2R)

#SKC
9 = conducting
surface ! a1 9§ el ©
31 potential SRR

Suppose inner sphere has 5Q - x
charge X
Kx K( é—x) Kx K(ZQ x)
2R

K_X_K_X mmmchargewaww
R 2R Sorry Shubham* Bhaiya
x=>

2
x-X=0
[inner] x=0 \ J

Find net charge on conductor after switch is
closed.

A 2Q
2R




Sol.

Sol.

Let charge on the sphere is x after switches
close
V,=0=V,
2R R
x=-Q

0

Find charge on each sphere after S, and S,
closed [conducting]
(5Q/4R)

6Q-y)

V=0

Ky ,Kx K(6Q-y) _, 1)
2R 2R 4R
Va=Ve
K_Y+K_X+M:Q+K_X+M ..(2)
R R 4R 4R 4R 4R

By Solving (1) and (2) we can get the answer
focus on concept.

#SKC
Jb bhi, kisiko
earth Kroge, uska

charge x maan

Find charge on each sphere after S;, S, is
closed.

(2Q, 2R)

(3Q, 2R)

x+y=0 (1)
Vo= Ve
Q+K—X+O :—K(4Q-Y)
R 2R 2R
x + 3y = 4Q ..(2)
Solve (1) and (2)
Ly = +2Q
x=-2Q
Q. Find charge on small sphere after switch close
(Q.R) (Q. 2R)
far
away
Sol. (x,R) (2Q -x), 2R
A B
far
away
Va=Vg
Kx K(2Q - x)
R 070 T
_2Q
X773
q, = 2Q/3
2Q _4Q
—2Q-—=>=2-"=
2 Z2Q-— =3
Q. Suppose we have a neutral hollow conducting
sphere of inner radius R; and outer radius R,.
A point charge +Q, is placed at center. Find
charge density inner and outer surface
Sol.
A
Two shells
Conductor
hollow sphere
R, >R,
q}E A= Qn
o
0= X
€o
Q= x
L Q.
Inner 4T[R12

Physics @




Q.
47RZ
Inner surface pr charge -x h, mtlb -Q h

Oouter =

#SKC

297 2 shell ¢
- -Q.R
—-+Q.R,

—Last Quesn &

#SKC
Chore Ka samne. barabar
Ki age ki chori Ko bitha K setting

Kr do and 3¢ YR 3R BT © @ |
TR age F1 BN 3 A STk

Q. Find charges & o on inner and Outer surface

after proper induction
Conducting
hollow
spher'e
/45Q
Q. If 2Q, 4Q, 7Q charge is given to A, B, C

respectively. Find charges & o on inner and
Outer surface after proper induction.

Sol. +14Q

- Q
Oinner = 47'CR12
+6Q
Oouter = 4TCR22

-7Q

+7Q

a

-3Q
+3Q

>UD

Electrostatics

Q. Suppose we have a thin conductor of inner
radius R and thickness t and charge +7Q. If +Q

charge is placed at center. Find 5,,,,.and 6 ...
__Q *8Q
Sol. Ginsige = el
o .= 8Q
outside 4TC(R . 1_)2
< Draw E.F pattern. 7Q

— Electric field and potential at A.

£ LKCQ) | K3Q
. <OA)2 "(0ay " (0Ay
_KQ  K(Q), K3Q

A70a" 0A " OA
— E.F at point C inside @it ST -

? ?due to point charge ?inner' shell * ?ou’rer shell
- XQ 5.0
(oY
_kQ
©(ocy

CONDUCTING PLATE VERY CLOSE TO
EACH OTHER / (LIKE « PLATE)

Q. Suppose we have two
conducting plate very close
to each other and charge +Q,
+7Q is given to both the plate

as shown in figure. Find
charge on every surface of
both plates.

55

R 1
&




Sol. ABCD & f&IU gauss law TR 3R

E, = O &h we Xy
found Q-x| A B |7Q-y
Plate & 3T+ |MHA
equal & opposite
charge =M L )
T outer surface
W total %1 half charge &I
/Q ﬂ/7Q
Qtota +7
QOUTer‘: 1-21.I=CQ2Q=4Q
Q[ | x-x[]4Q 4Q[ ]-3Q +3Q[ |4Q
=

!

Total charge on
this plate = Q
So x=-3Q
So final charge distribution and E.F pattern will be

4Q -3Q +3Q 4Q

||lll+lll+ll
+H+ 4 +A

d 44
+

o+t

FHtttrt AN

Total charge ko

Quuter = Q“;‘fﬂ' = _3Q2+ _ PAOQ T ST R outer

suface ko de do,
fir setting kr

)

-2Q

* +6Q -5Q +6Q

+5Q 2Q

AQ A A

Q. Charge 5Q and 3Q are given to two conducting
plate very close to each other find charge on
each face and Find EF at A, B, C, D, E.

Sol.

Eg=Ey=0
E:4Q/A_4Q/A+Q/A+Q/A
¢ 2 2¢q 2¢q 2¢q
Q. g

EC_ Eﬁaﬁ_ Ag, Agy
:wa

E0
E :—4Q/A_Q/A+Q/A_4Q/A

A 2¢g 2¢g 2¢g 2¢g

:—8Q/A:—4Q/A

2¢g £g
EE:4CZQ8/A"2:4Q8/A

0 0

Physics @




#SKC

gl IX dono conducting
plate ke beech mein jo
electric field aayi hai, wo amne

samne @Tet charge Ki asig & 318
2, Outer charge @ surface
@l gTg 9 cancellout ho

GRAPH-
M N
4Q Q -Q +4Q

: + - +
__.__.j' +____:_' o >X

P HP+| [fecz| |i

+ + - +

0.0) E +oc R

tan 6, = E, (magn.)
tan 6, = E, (magn.)

SELF-POTENTIAL ENERGY

¢ Self-potential energy of a charge system is
the total electrostatic potential energy due to
interactions between the charges in the system.

* For a system of point charges, it is the sum of
the potential energies of all distinct pairs of
charges.

(L SPEofa pt. charge = 0

. _KQ?
— S.P.E of ashell, conducting sphere = —

2
> SP. E of a solid sphere = %%

- J

Electrostatics

Q. A spherical shell of radius R; with uniform
charge q is expanded fo a radius R,. Find the
work performed by the electric forces in this
process.

Sol. (WD) = U, -,

_ ke K¢
T 2R, 2R,

E.F IN THE VICINITY OF CONDUCTOR

E, = o/,

Proof:

dA
E
90
dA
EdA+0+0+0=3n =094
€ %o
E=o/e,

&




Q. Find charge oneach surface after switch closed.

S

«—d— «—d—

j(+3Q

Aq A-2Q

X 3Q+x Q

.

-3Q-x

Q‘roml =Q+3Q-2Q
V=V,
(V, - Vg)+ (Vg- V)= 0

E,d+E,d=0

x/A +(3Q+x)/A:o
2E, 2E,
x+3Q+x=0

-3Q
T2

ELECTROSTATIC PRESSURE

Suppose a conductor is given some charge. Due to
repulsion, all the charges will reach the surface of
the conductor. But the charges will still repel each
other. So an outward force will be felt by each charge
due to others. Due fo this force, there will be some
pressure at the surface, which is called electrostatic
pressure.

D)

To find the electrostatic pressure, lets take a small
surface element having area 'ds’ and elemental charge

dq.
Force on this element due to the remaining charges:
dF = E(dq)
ds
electric field at charge of
dF =| that place due to || the small

remaining charges )| element

dF = E, xdq (1

At a point just outside the surface, electric field due
to the small element (E,) will be normally outwards,

and electric field due fo the remaining part (E,) will
also be normally outwards.

E., E
/ s ds

2

So net electric field just outside the surface = E_ + E..
We have already proved that electric field just outside

(e}

the conductor surface = —
&

0

—E+E =2 (i)
€0
Electric field just inside the metal surface. Due to the

remaining charges (E,) will be in the same direction
(normally outward), but the electric field due to the
small element will be in opposite direction (normally
inward)

So net electric field just inside the metal surface =
E.- E,and electric field inside a conductor = O
So, E.-E,=0=E, =E ...(iii)

From eqn. (ii) and egn. (iii), we can say that:

2E -5 -9
o €0 =& 2¢q
_dF _ dqE. _oo
dA  dA 2

Physics @




2
(e}
Electrost. Pressure = 2E,

Q. Hemisphere are in equillibrium find compression
in string.

R ©

SR

t—0
Equilibrium

(52

R? =K
€,

IMPORTANT QUESTIONS

q charge %1 EF # w& @ 3&& force
qE = € 39 concept % T mechanics
H use FTh HaTel TAC ST HHhd T

Q. If T,=15mg
What should be velocity at €

< v—c-,
-~ S~
// \\
4 N\,
4 \,
/ \
/ \
/ \
1 \
] \
! |
1 [ ] [ ]
! B E
\ |
\ ]
\ /
\ /
\ /
\, /
\, 4
N\, d
o -
D U

A(m,q)

OR

What horizontal velocity must be impart to ball
at C so that tension at A become 15 times of
weight.

Electrostatics

Sol.

Sol.

1
2
(1) T,+qE-mg = %
mV?2
15mg + qE - mg = TA
1 1
(2) -mg 2R + 0 + qE 2R = Emv; -Emvl2

n droper second m — mass of each drop.
1 1 1ndrops/sec

I
i i im mass of each drop
Bl

I mo, Q Eg

Find velocity of car/tank as fx, of time.
At any time 't mass of car = My+ntm
Impulse momentum

theorem

QEyt = (Mg +ntm)V, -0

o Q&
Vi = M, + mnt

Bhai, yeh toh shuru hotelhi,
khatam ho gaya

Find time period of SHM
if -q charge is slightly displaced in following
figure along x-axis.

X5 Shift
g :quall displacement E
] E
:
+Q fix
Fret = F cos 6
_ Kqgo X

T (F+X%) \/L‘2 +x°

T
I
Ly /F
+q fix




Q. Suddenly E, apply St. rod rotated max angle
90°.E=?
E
—>_

ALLARARRARRRRRNNAY

\
+
+
+
+
+
+
+
+
+

Rod AB of length (L, Q, m)

Sol. WET
Wg + Wge = AKE.
L L mg
-ma = L-o- E= —
m92+qE2 0-0 q

S5SQ. A long non conducting solid cylinder of radius
13R has charge density s. Find flux through
shaded ractangle. PQRS

Radius 13R
—
\

p
CQ PQ=24R
R

Top view

Radius 13R
| Radius
\_/

E — p
PN L 4a 4
O,/e{,ﬂi ||

>
rcos® 7 i
R
—

Sol. Oy = [do=[E.dA= [EdAcos6 = j%dAcose

@

= %Ir‘cos 06dA  (OP = 5R after solving)
0

_| P -P
- (280 J(op) [dA= 2, 5R(24RR)

Q. A disc of radius R is kept such that its axis
coincide with the x-axis and its centre is at
(d,0,0). The thickness of disc is t and it carries
a uniform volume charge density p. The external
electric field in the space is given by E = KF¥
where K = Constant and ¥ is position vector of
any point in space with respect to the origin of
the coordinate system. Find the electric force
on the disc.

Sol. F, =[dFcoso
= [(dg) Ecosb

= j(pZnydyT)kr‘ cosf

= p2ntk jr‘cos 0.y dy

R
F., = p2ntkd j ydy

rR2’
— p2rtkd
pem 2

Q. E.Fis normal o Disc E= & (1—£jr Where r is

distance from center of Disc, Find %disc =7

Sol.
R ¢ne‘r
—_ J'dq):.[E.dAcoso
B R
ey . Opet = _[Eo [1——j2nrdr
[

Q. A cone made of insulating material has a total
charge Q spread uniformly over its sloping
surface. Calculate the energy required to take
a test charge q from infinity to apex A of cone.
The slant length is L.

SOI. dV:ﬂ:@
y2+x2 r

. y R Rr

S 9:—:—, =
T

Physics @




dl"\r
Y [\ A

B AB=L

L L
[dv=| kGZ:Yd'" —ko2r| RT’”% - k%l_zn%l,
T

[

o
L

Q. A point charge q is located at the centre O of a
spherical uncharged conducting layer provided
with a small orifice. The inside and outside radii
of the layer are equal to a and b respectively.
What amount of work has to be performed to
slowly transfer the charge q from the point O
through the orifice and into infinity?

Sol.

T.P.E = (SPE), + (SPE), + (SPE); + Uy, + Uz + U4

_o. K ka® (kg | (kq ) kq
U=0+ g +2b+ . q |+ b.q +b(Q)
Uf=0An5=Uf‘UI

Q. A cavity of radius r is present inside a solid
dielectric sphere of radius R, having a volume
charge density of p. The distance between the
centres of the sphere and the cavity is a. An
electron e is kept inside the cavity at an angle
thet 6 = 45° as shown. How long will it take to
touch the sphere again?

Electrostatics

Sol.

1 eE

2rcos0=0+—-—— 12
2 m
2rcos0 = lﬂ‘r2
2 gom

12 s0
o / gomrco 0= 450
epa

Q. Thinlongstripwhose cross-sectionis asemicircle
find EF at 'O’ located midway on the axis

Top view

(o)

n/2
Sol. E, = [ 2dEcos
o

dE

dE

dq %
dx = Rd6

) “f , 2koRdBcos6
' R

[¢]

n/2
=4ko j cos06do

&




Q. A conducting sphere of radius R and charge Q is

placed near a uniformly charged nonconducting

infinitely large thin plate having surface charge

density o. Then find the potential at point A (on

the surface of sphere) due to charge on sphere
1

Y
(her‘e K ZE,GO =§)

Sol. V, =V,

(vp )due to sheet T+ (vp )gola = (vo )Shee‘r + (vo )Gola

(VQ )due to sheet (vo )shee'r * (vp )gola - (vo )Gola

iSheet

() - kQ
E(‘m ~(4R-Rcos0))+ (Vp )gona R

kQ oRcos0
Modeota =5 =2,

. The electric potential in a region is given by
V(X, y, ) = ax’ + ay® + abz® 'a’ is a positive
constant of appropriate dimensions and b, a
positive constant such that V is volts when x,
y, z are in m Let b = 2 The work done by the
electric field when a point charge +4uC moves
from the point (0, 0, 0.1m) to the originis 50puJ.
The radius of the circle of the equipotential
curve corresponding to V = 6250 volts and

z=vV2mis a m. Fill «® in OMR sheet.

@

Sol.

Sol.

a aq
=—AV = —qAV = - O—— = —
(WD)ex'r V q V q( 50] 50
50 x 107 :M
50
a=20750 _ o5

V = 6250 = 625x° + 625y° +625x2x 2
10=x*+y*+4

X +y* = (oY

Three charges (+q) are placed on the
vertices of a equilateral triangle of side
a as shown in diagram. Find electric field

at a height h = a above the centroid
of A.

=/

q

E,=3Esin6
[6 = 60° already solved]

k
where E = —2 ‘
r

2
r‘z = h2 +{%}

. Four charge (q) are placed on the corner of

square of side a. Find electric field at a height h

a

2

from centre of square as shown in figure.

A

'Y
1
1
i
i
i
i
i
:
¢
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Sol.

o—______\_\.>

>
1]
o

ISy

o

@ E,=4Esin6 [0 =45

(1 symmetric @erell o ®H 4q
charge #' Tk ring T wHd T ff
fs@et radius center & et ot o $5

A
R=|-=| s x=h.
[ﬁJ *
£ Kax K(4q)h

2 -l—X2 e . 2 P
= )

9 F A A 1 UeA F TRl TRl SR gl ol

zHe! 1 3q charge %1 ring wa fSwet radius
2, A ™ EF fema @=d 21 It's your homework ver'\l/lgy

the result. 5@ verify 8 <@ @ W& insta ™ gef
et sam (Saleem.nitt) eFR 9 insta W & & @

<1 @ gt physics and visualisation develop =@t
(& 9 @ e thank you saleem wiga!

J

A

1

1
1
1

h

S

a

account wd IAMII

q
i chogn (1) 0o Placak ok
9 VM”\UA%&~"M°W3L“ "
& d(\;?‘w- { Fove o0 &
Croy. oty IR, b=
abown "‘v-\ & °i H“"}L'
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