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C haopter-12
Flectrostatics
The Stud oF electric charges ot rest
under the action of electric Force 1S
called  Electrostatics . ?? -

12.1  Coulomb’s Law

This  law  was by

CHA LES CQULOMB Q French it * '
AL E, E 7 @b ary _engineer

: <>@

P

5

force’” between  fwo boint

oroduct of +he maqnitude oFf charqges and

inversel proportional /. to the

| distance  between e /%
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K = Constant ok proportionality .

The value of k depends on:

1) The nature of the  medium between the

charges.

&) lhe. —CeyStem - ok gaies . g . wihich i U R oa -y

are ' measured .

471 €
Coo.. = "An electrical _constaont
€o = permittivity ob..LFreg) . space .

€, = B85 x 10 C - Nt

e
Il
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Coulomb’s Force in Free Space

When Mediumﬁ between the charges

IS an InSulator called Di'-Jrric :
i ‘ @*T
O
%{@\v | ln_the presence}
of a dielectric rnedi'um%;;@me electrostatic '

)
Force  decreases by q

Factor

o

€r = Relative permittivity * of the medium.

€ has difFfFerent .wvalues ' Bor difFerent

materials.

Er RN G it =
= i o
o -é...r. F.‘

Please visit for more data at: www.pakcity.org
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A
~"r—-.-=--"ﬁ4“

As Er > 1
| So . F < F
: Note:
€ r has no  units
For  Air Er. = 1.0006 = 1

L pakcity.org o

| ’ '
| Coulomb’s Forces is a Mutual Force
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e = —— - ’ = -
' ' % - ) -tk = - I
|

N v, S Ly
t2¢ = Force on\¥chaega %, due to charge g,.

12 = Force on charge o, due to chorge oy, .

| rZI = -Uni’t VecTtor dfrec’ced l From V1 to v, - I
& ‘
| =

Unit Vector directed F’-rorﬁ Q,  To Oy .
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Jupes of Forces; X

o
9 The Sign  of charges

| N
1) When the Charges | aré

Similar [ (+ve , +Vve) or (-ve —ve )],

Ihe.  Force - is  4%® BOdg- it Q15

Repulsion.

2) When the charges ore _ M?____;EU%
Opposite (+ve |, —ve) , the o ¢

Force' IS —ve and it

o

19 5% Force ot attraction.

Please visit for more data at: www.pakcity.or
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12.2 Fields of Force
By
i-. Newton's Law of Gravitation and

2- Coulomb’s Law

We calculate the magnitude and direction of

1- Gravitational Force

2- Electric Force

Micheal Faraday  introduced«®) the concept

of Electric Field. 0@ <>
% <

@%@ordmg 1o this ‘Hneorg |

an electric ° |
ctric exists o the sgpace Qround

the Charge . This orce ‘trield ( Electric Field )

exerts electric’ force on “another Charge

placed in it .

- Ex_g_lonoti'on:

The interaction oF tTwo

Produces an  electric  Force . Thi '

Completed in fwo Steps .

Steg—l:

electric Field around it .

Fig (a).

. WWW.Uc AL
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SteQ-—Z:

When Q test Charge

n h

Yo i brought in +his  Field, :-. "

------
!!!!!!!!

% - ' m 1T N
e L 2 e - —t L] '." e P " -
' I‘ % L] "" "ll‘., "l'-' t‘ﬁJ P
\‘ L] " a L - - i,
L] & g = g™

the Field of charge 9, Interacts
with 9, and and produces an

electric Force.

—

.F_r EQOE

Electric Field:

b6
The spaoce (O9r region

O
around a charge in which\¢ its effect is

<
Felt. by ' a unit posi ({Ve charge (test charge:q,
Is called electric A

a 5 &\ '
Electric Field Strength or Electric Field Intensit

T e — p——
- e s . e e T =
=

a - Gieiefhion R i e e —

s

—

The  electric Field inteasity E at Q
~oint is defined a8 the Forced experienced

b a unit positive charge o, placed ot

|

Electric Field

lntensity = Force per unif charge

Please visit for more data at: www.pakcity.org L
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BT

E is a Vector quantity

SR 4

unit of E:

[ts direction iS5 same as that of Force .

Exglonoiion:

Force between charge +0, and

Q test charge Q, 1S

|

™

5% 610°A)10yed 5
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12.3 Eleciric_lield Lines

Micheal Faraday gave the  idead oF
Flectric  Field Lines or Lines ofFf Force.

Electric Field Lines

provide informotion about the  direction and

Strength of electric Field at vorious places ,

Definition:
The ath along . ich Q unit
bositive  Ccharge test charge\l) moves IN an
. w‘
electric Field is ca ’__electric __Field lines
or electric line " Force .
o A\
Explanation: s
R [ LY o \." +cv;\\./
We “place AT +a
| ' | \
positive test charges q, b @ +o.e—b
~at diffFerent places "but 3 Ero -/
~at  equal distances From ‘/\‘“-i-?’—""'&‘
@ Charge +q, . Each test
Charge  will  experience a repulsive Force.
[t 1S indicated by QCrowWs N Fig @)-. '

B pakcity.org s

Please visit for more data at: www.pakcity.org




www.pakcity.org & 10— www.pakcity.org

{—- The electric Field created

by a positive charge is

directed radially outward .
g (b) . P>

2- The electric Field produced 'bg e
negative  charge (s directed

radially  inward.
Frg (C) | '

& o | §

<>©v i

(65 R
ﬂ\\qb | Fig (c)

Strength of Elc Field.

o ———— i m—y

\

4& [he  number

o o\ - |
- of electric Field lines pef* ¢4 unit area >assing I

perpendicularl [3 _proportiondh! t0o the wagnitude i

of . electric . Fielm

Please visit for more data at: www.pakcity.orc
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Weak Field:

When the number ofF lines

per unit area is small , the Field 3is weak

[n  the weak field , the lines of Force are

www.pakcity.org

not closer. This is Why Fi1eld 1S weaker

away From the chorges ;

Field between . Two Sfmilor Charges:

iz
N
771D
,gfmt

; 3
'wo  Similar char es.f Q) '

AR

ltnes near tTw imidar
Charges . Fig (a)
Neutral Zone ___or~<&ero’ Field Spot

The middle region between
the two charges is ¢
neutral zone or é;e.ro

Field spot.[t is indicated
oy N. At +he point N

q

E"::O

Please visit for more data at: www.pakcity.org
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Field | b":ee _ TWO # POSite

F'ig (¢) shows tat the Field

pattern of two opposite charges

oF same mognitude -

IThe Field l\ines gtart From +Ve

charge. and end on the —ve
Charge .” The direction ofs electric

Fleld intensity at any  point

IS qgiven b tangent drawn «Oto +he Field

i

line at that oint . Q&\O
&

o

Uni eld:
‘ For:m Field . @
hen thel. electric Glald - lines
AQre  equall Spaced and parallel , then  the
Field 1S uniform: .”
ln_ | this case the same

number of [ines POSS Per unit area . Fig (¢)

Shows the Field lines between the
plotesc . ofF g porol_lel- plate capacitor . The
Field (S uniForm ot +the  widdle region.

1eld:

When  4he electric

Please visit for more data at www.pakcity.org
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Field lines are not equally spaced and

are not parallel . then the Field is not uniform.
The field 1S non-uniform

at the edges of the plotes of a parallel

plate  capacitor .

Properties of Electric Field Lines:

1- Electric Field lines originate (start) From
positive charges and ter«@@’ te (end ) on
_ ©
e negative Charges . O@\O
/\(@% >
o
2- The fangent toSY Field line ot any point |
gives the ﬁion O (= electric Fiéld at
that point.
3- The lines are cleser . where the Field
g Strong M < lines ~ are Farther onrt(.u;)
where the  Field 1S  WwWeak. .
4 - No . two  eléctric tield lines  intersect

—-’

(cross) each other . This g because E

has  only one  direction at any gfvén

Please visit for more data at: www.pakcity.org
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point . IF
E could

Which IS

| 14 B

www.pakcity.org

the lines Cross each other ,

have more 1han one direction ,

not possible.So ., electric R

do not intersect each other .

Please visit for more data at: www.pakcity.org

ield l\ineg
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s

1- Xerograph Photocopier)

The copyin rocess

—

- °

is called __Xerography . It is a C‘ombfno’ci’on of:

e

GreeK V\lOrdS erros , Ond grOEhOS ,

which means . drg Wri&ing ,

page to be copied - face down

 toner cartridge
- confaining black
toner dust

pnnted lma%& 35

, | paper on which the
nheated rollers Image 15 printed

ving ran image of the page to
the drum, wmch leaves a static t:haﬂge The drum collects tﬂner duslt and transfers it

to the paper. The toner is melted cnto the gaper

Work Erfnci’Ele:‘

6
The lamp  Transfers an
Image ok +he page to +he drum , which

Ieoves il Stotic  choarge . The ~drum  collects

- foner dust and fransfFers it to +the poper.

The toner js melted onto the age .

Please visit for more data at: www.pakcity.org
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Construction

1- Lamp:
The lomp TronsfFers an 1imoge of

the page to +he drum.

2= Drum:
The heart of the machine s
drum , which is an Aluminium
cylinder. It is an excellent conductor.

3 Selenium _surface : @@

Aluminium Cy is coated
O | ;

., 5
with a layer %@% Selenium .
Selenium 'is  insulgts?  in the dark. It

- &
becomes a {@éacfor Wwhen light Falls on it.
Selenium isS\U“a (o phetoeconductor .

When the drum 1S exposed to _ light ,

- b the electrons From’  Aluminiem - pass through
_.| -l-t-le Conduct{ng Se‘enium | Ond neu+fOHZe
the positive  charge .

4 -"Toner :

Hein o o epecigl. degl Cbluck
power. When  negatively chdrg ed
'I'one'r" - spread over the drum, it
sticks to the positive charged
areas . ‘ |

Please visit for more data at: www.pakcity.org




www.pakcity.org (178 _ www.pakcity.org

5- Sheet _of Paper:

The Toner From the drum

IS ShiF{ecl to Q Sheet of paper on which
ne photocopy [S produced .
6- Heated Pressure Rollers:

Theg melt toner

onto ithe paper to Fix impression of the
document .

Workfnc_:u! : @
o)
When a posntr % chorge is spread

over +the selenium , remain there Qs

long as it remains @@ darkK .
&

@ When the drum
is exposed to"Van'. image -of the document ,

the dark and light areas of the document
produce similar wafeas | on . the drum . The dork

~areas  retain  their™ | _pesitive” charge, but +the

light areas  become  conducting and  lose

their  positive chorgé . They become . neutfral.
In  +this wWay , a positive charged image
of the  document remains on the Seleniurh
Surface.

Now spread a négo{ive ly
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]
- -

charged  foner  over the w . drum-wlt . .sticks
to  the positively charged areas. So, the
foner is Tfransferred onto a  sheet of

paper . Heated = pressure rollers melt  the
toner onto the  paper. This produces a

“ Power Prin [.e., d pho’co copy .

2 - 1nk]et Printers:

An inkjet B LTeE 15
Q fype of printer which j?@gses electric
| : o (o A
charge In 1ts opero’nggﬁg\ S
@%\Ju
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Charging Deflaction plates
alecrorne I |

¥ ® 0 & ® & F B0 E TR LSS Bl
— -h‘ﬁ.

- MNozzle o
— prinfhead

Faper

- Instructions from computer

| Fle- 1212 (B} An inkjet printhead ejects a steady flow of ink droplets. The charging
| electrodes are used to charge the droplets that are not needed on the paper.
 Charged droplets are deflected into a gutter by the deflection plates. while
' uncharged droplets fly straight onto the paper

1- Printhead : & .
K0 shuttles ((beie»l) back  and
Forth ~across ey A paper . [nkjet

printery ejects W a  thin Stream ()}
of Ink. '

2

2- Nozzle :

Ink is Forced out of a small
nozzle and breaks up  into

extremely small droplets .

3. Charging  Electrode:

It charges the InK

1O JlIc Udldad al. WWW.Ud vV .Ul U
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droplets.
| 4- Deflection Plates: They divert charged
| droplets mnto  Q gquiter.
' 5-Gutter:

i B [t collects unused ink ( diverted

charged  droplets ) .

$- Faper:
' ' Paper is wused +to collect . the
uncharged droplets in the  Form
of  Print. Schematic diagram _is shown
in  Fig. : @‘“ - l
oS

An mKJeJcQ@‘}DSrm’cheod ejéc’cs a
Steodg@g@xgﬁ of Ink droplets. The
charging  electrode. | charges the
droplets |~ that are not needed on the |
paper . Charged | droplets ore deflected
into  a aitter’ bie/the - deflection
plates. The uncharged  droplets L
_oFF  straight onto the ' peper. .. to.

print the - document .'

5 Coloured Copies:

Inkjet printers also
produce cdloured ~ Coples.

! * | .

V. UIlU
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Eleclric Flux

Definition:

13

The nhumber of electric Field

lines PASSING throuah a certaoin element o b

Qrea 1S called electric Flux through that area.”

‘ OR
Scalar product ofF electric  Ffjeld fnfensitg
E and area vector A s _called electric F|ux’.

be = EA

—_— T o nnno. Ity.OI'Jg
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Minimum Flux:

When area is held

parallel to the Field lines, Flux is minimum.

Cpe = E A
P = EAcose
Pe = EAcosqo”

When areao

gl

With E .

perpendicular

S Bjo'ﬁ!o)'ed 220
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2.6 Electric Flux ‘1‘nrough a Surface

enclosing _a _ charge: ~
| Consid ‘ b
N onsider a closed surface
In the shope of a sphere ik -
| oF radius r . A Charge " Q, :
: 0

1s placed at +the centre

of the sphere.

To apply ap M EK , The
should be  Flat.

. i A A haw K.
_ 33
Here electric iIntensities

CPI +¢)2 eresls 2 _|_¢)n
B DA, £ EURA + v o F N

E‘JZX[:\1 iz EZAAZ R L +EnAAn

Jlease ViISIt for more data at. Www.pakcity.org
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Due to Spherfcol Sy mmetrU

E :E _-_':'_-...._-:_-_E :E.:___.___].'__.__g_/__'
: b 4RE, r?

$. = EAA; + EAA, + -+ + FEAA,

Pe = E[AA1 = (N By +“'-+AAn]

. =R [ Total sSurface area ofF Sphere J

Meo
Cpe S ©<i® ;
3 NN

% 610" Aoyed :'-3-::-

Bt & N \ S
Note: Flux pends “tom | &, . (charge ); not on

Shape , size of [(€losed!! sugtace .

12.7 GOUSS’S LOW

Stotement:

Fe

Flux through any closed
SurFace  is L  times +the total charge
caclgsed  in ftob

Dlease VISIL 1Ol MoTe Gata ar WWW.parciy.org
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Consider Ccharges

qii qlz , tonn,q/n Ore Preseﬂt

In a closed surface S,

surface is: ~ O
22
Cpe T qDI T : @?' """ + Pn
' =y @?
P, = Lt Yn
; @@“& & il
Ly
CPE o eo [ q,l = q,z T oo e o q/n ]

Q = q’g +q/?_ +"'-+an

Q = Total charge enclosed

—

Please visit for more data at: www.pakcity.org
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3

ations of Gauss’s Law

op ]

2.8

{4
S— /)

Gauss’s Law 1S applied to calculate E

i. We imagine a closed surface (saussion

Sur Face surrounding the Chorge .
2- The choice of (Gaussian Surface 1S  such

that Flux through 1t can easily calculated.

3- Calculation of charge  enclosed in Gaussian

Surface .

Find

(1)

a hollo w Conducting sphere

Please visit Tor more data at: www.pakcity.orc
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o Sradius. K. It. 18 given

a. ~charge - +GL .

Now imagine

Q Sphere of radius R’< K

Within the hollow Chorged

Sphere .
This is .  Gaussian SurfFace .
. = Flux through  the (Gaussian Surface .
Charge  enclosed in the Gaussian Surface
. \o
IS  Zero . /{\o@
S
a = 0 g T
| - ;
; (1) B (Gauss’s Hfgh
iIs> S
Py = =
t P, = _E%
C, F90 (1)
i) By deFinition:
P =B (2)
Comparing equation (1) and (2)
E.A =0

Please visit for more data at: www.pakcity.orc
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£ s
A # 0
So | H E = 1
So there  1is no electi’c Field WIthin
5 the charged metal sphere .
‘: Hesults:
I LG ) The Interior ot  a  hollow metal

charged  sphere s Field Free region.

(11) Any  apparotus placed « @ Within Q
metal = enclos S
ure qugq\cg%lewed From

electric ~ Fields. _@°

5

Consi'der ® [ Plone Sheet of
inFinite extent(ces szl

Positive  charges are

uniformly  distributed on
Lt

Surface Charge densitg e Charge per

unit Qrea

Please visit for more data at: www.pakcity.org
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o)
O — &
A
Q = O0A

Derivation oFf E:

Consider a (Gaussian
Surface In the . Form of @ cylinder

passing through Hhe Sheet .

&%)

1- B is parallel to cur surface of

R
the cylinder . ( 9@@&) |

2- E s perpendicule to the  two tlat

)
end Focesﬁf S =407 .

lux  through  the Curved Surfaoce:
® = E«h
P, = EAcose
Cp1 e EA COSQOG
® = 0

~lease VISIt 10r more aa . WWW.paKCIty.org




www.pakcity.org

—k 30 ga

www.pakcity.org

(if) Flux +hrou9h the right end Foce:

P, = E.A
P, = EACcCO0sSS
$ = EACOSO’
¢, = EA(1)

l ¢ = EA '

1] Flux through  the left end Face:

Q

P, =EA (1) =

Vs s

«©w

[ <D3 = EA I Oy
Flux

€

~lease VISIT TOIr more data dt.

T WWW.DaKCITV.OTC
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(11)

i
|
n

m |

O

Vector Form:

| ' A

‘ Where r is Fo unit Y @’ﬁn\' normol to the
| Sheet  ‘directed w@@ From e

3- Electric n‘tesit | between 1wo

oppositely charged metal plates.
. | ! . E
Consider two  ©Oppesitely A mrwio e
+
charged metal plotes of T
. -+ —y—
inFinite extent . s
| i e
Distance between them Is iy .
| 2 —» |
very Small . _
Charges concen+roted 1€
W

1016 1T1NoOre ddid al. WWW.PdFK V.0I'C
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g 328

Flectric Field line s are directed From

positive to negot'fve plate .

SurfFace charge densffg e & 2 charge
- Area
o} — Q
A
e W
Hollow BozTOP race q)B
Imagine a Gaussian = +-:++ —
=L LeFt "'-———*f E‘_—’ Right
Surface In +the Form bace CPZ'&@Q'-— it it ace P
of a hollow box. O v v +
1 | Vet T

upper metal plafe. @@

1- Flux _through  cight or left Faces of the

"box is zero:

because +they ‘are  porallel"” to E

Sfmi\ar\\d ,
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2- Flux  +hrough the top Face is __ zero,

because this Face is inside +he metal
plate . E inside +‘he metal plate is zero.
CP3 = E.A
Py =0 0.4 3
. B =0
P, = 0

— - 0. — ) ) = W g T ——— W~ =

e T ——— T

e O©@@J
P, = EA c@%\
Ao NE '
P, = g@@cos 0 . . C0S0" =1
4 3%t ALL)
| .
(P4_ & EA -§-
Net Flux: §
SEe s TS pakeityqrg SEEe el
P = 0 + 0O + 0 + EA
By Gauss’s Law
= & _ cA
Pe i (11)

~1lease VISITTOI ore data atl. WWW.Dak V.O[ C
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Comparing (I) ond  (I1)

o L P
S AG €.
TERERN I
o —— EO

SFRR O I
[ i

= Unit veclr Fform

1>

negative
plate .

Relation between Electric Potentiolﬂ Enerc uAUu

| ond  Potential ~ differeace —av .

J | Consider  two oppositely Chorged “ plates

A ond B. A test chorge +9, Will move

From  positive plate towards

i —-|ri|:;..—+———8
~ the negative plote A due L kg

to electric Force | Y,
F = 9,E | b
as Shcizawn‘ L NI 2 T e e N S '

U IIe Udld dl. WWW.pPdl




www.pakcity.org

- A Bo—r www.pakKcity.org

[t will gain .. K€,
[ we apply O Force _F;

equal and oppositeé to G,E,

the | Chorge Will wmove From

plate A towards plote B

WIth constant velocity .
R le in electrostatic  equilibrium .

It will gain electrostatic P.E .
The work done in movi'ng the chorge From

plate A to B appears as +21® Increase  in
P.E. O@Q

Avii

A
%,

Please visit for more data at. www.pakKcity.org
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DeFfinition:
rrPotent'i'o\ difference is deftined
as the  potential enerc difference Ser
unit charge b
AU
V —
| v - &Y
AL = AVC\/o . or W = C\/o AV

AB

Unit ofF Potential difference is Volt .

TR .
Vo PG
_ O
1 Joule o%fé\o J 3!
- . 1Volt = 22502 o g S
.!| - 1 CO%@ V C J c
=] - o 0\ = =t
% ({ g\ci IVOH: = Joule Eer Cot_ﬂo_mb
Potential - difFFerence between o

J= . S  one volt when WorK done in
L movin a ositive one .

ﬂ n coulomb charge

| A |

| (unit +ve charge iSty.orcone ot

1\

~ Electric Potential or Absolute oten{i'ol | L A

Electric Potentia| o

r absolute potential at

9 oint 1S the AQmount oFf work done

0 movi I 1T
'INg A  unit  positive charge From
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inpinijca to that point | Keeping  the Charge

1N equilibrium .”

W |
AV = q{‘:B [F we take A af nfFinity |
V, = =
van vA 3 N (=l iV 0
Qo WAB =N
iRy, - A

Potential = Work done perl

[ oy s W ] I unit charge

g
S MR B e T e e )
Consider E betwegn@@Two | o
\ O\ hke el h S d
oPPOSIte\g c:hc:r‘égﬁfﬁod plates : 'LI St °
as  shown N F1ge - —
AV = V- - .
s~ Va = e L
WAB = F.d
WAB — F‘ d COSQ \
Wee = Fdcosi1go°
Wi = Fd(-1)
| WAB. — = Pd o T CJ,oE

.

Wi = —*(Ow. E ) d

Tease vis RN "BaKCITy. 0N
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(11)
Put  equotion (i1) in (), we get '

A o B
™
AV e & +the distance o
: _av 15 Small d=_Ar
d I g = grodi’ent of
tential
[ E‘ e _@_\_/_ I poten
Ar
Elcir Field Intensity = —Vve Oi@\/ gradient of potential|
= N . | |
[ A i 7" sign  Shows that
the  direction  of % ~ds along  the  decreasing -
potential. '
N\

N

Potential Gradient = 5—}.{
———————————— el L

(. o

% pakcity.org g

L
LY &
5
()

Definition:

The quantity wWhich gives  the
maximum  value  of rate of chonge o

Qo{:en{:iol with . distance IS Known as
_ Eotentiol gradient .’ o
Unit of potentiol gradiant is

NC or vVm

%

Please visit for more data at: www.pakcity.org
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Question: Prove that

Volt . L N ewton
meter C
Proot: oulomb
L.H.S = Volt
meter
AS
L.Hg = _dJoule "
Coulomb X meter AV = —
' | /0
2 i Shaae Newton x_meter ‘ Volt '=-.. Joule
Coulomb

Coulomb x_meter—

So

e ——— e ———:

T —

T . ' pak-cLitry.o;'g
Just information '

AS AV = — Ed

AS' or = ' B
e F [V = Ed | Moagnitude]

e , _
But B AV
: * EiASE
unrts of E = Newton | | _ | |
meter  §
oo - . | ' ' i b
Newfon 1S equivalent  to  _Volt |

Coulomb ’ ~ meter

~lease VviIsSIt Tor more aata at: www.pakcity.org
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12.10  Electric _ Potential ot a  point

due to a Eoint Charge

Definition:
e

- Electric Eoten{:io,\ CIL. L. Cl Eofn‘t due
v Eoint chorge 1S defined as the

amount - of wWork done in  movin a  unit
Sositive charge Erom inFintt to +that

_point, Kkeeping +the charge In equilibrium .

Proof: | .
Consider Q< horge o, whose electric
Field 1S Sho@n Fig. |

This Field is radical.

Take  two points . A and

B very close to -each

other , so that the electric E

Fleld iInte nsitg E remains

constant .

The distances  of the points

B From the chorge o,  Qare

TEaSE VIS TOT TMOTe Oata a3t WWW.DaRCIy.0Tg
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r = Distance of the charge Oy From

the mid point between A and B.
Ar = Distance between the: points A and B.

AS B oV
AT
AV = — EAr o el bt )

According to the fig.

AN - R o e (11)
The magnitude of electric iIntensity at this
. i ‘
S b e e S
| 407x O r?.
@\K'@% ; |
As 1he points A ap B are very close
D
torsk teaeh T alier i L SoN
@3@ Al TN
‘ - gr — S
2 : - yeses i
N, = Ve N¢|  putting in eo, (i
E — 1 Q/ ' -r \\:
| 4R Co la I . '

i
[
i
|I
._ i
|
|
li:
I

~Put the value of E and Ar in ‘eq,uo’cion '('i). 1

7 R e a, =t .
- 4Nn€E, ry Iy ( _rS Fa ) B
VgV o s — 1 £

A = e |
. 47E, Iy Ig

Ol TNOoTe Qald dl. WWW.DaKCITY.OTC
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< S e
\ AR ot 4 X €Eo ( Ia (g )
To Find absolute potent{ol at A , the POlnt
L O )
Bl je af infFinity . So O

o0
@a@ :
V. — 0 U Kol 2 0 )
f o AN B [
o 1
V, s :
: 47(60 rA

Te general Formula For the  electric

|\ "

potential RV I M. LAy 1 (- Vet il e from  the

charge q, [S:
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Electron  Volt  (eV ):

It is oronit ofF

www.pakcity.org

energg_.

Definition:
. X One electron volt IS the
“amount of  energ gained or lost b an
| electron as it  moves through a botential
ditFerence of  one voit .’
| Question:
Prove that leV @ 6 X10 Joule
| Proof: @WO

As ; AV @_

Q gy Joule
xﬁ\?& sut voit ==
@ = q, Av | ‘ COUIOIle

AKYE = "€ AV
AGE  =(16) X 10 Coulomb) x 1 volt

AK-E = (16510 Coutom ) x  —Joule

- So
Irn:Eorf:ont‘ EormU|Cl: K E = q,V

Please visit for more data at: www.pakcity.org
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12.11  Comparison _ oF Lric __ond _Gravitational

Forces: Similarities:
1) Gravitational  Force Fq =G —n—llr—T—z—- 1S

a conservative Force. Work done in  the
o gravitational Field is independent oFf

path  Followed by the  body .

lhe electric force (Coulomb’s Force) F, =k OV;OZV;.
ES also Q conse'rvoti've Force .

. _ . . ™ O
. Both  forces =) o1 j\ff}\&fé square  fForces.
- They are inver sel%}\ﬁgproportiono\ to  the

Dissimilarities:

i 1) Tﬁe value - of. (. gravitational constant

. oy ek ity
G =6.67%x10" N m? KJ?* "% very small. So,

J grov_ltotlonol Force Ko g very  weak .
Whereas , the wvalue of electric constant
K = 09x10" Nm* C_2 1s Iorge .
- 2) E\ec+rostotic Force  can  be. . dHractive

: repulsive . Whereas the

Slease visit for more data at: www.pakcity.org R
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gravitational Force IS only attractive .
3) The electric Force depends upon the

medium and = can De shielded (tiz ) . The
gravitational Force cannot be Shielded.

12.12 Charge of an electron b

Millikan'’s method

In 1909 R.A. Millikan tFounad . the chorge'f

of an electron . The schematic dlogrom (S
Shown 1N F-'ig. &Q

S P - | B R W S s «im = D
@% SR I =
/\!\/}5 +
:. W2 I
<2 ) NG 4
_ L. |
Construction:
1- Container C:
| [t contains the  parallel
| ' : S s '
Plates PR ang saves oil - drop - from

the  air disturbance .

2- Parallel  Plotes PP
N
_ | ' A voltage v is
applied be‘tw*een | the plates I

Please visit for more data at: www.pakcity.org
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An electric Field E is produced . The

upper plate has a small hole H

d = distance between the  plates.

| 3- Power Supply:

The Voltoge \/ is aopplied
and  controlled by the  battery vV =Ed

4- Atomizer A:

—wfily

Atomlzer Spr@\j oil drops
Into the container through Q% nozzle.
| _The oil drops are ngﬁig}%ed_ due  to Frfc"tio-n-
These charged oil Q&;{S PASS trough

&

"

2 LO
the hole H@g\\&s W

5- Microscope M:
dhe path  of the wmotion of

the ofl drops is" observed by +the wmicroscope

6- Source 'oF L S

R makes the drops
_visible. | |

WorKing: .
- By odjusting the  voltage V and
‘hence. " (v = Ed_) , the  droplet e made J

" Please visit for more data at: www.pakcity.org
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—
=-3 4‘? | 52

: - =0k
to suspend between the plates PP. t Fe
In this situation; -
® oil drop
Grovitational Force = Electric Force
¥ F, = mg
PS — Fe
mg — Q ‘ | Fg = W = mg
Mg = 9 a\z- But V =Ed
E=2
Oy — mgd . <
- V | s EER——"(T)
Knowing The  value of m, g, d ,V , the wvalue
Y i O
of chorge Q, can be ©<i®

Mass m ST o =y oo | _um%&ﬂn.

Mass of Droplets
| The Rwaltage v e battery

IS switched ofF . TRe
constant velocity . called §
Here |, +he Weight mg =l %
tThe Drag Force Fo .

| mg

T]
1 O
|

6K Tlr Vi
Where r  is +he  radius of  the droplet |

Please visit for more data at: www.pakcity.org
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O e Jpoe.

" N is the coefficient of  viscosity , Vi 48
the terminal Veloci'f:g ;
mg = F,
my = 6KYUVt S ——E U]\
o - MAass i m
Volume -% Ky
4 3 :
= 5 ANT X P ([]I)

Bt et sovalie s a6 equation égi) in (11)

356 610 )19y ed B

(fj

Knowing r the mass "m  can be  Found

by equotion (i) .

This value of m  is used in equation (i),

So , the change on the droplet is calculated
by equation ' (L) . f

’lease visit for more data at: www.pakcity.org
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Determination of charge on the droplet:

il wdunbasinted or CROEGE i

many droplets. He Found that  each charge was
| on integral multiple of minimum charge

- 1.0 X 10" Coulomb .

o

~} his  minimum  charge is +the charge of an

%7

I
19
electron S e o b g G R (O
a} (f? O ) = .
1 2. 1 & CG 0 C I .I.O r (@V 2 pakc“y org O:*
E X 2 : .
&
13 ,@
: o N\
Capacitor (5L 06 eVIC e which 1S used
Q)™
to sStore electric ““ére or electric enerqy. ”? |

O
S0

Construction:

A capacitor

‘ cansists of tTwo conductor S _
ﬁ placed very close o each = other .
iR dhe _msvlatiig | e dion between  the conductors |
i e is _called Dielectric.
When  the Cdnducfofs are ' in  the Form of

parallel  plates , -H‘iﬁ'en the

called Parallel B

’lease VISIt Tor more data at. WWW.PaKCIty.0rQ

capacitor 1S
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WorkKing :

When  +he  plates ot the capacitor
are connected to the battery ofF  voltage V,
a potentiol drop V oppears across the plates.
1 (1) The plate connected With the +Vve Terminal

of the  battery gets +@ charge .

1(11) The plate  connected with the —ve terminadl

of the battery gets — @  charge.
@ = Magnitude  of charge  on @{’rher plate .
Q< V @@(é’)
S
Q =CV OQ%E\
O
\
C <o

; ke
C = Capacitanc oF _the capacitor .

Capacitance:

13

Caopacitance™ 0is”  the abilit oF

Q  Capacifor to store Charge ,””

Capacitance C depends on:

(1) Shaope , Qgeometr distance between +the

plates , area . of o plate of  the
Capacitor ) . ' f

~lease Vvisit Tor more data at: www.pakcity.org
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(II) NMedium between +he plotes :

AS C = .__Q‘_.
vV
Unit of capacitance is Farad .
1 Farad = Lt
1 volt

[ Farach = rCou\omb- -Per vol’t]

e

Farad :

~given to one ok ' =
:«0 olates ofF ¢ sarallel|
| ‘O-te CG OCT+Or Y ‘1 ‘ | o -
_ pieduces a  potential difFerence |
: OF one volt .&’: we -\'hem LA

1 Farad isuio very big wunit. Hence

“We use itgs gub multiple™ — Units.

(*1 .' 1 MF = 10 F =1 mf‘cro Farad

& ) - R
IR = 100 F o s nieda. R

Please visit for more data at: www.pakcity.orc
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Capacitor | a
= [ e
y ¥
Consider A p0f0|l6| P‘Ote l t’“..__d_ﬁ: ]
capacitor . ' ' 4:"’ l o
\

' Q.“ 1s +the chorge and uA 1S

the area of each plate .
= distance between the plates.

d
E = Electric - Field between +the plotes.
V

= Potential difference bg\tv\leen ‘the
O

it QgJ

plates . 7 S

blotes: |

Case-1
As
™) 5% pal_tcity.t-)rg 8
Cvczc m _‘-\_/_ ‘ >

Surface charge density

5 = Charge PR oY

Area A
G =6 A
CVOC' — O-VA BU't V — Ed

(1)
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the electric Field ‘intensf{:g E , between

oppositely charged plates  oF the capacitor

1S

E = g— put In  equation (1)
_ gA
Cvoc =3 z
€.
' O
o Effect of Dielectrie:\° Medium:
(&
C g %x
med T @0 o
QR N ' When an
insulator Co\\eDie\echric 1S placed between
foahe plates = ofF the . . capacitored 1ts capacifance
| _Increases b a toctor C.r

& =Tts value is different For difFerent materials

|

' F € = It is called relative permittivity of the medium.
i

{ €r =It is also called Dielectric Constant .

Ezglonotion: |

Figure show a chorged

lease visit for more data at. www.pakcity.or
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o

Capacitor whose  plates are

connected to a voltmeter. HAT‘ __
The ' potential difference between e

| Vo
the plates 5 Ve . L———!

Now a dielectric medium 1S

fnserted(g’yb) between +he plO‘ceS.

| The potential difference decreases

F"FOm Vo -tD V :

V < \,
A8
the charge Q@ = remains sdame :)
- %Q“é,o
. = —@A«;@
As V. decrecseg N Capacitance C  increases -
(N
C — §_9__€_I'___ — € A |
mEd e = er ( d ) == €r CVOC

~&erinition of dielectric constant: €

Tf\e ratio QF'{ the ca ocf'tonce of ® OFO“el

Dlate capacitor with- an insulating Substance
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Qs medium between the plates to its

capacitance  with vacuum (or air) as medium

b
between  them.™

1215 _Eleclric Polization  of Dielectrics

f¢c

In the resence of electric Field  the

molecules ofFf a dielectric. becomes dipoles

This rocess 15 called Polarization. ”
Polarization  of dieleLctrfc _increases the

’lb\ i '
copacitance  of a , r;gJ“
capacitance or S

Ex Elono’cior__g_:

Ccontain eq,ual amounts of +4ve

| and  —Vve charges.Jhe cCentre  of  4+ve and
L e charges s sqrﬁe i -

e When  the  molecules
ol the dielectric  are tplocéd in the electric
Field of A Copacifor. The negative charge h
-(electrons) qre displaced  towards the

positively  charged  plate, and the cesitive |

w @ WWW.Dak
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S

charge (nuclei)  tfowards  +he negatively
charged plate .

Now the centre of +ve ond —ve

o

charges 1s not same

One end of
the molecule shows Gl 1 =Ye charge ond
the other end shows an  equal amount
of +ve Charge. But +the molecules are

; still neutral . It acts as o dipole .
Dipole: @@@\
13 Oﬁ\o
= Iwo equal EJ‘\‘ “  opposite charc es
- § seperated b Q S distance  is called
| Q dipole .”” @O\/
Y

i) € ef o C

Cogacitonce

of Polarization _on the

As Shown " in Fig .

{- Positive plate  agttracts negative end
of dipole . .
== Negative plate attracts positive
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As E = g : E = decreases .
As V = Ed ; V = decreases .
As A Evic %— , C = Increaseg
ReSuH::

Decrease in V increases the Capacitance C.f

1216 Energy Stored in a Capacitor

@@

L4 A capacitor . Thi
apacitor Store;qq&\ ectric energy . lhis

' energy Is Stored In (\@% electric  Field
between the  plates < Q)OF the capacitor .
. X ‘ |

Expla nation: w

The charge | on'y the plates of

' ~the  capacitor pesses - electrical energy ,

" ‘because some OLK has ,.to© be done 1o
~deposit charge  on "Whe, .iplate’.

f ) Initially , wWhen  there s no_ . .Charge on the
CGPOCf}Or , potential difFerence between'

the  plates is zero .

AV =10

(ii) F"fl"lO”s > when chor'ge L 1S stored on
the  capacitor ,. the potential ditference is

. g %% pakcity.org s

L@ JIC Udldad al. Vwwvwyvv.bal V.Ul U
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Average Potential diftkerence
AV g SO Y T TR
fe Z
2
1 L BE
2 v 5 )
SNBSS B 2 B Y,
2 #
Enerqy = — QV _
- )
Cid O\ _
Energy = L cv.velel)
2 ,@% X
NAE
.
Energy = S CV*
AS @ C'
Sl g : A .%.
VAN = =
Energy = 3 A/ g
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Enerqy Stored in

Energy =

As

S S S — -

- — = - ——— E———

Q

But |  Ad = Volume

@

N I
ﬂ
o
>
L
=
w
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)
0O

00

— A

SR -

Energy density — fLnergy

Volume

Units of Energy densftg 1S J'm"3

12.17 Charging and discharging of a
Capacitor

—_—— P o — e ——— — — -—— - -—
- -

| ! 5 ChOI‘ of a COpOCf"'Ol":
| ' Mong electric

| | Circuits consists of both cog:aeij@ C_<sand
| B <

|} resistor. K. Fig (1) shows a el @@\’E oh
n | )
R called RE ~Circtit - @é\\g

When 4he switch § 4%
, <><? SET et

{ terminal A  the A&ﬁérg N | :

.,1 Vo St‘OftS ChGI‘WQ e Cdpocﬁor
| C through the ndsistor R/ Fig (1) | I

Charging a capocifor |

The charge on the _capaciter

builds  up grodually From Y ~cv =a.
zero  to Final equilibrium EL
0.63% —————= -———= ]
: VO‘UE <ql(:! —= C Vo » TBiS QFOW‘H’I = |;RC Large RC
oF charge with time is - |
Shown in +the graph . . | = RC ‘ : 8

OF THOTE data at. WWW.PaRCIty.OlC
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www.pakcity.org & 61 oS :
The time ofF charginc or discharging of
Q capacitor depends on the oroduct  RC.
H RC = Time Constant

Time Constant:

e
The tfme required b

the capacitor to deposit 0.63 +times  +he

equilibrium charge %o . \?/éé’\
O
N
QA = @% 5 Yo
Q

Note: @G@O\
Graphy” sigus®=thod. | the capacitor

Charges rapidly . . ‘when' Jsthe  Hme constont
RC is small. %

| 24 Discharging of +he Capacitor: .

When the switch S ig | N & !
get - ax the point B, the

Charge ' +9, on the lefkt - 5

plate Will  Flow anti-clockwise ‘

O MOTE datd at. WWW.PaRCITY.ONC
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+hrough the resistance and neutralize
the charge —q, ot s e -l Cightis plakes .
as shown in F'ig . Q,
Graph  shows that the CV,
discharging  begins at "N\~ Lorge RC
=0 _When . Q. =CNV . Small RC
| The charge decreases ' \
| gradually to zero . ' t |

Dicharging a Capacitor

@)

Note: ' . o O
When  the time Vconstant  RC 1S

smaller , capacitor 'orges rapidl
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(63)

Answers of the Short Questions

12.1 The potential is constant throughout a given region of space. Is the electrical
field zero or non-zero in this region? Explain.

12.2 Suppose that you follow an electric field line to positive point charge. Do electric
field and the potential increase or decrease?

123 How can you identify that which plate of a capacitor is positively charged?

12.4 Describe the force and forces on a positive point charge when placed between
parallel plates

(a) with similar and equal charges (b) with opposite and equal charges
12.5 Electric lines of force never cross. why?

12.6 [f a point charge q of mass m is released in a non-uniform electric field with field
lines pointing in the same direction, will it make @glmear motion?

12.7 Is E necessarily zero inside a charged rubber; on if balloon is spherical?
Assume that charge is distributed un1 over the surface.

12.8 Is it true that Gauss's law states th otal number of lines of forces crossing
any closed surface in the outw rection is proportional to the net positive
charge enclosed within sur

12.9 Do electrons tend to egion of high potential or of low potential?

Please visit for more data at: www.pakcity.org
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il p—-

' Answers .4 2 5 hor AL

The region at which potential /,/ N
- ~ ' \
15 constant 1s called / \
uipotential surface. Such a | '
\ ¥ /
—.Suckace. - S: - 15, Shown " in Fig . \ /
_ | i e
At every . pointes Conl hies - shrBaga s LS s
i : o= Q, ,
| potential = AnE, - 1S _same . I.e- ' ‘Constant

It 1s' not =zero.

4 SoEeecht ’th'sg/@ SurFoce the

magnitude = of electrfg( - Field B is constant .
Elests i o
E #0
| -12.2
' As
z E s oy 3V
A4nE, r? ] E "3:'1

. The. relations

. § thot as you
L Field  line due

, the distance

A WWW.paKcity.org
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positively
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As a result both E and V. decrease.
@d=12.3 - 5 .

‘The plate of
the capacitor which is connected wWith the
positive  terminal of  the battery  is
charged. The plate Which is  connected to
the  negative terminal  of the battery (S

negatively  charged.

|
|

|
|

|
|
I
|
|
|
|
|
l |
\
|
|
E
|
|
|
|

B, are ewo!&@oin opposite t
direction. So 5 () _, '

E =\E, — £, =0

F = o€ - &0 4% r

" -

net Folrce_ will  act on the ‘

As  shown in F'igure E is
From +ve - To —ve plofe E #’=.O
As ’
F =oF e + 0 i

Jlease VISIT Tor more data at. WWW.PaKCIty.org
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1

Due 1o tnis Force the charge 9  will

move From +Vve Towards = —Ve plate .

- Q~-12.5 —{ Answer o

No two electric
Field  lines Cross each other . This
r (S so, because _Fj has only one direction '
at any given point .

i IF  +the lines  cross eachother | E could have
more than one direction , \Nhrc (S not
possible. So electric Fleld Q\’ C ‘
lines do not Cross
each other. Q@ %

_ OV Not possible possible

In non—uniftorm

- electric  Field E ,dhe’ 'motiod~ of the charae

© mao 3 Ty |
1 or ma not be rechlmeor (s{roih{ |

line ) .

Caose -1:

Due = to . @ Single  point
Charge  or a  spherical charged
body . The given point charge
+94 WwWill make o Straight

line. motion . Fig (O)

" Please visit for more data at www pakcity.org
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- +
Case-2: -

; I there are two or él-jﬂ ‘“é
,i|_ | A s e, o )= ==

I more charges, the charge +q =iy s
| | ] 7
{ may. move along a curved 2

Ty (b)

‘po’rh. Fig (b).

i
1

§ Q-12.7 | Answer B

Consider a Gaussioan SurFace

inside  the balloon . charge
| -9 =0__inside o @ﬁ’ +
| By (Gausss Law ©§>v
N

By definition oF efecteié Flux

e E A s "
But A +0
: So | | .
E =0

o)
"5
s 8 & =
$ "8

L]
[

Please visit for more data at: www.pakcity.org_
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Inside

Yes @/
S true ot the total number of
'! lines o fForc Ctos sing any closed
surface in the . outward direction 1S

- . - -FM- B iy g e T g~ -
T I —— | S — . e . (A T P A e N e Sy 5 AP g, T N T, R e A S iy Y ot e T Sy g £ Y e . " - L =

proportional to +the net ' +Ve  charge

enclosed  within the ., Surface .

12,9

As the eléctron IS negatively

charged. So, the electron  will move

From §

Blease visit for more data at: www.pakcity.org
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@ regi'on of low potent?ol. Towards

-

www.pakcity.org

the  region oF heigh potential.

| Electrons

High

Low
¥

H

?
:
'_

|

wWill  move i Ay direction .

Potential

Potential

T e —— —

.

Please visit for more data at: www.pakcity.org





