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34. Electrical capacity -

1} Electricai capamty of a c:nnductcr 15 1ts ability to srofe electric charge

i} The poten!;a! acguired by a conductor js directly proportionat to the cha

rgegwen toitie, W+
te, @ «V orQ = v where the constant of propamuﬂdilty Tis

<a
conductor,

lied the electrical capacity of the
iiiy Thus the capacity'of a conductor.is defined as the ratio of the cha

rge to the potential. - )
iv) Tts Sl unit is farad.

, C&.S. = Stat chad :]"' 1E= 9x1e™ 550+ Fawad
vi 1 mailli l’arad{i mF} = 107 farad

1 micro farad (1 uF}=10%farag )
1 pico farad (1 pF) = 10 farad
vi} The capacity ¢f a sphencai Domucto! ifi farad is given b}-.r C drmear where r= radius of the conductor

i . b . ; ) N F'PCIChCG.'r MZ InFimre &U‘U
ViiHE we :mgvn9642? !?D ‘e a uniform sol id sphere then the capacity of eart o ﬁ Charge 5_“ 2t NSiR
C= 4R = Q—-;F =T1WF = 1 mF }Iﬁ-\ecbahcvttl Vaiue
R :

. 3 : H‘T ) _ o 3 ,‘:'2 ‘TH'HI:’
Divmension - C= % = ‘-E-*-——J—l——,l— = Em
Lm* 22"
¥y s S_49g _ R - ®
& . V - ."‘_‘3 . _'K— - - g-xjc_g
g R
4+ ) .
CGSa kK G BN atf)  gqp Cos A coR
e . =

.CREATED_BY . NEEL JOTANI




Usés of condenser {Capacitor): .
a. Capacitors area used o establish desirad uniform and
b. Capacitors can p,og__&ne__s'mng electric
electrical energy. 25 "
. A capacitor blocks direct
d. Capamtors are used in g

strong electric fields in sm-?l-.s'pace; '

field for small volumes. They serve as useful devices for storing

uurf-ent_ and allows. alternating currents. Capacifnrs are used |
eneration and detection of oscillating electric figlds.
€. Capacitors are widely used in tuning circuits of radio and T /. receivers.

n filler circuits,

f. To reduce voltage fluctuations in electric. power supplies, to fransmit pulsed signals and 1o provide fime
i S e T T 1
delays capacitors are ;é&e‘ﬁrfai. .

-

< Energy of capacitor -

-.; ' i} The electrostatic energy slored in & charged capacitor is  equal fo- c
K’w I Q" C-,‘(J_ oy X + R
A v gy ~ c.
CEl o L —u%

9“: fiy This energy is stor&d in the uniform electric fielq that

%

is present betvi;een the plates of 'the

acitor. :

Z5) : | ) |

: L_> | &8 San &) Fou N2 el RePuis,ve force.

%_ : Uy vl gy, LA Wop k dore B3, us - L. vV T

m . : @0

I@ 1".' e\ Cemducior

< .

. '.'\J A8 Worr _ Energy THE?QM;{, - N T

§ . A E Demne _ ST = Sz | T E-_"Ltl.a_u X Cigy :____-21; S/

L Uslav = Loyt @ Jusime c=8

Q 2 2 - T2C. . v

Emerdy Stored
ond &2 2l capPacior Chawgde S/ 2, e )
\r =f) BE. - - Vioe W& L g4 §3,9
Gzl Wi V. UuBi GaPacide _
. f-‘ﬂU'lQ't x - &2 1
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43.. Combination of charged spherical drops :

NOD "ATg3aN

When When '’ identical chazged small spherical dI‘OpS are cc-mbmed to form a Big drop.
| For each | |
gl : For the big
Sno. Quantity charged ' ' ;
- ! drop yume =nX vosuﬂd ::P
L —_—
smail drop Qi DbisdhoP Smai)
a. Radius | ' R = n”3r Ceaade ."51:1\' 3= %:'h ‘H_’I"Bz;.ﬁ:'nﬂ, :
.b. K Charge g Q=nxgq . chcpge Consé\oiied Y
_ : . ———
e C_apactty C I| Cl=n®yc . |c=S Tg =1 T L
.d. Potential -| vy - Vi=n® ey [ys= tq =M hmieq iy
€. Energy v | M =%y Uz 2aV= L agxnv= nby
f. Surface G ¢'=n" & M/ﬁ Al % 5
e o pg 72
density of - '
L_ch."arge = #E :
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: ' " cafPacixr
Combination of charged capacitors : {&%] Shap ™3 of caPa

it Iftwo condensers of capacities C, and C, are charged

to potentials V', and V, respectively and are joined | -

in paraliel (ve prate connected to +ve plate} then the mmmﬁ fotential

‘.K.f
. =
ii) The loss of energy in this process {man

i) When two condensers of capacmes C; and C, charged to p(}lentlalﬁ YV, and \, are c,onr:ected o

antiparallel €ve plate connected to —ve platyas shown in the i iqure.

b, ¥
a} Common potential V = = Cﬁ

Q,+Q,
Ci+Cs

GGV,
C,+Cy

b} Loss of energy

1

1

Qz‘ra?
R

1

&1y

ol

= SOV +2CoVE -%-:c_.: +C5 M2

Us

Whewre VzCiVi+CaVa
c,+Cz

= Q1+ O, @amse\-ewfed)

=—G, Y2
2 1

H

sted as heat) s given by U=_ 1“2
ek

5 G V2 & : =-§lc,,ﬁ.f2+%czv2;

L2 !

Cc

——(Vi=¥ ).

FaA

. i }.,14_\,,‘2
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-

i) When the inner is charged and the outer is earthed, then
ﬂggrab

C =

a-b

=47z -

Ka_b
(a- b)
dieecteic a2

{3.1_ Cl\r L L}"“'Eg"ﬁ‘l - 1(.:-1 .l+&: _.L_‘P_";L_ .
Qs = T Eovey, _Y’: 2 2 Q. = Q [_L] ¥
Q +G’1 i \'31’\'\9: L . Yo, +‘°§-
- . 5 by o
Capacitance of spherical conden_ser- ;

a) Cap_acitance of single isolated sphere = 4.'neGR where R is its radius.

b} In two concentric spheres (outer radius a and inner radius b).

S.x.202 C-G.S21 BT1 Eo = JNCh
.G ab
L-Q

ii) When the innef sphere is earthed, then |

C =

4mege,a’ 4rtb0§&a -
a—_b a—b
xQ

W § Semzc-« Eldal=1=1) 'L@ SILE TITnnew _ |
m\% gand) o Cﬂ.{’rﬁ\ﬂ oA GAES Clhalkde ol - |

andd CaPaci sok | ouie I ¥Q
_ aAs&wu

%@u&‘cf'l RN O S 4+ q Rues asad) 21 |
v =) C*}'.E,u immew U ANTAU) gq-u, st
m*ne_un o E{Cl.h‘hwﬁ‘xﬂ RS Qi'l"il'ﬁfw{ai

" @" S?_'A 'm’meb C‘nc\bﬂed %mqgﬂ\m{m

=,

_G I

M mn s orw B . _aa

L WRa dius "'AEH\H.‘ ‘

am Y QT ZE UU {95 .
g f} © a = conSepved i
@A Mmagnirude | |
imner 2 G At G A (A2)




C aPaciior

Chardging

- @ B05523 [5";551;.:5; Shapfe & 5’1ze:|:ri‘1 R

= WGENDA ANSIUWU A GIR equm i
cPPosite Chakge GAR‘\Q

444 44

Symbol - @ —

|2 24 Variabe Cafacitor ¢
il R o T
CaPacit™y i Easxa U
EI

guallzz 2t A2 W) Fod chare

SA\ s U, -

Gedlot + s 2t F 18z 3@ A +
+l - @2dlen - s G '%‘ 282 REar A —

-=} caPac o asasoua. fuuy Chqhge 'hz,u ur:g‘-. i2.Q)

MG Ww2E\ Hu, <R

N o . S “
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. Chakge ©OM CaPgcife

-ANOD "ATdd=N

= s¢f A\ ca

D+ 4F

EQYJTH'.T!Q

Sact @ anarde :
crafloron GADPM | |

L)

=5 RN A

Charge o\  cact @t

Feuch + RGBS 1A=
W Uz A 282 A,

J—E\ | ‘f caPacitor 21 Net charge = 0

+.

€acw Plate .. '

U i ChaPrekl i i }% S Magmitude of Charge im .
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35 Dielectric materials, Polar.and non polar molecules |

a) Dielectric material - Any material that do not allow the E:Ie:ctrmaz changes to.easily pass through lhem is
called vnsula‘tn:r or dpe[ectnc material or sm‘lply a dielectric.

Dleiemc is & technical term for an insulator.
b} Non =pofar molecule '

-

i} In certain kind of materials - urdmaﬁﬂy the molecules will have symmemc -:harge distributions.
it} Such kind of miolecules are called none-polar molecules.

iti} In the absence of any external electric field, a non-polar molecule mll have its cenlm of pos.tlwe chafge o
b .= ! '
coinciding with centre of negatwe charge: {’: t has o MEr difslf mMomis * Cé% ;

) Polar molecuie -

Pro
i} Certain dielectrics like whter, hydrogenchioride and alcohol are made of maolecules that have a non :
uniform dtslﬁhuﬁen of eleciric charge. o\:;,,"i- haS Soméd pet dyihg o g*-}s )

ii} #n such moiecmes the positive charge centre will not cﬂmmde with the negative charge oemre even N p.o
the absence of any external field. '

iv) Such Fand of rncvlecules are called Polar malecules. : : o L
ce‘\'r“ e | :
L&%\’““——-} Jemelealy Non Com d.uc"rmfi rafeidl = DieectniC :
S Oeena

'pcmS

<
()
%
()
9| iii} The-molecules are polarized even in the absence of any external eiecmc field.
>
<

teue = Pon Conducsimd mareral L - Die lectore. \/
havnd mon Ryae mnote cule s

Y]
s
_<
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e 5 i @RS etol oﬁggsawu QAsiol a
Parallel plate Capacitor - - : 7 €9ual Wid oPFoSHE chakdbe F.m

mmbmatson of two conductors) is a device hsy means of
D G :
ta given aotﬁfmai by i increasing it

i) Capacrtlnoe of a capacitor or condenser

i Condenser fusually, 5

.vhach larger amount of.
charge can be stored a ' '

5 efecﬂrrc capamt\_.f

is the raszm of the ::harge on eﬂher of its piares to the potential-
tifference between them. . : -4 (‘_ Q9 .5 T
. Vo Ead

i) Capa{:ity o# a parallel plate mt‘haut medium between the plates ) 5 A

A= amaafeami:ﬁate d = distance between the plates ' N _ (%} d, i
iv} Wmanmdmmofdleiec&mmnsmnrﬁmm @mepamber».reenmemateséi KL—Eﬁ ?, = EzA

. -

vl The dielectric constant of a dielectric materia| j

K= _E:_ = t,mar:ﬁ,nod e condenser u\-mdaem-m- medw-: DEhweery

plates c'=KcC C'::_?‘l‘"':.@_ - b_@__.kc_ :
Ci} mmmsmnFMW Mharasmeﬁrr:hf-mr‘:ﬂum R Y ‘f/'g. [V

b} If & numbigr efcheiecme slabs are inserted between the atates ead's pa;al'{er to plate surface, then &qwal&n{
capacity. C= & ‘“ A — 1—_ S Ew
d- t-i—R']— I'—t; 1 —E.. '-1——

£ s (t+h¢~01-tﬁ+tl+--J.

£
v

INV1OC -AV [ IA NV

’

If ihose slabs compietely fil
Tl G A 7
Jﬂ ts ki

up ihe gdp bef-veen the ;ﬂa{es leaving wmm any aar oap,

e S

K K,-‘ E’;I

x}u ina parallef piate aapacn!nr the erectm: field -at lhe eulges is not umform and tha! ﬁe«?d

NOQ'A183]W'

is cafled as the
fringing field. _ Enz R '
i) Electric field betwesn the plates is uniform e%eu:i;rrc intensity £ = A{E nl
‘F—tr . g
charge densny on the p%ates = QIA
xii) Potenhal difference between the plates V=E 4 =--—E- d
p , . o &g .
.- 1Q 2 C‘U’ 1-Q
Xiil) F on each plat F—_E e A
") Force on each plate 25935 5 2 oA
) _ L 1
Xiv) Energy stored per umt'vofume of the medium = 3 cﬂE*
. = Emeray
Densily

ET\'EPEL‘J - Eneersy
De'nsl’tﬂ - Volume

e
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Pahm"m Plat¥e caPacivior

= Eoﬁ 5.1. a12 €5
4

C.G.S 20 K o 07 e T T

T -
— e = L\ N
Gy

RN Eo €. & Buasal 4T Sl

= L?:TTEGH
uard

C =R
Latd

15 Dieleckic 1S
Fivied ‘bendee™

CaPaciyiuance 1\

Gut 'Poﬂ'émﬁax b

¥ as(

“Ao v
A AR wE el T ‘T“Cx\-‘m‘!u\*n SR d J
. gefera-hon \mckease Sxch us C¢e¢
s _,_g:._.‘:’..—%—-————— = C = E H
(a+d- t+t) a
Witk 9ives i< -t
.. =
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43. Introduction of dielectric in a charged capacitor

A dielectric slab (K) is introduced between the plates of the capacitor .

o _ With battery o
S | Physical _ With battery
R permanently i

no | quantity S - discennected.
% _ . connected
< 1. Capacity K time increases. | K times increases
(& ' ERGa] I
3 2. | Charge K times increases | Remains constant
§ | 3. | PD. Remains constant | K times decreases
jz> | '4. | Electric. Remains constant | K times decreases
= : Tniensity : .
= 5. | dtemsity | K times increases | K times decreases
MmN A | - :
o Energy
r _
< stored in _
§ condenser

P ~ 4 ) 4
oy B il o ] TP g i Voo 3
sy W WETN  TOT CProvide S SR

el =
1 R =
Lt =i

wINE - Phat

DisCerme et d
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Camh!nat}nn'Bf Condensers:
SG]Q:ESE} When condensers are conne

Or YrouPinmg OF Cafacitok
Gray Pimg 1} Al plates have the same

cted in serieg

4} Equivalent capacity is C then,

(:. ] "" C1
: Ca €y v v c :
. - i
5} The equivalent capacity is less than the least individuad capacity = ( Sk
] : : S M Tor 26 capact 1o
) Energies of the condensers E, By Ey . Geaand ede o
= _1.__1_,1 » : o) -
Cy C; ¢, . . - ) 2 =)
: k3e Same & -

7} Total energy of the onhxbinaﬁon=£;:£;.- =% G |
wanel il When condensers are connected in Parallel o :
cuPing 1} P.D. across each condenser is same
: 2} Charge of each condenser is differant Q.= Ci:CiCy

3} Equivalent capacity of the combination GRC +C,+ Cy
< 4) The equivalent capacity is greater than the greatest individual Capacity - (
ik 5) Energies of th Ei By Ey= e, Cidt=
> Jcnercglesc € condensers E, 2-Eax= Fb_\.,eﬂﬁql‘ _ @1""' Q ( C;.c )

: 8 . 3 ' . i 2
< D - Same a8 for 100 carac) Yoy
¢ 8} Total energy of the combination=£ +£,+g, e : Qg3 1S eDean Totes L
fil) When n identical condensers sacr OfcapaciyC .~ T : e e
1

jﬁ 1) Combined in seties. the effective pacity —3 \ = V/—'h
. = C!. =Cn . . _ ; T
% 2). Combined fiy parallel, the effective capacity C; = ne. 'Q‘ = GA_)
B 3 Ratioorthe effective capacities C,.C,=1. p2 -
E v} Mixed group :

If there are N capacitors each rat
can obtain effective capacity rated at '
g stich rows are connected in paraljel.

ed at capacity C ang vnftage'\.ﬂ. by CoOmbining those we —
and voltage V', For this p €apacitors are connected in a rgu andm

Sewies debimaﬁcm ’ i . ”'-. B
- IT}' S Eﬂmi'*;?m{fa—;f CaPacitor 15 u.fw*,s,g_s {

E5Ser “Thamn
any mdijvidua: caPatitaw

— In Palkrailel Combmation S
| Equivaent caPacinbe is a
any

IWads Gkegte fram

imdividguas cafagireworan
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1
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@ \\}\nes-h:wna ‘o\mdge bQSE’d il cur+

e s 88 e A @1&. eqw\}menf @\um

' C
. e VA ag.\cﬂ G 5’]' — ___3‘
&5 Revao) CU - c, . Cw ‘U‘v'

\‘) D

3

GlEnanz  Sbhive Baen By
C:gB = C~'1 o + C5 Cy
. C1 * {:2 (:3 + <y

@ Nem)ow\-f Wi, Mokt thom one  cely
£1-%2

E"l— T\—’l . —1_: CE'L'_E::] -_C-j_‘i"c'.z
c ! L 1_(:2 ip Cz Ca

C,= (Ea-E) (#
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—————— S S o

-5 RuEDl BEL dieleCHeIC  AMUCTCD) RUED ST

. Paraiel Plote CaPaciior D 24,BCHan JC
-~ : : :
. Ca = "ﬁ"i_EU P" , Cz=. Ky €0
X, X2 afy dj,
i S PR
| . Cea < Ca
S dp dh 9 Ceq = |LKaka ) E.u
-K-_L'\’k?_
Heq
A/, . \ . ] k’.LE’GP“ | = Ko EoH
.E? 2 <1 } . 2d . 1{1 -
9'% *"*k—-—,-'--'-' Cea= C1+Cz . _
‘2 . R
) . ' ) v G = C’E —__-—' l<‘1_+ F"l‘:z_ Euﬂ
z o = T\ /)«
i . _ 5
= - Kew
o
;E@%ﬁ* e RyEh
B _ BRI Ci= Wqte 2 o Mato
§ /1 <3 =2 s —
37, _
_ P ety (I _ )
Ml ko | K| C2= ky€o By _ K EoP
i . o ,-—-——-412 _"_—Jci __
b‘ T _ % L - C_3 = ‘K__; o ?’fz _ \'<~3 E’r‘:’&
a a 24
 Ceqz &Sz +Cy = 5 WK, Eofr
=
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vi WG, and C; are the eqmualen! capa::lbes of bwo capacitors of capacity C, and Csin paraibel and series
respectrvety then .
C = 2 Cp vC 4Cpcs | and
I — ;

. C,= iit’:,p —fcp 4CFC j _ _
e S TEERIES T e —
vi} Two capdcitors are connected in m‘ro a ba‘frery as shown in the figure. ;

DV 2B )y, VG &, . o
C,<C, Cy+C, - X
¥ily Twa capacitors are connected in gargi_lgua a banery as shown in th& figure.
| =Jq1~_q_5f_—;— e, = %2

1 4

L e
wiip I identical capacitors each of « capa::nty C are connected ina square then

a} The resmtam Capacity between any two adjacent comers AandB= -

-TV[‘ IA NV

b} The resultant capemiy betwean any two opposite mmers Aand C=C
m Ifn |dent!caa* capacitors each of !:apacﬂy Care mnne ted in a px

& ctee:r ina potygon then
9 " a } The resultant capacity between any two adjacent comers = %

> ac

Z b} The resultant capacity be’tween any tao oupaslte comers = — =

R —

Q.\’Q'{;‘.T e B 1.1 L g e —— v e ——- S mﬁw—A.h‘—r-
ap If n(4 dentical Eapacﬂo:s are gwen then !hey can be connected {mi %cﬂ

condensers at a time {n > 2},

A5t G129 Py
b} In_n_@;ﬂ;apwrcrs are given then they can he connected in} 2" d
condensers at a time.

fferent ways by taking all the

ifferent ways 'by taking all the

X1}

NOD }’_A'ISEHV\ '

_ . s 28 even 2,4, G, 3,
In @ parallei plate capacitor, if n similar plates at equal distance d arerarranged slch that alternate p[ate's
; —_— PSS

) . : n—1Tiz, =
are connecled together, the capacitance (C) of the arrangement is uA C= -Dc - .
' ] i e - Tz AK 2
for air or vacuum and it becomes --~—d—-— n a dielectric medlurn of o —")
p T 5 "
dielectric constant K. z ol D"'EQ!EC-I‘\J::'_ : w
IMedinmn ) 5

._..._._____._,____,

o WEME odd - 51,3, 9. -
——— ] _
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44. The dista

[

S

Physical |

quantity

With battery
‘permanently

connected

nce between the plates of condenser is increased by n fim'e,s'.
| . . ; :

With battery

disconnected

Capacity
Charge

I pD.

Electric

Intensity

| Energy

| stored in

condenser |

| ntime decreases

n times decreases

Remains constant

n time decreases :

n times 'decreasgs

n times decreases
Remains constant
n times increases -

Remain constant

n times increases
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Types of condensers - : BRI : ' -

Capacitance of a variable f:apacitar{:an be varied gradually b;; \carying the effective area included between the

p&&t&s. .

a) Variable cunder:ser rnulttp[e wncfcnser paper candmser eiectmly‘ac condense{ etc
are the different types of condensers

bl Variable canal::tor

R

1} Invariable capacitor, there are two sets of plates gerb&raiiy made of blaSS or a!umlmum '
ii} One set of plates is Static or fixed and is known as stator. .

ili) The other set of pEates which rotates over the stator by rotating the pistons called rotor.
w; This capacitor is genera&ly used in tuning circuits in radio ancl TV, receivers,

v} Symbol of variable Capacitor is . . CaPacier o) CQPG'C VY 2l
) : 23N UA B Uea A B21S
S sAasmu,. Ny
ﬂ_MMMEMWMMI ' : ;—j*fl_

i} In a multiple capacitor !t:ete are a number of parallel _p!areslmih mica s sheets as . Tin foﬁi-

adigleciric between them. . ) ' Mg Mica
il) The capacitange is n times the t:apacmanoe bai-afeeﬂ any twa plates w‘here ns= PF‘*W

number of mica sheets. | e P

ITTHITTIS

fi] These are used in high freguency 'c'scé'liating circtits asldieéecmc constant of N _—“mils
mica does not change with temperal‘ure- )
vi) These are used as standard Capacitors in %abnratory
d) Paper capacitor : » : S !
i Mapwe:capacrtor“ﬁ_MEdmwaxcro&actsasadleieWG . /—\ Tin foils
i} Plates are usually tin folls. It can be roﬂeﬂ and sealedina cwfﬁmler
i Thesedaystcmcreasestabm- paperxsmpiaee&bypoiys:yrene ,}

vi} These occupy small space and ¢ J i cost. Paper soaked in wax
v) These are used in radio circuits and laboratories ! ' g

el EFBc‘tmeI:c capacitor

R S e e e -

i}y An eledmhruc capacitor has two aluminium piaies wm:h are p&aced in a solution of ammonium bora:e

i) When D. C. is passed mrwgh the caﬂacﬂnr very thin ﬁim of aluminium oxide is formed on the anode plate.
i i
iii} The thickness of Qe axndgmlgsyg.r_ggﬂ of the order “gig____j

electrioite ,-l Al
i) omelaa,-e:aqsasmemelem between the plates. | \ _ «C
) ishouldbec:annectedtopmparpolmtym a cireit : mdeh_ﬁ' . AR
vi) I this capacitor polarity of terminals ill be indicated : <A

) amadeff . + ) Ar
vii] \Mdeiy used .-men high capac;tmces are required, ;-

wiii} Capacxtor of the order gf;rﬁ 3;5_;
~ ix) Can'be obtained with small volumes
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. | 1ab-farad = 10° farad,
1 farad = 9x10"" stat-farad,
1 coulomb = 3x10° stat-coulomb,

1 ab-coulomb = 10 coulomb,

1 stat-volt = 300 VD{'E,l

p_voit = 10° ab-volt
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