Radio Technology Lab.

Wireless f Channel / Microwave

Capacita

< Capacitance
® Conducting surface : Equipotential and only surface charge
@ Suppose the potential V due to the total charge Q
® Increasing the total charge by some factor k
= kQ = kp, ("~ Only surface charge and area AS is fixed)

Jo,
@V = Sds’ [V
47&9-" V]

.~V => kv and E=-VV = kE
®E=A% (-E = _0)= KA _kE

&y &y

Q

® The ratio v therefore remain unchanged

8 =C=0=CV : I
T constant of proportionality C
— Capacitance of the isolated conducting body

cf)unitof C :[C/V] or [F:farad]
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< Capacitor
» Two conductors separated by free space or dielectric medium
cf) field lines are perpendicular to the conductor surfaces

P >~
c_Q
Vio
the geometry of the conductors
the permittivity of the medium
depends on not the charge Q
L not the potential difference ™ f ‘l
_ =
cf) method to determine C Via

# Assuming V,, and determining Q in terms of V,
= Assuming Q and determining V,, in terms of Q
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< Procedure to find C

» Choose a coordinate system for the given geometry
» Assume charges +Q and —Q on the conductors

~ Find E from Q

> FindVy, by V, :—EE-dT

from the conductor having -Q to the other having +Q

» Find C by taking the ratio g
V12
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Dielectric
> Area S separation distance d, | ey 9
constant permittivity &;
then the capacitance
~ Cartesian coordinate system

+ Assume +Q and —-Q on the upper and lower conducting plates
v S0 p,, —p, ON each plate 0. =
S

Area S

_.2 “notel Cisindependentof QandV.
V,, d < note2 Cdependsond andS.
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s\
LA

D 177 pammllAl talalkA A m A~k
5>-1/. paraliel-piate capacitor

» cf) Assumption
» Electric field intensity between the plates is uniform and

equals.
E’ < V12
=—Y d y
Dielectric
V sl A
p,=€E, =2

______________________________________________________________________________________________________________________________ .
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- r

s\ =~ Al idlmbkA ~Am A A
£X) paraliel-plate capacitor

» Capacitance of a two-conductor capacitor
is defined as the ratio of the magnitude

of charge on one of the conductors y[ p, e
to the magnitude of the potential / /
difference between the two conductors ~ L__»¢
Mnersurface
= ~ Ps Q Sallr—
Eupper ‘cond :y?' Ps :K | I
Elower ‘cond = S\/& [
&
p
Assume E is uniform between two conductors and ignore fringing effect.
then, E :—y—
&
__d—».—»__d _,\ps.,\ _&
Vip =) Eedl= Iyo( y gj(ydy)— d
=i ~ P . Q_ S
=| eE«ds= —y== |o(—y )ds=p.S C=—=¢—
Q= s 92 3o AT

.
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Dielectric, e

» inner conductor radius : a
»inner radius of outer conductor : b

»  Cylindrical coordinate system
- z-axis along the cylinder

» Assume +Q on the inner conductor,
—Q on the outer conductor

» (Gauss's law
~ E=EFf at the conductor surface
(only normal component on the conductor, tangential component is zero)
~ E, is not constant anymore ("." conductor surfaces are not planes)

Q [cﬁs E-ds=| [ Erdgdz =27rLE, = 9)

- 2rslr P

» neglect the fringing effect

r—a— . Q bj
V. =— E dl = rdr) = In| —
% = I( 27rgLrj( ) 2rel (a

C_ Q 2wl
"7V, In(bj/a)
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Gauss Surface
— No charge inside Gauss surface

= .. No charge will be distributed
on the inner surface

______________________________________________________________________________________________________________________________ .
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Series and Parallel Connections of Capacitors

V=V +V,+V,+---+V,
i (8} Cn Csr

+Q”—Q+th.) YY) l?‘ +0l FQ V = Q :Q+Q +...+g
- C C, C, C,

1

_|__

Cn

< 1% ~ P
; = 2 s 1 1 1
=+t
Cl Csr Cl C2
| 1
+0l -0,
|
02 -0y ﬂ Q=0Q +Q,+---+Q,
| _ [olFo =CV+CV +---+CV
PG —r— =C\V
L 1= 2 °
+Qy in C”:C1+C2+"‘+Cn
V—
+ —_
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where p; : coefficient of potential

l.e.,

Q
Q,

Qu

| Pas
!

Pn2

Pav ]| Qn

¢; = coefficients of induction

Cn || Vi ¢, = coefficients of capacitance

Con V2 =% with all other conductors grounded
Q +Q,+---+Q, =0 forisolated system

Cw |IVn ]l  py=p;. ¢ =¢,; = reciprocity condition
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Q Cy Cp Gyl Vs
Q| =[C Cp Cyf|V,| OF
Qs Cis Cp Cy [ Vs
Q =Cy Vi +Cp, (V; =V,) +C3(V, - V;)
=(Cy +Cp, +C )V, -C,V, -C,V,
Q, =CyV, +C, (V, —V}) + C(V, -V5)
Qy =CaV;y +C3(V; —V,) +Cp3(V, —V,)

T— Ql ClO + C12 + C13 _C12 _C13 V1
2 c Qz - _C12 Czo + C12 + Czs _C23 V2
23
Cia \ Q; —C; —C, Cyo+Ci +Cys || Vs
| cs c,=C,+C,+C, total capacitance between
o QI: Cao 5. 4¢,=C,+C,+C,, = conductor 1 and all the other
Cio conductors connected
Ca3 =C4p +Ci3 +Cyg together to ground
/// = Cp = _C121 Cy3 = _Czsl Ciz = _C13
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P VeV o

Lﬁb

IAA

i~
EI@LU UolL

Q.)
T
(@)
L
@
(@
-
Q
Q.
11
E

% Work done by bring a charge Q, from infinity against the fleld of a

charge in free space to a distance R,, is
g Ql P 12 Q] F-o| A system o=

W, Qsz = Qz Ql 9, Work/
................... 4regR,
) @ _
© Ql R12 E Q2
Q, infinity
W = = —
:=Q 4re,R,, QM
combining ® and @, —(Q1 +Q,V,)
Bring another charge Q, from |nf|n|ty to a point R,
Q Q,
AW =Q.V, = +
Qs =Q; £47ng R, 47&,Ry

W, =W, + AW =L (Q1Q2+Q1Q3+Q2Q3]

Arey \ Ry, R Ry

ol o{aeeadi ol ek
2 Are,R, 4rng R, Are,R, 4rng,R,; Are, R,  4AmeyR,
= %[lel +Q,V, + Q3V3]
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> General cases

1 N
W, ==—> Q)V, andV, =
/ ° ZkZZ; 471'80 j=1
(j=k)
mutual energy
Not self energy

cf) 1 (eV) = (1.60x10™*)x1=1.60x10" (J)

1 & Q
R,

work (Joule) = energy
voltage = Joule/Coulomb

e = 1.6x107* Coulomb
s eV = 1.6x107*° Joule

work or energy unit
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Ex) 3-22. Assembling a uniform sphere of charge

» Energy required to assemble a uniform sphere of
charge of radius b and volume charge density p

Q. 47R°
V, = ,  Where =p-
" 4zeR %=,

dd?; =p-47R* = dQ, = p-47R*dR

the work (energy) done in bringing up dQ,

1 4
dw =V, -dQ, = -0-— 7R3 pA7rR*dR
r "dQg 47z R P 2

p°R*R

_4r
3¢,
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Ex) 3-22. (continued)

1 N
We=§ZQka, Q =pdv
k=1

—->W, = %J.V pVdv

where, V is the potential at the point where the volume charge density

. .
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FlAa~bucAa~bkalbli A At ~samer s .
Clectrostatic energy in terms o

’0

o W, :%jvlpv dv = %L.(V'B)V dv
cf) v-(VB)=vv-B+B-VV
=%LIV-(VB)dV—%L,5-VV dv

~~§,vD-fids+> [ B-Edv

v" Choose v'as any volume that includes all the charges
= very large sphere with radius R

V oc =
v [etR 5>

______________________________________________________________________________________________________________________________ .
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Area S'oc R?

" CﬁSIV_D'-ﬁds oC %—)O asR —

. i
..W_—j Edv_— ‘E‘ dv_—jv -
We=jV.We dv
_ : : 1s=_1 o D’
where, w, : electrostatic energy density, w,=—D-E =—¢E
2 2 T2

______________________________________________________________________________________________________________________________ .
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< Principle of virtual displacement
» case 1 : isolated system of bodies with fixed charges
» case 2 : system of conducting bodies with fixed potentials

case 1: Imagine that the electric forces have displaced one

of the bodies by dlI.
Work done by the system,

dw =F, -dI
where, E; is the total electric force acting on the body
under condition of constant charge.
dW =-dW, = F, -di
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cf) work done by the system implies that the stored electrostatic
energy decreases by the same amount of work.

dW, = (VW,)-dI
| Fy =-VW,

e

cf) If the body under consideration is constrained to rotate about
an axis(ex. z-axis), then the mechanical work done by the system
for a virtual angular displacement d¢ would be

dw =(TQ)Zd¢

. (T ) ~ 0w, . thezcomponent of the torque acting on the body
B AV under condition of constant charges.
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case 2: System of conducting bodies with fixed potential
(External source supplies energy to maintain the potential)

The work done or energy supplied by the source to maintain the
conductor at constant potential vV, by adding charge dQ, to the

conductor for the displacement di of a conducting body
Vv, dQ,

The total energy supplied by the sources to the system

dW, => "V, dQ,
k
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CICCLIOSLALIC TUICLES

The mechanical work done by the system for the virtual displacement
dW =F, -di
The charge transfer change the electrostatic energy of the system
dw, = %kako :%dws and dwW +dW, = dW, : energy conservation
k

s dW =dW,
dW =F, -dl = dW,
F,-dl =dW, = (VW,)-dI
CE v (Constant potential, the force is in the direction of j
! ° the increase of electrostatic energy
oW,

(), = o0
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1
We = EZ Qka
k

(FQ)I=—5W6 - a(sz _Q* ac

(F)

o oall2c) 2c?a
oW, 0 (Ecvzj VZaC Q% éC
o all2 2 ol  2C2% ol
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