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MapadEIlyHa XWPNTIKOTNTOG

* Parallel plate capacitor
* How big is a Farad?

* Coaxial capacitor
* RG-59 coax
*Inhomogeneous capacitor
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MNapadelypa xwpntikotntag 1

Step 1 — Choose a convenient coordinate system.

Cartesian
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MNapadelypa xwpntikotntag 1

Step 1 — Choose a convenient coordinate s'n.fstem.
Cartesian

Step 2 — Let the plates carry charges +( and —(.

+ Q“i..;--d
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MNapadelypa xwpntikotntag 1

Step 3 - Calculate D using Gauss’ law.
Recall the field around an infinite plate.

f}zﬂw -

—=a

Field below the top plate,
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MNapadelypa xwpntikotntag 1

Step 3 - Calculate D using Gauss’ law.

Recall the field around an infinite plate.
D= &ﬁ',_
5

Field below the top plate,

f-]'m,, - da,
2

Field above the bottom plate,

D, =-a -
5 &

ol
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MNapadelypa xwpntikotntag 1

Step 3 — Calculate D using Gauss’ law.
Recall the field around an infinite plate.
D :&.ﬁF
Field below the top plate,
p =4

.w: %4, +£

a

Field above the bottom plate,

When both plates are considered

D = 'ﬁlnp + 'E_}I:-l:l. = _p.‘:(:,:
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MNapadelypa xwpntikotntag 1

Step 3 - Calculate D using Gauss’ law.

The surface charge density is

.ﬂﬁ:E

The final express for B

D= - P, = —%ﬁ: + Q
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Step 4 — Calculate E.
Calculate E from the constitutive relation.

_ D .

E=—= —gru_

£ g8 -

LR |

=d
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MNapadelypa xwpntikotntag 1

Step 5 — Calculate V.

Given E., calculate V), by integrating from the bottom plate to the top plate.

Vy=-[Eedi

Vo= _j{_gf}__]-dzr}__ +

v ALY z=d
0
F,=—|d:z
ES',[IE ! z=0
.01 =
&8
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MNapadelypa xwpntikotntag 1

Step 6 — Calculate capacitance C.

ll_lol _o _es

V| |eda| od  a
&S £8

The final answer is

&S

# =d
c=""
d
Self-check — C should not be a

function of O or V),
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MapadEIlyHa XWPNTIKOTNTOG

Suppose the plates of a capacitor are 10 m by 20 m and the gap between the plates is 1 mm.

058 _aslW (8.854x10"% F/m)(1.0)(10 m)(20 m)

d d (0.001 m)
=1.78x10° F
=1.78 FLF The capacitor is physically very large, yet the
capacitance is very small.
-
-\___,-'-'"'-’

The Farad is a HUGE unit!!!
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Step 1 - Choose a convenient coordinate system.

Cylindrical (p,¢,z)
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MNapadelypo Xwpntikotntag 2

Step 1 — Choose a convenient coordinate system.

Cylindrical (p,¢,z)

Step 2 — Let the plates carry
charges +(J and -
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MNapadelypo Xwpntikotntag 2

Step 3 — Calculate D using Gauss' law.

Define a Gaussian surface with radius pto be inside of the
dielectric.

Q:q‘_ﬁf}-(ﬁ

From the boundary
conditions, it is known that
the electric field will be
normal at the interfaces to
the metal.
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MNapadelypo Xwpntikotntag 2

Step 3 - Calculate D using Gauss’ law.

The only field configuration that makes sense considering the
boundary conditions is when the field
is purely radially directed.

D= D, (p, ¢.z)a,
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MNapadelypo Xwpntikotntag 2

Step 3 — Calculate D using Gauss’ law.
Gauss' law becomes

IJ (D,a,)e( pdgdza, +d pdzd, + pdddza. )

{1}

- ” D, pdd:

oo

ix A

= I,p!(‘[c.’gﬁjdb

i

= Dﬂpj‘{br}d:
Lo
= zﬂ—upp[ | u.LJ =2xD, pL
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MNapadelypo Xwpntikotntag 2

Step 3 — Calculate D using Gauss' law.

Solving for D gives

D,. III,{‘.P. rlﬁl._ :} = 2?5)!, i] anly depends an o,
: Q .
Dip)= 1
{p} 2;1_;_’1. ¢ o

Step 4 — Calculate E.

Calculate E from the
constitutive relation.

b__ o .

£ 2mepl

E(p)
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Step 5 - Calculate V.

Given E, calculate V, by integrating from the inner conductor to the outer
conductor.

Vo=—[Eedi
L

:—Jr{ Q 1 L
“\ 2mepl
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Step 5 — Calculate V.

Continued...

™
=— C ln(EJ
2rel \a
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MNapadelypo Xwpntikotntag 2

Step 6 — Calculate capacitance C.
_la
¥l
- 2
0 lnfb]

2mel \a

C

* 5elf Check — C is not a function of 0 or I
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MapadEIlyHa XWPNTIKOTNTOG

Distributed Capacitance
Sometimes it is desired to specify the capacitance without knowledge of .
This is done using the distributed

capacitance, which is defined as
capacitance per unit length.

E_ 27E
L . (b
In| —

a
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MapadEIlyHa XWPNTIKOTNTOG

A standard RG-59 coax has

Inner conductor diameter: 0.81 mm (20 AWG)
QOuter conductor diameter:  3.66 mm
Dielectric constant: 2.1
Specified capacitance: 86.9 pFfm
T -
L In (b,.-"'a)
-12 ¥
27(8.854x10™* F/m)(2.1)

~ In(3.66 mm/0.81 mm)
=7.746x10""" F/m=|77.46 pF/m
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Suppose there exists an inhomogeneous
capacitor.
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MNoapadelypa Xwpntikotntag 3

Separate the inhomogeneous capacitor
into a combination of homogeneous
capacitors.
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MNoapadelypa Xwpntikotntag 3

Calculate each homogeneous
capacitor independently.

£ m—-]
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MNoapadelypa Xwpntikotntag 3

View the capacitor as a series/parallel
combination of capacitors.

The equivalent capacitance is

C,=(G+ G,
E W, &I,
= +
d, d,

te; (ew +&w, ) (W +wy)

()
d,

C, | | C,
C, TI

C =
Tod (ew +ew )+ ad (W w)
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ATto e§lowoeic Maxwell

Maxwell’s Equations Electrostatic Equations

WE:X VxE=0
c

N Vel = 2,
VxH=J-3 P[5
* A D= [a]E
Ve D =P r ™
VeB=0 Magnetostatic Equations
Constitutive Relations f_{ =/
o «B=0
D= [E] E B =[ ]
=[u]H
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Eicwoei¢ Maxwell yio poayvntooToTiKn

Nopog Ampere
VxH=J

"EXOUME HOYVNTIKO TIEdI0 GVOo av €xoupe pelpa. To HayvnTikd TIedia KUKAOQOPOUV
yUpw aTmd pevuata.

Nopog Gauss yla payvnTiké Tedia
V-B=0

Agv €XOUUE OTIOKAIOT). AEV UTIAPXOLV POYVNTIKA JOVOTIOAD. Ol JayvNTIKEG DUVOUIKEC
YPOUUEG OeV £X0UV apXn 1 TEAOG OANG LTTIAPXOULV. Apa ep@avilovTal JOVo O€ BPOXOUC.
KoTooToTIKEC EEI0WOEIG

B = [u[H

To payvnTIKO TIESIO GUVOEETAI PIE TNV TIUKVOTNTO JAYVNTIKNG PO HEGW TNG HAYVNTIKAG
SI0TIEPATOTNTAC. TO PAYVNTIKO TIESio deV BAETTEI NAEKTPIKN] SIOTIEPATATNTA.
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https://en.wikipedia.org/wiki/Ampère%27s_circuital_law
https://www.maxwells-equations.com/zero.php#:~:text=There%20is%20one%20zero%20that,up%20in%20Gauss%27%20Magnetic%20Law.&text=And%20this%20particular%20zero%20means,the%20volume%20electric%20charge%20density
https://en.wikipedia.org/wiki/Constitutive_equation

Nopog Biot-Savart

To oToIxEldeg payvnTIKO TIedio d H o€ anueio P 1ou TIopdyeTal oo OTOIXEIWIEG pEVA [dl
gival avaAoyo pe To yivopevo Tou Idé e To Nitovo TG ywviag Tou oxnuati¢etal petagd tou

OTOIXEIWSOLC PEVUATOC KOl TNG YPAMMNG TIOU CUVOEEL TO PEVUA HE TO P Kol avTICTPOQWC aVAAOYO
HE TO TETPAYwWVO NG HETAED TOUC ATTOCTACNC,.

dH (inward)
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Nopog Biot-Savart (ouvexeia 1)

To pétpo:
1dlsina
M~
1dlsina
i = 4T R?

Kai n mAnpng popen:

dH:IdlxaR Idl x R

A7R?2 4wR3
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Nopog Biot-Savart (ouvexeia 2)

Kavovag de€lov xepioL 1] 0e€100TPOPOL KOXAia
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Nopog Biot-Savart (ouvexeia 3)

Katavopég peOPOTOC: MPOUUIKN, ETIQAVEIOKT KO XWPOU

(¢

KdS
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Nopog Biot-Savart (ouvexeia 4)

OAIKO payvnTIKO Tiedio ypauuIKoD peOPOTOC

Idl x a
H= R
/ 4T R?

OAIKO payvnTIKO TIESIO ETUPAVEIOKOU PEVUATOC

K dS x ap,
H= / 47 R2

OAIKO payvnTiké Tiedio peOUATOC XWPOUL

J dU X aR
H= / 4T R?
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Nopog Biot-Savart (ouvexeia 5)

Total Magnetic Field

The total magnetic field Hduetoa long wire is obtained by integrating the Biot-Savart law
over the length of the wire.

47R’

r-'——-..

Idixa,
"l
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Napadeiypa 1

X

Example #1 — Finite Length Wire

What is the magnetic field #

The total magnetic field is obtained by
integrating the Biot-Savart law.
i = [ it

L
1 J' Iixa,
| ArR

% IdFx R
_J 4aR’
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Napadelypa 1 (ovvexeia 1)

Example #1 — Finite Length Wire

What is the magnetic field H?

Z
¥ For this problem
Tatal - R = . A .
i =|f:<4'_ R_I"ﬂ_,. ol B2k ]‘r,-
- R Thus, our cross product becomes
- dixR= (d=d_ x| pa +(z :'Jd_
2 J1dit ; [ea ]
= pdza,
~ Putting this back into the integral gives
e
. L e I i f . R
y ===
;4R 4z IR
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MNapadelypa 1 (ouveExela 2)

Example #1 — Finite Length Wire

What is the magnetic field H?

Instead of integrating over z, integrate over angle ¢
.
z, =+

dr'—?

o/

From the figure, it can be seen that

tang = —— = z'=z-ptang
fal

v Differentiate this expression to get

ds' = —psec” gud g
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MNapadelypa 1 (ovvexeia 3)

Example #1 — Finite Length Wire

What is the magnetic field H?
The vector R is
R =pa,+{z—z')a.
=0d, + ptan g

2oy . .
= COsdd -+ sin g
i J

=p :-im‘m:_cosgtlf.ll,, +sin gd. )

Magnitude s 1

An expression can now be written for /7,

. -1
R =R
_ |‘n_~;u|:.\§n{m}_~; | +sin i ]-I

=(psecp)
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Napadeiypa 1 (ovvexeia 4)

Example #1 — Finite Length Wire

What is the magnetic field H?

The integral in terms of ¢ becomes
- iz
g2l j *
4T ﬂp-.cwﬂ
of . J?'[—pﬁl.'c'g.'ldé]
Pl Stk S
4r ’,. (psecs)
pf' i
J ]'\LLG\T
I
s = i, | cosgdg
) dip ";[
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MNapadelypa 1 (ouvexela 5)

Example #1 — Finite Length Wire

What is the magnetic field iH?
The integral can now be evaluated as

PoLh
i =—Eda£msm¢
= _#éu ['i'il'l 1‘3|-: ]

TN
_ 4@;&",!5"!05: sing |

_— [sing —sing, Ja,
A !

. ! ;
H=——(sing —sing, Ja
4}_‘_'0( ¢5| 'Ftﬁz) &
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Napadelypa 1 (ouveEXELa 6)

Example #1 — Finite Length Wire

Observations about the solution:

H=

! (singh —singh, )a,
dap !

1. This solution is applicable to any straight wire
with uniform current.

2. Magnitude of H decays as 1/
3. Magnetic has only an iw component. This

means the magnetic field forms loops around
the wire.
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Napadelypa 1 (ouveExela 7)

Example #2 — Infinite Length Wire

What is the magnetic field H?
For the infinite length wire,

# =90° d, = —90°

The expression for If reduces to

. I R
I = ——{singh - sin ,Ja
4:.';‘ ¢ %)%

! 1=
= -[sml"‘iﬂ“} sin | =207 la,
dmp b -4 F

I

=—[ 1 - (- J4

- 4

F;:L{f{

2mp ’
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