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Capacitance definition of a system having a charge Q and a Potential V
C=Q/V

In words: a measure of the electrical charge storing ability of a system
Dimensions = charge/potential = ml3t2
The Sl unit of capacitance is Farad; 1 farad =1 coulomb/volt

Earliest unit = ‘jar‘ (about 1 nF) from the use of Leyden jars

Cap acitorﬁl"n“b%lllge

“+> -
Plate area
e |

Electric
thield <

_‘-‘-\_\-'"—\-.___\_‘_\__._._._,—'—"'-.-.-j-.-'_
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Capacitance definition of a system having a charge Q and a Potential V
C=Q/V
In words: a measure of the electrical charge storing ability of a system

Unit = farad (F)



LEYDEN JAR the first capacitor (1745)
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Capacitor and capacitance

C=Q/V
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Cap Tolerance

C = +/-25pF K = +/-10%

D = +/-.5pF M = +/-20%

F=+/f-1% Z = +80%/-20%
Dielectric G = +/-2% =
v5F J = +/-5% Dielectric

Cap Value
102 = 1000pF

¥5P

Cap Value

Voltage 103 = 0.01uF

1KY = 1000WDC

Voltage
1K = 1000WDC




PARALLEL PLATE CAPACITOR

Gauss theorem

The flux of a vector field F out through a closed surface

S equals the inteeral of the divereence of F over the reeion R
1 o o o

bounded by S,

/ [ F.ndA= / / / divF dV.
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SPHERICAL CAPACITOR

Q

E = by Gauss theorem
yo O
4 mweqr
a | Q
AV = J 1—dr = [; — 1i| by integral
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CILINDRICAL CAPACITOR

E-_ M
2en

b (N
AY = A J ldr: ']' Iﬂ[%] f_
2T ED Ja 2R Ep —d £
.- l: I:_har‘ge per
by integral _\j unit length

by Gauss theorem




cz

Q| =m_|_
“ T

|| 1

Two capacitors in series (of
capacitance C7 and C2) have the same
charge Q stored on both, but a different

voltage across each

V=V1+V2= Q/C1+Q/C2=Q/C
C is the combined capacitance

1/ C=1/C1+1/C2

Series Capacitances

E‘t:‘.‘:‘tal —
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Two capacitors in parallel (of
capacitance C7 and C2) have the same
potential difference across each, but a

different charge Q

Q=Q1+Q2= V/C1+V/C2=V/C
C is the combined capacitance

C=C1+C2
Parallel Capacitances

Coy= Ci+ Cy+... C

total it




CHARGING A CAPACITOR

Switch

5V _— C —— 100 UF

Capacitor voltage 10—/

- r 11
0 1 2 3 4 5 6 7 8 9 10

Time (seconds)



Vip=Vep+ Ve
v, = IR+2
C

As charging progresses,
Txr’ﬁ.,=.rita*+Q{F
JL C

current decreases and
charge increases.
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= Charge on 2
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a R Charging i f"i
L . currant
L 1asd
0 RC 2RG ol =w ARG Uma —
At r=10 Ag f— oo
) =)
¢ Q—CV,
Ve =1 Ve =V,
V
I=-" [—0
R
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Stored energy in a capacitor

9
C

dW =

,::1 qr charging an ammount dq

2
1 Q 1 Electric field

2
V Parallel plate capacitor




Time Constant for Transients

Time Constant
Charging of a

capacitor (= Cuhh - EE‘ 1=RC

-t
I_:urrer_lt buildup | = ﬂh _ EUE] 1=L/R
in an inductor R
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Design voliage VY
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[ . Current limiting

i reaistor in aeries
Design task: Giventhe i whith Galvanomeer
resistance and the :
current which causes
full scale reading on
the galvanameter, find
the value of the series
current-Timiting :
resistor which will give | Galvanometer
full scale reading with
the design woltage of the
valtmeter. L

. Resistance of
L Balvanometer

115 the
G : current to
- give full
. - scale
E S N freading
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Galvanometer

Restorng
Spring

Current
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‘root mean square’ (rms) Voltage

rms average =
(peak value) | N2 =
peak value/1.41 =

0.707 peak value

17




| ‘root mean square' (rms) Current: another method

I=1ssin wt I?=10?sin“wt

Heating effect depends on 2R

inPwt + 2wt =1
an average of both /2 and sin? is needed sin‘wt + cos*wt

The average values of either of
J them must be 1/2

1

0.8

rms value of |_sinwt=I_ A 2

0.6

(sin(x))’

0.4

0.2
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Capacitor AC Response

I sin(wt + 90°)
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Inductors

f the current
I3 In¢reasing
Inductance

f L

+ then a voltage 1

@ opposing that change
s created by the Fmf = -1 Al
magnetic field - Al

of the call. -
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Unit Ampere - Ty
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Inductor Transient

Yp=¥Ypt ¥

Yp=IR + L AL
At

45 the current increaseséﬂt Fg

f ; I N :
v,=IR + &g 1501 . " 1 4+ ¥
T A o : R

the rate of change of ‘I.,.I'L =V, Vo Ve
current decreases. S *’



I increasing

N = number of turns
W = magnetic perrmeability

A = areaof coil

Inductance of a Coil

¥ =1IR +LM The Emf opposes Emf = — 2L
-'f'-tt:: the applied viltage Nt

application of o

voltage lav. I = LN™A
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Filter Circuits made with Resistors and Capacitors
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