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Chapter 3 - Inductance and Capacitance

INTRODUCTION

Find the | (V) for a capacitance or inductance given the V (1)
Compute the capacitances of parallel-plate capacitors.

Compute the energies stored in capacitances or inductances
Describe typical physical construction of capacitors and inductors
Mutually coupled inductances
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Chapter 3 - Inductance and Capacitance

3.1 CAPACITANCE

0 Separating two sheets of conductor by a thin layer of insulating material

Current l

Conducting + + + + + + ¥+ ¥

plates

\ Dielectric
material T Electron

flow
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Chapter 3 - Inductance and Capacitance

3.1 CAPACITANCE

2 Stored Charge in Terms of Voltage g = Cv

< Unit: Farads (F)
< In most applications: a few picofarads (1 pF = 10-?F) upto 0.01 F

o Current in Terms of Voltage N lf“ )
I = ﬂ’j: i{C’v} !':('__.1ﬁ (1) T
dt dt dt
o Voltage in Terms of Current B

t 1 [!
q{f}:/ i(t)dt + q(tg) vt) = Ef i(t)dt + v(tg)

Ii Iy
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3.1

CAPACITANCE

Chapter 3 - Inductance and Capacitance

W Determining Current for a Capacitance Given Voltage

(1) (V)

E—
ir) 10 -
wo) Ct> = C=1uF
lz L s ()
q(1) (uC) i(1) (A)
10 - 5
2 4 5 ff\j.LS]
; 5 1 (us)
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Chapter 3 - Inductance and Capacitance

3.1 CAPACITANCE

SENJE WAl Determining Voltage for a Capacitance Given Current

i1 (A)

[ oy — 05 <in (10 0.5

. i(1)=0.5sin(107) o 1{]_/\

o) FT~ C=01 puF — 1o
\/\ 20 %107

=05
I
q(t) = f i(t) dt + g(0) g(1) (pC)
0
t 100+
_ f 0.5 sin(10%) dt
0 S0
I
— —0.5x% 104 cos(10%)|
X cos( )I 0 " ((s)

0.5 x 10741 — cos(10%)]
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3.1 CAPACITANCE

Chapter 3 - Inductance and Capacitance

SENJE WAl Determining Voltage for a Capacitance Given Current

() ~T~ C=01 pF

_q)  q(1)
T C 1077
— 500[1 — cos(10%N)]

V(1)

dfféwf)

| ity = 0.5 sin (1 0%)

1000 —

(1) (V)

500 +—
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Chapter 3 - Inductance and Capacitance

3.1 CAPACITANCE
0 Stored Energy

P =vinit) = Cvﬁi

dl

t L dv V(i)
w(ty = | p(o)de :f v :f Cvdv
i 0

" . ct

.ff(f)
2C

1 1
= W(l) = ECUZ(I} w(t) = Eu(f}qir} w(t) =
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Chapter 3 - Inductance and Capacitance

3.1 CAPACITANCE

SElyl I Current, Power, and Energy for a Capacitance

10-uF capacitance v(1) (V)
1000 —
1000¢ V forO<t <1
v(t) = ¢ 1000 V forl<t<3
S005 -0V for3<t<5 1| ; £(s)
i(r) (mA)
i = C dv(t)
dt 10
10x 1073 A for0<t<1
(r)=40A forl<t<3
5% 103A  for3<r<5 1 3 5 £(s)
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3.1 CAPACITANCE

Chapter 3 - Inductance and Capacitance

SElyl I Current, Power, and Energy for a Capacitance

p1) (W)

w) = v(0)i(1)

10t W forO<t<1
) =43 0W forl <r<3
25(t =5 W for3<t<5

1
w(t) = Ercrwz(f}

52 ] forO0<tr<1
w(t)=1351] forl <r<3
| 1.25(5—-n%)  for3<i<5

Lny?Ei:;ﬁ,

10 —

| 3 VS "

VEN
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Chapter 3 - Inductance and Capacitance

3.1 CAPACITANCE

i(1) (mA)

0 Exercise 1
0.1-uF capacitor ; ” - £ (ms)
1_
q(1) (uC) (1) (V)
I | ! | | .
2 4 6 (M) 5 . o 1(ms)
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3.1 CAPACITANCE

Chapter 3 - Inductance and Capacitance

i(r) (mA)

0 Exercise
1
0.1-uF capacitor ; ; - { (ms)
l |
pr) (mW)
w(t) ()
20 + / 20
2 4 P /\ /
> 4 p t(ms)
20 - 4
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Chapter 3 - Inductance and Capacitance

3.2  CAPACITANCES IN SERIES AND PARALLEL

o Capacitances in Parallel

i = dv —> o o
cdt + lfl liz Jh
- _ C di i
2T v ~C =G F=C
_ dv
1'3 fr— 33— —
d o [= &
o _ , dv dv dv ) . _dv
=1 +nh+13=0—+Cr—+C3 =(Ci1+Cr+Cy)—
dt di dt dt
. , dv
= ch:C1‘|‘C2‘|‘L3 f:(-cqm
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Chapter 3 - Inductance and Capacitance

3.2  CAPACITANCES IN SERIES AND PARALLEL

o Capacitances in Series C
1

N
+ I\

C._ 1
A 1/C1+1/Ca+1/C5

N
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Chapter 3 - Inductance and Capacitance

3.3 PHYSICAL CHARACTERISTICS OF CAPACITORS

o Capacitance of the Parallel-Plate Capacitor

Wﬁ\

y <
d d
< 1*

- - L L
¢ 1s the dielectric constant

C =

For vacuum €= e =885x 1072 F/m

For other materials. € = €€o0

€, 18 the relative dielectric constant.

e o
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Chapter 3 - Inductance and Capacitance

3.3 PHYSICAL CHARACTERISTICS OF CAPACITORS

0 Relative dielectric constant

Table 3.1. Relative Dielectric Constants for Selected Materials

Air 1.0
Diamond 5.5
Mica 1.0
Polyester 3.4
Quartz 4.3
Silicon dioxide 3.9
Water 718.5
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Chapter 3 - Inductance and Capacitance

3.3 PHYSICAL CHARACTERISTICS OF CAPACITORS

SEINJEER N Calculating Capacitance Given Physical Parameters

rectangular plates 10 cm by 20 cm

distance of (0.1 mm
dielectric 1s air.

A=Lx W=(10x 1073 x (20x 107%) = 0.02 m?

relative dielectric constant of air 1s 1.00
e = €,¢p = 1.00 x 8.85x 1072 F/m

€A 885x 10712 x 0.02

— = = = 1770 x 10712 F

C =
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Chapter 3 - Inductance and Capacitance

3.3 PHYSICAL CHARACTERISTICS OF CAPACITORS

o Practical Capacitors
< The dimensions of parallel-plate capacitors are too large
< Rolled to fit in a smaller area
< Real capacitors have maximum voltage ratings

/Mﬁt.a] foil
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Chapter 3 - Inductance and Capacitance

3.3 PHYSICAL CHARACTERISTICS OF CAPACITORS

0 Parasitic Effects

@)
< Resistivity of the material composing the plates § R,

< Magnetic field in capacitor E 3 L.
.
< No practical material is a perfect insulator L
o=~ < Ry
. |
O
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Chapter 3 - Inductance and Capacitance

3.4 INDUCTANCE

2 Coiling a wire around some type of form
2 Coil creates a magnetic field or flux

0 Faraday’s law of electromagnetic induction
P -
|
Y
i .="q
- A,
(a) Toroidal inductor (b) Coil with an iron-oxide (c) II"dUClUT with a laminated
slug that can be screwed Iron core
mn or out to adjust the
mductance
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Chapter 3 - Inductance and Capacitance

3.4 INDUCTANCE

o Voltage and current relation j{;}l
| +
i
v(t) = [ — L v(t)
dt
< Unit: Henries (H) (volt seconds per ampere)
< Typically: from puH to several tens of Henries
o Current in Terms of Voltage
o 1 [t _
di = —v(t) dt i(Hy=— | v(O)dt+i(ty)
L LJ;,
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Chapter 3 - Inductance and Capacitance

3.4 INDUCTANCE

0 Stored energy

di
dt

[ t di (1)
w[f):f t) dt :f Li—dt :f Lidi
iy 0 dt 0

w(t) = %sz(r}

pt)y = v(1)i(t) = Li(r)
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Chapter 3 - Inductance and Capacitance

3.4 INDUCTANCE

SENJEEN N Voltage, Power, and Energy for an Inductance

5-H inductance

i(f) (A) v(r) (V)
3 |
/ \ )
4 5
| | : r(s)
2 4 5 ‘e 2
15 L
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Chapter 3 - Inductance and Capacitance

3.4 INDUCTANCE

SENJEEN N Voltage, Power, and Energy for an Inductance

) (W)
5-H inductance
i) (A)
= 225
4 5
/ ! V (s)
: ' t(s 45
2 4 5 (5)
w(t) (J)
22.5 / \
4-4A Jg‘ JW— ) @y gSal.».o Q0 — &ul&o (I PR L] K)
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Chapter 3 - Inductance and Capacitance

3.4 INDUCTANCE

SEIEWAN Inductor Current with Constant Applied Voltage

t=0 (1) (V)
‘ X va(r)
+ 10
”‘V'ﬁ: v(r) L=2H
r

. L [! _ 1 [t .
1) = —f v(t) dt + I[f{_‘l) _ _f 10 dt i(1) (A)

L I 2 Jo

= i()=5t A fort=>0

< What happens if we open switch at t=1s??

— — e —
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Chapter 3 - Inductance and Capacitance

3.4 INDUCTANCE

0 EXxercise

10-mH inductance

i(1) = 0.1 cos(10%*) A,

di(F)
dt

v(t) =1L — (10 % 10-3)% 0.1cos(10*#)|= -10sin(10%#) V

w(#)=LL72(#) =5x10~ x[0.1cos(10*#)] =50x107 cos®(10*#) J
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3.4 INDUCTANCE

Chapter 3 - Inductance and Capacitance

v(1) (V)

2 Exercise 150-wH inductance ni
175 1 A
f(ﬂZE'!,V(X}JX+I(O}=W'!,V(X}JX 4 s .
> (us)
forO<#<2us
T
=566?J‘?.5x106xdx= 25x10°+2 V 15
0
for2us<t <4 us i) (A)
EE:E
= 6667 [7.5x10°xdx =0.1V 0.1}
0
for4us<+<b5us
2E-6 1 ’
=666?{ j?.ﬁxlﬂﬁxa’x+ I{—lﬁ)dx =05-10°F V | | r (us)
0 4E-6 2 4 5

&)

dfféwf)
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Chapter 3 - Inductance and Capacitance

3.5 INDUCTANCES IN SERIES AND PARALLEL

0 Series inductances

I L [
+ ¢ 0 - . +
v ,‘_',2 () :D>L’ E;Ltq:L|+L2+L3
- U3 4+
o Parallel inductances
[ [

v Lléalfl Lzégri fs liB —> v E;Ltq:”LLJf”leJf”LB
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Chapter 3 - Inductance and Capacitance

3.5 INDUCTANCES IN SERIES AND PARALLEL

0 EXxercise

1 H 2H

SRR ™

- e T\ﬁ“ﬂ
s o o) (o
: | SN AN

(a) (b)

a. 3.5 H; b. 8.54 H.

e o
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Chapter 3 - Inductance and Capacitance

3.6 PRACTICAL INDUCTORS

0 Parasitic Effects

< Resistivity of the material composing the wire

< Electric field in the dielectric between the coils o
C, == g L <R,
< Core loss (e.g. eddy currents)
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Chapter 3 - Inductance and Capacitance

3.6 PRACTICAL INDUCTORS

l PRACTICAL APPLICATION 3.1

& Electronic Photo Flash
Thévenin model
of battery
_________ < Switch that closes
| R = 40 | L Diode /"_ when shutter opens
| 'VV\I | XA . L
| | s
I ’ | Flash
B | —_— I B
| 4V = = | A —T~C CD tube
o | /[
| | L &

_________ ] O ‘

Electronic switch
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Chapter 3 - Inductance and Capacitance

3.7 MUTUAL INDUCTANCE

o Several coils are wound on the same form

o Magnetic flux produced by one coil links the others

o Time-varying current in one coil induces voltages in the others
2 Can either aid or oppose the flux produced by the other coil

< Self inductances: L Mutual inductances: M
il f’!l :II f.q
= M - — M -
+ o . O+ + . )+
E}] Ll LE UE IJ‘l L| Lz I}E
h = — + . = _—
Oy dr ot B R dt
v diy . diy di, dis
@ 2 a T a v=-My +hy,
A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510
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Chapter 3 - Inductance and Capacitance

3.7 MUTUAL INDUCTANCE

o Linear Variable Differential Transformer (LVDT)
< Application of mutual inductance in a position transducer

Nonmagnetic X
rod _h\ 1
When the iron core i1s centered . Half of secondary coil
Lrg{f} —_ 'ﬂ E K
- : d-F
Primary coil N 1
| )
+ P +
As the core moves i 1
. V,, cos wi 44 v,
vo(t) = Kx cos(wt) \ q I} -
j |
[ron core q o
E )

@ Half of secondary coil
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Chapter 3 - Inductance and Capacitance

EXERCISES
1 P3.5 1 P3.44 1T3.1
1 P3.16 1 P3.45 aT3.2
1 P3.24 1 P3.60 2 T3.3
1 P3.32 1 P3.61 1134
1 P3.43 1 P3.72 QT35
0T3.6
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