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Figure 5-11: Parallel-plate capacitor with plates of area A,
separated by a distance d, and filled with an insulating dielectric
material of permittivity .
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Table 5-2: Relative electrical permittivity of common
insulators: & = £/¢p and £y = 8.854 x 10712 F/m.

Material Relative Permittivity &,
Air (at sea level) 1.0006
Teflon 2.1
Polystyrene 2.6
Paper 2-4
Glass 4.5-10
Quartz 3.8-5
Bakelite 5
Mica 5.4-6
Porcelain 5:7
OXide 3.9
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Combining In-Parallel Capacitors
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Figure 5-17: Capacitors in parallel.
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Exercise 5-9: Determine Ceq and vgq(0) at terminals
(a,b) for the circuit in Fig. ES5.9 given that
Ci=6uF, C;=4 uF, C3 =28 uF, and the initial
voltages on the three capacitors are v1(0) =5 V and

v2(0) = v3(0) = 10V, respectively.
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& ;1/ Figure E5.9

Answer: Coq =4 jF.eq(0) = 15 V. (See €AD)
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Figure 5-19: Voltage-division rules for (a) in-series resistors
and (b) in-series capacitors.
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(b) Capacitances
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Ry =2k
Ry=20kQ
Ry=10kQ
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(b) Equivalent circuit

Figure 5-15: Under de conditions. capacitors behave like open
circuits.
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Figure 5-34: After having been in position | for a long time,
the switch is moved to position 2 at f = 0 and then returned to
position 1 at f = 10 s (Example 5-11).
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Circuit Analysis by Laplace
Transform

Time Domain

s-Domain

sequence involves a much casier solution of a linear cquation in the s-domain.

nce involves solving & differential equation cntirely in the time domain. The botiom horizontal

Solution Procedure: Laplace Transform
Step I:  The circuit is transformed to the Laplace
domain—also known as the s-domain.

Step 2:  In the s-domain, application of KVL and KCL
yields a set of algebraic equations.

Step 3: The equations are solved for the variable of
interest.

Step 4:  The s-domain solution is transformed back to
the time domain.
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F(s) = L[f(D)] =ff(r) e dt, (12.10)
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Table 12-1: Properties of the Laplace transform ( f(f) = 0 for ¢ < 07).

Property [0 F(s) = LIf(0)]

1. Multiplication by constant K (1) <= K F(s)

2. Linearity Ky i)+ Kz far) == K| Fi(s) + K2 Fa(s)

1 s
3. Time scaling flat), a>0 <= - :-'(7)
a \a
4. Time shift Ju-T)ua—T) <=+ &T5FE), T20
5. Frequency shift e f(1) <= Fs+a)
i ,_dr g s
6. Time 1st derivative = 7 = sF(s)— f07)
af
7. Time 2nd derivative "= "5 <> s2F(s) —s£(07)
— [0y
‘
8. Time integral j[(r)dr - 1 F(s)
s
o 7
9. Frequency derivative 10 = ——FG)
&
10. Frequency integral j—:'—) - f F(s') ds'
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Exercise 12-9: Convert the circuit in Fig. E12.9 into the
s-domain.
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(See €AD)




/lc_ e AM(:
°T m»g L on brth sides
1 - [sv@- 40

136 = es¥l)-c ()
B

1 KC‘JG(

= RC 9(94—1«) Rc (;‘)—‘1‘{‘5)

- _E =
Kc( ,J.ND <+ _5:%

- _E -

T Re -+ ._K vz (&)
e 5+ 5 )

= _7}5 + N B I’:’

n{ﬂa: ,,E (”-9 ES‘Q_ RC

‘]');.'.’Cw') c(,@)

Tnsutchor case (Hime Tvariod L.)
e

¥ Jg-vhe® |
[ A' "
= %%‘Pﬂifﬂw(ﬁ)
=L,

-
S (ETC VA S PR R 2,()

e

/0 "

- NG

._E_ A

= o)

R
E = Res6) - RERE)
1%
E = (Resr1) @ -Rcn )

5 MG <t RCR()
RCS )
= = H) *+ G ﬂ}‘(’o-)
HERER ) Rc s

Exercise 5-15: Determine vy (t) and va(t) fort = 0, given
that in the circuit of Fig. E5.15 C; = 6 uF, C; =3 uF,
R = 100 k€2, and neither capacitor had any charge prior
tolz =10,

Figure E5.15

Answer: (1) =4(1 —e )V, fort > 0,

va(t) = 8(1 — e )V, for ¢ > 0. (See €AD))
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