Capacitor

- Parallel plates, separated by an insulator, so no charge
flows between the plates. Impose a time-varying voltage
drop:

— time-varying electric field
—time-varying displacement current

dv(t)
dt

 Units: v(t) is volts, i(t) is amps, and C is farads [F]

- Capacitor equation: [i(#)=C




Look at the capacitor equation again:
dv(t)

dt
Suppose v(t) is constant. Then i(t) =

JA O
XB o

X C. aconstant

i(t)=C



So, if the voltage drop across the capacitor
is constant, its current is 0, so the
capacitor can be replaced by

M A. ashort circuit
+/ B. an open circuit
X C. aconstant



Capacitor

- If the voltage drop across a capacitor is constant,
the current is 0, so the capacitor can be replaced
by an OPEN CIRCUIT.

dv(t)
dt

- Suppose there is a discontinuity in v(t) — that is, at some
value of t, the voltage jumps instantaneously. At this
value of t, the derivative of the voltage is infinite.
Therefore the current is infinite! NOT POSSIBLE.

- Look at the capacitor equation again: i(¢f)=C

- Thus, the voltage drop across a capacitor is
continuous for all time.



The voltage drop across a capacitor is
described as

v(t)y=V, t<0
v(t) =15¢" =10e"™™V, >0

This expression for the capacitor voltage is
valid only if the value of V, is

WA oV
X 25V
v 5V



Capacitor

 The equation for voltage in terms of current:

dv(t)
dt

i(t)=C = i()dt = Cdv(t)

= L | i(t)dr=C v((:))dx

= W)= % [[i(0)dr+w(,)



Capacitor

- Power and energy

() = v(D)i(£) = Cv(?) d"(’) (passive sign convention!)
p()_dw(t) ot d;(t)
A

— dw(r) — Cv(0)dv(7)
— me dx=C jo”” W(0)dr
= w(t) =1 Cv(t)



Capacitor

» Capacitors, like inductors, are energy storage
devices!
« If the initial voltage drop across the capacitor is non-
zero, the capacitor is storing energy.



Suppose the initial voltage drop across a 4
uF capacitor is 10 V. The initial energy
stored in the capacitor is

X A. g00nJ
V' B. 200 uJ
XcC 20 udJ




Capacitor
- Example 6.5 — find the voltage, power, and energy
0.2 uF ,
i, f =0
—— . 5000t A 0=t =20pus;
I\ i(f) = | s
i . - 0.2 — 5000t A, 20 =t = 40 us;
0, t = 40 ps.
Fort<0:
v(t)=0V; p(t)=0W; w(t)=01J
ForO0<¢<20us:
t ) t
v(t) = L j 5000x dx +v(0) = L 5000x7) 12.5x10°# V
0.247 021 2 |

p(t) =v(0)i(t) = (12.5x10°*)(5000¢) = 62.5x 10" W
w(t) =1(0.20)(12.5%10°¢*)* =15.625x10¢* J
Att=20us,  v(20us)=12.5x10"(20u)’ =5V



Capacitor
- Example 6.5, continued
. 02uF 0, r=0;
L>I/ ity = 1 5000t A, 0=t =20pus
® A ® 02 — 5000t A, 20 = t = 40 pus:
+ V — L 0, t = 40 us.
For20us <t <40us:
t
W(f) = —— [ (0.2-5000x) dx +v(20)
024,
1 5000x> |
= 02x -2 | 45
0.2u 2 .

=(10°¢-12.5x10°# -10) V

p()=v(0)i(t);  w(t)=1Cw(r)
Att=40us,  v(40us)=[10°(404)—12.5x10°(40)* =10) =10V



Capacitor
- Example 6.5, continued
; 02uF (0, t = 0:
— |/ . 5000t A, 0=t =20pus:
= 4

¢ |\ ® W =302-5000rA, 20=1¢=40 ILS:

-+t () — 0, t = 40 pus.
Fort>40us:

v(t)——dex+v(40,u)—10V
024 5,

p)=v(®)i(1)=0W

w(t) =1(0.2)(10)* = 104!
During the interval between 0 and 40us, the power 1s positive
(absorbed), energy 1s stored and “trapped” by the capacitor, so

even when the current goes to 0, the voltage stays at 10 V and the
energy 1S non-zero.



Capacitor
- Example 6.5, continued

p (mW)
i (mA)
500
100 — 400
300
SN / 200
| | | I 100
| I : | | | | | | ;
= t (s (us)
0" 10 20 20 40 50 60 ) 0 10 20 30 40 50 60 a
v (V) w ()
10 10
3_
5_ 6
_L_
| | | | | | . 2
[ S |
0" 10 20 30 40 50 60 ‘WY — L1111y

0 10 20 30 40 50 60



Capacitors in series and parallel

@ ® ®

_'_

v G~ G G
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KCL: i:i1+i2+i3:Clﬂ+C2ﬂ+C3@
dt dt dt

dv dv
— (Cl +C2 +C3)E: Cqu

Capacitors 1n parallel ADD.




Capacitors in series and parallel

1
KVL V= Vl +V2 +V3 :FJ‘: i(T)dT+vl(t0)

4 . 1’
(-. 4 1 t
(1/"\:'](!1)) +Fj;ol.(f)d’z-+v2(t0)
. w2 [ i)z +1,(1,)
; C, =~ 02 (1) C3 .
: — I + 1 + 1 jti(f)df
| & ¢, G G
C,, == n (10) +[v(8,)+v,(2,) +v5(2,)]
1 ¢,
o :C—eqj;oz(f)d2'+veq(to)

Capacitors combine in series like resistors or inductors
combine in parallel.




Find the equivalent capacitance for the
circuit below, assuming v,= 12V and v, =
-8 V.

l +?)1 —
| [

@ A &

8 uF

2uF 7= 6uF =<

5 +

© @
VA Cy=4uF, v, =4V
X3 C = 9.5uF, Ve =4V
Xc. C = 4uF, v, =20V




Inductor and Capacitor comparison

Symbol " m "
: e ()
Units Henries [H] Farads [F]
ibi di(t dv(t
Descrll.nng W) =L i(1) i(f)=C v(?)
equation At dt
Other : 1 ¢t : e,
i()=—| v(r)dr+i(t) |v(t)=—| i(r)dr +v(t
cquation  |{O= ] v®dria,) [vo =] i@dr )
Initial :
condition i(t,) v(t,)
Behavior with Ifi(t) =1, v(t) =0 Ifv(t)=V,i(t) =0
const. source — short circuit — open circuit
Continuity 1(t) is continuous so v(t) | v(t) is continuous so i(t)
requirement is finite is finite




Inductor and Capacitor comparison

: o di(t . dv(t
Power | p(?)=v(2)i(t)=Li(¢) ;ft) p(t)=v(2)i(t) = Cv(t) ‘c)l(t )
Energy | w(f)=1Li(?)’ w(t) = 1 Cw(r)’
Initial LT \2
energy w, (1) =7 Li(t,) w (£) =1 Cw(t,)’
Trapped ,
en(le)ngy w(o0) = %Lz(oo)2 w(o0) = %Cv(oo)2
Series- L:L1+L2+L2 1:1+1+1
connecte | . C, G G G
d Zeq(to) = l(to) Veq(l‘o) :vl(l‘o)+v2(l‘0)_|_v3(t0)
Parallel : : o+ ! + ! C C+C +C
arallel- = —C4C +
connecte Leq LI L2 L3 A 1 2 2
d i) =i@)+5@) i) | Vel =)




