I-V relation in a capacitor

If the voltage across the capacitor is time-varying, then the charge stored on
the capacitor must also be time-varying:

!
l ( AV Q (t) _ﬁ C IV (t)/lefereﬁlﬁ[mg with respect to time (t):

—

| dF,

| O W dV(t) Current depends on the
+ v — l(t) dt rate of change of voltage

.

N

O

——

1 - -
Case study to consider: — 1(/ _ ,X
_.(—

—

~.

M)
Given that C =1 nF +\/ VooV
fV=1V>Q=1nC R-cV=1=C
If we reverse V, such thatnow V=-1V> Q= — In &
If the above change was made gradually over 1 ms, what would be
the resulting current? Rr - O C \ )xu A
1 = M&/’i = :/ W/M
i o (m
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Capacitors in parallel

NI
ZC* Ci= G Gyi== Cy v CL?TC( ~+ Cq ~ C2 o

@ U\CZ% c)jc( <UL ~
+ \|/ (Q =
10, Coq 7 7 @ ~ & &P
(b)
Ceq =C1 +C +C3+ - +Cy What is the value of Qeq?

” @(rt@v// B
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Example on Capacitor in parallel and series

What is the equivalent of the following capacitance circuit?

0.30 uF ——
10 uF —— 2.5 uF ~_25uF
10 uF A
“—030uF ‘ 1
J /] 03P (03 Y/ 15uP )
_{1p 2 F )P =02 2
Cm\ /CL UFt2-S Cﬁ‘ s P
= (.Sl 0-%° ’9767;/%F = .29 | gy ~
",
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dv(t B
i(t)=C ’;E) 0 il_ o /WW
7

Case 1: Ifw(ty="10:sin(20) V;C=10UF, what is i(t)?
16F) = Q%Wﬁ%_ﬂio £l [ {556 cot 2t )

- )XM’L?[JSSD{; A

Case 2: If v(t) 1s shown in the ﬁgu{fﬁ%low, what 1s i(t)?

il | } \\ } %

5 10 15 20
time (ms)

-
o

A gmphtude (volts)
WV
R
%ﬂ‘j 3
>
E—
4

| | !
< T T
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Example

If the plots shown in Figure P4.18 are the voltage across and the current

through an ideal capacitor, determine the capacitance.

v (f) V)

t (ms)

1 G
Cé/\\/

Cyvn%\lcw 04’(3 < Skl
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Summary: Capacitor response to DC

AV 5 o 5 i
— 1 7 7
At

 Insulating dielectric blocks the current from flowing
through

If the applied voltage 1s DC

* Plates will charge up

* At DC, capacitor blocks current from flowing through
Vo) PRYED

\Y
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Simple first-order RC circuit

+ Att=0, v,(0) = o o) OO ©
, Vc(0) .0 N [;u/wuﬁ"/ ng%}_ﬂr

After t = 0, the circuit 1S closed: =

» () =%= C% ,and

» vr(t) = Vo v © , /

- af ¢ <©
= Hence, Yorvelt) _ dve = 2 + € = % Ve(o—) =0
CR dt dt = CR CR
S _t JE30 Vetet) =1 ) =0
= The general solutionis v.(t) = Ae ¢rR + V, fort = 0 (Ais a constant)
= Asthe ,A‘l‘VO:OﬁA:_VO
= Hence,

v =v,(1 = e )

Section 4.4, Linear Circuit Analysis, C. K. Tse, Addison-Wesley, 1998
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CR dt
b AW o)) = YemVel
*»Tat <
A -Vecb (- d€ ~K
gy ch

S la (W V@) = S TS

ﬁf%ﬁ‘l) ’]ﬁﬁcﬁ)z}o
n (Vo — 00 = i

/) = \V\Q/")

\
/7 (,\/o _\/a &‘)’) — C—Z JT L\/)

E »ofva.é«“r> _
A

=) Vo~ MC{’?D Voe ’%@)

=) (. D= VoL \ - €



Transient response of a simple RC circuit

dv, V, __t
v.(t) =V, 1—e(CRi) » i(t) =C C=_e CR
When t = CR,

@= Vo(1 ’ :@and i(CR) ==2e™t =

Section 4.4.1, Linear Circuit Analysis, C. K. Tse, Addison-Wesley, 1998
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Simple first-order RL circuit

If I, is a constant current, how the current i (t) and the voltage across the inductor
C, v,(t) will change when the switch is opened att =0

O A B
| i)
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Simple first-order RL circuit

T, = I_VLTI"\,C—I') — €CL i
= When t <0, short- circuit at switch, i, = 0 F—0 ‘e N
| T
= Fort >0, LoV WG/ (1 " IS
dij, % \/[, /k ‘/\/ ’ e
>vL(t)—L( )and l@‘ﬁ At — -
’ UR(t) — (IO _ lL(t))R o o . \/ﬂﬁ/v‘/
= Hence, (IO — lL(t))R = L( L) _L_|__ i, (t) = To
Rt
= The general solution is i; (t) = Ae L + I, where A is a constant
u —_ A + IO = A — _IO
= Hence, for t = 0, we obtain
Rt

lL(t) — IO 1 — e_T

Section 4.5i Linear Circuit AnalxsisE C. K. Tsei Addison-WesIex‘ 1998
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Example 1: Initial and final values given

= Att=0, the switch is thrown to the right

.. : +
Initial and final values of capacitor voltage are: } -
v,(07) = 50V and v.(0) = =20V .
= Decrease in v, = Case B (1 = CR) 20V :: ¢+<
t —
v.(t) = =20 4+70e" cr |

D (t) = =20— v,(t) = —70e" TR T 420
t

i(6) =28 =~ Pe e -G o e
et = Vo) + [T o0~V e
T <l o
20V 7z e
e
O VL) = 50+ [BoC 200

Example 4.4, Linear Circuit Analysis, C. K. Tse, Addison-Wesley, 1998
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Example 2 (non-trivial boundary conditions)

= Att=0, the switch is thrown to the right

=» Find equivalent resistance:
Req — Rl + Rz

=» Find equivalent capacitance
1 1 1

Ceq C1+Cz  C3 V(50 =V (o) =><

T GGG T - PerCey

Example 4.5, Linear Circuit Analysis, C. K. Tse, Addison-Wesley, 1998

o | EE2005 33




Example 2 (non-trivial boundary conditions)

C3(C1+C2)(R1+Ry)
C1+Cyr+C3

= Time constant T =

= Initial values are
v.,(07) =25, v.,(0") =25,v.,(07)=0
* To find the final values after the switch throw to right

Cy dv,
(CitC3) G2~ =0
@Cl + Co)ve, () + C3ve, (E) = constant forallt > 0
= v, (07) =25and v, (0") = 0 = 25(C; + ;) = constant
D (C; + G, () + C3vg, () = 25(C, + C,)

= The final values must satisfy v, (o0) = UC%(OO) ->
(C1 + ()

C, + Cy + Cy

Vey (0) = Ve, () = Ve, () =

Example 4.5, Linear Circuit Analysis, C. K. Tse, Addison-Wesley, 1998
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