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Week 9 Agenda:
First—Order Circuits

e RC Circuits

e Boundary Conditions

e Steady State Solutions

e Charge and Discharge a Capacitor
e RL Circuits

e Some Examples
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Time—Varying Sources

e Transient Analysis (Now)
— Differential Equations
— First Order for RL, RC
— Second Order for RLC
— Circuits Usually Involve Switches

— Transient and Steady—State Solutions

e Sinusoidal Solution (Later)
— Phasor Analysis (% = j27f)
— Complex Impedance
— "Easy' Solutions

— Fourier Series and Transforms
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RC Circuit
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dt dt
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RC Equations

A’(-/ﬂ%-
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e Differential Equation

dv 5

vg = —RC 7

e Test Solution
v = k1€t 4 ko
e Substitute
kieSt+4ky = —RC% (kleSt + k2>
e Take the Derivative
k1€t + ko = —RC'skie®’
e Group

k1 (1 4+ RCs)e’t —ko =0
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RC Solution

e From Previous Page

: h\é k1 (1 4+ RCs) e’ — ko =0

e [rue for All Time

- R ko = O o 1

" RC
e Solution
= vy = ke t/(RO) 4 g
P dv g e Time Constant
“ v4 = ke t/T
v A 1
1= —
R T = RC
_ ¢
v = kie” + ko e Still One Unknown (k1)
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General Boundary Conditions
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Initial Conditions

‘ e From Earlier Page
L . |
h\/ﬁ} v = k’]_e_t/T

T = RC
é e Original VVoltage V (O_)

e Boundary Condition

[ENE=SHRE v(ot)=v (o)
__dva o At t =
Udt ke 9T =k =V (0T)
‘T & e Solution
va = k1e® + ko vg =1V (O_) et
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Exponential Solutions

Vi
Vi

/\,-f z—
va = va (0) e VT va (T) = va (0) X % ~ vg (0) x 0.3679

va (27) & vq (0) x 0.1353 vq (107) & vq (0) X 4.540 x 107>
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Steady—State Solution

AR ' e Steady State
T4

t — o0
C 1 R e Anything that is going to
happen has happened
dAnything 0
=TT at
' e Transient Solution is Zero
i — — dvg dv 4
= e Solution
R

ko =0 =va

Q: Why would the steady—state solution not be zero?
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Charge and Discharge

Va

&

t —; = ::LléRa

S P\ L(

o
'7

Close S; att =0. Open Sq at t =t1. What will happen?
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Thévenin Equivalent Charging

R>
(S
R1 + Ro

v =

R = R1 || R>

Assume

va4(0) =0
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Charging Equations

. U — Uy dv 5
[ 1 — pr— S
o e A
' . d
Hin RT é,l ’UT—UA:RTC%
\/T T C =
dv 5
RpC—4 =
vA + Ry T
1 Proposed Solution
va = k1% + ko
— R2 st d st
Ry kre+kat+RrC— (kle + kg) = v
Ry = Ry || Ro k1e” (1 + RpCs) + ko = vp
va (0) =0 s=_1 k=

~ RyC
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Charging Solution

e From Previous Page

vk
.. '—T r UA:k1€St+k2
& I 1
1 |
= f———r — 5~ ko =
\/T : C S RTC 2 vr
v = kle_t/(RTc) + v
Bl e Initial Condition
vp (0) = k1 +or
R>
v = Vg
R1+ R> va(0) =0 k1 = —vr
Ry = R1 || Ro e Solution
. —t/(RyC
vq(0) =0 UA_UT(l_e /(T)>
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Charging Result

e From Previous Page

I«'
Ay, e e0)
| R L‘a e Use v and Rt
V. —=— == ~
1 — RL VA = Vs fa X
) | Ri + R
= | {1 _ e—t/((Rll\Rz)C]}
e Assume R1 < Ro
R
vr = vS g —|—2R VA R Vs X {1—€_t/(R10]}
1 2
. R | R e Example
T = 11 || Iio
Rq1 = 10012 C' = 100uF
v4(0) =0

T~ R{C = 10ms
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Charging Voltage

1

oo

)
|
ll
T
Tc,

VAoo = VT = Vg c ~ R1C v (t0) = (1 —0.3679) vs = 0.6321v;
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Dischargel

e [ hévenin Equivalent

-
N iz o d vy = 0 Ry = R
AR ____L_ , e Initial Voltage
T LJ, R< e Open S att =ty
| 2
| va (T = X
i A (t1) “Ri + Ro

{1 _ e—tl/((RlﬂRz)C]}

i \/ e \We've seen this before
A

—(t—t1)/(R2C)

DUC vg =va(t1)e
- .2 R, e Example: Ry = 10k

L
. l’ | vag =4 (ty) eI/
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Summary

f—=> A
Ty I B
<A,
| P\ L"
C
T — .
\/S‘ ] S R
- 2
;J, ]
-+ |
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Charge

vy = vsle—?JI-QRQ {1 — e—t/T(J}

Charging Time Constant

T« = (R1 || R2)C
End of Actual Charge

R
Vo = Us 2 {1 = e_tl/TC}
Ry + R>

Discharge

va = ve (t) e /D

Discharge Time Constant

T» = R>C
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Charging and Discharging
Voltage
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Repeated Charging and
Discharging Voltage

Vs Ripples ) (8%9)
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Neon Light Blinker

a4 vﬂ
Rl

Ve = C=
;l#l\/

1
'7

Neon Light is open for low voltage, low resistance for high voltage.
R=1MQ, C = 1uF, 7= 1s, vg = 100V or more.
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RL Circuit
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Simplified RL Circuit

Ry
v — v
g SRl + Rs
R = Ry || Rs
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RL Equations

v, &
AT
o — dvp — vy
AT Td Ry
Try
va = k1% + ko
Solve
L d L
kpeStdky = —— Z9A — T} gest
Rt dt Rt
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RL Solution

e From Previous Page

L
S = kz —_— O
R
e Result
— L
1 VA — kle T
g(0+3_.[.[0~§ e Boundary Condition:
\ Z(O):O, ’UA(O):UT
L ¢
+ vy = vre’T
e [ime Constant
R
’UszTe_t/T T:TT
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AC Coupled Amplifier
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