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HOMEWORK #1 prob 4 solution U

EXx:
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After being open for a long time, the switch closes at t = 0.

Find i(¢) for > 0.

SOL'N:

We calculate characteristic roots using the circuit for # > 0. We set the
source to zero to find Rpey for the roots, which will be the parallel value

of the two resistors:

480mQII960mQ:480m£2-1II2:480mQ-%:320mQ

As for all RLC circuits, we have the following formula for the

characteristic roots:

S12= —ociwl(xz— 0)%

For a series RLC circuit, the value of o is one-half the inverse L/R time
constant:

R 320mQ

o=t = =160 k/s
2L 2-1pH

The resonant frequency, ®,, is the inverse of the square root of the product
of L and C:
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W,=——— or Wy=—=————=—71/s | =(200 kr/s
° L °"LC 1uH - 25uF [ ] ( )

We find that, since o < ®,, the roots are complex:

512 =160 kr/s + /(160 kr/s) (200 ki/s)> =160 kr/s + 120 kifs

Because the roots are complex, the circuit is under-damped:



0g =02 — 0% =~/(200k)% — (160k)? 1/s =120 kr/s
We use the general form of solution for an under-damped circuit:
i(1) = Aje™™ cos(myt) + Aye™ ™ sin(myr) + Az

Aqg = Final value

Fapr -i;-l'-n' L=zwjre ; C=‘ﬂF‘Eﬂ_‘. switeh closed

480mr1 1A Yomn =L Lles)

]

We hae a carrent divider.

(s 1= |A- “BOmD = _'._;..-'1
o MIL+ TeOm L

Mow Find 1l0™) and dilt) .
dt \i=0"

Start at £=0" and find [ (67), v (o).
( Then we'l wse g (0%) =i, t0"),

velo®t) = yto~). }

At +=0 , L=wire, C=open, switch epm.

L le=) =0A
i
&
Aeomn l': {l’_} =0

For t=ﬂ+J ang qffrunch [z 4+ Htake a
Therenin Eﬁﬂ-i?ﬂ'i’ﬂﬂf of 4he durrendt soarde
and R's,



Vo, = Va, warth r.d:ﬁbj attached to a,b.
vih = 1A- *B0mn|160m = A - 320m02 = 320MV

Rrn = resistance seen (oofing inte a,b
with A sowrce Hurmed ofF

Rip = “B0m| 1bom = 320 M0 (as sotad abare)

We now Find Vi) v sur Aew dircuit and
use L((t)= v(t) / omn  Frow Ohm5 faw.
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At £=0" we hae L (o) = i (e7)s OA
Velet) = v (o™) = o,

lﬁ =
Tuom L oA mapln
_ -Ih’“ #
Vrh = = av= + PV )" .
3zomV oA  Shn oF = wire b iloY
viet) = Jwm ¥ ° hzm

'—

p[g“*} = 320 ml  Frem above circuit

We mateh Hus e symbalie vio*):



—oct —ah
vit) = A,e  eopligt) +Ae sinfagt) + Aa

viet) = A, + A3

wWhat is Az for v{#]? T¢ will be the
Ay we Found Rr (£) melbplied by TOmIL,
(by OtmT CLeuw).

Az= LA- qoma = 3208V (= LLR?*}

Batk +eo Hfﬂ"'], we [are

v(ot) = A% Ay = 320 ml  From cirewit

Iz0ml/

o A.l:l:l

Mow we Find 43_&}\ by ur’d‘.inﬂ
b L.+

vitl in terms of stale vars [ and vo.

We must net Fluu] in values wuntil afler
we take /4t

Vil = ugp - Rpp ity work$ since i,

{3 state war
At ,g:c:H.- st

© siate oy = const
Now pse di_ = Vi, (n-"-d. dig =ig
A& L ot ¢

ma;,}



d_'l-l'_li:] = = H.-rh lt
at L

Avit)
oAt

= "'R-Th II'L[ﬂ*} ==-370m0 - 32oml
t=ot L LR

From Eynhnl.il! vit] we hare

ﬂljl_fﬂl = A () + A,y
otk +=o¥
Thus, A (-l Ay = - 320 ma - 320ml

LaHr
. Ag= - 320 man- 320mV
La H - (ugy =120krss)
- okt
sin (J20kt) + 20m|

But AJ-EI-.

vitl= = 320ma-3woul &
lsiH - IZok 73

L= () since V L3 across Tedma2

A60m 11
- leaokt

) = - 320V 3 & ginlmont) + LA
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- leokt

ift) = — BAe sin(lokt) + L
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