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HOMEWORK #10 prob 3 solution U

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

Find i(¢) for t > 0.

SOL'N:

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

of the two resistors:

480 mQ2 11960 m€2 =480 mQ-lII2:480mQ-§=3ZO mQ2

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

characteristic roots:
Sjp=—0% o?- (x)%

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

constant:

yo R _320mQ
2L 2-1pH

=160 k/s

The resonant frequency, ®,, is the inverse of the square root of the product
of L and C:

2
21 1 1 2
W, = or Wg=-——=——"=—1/s| =(200 ki/s
° JLC ° LC 1uH - 25pF ( J ( )

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

512 =—160 kifs + \/(160 ke/s)” — (200 kr/s)* =—160 kr/s % j120 kr/s

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



0 =02 — a2 =1/(200k)% — (160k)2 /s =120 ks
We use the general form of solution for an under-damped circuit:
i(t) = Aje”™ cos(gt) + Aye ™ sin(wyr) + Az

A3 = ';iML value

For t*w, L=wire, C=open, switch closed.

480mn. A ? 150..9.%““"‘) —}
]

We have a current divider:

(g2 )= JA-_480mR - .13_A
GBO mIL+ ToOm L

New Find 10*) ad ditd)

dt \x=0*
Start «t +=0" and fird { (07), v (o).
( Then we'll use ([ (o) =i (07),

Ve (0?) = vy (07). )

At t=0, L=wire, C=open, suwjtch open.

v lo =) =0A
—
4
eomn VJD') =0

For t20+' one qpfv-oad\ s & take a
Thevenia e’aira/en‘é of the Cdurrent sourte
and R's.
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\Lﬂ\ = Vq'h w‘ttk D‘ﬁb\g a{‘(:ukd +to 4/6-

vih = 1A- eomn|téoms = /A - 320m02 = 3208V

Rrn = resistance seen (ooking inte a,b
with A source turned off

Rip = “60m[ 160m2 = 320 ML (as arted abore)

We new Find v®) W owr new dircuwit and
use L(t) = v(t) / Wom  From OhmS (aw.
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At £=0" we have LL(o")ei,_(o'). OA

Velot) = v (o™) = ov.
Rmh=

3wmn A Tepts
Vrh = + ov= + *ﬁ".,(d’) - :
320mV oA vie¥) = onl | ov = uh&ia
. -

v(o?) = 320 iV From albove circuit

We mateh Hus +o  symbolic v(0*):



-t —uct
V() = Aje wp(gt) + Az sin(wgt) + Az

vio*) = A, + A3

What is A3z for v(#)? Tt will be the

Ay we foand for ((t) meliplied by Uomn,
(by 0“3’ LCIO).

Ax = __ISA- Qéom. = 320mV (= [?/Rm)

Batk +to V(O"), we fave

v(ot) = A+ Ay = 320wV from circuit

320m)
% A‘ =0

Now we +ind qlg_(j_.)\ by writing
A -+

vi¥) in terms of state vars C, and V.

We must nst plug in values until after
we take d/dt.

v£) = Vrh = Rypte  works since @,
(s state var

dv(®) = Ayfy — Ry du
At at At

O sinte V= const

Now use di, = Vi, (and dvg =i¢ mb}
& ¢ At ¢



dv(t) = = Ry Vo
dt L

Avx) = = Ry vL(O") =-320m 2 - 320mV
At t-o‘ —l_- LK

From sSymbelic vit) we hae

vt
At

= A (=) + A,wg
+z0t

Thus, Al(-d.) +Arwd = -~ 320 ma - 320m)

I H
. Ag=m = 320 mn - 320mV
L H - (uy =120kess)
- okt

But A‘ =0. .’

viel= - 320ma-3220n0 ¢ sin (J2okt) + s20m)
|AH - 120k r/3

i.(t\- v!t) since V L3 across T%0m2

A60m 1L

~ 16Okt

() = - 32000 '3 & sinlaokt) + LA

I,’IH . lzo)(r/i

- leokt
i((t) = - BAe sin(lzokt) + L A
a 3



