CONCEPTUAL TooOLS By: Neil E. Cotter OpP-AMPS

RC/RL CIRCUITS
Example 2
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Rail voltage = 12 V
After being open for a long time, the switch closes at ¢ = ¢,.
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Choose either an R or L to go in box a and either an R or L to go in box b to
produce the v,(t) shown above. (Note that v, stays high forever after t, + 1 ps.)

Specify which element goes in each box and its value.
Sketch vi(t), showing numerical values appropriately.
Sketch va(t), showing numerical values appropriately.
Sketch v3(t). Show numerical values for 7 <t,, for #, <<ty + 1 s, and for 7,

+1 us < t. Use the ideal model of the diode: when forward biased, its resistance

18 zero; when reverse biased, its resistance is infinite.
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soln:a) VY, starts out with a negative value,
implying vy <v, for the op-amp inputs.

I+ we place an L wh box b, then at
time t, , (when the L acts like a w‘ure.),
we would have v, = OV.

ThU\s, we need +o know the value of V.
Since +the inputs of +the op-amp act
(ike sensors +that draw no current, we
can solve for Vv, by donslate_rclmj only +the
GV seurce , the 3 kS resistor, and the
| mA source,
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no current Flows here
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L Bk ImA
E v— no net current may
e e 4 Flow out of this lbox
cv R s~ no current Flows
from GV source into box

We have v, = -6V - ImA-3kn. = —9V.

Note +that +*he I1mA wmust Flow ‘thmugh
the 3kSL resistor gince ne current

Flows nto the op—amp.

We how see +that an L itn box b is
{mpossible, as it would yield v, =0V>v,,

implying v, >0V at time L=A4,.

Thus, we must have an R in box b. To have
a a\ynamic‘ time response; we must have an L. in Q.
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The circuit +that determines v, is as follows:

V2 B 10k.q
%

v, R =Ziu 12V
'E='£°

-

We mo\}/ assume +o,= 0O for convenience.,

At 4£=0, +the cireuit has veached eﬁultibrium
and L = wire.

.(07) = -—-i2v_
R+ ok
vo(07) = {,007)-R = -RV- R

R+lokse
We need +o have Vz(0°)4"‘ﬂ/ ot £ =0,
This means +*hat we must use R > 30kn
gsince —AaV is 3/4 of -2V and R=30ke
qives R = 3. We returmn to this later
R+ 10kS 4

Since i, cant change instantly, we wil have
i (o) = i (07).

Tt follows that v, (%) = { (0NR = v (07).

v,(0%) = -1V _R
R+ 10k&
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This is the first plece of information
We hneed For the 3enem\. form of solh
DCDF' Ve (“’-’-’)’-

-t/

V, () = Vo (4:—)-00) + [Vz (ot)— Vz({-_--)oo)] e Th

For +-r00, ‘the switeh is closed and the
current n L will a\eca;z Loward zero,
Also, the L will \eok like a wire.

"L
) .

v, R

——

‘7

We have v, (£-w) = OV

To $ind Ryp for the time constant, we remove
L and look tnto +he cireuit From +hose
terminalg. (I there are independent soarces,we turn

E—rh +them o'H:.)

— O

R 2

v
we see +that KTh = R. Now we can write
an e;cFress\on for vo (%)

/&
v, () = ov =+ [‘szo‘f) ~oV] e

--l:/l—
or vz(t) = =\VR e R
R+loksL
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We ocbserve that v,(0%) =v,(07) means v,
will  stay lLw itlall,) (e, v, = -12V).

Vo %065 \(\‘\.6}\, (L.c.) Vo-:.—\—\?.V)} when V=V,
as Vo QPFPOQC\AQS oV from below,

From +the a)rap\n of V,, we have V =V,
at = lus. Thus, we solve the follwing egn:
—(e=lps)/ &
Vo (k=lus) = -V R e = v,= —4v
R+ 10k

We have ov\l.y one %/n in two variables.
Thug, the 3solution 13 not umLZ ue.

Since R ap pear s W several F(w:es in

the eﬁ'n/ we SLMF('\f/v the proklem by
choosi,na R bedore so\vlnﬂ the e_ﬁ’n for L.

Earlier, we showed R>30k&a. In practice,
vt s prudent to pick R large er\omﬂln to
a significant difference between v, (0%) and
V,. This results h a swaller time constant,
L/R, gince v, has +o climb Further before
Vo, = V. This, tn turn, allows us to use

a smaller L value. oOn the other /mnd, we
want to avoid a very (qrge R, (much /aryer
than /M2, for exqm/p(eg)i%owinﬂ to Ipossc'ble
Froblems with nelse oryinaccuaracies arising
from using currents nearly as small as the
minute current f/owinﬂ into the cp~amp.

We pnse R=lloksz Ffor PchCLm(Hy and. convenience,
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Then v, (0%) = =12V Lok = =1V
ok S + 1ok<
L
~l’l‘Ls/\l—é'ksz
Now we solve VZ(-l:= \/&53 =-llve = —94V.
—\MS/—L___.
or e noKﬁ—= —'_G.‘_l/ - l__
-nv \
or, taking Ln of both sides, ~lus = u(ﬂ_)
L/noksL \
or L = —1lud-lokn = -—l1llo mH
Ln(i_) ~200.7 m
I
or L & 0.55 H (L/R = 0,551 /10kR = 5 u3)

This L value g vrather large, mepmi.hg that
we stilll npeed a karqe, time copstant.

Some -\:KoLUj\NE shows +that +there are Limits
on how small L could be.

If we consider +he Uimiting cases, we
have R=20kf. min or R-® N max.

For R= 30K we 5e-l: L=-~Imd:30k2 = o H
since n(1) =0. Ln(i)
q

For R—’l'ﬂc”il we 3&% L =-Ilng. cosL = oo H

&)
no 12

Thus, there LsAesmPLng a \qn]e L.
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b) Vl(-{:) = —9qQV  Sor all tume

v2vd Ve (X)

» t e + —

*"’ &o-HAa—‘- —— T :V;Zl(lv)e t/sps
=4V |- P e V\('H:— -qy
-2y s
T
—t/5u8
Q) Vz(-\:} = —We (2hown on above Flo'\:)

d) To £ind V2, we model diedes as wires
when current flows in the forward direction,
which is +the direction of +he “arrow" in
the dicde Sy m bol. Otherwise, the diode isan open.

For v,= -12V, our circuct model is
. ’ —o
( +
5k

) VO

+

1

| 2.5k~12 Va

= o

Y}

Vg =0V  sinde +the Alode on the lower
Left shorts vy to reference.

Thus, Va=0V whenever Vv, = -12V.
Tn other wordS, V=0V For &< £, + Lud.
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For Vo, = +12V, our cdrauit model 13

—0
+

5ka

Vo

+ 0

2.5k.0_ Va

Vy = + 12V sinde +the diede on the upper
right shorts vy 4o V,.

Thus, va= 12V for £ >4, + | us.

A
12V 1 KVo
V3
V.
Va — >+
4, tor I UB
~\V




