CONCEPTUAL TooOLS By: Neil E. Cotter OpP-AMPS

RC/RL CIRCUITS
Example 1
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a) 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 vy(t) shown above. (Note that v, stays low forever after
to + 120 ns.) Specify which element goes in each box and its value. Make sure
-10 V<vp <10V at all times.
b) Sketch vi(t), showing numerical values appropriately.
c) Sketch v(t), showing numerical values appropriately.
d) Sketch v3(t). Show numerical values for 7 < t,, for t, <t < to + 120 ns, and for

t>1ty+120ns. Use the ideal model of the diode: when forward biased, its
resistance is zero; when reverse biased, its resistance is infinite.
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Example 1 (cont.)

dolh: a) First we caleulate v, The op~amp input
draws no current, mplying that we may
bjnore the op-amp when caleulating V.

us'u\j SuFe_rFosL-tlon, we sum +the values of
V, oktain ed when one sourde at a time

is turned on.

Case L. & wmA on, 3U off
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RC/RL CIRCUITS
Example 1 (cont.)

vl-_- Vi + Vi = -6V + 3V = — 3V

For v, to be —12V at t=4s we must
have v, >v,. This condition is satisfied
by PchLhﬂ either an L or R n box q.

If we have an L in bhox q, then 1t will
act like a wire at £=+,, making v
eﬁuql. +o OV. IF we an R n box a,
however, we wul have a y-divider:

2

Vo = 6V R > ov
R+ 30K

Now we ¢onsider what m‘ujh’\: be n box b.
Ifa ig an L and b is an R, then

L (kY) = 0 (&5) will flow +thru the
30ksz and *the R n b when the switeh
opens. The direction of current Fflow will
result in v, <ov. For sv.-fficie.nt(y Large_
R, we can have I/z({:o*) <vy,. Later,
as ‘the current in the L decays -+toward
0A, we will qjqin have v, v, causLnﬁ
Vo to drop 0 —I12V again. Thus, this
solUn wlll work.

q:L b =R

To be +horough, we consider what would
happen for the ese a=R and b=L.
This would cause a short across the 6 source
for t<t, since L=wire, This wil net work!
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New we Find vy (&) using +the general form
of solutien For RL problems:

. *-b/‘f(
v, (£>0) =V, (£=>e) + [v,_ (6%) = v, (% »w)} e Th

where we Yake <+, +o be t,=035.

30k Gy
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The R is a 2ad c'urcuit)(u\ quLLeL
with +the L and 30 k:L)) across the
GV 2ourdce. Thus, we may ignore R.
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v, (%)= =1, (0%)(zoka+R)

or v, (0F) = _T\S,MA(sokmr R)
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+ > o0

wire

Vp(£220) =0V  since there is no
power Source

Ry For )E +ime constapt = R seen
Th

LeoKing inte terminals where L g
attached, (but with L removed):

30k 5L
"

v

Ry = 30knn+ R
-
L/ @oktR
7. v, (>0)=0V +[— LmA (30k+ R) —OV]e, [ Gokas)
5

Ske_'l:cl'\ .
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RC/RL CIRCUITS
Example 1 (cont.)

We <choose L and R valueg +that yiP_LOL
Vo () = v, at +=120ns, the duration of
the pulge. Recall that v, =-3IW.

~t=120n8

L
Vo (£=120n8)= ~ LmA(30ka+R)e foket R) gy
)

We cannot solve +this e_ﬁ’n umizue,l)/ for Rand L.
Since t s diffreult 4o solve for R, we

choose a value of R and +then solve for L.

We must have v,(0%) 4 -3V o get a pulse
for Ve.

S = LmA(30kR+R) < -3V
5

work
We see that any R willjexcept R=0 that

would short ocut +the 6V source For £< +£,.

A convenient value +For R i3 20k2. This 3iveS

Va (o*) = - LmA (sok_(z+ zok.sz) = ~[oV
5
New we can solve For L and

see f we get
a reasonable value.

- 120n%
vy (t=ions) = —tove O o 3y
—120h3
or e L/EOKEZ o 3y = 3
—lov 10
or - 120 ng = Ln(}_>
L/gs0ksL 10
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or L = -120n3 = =120ns =99.7n%
SOk u\(l) - 1,204
10
or L & 100 ng
s50ksL
or L = joon- 50k H = 5mH

ﬁuMMqry—. R=20k0 , L= 5mH

b) and c) We use +he above results 4o make our Plo-t-.

ﬂ\
122V 4
Vo '\:o toti2ons L 't
i p— I P—Ecdmajenis
Vi -
p Vo
~1\2V Vo

0\) The Alode acts Like a wire when current Flows
in the direction of the arrow (n the cisde symbol.
OﬁeerSe) the diode (s an open dircult.

For +<%,, vo==-12V so +the dicde looks like

a wire ShOr'(:Lnj Vx to oV Aﬂoi/ﬁs to £> 44412003, Ho.
For >4, & Vo = +12V, the dlode acts like an
open, and Vy s Pb\[\ed up to Vo= 12V by the
ISkse resistor, whichhas no V-drop.

A V,
12y 3

Va Vi

> t

-2V Vo Vo




