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Problem 3-11

Sketch the approximate output from a differentiating circuit with R=10 kQ,
C=0.01uF for the following inputs:
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Solution:
RC time constant :
RC = (10x10%)(0.01x10°%) =1x10"*s or100us or 0.1ms
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(b) Note that the width of the pulse is much shorter than the time constant (11%).
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(c)
At the leading edge,
C dt C dt dt
= K=l+Rﬂ (dV‘"zK)
C dt dt
Integrating,
| = KC(1- )
~V,,=Vz=IR

=KCR(1-e")

The time scale (~1ms) is much longer than the RC time constant (0.1mS). At
1mS, Vout -~ KRC = 0.1 Vin’ max-
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Vol | 1+0’C’R* |
B oCR
V1+w’C’R?
V. leads V,, by a phase angle of tan 1(L)
o RC
RC=10"s

Input wave has a periof of lus = f =1MHz
o = 2nf =6.283x10°Hz
6 -4
Vou | _ ®CR _ 6.283x10° x10 1,000
Vil V1+0™C?R? |11 (6.283x10° x10™*)?

With |V, | =5V, |V, | =5V
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6.283x10° x107*

V. leads V,, by a phase angle of tan '1( j =0.092°




In the case for an integrator (not asked by the question):

RC time constant :
RC = (10x10%)(0.01x107®) =1x10*s or 100us or 0.1ms
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(c)
At the leading edge,
Vin :2+|R = %:ld_Q_FRﬂ
C dt C dt dt
= K=l+Rﬂ (dv"‘zK)
C dt dt
Integrating,
| = KC(1-e7¢)

Vo, =V. =V, —-IR
=Kt-KCR(1-e"")
At the discharging edge, similar mathematics show
V., = (V. —Kt)—KCR(e" -1)

max

The time scale (~1ms) is much longer than the RC time constant (0.1mS). At
1ms, Vout ~ K(1ms)-K(0.1ms) = K(0.9mS), or 90% of the maximum voltage.
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V., lags V, by a phase angle of tan™ (o RC)

RC=10"s

Input wave has a periof of 1lus = f =1MHz

o = 2nf = 6.283x10°Hz

Vou| _ L = ! =1.591x10"°

Vil V1+0™C?R? /11 (6.283x10° x10™)?

With |V;,| =5V, |V,,| = 7.96mV

V., lagsV, by a phase angle of tan '1(6.283><106 ><10’4): 89.9°




