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@ For the RC nctwork shown in Figure P4.12(n),
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e*‘ £ Figure P4.12  (a) RC circuit.

(@) (b) (b) Dual RC circuit.

a. Write the modcling cquations. -
b.. Derive the differential equation of the form [ + e, = Ge,. ,
¢. What are the mathematical expressions for the time constant rand the gnin‘(i'.’ .
Suppose two RC nctworks arc lumped together as shown in Figure 1471 2(b).
a. Write the modeling cquations.
‘b, Derive the differential cquation for the circuit.
¢. You might be tempted to think that the differential cquation for this circuit is sim-
ply the product of two RC’s. Prove that it is not by asking whether
(MD + 1)1l + ey = ¢,

@ Shown in Figure P4.13 is an clectric circuit.
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u. Wiite the madcling equations.

b Duvive the differential cquation for ¢y as a ’funclinn of ¢,.

c. Stbhe the initial conditions necessary for the differential cquation,

d. State the natural frequency, the dmnﬁing ratio, and the static gain of the circuit.

4:14) For the circuit shown in Figure P4.14, write all of the modeling cquations and derive the
transicr lunction ¢, ¢, All initial conditions are zero.,
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| b T Figure P4.14 "RLC circuit,

For (i = circuit shown in Figure Pd4.16, write. the modcling cquations and derive the
transl.r function for ¢, as a function of ¢,. Whar is the static gain?
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, . Figure P4.16  RLC circuil.
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AA8\Showr in Figure P4.18 is an RLC circuit with a parallel bypass resistor. Wmf the mod
cling cijuations and derive a differential equation for e, as a function of ¢,. Express the

requir'd initial conditions of this sccond-order differential equation in terms of the
known'initial conditions ¢,(0) and i, (0).

R,

l"iguri- P4.18 RLC circuit.




/4/25 Shown in IVTigl\‘c P4.25 is an clectronic circuit with an op-amp bufler. Derive the differ-
ential equation for ¢, as a function of the input ¢;. Calculate the staiic gain, natural fre-
quency, and damping ratio if R, =10 kQ, R, = 10 kO, Co=1ul R, =5000, and

C,. =10 'Ir.
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1 . e f o smmd: . Fignre PL2S™ Op-amp lilter cireuit,
4/1/7 Shown in Figure P27 is an op-amp circuit with fwo capacitors Write the modeling
equations and derive the transfer function for &, as a fundion oFe,'
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Figure P4.27 - Op-amp lilter cireuit,



Transler Function

Clircuit

-

Description
Sign Changer € = =05
. K,
Amplificr ¢, =—--¢
f K,
.= ok
Integrator " ™D
T=RC

e, =-1D¢;

Differcntintor
T=RC
R
/
- ©EGDTT
T= R,C
K,
€, = —-R—-(TI) + I)
l.ead '
T=RC
K
. s L AT T

Lead-Lag

or

" K, (r,Dv 1)

Lag-Lead ey P
T = I\'/(,
" '“I“, 4 I)‘r,
Bandwidth-Limited & rl
Integrator 7, =RC
1,=RC
o
Bandwidth-Limited (nD+ 1)
Differentiator =KC

1,=KC
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