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Exerclse T.1: Each network shown below has a non-zero imitial state at £ = (), as indicated.

Find the network states for ¢ > (. Hint: what equivalent resistance s in parallel with each capacitor
or inductor, and what decay time results from thes combination?
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Exercise T.2: The network shown below contains a voltape source having amplitude V', an

ideal switch, a 2-ki? resastor and a caparitor having capacitance O, all 1n seres. At ¢ = () the switeh
closes, after which the capacitor voltage v 13 measured as shown below. From the measured
voltage, determine V', €, and the capactor voltage before the switch closed. Note: the last page

of this problem sel containa a larger graph of the capacilor volltage. It ran be turned tn wnth your
problem sel solutions.




Problem 7.1: Thiz problem examines the relation between transient responses of hnear
systems. The network shown below 15 first doven by a current step at £ 0, then doven by a

current ramp at £ = (0, and finally doven by the current step ples the current ramp at £ = (0. In
the Arst two cases, the inductor has zero imtial current, as idicated.

(A) Find the inductor current i) for £ > ) in response to the current step I{t) = Lu (). Assume
that 1(0) = (.

(B) Find the inductor current i(t) for £ = 0 in response to the current ramp I(£) — Lotu (t).
Again assume that 2{0) = 0.

(C) The step input can be constructed from the ramp input according to !':.;H,Pl[tj . r—t%f]hmp{t}l.
Show that their respective responses are related 1n a similar manner.

() Would the result from Part C hold if 1(0) & 07 Why or why not?

(E) Finally, find the inductor current () for ¢ > () in response to the current step plus the current
ramp, that is, in response to I{t) = (1 + of) for ¢ > (. This time assume that i{()) = ..
Hint: thank superposition.
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Problem 7.2: The circmt shown below can be used to regulate the current through an
mductor. (The switches model transistors.) Typical applications include the regulation of currents
i motors, solenowds and loud speakers, all of which have inductive windings. We will analyze the
circant assurmng that it operates in a cyelic manner with switching penod T'. Dunng the first part
of each penod, which lasts for a duration DT, switches S1 and 54 are on while switches 52 and

34 are off. During the second part of each switching period, which lasts for a duration (1 — 0T,
switches 51 and 54 are off while switches S2 amnd 53 are on. Note that (0 < [ < 1.

(A) Assume that [} = constant amd that the cirewmt has been operating long enough to reach a
cyehe steady state by £ = (), at whaich pont a new switching penod begmns. In terms of the
unknown i(0)), determine #(t) for 0 < ¢ < T

(B) Use your result from Part (A), and the fact that the circomit operates in a cyclic steady state
to determine i(()). Note that with this result, and that from Part (A), i(t) is completely
determined.

(C) Find the average value of i(t) over the period 0 < ¢ < T. Hint: is it necessary to average the
result from Part A, or s there a faster method to find the averape?

([} Suppose that the circwit has been operating with [ = I for a time long enough to reach a
cyche steady state by £ = (). Suppose that [ switches to 2 = [} at £ = (), just a5 a new
switching period begins. In this case, determine (i) for ¢ = (. Hint: can you use your result
from Parts (A) and (B) as a particular solution over the interval 0 < £7




