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Instructions to Candidates:

% Answer ANY FIVE FULL questions.
++ Missing data may be suitably assumed.

1A. Determine || [l.and || || norms of the system (08)
2
_ |s+10
G(s) = [*30
s+1

1B.  Consider nominal plant P(s) = ﬁ and actual plant model P(s) = ﬁ witha = (02)
0

ay + 88,161 < 1. Assume suitable weighting function W and rewrite uncertain
system in the form P = P(1 + AW)~1, where A is stable transfer function given by
A= 6 with|é| < 1.

2A. Derive robust stability condition for the unity feedback control system as shown in  (05)
Fig. Q2(A)
|—— A ""A »—l

Figure Q2(A)

2B. Assume that unity feedback system as shown in Fig. Q (2B) is internally stable (03)
andn = d = 0. Show that if input r(t) is the ramp input then e(t) - 0 ast — oo if
and only if sensitivity transfer function S(s) has at least two zero at the origin.
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Fig. Q(2B)
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2C.

3A.

3B.

SA.

5B.

Illustrate sensitivity transfer function for the unity feedback control system and show
that ||WpSllee <1 & |Wp(jw)| < |1+ Ljw)|,V w.

1
(s-1(s-2)
Show that set of all controllers for which the feedback system shown in Fig. Q(2B) is
internally stable is given by € = {% :Q € R}[m}
State and prove small gain theorem with neat diagram

Compute an internally stabilizing controller € for plant model P =

For the given weighting functions W, and Wp , derive the conditions on loop
function L for the regions A, B and C as shown in the Fig. Q5 (A) to satisfy robust
performance inequality [||W,S| + [W,T||| < 1.
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Fig. Q5(A)

WpsS
Show that |[|WpS| + [W,T]|[l., < 1 = maxwﬁ'[ PPl
w,T| <z

Consider the standard unity feedback loop as shown in Fig. Q2 (B) where r is the
reference input, d is the disturbance, n is the noise signal, P is the nominal plant and
C is the controller which has to be designed.

If P(s) = % C(s) = K. Find the least positive gain K so that the followings are

+1’
all hold:
(i) The feedback system is internally stable
(ii) |e()| < 0.1 when r(t) istheunitstepandn =d = 0,
(i) |[¥lleo < 0.1 for all d(t) such that ||d||, < 1 whenr =n = 0.
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