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Problem 1: For each of the tl~ree loop trarlsfer fim<:tions L(s)list,e(l 11elor3-, sket,cl~ t,lle 1Uyq11ist lo<:lls. In 
each case, (leterrnine the range (nr ranges) nf gain I< f ~ rst,at~ilit,y. 

IC(s+ 10)
L,,(s) = 

( 3  + 1)(3 + 100) 
Il(s+ 1)

L&) = 
i'(0.1~+ 1) 

ICf!-"

L,:(s)
= -

s + 1 
Problem 2: For eacl~ of the trro loop t,rar~sfer L(s)list,e(l 11elorr. sketcl~ t,lle Nyqllist loclls. In each filr~ct,ior~s 

case, lal~el t l ~ e  regior~s of st,at~ilit,y appropriately (yol~ rlon't htwe to calclllate ranges of I<). 

IC(s+ 100)"
L,(s) = 

(J + l)ys+ 1ooo) 
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Problem 3: LY11at is tlle pole-zero plot that correponds t,o the Nyq~lisi Plot 1)elomY 
Nyqust uagrams 
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4: One of t l ~ e  rrlost attractive features of t,lle Kyql~ist criterior~ is that it provicles a. 
Real Axis

-1.5
-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8
From: U(1)

Nyquist Diagrams

To
: Y

(1
)

Im
ag

in
ar

y 
A

xi
s

-1 -0.5 0

Problem <:onvenirnt, 
rrletllorl for prerlict,ing what TX~IIPS nf Ii mill fall ~ I Ia c:ert,ain regior~ nf the cn~r~plex 11la11e. 111 I I IOS~ 

circ~lrnstances, me are only interested in krlorvir~g rvller~ tlle doserl loop poles 1ear.e t,lle left half-plane. 
Rat,her t,han rest,rict o~lrselves to this r r ~ ~ m ~ l a n e  tool, consicler the folio\%-ingapplication of sl11:h a. po\%-erfill 

prnl~lern.111 rlesigning a feecllrack syst,errl, your s~~ecific;~t,ions that t , l~e 
r eq~~ i r e  syste~n haye a (iarnping 
ratio less t l lar~ < = 0.707. Use t l ~ e  figures l~elorr. 

'-a-

H(s) 

(a) Drarr~a 1Uyq11ist plot for t,lle loop trarlsfer fim<:tion L ( J )= G(s)H(s)  and t,lle Kyquist <:onto~lr as 
giver1 at)ove. Deterrrlir~e the va111es nf I< ( I I o ~ , ~  and negat,ive) for \%-hidl the poles of t l ~ e  ~]nsit,ive 

doserl lonp systerrl lie n ~ ~ t s i d e  
t , l~esllarlerl region. For these <:orrespon(ling rxliles of Ii,(leterrnine 
11om rr la~y poles lie in t l ~ e  slfi~rle~i inforrnatior~ in tile cliagrarn.region frorr~ t l r  en<:irc:lerner~t 

(I)) Plot the response of c(t) for ~ ( t )= t. i.e. a urlit rarr~p and t l ~ e  rr?~liall~e of K 11eing s11c11 that t l ~ e  
poles of the closecl loop systerrl lie just, (XI the t~order of the shaded region. ;\ss~lrne that I< > 0. 
W l a t  is t,lle value of tl, for t,l~is particnlar c(t)'? 
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Problem 5: One arlvantage of tlle Nyq~list criteriorl over t,lle R o ~ ~ t l l  t,est or root loells is illat you clon't 
rleerl a rat,ior~al t,rarlsfer filrlct,ior~ t,o st~lrly stal~ility. This car1 corrle in llarlrly when, giver1 freq~lency 
response rlat,a for an open loop syst,errl L ( j d ) ,  you want t,o learrl at)out st,at)ilit,y issues illat rrlrxy arise 
r r l~e r~  set nf (iatrx is giver1 l1e10\%-; closirlg a. fee(it)a<:k loop arolln(i that L(.s). OIIP S I IC :~  llsirlg illis plot, 
sket,cl~the 1Uyq11ist loclls for L(s) ~lrlrler tlle assl~rr~ption t,llat j7ou are ~lsirlg urlit,y feecll~ack. 

Bode Diagram 

Frequency (radlsec) 

Problem 6: Tile gain-phase plane plot of L(s) for a imity feerll~ack systern is she\%-n in t,lle plot at,tachrcl to 
tlle encl of t,llis pro1)lern set,. The plot approaches +oc at  -90". 

(a) TVllat is Al,]'? 


(I)) TVllat is dp (peak freq~lency)'! 


(c )  m a t  is d,: (crossover freclllencjr)? 


((i) TVllat is t,lle gain margin? 


(e) nTllat is (phase rrlargin)'? 

(f) It is (iesirecl to increase ATrl to 1 .G.  Uy rvllat factor rrlllst tlle gairl of tlle syst,errl IC I I ~increasecl? 

(g) If I< is irlcreaserl as in part f, \%-hat is the rlew vrx111e of dri'? 

(11) TVllat is t,lle new or,? 

(i) TVllat is t,lle new d,? 
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Put  Go~slrl's hanrl-rlran-n Nir:l~ols CLart hrrr 
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