
Spring Terrr~2007 
Prol~lernSet 1 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Depart,rnent of Electrical Engineering arlrl Cornpllt,er Science 

Directions: For prol~lerns1,  2,  3. arlrl 4. you are asked t,o rlraw t l ~ eroot lo<:~ls.In each prot)lerr~,t)e sure to 
inchlcle 

Separate plots of t l ~ eroot locus for posit,ive I i  arlrl negat,ive I'. 

Cer~troirllocatior~sarlrl arlgles of t l ~ easymptotes for large I I I .  

Depart,llre arlgles and er~tryangles fnr c ~ ~ r ~ ~ ) l e x - ~ : o r ~ j ~ ~ g a t Ppnles t~rldzerns. 

Locatior~sof all real axis t)real<t~~vaya1111 entry points and t,lle asso<:iat,eclvahles of I< at  tllese 
points. 

you l~avetried tllese t)y hancl, feel free to verify yollr work \%-it,h\I.iTL.i-\D or sirrlilar software. 
l i111 do riot neecl to turrl in yollr hl.iTLdU plots. 

Problem 1: Draw the root loclls 

Problem 2: Draw the root loclls 
I i

L ( s )  = 
S ( S  + 2 ) ( ~+ 3 ) ( 3+ 100) 

Problem 3: Draw the root loclls 
I<(.? + lOO)(,s+ 200)

L ( J )= 
( 3  + 1) (3+ 2 ) ( ~+ 3 )  

Problem 4: Draw the root loclls 
I l ( i 2 + S +  1 )

L ( s )  = 
(.3 
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Problem 5: Root Locus Under d hlicroscope 


This prol~lern will explore sorrle of t l ~ e  rlllarlces of root locus in systerns wit11 no11-1111it,y feerll~ack. 


(a) '4s a. rr~atter of ftxrniliarizing you \%-it,h the syst,err~ sllo~vr~ set G,,(s) 1 and H ( J )= 1. Plot,al~ove, = 
the root loclls of t,lle loop t,rar~sfer fim<:tion L ( s ) ,and specify t,lle range of posit,ive I< for m11i~:h 
the syst,errI is s t t~l~le .  

(b) Since this syst,err~ is stal~le for an ~lnacceptal~lysrrlall range of I<. your friend Ed\%-arrl s~~gges t s  
orle rrlet,llorl of cornpensation; you follo~v his s~~ggest, ior~ = ( s  + 4)  while let~ving and set G,(.s) 
H ( s )  = 1. Plot the root locus of L(s)  wit11 illis corr~pensator in place, and plot t l ~ e  locatior~s of 
the closecl-loo11 poles and zeros for I< = in hI.iTLA-\D 200. .4(irlitionally, use the s t ep  corr~rr~an(i 

to plot t,lle step response of t l ~ e  closerl-loo11 systerrl wit11 I< still fixed t ~ t  200. 


( c )  As yo11 >%re l~nast,ir~g yn11r other frierld Harold rrlerltior~s al1011t Ed's (:lever rr1et110d nf ( :OI I I I IP I IS~~ ,~~~I .  
that he has thol~ght of anot,her, rrlore attractive, may of cornpensating t l ~ e  systern. He s~~gges t s  
setting G,(.s) = 1.t111t rnaking H ( s )= ( s +4). You are intrig~lerl, and rleci(ie to <:ornl~are Harold's 
scllerr~e t,o Ed's <:onfig~lration. Plot t,lle root loclls of L(s)  \%-it,h this cornpensator in place, arlrl 
111ot t,lle locat,ior~s of the closerl-loop poles and zeros for I< = 200. Plot t l ~ e  st,ep response of this 
syst,err~in hl.4TLdU as well \%-it,h the sarrle va111e of Ii as yo^^ were previo~lsly ~lsing. 

(d) Are t,lle step responses ~lifferent? If so, provicle a. sllort explanation for rrhy t,l~is rr~igl~t 11e so. 
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Problem 6: Root, Locus arlrl Root Corlto~lrs 

Y ~ I Iare giver1 t l ~ e  follor3-ing (111al simple lag plant (as s l ~ o ~ v r ~  represent a t,mo-tank level I~elorv). It co111~l 
control, a. ternperat~lre <:ontrol r%-it,h tr3-o heat, capa<:it,an<:es in series, or a. rrlotor speerl control. 

(a) Sketch t l ~ e  root loclls of t,lle ~m<:orn~~ensate(i nf gain IC.plant G(s) for positive r~t~111es Find t l ~ e  
r~t~111e = 0.707. 11-hat is the t,irrle <:onstant of the res~llting sj~stern'! nf IC mhi<:h rrlakes < 

(b) '4 -\~,ro~~ort,ional-rlrrir~i~t,ir~e(PD) cornpensat,or of t,lle forrr~ 

is ~~lacecl plant as s11orv11 1)elorr in series rrit l~ t l ~ e  

Using t,lle K rr l~icl~!.(XI 	 follnd in part (a), rlerive t l ~ e  filr~ctior~t,rar~sfer of the forward 11atl1 for t l ~ e  
syst,ern al~ove. niit ,e the <:hara<:terist,ic eq~lation P ( s )  and cornpare it t,o t,lle root loclls forrr~ 

dss~lrne illat t,lle zero is to the left nf t,lle 11nles and sketcl~ t l ~ e  root l o< :~~s  for posit,ive val~les of 
the gain I<,,. (Since r3-e are <:hanging tile i~ararneterI<,, inst,ea(l of t,lle gain IC, this plot is caller1 
a. 	"root conto~lr.") 


PD cor~troller 1)jra. ft~ctor
( c )  You nor%- rrarlt t,o use t l ~ e  t,o rlecrease the tirrle cor~st,ar~t of 2 r%-llileretair~ir~g
< = 0.707. n l ~ e r ervo111cl!.(XI place t,lle zero'! Wla t  are t,lle val~les of I' arlrl I<,,? If rrlore tllar~ 
orle possit)ilit,y exists, give an explanation of t,lle reasor1 for tllose possi1)ilities. 
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Problem 7: Strar~ge response, 

l i111 are sitting in t,lle firla1 exarrl for 6.302, and 11pon t~lrnir~g t,o t l ~ e  seconcl page. you are <:onfrontecl 
rvit11 t , l~e 1)lnck ditxgrtxr~~ 1)elnr~~ill~~str>~t,ecl 

GI (.>) GI? (s)-Ic 
In order to rrlaxirrlize your s~~ffering, exarrl asks you to arlsrrer t,lle follorrir~g q~~estions: t l ~ e  

(a) Sketch (by hanrl) the step response of GI (J). Wla t  is illis t,ype of t)ehtxvior called. and r%-l~y is t l ~ e  
pract,ice of avoirling this type of l~eharior re<:ornrnen~lerlY 

(b) Sketch the root loclls of L(s) = GI(S)G?(S). 

( c )  Use \I.iTL.i-\D to rlraru the st,ep response of g ( s )  rrit l~ I< = 1. Provirle an explanat,ion for t l ~ e  
atypi1:al <:hara<:terist,ics of illis plot. 

Problem 8: I~~trocl~~ct,ionto the 1Uyq11ist Criterion. 


For each of t l ~ e  tl~ree L(s) l~elnr%-, 
lonp trtxrlsfer filr~(:tior~s rlraru t,lle Kyql~ist plot. In each case. rleterrrlir~e 
t l ~ erarlge (or ranges) of t,lle gain I' for stal)ilit,y. 
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