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Problem 1: For each of t l ~ e  follorrir~g nonlinearities, sketch hg  I L ~ I , T I , ~  rnagnit~l(iet,he (1escrit)ing filr~ctior~ 
curve ( G DVS.E). DOI I O ~~:al~:l~late ~ ~ I I I ~ ~ ~ O I Ithe (iescril~ir~g G u ( E ) .  

Slope = I< +. 

Slope = I< slo 
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Problem 2: Integrator-ar~~l-scl~rr~itt~~t~rigger tooscillator. Use t )o t l~  exact arlalysis and (1escrit)ing filrlct,ior~s 
rleterrr~ir~ethe fre(lllerlcy and arnplit,ll(le a t  which t l ~ e  systerrl i r ~  t,he figure 1)elorv will oscillate. Cornpare 
t l ~ ereslllts. 

Problem 3: Uy usir~g (iescril~ing fim<:tions, rleterrr~ir~e t,lle freqllrncy arlrl arr~plit~lrle a t  r r l~ ic l~  syst,err~t l ~ e  in 
t l ~ efigure l)elo\%- will oscillat,e. 

Cite as: James Roberge and Kent Lundberg, course materials for 6.302 Feedback Systems, Spring 2007. 
MIT OpenCourseWare (http://ocw.mit.edu/), Massachusetts Institute of Technology. Downloaded on [DD Month YYYY].



Extra Credit Problem: Consi(ier the PLL s l ~ o ~ v r ~  .isslnne tklat t,he phase (iet,e<:tor out,pl~t t)elom. 
levels are grolln(i and ILL).  .isslnne illat l ~ o t h  the input to t,lle loop a1111 t l ~ e  YCO o l ~ t p l ~ tare square 
waves t,llat srrir~g t)et,meen grolmcl and i . b~ ..isslnne t,llat t,lle relationship l~etsreer~ <:ontrol volt,age a1111 
out,pl~t freqllency of t,lle YCO is 10 hIHz per volt and t,llat t,lle ol)-arnl) is ideal. 

A -@outvco 


(a) Sllppose illat the 1001) has txen in lock forever and that t l ~ e  inpl~t  freqllency has 11ee11 held constant. 
Sket,cl~t l ~ einput signals to t l ~ e  phase (ietector \%-it,h respect t,o t,irne. 

(b) Fir111 t l ~ e  loop t,rar~sfer filr~ctior~ L(s). 

( c )  dssllrne I;u = 5 \', R1 = 100 Cl and R2 = 0 .  11-hat vallle of C gives a. loop c:rossover f req~~ency 
of 100 kHz? 11-hat is t,lle phase rr~argin'! 

(d) 11-it11 the vallle of C frorr~ part (11). fir111 t l ~ e  ~x111eof Ra illat will provirle a phase rrlargir~ of 4:" 
\%-bile preserving t,lle crossover freqllency. 
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