
ECE  147B  
Final  Exam  

I)  Estimating  za  discrclc»time  transfer  function  from  time  response.  

I’/unw  nom  whclhur  each  shows  an  IMPULSE  (part  11)  ur  STEP  (part  b)  rusfnurscfl  

a)  For  the  unit  impulse  response  shown  below,  estimate  the  corresponding  plant,  P,,(1,).  

(y(k)=0  for  all  k<0  here.)  
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s  own  below,  esnmate  the  corresponding  pb(z)_  
Unlt  STEP  Response  for  P  
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2)  Below  is  the  tmnsfer  function  for  continuous-time  
.`  +  

a)  Convert  to  transfer  function,  (ffl),  using  the  Tustin  lrziitsfnmiatinn  (nt,  

=  

(ei  =  e+f  

_  (Z+T)a  
.  -  I.  ‘I6  

‘  

b)  Rapidly  estimate  the  gain  and  phase  of  C(z)  at  2  rad/sec.  (Hint:  evaluate  C(s),  using  

appendix  to  estimate  phase  of  C(s)  quickly!  C(s)  and  C(z)  should  be  close  here.)  
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To  evaluate  the  arael  frequency  respousc  of  C(z)  at  md/scc  requires  plugging  in  some  
value  for  z.  Esliinulc  numerically  what  this  value  of  ‘z  

is,  :uid  SKI<.|`Cll  this  value  of  7.  on  

the  z-plane,  (Show  all  or  ri  blown-up  subsection  uflhc  unit  circle  in  this  plot.  Recall,  0_0|  
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3)  Discrete-time  system  time  response  analysis.  Given  zi  sccoiid-order  system,  Wm,  
sampling  time  T=0.l  seconds  and  poles  on  the  L-plnne  at  

=  0,99  0.03,'  
answer  the  i`ollo\\1`ng  questions  about  rt  unit  resportsc_i`or_tiie  system:  
a)  Approxintatcly  how  many  samples  are  thcrc  m  one  oscillation,  :md  what  is  thc  time  for  
one  full  cycle  (peak-to»peak)?  oi  U.  

'  

0.1333  
-  =  

cyafe  
.  

-_  ._  '  
Saw;  0.  

b)  What  is  the  time  constant  ofthe  decay  envelope?  

  

I  
105”  

c)  Assume  the  system  has  a  single  zero  at  z  =  -1.  Either  write  an  expression  for  

Estimate  
the  pegcent  of  a  unit  step  response.  (ie,  the  percentage  

y  whicht  e  response  excee  s  the  mal'vaIue,)  
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4)  For  the  discrete-time  transfer  function  \vitI1Tf=g,0l  seconds,  shown  below:  

6(2)  -  o.9)(z  -  0.96)  

a)  What  are  the  DC  gain  and  phase?  j_  

G00  

rpfwii  

b)  What  is  the  Nyquist  frequency?  

_  ff/'J/7,  '  

c)  What  are  the  gain  (approximately,  to  within  +/-3dB)  and  phase  (exact  value)  at  the  
Nyquist  frequency?  
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d)  Sketch  :t  Bode  plol  for  on  thc  axes  provided.  (Hint,  you  can  break  thc  TF  into  two  

pnns,  if  helpful.  Mnlltplymg  two  transfer  _functtons  corresponds  to  adding  thetr  

respective  Bode  plots)  Carefully  label  brcnkpotnts  for  all  polcs  and/or  zeros,  and  show  

the  Nyquist  frequency  (e.g.,  ns  dashed  vertlcal  Itnc).  
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5)  Consider  the  discrete-time  state  space  system,  
Xk+1  Aiixk  

faxk  Un"/r  
with  the  following  matrices:  

_  __  0.99  -1  __  1  
lxzl  ln,01  1  l  lol  

=  [0  1]  Da  lol  

a)  What  is  the  characteristic  equation  for  the  DT  SS  system  shmvri?  ls  the  system-  stable,  

unstable,  or  marginally  stable  -  and  why?  

-  2-L  
=  +0.97  faay  

-f~  

  

:L  
Crm(/¢7r  pole;  

  

b)  Find  the  four  matrices  A,  B,  C,  and  D  for  a  continuous-time  state  space  representation  

that  maps  to  this  DT  SS  system  via  the  forward  Euler  transfonnation,  with  T=.0l  

  

seconds.  (As  parlialftints,  recall  fer  this  Lransfomtation  that:  /fd  =  I+  AT,  =  BT,  
-i  

'01  
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c)  Solw  for  thc  contrul  gzzin  lunlrix.  K,  to  place  all  poles  at  the  origin  lic.,  
cn|\lmll  l`ur  lhc  uriginnl  

  

slanc  space  systcxn  from  pan  a.  
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