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SOLUTI ON.5 TO CHAPTER l PROBLEM.S 

1.1 Suppose a r:idar search antenna at the San Francisco airport rotates at 6 rev/min. and JJta 
points corresponding to the position of flight 108 l :ire plotted on the controller's scre:.:n 
once per antenn:i revolution. Flight 1081 is tr.ivcling directly tow:ird the airport at 540 
mi/hr. A feedback control system is est.iblished through the controller who gives course 
corrections to the pilot. He wishes to do so each 9 mi of tr.ivel of the aircraft. and his 
instructions consist of course headings in integral degree values. 

(:1) What is the sampling rate, in seconds, of the r,mge sign:il plotted on the r.id.ir 
screen? 

(b) Wh:it is the s.impling rote, in seconds, of the controller's instructions? 

(c) Identify the following sign.als as continuous, discrete, or digit:il: 

i. the .iircr:ift's r.inge from the airport, 

ii. the range d:ita as plotted on the rad:ir screen, 

iii. the controller's instructioas to the pilot, 

iv. the pilot's actions on the aircr:ift control surfaces. 

(d) Is this a continuous, sampled-data. or digital control system? 

(e) Show that it is possible for the pilot of flight 1081 to fly .i zigzag course which 
would show up as a straight line on the controller's screen. What is the (lowest) 
frequency of a sinusoidal zigzag course which will be hidden from the controller's 
r:id:ir? 
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3.8 The rend arm on a computer disk drive has the transfer function 

500 
G{.r) = -1. 

s 
Design a continuous lead compensation so that the closed-loop system has 3 bandwidth 
of 100 Hz an~ a. phase ~3rgin of 50' Modify the MATLAB file fig32 .m so that you c:in 
evaluntc the d1~11al version of your le:id compensation using Euler's forward rctangular 
method. Try different sample rates, and find the slowest one where the overshoot docs 
not exceed 30'ib. 
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[ab c d]=tf2ss(npd,dpd) 

a = [ 2.9048 -2.8097 
1.0000 0 
0 1.0000 

b=rn 
c = l .Oe-003 * [ 0.4854 
d= 0 

-0.0095 -0.4663] 
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1)si,.1 M/lrLAB: 

np = (0 10 IOJ 
dp = C.1 I IOJ 
[npd,dpd]=c2dm(np,dp,.01) 

npd = Lo 0.1000 -0.0990) 
dpd = ( 1.0000 -1.9891 0.9900] 
polyval(npd, I )/polyval( dpd, I) 

ans= I :- d,c. Jain 
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Bode plot for emulation digital design, 7.23 
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% Prob 9.10, 

clear 
elf 
f=(O 1 0 0; 
-.91 -.036 .91 .036 
o o o 1 
.091 .0036 -.091 -.0036); 
g=(O;O;O;l}; 
h= [1 0 0 O] ; 
j=O; 
T=.4; 
sysC=ss(f,g,h,j); 
sysC=c2d(sysC,T); 
[phi,garn,h,j]=ssdata(sysD); 

r=l; 
Hw=[l O O O]; 

Qbar=20; 
O=Hw'*Qbar*Hw; 
(k,s,ev)=dlqr(phi,gam,Q,r); 

subplot(2,2,1) 
plot(real(ev(l)),imag(ev{l)),'*') 
axis((-1 1 -1 1)) 
axis ( 'square'') 
hold on 

plot(real(ev(2)),imag(ev(2)), '*') 
plot (real (ev(J)), imag(ev(3)), '*') 
plot ( real ( ev ( 4) ) , imag ( ev ( 4) ) , ' * ' ) 
zgrid 
pzmap(phi,gam,h,j) 
title('controller roots for Problem 9.10') 
hold off 

% do controller w/o estimator first 
(Nx,Nu,Nbar) = refi(phi,gam,h,k); 
phiCL=phi-gam*k; 
gamCL=gam*Nbar; 
sysCL=ss(phiCL,gamCL,h,j,T); 
%subplot(2,1,2) 
%step ( sys CL) 
%axis([O 8 0 1.2]) 

% now add estimator 

sysCe=ss(phi, [gam gam],h,j,T); 
[Kest,L)=kalman(sysDe,10000,1); 
[a,b,c,d]=ssdata(Kest); 
ev=eig(a); 
subplot(2,2,2) 

plot(real(ev(l)),imag(ev(l)),'*') 
axis((-1 l -1 11) 
axis ( 'square' ) 
hold on 

plot(real(ev(2)),imag(ev(2)), '*') 
plot ( real ( ev ( 3) ) , imag ( ev ( 3) ) , • • • ) 
plot ( real ( ev ( 4) ) , imag ( ev ( 4) ) , • • • ) 
zgrid 
title('estimator roots for Problem 9.10') 
hold off 

A=[phi -gam*k;L*h phi-gam*k-L*h); 
B=[garn*Nbar;gam*Nbar]; 
C=[h O O O O]; 
sysCL=ss(A,8,C,j,T); 
subplot (2, 1, 2) ~e:t ( 
step (sysCL) <.. -l \o 
axis([O 8 0 1.2)) 
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Problem .3 ofFPW: Output y response for pos and neg step 
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Ex 'YJ.3 of FPW: Overshoot, pos/neg steps, offset corrected 
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