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1.1 Suppose a radar search antenna at San Francisco airport ro¥ates
at 6 rev/min and data points corresponding to the position of
flight 1081 are plotted on the controller's screen once per
antenna revolution, Flight 1081 is traveling directly toward th
airport at 540 mi/hr. A feedback control system is established
when the controller's gives course correction to the pilot, He
wishes to do so each 9 mi of travel of the aircraft, and his
instructions consist of course headings in integral degree valugs.

a) What is the sampling rate, in seconds, of the range signal
plotted on the radar screen?
b) What is the sampling rate, of the controller's instructions),
in seconds?
c) ldentify the following signals as continuous, discrete, or
digital:
i)" the aircraft's range from the airport,
ii) the range data as plotted on the radar screen,
iii) the controller's instructons to the pilot,
iv) the pilot's actions on the aircraft control surface.

d; Is this a continuous, sampled-data, digital control system?

e) Show that it is possible for the pilot of flight 1081 to fl

a 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 radar?

<

SOLUTIONS

a) Sampling rate on the radar screen = 60/6 = 10 seconds.

b) Sampling rate of the controller's 3600%9/540 = 60 sec.”

c) i) is continuous. \
ii) is discrete.~ bd(bx»)-
iii) is digital.”

iv) is—meither continuous or-diserete—or-digital.
d) Sampled-data control system, e /i
e) Because the sampling rate of the range signal plotted on the
- radar screen is 10 seconds, it is possible for the pilot to fly
a zigzag course which would show up as a straight line on the fon-
troller's screen.( see the figuer below)
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The lowest freqg. of sin. zigzag course = 1/10 sec. = 0.1 Hz

For the case below, the lowest freg.= 1/20 sec. = 0.05 Hz > o
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1.2 From Truxal(1965), page 122. An electronic designer has three
component amplifiers with gain given by K=+Ko+%, where the
magnitude of %K is less than 10% of Ko and Ko is 1000, He wished
to design an overall amplifier with a very precise gain of 100.
Three topologies are suggested, as sketched in Fig. 1.3. (Topolg
I is certainly not practical as it stands but is usefulto allow
comprison of open-loop to closed-loop sensitivity) We define the
sensitivity of an overall gain G as the ratio of the relative cHh
in G to the relative change in the parameter. The sensitivity of
G to K is, for infinitesimal changes, given by

a)
b)

1

e)

k _ G/ _ K _>G

(A 10 T Sk SR Y 72
Compute the sensitivity of the three systems above to K
if the giare selected to make Go=100 in each case.
Which has the lowest sensitivity 7 )
If each K changes by 10%, how close is this gain to 1007
Suppose each amplifier has an input noise w. Which systen
the best disturbance rejection, i.e., the smallest output
signal due to the disturbance alone, when r=0 7
Considering part (d) above, if one of the amplifiers has
significantly lower input noise than the other two, which
position should it occupy, i.e., should it be at the inpd
or the output end of the three-amplifier chain ?

f) Compute the sensitivity of the given systems with respect
to ch i that 1
changes 1inf, a s, J£f== § \.%%
and compare the three topologies with respect to this fig
of merit,
|
£ A K K J K | y
[ 7 }——'—0
Typology I
{ g%zl ! &2‘ ! l @2‘
Typology Il
- e
K%? LK | 1 k| 1KY ¢
a;
Typology III
Figure 1.3
SOLUTION:

A) FOR THE TYPOWOGY 1 =
G =,6|‘K‘\<‘|< = ((L,~K3

Go = A1RKo# Kok o= £ X 1000 X1600 X 18600 = 100

g=07 <
s FG K P EKY B 3
=G ok~ & ﬁ@K: ek~ @ T 2’ - 5

(TO BE CONTINUED NEXT PAGE)
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FOR THE TYPOLOGY T .

6= K K X K _ K3
|+ K- pB: I+ K Ra I+ K- @2 Ot Kp2)?
= fo00* =100
Ge = (i 1000 @3)*
@, = 0-21444 &7
px - K128 . K 3K* (4 K23 3KZ
G. .G 3k T G 1+ K R2)* K=z (K Rz )*
3 . 3 /
= = = DIRG2 =
1+ K (31 | 4 (000 % O2|44 pasiel PR K=iess
= 2 = 0.01546 POR K = Kot 8K , Sk=-10f
1+ y:cxo.zutm-
_ 3 — 001266 FOR K=Ket¥K , gk= 100

1

FOR THE TYPOLOGY T

+ 1noox o244

-
w

G 0/?414707 é‘y

é Ohan?w ),:7

1377,

el

TYP. M=

6003 ),

-

_ K3
G= 3
I+ Rz K .
3
- Ko _ 1000> "
@™ 5 @s Ko v+ Qaxleco® Tk
@5 = 0.01000 ‘/
R K13 o K, 3K? _ Q4 8sKk?). 3K®
e R T & 5ot o e S W
3ox 10”7 LK=0
—‘;—@i‘—(—i— = 4.02% 107" FOR K= Kot §K $K =100
3
2.25%10 T $K= 100
b)  TYPOLOGY W HAG THE JOWEBT SENS\TIVITY . P
¢ FoR TYP.T . G=107T. K3
B /’W‘"‘)V’ P , 1077 x 003 = 2.9 FOR 8K = —10% K.
o 5«) oc7. @-= .
g 07 x noo® = 133.1 FOR sK = 10 %K,
™P. T:  G=K/(1+ kxo21444)
9003/C1+ oo x 0.21444)° = §185 FOR SK=-10%Kd

H0O*/ (1+ 1100 x0:21444.)> = 160,13

G=K*/Cr+ow01-Kk?)

003/ (1+ o 01 x Fo0 3) = 79.999976

neo?/ (1+ 0.0] X 1160%) = loo.e0c003

PR k= - 10% Ko

FOR sk = -1% kKo

PR sk = 1HhKe

\*4
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d) VR TYR I Y= (K3+ K>+ K)w = 100|001000 w WHEN  K=Ke
K : - v oo 3
TYP. K= = K w = 4-.64—!"(00 Z:) =
§ = TT‘%Z—(T{ (W+ W)= 4641w + 215450 W = 26,1867 W
%*-; |+KK‘(31 (Wt Y= 4~64|r{m+ Z1. 5450 W 4 [00.0048 W = [26. 1916w
= /40

1‘

TYP. W« e X 34 K2 o PERRLE e
§ = kPR KD TEiKE

= 100,100~ W (///

<o, WE KNOW

THE COTPUT OF TYP.TL WOULD BE THE SMALLEST.

€©) D IN THE CASE 6F TYP. T THE IOWER-INPUT - NOISE AMPLIFIER MUST BE AT THE
INPUT END OF THE THREE-AMPHTFIER CHAINV.
W IN THE CASE OF TYP. L, THE ANSWER 1S THE SAME AS D).

i) FOR TYP.T., THE SAME.

$H TYP.Ts G =@ -K? e
Thd= I3 | - /
P& = ks =1
K;
TR I G T Ork-paot
e = frli+k@)’ 34+ gepn
boa K2 (4 K 2oy i+ < pa 2.98608
K® o
TYP I = G = e %
By lg?-(“"@';‘(;)‘ _— K6 . ‘_Ks-@i o v
& = K® QG+ p;-i&)‘ i I-\-{&;.Ki - 1 L/

CONCLUTION = THE TYPOLOGY T IS TE BEST wWITH RESPECT TO THE SENSITIVITY
OF G TO K , and SENSITWITY OF G TO e -
THE TYPOLOGY T IS THE WORRT .

THE TYPOLOGY I 1S BETWEEW.
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21 ) Derive e difference egaﬁm co mes/vonp(mdg Ao e aﬁomx,‘maﬁan 7‘ rne
7m/z‘c‘ow Found é/ fitting a porahola Ao  the points Coros, Cu.y , Crc orel
fméwj’ the cwrea wnder Alvs /oo»mb&/a betivoen. += T — 71T 9\.%@/( A=ET
AS  the a/ﬁurox(‘max{‘c‘an Ao Hthe m;@ejn;u( 7[ el(t) cver Atos mn/e .
N e ()
/’//‘“‘-‘k
-
(K=2)T (K1 KT x
LET THE PARABOLA BE gzat2+b1&+ C . SO
€k-2 = @(k=2Y*T> + b (k-2)T + C
k-1 =R K- TY + b (k-DT +C
€ = a (k)T + bK-T +C
€x-2x (kT |
=1 (kDT 1
e K | |
b= I T | — a-_l:zek—z, == -.7_—,:6,(-. + ’21':28"
(2T k2T |
(K=DT* (k=T |
=Ty R
k=231 Ger |
(k=1’TY €y |
Kz 1t &< | (zk-1) 5 : =
b= L3 == a7 Cr~2 + LKT—%— Ci-1 — 2‘21_3 iz
(k=2YT2 (k=T |
Ce=1372 (k=T |
* T L et
(k=2*T* (T B,
=11 (DT @y
k= kR Cic
c= , = K (;-;) Cey —K(K=2)Lr + (wk;)(K‘L)f_ -
(-D*TE (k=T |
(k-0*7v% (-7 |
(kO™ kT |
T <R | ne 2Kk-) 2 2k -3 i
SO, THE PARABOLA 8’— ( 272 Cr-> T Cheey 1 ZT,ek) 255 ‘Q‘\'— 7 ErosF _?26’(_| - =7 GK]*
- [‘ ——K-(-‘;»:—flm Cr-r — Kk=2)Cc- 1+ 4 (K»O(K»z)ekj
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TS 5 SQUARE
EETS 5 SQUARE
S 5 SQUARE

E
EET.

P
Vol
NATIONAL

2.1 (&) CoNT. ik -
PN = ee R v

RT-T kT -T

=la- kTP -3a (k-0 T> + LB hTy - b (-1 T2+ ¢ kT - Cotk-DT

=L (ak*-sk+DT3.a + L (k-0T2 b + ¢ T

— %‘(3K2—3K+I7~Tg\zlrz Cren % ‘%—en—y + %ﬁek]
+‘%‘ (Z&"I) % = [:‘ '2';—.‘:‘ Cie—s '}"K':-:‘Z‘ Eicsy = 2;57:;— et:]
o P [k Bz — ktk-2) Cry + 40000006, ]

= — & &2+ FTC, T BT E
SO) LLK=M\<—|+ALM<
| 2
= Ue-t =53 T+ Cxy +3°T: €k +-‘—";‘~T\ Ce

) Fimol the )Frzwfek' Ffonctfion ?C Lhe regu[ﬁrf Liserets zfa.&m ek

/0606 sehe /oa/es ok zeree in z—/b/a/ne.

o I
Feom Ui = Uk-) = 55 €kz T3 T €k + 2T+ €

Z—X—@'svm\: U)= 27 U@ -5 22 E@E+ET- 27 E(2)+ BT E(®)

(= Z 7 )UE= (5 +B8ET - 272)E(®)
U@ _ T 548z '—g2
() = —— = =5-
(2> E@@> 12 et
- T, BECFRE ~| _ T (Z-0es2)(Z+ITI€52)
- Er -2 2 BECE- D
& & .
A b7 ) E8.3
1




EETS 5 SQUARE
TS 5 SQUARE
EETS 5 SQUARE

NAaTIONAL

EE 441 KooK 33 bé‘g/m&?j Contref %;u&n e Chen

2.3 (29} C@fn/owfg vl /olef sthe cenid /oujse ms/wwge ¢9j£;ﬂ\e f/g‘fern Aeviveed in 21|,

Frwm e resul# we Loof i 2.1

up = e = F oms +HT 60y +E TN
Unit pulse respence = e«=41 , k=o , e.=0 , k*o
—— s 2 WS
80) Ex)= E_Wek z =1
: +8e -z
UEY) =H&)»EE)= @& =iz b= =t

T =k -2 g _&
RSl oA U o T

S
-

]

13 7.zl s . e | g
BT+ T B AT 22+ T2 4o = T hiE

=

ek

L &

- o 3 =2 - -2 <1 0

b) Is shis %fem B/8O stable ?

J7is 9(73?@)7—: is not BIBD otable . /?eewre /

7“00c/

) e 22 T T BT e R

oo
Z;oo )%Q';'T'(%“’"%*H—!a-»u) —> oo
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2.4 ‘/Zeﬁmf-omfsn S’ysfém (2—ot)/(1-<>" has a zero. of ==t . 2

) P&:t dhe Skep reg/;'cmse ﬁw sthaog Sysfm, j@\- =08, 9\7, Tl s Boiny 25

FROM THE ERUATION (2-31> ON PAaE2T , WE HAVE THE Z-TRANSFORM OF STEP INPUT
By = E/(=z—1> f=1>1
O o s

TRIM THE GIVEN Hzo= (E=) /(- %

P

S0, THE STEP RESPONSE UCE)Y

= o |tk | A \ E -
W2 = RE BE(E (- 2 E—) = (-s)  E—\

I R T T ol B

= e =]

RENE P ol -

= = —= Zrt =

o o, & S

= L ~-(1tz+zE>+

¢ - = =1 —_— - -
e “F R T

S et

NOTEY X FOR ®=0.8 ; ® FOR 0«=O.7 ; B FOR = 1.

® FoR x=h2 3 %X FOR x=2 ; AND s TFOR Awnl_

o=
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(b) Plot sthe ovpershoct 7[ Hthis s»gpsfém on sthe same ceorolinates =s sthose

a/:/aecu';ni ” ng~‘2~2/ ﬂn«‘« -] < = < 1

C Can yor Five me ke sratien o &UGR&ﬁmf ? L contt Fpad & in [texkt)

The laercenf 0wr$/700 ) %ﬂeo/ e

F.o L X 700 9o £ a umt Sep ingall.
M, o * %Q peck value 7 Mo Tt respense .
Mo [~ —— —— /AN~ overshook
TS T B & ? Xi_ 7 ) /
% :
|
- ;
e lC
N gy
-5 P 5 T 2,

©) Lu wubet wagy ’e sthe s')\.‘ef yeg/xmse 7ﬁ #his system enncual for o= D

R = > | , THE 'STEP RESPONSE OF THIS SfsTEM

Wo IS NEGATIVE , ANP MW
)
e, —= =] WHEN < —> &9 mﬁ
%
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2.5 The one-—gidecl z»mw S aéef’;neo{ as

= -&
F(or= Z PO

Q) S'/WW Ahat Lhe ope- siolest W?@hﬂ ?[' f(&-ﬁl) S

31 8kt 0} =z FE) - 2f

S ¥$tkiny = Z fehry xR

= fFry 4 D27+ LRYB7F 4 o

[fo+r Pz '+ fme 2 fde 3+ -2 ~ for=z

:Zﬁ? S’(k)z”'{‘ - = £(0)

R FaEy- 2 oy —

b) Use #te owe-»sid[’cog -ﬁ'w?@nw Ao sofve Ahe Wj@wﬂs 7ﬂ Ahe  [Frbonaced

rembers .,éf wn‘/ﬁ(xy €2.4) e&s Uprs = Upay+ U g . fet Lo=tlh =T .

%guk*,gs: }iuhﬂé—k'},?m@f S . TR,
Rom THE ReEsSuLT IN PART > . WE HAVE
%S Uk+13 = RU(RI-Z U= ZURY - = Rl el L T
% 3 Uk+2? = X5{UWeny-2-U= 2-lzuE>—=2] - =
= 2> uwZ)-2*-xz s A D
FROM THE EGUATIONZ O , () el (3> AROUR, WE Haus

X* W) B2 = Zw@r—-2 + wx)

W) = Z* g

£ -2 —|

O Gmw/vwf’e Ahe Locatcon of Hhe Pa/gs (79 Hhe :mey@rm« &f Athe [Fribonaceds et .

PoLES = Z,=1.6I1803 , Za2=- 061803 sl




SO, THE INVEREE Xomstfom of U(ZD

(/{Kq:[" H(O@?. x Lél‘aos)& — 0\17081)((—0\@@03 )kj =]

© Shew sthat 7 Ug s Hle s F.,gorna,oo«: rnwmbse |, then the yatio

Utri Sk will go Ao 1+ AJB) S2 . #he gololen veles 7[ Ahe Givees

k
Weatl  _ 117082 XC1. 61803 —0.10R2X (- 0.c1803 )R
Me I~t7o82 X (161 %03)"iL - o.qo?z x(~o.6!@e&)k

| = 004590 x (- o-37920 ) **!
0.61803 — 0.0770 2x (—0:-37520) R

‘ - ¢.€1503 = 1t JB
0.61803 >3

/ggm‘ Cheos 4
@0 G;wypwfa Ahe  inuvepse ;fmwsyghn Of sthe embers .
FROM THE RESULT wWE eOT IN PART by,
ZZ
Z ) =
Uuez> =% = el
= 2= — tE+I = | -+ =+
2tz —| (Z~1.€1803) (E+ 0.61803)
www = ri7o€2 07082
ééé L% X —1é&8o3 X + 0.61803
. 2 & R
s = e e, — o7k (- eae
el = 2
dee = J+ 117082 - 27" [ |+ 161803 27 ¢ ;618037 2P eigod 2T
~
L : > 3
o8 - Q7082 2 7' [1- 061808 X7+ 0.61803 % "2 ~0.61803° X34 |\ ]
: ,
' i k-1 fo-i
= |+ |+ 2°E T4+ 3273 m*,[m?o%ix (1.61803) ~o\l7082><(— P\61803) _I
= k-0
~ 2
+ [(‘17022 x (n\eieoz)&_ 0\17082)((—0‘6«203)&3 cEEL
N—r



§) . Show shot 71' we adel a /@ro«'rf Aerm, ey, Ao (2.4) we can generate
Ahe Fobonaccl nwmbsks ,g% o Sfxfem whrch can fe O{/ncl,éyzea( ,,gf
Sthe  spweo— eroleol Xmsﬁmm 5 e Let UR = Up—t+ Ueey + €4 amel et €Cl)=

Tokbe Ate Lo —sided (L/fo'rm ool chows Hhot sthe same (L(2> vesults o

[/((qzb(,(-l + Uk-» =+ ek

%%(/{KS = % 2 C{k-xi =+ %EL{k»LS + "é—ign(k)}

Uy =z'u)+z22U@)+ |

1
Z) =
WA - 27" — &%
s Ef /&ED
Z¥— =7 - |

/ €n 6/ 21 S|

So (‘ﬁ)

LS " Cb)
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EE44-| Heomsweork #HE @LU?LM Consdrel gg/sje;u "/:/‘;}efr: Eliin: 7
g

2~? Consisler a seymcﬁ with She Avansfoem ¢ whieh cSanl/er}?é& S%Y 2] >2 D "'7 O
4

LRy =

=
Ge=1)B=2)
Q) Whet valus is given 5% the /@rmw{'a Cfmal —valus therom> af (2:52) apyplrecl

Ao sthie UCED?

ﬁr\?_;noo Fhy= 25 (2 DU

= >
~ ) & z
= g =7 Z-1)E-2D

o

-

| 4t

M) Foand she fi’ncx,( valies 7[ wek) »i@y /fmémf the verse Hrensfornm ff Ucz) , ush:f

/Dcvrv;h"a/ — ][; aeflon e)ymgé o ol the Aables

(£) = =
U ’ 2 =) (& <=2

5 =~ |

e et “+
Q=20 =- 227 ) — = -2

= (I + 27+ Z 2400 D)+ (I F2ETNH AT T4 @230

2 e3E T e 4 RoprTh e

~

weky = (2%-1) —s o0, k-soe /

© Exla/a,m why the two vesults Gf (a) ool > oliffep.

geca,uge UZE) does mot satisfy the condition JC’mv (252 .

(=2)UE>) Hhas a laole att E=2 Which (s not Pweids THE

wwt eirele . g

K2 @nygui@ sthe 3norse fij@Rm, f(',é)) fm“ each ﬁfaﬂ/\efo“swifnf fWagj@er:

) HZE)= TF=E-T 121 = | > Iz <)
= h‘_m — — =2 _=—2N\2 _o>—233 N 4,
P ey |+ (2 D) (=2 + 27 ~z27)

= - E P+ 2Ttz

fhy= g SUER e

O OTHERWISE ; e

ek &: 27 5 M=, 2, B mms
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e ECE-Y)
2ol bl RE)= et b LR
- 22 —|\252+ 028 40-25 X —0-25
X*—1267 4+ 025
o 025 — 0.25 41 = 0235+ - Sl B |
X7 _ 125 % 1 025 (Z - ) (Z-03%)
0.Z5- ' ST -
=1+ Fotm = o | ey |
=(+02527" (1+ 0252 '+ 062 24+ o025>Z 3t )
= 1+ 02527 4 025 % T+ 08P 4~
Sy= 0.5 R k>o 2l
= k<o
. X
&y PEY= me e | % >1
2y 2tz rante oo
z -2z +1 =z
z-2+z2"
2 5= =) .
9L A7 TN 2R
3z~ —2%7*
3ET _gx "T+3ETS
42> 3>
427 _gr-3paz"4
@) Fo=-—=E_._ | L<izic2 T<lz<z2
(B~ WE—2)
a
= _%— + =
Ek B
A e | P S _".l_.____
i R —iz T3z I~ Z
2, 25
AT Ll T SSCENIPSL AN,
> = ZZ+ \ *Z%\
— 2 i+ EtmE b B 4]
z o !
= - doge ek pEodedEnodadETo
= il — &I+
ﬁ)'(k)'* 3 2
PR It e 7 ¢
«CQK) = 2 ©
9- C
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2.2  Use sthe Z“*YWJS]QM Ao eolve sthe c&/ferrenee Qﬁmé’ﬂ:»z,'

%UZ{%%%C& —+2Y k-2) =2uUk— 1) —2uck-2)

wckr=+ k>0
=0 k<0
\é(k) =0 k<o

35 Yk~ 3yck-1) +2ytk-2 =85 2uth-1> —2utk-2>%

Y(Z)=3Z'Y(2)+ 2TV (@)= 227" Y=@>-2272UE)

(=32 14+22"2) Y(z)=20=z""'"— 2" U2)

2B TP E"E
BB BT S 2 )
= =3 'y2x2 S
o
e ‘Ezz—k: X
UE> k=o z® _o% + CFOR 201t (cy)
. 2xl-2z"2 -
50, Y(B)= FSsm=rase—- -
- Dol i
T (E=DE AR -2 Y
LB+ 1D = -4 % i 2 +“7€7”
(22—~ )Y (22D (2 — 1) = =i -2
X R - S 45 8 - |
=i X*—224| BYE [~ =l e |~ 22
£ - i o -k
= & 4>z 2 2R + £ e2hx
-k
= F (axzRak-2)z"" -
k=0 ‘/‘
THUS , 3)(24«_4&‘2 ‘ Ko //,.«
Yik) =
o Gl OTHERWIQE
e
{C 7/ [B)

w gk -2
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3.3 X)) The f)o[éaw’;ng Avransfer fwwficn js e« /eaoé 9’)9:(‘0\40'&& apt—?s’;?ﬂao(" o adlel al:ané&g

W SRS W e H(D = (S+1) /Cous+1)

oy coch 57[ R ]Pe%ﬂ/;wf Gé\QQ?n rretieels eamj?blﬁf& sthe /Olozf‘ Pn sthe zw/A/e:me
sthe pole il zeve Locelions eibel cmn/m:fs sthe aumount 75 phase Leocl give
yean T

»éé(, Ahe mefonk ot T, =e Let T=o0.25 gec.

H(Z)= H(s) oo e CE b 111
= SRS e SHRE o
Z — PLANE
— _4% -3 _ Jo(z-995)
04 % +0.6 Z + 1§ I
%
(&5 ZERQO:® = = 0.75 i ] &
A A 4
-5 ;. o5
POLE ¥ 2z = <15 i
G M@ lz=z. = H(D>| Z:ej.gxu.zs
4. 5

e —_— T = 2.5 22/8 g 4_‘550‘ 5 =
0.4 "o ¢ ? Z——?—— 3 PHASE LEAD 74. 55
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