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Problem 1

(a)
53+52—|—H-|—.F.':|:|

Routh Hurwitz =>
i. all coefficients are to be positive => K>0
ii. none of the coefficientS|are 0 =>K =0
iii. R-H array:

s| 1 1

s 1 K

s 1-K 0

s K
The number of|roots in RHP is equal to number of sign changes in first
column => Stability => in LHP => 1-K>0 => K<l AND K>0 => 0<K<1

Range of K is O0<K<1
(b)
D(s) = ags® + azs® + a;s + ag =0

s| a, a,
sl a, a,
s| (a,a,-a,a,)/a, 0

s| a

0

To be stable:
i. a,, a,, a,, a, are all positive or all negative
ii. a,, a,, a,, a, are all different than zero
iii. According to the R-H array:
No change of sign must occur in the first column =>
If all coefficients are positive then aa,-aa, >0 => aa,>a,a,
If all coefficients are negative then aa,-a,a, >0 => aa,>aa, since a, is
negative.

()
For part (a) a,=1, a,=1, a,=1, a,=K
a,, a,, a,, a, are all positive and different than zero
a,a,>a,a, since 1>K
= Stable



Problem 2

a) d%y -4y=10i <> $2Y(s)—sy(s)-y'(s)-4 Y(s)=-101(s)
dt?
v(t) =2 dy(t) <> V(s) =2sY(s) — 2y(s)
dt

Then the system, in the s-domain looks like:

P(s)= -10  =Y(s)

Y(s)

s2-4 I(s) X(s) +’Q I ) f’(s

I
N
0]
A

Stability:
=> zeros ( 1+ 2s.K. P(s)) are in L.H.P
zeros (s* - 4 - 2sK x 10) =roots (s* - 20sK - 4) are in LHP.
s*-4

By R-H, a necessary condition for stability is that all coefficients of the equation are the same

sign, but this is not satisfied in s? - 20sK — 4 (at least in power of s* + s°)
=>» System is not stable for all K.

b)
| |
N
>—0—~
AVAYAY
+
@
3 s
Vi=V2
Vi=V2=_Ri  Vec= _1 Vc(s) (Ri=1;R2=2)

V-Vi= Ri.(Cs)' xI= R xI= 1 xIL (Ri=1;C=1)

R1+(Cs)™ RiCs+1 s+1
I= _V-Vc = s (st1) (V- Vo)
(st1) ' +s! 2s +1



I= _V-Vc = -2s V¢ ;
s ! 3

s(st)V=|s(stl) - 2s |Vc
2s +1 2s +1 3

= Ve(s) = -3(st+1)

V(s) s-1
c)
H(s)=Y(s) = ___KP(s) + | P (s
X(s) 1+2.5.K. C(s)P(s) | K )
> — —
-10K
H(s) = s*-4 C(s |« 2s [«
1+ 2.s.k 3(st+1) x 10 )
s-1 s>-4
H(s) = -10K (s-1) C(s) =-3(stl)
s® +(60K-1)s? +(60K-4)s +4 s-1
P(s)= - 10
s?-4
d) roots (s* +(60K-1)s? +(60K-4)s +4 = 0) are in LHP.
For system to be stable, use R-H criterion:
§ 1 60K-4
s? 60K-1 4
gl (60K-1)(60K-4) — 4 0
60K-1
s’ 4
60K-1 >0 and 3600K2 - 300K >0

60K — 1



> K> 1/60 and 300K ( 12K-1)>0
SK > 1/12.

K > 1/12

Problem 3
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Problem 4

a-1: Write down the differentinl equations which describe the dynamics of his weight
increase xy and his exercise ability x;,

a-2: Draw a block diagram representation of Lthe ordinary differential equation govern-
ing oy with a minimum number of integrators.




b) (5%) Find the weight of Homer for all time as his exercise program progresses. Assume
that his weight initinlly was x,(0) = 120 Kg and the rate z (0) = 0. Is there a problem
with this exercise plan?

— I ? =
X, - e, -7, Pr‘t'r'):.."b
?r" f2) =0

o
%Hﬁ ) - NS

I".:-PLJ =

r -
' ¢ ancteed
(=

So Homer might die!!



) (5%) Lisa Simpson observed how her father's weight is progressing and decided to help
him. In addition to the earlier exercise dynamics (B above), she noticed that the
rate of his exercise ability 7, will increase in direct proportion to its current state r..
Therefore, she decided to give him some reward to boost this ability (such as watching
TV at the end of each exercise). In this case, the rate 25 will be incressing ot a steady
constant rate . That is,

3 = =25y + hyry 4 kyy + Ru(t)

Could this scheme work? If so, find the constants R, ky and ky such that his weight
stabilizes at half its original, that is, z, = Hx:(0)) = 60 K.

JXI—YL

= _Za*f €7 + 67+ ?-—-h}
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Problem 5
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Problem 6

T100Ns:

(a) y[n] — ay[n — 1] = 2z[n]

r—a = 0

v'"n] = ela”
(d) y[n] + y[= — 1] + iy[n — 2] = z[n] + 2z[n— 1]

1
2 Z =0
r+r+4

r = -

1
2
o = () von ()

10



Problem7
() o] — guln — 1] = 22l
(i) z[n] = 2u{n]

2
k—<k = 4
5
20
kE = 3
20
y(P)[n] = ?u[?:]

(i) x[n] = —(3)"uln]
yP [ = :.-G)“u[nl
(R OREEO)

4P ] -10 (%) uln|



