a. Pole: -2; c(t) = A + Be 2L ; first-order response.
b. Poles: -3, -6; c(t) = A + Be3t + Ce6t; overdamped response.

¢. Poles: -10, -20; Zero: -7; c(t) = A + Be"10t + Ce-20t: overdamped response.



d. Poles: (-3+j3\[15 ), (-3-j3\/15 ) ; c(t) = A + Be-3t cos (34/15 t + ¢); underdamped.
e. Poles: j3, -j3; Zero: -2; c(t) = A + B cos (3t + ¢); undamped.

f. Poles: -10, -10; Zero: -5; c(t) = A + Be10t + Cte-10t; critically damped.

Program:
p=roots([1 6 4 7 2])

Computer response:
p =

-5.4917
-0.0955 + 1.06711i
-0.0955 - 1.0671i
-0.3173



Push G(s) to the left past the pickoff point.

-, |-
+

1

Gy

GG, +1
Thus,T(S)zL G JLGﬁElJGFM
1

1+GH, (1+GH)



5-10 Chapter 5: Reduction of Multiple Subsystems

Push G,(s) to the left past the summing junction.

G (s)
3

H (s) M-

Collapse the summing junctions and add the parallel transfer functions.

R(s) + C(s)
_..?—- C()G5(5) +C (5) = -

G, (5)G(s) [

H [s]l‘

Push G;(s)Gy(s) + Gs(s) to the right past the summing junction.



Solutions to Problems 5-11

Cis)

(X ﬁ? *E{5)G()+6 () -

GEGE |
G.lts} C-E(s] +G?:‘5}

H(s)|‘

Collapse summing junctions and add feedback paths.

RS) + Cs)
- *1G,(5}Gy(s) + 63 (s) ==
o6 |,
T s @eE e ®

Applying the feedback formula,

G,(5)+G,(5)G, ()
G,(5)G,(s)
G,(5)+G,(5)G, (5)

_ G,(5)+G,(5)G, (5)
1+ H[G,(5)+G,(5)G, (3)]+ G, (5)G,(S)

T(s)=

1+[G;(8) + G, ()G, (9)]| H +




217.

A=1+4[G2G3Gyq + G3Gyg + G4 + 1]+ [G3Gy4 + G4]; T1 = G1G2G3Gy; Ay = 1. Therefore,

T1A1 G1G2G3Gy
A 2+G2G3Gyg +2G3Gy +2Gy

T(s) =

Closed-loop gains: G2G4G6G7H3; G2G5G6G7H3; G3G4GeG7H3; G3Gs5GeG7H3, GeHy; G7H2
Forward-path gains: T = G1G2G4G6G7; Tp = G1G2G5G6G7; T3 = G1G3G4GG7, T4 =
G1G3G5G6Gy

Nontouching loops 2 at a time: GgH1G7H»

A=1-[H3G6G7(G2G4 + G2Gs + G3G4 + G3Gs) + GeH| + G7H2] + [GeH1G7H?]

AM=A)=A3=MAg=1



28.

T1A1 + ToAy + T3A3 + T4A4
A

T(s) =

Solutions to Problems

G1G2G4GeG7 + G1G2G5G6GT + G1G3G4G6G7 + G1G3G5G6G7

T 1- H3GgG7(G2G4 + GoGs + G3G4 + G3Gs) - GeHp - G7Hp + GgH1G7H,

1 1
Closed-loop gains: -s2; - S5 Tg S

1
Forward-path gains: Ty =s; Ty =75
s

Nontouching loops: None

11
A=1-(s2-= -= -s2)

S S
Al=Ay=1
N 1
s +—
Gls) — T1A1 + ToAy B s2 B $3+1
)= A 22425

1+(52+l+l+52)
S S

5-33





