Solution of Assignment 2
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The egquations for the system are
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By eliminating X2(s) from Equations (1) and (2), we get
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From Equaticn (2), we obtain
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Problem 3:
The aquai:ima for the given circuit are as followw:
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Taking the Laplace transforms of these three equations, amingmrninitial
conditions; gives
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From Equation (2) we obtain
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amatimung Equation (4) into Bquation (1), we get
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From Equations (5) and (6), we obtain
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Problem 4:
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The partial fraction expansion of ¥ (s) is given by
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where
A1=1, As=06and 43 =-1.6.
Using the Laplace transform table, we find that
y(t) =1+ 0.6e72% — 16710
The final value is computed using the final value theorem:
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Problem 6:
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Taking the Laplace transform and using the fact that the initial voltage
across Oy is 10v yields
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Rewriting in matrix form we have

R+ =+ Lis+ Ry —R; — Ly Is) | 0
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Solving for Is yields
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(you can use direct substitution instead of the matrix form)



Problem 7:

a. Cross multiplying, (52+Ss+10)X(s) = TF(s).

_ _ ‘ d’x _dx
Taking the inverse Laplace transform, —= + 5—+ 10x = 7f.
dr- dt
b. Cross multiplying after expanding the denominator, (s2421s+110)X(s) = 15F(s).
d’x X
Taking the inverse Laplace transform, 7 + 21 P + 110x =151
" [

c. Cross multiplying, (s3+11s24+12s+18)X(s) = (s+3)F(s).
d’x d”x dx

Taking the inverse Laplace transform, ——5 + 11—+ 12—+ 18x = dfi/dt + 31
dr dt dt

Problem 8:

Let X;(s) be the displacement of the left member of the spring and Xj3(s) be the displacement of the
mass.

Writing the equations of motion
2X (s)=2X,(s) = F(s)
—2X,(s) + (55 +2)X,(s)— 5sX;(5)=0
—5sX, (s)+ (10s” + 75)X;(5)=0

X, (s) _ 1 d0s+7)
F(s) 10 s(5s+1)

Thus,

Problem 9:
(s* + 65+ NX,(5)-Bs+5X,(s)=0
—(3s+5)X,(s)+ (25° + 55+ 5)X,(s)=F(s)

(35 +3)
25t +17s° +44s* +455+20

Thus G(s) = X(s)/F(s) =



Problem 10:
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Problem 12:
Add the branch currents and node voltages to the network.
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Write the differential equation for each energy storage element.

Therefore. the state vectoris X = 54
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Now obtain vy. v. and i5 in terms of the state variables. First find i; in terms of the state variables.

—v, 4+ +iy+i,+v, =0
But i, =i, —i, and 7, =i, —i,. Thus,
—v,+i,+ (G —5)+ (G —i)+v, =0

Making the substitution for i, yields



_1-r-+f1+(fl —f2)+((jl _ff}_fi)"'ro 0

Solving for J

2011
h=Th+t7lL =7V +7V
3 A 3 3
Thus.
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] 3 3 3
Finally,
i 1 2 2 1
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Using vy, vo. and is, the state equation is
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Problem 14:

a. Using the standard form derived in the textbook,

(1)

0 1 0 0 0
0O 0 1 0 0
o 0o o 1] 7o
-13 -5 -1 5| |1}
r:’:[l{} 8 0 0 U]X
b. Using the standard form derived in the textbook.

o1 0 0 0] O]
0 0 1 0 0 0
x=0 0 0 1 0 |x+|0|r()

0O 0 0 0 |
00 8 13 -9 1]
c=[6 7 12 2 1]x



Problem 15:

. Y5y C(sI-A B4D
m) =1

|
—

Yo

_ [1© oS+ I:}[o]
Ul SHNSHR -3 SJ

L [o(s+y)  (e] [ 0]
|

gz.}‘lS*Z
\_(9_)_ = _/O/"
U g44s+3
b.
G(s)=C(sI-A) !B
[3 =5 2] [5]
A=l1 8 7tB=l3Lc=pn -4 3]
|3 -6 2| |2/
[(s* +6s+26) —(55+2) (2s-19) |
(sI-A)" = 1 | (s—23) (5T —=5s+12) (7s-19) |

$* +3s° +195—133 }
t —(35+30) —(6s—-33) (s"+355-19)

_ 235" — 4857
Therefore. G(s) = — - :
s +3s +195s—133



