ECE 463/663: Test #1. Name

Spring 2023. Calculators allowed. Individual Effort

1) Find the transfer funciton for a system with the following step response

5
4.5
4
3.5

3 DC=26

|
-+

Ts =1.5 sec

2.5
2 3-cyclesin 0.9 sec
1.5
1

0.5

O L L L L L L L L L L L L L L L L L L L L
0 01 02 03 04 05 06 07 08 09 1t 11 12 13 14 15 16 1.7 18 19 2

Time (Seconds)

DC gain =2.6

Frequency of oscillation

Wy = (3 Cyd“) 21 =120.9

0.9 sec

2% Settling Time = 1.5 sec (approx)
4 _
c=15=2.67

G(s) ~ ( 1185 ) :< 1185 )
(s+2.67+20.9)(s+2,67—20.9) §245.34+443.9




2) Determine a 2nd-order system which has approximately the same step response as the following system

10,000
Y= ((s+3)(s+4)(s+12)(s+15)(s+22)) X

Keep the two slowest poles

_ k
Y= ((s+3)(s+4)) X

Pick 'k' to match the DC gain
( o ) =0.2104
s=0

(s+3)(s+4)(s+12)(s+15)(s+22)

k —
( (M)(M)) _ =02104

Solving for k
k=2.525

_ 2.523
Y= ((s+3)(s+4)> X



3) Give {A and B} for the the state-space model for the following system

sX1 2 -9 0 72 X1
SX2 7 -3 -5 0 X2
SX3 0 0 0 X3
sX4 0 0 8 4 X4




4) Write four coupled differential equations to describe the following circuit. Assume the states are {V1, V2, 13,

I14}. Note: For capacitors: [ = C%’ For inductors: V = L%
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Vin CI>
—

0.01sVy =I3—I4— (%)

0.025V2 =14+ (%) - (%)
0.1S13 = Vin —213 - V1
02sl4 =V —=514-V,




5) Assume the LaGrangian is:
L = 3x%x36* + 2xsin ()

Determine
_d(dL) _[odL
F= dt(a)'() (BX)
F= %(9%5(264) - (6x>'<3é4 +2sin (9))

Chain rule: take the derivative with respect to each term

F=(18x364) + (18x2ixd* ) + (36x2526% ) - (6x5364 + 251 (0))



