Mechanical and Aerospace System Analysis
Midterm #2 Solution

May. 14. 2009

1. Briefly answer following questions.(407)
A. Explain the golden rules of OP-amp.(107)
Sol)
» No current will flow into the inputs(5H)
» The input voltage will be nearly equal(5%)
» (as a consequence of the second rule, the input impedance of the two inputs will be
nearly infinite. That is, even if the open-loop impedance between the two inputs is low,
the closed-loop input impedance will be high because the inputs will be held at nearly
the same voltage)
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B. Plot a pole placement graph for an under damped second order system.(107)
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i. On the graph, describe the values of the pole's real and imaginary value using the
damping ratio and the natural frequency.(5%)
Sol)
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ii. What is the relationship between the angle of the line that intersects the origin and
the pole, with the damping ratio?(5%)
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C. Derive the %0S of a 2" order system with C(s)(10H)
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Cmax is found by evaluating c(t)
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D. Answer the following for a system with poles shown in the graph below.(107)
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i. What is the settling time(2%) and the peak time of a system with the poles shown in
the pole placement graph below?(5%)
Sol)



S12 = —{w, £ 0p/1— 2 = —0twg = -2+ 2V3
® Settling time, T.. The time required for the transient’s damped oscillations to reach and
stay within £2% of the steady-state value.

® Peak time, Tp. The time required to reach the first, of maximum, peak.
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ii. Describe what is needed in order to reduce the settling time to 1/2 of the current

value, without changing the % overshoot?(5%)
Sol)

%0S = e~ G™V17E) x 100
So, don't handle the damping ratio, C.
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To reduce 1/2 of the current settling time value, it should be twice increase the natural frequency.
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