ECE-382: Midterm #1
February 26, 2007
8:30--9.30PM

Do not write your answers at the back of any page. Answers written at the
back of page will NOT be graded.

This is a closed book exam. You are only allowed to bring a pen (or pencil), a one-sided
crib sheet, and an eraser to the exam. No calculator is allowed.

Common Laplace transform pairs are provided at the end of the exam booklet.
Write your name and PUID at the space provided below.

This exam has two parts.

Part I consists of three problems. Unless otherwise instructed, justify your answers to
these problems completely. Show all intermediate steps to get full credits for
problems from Part I.

Part II consists of one question, with three sub-questions, for which no justification is
required. Enter the answers to Part II in the spaces provided. Partial credit will
not be provided for problems from Part II.

The total points are 150. You have one hour to complete the exam.

> olubBon

Your Name

10-digit PUID



Questions for Part I
Justify your answer completely. Show all intermediate
steps to get full credits.

Problem 1 (30 points)

Consider the following system

U(s) —=| H(s) ———= Y(s)

where the transfer function is given by

S

H(s) = ——.
(s) s2+s+1

(a) (5 points) Assume that the input is u(t) = e~'1(t). What is its Laplace transform
Ul(s)?
(b) (5 points) Find the Laplace transform Y (s) of the corresponding output signal.

(c) (10 points) Find the output time-response y(t) when the input is u(t) = ¢ ~t1(¢). You
final answer should not contain imaginary parts.

(d) (10 points) Find the final value of y(t) as t — +o.
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Problem 2 (40 points)

Using block-diagram reduction to simplify the following block diagram and derive the
Y(s)
U(s)
steps. Simplify your final transfer function so that it does NOT contain fraction of fractions.

transfer function from the input U(s) to the output Y(s). Clearly show all intermediate

(Note: you must use the block-diagram reduction method. Using other methods
will result into zero credits.)
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Problem 3 (50 points)

) . e . Y(s) g
Follow the steps below and use Mason’s Rule to derive the transfer function (Ezg for the

following signal-flow-graph.

H(s)

Gf(s)  Gys)

U(s) @

oY (s)

(a) (10 points) Identify all the loops and write down their individual loop gains.
(b) (10 points) Find the determinant of the graph.
(c) (10 points) Identify all the forward paths and write down their path gains.

(d) (10 points) Find the co-factors for each forward path.

(e) (10 points) Find the transfer function 58 using Mason’s Rule.
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Questions for Part II

Do not justify your answer
Partial credit is NOT available

Problem 4 (30 points)

(a) (10 points) Consider the following mechanical system. Assume that each spring (with
constants ki, Ay and ks, respectively) produces a force that is proportional to the
amount of extension/compression. Assume that the damper (with constant b) produces
a force that is proportional to the velocity that it is extended/compressed. Assume
that the springs are relaxed when z; = 29 = 0. Use Newton’s Second Law to write
down the differential equations that characterize the dynamics of the objects m; and
ms. (Note: You do NOT need to solve these equations!)
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(b) (10 points) Consider the following electrical system. Assume zero initial conditions for
the inductor L and the capacitor C. Write down the two equations that governs the
relationship between Vi(s), V,(s) and Vi(s). The unknowns in your equations should
only contain Vi(s), V,(s) and V(s). (Note: You do NOT need to solve these

equations!)
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(¢) (10 points) Consider the following non-linear circuit. Assume that the reference input

from the current source i is iy ¢ = 1. The lincar approximation of the system is of the

re
following form:

(i~1)=a(V - 1) H)(T[(K/ — 1),

where a and b are two constants. Find the values of a and b.
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