
332:345 – Linear Systems & Signals – Fall 2018
Sample Exam–1 Questions – S. J. Orfanidis

1. All the problems, questions, and sub-questions in sets, set1–set4, are good examples of typical
exam questions.

Some additional sample problems are given below. However, solutions are not available. Please
do not ask the TAs for solutions.

2. The convolution examples in set1 were solved using time-domain techniques. Solve them again
using Laplace transform techniques

[
e.g., by inverting, Y(s)= H(s)X(s)] and verify that the

answers from the two methods are equivalent, albeit they may look different.

Skip Examples 1 & 3, which involve non-causal systems (you could also do those provided you
re-define h(t) by delaying it sufficiently until it becomes causal — the time-domain answers
will be the same as those given in the set1 solutions, but delayed by the same amounts.)

3. The impulse response h(t) of an LTI system and an input signal x(t) are nonzero over the
following time ranges:

h(t), 1 ≤ t ≤ 3

x(t), −2 ≤ t ≤ 2 and 4 ≤ t ≤ 6

The corresponding output is given by the convolutional equation:

y(t)=
∫∞
−∞
h(t − t′)x(t′)dt′

Determine the time range for y(t), and the precise limits of the above integral.

4. Sketch the two signals h(t)= e−tu(t) and x(t)= u(t)−u(t − 5). Then, determine their con-
volution y(t)= h(t)∗x(t) by the following two methods:

(a) Using the time-domain definition and performing the required time integrations (show
all work on integration and do not use any convolution tables)

(b) By working with Laplace transforms. If your expressions obtained in parts (a) and (b)
appear to be different, then show that they are equivalent.

5. Using Laplace transforms, solve the following differential equation,

ÿ(t)+5ẏ(t)+4y(t)= 3x(t)

where x(t)= e−3tu(t) with arbitrary initial conditions: y(0−) and ẏ(0−).
Identify the parts of the solution that correspond to the decomposition of y(t) into a “homo-
geneous solution" and a “forced solution”. Similarly, identify the parts that correspond to the
“zero-input solution” and the “zero-state solution”.

6. Determine the impulse response h(t) of the system of the previous problem using Laplace
transform techniques.

7. The input signal x(t)= u(t) to an unknown LTI system causes the following output signal:
y(t)= 2u(t)−e−2tu(t).

(a) What input signal x(t) would cause the output y(t)= e−2tu(t)?
(b) What is the impulse response h(t) of this system? What is its transfer function H(s)?
(c) Obtain the impulse response h(t) working in the time domain, without using Laplace

transforms.
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8. Using long division and partial-fraction expansions, determine the impulse responses h(t) of
the systems with the following (proper and improper) transfer functions:

(a) H(s)= s3 + 4s2 + 2s+ 2

s2 + 5s+ 4

(b) H(s)= s2 + 2s+ 1

s2 + 5s+ 4

(c) H(s)= s2 + 8s+ 16

s2 + 5s+ 4

(d) H(s)= s2 + 5s+ 1

s2 + 5s+ 4

9. Consider the signals:

x(t)= (2− t)[u(t)−u(t − 2)
]
, h(t)= u(t)−u(t − 1)

Sketch the two signals and then determine their convolution in two different ways:

(a) Using the time-domain convolution formula y(t)= ∫ h(t − t′)x(t′)dt′.
(b) Using Laplace transform techniques, i.e., by inverting the Laplace transform of the output

signal, Y(s)= H(s)X(s).

Demonstrate that the answers in (a) and (b) are equivalent.

10. Consider the Laplace transform pair:

f(t)= t2u(t) � F(s)= 2

s3
, Re(s)> 0

Demonstrate its correctness by the following three methods:

(a) Using the definition of Laplace transforms.

(b) Using the time-multiplication property and the fact that u(t) has Laplace transform 1/s.

(c) Working with the doubly differentiated signal f̈ (t) and applying the differentiation prop-
erty.

11. The general solution of the differential equation,

ẏ(t)+2y(t)= ẋ(t)+3x(t)

for arbitrary input x(t) and with zero initial conditions is given by,

y(t)= x(t)+
∫ t

0
e−2(t−t′)x(t′)dt′ , t ≥ 0

(a) Verify that it is a solution of the above differential equation.

(b) Derive it by first finding the impulse response h(t) of the above system and then using
the convolutional formula.
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