
ECE 301 Division 1
Exam 1 Solutions, 10/6/2011, 8-9:45pm in ME 1061.

• Your ID will be checked during the exam.

• Please bring a No. 2 pencil to fill out the answer sheet.

• This is a closed-book exam. No calculators are allowed.

• Please read the instructions on this page very carefully.

• Please fill out the following information on your answer sheet:

– Instructor: Ilya Pollak

– Course: ECE 301

– Date: 10/6/2011

– Test: 1

– sign the answer sheet

– fill in your last name and the first six letters of your first name

– fill in your student ID

– for the section, fill in “0001”

• You have 1 hour and 45 minutes to complete 15 multiple-choice questions.

• Each correct answer is worth two points, for a total of 30 points.

• Please only turn in the answer sheets.

• There will be no partial credit.

• Your expected score from guessing is 2/4 + 2/10 + 2/9 + 2/3 + 2/3 + 2/3 + 2/9 + 2/7 + 2/7 +
2/5 + 2/3 + 2/3 + 2/3 + 2/8 + 2/8 ≈ 6.6
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For Questions 1–3, let x and y be DT signals, defined for all integer n as follows:

x[n] = sin(6πn/7− 1)
y[n] = n

Let S be a DT system whose response to the input signal x is y. Apart from this one input-output
pair, nothing else is known about this system.

Question 1. Select the correct statement:
1. Both x and y are periodic signals.
2. Both x and y are not periodic signals.
3. x is periodic and y is not periodic.
4. x is not periodic and y is periodic.

Solution. Signal x is a DT sinusoid whose frequency is a rational multiple of π. Therefore, it is
periodic. Signal y never repeats itself, i.e., there are no values of n and N 6= 0 such that y[n] = y[n+N ].
Therefore, this signal is not periodic.
Answer key: “3”.

Question 2. Select the correct statement:
1. The fundamental period of x is 6/7.
2. The fundamental period of x is 7/6.
3. The fundamental period of x is 3/7.
4. The fundamental period of x is 7/3.
5. The fundamental period of x is 6.
6. The fundamental period of x is 7.
7. The fundamental period of x is 3π/7.
8. The fundamental period of x is 7/(3π).
9. The fundamental period of x is undefined.
10. None of the above.

Solution. The fundamental period of x is the smallest integer N such that N/(7/3) is an integer.
Therefore, N = 7.
Answer key: “6”.

Question 3. Select the correct statement:
1. S is stable and causal.
2. S is stable and non-causal.
3. S is unstable and causal.
4. S is unstable and non-causal.
5. S is stable, but the given information is not enough to determine whether or not it is causal.
6. S is unstable, but the given information is not enough to determine whether or not it is causal.
7. S is causal, but the given information is not enough to determine whether or not it is stable.
8. S is non-causal, but the given information is not enough to determine whether or not it is stable.
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9. The given information is not enough to determine whether or not S is stable, and is not enough to
determine whether or not S is causal.

Solution. Signal x is bounded whereas signal y is unbounded. Therefore, the system is unstable. On
the other hand, nothing can be said about causality. For example, a system S1 whose output y1 is
determined by y1[n] = n regardless of the input, is causal. Consider another system S2 whose output
is determined by

y2[n] =
{

n, if the input is signal x
x2[n + 1], if the input is any signal x2 6= x

This system is non-causal. Both systems are consistent with the given input-output pair. Therefore,
the given information is not enough to determine whether or not S is causal.
Answer key: “6”.
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For Questions 4–6, let x1, x2, x3, y1, y2, and y3 be CT signals, defined for all real t as follows:

x1(t) = δ(t)
x2(t) = u(t)− u(t− 1)
x3(t) = u(t− 1)− u(t− 2)
y1(t) = e−tu(t)
y2(t) = u(t)− u(t− 1)
y3(t) = u(t)− u(t− 1)

Here, δ is the CT unit impulse and u is the CT unit step. Let S be a CT system whose responses
to the input signals x1, x2, x3 are y1, y2, y3, respectively. Apart from these three input-output pairs,
nothing is known about the system.

Question 4. Select the correct statement:
1. System S is linear.
2. System S is nonlinear.
3. The given information is not enough to determine whether or not the system is linear.

Solution. Since no given input is a linear combination of the other inputs, we cannot rule out that
the system is linear. On the other hand, just three input-output pairs are not enough to assert that
it is linear.
Answer key: “3”.

Question 5. Select the correct statement:
1. There exists a signal h such that the response of system S to any input signal x is the convolution
of x with h.
2. There does not exist a signal h such that the response of system S to any input signal x is the
convolution of x with h.
3. The given information is not enough to determine whether or not there exists a signal h such that
the response of system S to any input signal x is the convolution of x with h.

Solution. Note that the impulse response of the system is y1. If the convolution relationship were
satisfied, then the response to x2 would therefore be x2 ∗ y1. But y2 6= x2 ∗ y1. Therefore, the system
does not satisfy the convolution relationship.
Answer key: “2”.

Question 6. Select the correct statement:
1. System S is time-invariant.
2. System S is time-varying.
3. The given information is not enough to determine whether or not the system is time-invariant.
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Solution. Since x3(t) = x2(t − 1) for all t but y3(t) 6= y3(t − 1) for t = 0.5, the system cannot be
time-invariant.
Answer key: “2”.
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Question 7. Let x[n] = δ[n] + δ[n − 1] for all integer n, where δ is the discrete-time unit impulse.
Let y[n] = x ∗ x[n]. In other words, y is the convolution of x with itself. Select the correct statement:
1. y[n] = δ[n] for all integer n.
2. y[n] = δ[n + 1] for all integer n.
3. y[n] = δ[n− 1] for all integer n.
4. y[n] = δ[n] + δ[n− 1] for all integer n.
5. y[n] = δ[n] + δ[n + 1] for all integer n.
6. y[n] = δ[n] + 2δ[n− 1] + δ[n− 2] for all integer n.
7. y[n] = δ[n] + 2δ[n + 1] + δ[n + 2] for all integer n.
8. y[n] = δ[n− 1] + 2δ[n] + δ[n + 1] for all integer n.
9. None of the above.

Solution.
(δ + δ1) ∗ (δ + δ1) = δ + 2δ1 + δ2,

where δk[n] = δ[n− k]. Hence, y[n] = δ[n] + 2δ[n− 1] + δ[n− 2].
Answer key: “6”.

Question 8. Let x[n] = u[n] for all integer n, where u is the discrete-time unit step. Let y[n] = x∗x[n].
In other words, y is the convolution of x with itself. Select the correct statement:
1. y[n] = δ[n] for all integer n.
2. y[n] = u[n] for all integer n.
3. y[n] = (u[n])2 for all integer n.
4. y[n] = nu[n] for all integer n.
5. y[n] = (n + 1)u[n] for all integer n.
6. y[n] = (n + 2)u[n] for all integer n.
7. None of the above.

Solution.

y[n] =
∞∑

k=−∞
u[k]u[n− k]

If n < 0, then the supports of the two unit steps in the summation do not overlap, and y[n] = 0. For
n ≥ 0, we have:

y[n] =
n∑

k=0

1 = n + 1.

Putting these together, y[n] = (n + 1)u[n] for all n.
Answer key: “5”.

Question 9. Let x(t) = u(t) for all integer t, where u is the continuous-time unit step. Let
y(t) = x ∗ x(t). In other words, y is the convolution of x with itself. Select the correct statement:
1. y(t) = δ(t) for all real t.
2. y(t) = u(t) for all real t.

6



3. y(t) = (u(t))2 for all real t.
4. y(t) = tu(t) for all real t.
5. y(t) = (t + 1)u(t) for all real t.
6. y(t) = (t + 2)u(t) for all real t.
7. None of the above.

Solution.
y(t) =

∫ ∞
−∞

u(τ)u(t− τ)dτ

If t < 0, then the supports of the two integrands do not overlap, and y(t) = 0. For t ≥ 0, we have:

y(t) =
∫ t

0
dτ = t

Putting these together, y(t) = tu(t) for all t.
Answer key: “4”.
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Question 10. For any input signal x, the output of the continuous-time system S is y, where

y(t) = (x(t2))2,

for all real t. Select the correct statement:
1. System S is memoryless and invertible.
2. System S is memoryless and not invertible.
3. System S has memory and is invertible.
4. System S has memory and is not invertible.
5. None of the above.

Solution. The system is not memoryless because, for example, the output at time 2 depends on the
input at time 4. The system is not invertible since input signals x1(t) = 2 and x2(t) = −2 produce
the same output signal.
Answer key: “4”.
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For Questions 11–13, continuous-time system S is such that, for any input signal x, the output of
the system is equal to the convolution of the input signal with the continuous-time unit step.

Question 11. Select the correct statement:
1. System S is stable.
2. System S is not stable.
3. Not enough information is given to determine whether or not system S is stable.

Solution. The impulse response of the system is the unit step, which is not absolutely integrable.
Since the system is LTI, this implies that the system is not stable.
Answer key: “2”.

Question 12. Select the correct statement:
1. System S is causal.
2. System S is not causal.
3. Not enough information is given to determine whether or not system S is causal.

Solution. The impulse response of the system is the unit step, which is zero for negative time. Since
the system is LTI, this implies that the system is causal.
Answer key: “1”.

Question 13. Select the correct statement:
1. System S is memoryless.
2. System S is not memoryless.
3. Not enough information is given to determine whether or not system S is memoryless.

Solution. The system satisfies the following input-output equation:

y(t) =
∫ ∞
−∞

x(τ)u(t− τ)dτ =
∫ t

−∞
x(τ)dτ.

This shows that y at time t depends on values of x at times τ < t. Therefore, the system is not
memoryless. Answer key: “2”.
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Questions 14 and 15 are significantly more involved than Questions 1–13. It might be a
good idea to double-check your work on Questions 1–13 before you attempt Questions
14 and 15.

For Questions 14 and 15, consider a DT signal y, defined for all integer n as follows:

y[n] =

[
5 +

√
5

10

(
1 +

√
5

2

)n

+
5−

√
5

10

(
1−

√
5

2

)n]
u[n],

where u is the DT unit step signal:

u[n] =
{

1 for n ≥ 0
0 for n < 0

Question 14. The objective of this question is to determine whether or not each of the following
three statements is true or false.

(a) y[n] is integer for any positive integer n.

(b) y[n + 1] > y[n] for any positive integer n.

(c) y is a bounded signal.

Select the number between 1 and 8 on your answer sheet, corresponding to the correct statement
among the following eight statements:
1. (a), (b), and (c) are all true.
2. (a) and (b) are true, and (c) is false.
3. (a) and (c) are true, and (b) is false.
4. (b) and (c) are true, and (a) is false.
5. (a) and (b) are false, and (c) is true.
6. (a) and (c) are false, and (b) is true.
7. (b) and (c) are false, and (a) is true.
8. (a), (b), and (c) are all false.

Solution. Since(
a− 1 +

√
5

2

)(
a− 1−

√
5

2

)
= a2 − 1 +

√
5 + 1−

√
5

2
a +

(1 +
√

5)(1−
√

5)
4

= a2 − a− 1,

anything of the form

y[n] = A

(
1 +

√
5

2

)n

+ B

(
1−

√
5

2

)n

(1)

is a homogeneous solution to the equation

y[n]− y[n− 1]− y[n− 2] = 0. (2)
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For A = (5 +
√

5)/10 and B = (5−
√

5)/10, we have:

y[0] =
5 +

√
5

10
· 1 +

5−
√

5
10

· 1 = 1

y[1] =
5 +

√
5

10
· 1 +

√
5

2
+

5−
√

5
10

· 1−
√

5
2

=
5 + 6

√
5 + 5 + 5− 6

√
5 + 5

20
= 1

These two initial conditions, y[0] = y[1] = 1, together with Eq. (2), uniquely define the solution for
n ≥ 0:

y[0] = y[1] = 1
y[2] = y[0] + y[1] = 2
y[3] = y[1] + y[2] = 3
y[4] = y[2] + y[3] = 5
y[5] = y[3] + y[4] = 8, etc.

These are the so-called Fibonacci numbers. Since y[0] and y[1] are both integers, and since y[n] =
y[n− 1] + y[n− 2] for any n ≥ 2, it follows by induction that y[n] is integer for any positive integer n.

Since y[0] and y[1] are both positive, and since y[n] = y[n− 1] + y[n− 2] for any n ≥ 2, it also follows
by induction that y[n] > y[n− 1] for any n ≥ 2, i.e., that y[n + 1] > y[n] for any n ≥ 1. Therefore, it
also follows that y[n] = y[n − 1] + y[n − 2] > 2y[n − 2] for all n ≥ 2. Since y[0] = 1, this implies, by
induction, that y[n] > 2n/2 for all even n, and therefore y is an unbounded signal. Thus, (a) and (b)
are both true but (c) is false.
Answer key: “2”.

Question 15. The objective of this question is to determine whether or not each of the following
three statements is true or false.

(a) y[3n− 1] is an even number for any positive integer n.

(b) y[3n− 2] is an odd number for any positive integer n.

(c) y[3n] is an odd number for any positive integer n.

Select the number between 1 and 8 on your answer sheet, corresponding to the correct statement
among the following eight statements:
1. (a), (b), and (c) are all true.
2. (a) and (b) are true, and (c) is false.
3. (a) and (c) are true, and (b) is false.
4. (b) and (c) are true, and (a) is false.
5. (a) and (b) are false, and (c) is true.
6. (a) and (c) are false, and (b) is true.
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7. (b) and (c) are false, and (a) is true.
8. (a), (b), and (c) are all false.

Solution. All three statements are true for n = 1 because y[2] = 2 is even, and y[1] = 1 and y[3] = 3
are both odd. Suppose that (a), (b), and (c) are all true for n = k. Then they are also all true for
n = k + 1, because

y[3(k + 1)− 2] = y[3k + 1] = y[3k] + y[3k − 1] = odd + even = odd
y[3(k + 1)− 1] = y[3k + 2] = y[3k + 1] + y[3k] = odd + odd = even

y[3(k + 1)] = y[3k + 3] = y[3k + 2] + y[3k + 1] = even + odd = odd

Therefore, by induction, (a), (b), and (c) all apply for any positive integer n.
Answer key: “1”.
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