
Signals and Systems I EE360: Spring 24

Homework #1
Due Su. 1/28

1. (OW 1.21)

Solution

See Fig. 1 for plots.

(a) Shift right by 1.

(b) Shift left by 2 and flip.

(c) Shift left 1 and squeeze by factor of 2.

(d) Shift left by 4, flip, and stretch by factor of 2.

(e) x(t)u(t) + x(−t)u(t)

(f) x(t)δ(t+ 3
2)− x(t)δ(t− 3

2) = x(−3
2 )δ(t+ 3

2)− x(32)δ(t−
3
2)) = −0.5δ(t+ 3

2)− 0.5δ(t− 3
2))
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Figure 1: OW 1.21 Solutions

2. (OW 1.22 (a)-(f))

Solution

See Fig. 2 for plots.

(a) Shift right by 4.

(b) Shift left by 3 and flip.

(c) Decimate (squeeze) by 3. Only keep integer indicies.

(d) Shift left by 1 and decimate by 3.
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Figure 2: OW 1.22 Solutions

(e) x[n]u[3− n] = x[n] since u[3− n] = 1 for n ≤ 3.

(f) x[n− 2]δ[n− 2] = x[2− 2]δ[n− 2] = x[0]δ[n− 2] = δ[n− 2]

3. (OW 1.31)

Solution

See Fig. 3 for plots.

(a) x2(t) = x1(t)− x1(t− 2) −→ y2(t) = y1(t)− y1(t− 2)

(b) x3(t) = x1(t+ 1) + x1(t) −→ y3(t) = y1(t+ 1) + y1(t)
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Figure 3: OW 1.31 Solutions
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4. (OW 1.49 (a)-(f), (i), (k), (l))

Solution
Convert the Cartesian coordinates (z = x+ jy) into polar using the formulas

r =
√

x2 + y2 θ = tan−1
(y
x

)
The points are plotted in the complex plane in Fig. 4.

(a) 1 + j
√
3 =

√
1 + (

√
3)2ej tan

−1(
√
3

1
) = 2ejπ/3

(b) −5 = 5ejπ

(c) −5− 5j = 5
√
2ej5π/4

(d) 3 + 4j = 5ej tan
−1( 4

3
)

(e) (1− j
√
3)3 = (1− j2

√
3− 3)(1− j

√
3) = −2(1 + j

√
3)(1− j

√
3) = −2(1 + 3) = −8 = 8ejπ

(f) (1 − j)5 = (1 − j)2(1 − j)2(1 − j) = (−2j)2(1 − j) = 4j2(1 − j) = −4(1 − j) = −4 + 4j =
4
√
2ej3π/4

(i)
1 + j

√
3√

3 + j
=

√
3 + 3j − j +

√
3

4
=

2
√
3 + 2j

4
=

1

2
(
√
3 + j) = ejπ/6

(k) Using results from (i)
(
√
3 + j)2

√
2e−jπ/4 = (2ejπ/6)2

√
2e−jπ/4 = 4

√
2e−jπ/12

(l) Using results from (i)

ejπ/3 − 1

1 + j
√
3

=
(2 + j2

√
3)− 1

1 + j
√
3

=
1

2

(
−1 + j

√
3

1 + j
√
3

)
=

1

4
(1 + j

√
3) =

1

2
ejπ/3
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Figure 4: OW 1.49 Solutions
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5. (OW 1.51)

Solution

(a)

cos θ =
1

2
(ejθ + e−jθ)

=
1

2
(cos θ + j sin θ + cos θ − j sin θ)

=
1

2
(2 cos θ)

= cos θ

(b)

sin θ =
1

2j
(ejθ − e−jθ)

=
1

2j
(cos θ + j sin θ − (cos θ − j sin θ))

=
1

2j
(2j sin θ)

= sin θ

(c)

cos2 θ =

(
1

2

(
ejθ + e−jθ

))2

=
1

4

(
ej2θ + ejθe−jθ + e−jθejθ + e−j2θ

)
=

1

4

(
ej2θ + e−j2θ

) 1

4

(
ej0 + ej0

)
=

1

2
· 1
2

(
ej2θ + e−j2θ

)
+

1

4
(2)

=
1

2
cos 2θ +

1

2

=
1

2
(1 + cos 2θ)

(d)

(sin θ)(sinϕ) =
1

2j

(
ejθ − e−jθ

) 1

2j

(
ejϕ − e−jϕ

)
=

1

4j2

(
ej(θ+ϕ) − ej(θ−ϕ) − e−j(θ−ϕ) + e−j(θ+ϕ)

)
=

1

4

(
ej(θ−ϕ) + e−j(θ−ϕ)

)
− 1

4

(
ej(θ+ϕ) + e−j(θ+ϕ)

)
=

1

2
cos (θ − ϕ)− 1

2
cos (θ + ϕ)
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(e) This can be best addressed working from the right-hand side of the equation.

sin θ cosϕ+ cos θ sinϕ =
1

2j

(
ejθ − e−jθ

) 1

2

(
ejϕ + e−jϕ

)
+

1

2

(
ejθ + e−jθ

) 1

2j

(
ejϕ − e−jϕ

)
=

1

4j

(
ej(θ+ϕ) + ej(θ−ϕ) − e−j(θ−ϕ) − e−j(θ+ϕ)

)
+

1

4j

(
ej(θ+ϕ) − ej(θ−ϕ) + e−j(θ−ϕ) − e−j(θ+ϕ)

)
=

1

4j

(
2ej(θ+ϕ) − 2e−j(θ+ϕ)

)
=

1

2j

(
ej(θ+ϕ) − e−j(θ+ϕ)

)
= sin (θ + ϕ)

6. (OW 1.55 (a)-(e))

Solution

Use the results from Problem 1.54 for summation formulas.

(a)
9∑

n=0

ejπn/2 =
1− ejπ(10)/2

1− ejπ/2
=

1− ej5π

1− j
=

1− (−1)

1− j
=

2

1− j
= 1 + j

(b) Using results from (a)
7∑

n=−2

ejπn/2 =
9∑

l=0

ejπ(l+2)/2 = e−jπ
9∑

l=0

ejπl/2 = −1×
9∑

l=0

ejπl/2 = −1(1 + j) = −1− j

(c)
∞∑
n=0

(
1

2

)n

ejπn/2 =
1

1− 1
2e

jπ/2
=

1

1− 1
2j

=
1

5
(4 + 2j)

(d) Using results from (c) and Problem 8 below
∞∑
n=2

(
1

2

)n

ejπn/2 =
(12e

jπ/2)

1− 1
2j

=
j2

4
{1
5
(4 + 2j)} = −1

4
{1
5
(4 + 2j)} = −1

5
− j

10

(e) Using results from (a)
9∑

n=0

cos(
π

2
n) =

9∑
n=0

1

2
ejπn/2 +

1

2
e−jπn/2 =

1

2
(1 + j) +

1

2
(1− j) = 1

7. (OW 1.56 (b)-(f))

Solution

(b) ∫ 6

0
ejπt/2dt =

[
1

jπ/2
ejπt/2

]6
0

=
1

jπ/2

[
ej3π − 1

]
=

1

jπ/2
[−2] = − 4

jπ
=

4j

π

(c) ∫ 8

2
ejπt/2dt =

[
1

jπ/2
ejπt/2

]8
2

=
1

jπ/2

[
ej4π − ejπ

]
=

1

jπ/2
[1− (−1)] =

4

jπ
= −4j

π

(d) ∫ ∞

0
e−(1+j)tdt =

[
− 1

1 + j
e−(1+j)t

]∞
0

= − 1

1 + j
[0− 1] =

1

1 + j
=

1− j

2
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(e) Using result from part (d)∫ ∞

0
et cos(t)dt =

1

2

∫ ∞

0

[
e−(1+j)t + e−(1−j)t

]
dt =

1

2

[
1 + j

2
+

1− j

2

]
=

1

2

(f) Using a similar approach as used in part (e)

∫ ∞

0
et sin(t)dt =

1

2j

∫ ∞

0
e−(2−3j)t + e−(2+3j)tdt

=
1

2j

{[
− 1

2− 3j
e−(2−3j)t

]∞
0

+

[
1

2 + 3j
e−(2+3j)t

]∞
0

}
=

1

2j

[
1

2− 3j
− 1

2 + 3j

]
=

3

13

8. Using expressions in OW 1.54 and for any 0 < N1, N2 < ∞,

(a) For a ̸= 1, find a closed form expression for

N2∑
n=N1

an

(b) For |a| < 1, find a closed form expression for

∞∑
n=N1

an.

Solution

(a) Let k = n−N1,

N2∑
n=N1

an =

N2−N1∑
k=0

ak+N1

=

N2−N1∑
k=0

akaN1 = aN1

N2−N1∑
k=0

ak

= aN1
1− aN2−N1+1

1− a

=
aN1 − aN2+1

1− a

(b) Let k = n−N1,

∞∑
n=N1

an =
∞∑
k=0

ak+N1

= aN1

∞∑
k=0

ak

= aN1
1

1− a

=
aN1

1− a
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