2.7. Consider the functions defined in equations 81 and 82. Define new
functions as follows:

Answer the following:

1. What are the values a(—2), a(—1.5), a(=1), a(—0.5), a(0), a(0.5), a(1),
a(1.5), a(2)?

2. What are the values b(—2), b(—1.5), b(—1), b(—0.5), b(0), b(0.5), b(1),
b(1.5), b(2)?

Solution. We have

a(-2) = u((-2)+1)—u((-2)—-1)=u(-1)—u(-3)=0-0=0
a(-1) = u((-1)+1)—u((-1)—1)=u(0) —u(-2)=1-0=1
a(=0.5) = wu((—0.5) +1) — u((—0.5) — 1) = u(0.5) —u(~1.5) =1—0=1
a(0) = uw(0+1)—u0—-1)=u(l)—u(-1)=1-0=1
a(0.5) = w(05+1)—u(05—-1)=u(1.5) —u(-05)=1-0=1
a(l) = uwl+1)—ul-1)=u2)—u(0)=1-1=0
a(l5) = w(l5+1)—u(l5—1) = u(2.5) —u(0.5) =1—1=0
a2) = u2+1)—-u2-1)=uB)—u(l)=1-1=0
2.
b(—-2) = u((-2)—u((-2)—1)=u(-2)—u(-3)=0-0=0
b(=1) = wu((-1)—uw((-1) -1 =u(-1)-u(-2)=0-0=0
b(—=0.5) = wu((—=0.5)) —u((—0.5) — 1) =u(-0.5) —u(-1.5)=0-0=0
b(0) = u(0)—u(0—-1)=u(0)—u(-1)=1-0=1
b(0.5) = wu(0.5) —u(0.5—1) =u(0.5) —u(-05)=1-0=
b(1) = ul)—u(l-1)=wu(l)—u0)=1-1=0
b(1.5) = w(lb)—u(l5—-1)=u(lb)—u(05)=1-1=
b(2) u2)—u2-1)=u(2)—u(l)=1-1=0
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2.11. Are any of the following statements correct? In other words, in which
of the following integrals can we omit the u(t) term? Explain why.

10 10

/0 sin(s)u(s)ds = sin(s)ds ?
10 10

/ sin(s)u(s)ds = sin(s)ds 7

—-10 —10
5

— T T

_5 _
/ sin(s)u(s)ds = sin(s)ds ?
—10 —10
/Sin(s)u(s)ds = sin(s)ds ?

Solution. Since the interval [0, 10] contains only positive values, we can omit
the u(t) term from the first interval (it is always equal to 1). We cannot omit
it from the second and third integrals, since for negative values of ¢, u(t) = 0.
For the same reason we cannot omit it from the indefinite integral either, since
the region of integration may/may not contain negative times. Therefore,

/010 sin(s)u(s)ds = /010 sin(s)ds

/_ 11i)sin(s)u(s)ds 2 /_  sin(s)ds

[ " n()u(s)ds # / " in(s)ds
/

10
/sin(s)u(s)ds # sin(s)ds (83)
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2.13. Calculate the following integrals

Ay

/  Sut)dt

Ay =

88

[ o
As = / ! sin(2m60¢)dt
J e

Ay = 5)+d(t + 1)]e1%at

Solution. To calculate A;, we need to apply equation 2.19, page 61, with
(t) = u(t). To calculate Az, we need to apply equation 2.18, page 61, with
(t) = u(t). To calculate Az, we need to apply equation 2.19, page 61, with
(t) = e~ #*sin(2760t). To calculate A4, we need to apply equation 2.20, page
62, with g(t) = e~1% and tg = 5, —1. Therefore,

A = / 5(t
= =1
Ay = / 5t
= =1
Ay = / 5(£)e* sin(2760t)dt
— e "0%sin(2760-0)=1-0=0
Ay = /m[6(t—5)+6(t+1)]e’10tdt

o105 4 —10-(=1) _ =50 , 10 10
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2.18. Let s(t) = sin(27t). The period of this signal is T = 1. Let y(t) =
[s()|; y(t) is called the rectified sinusoidal signal. It appears frequently in power
conversion systems. Find the period of y(t).

1

Solution. The period of y(t) is 3, as we can see from Figure 23.

Original signal s(t)=sin(2 1tt)

Rectified signal y(t)=|s(t)|
T T

[sI
o
o (%)) =
%
L L

y(O)

|

<}

(5
T
L

|

N
T
I

15 1 1 1 1 1
-2 -15 -1 -0.5 0 0.5 1 15 2 25 3
Time (t)

Figure 23: The rectified sinusoidal signal in problem 2.18.
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2.22. Consider the signal shown in Figure 26. Determine its period by
inspection.

A periodic signal
25 T

2 4\ —

1.5 .

Figure 26: A periodic signal.

Solution. By inspection, the signal repeats itself every 2 time units. So the
period is 2.
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2.34. Let

\]

) tlow <t< thigh;
, otherwise.

s(t) = {

The duration ds of s(t) is ds = thigh — tiow. What is the duration of s(at)
as a function of a,d?

=)

Solution. The duration is d/a.
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4.8. For each one of the following complex numbers, determine whether the
format is Cartesian, exponential or neither.

o 33 737‘7; -3 +4]7 7‘7‘72]’7 73‘773] + 2

° ej‘n'/S’ 6—7\'/4’ e—j‘n’/4, 5€—jﬂ'/6, _e—jﬂ/4

Solution.
Recall that if a complex number is to be expressed in a Cartesian format, it
must be written in the form:
a+bj

where a must be a real number, and b must be a real number. Note that non-
negative, zero or positive values are allowed for a and b. Note also that, in this
format, j cannot appear with any exponents other than 1.

On the other hand, for a complex number to be expressed in a exponential
format, it must be written in the form:

r-ed?

where r must be a nonnegative real number, and 6 must be a real number. Note
that zero values are allowed for r. Note also that nonnegative, zero or positive
values are allowed for 6. Note finally that, j must appear in the exponential
term.

Therefore, we can determine the following:

e (1) 3: Cartesian (3 = 3 + 0j) or exponential (3 = 3 - /%)

(2) -3: Cartesian only (even though —3 = —3 - ¢’%, r cannot be equal to
3.)

3) j: Cartesian only

4

)
) -3+4j: Cartesian
5) -j: Cartesian
6) 2j: Cartesian
7) -3j: Cartesian
8) 3j+2: Cartesian
)

9) /7/3: exponential (r = 1,60 = 7/3)
10 4: since e~™/* is a real number greater than 0, it is both Cartesian
a= *”/4 ,b=0) and exponential(r = e="/4 0 = 0)

(
(
(
(
(
(
(
(
(
(

11) e=7™/%: exponential
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e (12) 5¢777/6: exponential

e (13) —e=97/4: neither.
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*4.12. Let n be a negative integer.
(a) Express j™ in Cartesian format.
(b) Express j” in exponential format.

Solution.

First observe a pattern that develops since j7! = 1/j = —j,772 = 1/j2 =
—1,j73 = 1/5% = j,77* = 1. (The pattern is j7° = —5,j7¢ = —1,j77 =

8

7,778 =1, and so on.)

e (a.) For Cartesian format, we have:

—j, n mod 4=0
n -1, mn mod 4=-1
o 4, m mod 4= -2 (177)
1, n mod 4=-3
e (b.) For exponential format, we have:
ej%”, n mod 4=0;
. ™, n mod 4=-1;
7= e’2, n mod 4=-2; (178)
e n mod 4=-3;
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4.14. Let z; = 2¢7™/3 and z, = 3e/™/*. Compute the following complex
numbers and write your answer in exponential form.

23 = 21+ 29
Z4 = Z1 — Z2
Zs5 = Z1 *Z9
zZg = 21/2:2
zr = 22/21
zg = Z%
29 = 21_2
z10 = 321+ 22

Check your answers in Matlab.

Solution.

Employ the Cartesian format for addition and subtraction and the exponen-
tial format for multiplication and division. Also while computing the arctan
ensure that the angle is in the correct quadrant.

o = 2% =2 (cos(g) +jsm(g))
1 3
. (§+j§):1+j 1.7321

3¢/t =3 (cos(%) +jsin(%))

1 V1
V2 V2
1. z3 =21+ 20 = (147 1.7321) + (2.1213 + j 2.1213) = 3.1213 + j 3.8534

3.8534

= \/3.12132 + 3.85342 ¢J arctan 3351 — 49589 4089

22

= 3 ) =2.1213 + 5 2.1213

2. 24 =2 — 20 = (14 1.7321) — (21213 4 j 2.1213) = —1.1213 — j 0.3893
— /(—1.1213)% 4 (—0.3893)2 ¢/ 4retan <1535 — 11870 928075

T s (o T
3. 25 =21 k29 =215 3675 =6 eI(5HT) =6 I T2

;T

oz 208 2 (2T 2 gk

4.2’6—22—36]%—36 37a) =2 12

5 o, — 22— 3% _ 3 j(5-%) _ 3 ,—ji5
AT T s T 905 T2 — 2

6. 25 =27 = (2675)2 =22 (eJ5)2 =4 &/



270

Figure 148: Problem 4.16.

4.16. Let z = /™% Compute z~", where n is a nonnegative integer.

Can you see the pattern? Use the compass command to graph z~", for n =

0,1,2,---,10.

Solution.
on = efjnﬂ'/él. So 20 = 1, P efjﬂ"/47 22 = efj7r/27 P g 6733'71'/4’
A= e — -1, 25 = efj57r/4’ 46 — e*j37r/27 L7 — 67]771'/4, 28 — e—d2m — 1’
”—7,2774 — Zn78.

D= I = 0= IT/2 =42, je, 2" =2

Fig 148 shows the plot of 2™, forn =0,1,2,---,5.
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4.18. Find the conjugates of the following complex numbers. Express the
conjugate numbers in Cartesian format.

e j%5%3".

Solution.

‘We have

hd j5:]a .]75:7]1]'6:717 ‘776:717.77*7]7 7:]

o= i l=5i = =l =g = g =
L t=1Lj7"==jj =]
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Figure 149: Problem 4.29: Complex numbers z; on the Cartesian plane.

4.30. Find all five solutions to the equation
25 —32=0

Use compass to depict your solutions in the Cartesian plane.

Solution.

2z, = 32. Since 32 = [32|¢’?, in Equation 4.35 we have n = 5, |a| = 32, and

# = 0. Therefore, the five roots are

1 70 4 527 e 2m
2p = |32]5 - &I5TIRT = 2. 0FF £ =0,1,2,3,4.

or,
zZo = 2
z1 = 2'6‘723
29 = 27452
= 2.5
— 9.8%

These complex numbers can be plotted on the Cartesian plane using the

following MATLAB script:

zl = 2;

z2 = 2%exp(j*2*pi/5b);
z3 = 2%exp(j*4*pi/5b);
z4 = 2%exp(j*6%pi/5);
z5 = 2xexp(j*8*pi/5);
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Figure 150: Problem 4.30 - Complex numbers z; on the Cartesian plane.

compass (z1)
hold on

compass (z2)
compass (z3)
compass (z4)
compass (z5)
hold off

See Figure 150.
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4.35. The following are phasor notations. Write the corresponding signals
in the time domain.

e 91 = 6/0; the frequency is 1000 Hz

o Uy = 3/(—3m/2); the frequency is 2 KHz

Solution.
1. v =6/0 =6 ¢/ vy (t) = Re(6 7 O 2m1000t) — 6 cos(271000t)

2. Uy = 3/(=3m/2) = 3 el (“F)uy(t) = Re(3 el (—5)ed 2m2000t) — 3 65(27r2000¢ —

)

w‘g’gl
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4.40. Consider the complex-valued function

5

Hw) =173,

Compute and write in both exponential and Cartesian form the following:
H(0), H(m), H(—m7), H(2m), H(274)

Solution.

1— j2w

5 )
H(O) = 20 =5+4.0 =50

5
1—j2m
(1+j2m)
(1 —j2m)(1 + j2m)

_ 5 1+ 727
- 1+ 42

= 1234 j0.776 = .785¢1 414

5
14727
(1—j2m)
(1+j2m)(1 — j2m)

_ (Lo
o 1+ 4n2

= .123 — j0.776 = .785¢ 1414

)
1—j22r
(1+ jin)
(1 — j4m)(1 + j4m)

_ 5 1+ j4m
- 1+ 1672

= .0315 — j0.395 = .396¢!-49"
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)
1= j287
(1 + j167)
(1 —j16m)(1+ j16m)

_ 5 147167
o 1+ 25672

= (1978 +599.4) 1073 = 9.88 % 1073175

H(2r4) =
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Magnitude spectrum

L L L L L L L
0 2 4 6 8 10 12 14 16
©

Figure 155: Problem 4.42.

4.42. Consider the H(w) function
e’z

M= a5y

Find and plot the magnitude and phase of H(w).

Solution.

()| = S 1
w = =
(T4 jw)3] (14 w?)?/?

O(H(w)) = L(e77%) — L((1 + jw)?) = —g — 3arctan(w)

The matlab code titled problem4_42.m generates the frequency spectrum
given in figure 155:
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Phase spectrum

O(H(w)

Figure 157: Problem 4.43, phase spectrum.

4.44. Consider the complex-valued function

0, n=>0
S(n):{ L [cos("—;)—cos(&%ﬂ, n#0

jTn

Find and plot the magnitude and phase spectrum.

Solution.
The magnitude and phase of S(0) is zero. When n # 0,

cos(*fF) — cos(%2" cos(E) — cos(22r
Sty = | <o§ﬂn<o>| mm| (2am))
_lsin(2m) sin(z)
7|n|
6(S(n)) = Z[cos(%) — cos(gn?ﬂ-)] — /(j 7n).

Note that cos(%E) — cos(22T) is a real number for any value of n and j 7n
is an imaginary number for any value of n.

Therefore, the phase of cos(™) — cos(22T) can be either 0, and that happens

for all n such that
3nm

Cos(n?w) - COS(T) >0

or 7; that happens for all n such that
COS(E) cos(sn—ﬁ) <0
5 5 '

The phase of j mn can be either 7/2 (that happens when n > 0) or —7/2
(that happens when n < 0).
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Here are some randomly calculated values for the phase:

n cos(%);ﬁos(?”%) H(S(n))
0 - 0
1 0.3559 —_z
2 0.1779 1
3 -0.1186 x
1 -0.0890 x
) 0 0
6 -0.0593 1
7 -0.0508 x
8 0.0445 Zx
9 0.0395 _1

In summary, the phase plot can take only three distinct values, 7,0 and —%

The corresponding frequency spectrum is illustrated in figure 158. (See Matlab
code in file problem4_44.m.)

Magnitude spectrum
0.4

0.3

lm@@@? PIT1, ?ﬁi i]i ih ﬁﬁ A11, W@@i

-20 -15 -10 20

IS

._.

Phase spectrum

g?”11 11” ”11 11” 5 ”11 11” ”11

-20 20

Figure 158: Problem 4.44.
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4.46. Compute the following integral; write A in both Cartesian and expo-
nential form.

A= /OO e(=3+tiDz gy
0

Solution.
‘We have

A = /Ooe(*“j Dz dy
0

N
—3+54 0

_ ﬁ(e(ﬁ%ﬂ 400 _ (=547 4).0)
=347

For any complex number with a negative real part, say, —a + j b,

elmatib).oo _ iy e(-ati OT _ iy ool pd 0T
T—o00 T—o00
= lim e %", lim [cos(bT) 4 j sin(bT)] = 0,
T—o00 T—o00

as the terms cos(bT),sin(bT) are always bounded by +1. Therefore, we can
write

1
A = ——(0-1
Srgal Y

1

3-j4

To convert into Cartesian format, write

1 1 34474 3444 3 4

3_j4 3-j43+j4 3244 25 725
The magnitude of A is

and its phase is

L(A)= /(1) = £(83—j 4) =0 — arctan(—4/3) = 0.9273

So, in exponential format, A is expressed as 0.2 e/ 0-9273,
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4.49. Let a,w be known, positive, real-valued constants. Compute the
integral and write it in both Cartesian and exponential form.

o .
/ €7at67jwtdt
0

Aw)

Solution.

Alw) = /0 e MeIwt gt

= /OO e~ latiwlt gy
0

e—(atio)t
—(a+jw)|0
S
a+ Jw
1
a4+ jw
a— jw
a? + w?
a L w
a2+w2_3a2+w2

1

_ ej arctan(—w/a)

va?z + w?
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5.3. Find three 3-dimensional vectors that are pair-wise orthogonal.

Solution. Let x = [2,0,0], y = [0, 3,0] and z = [0,0, 10]. Then

x-y = [2,0,0]-0,3,0]
2.-0+0:-340-0=0

x-z = [2,0,0]-]0,0,10]
2:0+0:-04+0-10=0

z-y = [0,0,10]-0,3,0]

0-0+0-3+10-0=0
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5.8. Let

-1
a=| 1|, b=[1 -1 -3]
0

Compute the following, if possible, or state that the operation is not legal:
e c; = ab
e cp = ab”

e cg=a’b

e ¢y =aTbT
Solution.
-1
a— 1
0

b=[1 -1 -3]

-1 -1 1 3
1. ¢c; =ab= 1 [1 -1 —3]: 1 -1 -3
0 0 0 0
-1 1
2. co = abl = 1 -1
0 -3

The multiplication is not legal in this case as the number of columns in a

are not equal to number of rows in b7

3.e3=a’b=][-1 1 0][1 -1 =3]

The multiplication is not legal in this case as the number of columns in

a” are not equal to number of rows in b.
1
4. 04=aTbT:[—1 1 O] -1 :[—2]
-3
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5.10. Let

2 0 11 -1
A=|-1 -1|,B=| 3 2 0
0 -2 -1 1 0

Compute the following, if possible, or state that the operation is not legal:

e C; =AB

e C; = AB”
e C3=ATB
e C,=ATBT

Solution. We have

2 0
A=| -1 -1
| 0 -2
101 -1
B=| 3 2 0
| -1 1 0
2 0 11 -1
1. Cy=AB=| -1 -1 3.2 0
0 -2][-11 0

The multiplication is not legal in this case as the number of columns in A

are not equal to number of rows in B.

2 0 1 3 -1
2. 0 =ABT =| -1 -1 1 2 1
0 -2 -1 0 0

The multiplication is not legal in this case as the number of columns in A

are not equal to number of rows in BT,

11 -1
2 -1 0 1 0 -2

—_ AT p _— —
3.03_AB_[O 1_2] 31?8 _[ L4 0}

2—10}13_1 {14—3}

— AT RT _
4. Cy=ATB _[o L
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6.27. Consider the system of equations given below.

2 -3 4 T 2
-1 -2 2 T | =
1 a 6 T3 1

(a) Solve the system in terms of a and b using Gaussian elimination.

(b) For what values of a will the system have no unique solution?

(¢) For what combination of values for ¢ and b will the system have no
solution, that is, the system is inconsistent?

(d) For what values of a and b will the system have multiple solutions?

Solution. (a) Let’s denote

2 -3 4 2
A=| -1 -2 2 |[,b=| 10
1 a 6 1

The augmented matrix [Ab] would then be

2 -3 4 2
-1 -2 2 0
1 a 6 1

Performing Gaussian elimination:

Row 2 + Row 2 + Row 3

[ 2 -3 4 2
0 a—2 8 b+1
1 a 6 1

Row 3 <+ Row 3 - 0.5x Row 1

[ 2 -3 4 2
0 a—2 8 b+1
| 0 a+15 4 0

Row 1 < 0.5x Row 1

1 -15 2 1
0 a—2 8 b+1 (257)
0 a+15 4 0

Row 2 + 1/(a — 2)x Row 2. We assume that a # 2.
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1 —1.5 2 1

[0 1 8/(a—2) (b+1)/(a—2):| (258)
0 a+1.5 4 0

Row 3 + Row 3 —(a + 1.5)x Row 2. We assume that a # —1.5.

—~

1 —-15 2
0 1 8/(a—2) (b+1)/a—2)]
0 0 4-8(a+15)/(a—2) —(a+15)(b+1)/(a—2)

Simplifying the (3,3) element, we have

1 —-1.5 2 1
[ 0 1 8/(a—2) (b+1)/(a—2) ] (259)
0 0 —(da+20)/(a—2) —(a+15)(b+1)/(a—2)

Row 3 + —(a —2)/(4a + 20)x Row 3. We assume that a # —5.

0 1 8/(a—2) (b+1)/(a—2)
0 0 1 (a+1.5)(b+1)/(4a + 20)
(

R0w2 < Row 2 —8/(a — 2)x Row 3.

[1 —15 2 1]

0 1 0 (b+1)/(a—2)—=8(a+15)(b+1)/[(a—2)(4a + 20)]
| 0 0 1 (a+1.5)(b+1)/(4a + 20)

Simplifying the (2,4) element, we have

(1 —-15 2 1]

(1 —15 2 1
0 1 0 (—ab—a+2b+2)/[(a—2)(a+5)]
K 0 1 (a4 1.5)(b+1)/(4a + 20) |

Row 1 + Row 1 —2x Row 3. After simplifying the (2,4) element, we have

1 —15 0 (—ab—3a—1.5b+18.5)/(4a +20) ]
0 1 0 (—ab—a+2b+2)/[(a—2)(a+5)]
0 0 1 (a+1.5)(b+1)/(4a+ 20) |

R0W1<—Row1+1.5>< Row 2.
[1 0 0 15(—ab—a+2b+2)/[(a—2)(a+5)]+ (—ab—3a— 1.5b+ 18.5)/(4a + 20)
01 0 (—ab—a+2b+2)/[(a—2)(a—|—5)]}
0 0 1 (a+1.5)(b+1)/(4a + 20)

The solution is

[ ] [ ab—a+2b—|—2)/[(a—2)(a+5)]+(—ab—3a—1.5b—|—18.5)/(4a+20)]
(—ab—a+2b+2)/[(a—2)(a+5)]
(a+1.5)(b+1)/(4a + 20)
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and the assumptions are: a # —2, a # —1.5 and a # —5.

When a = —2, the second row in equation 257 reads
b+1
T3 =g

From the third row, we can find

gy 01
2T
and from the first one
b+1 b+1
=1-15—+ ——

So, we can remove the assumption a # —2.
When a = —1.5, the third row in equation 258 reads

xr3 = 0
The second row yields
gy = _0t1
T35
and from the first one
b+1
r =1+ 1.5L

3.5

So, we can also remove the assumption a # —1.5.
(b) When a = —5, the third row in equation 259 reads

35(b+1)

0'!173: 2

If b = —1, the system has multiple solutions.

(c) If b # —1, there is no solution, that is, the system is inconsistent.

(d) See part (b), this is the same question.

We can check this lengthy computation by running the Matlab script problem6_27 .m.

% Problem 6.27

clear

syms a ;

syms b ;

% define the matrix and vector of constants
A=1[2-34;-1-22;1a 6]

[ 2;b;1]

A\c

© oo
]

This script produced the output
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[ 2, -3, 4]
[ -1, -2, 2]
[ 1, a, 6]

(2%a - 9*%b - 2%a*b + 11)/(4*%(a + 5))
-(b + 1)/(a + B)
((2%a + 3)*(b + 1))/(8%(a + 5))
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7.3. Integrate both sides of the following equation to find y(t) for ¢ > 0,
with the initial condition y(0) = 10.

where

dy(t)
= 1),
0 t<1
2, 1<t<?2
f)=<¢ 0, 2<t<4
-1, 4<t<6
0, 6<t

Solution. In this problem, we assume that f(t) is a continuous function of

dy(t)

. For t <1, we have T 0. Integrating both sides, we get y(t) = Cj.

From the initial condition, y(0) = 10, we have C7 = 10 and thus we have

y(1) = 10.

dy(t) : . _
For 1 <t < 2, we have o = 2. Integrating both sides, we get y(t) =
2t + Cs.
From the initial condition, y(1) = 10, we have Cy = 8 and thus we have
y(2) = 12.

dy(t) . o _
For 2 <t < 4, we have Tk 0. Integrating both sides, we get y(t) = Cs.
From the initial condition, y(2) = 12, we have C3 = 12 and thus we have
y(4) = 12.
dy(t) _ . .

For 4 <t < 6, we have Tl —1. Integrating both sides, we get

y(t) = —t + Cy.
From the initial condition, y(4) = 12, we have Cy = 16 and thus we have
y(6) = 10.

dy(t)
dt
From the initial condition, y(6) = 10, we have C5 = 10.

For 6 < t, we have

= 0. Integrating both sides, we get y(t) = Cs.

From the above we can finally write
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10, t<1
20+8, 1<t<?2

f(t) = 12, 2<t<d4
—t4+16, 4<t<6
10, 6<t
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Figure 181: Problem 7.5, part (d).

7.6. Consider the differential equation
¥ + 20y = 3 cos(2t)u(t)
with the initial condition y(0) = 3.
(a) Find y.(t).
(b) Find y,(¢).
(¢) Find the total solution y(t).

(d) Plot all three solutions v.(t), v,(t), v(¢) and the driving force. When plotting
the complementary solution, use the constant you derived in part (c).

Solution. Given

dy +20y = 3cos(2t)u(t) (275)

dt
y(0) = 3. (276)
(a) We obtain the complementary solution y.(t) by setting the driving force

to zero, i.e., by solving
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dye
dt

+ 20y, =0
Integrating this equation, we get

/ dye  _ / —20dt -
Ye

Iny. = —-20t+c =
ye(t) = Ce %u(t) (277)

Note that, for the purposes of the homework, you did not have to de-
rive equation 277; you could have used equation (7.35), page 341 in the
textbook, directly.

(b) Guessing the particular solution y,(t) to be similar to the driving force,
we set

yp(t) = Bcos(2t+ ¢)u(t)
dyp

o —2Bsin(2t + ¢)

Substituting in equation 275 (and using Equation 1.30, page 30, from the
textbook), we get

—2Bsin(2t + ¢) +20Bcos(2t +¢) = 3cos(2t)
-2
V/(=2B)2 + (20B)2 cos(2t + ¢ — arctan(%)) = 3cos(2t)
Comparing the amplitude and phase, we get
B = 3 = 0.1493
22 + 202
-2
o = arctan(%) = —0.0997 =
yp(t) = 0.1493 cos(2t — 0.0997)u(t) (278)

(¢) The total solution y(t) can then be written as

y(t) = ye(t) +yp(t)
Ce™2%y(t) 4 0.1493 cos(2t — 0.0997)u(t).
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From initial conditions 276, we get

3 = Ce 290 40.1493 cos(2 * 0 — 0.0997)
C + 0.1493 cos(—0.0997) =
C =2.8514

Thus the total solution is

y(t) = 2.8514e 2% u(t) + 0.1493 cos(2t — 0.0997)u(t).

(d) The matlab script titled problem7_6.m produces the graphs shown in
figures 182 and 183.

3 ‘
==y
ey (0
25} » = y(t) R
2 -

_05 | | | | | | | | |
0 3 5 8 9 10
Time (t)

Figure 182: Problem 7.6, part (d).

Different solutions of part (b)

(b) Since the driving force ys(t) = 3cos(2t)u(t) is in the form of sinusoidal
function, we can apply the method in Section 7.3.2.2 for finding the par-
ticular solution y,(t). We have a = 20,A = 3,wp = 2. So, we guess
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Figure 183: Problem 7.6, part (d).

yp(t) = Bsin(2t+ @)u(t) (i-e., we guess a sine instead of a cosine function.
Will it work?)

For all t > 0, we have

dyp (t)
dt

= 2B cos(2t + ¢)
Substituting into the original equation, we get

2B cos(2t + ¢) + 20Bsin(2t + ¢) = 3 cos(2t)

From equation (1.30) in the textbook, we can rewrite the left hand side as

B+v/22 + 202 cos(2t + ¢ — arctan(20/2))
= 2Bv101cos(2t + ¢ — arctan 10)
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thus,

2Bv101 =3
and
¢ —arctan10 =0
So we have
(t) = 3 sin(2t + arctan 10)u(t)
S WA TI
~  0.1493 sin(2¢ + 1.471) (279)

Is Equation 279 the same as equation 2787 Can you reconcile the two?

Moreover, we may guess the solution to be in the form of y,(t) = (B sin(2¢)+
By cos(2t))u(t).

For all ¢ > 0, we have

dyp (t>
dt

= 2B cos(2t) — 2B, sin(2t)
Substituting into the original equation, we get
2B cos(2t) — 2By sin(2t) 4+ 20B4 sin(2t) + 20B5 cos(2t) = 3 cos(2t)

Equating the coefficients of the sin(2t) terms (respectively the cos(2t)

terms), we get
20B; — 2B =0
2B; +20B; =3

Solving the equations, we get

B; =0.01485
By =0.1485

yp(t) = (.01485sin(2¢) 4 0.1485 cos(2t))u(t)
~ 0.1493sin(2t 4 1.471)
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7.12. Repeat the previous problem for v,(t) = 10e=9-9q(t).

Solution. The DE is now
dv(t) 1

d?u(t
dlzjfg ) + 10 o + iv(t) = 5670'01tu(t)

(a) See equation 284.

(b) In order to find vp(t), we set Tvs(t) = 501 u(t) and follow the proce-
dure in section 7.4.2.3. Now A =5,d = —0.01; we can guess

v,(t) = Ce™"OMy(t), C # 0.

For t > 0, we have

dup(t)

i —0.01Ce™ 01
dQ;J:z(t) 1074 . Ce—0-01t

Plug into the original equation; we have

10—4 . Ce—o.olt + 10 - _0.0106—0.011‘, + %Ce—o.olt — 56—0.011‘,

from which
C ~ 12.497

Therefore,
vp(t) = 12.497e 0y (t)

(¢) The total solution is given by
o(t) = wve(t) +op(t)
Cre™ 9tu(t) + Coe 29y (t) + 12.497e 00y (1)

The system for the unknown constants is:
Ci+Cy+12497=0
(=54 2v2)C1 + (-5 — Iv/2)Cy — 0.12497 = 1
from which we get

Cy
Cs

—-12.5
—0.04

Q

%
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The signals in Problem 7.12
- = =Vc(t)

Vp(t)
v

1
1
-10ff
1
-15 | | | | | |
0 50 100 150 200 250 300 350 400 450 500
time(t)
Figure 192: Problem 7.12.

See Figure 192 for

(d) The matlab program titled problem7_12.m was used.

the plots.
(e) The system is overdamped.
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8.3. Find the Laplace transform of the signal v(t) in Figure 230, using
Equation 8.5 in Example 8.3, and the linearity and time-shifting properties.

Solution. The signal v(¢) can be decomposed into two pulses of unit dura-
tion starting at time 0 and 3 respectively. Thus

v(t) = (u(t) —u(t —1)) + (u(t — 3) — u(t — 4))

Note that v(t) is a linear combination of time shifted unit step functions.

1
L(ut) = -
S
—st 1
L(u(t—1tg)) = e o= =
S
1 —5 3s —4s
Vis) = 1 e e e
S S S S
The signal v(t)
2 T T
15K -
1r a
g osf -
0
_0.57 -
-1 | | | | | | | | |
-1 0 1 2 3 4 5 6 7 8 9 10

Figure 230: The signal v(¢) in problem 8.3.
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8.10. Use table 1 in page 404 and the linearity property to find v(t) for the
following Laplace transforms.

(2) V(s) = 5t + s/iéf}z; + 1%12]4
/4 e—im/4
(b) V(s) = ngiﬂm ?iwm
© V) = sirds |
(d) V(s) = % + si;z] + 5i;rij2]
Solution.
(a) We have
4 1-42 1+ 52
Vv = —
(5) s T st344d s+3_j4
_ A, (s34 + (L g2)(s + 3+ j4)
s (s+3)2+16
4 2(s—5)
s (s+3)2416
4 2As+3) 16
s (s+3)2+42  (s+3)2+42
set Vi(s) = =2, Va(s) = 2+ oi5tabrs: Va(s) = —airms = —4° oo
From table 1 on p.282, we find
vi(t) = —du(t)
va(t) = 2e7 3 cos(4t)u(t)
v3(t) = —de 3t sin(4t)u(t)

From the linearity property,

v(t) = 273" (cos(4t) — 2sin(4t)) u(t) — 4u(t)

(b) We have
20¢’% 20e
Vis) = . L
s+2e 1T  s+4+2e7T
20(6%8 +2e%F te Ts+ 2¢ ?)

s24+2(e” T + eij)s +4
20(2cos(§)s +2-2cos(5))
52 +2(2cos(F))s +4
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20(2¥25)
2+ 4¥25 1 4
20\/55
52 +2v2s +2+2
= 20V2 ° .
(s +v2)2 4+ 2
2
20va| VR ;
(s+V2)24+v2"  (s+V2)2+2

_ s+/2 _ V2
set Vi(s) = 20\/§(s+\/§)2+\/§2,\/2(s) = 20\/§(s+\/§)2+\/§2

From table 1 on p.282, we find

>

vi(t) = 20\/§e_ﬁtcos(\/§t)u(t)
va(t) = —20\/56_*/§tsin(\/§t)u(t)

From the linearity property,

u(t) = 20v/2e V2 (cos(V/2t) — sin(v2t) u(t)

(c) We have
s—4
Ve = aes
S B P
T s2+52 5 s2+452
s 4 5
et Vils) = 5o Vel = 5 i
From table 1 on p.282, we find
vi(t) = cos(5t)u(t)
4
va(t) = —¥ sin(5¢t)u(t)

From the linearity property,
4
v(t) = cos(5t)u(t) — E sin(5t)u(t)

(d) We have

3 5-5j 5+5j
Vis) = 2
(5) stst2-2 Tst2+2
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3 (5=5j)(s+2+25)+(B5+54)(s+2—29)
= 4+
s (s+2)2+4
_ 3, 10(s+4)
s (s+2)2422
3 10 2 10 -2
_ 3, (s+2) "
s (s+2)2422  (s+42)2+22
3 _10(s+2) B 10-2
Vl(‘s) - gvv2(5) - <s+2)2 +227V3(5) - (8—|—2)2 + 922
From table 1 on p.282, we find
v1(t) = 3u(t)
va(t) = 10e % cos(2t)u(t)
v3(t) = 10e”* sin(2t)u(t)

From the linearity property,

v(t) = 10e 2 (cos(2t) + sin(2t)) u(t) + 3u(t)
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8.12. Find the partial fraction expansion of
852 + 205 + 16
V = —-——
() s(s? +4s+8)
by hand. Verify your results by using the Matlab function residue.

Solution. We have
8s% +20s + 16
V(s) = =2 2T Y
() s(s?+4s+38)
The roots for (s + 45 + 8) are —2 £ 2j
rewrite V(s) as

K Ky K3
Vis)=—
= e T (2 2))
Now
Kl = SV(8)|5:0
_ 832+205+16‘
(2445 +38) =0
1
_ 6,
8
Ky = (s=(=2+2)))V(s)ls=—2+2;
B 832+203+16| _
T Sl (2 -2j) Y
o 8(—2+425)24+20(—2+2j) + 16
(=24 29)(—24+ 25 + 2+ 2))
~ 8(4—8j—4)+40j —24
n —8—8j
24245
= =g -
K;=3
Therefore,
2 3 3
\% = -
() s+sf(72+2j) s —(—2—2j)
_ 2 6s+ 12
s 4s+s2+38

The matlab code
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% Problem 8.12

clear
Num = [8 20 16];
Denom = [ 1 4 8 0] ;

[Residues, Poles, K] = residue(Num, Denom)

returns

Residues =

3.0000 - 0.00001
3.0000 + 0.00001
2.0000

-2.0000 + 2.00001
2.00001

|
N
o
o
o
o
|

(]

which matches our solution.
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8.21. The transfer function of a system is given by

1
H(s)= — —
)= Z 795710

The Laplace transform of the driving force is equal to 1/s. Determine the
Laplace transform of the output; then determine the output in the time domain.

Solution. We know that V(s) = H(s) - Vs(s); since Vs(s) = 1/s, we can
write

1
Vis) = s(s%2 4+ 2s+ 10)

The roots for (s2 + 2s+ 10) are s = 1 +3j and s = 1 — 3j

Rewrite % X o
Vis)=—+ 2 2
e (S VY ey o g
Now
K1 = (s)V(s)]s=0
S
2425+ 10],_,
_ 1
10
Ky = (s—(=1+34)Y(5)|ls=—143;
N S
5(s — (=1 -3j)) s=—1+3;
1
= —(-4+3
100( + 37)
1
* - _4_
2 100( 3])
SO
11 —4+3j 1 —4—3j 1
V(is) = —-+ J J

10s 100 s — (—1+ 37) 100 s— (—1—3j)

Solving for v(t), we get

1

v(t) = (10 + %e_t cos(3t — 0.6435)) u(t)
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*9.2. Consider a periodic function f(t) with period T. Let wy = 27/T. Let
gn(t) = f(t) cos(nwpt). Find the period T;, of the function g, (t). Determine the
relationship between T, and T.

Solution. For any (positive) integer n, note that the period of the signal
cos(nwot) = cos(2m#t) is T'/n, so T' is an integer multiple of 7'/n. We have

gn(t+T) = f(t+T)cos(nwo(t+1T))
= f(t) cos(nwot + 2mn) = f(t) cos(nwot)
= gn(t)

and thus T is a period. Observe that T is also the smallest positive number
that satisfies ¢,,(t +T) = gn(t) (due to the presence of the f(t) term), so thes
period of g, (t) is T,, = T.
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9.11. Without using any integrals, determine the Fourier series coefficients,
ag, b and ay, of the following functions. Note the frequency that corresponds
to each index k. The time variable is measured in seconds. You will need
to determine the period, T, over which to determine the coefficients. Use the
shortest possible period.

(a) s1(t) = 0.45 cos(7.1¢)
(b) s2(t) = 3 cos(4.3t) + 2sin(12.9¢)
(c) s3(t) = 3.0 cos(2w30t) — 1.7 cos(2m100¢)
(d) s4(t) = 3.0cos(2w30t) — 1.7 sin(2730¢)
(e) s5(t) = 20 cos(2730t) — 17 cos(27w100t — 57/6) + 8 cos(27200t 4 7 /4)
Solution.
(a) We have
s1(t) = .45cos(7.1t)
27
= 4
b cos {( o /7.1 )t}
Therefore, T' = % seconds, and
[ 45 k=1
%=1 0 ,0.W.
by =0,k =1,2, ...

from Equations (9.7)-(9.9), we have

(b)

s2(t) = 3cos(4.3t) + 2sin(12.9t)
2m

27/(3 - 4.3)t)

|
w
Q
o
0
~—

———1) + 2sin(

|
wo
o
@}
w0
—



therefore, T'= 2% = 1.4612 seconds, and

13~
3 k=1
FTYl 0 Low.

2 k=3
e {2

,0.W.

from Equations (9.7)-(9.9), we have

3 k= =£1
=2j _ _; _
_J) 5 =-7 k=3
Ak ] ak =-3
0 , 0.W
(c) We have
s3(t) = 3.0cos(2730t) — 1.7 cos(27100¢)
2m -3 27 - 10
= 3.0cos t) — 1.7 cos t
cos(T71p ") cos(= 715 %)
therefore, T = 1—10 seconds, and
3.0 k=3
ar =4 —1.7 k=10
0 ,0.W
by =0,k =1,2, ...
from equations (9.7)-(9.9), we have
3 k=+3
ap =14 —LT k=10
0 ,0.W.
(d) We have
s4(t) = 3.0cos(2730t) — 1.7sin(2730¢)
27 -1 2m -1
= 3.0 ———t) — 1.7sin(——=t
cos( Ty t) — LTsin( 50
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therefore, T = % seconds, and
an — 3 k=1
Tl o0 ,0.W.

bk:{ 1.7 k=1

0 ,0.W.

from Equations (9.7)-(9.9), we have

i

ST o
ae={ =t o
0 ,0.W
(e) We have
5
s5(t) = 20cos(2m30t) — 17 cos(2w100t — 67r) + 8 cos(27200t + %)

5 5
= 20cos(2w30t) — 17 cos(27100¢) ~cos(67r) — 17sin(27100t) sin(gﬂ')
+8 cos(2m200t) - cos(%) — 85in(27200t) - sin(%)
17V/3
2

17
= 20cos(2w30t) + cos(27100t) — 5 sin(27100t)

+4v/2 cos(2m200t) — 4/2 sin(27200¢)
2 -3 173 2m - 10

= 2 t t
0 cos( 1/10 )+ 5 cos( 1710 )
17 27 - 10 27 - 20 2m - 20
—— si 4v2 t) —4v2si t
5 ST O F V2 cos( 1710 ") V2sin( 710 ")
therefore, T = 1—10 seconds, and
20 k=3
IV3 k=10
ap =
42 k=20
0 ,0.W
- k=10
b =4 —4vV2 k=20
0 , 0.0,

from Equations (9.7)-(9.9), we have
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o =

10
17V/3+175

4
17v3-175

4
2v/2 + 2v/2j
2v2 - 2v2j

0

k=43

k=10
k=-10
k=20
k=20
,0.W.
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9.12. One period of s(t) is defined by
<t<
S(t):{z 0<t<1

-2, 1<t<3
Use direct integration to find the a,, coefficients.

Solution. We have T'= 3, wy = %’“ Then, from Equation (9.14), we have

13 -
an = 5/ s(t)e ™"t
0
LY . e 3 -
= 3 / 267J”Ttdt+/ —2e It
0 1
—Jn=Et ! —jn2x¢
o 1 27" — 27N
T3 —jnz—7r —jn2—7r
3 o 3 I
_ } _3 9 (e—]n%"'t e—jn%"'t 3)
3 j2mn 0 1
- () - e)
jmn
Since e 72™ =1 for n=...,—1,0,1,..., we can write
=1 7 2 in2m
Oy = ,—(e s —1—-1+e 3”3)
jmn
= =2 (eijn%r - 1)
jmn
—2 jnZ —jnZ jnZ
= —e 3 (6 3 e 3)
jmn
2
= —e’ 32]sin<—)
jmn
_ 4sin (g—”)eﬁ;"
N ™
4 sin (”3—") ™ .. (TN
G (o () s ()
Moreover,
a, = 2Re(ay)
_ 2*4sin(%)cos(%)
™
_ 4sin(#52)
™
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—2Im(ay,)
4sin(%r) x —sin(%*)

—2 %
™

11— cos (25)]

™
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9.15. Let T'= 10. One period of s(t) is defined by

0, -T/2<t<0
9, 0<t<l
st =9 7y 1Zi<o

0, 2<t<T/2

Use direct integration to find the «,, coefficients.

Solution. We have T' = 10,wp = £. Then,

1 5
n = — 7n75rtdt
! 0 (/_ s(t)e )
1 0 1 o 2 o 5 o
= - / Oe_]” tdt—l—/ 26_]n§tdt+/ _16_J”§tdt_’_ Oe—Im5tdt
10 0 ) ,

—

1 9e—J ﬂgt e_j Wg,t
= E —jmn T T —jmn +0
0 5 1
S R CREECD)
s
= %(26_]%(6_1%—6118)—6 leOn(e ]%—81%)>
s
-1 —7n —Tn
— — (2 J7T0 2 ) — e T70 2 -
j27m( e j sin( 10 )—e 5 sin( 10 )
1 _ 3mn ™m
= — (2e¢ 7710 i A T 7>
— ( e sin(—) —e sin( 10)
_ sin(ig) (2 —i5E i 31"0“)
™
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9.17. Find the Fourier series for the signal shown in Figure 251. The period
is T'= w. Mathematically, the signal can be defined as

s(t) = |sin(t)|.

A periodic rectified sine with T=mt
2 T T T T T T T T

15F : .

Signal s(t)
o
(&3]
T
1

time t

Figure 251: A periodic rectified sine.

Solution. We have T' = m,wy = 2. Then,

1 (7 .

an, = f/ sin(t)e 72" dt
™ Jo
1 /™1

= f/ — (ejt—e*jt) eIt gt
T Jo 2j

_ % /Tr (ej(pzn)t _ efj(1+2n)t) gt
J4T Jo
1 ed(1—2n)t 4
—j2m \(J(1—-2n) 0
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4 e—J(1+2n)t

o —j(1+2n)




1 -1-1 n -1-1
j2m \j(1—2n)  j(1+2n)
(12n 1+2n)

174712

1
m
1
T
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9.20. Determine whether s(t) is an even or odd function.
(a) s(t) = tcos(2m20t)
(b) s(t) = tcos(2w20t — 7/2)
(c) s(t) = tcos(2w20t + 7/2)
(d) s(t) = tcos(2m20t + 7/4)
(e) s(t) = 1+ sin(2760¢)
Solution.
(a)
s(t) = tcos(2m20t)
s(—t) = (—t)cos(2w20(—t))
= —tcos(2m20¢)
)

Therefore, s(t) is an odd function

(b)
s(t) = tcos(2m20t — g)
= t¢sin(2720t)
s(=t) = (—t)sin(2720(—t))
= (—t)- (—sin(2720t))
= tsin(2m20t)
= s(t)
Therefore, s(t) is an even function
(c)
s(t) = tcos(2m20t + g)
= —tsin(2720¢)
s(—t) = —(—t)sin(2720(—t))
= t-—sin(2720¢)
= —tsin(2720¢)
= s(t)

Therefore, s(t) is an even function
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(d)
s(t) = tcos(2m20t + %)

=t [cos(27r20t) cos(%) — sin(2720¢) sin(%)}
=t l\f cos(2720t) — g sin(27r20t)]
t [cos(2m20t) — sin(27w20¢)]

- (=t) - [cos(2m20(—t)) — sin(2720(—t))]

o[l el

- (—1) - [cos(2m20(t)) + sin(2720(¢))]

t)or — s(t)

N
V)

—~

~—

Therefore, s(t) is neither an odd function nor an even function
(e)

s(t) = 14 sin(2760t)
s(—t) = 1+sin(2760(—t))
= 1 —sin(2760(—t))
# s(t)or —s(t)

Therefore, s(t) is neither an odd function nor an even function
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9.21. One period of the function s(t) is defined on [0,4] as

1, 0<t<1
2, 1<t<2
sM=91 2<1<3
0, 3<t<4
Is the signal s(t) even, odd or neither?
Solution. Since the time period T = 4,
1, -4<t< -3
2, =3<t<L -2
s(t)y=s(t—4) = | —9<t<-1
0, -1<t<0

)

By inspection, we can conclude that the signal is neither odd nor even. In
general, the easiest way would be to compute the area under the curve. For an

odd function f(t),
T/2
/T/2

For an even function f(t), we can write

T/2
/T/2

F(t)dt

F(t)dt

In this case,
2
/.
2
/ s(t)dt
0

This confirms that the signal belongs to neither category.

For those who are wondering what this has got to do with Fourier series,
we have the more cerebral approach! Remember that the sine function is odd
while the cosine function is even. Thus any odd signal upon decomposition

s(t)dt

-1 0 1 2
/ 1dt—|—/ Odt—l—/ 1dt—|—/ 2dt
-2 -1 0 1

1+04+14+2=4+#0

1 2
/ 1dt + / 2dt
0 1

4

696



would contain only sin terms (a,, = 0) and an even function only cosine terms
(anO) wO:%‘r:%.

Qn

= ay,

2
Z/ s(t) cos(ngt)dt

—2

2 [ ! ’
f(/ 1cos(n= t / cos( ny t / 1cos(n— t)dt —|—/ 2cos(n t)dt
4°J 2 1 0 1 2

1 sin(THt) (%) sm(Tt)

( ’/T/2 ‘ 2+O+ /2 |0 /2 |1
ﬂ_ln((sm(Tn) —sin(—mn)) + (sin(%) —sin(0)) + 2(sin(mn) — sin(%))
—2sin( %)

as sin(nw) =0 V n.

2
% / s(t) sin(ngt)dt

-2

9 (1 0 1 2
f(/ 1 sin(ngt)dt + / 0 sin(ngt)dt + / 1 sin(ngt)dt + / 2 sin(ngt)dt
0 1

a' ., 9
;T}A((COS( _727”) — cos(—mn)) + (COS(%) — cos(0)) + 2(cos(mn) — COS(%))

1 — cos(nm)
™m

as cos(5) =0 V n.
Since a, # 0,b,, # 0, the signal is neither odd nor even.
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9.25. The S(n) values for n = 1,2, 3,4 are given by
{3+4,0,-3 —3j4,0}.

Find the values of S(n) for n € {—1,-2,-3, —4}.

Solution. We note that S(n) and S(—n) are conjugates of each other. Hence
S(n) for n = —1,—2, -3, —4 are given by {3 — j,0,—3 4+ 35,0}.
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9.30. Find the fundamental frequency, wg, and the coefficients of the Fourier
series of the signal defined by

vp(t) = 3cos(27720t — 47 /5) + 2 cos(2m240t + 7/7)

Plot the magnitude and phase spectra as functions of frequency in Hertz.

Solution. We have

vp(t) = 3cos(2n720t — 47 /5) + 2 cos(2m240t + 7/7)
= 3cos(2w720t) cos(47/5) + 3sin(2w720¢) sin(47/5)
+  2cos(2m240t) cos(n/7) — 2sin(27240t) sin(7/7)
2m.3 2m.3
= 242 —_ 1. in(———
7cos(1/240t) + 1.763 sin( 1/240t)
2m.1 2m.1

1/240t) - O.867sm(1/240t)

+ 1.8cos(

therefore T = ﬁ sec And wy = 2% = 4807

1.8, k=1
ar = —2.427, k=3
0, 0.W.
—-0.867, k=1
by, = 1.763, k=3
0, 0.W.
from (9.7)-(9.9)
1.840.867;
LSOOy
1.8—0.867; E=_1
—2.427%1.763;
ap = ‘f‘ﬂ, k=3
—2.4273-1.763; _
g, k=3
0, 0.W.

The plots are shown in Figure 257. The matlab code titled hw10_p1.m is in
the course locker.
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Figure 257: Problem 1

9.31. Plot the power spectrum of the functions in problem 9.11. Plot the
graph in decibels.

Solution. Recall that the «,, values are given by another problem.

(a)
o — '475 ,n==x1
10 ow.

Therefore, the power spectrum in decibel is

Pon) = { 20log(.225) = —12.96 ,n = +1

—00 ,0.W.

(b)
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