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PROBLEM 1
Parts a and be can be solved independently of each other
(a) Consider the following complex signal defined as:

z(t) = AeJ(@ot+9)
with the following known information
1. 2(6) = Ae’z (i.e., @ t = 6, the equivalent expression for z(t) is Ae’?)
2. The rotating phasor portion of z(t) covers 9m radians every 30 seconds.
3. z(t)z*(t) = 64
Find 4, wy, and ¢. (Recall all phase angles must be in the range (—m, ir] for credit) (10 points)

Solution: From (2) - w, = 2—75 = i—z; From (3) - zz* = |z|? =42 =64 > A = §;
From (1) Z(6) = Aej(i_g(6)+(p) = Aej(lf_on+(p) = Ae% > @ = m_18m = _ 137 N _13_7T+ 2T = m
2 10 10 10 10

A= 8 Wy = 3m/10 Q= 7m/10

(b) From the plot below find A4, B, wy, ¢, and t; such that the sinusoid may be expressed as x(t) = B +
Acos(wot + ¢) = B+ Acos(wy(t —ty)) below. (Recall all phase angles must be in the range

(—m, ] for credit) (10 points)

6 1 I I I I I
-16 14 12 10 -8 6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26
seconds




PROBLEM 2:

Parts a and b can be solved independently of each other.

(a) Consider the complex plane below with complex numbers marked by an X and labeled with a letter
from Ato Y. Assume that we start with a complex number z = re/? at position S as indicated by the
black arrow and colored box. We also define a new complex number, z,, that relates to z by the set

of equations in the table below. Based on these equations, select the letter that best approximates
the position of z;. (You may show work on the picture) (10 points)

Equations (z, =) Letter
z S
() (@) (7?) J
) K
Z*
1 D
Z
0.5(rsin(8))"1(z* — 2) W

(b) Consider the following expression for x(t). Simplify the summation terms and rewrite x(t) using as
few sinusoids as possible (all radian should be in the range (—m, ]). (10 points)

77

55
x(t) = 2 cos(300mt + wk/8) + 2 2 cos(300mt + mk/12)
k=39

k=53

Solution:
55 Tk 77 ok
x(t) = 2 2 cos (300nt + ?) + Z 2 cos (3007‘[t + E)
k=39 k=53
55m 77
= 2 cos (3007‘[t + —) + 2 cos (3007‘[t + —)
8 12
7 5n
= 2 cos (3007‘[t + ?) + 2 cos (300nt + E) (use phasor addition)
~ 3 cos(300mt + 0.6458m)
x(t) = 3 cos(300mt + 0.6458m)




PROBLEM 3:
Parts a and b can be solved independently of each other

(a) The spectrum of a real signal x(t) is shown below. Write the signal x(t) as a sum of sinusoids in
the standard form x(t) = Ay + Yh—1 A, cos(wit + @) (10 points)

4e=im/5 ?
3.5
? 3e~J7/3

20 ? 0 9 ? f (Hz)

x(t) = 3.5+ 8cos (18nt + g) + 6 cos (407rt - g)

(b) Consider the signal x(¢) = Re {3jef(3°””§)} + Re {3ef(3°’”‘§)} + Re {—4jef(4°’”+§)}. Write the

signal x(t) as a sum of sinusoids in the standard form x(t) = Ay + XN_; Ay cos(wit + ;) (10
points)

Solution:
=3 30 o 3 30 z 4 40 T
x(t) = cos( nt+?) + cos( nt—g) + cos( nt—g)
T
x(t) = 4 cos (407Tt — §)
x(t) = 4 cos (407Tt — g)




