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Chapter 1
Introduction

This was a hard course only because it was 5 weeks longs and we meet 4 days per week and
things went very quickly. We had 6 quizes, 2 exams, and HW’s and computer assignments.
The instructor was Dr James Kang, EE dept, and was a very good instructor and explained
things really well, but his exams were a little on the hard side.
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1.1 syllabus
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1.2. Text Book Chapter 1. Introduction

1.2 Text Book
There was an official textbook, but it was not really needed. Taking good notes and working
on the given HW’s was all what is needed. The text book is below.

Text book was Lathi and Ding, Modern digital and analog communication systems, 4ht
edition.

Figure 1.1: text book
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2.1 Quizz 1
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2.2 Quizz 2
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2.3 Quizz 3
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2.4 Quizz 4
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2.5 Quizz 5
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3.1 Mathematical indentities

Mathematical Tables 
 
Trigonometric Identities 
 
 tan(α) = [sin(α)]/cos(α)  
 cosec (α) = 1/sin(α) 
 sec(α) = 1/cos(α) 
 cot(α) = 1/tan(α) 
 sin(α) = cos(90o - α) = sin(180o - α) 
 cos(α) = sin(90o - α) = - cos(180o - α) 
 tan(α) = cot(90o - α) = - tan(180o - α) 
 
 sin(α + β) = sin(α) cos(β) + cos(α) sin(β) 
 sin(α - β) = sin(α) cos(β) - cos(α) sin(β) 
 cos(α + β) = cos(α) cos(β) - sin(α) sin(β) 
 cos(α - β) = cos(α) cos(β) + sin(α) sin(β) 
 tan(α + β) = [tan(α) + tan(β)]/[1 - tan(α) tan(β)] 
 tan(α - β) = [tan(α) - tan(β)]/[1 + tan(α) tan(β)] 
 
 sin(α) cos(β) = (1/2) [sin(α + β) + sin(α - β)] 
 sin(α) sin(β) = (1/2) [cos(α - β) - cos(α + β)] 
 cos(α) cos(β) = (1/2) [cos(α + β) + cos(α - β)] 
 cos(α) sin(β) = (1/2) [sin(α + β) - sin(α - β)] 
 
 sin (2α) = 2 sin(α) cos(α) = [2 tan(α)]/[1 + tan2(α)] 
 cos(2α) = 2 cos2(α) - 1 = 1 - 2 sin2(α) = cos2(α) - sin2(α)  
  = [1 - tan2(α)]/[1 + tan2(α)] 
 tan(2α) = [2 tan(α)]/[1 - tan2(α)] 
 sin(3α) = 3 sin(α) - 4 sin3(α) 
 cos(3α) = 4 cos3(α) - 3 cos(α) 
 tan(3α) = [3 tan(α) - tan3(α)]/[1 - 3 tan2(α)] 
 sin(4α) = 4 sin(α) cos(α) - 8 sin3(α) cos(α) 
 cos(4α) = 8 cos4(α) - 8 cos2(α) + 1 
 tan(4α) = [4 tan(α) - 4 tan3(α)]/[1 - 6 tan2(α) + tan4(α)] 
 
 sin2(α) = (1/2) [1 - cos(2α)] = 1 - cos2(α) 
 cos2(α) = (1/2) [1 + cos(2α)] = 1 - sin2(α) 
 tan2(α) = [1 - cos(2α)]/[1 + cos(2α)] 
 sin3(α) = (1/4) [3 sin(α) - sin(3α)] 
 cos3(α) = (1/4) [3 cos(α) + cos(3α)] 
 sin4(α) = (1/8) [3 - 4 cos(2α) + cos(4α)] 
 cos4(α) = (1/8) [3 + 4 cos(2α) + cos(4α)] 
 
 cos(α) = [ejα + e-jα]/2 

 1
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 sin(α) =  [ejα - e-jα]/2j 
 tan(α) = (-j) [ejα - e-jα]/[ejα + e-jα] 
 ejα = cos(α) + j sin(α) 
 e-jα = cos(α) - j sin(α) 
 
 sin2(α) + cos2(α) =1 
 1 + tan2(α) = sec2(α) 
 1 + cot2(α) = cosec2(α) 
 
 sin(α) + sin(β) = 2 sin[(1/2) (α + β)] cos[(1/2) (α - β)] 
 sin(α) - sin(β) = 2 cos[(1/2) (α + β)] sin[(1/2) (α - β)] 
 cos(α) + cos(β) = 2 cos[(1/2) (α + β)] cos[(1/2) (α - β)] 
 cos(α) - cos(β) = -2 sin[(1/2) (α + β)] sin[(1/2) (α - β)] 
 tan(α) + tan(β) = [sin(α + β)]/[cos(α) cos(β)] 
 tan(α) - tan(β) = [sin(α - β)]/[cos(α) cos(β)] 
 
Indefinite Integrals 
 

∫ −= )axcos(
a

dx)axsin( 1
 

 

∫ = )axsin(
a

dx)axcos( 1
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2  
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2
2  
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∫ −+= )]axcos(xa)axcos()axsin(ax[
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3

2 221
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Series Expansion 
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3.2 Fourier series represenation of common signals

FOURIER  SERIES  REPRESENTATION  OF  COMMON  SIGNALS 
 
Rectangular Pulse Train 
 

-2T0 -T0 0 T0 2T0
0

h

t

x(
t)

 
 
τ = pulse width (−τ/2 to τ/2) 
d = duty cycle = τ/T0. 
ω0 = fundamental frequency = 2π/T0 
sinc(x) = sin(πx)/(πx) 
 

0

, 0
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≠⎪⎩
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= = = = ⎨
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If τ = T0/2, d = 1/2, and the equations given above becomes 
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( ) ( )0 0
1

cosn n
n

x t c c n tω θ
∞

=

= + +∑  

 

0

n, sinc 0n, sinc , 2
2 2
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Let y(t) = x(t − T0/2).  Then, 
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Rectangular Pulse Train with Time Shifting 
 
to = τ/2. 
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If τ = To/2, we have 
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Triangular Pulse Train 
 

-2T0 -T0 0 T0 2T0
0

h

t

x(
t)

 
 
τ = half of the base of the triangle (-τ ≤ t ≤ τ) 
d = duty cycle = τ/T0. 
ω0 = fundamental frequency = 2π/T0 
 

( )2 2 0

0

sinc sinc
2n
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If τ = To/2, then the pulse train looks like 
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Let y(t) = x(t − T0/2).   
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( )
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Half-Wave Rectified Cosine 
 

-T0 0 T0
0

h

t

x(
t)

 
 

1 4
hX =  

 

1 4
hX − =  

 

2

cos
2 , 1

1n

n
hX n

n

π

π

⎛ ⎞
⎜ ⎟
⎝ ⎠= ≠
−

±  

 
Half-Wave Rectified Sine 
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h = amplitude,  1j = −  
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1 4
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Full-Wave Rectified Cosine 
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Full-Wave Rectified Sine 
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Sawtooth 
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Exponential Decay 
 

-2T0 -T0 0 T0 2T0
0

h

t

x(
t)

 
 

0

0

0

1
2

aT

n
h eX
T a jn

T
π

−−
=

+
 

 
  

6

51



3.3. Properties of Fourier transform Chapter 3. Handouts

3.3 Properties of Fourier transform

Properties  of  the  Fourier  Transform 
 

Property ( )tf  ( )ωF  
___________________________________________________________________________ 
 
Linearity (Superposition) ( ) ( )tfatfa 2211 +  ( ) ( )ωω 2211 FaFa +  
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⎠
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2
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2
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∞
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Table 16.2 Fourier  Transform  Pairs  (a > 0) 
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