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1----

T=2π/3

f(t)

t

e+2t e-2t

2. Periodic signal is almost power signal. 
3. Nonperiodic signal is almost energy signal. 
4. Some of signals are neither power nor energy, (increasing or divergent signals 

like tan t, 1/t, eat…etc.). 
5. The power of energy signal is zero while the energy of power signal is infinity. 

Ex 2-1: 

 Classify the following signals: 

1-𝑓𝑓(𝑡𝑡) = cos 3 𝑡𝑡 

2-𝑓𝑓(𝑡𝑡) = 𝑒𝑒−2|𝑡𝑡| 

3-𝑓𝑓(𝑡𝑡) = 𝑒𝑒+2𝑡𝑡 

Solution: 

1-𝑓𝑓(𝑡𝑡) = cos 3 𝑡𝑡 

• Deterministic 
• Periodic  
• Power signal 

                             𝑃𝑃𝑎𝑎𝑎𝑎 = 1
𝑇𝑇 ∫ |𝑓𝑓(𝑡𝑡)|2𝑑𝑑𝑑𝑑T

0  

        = 3
2𝜋𝜋 ∫ |cos 3𝑡𝑡|2𝑑𝑑𝑑𝑑

2𝜋𝜋
3
0   = 3

2𝜋𝜋 ∫ (1
2

+ 1
2

cos 6 𝑡𝑡)𝑑𝑑𝑑𝑑
2𝜋𝜋
3
0  

=1/2 watt    ؞ power signal  

 

 

2-𝑓𝑓(𝑡𝑡) = 𝑒𝑒−2|𝑡𝑡| 

• Deterministic 
• Non periodic 
• Energy signal 

            𝐸𝐸 = 𝑅𝑅 ∫ |𝑓𝑓(𝑡𝑡)|2𝑑𝑑𝑑𝑑∞
−∞ =2∫ 𝑒𝑒−4𝑡𝑡∞

0 𝑑𝑑𝑑𝑑=2 𝑒𝑒−4𝑡𝑡

−4
� ∞0= 1/2 joule  
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3-𝑓𝑓(𝑡𝑡) = 𝑒𝑒+2𝑡𝑡 

• Deterministic 
• Non periodic 
• Neither power nor energy (since its divergent increasing signal) 

       

f(t)

1----

t

e+2t

 

Some important signals 

1- Impulse (Dirac) 

𝛿𝛿(𝑡𝑡) = �∞, 𝑡𝑡 = 0
0, 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑒𝑒𝑒𝑒𝑒𝑒 

Properties: 

• ∫ 𝛿𝛿(𝑡𝑡)𝑑𝑑𝑑𝑑 = 1∞
−∞  

• 
∫ 𝑓𝑓(𝑡𝑡)𝛿𝛿(𝑡𝑡)𝑑𝑑𝑑𝑑 = 𝑓𝑓(0)∞
−∞

∫ 𝑓𝑓(𝑡𝑡)𝛿𝛿(𝑡𝑡 − 𝑡𝑡0)𝑑𝑑𝑑𝑑 = 𝑓𝑓(𝑡𝑡0)∞
−∞

� sampling property 

f(t0)

t

δ(t-t0)

t

f(t)

 

Ex 2-2: 
           Solve ∫ 𝑡𝑡2∞

−∞ 𝑒𝑒−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐2𝑡𝑡 𝛿𝛿(𝑡𝑡 − 𝜋𝜋)𝑑𝑑𝑑𝑑 

Solution: = 𝜋𝜋2𝑒𝑒−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 cos 2𝜋𝜋 = 𝜋𝜋2. 𝑒𝑒0. 1 = 𝜋𝜋2 

δ(t)

t
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H.W: 

• Show that (a)    𝛿𝛿(𝑎𝑎𝑎𝑎) = 1
|𝑎𝑎| 𝛿𝛿(𝑡𝑡), (b)    𝛿𝛿(𝑡𝑡) = 𝛿𝛿(−𝑡𝑡),   

• Solve ∫ 𝛿𝛿(𝑡𝑡 − 𝜋𝜋𝜋𝜋)cos (1
𝑇𝑇

)∞
−∞  𝑑𝑑𝑑𝑑… Ans:  (1

𝜋𝜋
) 

 
2- Unit step: 

𝑢𝑢(𝑡𝑡) = �1, 𝑡𝑡 ≥ 0
0, 𝑡𝑡 < 0                                  … (2-5)   

𝛿𝛿(𝑡𝑡) = 𝑑𝑑
𝑑𝑑𝑑𝑑
𝑢𝑢(𝑡𝑡) ;𝑢𝑢(𝑡𝑡) = ∫ 𝛿𝛿(𝑡𝑡)′𝑡𝑡

−∞ 𝑑𝑑𝑑𝑑′  … (2-6) 

 
3- Signum: 

𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) = �
−1, 𝑡𝑡 < 0

0, 𝑡𝑡 = 0
+1, 𝑡𝑡 > 0

                           … (2-7) 

𝑠𝑠𝑠𝑠𝑠𝑠 (𝑡𝑡) = 2𝑢𝑢(𝑡𝑡) − 1                             …(2-8) 

 
4- Sinc: 

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝜋𝜋𝜋𝜋

                                      …(2-9) 
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5- Sa: 

𝑆𝑆𝑆𝑆(𝑡𝑡) = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡

                                    …(2-10) 

H.W:  

Show that,  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(0) = 𝑆𝑆𝑆𝑆(0) = 1 

 

Signal spectrum: 
 The spectrum is the frequency representation of a signal: 

1- Spectrum of the sinusoidal signals: 

 𝑓𝑓(𝑡𝑡) = 𝐴𝐴 cos(2𝜋𝜋𝑓𝑓0𝑡𝑡 + 𝜃𝜃) 

a) Single sideband spectrum:

f0f0
f

A θ 

f

Phase 

 
b) Double sideband spectrum: 

f0f0
f

A/2 θ 

f

-θ 
-f0-f0

Amplitude Phase 

Rules: 

1. The amplitude is always positive. 

−𝐴𝐴 cos 2𝜋𝜋𝑓𝑓0𝑡𝑡 ⟹ 𝐴𝐴 cos(2𝜋𝜋𝑓𝑓0𝑡𝑡 − 1800)  

2. The phase ids always measured from the real axis. 
𝐴𝐴 sin 2𝜋𝜋𝑓𝑓0𝑡𝑡 ⟹ 𝐴𝐴 cos(2𝜋𝜋𝑓𝑓0𝑡𝑡 − 900) 

3. If the angular frequency is used (ω), the amplitude is multiplied by 2π. 
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Ex 2-3: 

Plot the amplitude and phase spectrum (single and double sided) for the following 
signal: 

𝑓𝑓(𝑡𝑡) = 4 cos(2𝜋𝜋𝑓𝑓𝑜𝑜𝑡𝑡 + 30𝑜𝑜) + 2sin (4𝜋𝜋𝑓𝑓𝑜𝑜𝑡𝑡) 

Solution: 
𝑓𝑓(𝑡𝑡) = 4 cos(2𝜋𝜋𝑓𝑓𝑜𝑜𝑡𝑡 + 30𝑜𝑜) + 2cos (4𝜋𝜋𝑓𝑓𝑜𝑜𝑡𝑡 − 90) 

f0
f

Amplitude Phase 

2f0

30o

-90o

f0
f

2f0

2

4

f0
f

Amplitude Phase 

2f0

30o

-90o

f0
f2f0

2
1

90o

-30o-f0-2f0-f0-2f0

ωo 
ω

Amplitude Phase 

2ωo 

30o

-90o

ωo 
ωo 2ωo 

90o

-30o-ωo -2ωo -ωo -2ωo 

4π
2π

 
 If the x-axis is ω ( not f), the amplitude is multiplied by 2π. 
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t

f(t)

T
0.5 1

e-t

H.W: 

 Plot the amplitude and phase spectrum (single and double sided) for the following 
signal: 

1. 𝑓𝑓(𝑡𝑡) = 5 + 3 sin(2𝜋𝜋 ∗ 103𝑡𝑡 + 30𝑜𝑜) − 4 cos(4𝜋𝜋 ∗ 103𝑡𝑡 − 20𝑜𝑜) 
2. 𝑓𝑓(𝑡𝑡) = −2 + 10 sin(2𝜋𝜋 ∗ 105𝑡𝑡 − 20𝑜𝑜) − 14 cos(6𝜋𝜋 ∗ 105𝑡𝑡 + 30𝑜𝑜) +

 7 sin(4𝜋𝜋 ∗ 105𝑡𝑡 − 50𝑜𝑜) 
3. 𝑓𝑓(𝑡𝑡) = 1 + 4 cos(10000𝑡𝑡 + 30𝑜𝑜) 

 
2- Spectrum of periodic signals 
 The spectrum of any periodic signal double sided) can be obtained by plotting 
|𝐶𝐶𝑛𝑛 |versus 𝑛𝑛𝑓𝑓𝑜𝑜 and 𝜃𝜃𝑛𝑛 versus 𝑛𝑛𝑓𝑓𝑜𝑜, where: 

 

= 𝑎𝑎𝑛𝑛
2
− 𝑗𝑗 𝑏𝑏𝑛𝑛

2
    … (2-11) 

 

    … (2-12) 

 

Where T is the period of the periodic signal 

                                |𝐶𝐶𝑛𝑛 | = ��𝑎𝑎𝑛𝑛
2
�
2

+ �𝑏𝑏𝑛𝑛
2
�
2
            … (2-13) 

Ex 2-4: 

Plot the double-sided amplitude and phase spectrum of the signal shown below: 

Solution: 

𝐶𝐶𝑛𝑛 =
1
𝑇𝑇
�𝑓𝑓(𝑡𝑡)𝑒𝑒−𝑗𝑗𝑗𝑗𝜔𝜔𝑜𝑜𝑡𝑡𝑑𝑑𝑑𝑑
T

0

 

 

         = 1
0.5 ∫ 𝑒𝑒−𝑡𝑡𝑒𝑒−𝑗𝑗𝑗𝑗𝜔𝜔𝑜𝑜𝑡𝑡𝑑𝑑𝑑𝑑0.5

0  

|𝐶𝐶𝑛𝑛 | =
1
𝑇𝑇
�𝑓𝑓(𝑡𝑡)𝑒𝑒−𝑗𝑗𝑗𝑗𝜔𝜔𝑜𝑜𝑡𝑡𝑑𝑑𝑑𝑑
T

0

 

|𝜃𝜃𝑛𝑛 | = 𝑡𝑡𝑡𝑡𝑡𝑡−1  
𝑏𝑏𝑛𝑛
𝑎𝑎𝑛𝑛
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         = 2∫ 𝑒𝑒−(1+𝑗𝑗4𝜋𝜋𝜋𝜋)𝑡𝑡𝑑𝑑𝑑𝑑0.5
0                           T=0.5, 𝑤𝑤𝑜𝑜= 4π, fo= 2 Hz 

         =  0.79
1+𝑗𝑗4𝜋𝜋𝜋𝜋

 

|𝐶𝐶𝑛𝑛 | = 0.79
√1+16𝜋𝜋2𝑛𝑛2

   𝜃𝜃𝑛𝑛 = −𝑡𝑡𝑡𝑡𝑡𝑡−1 (4𝜋𝜋𝜋𝜋) 

n │Cn│ n θn 
    
0 0.79 0 0 
±1 0.063 ±1 . 
±2 . ±2 . 
±3 . ±3 . 
. . . . 

│Cn│

nf0 Hz

θ n

nf0 Hz

 -12   -10    -8    -6       -4        -2       0     2        4       6      8       10      12                                                                     

   -12   -10    -8      -6      -4     -2     0 

0.79
0.063

π/2

-π/2

2      4       6      8       10     12  

 
We conclude that the spectrum of periodic signals is discrete. 

1       2       3       4       5       6 -6    -5     -4     -3     -2     -1 

-6    -5     -4     -3     -2     -1 

 

1       2       3       4       5       6 


