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1.3 BASIC ELEMENTARY OR STANDARD TIME SIGNALS 

 

1.3.1 BASIC (ELEMENTARY OR STANDARD) CONTINUOUS TIME SIGNALS 

 

Step signal 

Unit Step signal is defined as 

𝑢(𝑡) = 1 𝑓𝑜𝑟 𝑡 ≥ 0 

= 0 𝑓𝑜𝑟 𝑡 < 0 

 

 

 

 

 

 

 

 

Ramp signal 

Unit ramp signal is defined as 

𝑟(𝑡) = 𝑡 𝑓𝑜𝑟 𝑡 ≥ 0 

= 0 𝑓𝑜𝑟 𝑡 < 0 

 
 

 

 

 

 

 

 

 

 

 

 

  
  

Parabolic signal 

Unit Parabolic signal is defined as 
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                        Unit Parabolic signal 

 

Relation between Unit Step signal, Unit ramp signal and Unit Parabolic signal: 

• Unit ramp signal is obtained by integrating unit step signal 

𝑖. 𝑒., ∫ 𝑢(𝑡)𝑑𝑡 = ∫ 1𝑑𝑡 = 𝑡 = 𝑟(𝑡) 

• Unit Parabolic signal is obtained by integrating unit ramp signal 
 

𝑖. 𝑒. , ∫ 𝑟(𝑡)𝑑𝑡 = ∫ 𝑡 𝑑𝑡 = 
𝑡2 

2 
= 𝑝(𝑡) 

• Unit step signal is obtained by differentiating unit ramp signal 

 

𝑑

𝑑𝑡
(𝑟(𝑡)) =

𝑑

𝑑𝑡
 (𝑡) = 1 = 𝑢(𝑡) 

 

• Unit ramp signal is obtained by differentiating unit Parabolic signal 

      

𝑖. 𝑒. ,
𝑑

𝑑𝑡
 (𝑝(𝑡)) =  

𝑑

𝑑𝑡
 (

𝑡2

2
) =  

1

2
 (2𝑡) = 𝑡 = 𝑟(𝑡)
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Unit Pulse signal is defined as 

𝛱(t) = 1 for |t| ≤ 
1 

2 

= 0 elsewhere 
 

Impulse signal 

Unit Impulse signal is defined as 

 

 

Properties of Impulse signal: 

Property 1: 

 

  

 

∞ 

∫ 𝑥(𝑡)𝛿(𝑡) 𝑑𝑡 = 𝑥(0)𝛿(0) = 𝑥(0) [∵ 𝛿(𝑡) 𝑒𝑥𝑖𝑠𝑡𝑠 𝑜𝑛𝑙𝑦 𝑎𝑡 𝑡 = 0 𝑎𝑛𝑑 𝛿(0) = 1]   

−∞ 

Hence proved. 

Property 2: 

 ∫ 𝒙(𝒕)𝜹(𝒕 − 𝒕𝟎)𝒅𝒕 = 𝒙(𝒕𝟎) = 𝒙(𝒕𝟎
+∞

−∞
)𝜹(𝟎) = 𝒙(𝒕𝟎) 

    [ 𝜹(𝒕 − 𝒕𝟎 ) exits only 𝒂𝒕 𝒕 =  𝒕𝟎 so 𝜹(𝟎) = 𝟏 ] 

Hence proved. 

Sinusoidal signal 

Cosinusoidal signal is defined as 

𝑥(𝑡) = 𝐴𝑐𝑜𝑠 (𝛺𝑡 + 𝛷)  
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Sinusoidal signal is defined as 

𝑥(𝑡) = 𝐴𝑠𝑖𝑛(𝛺𝑡 + 𝛷) 

Where Ω = 2πf =2𝜋 and Ω is the angular frequency in rad/sec 
𝑇 

 

 
f is frequency in cycles/sec or Hertz and 

A is amplitude 

T is time period in seconds 

𝛷 is phase angle in radians 

Cosinusoidal signal 

𝑤h𝑒𝑛 𝜙 = 0, 𝑥 (𝑡)= 𝐴𝑐𝑜𝑠 (𝛺𝑡) 

 

 

 

 

 

 

 

 

Cosinusoidal signal 

 

Sinusoidal signal 

𝑤h𝑒𝑛 𝜙 = 0, 𝑥(𝑡) = 𝐴𝑠𝑖𝑛 (𝛺𝑡) 

 

 

 

 

 

 

 

 

 

Sinusoidal signal 
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Exponential signal 

Real Exponential signal is defined as 𝑥(𝑡) = 𝐴𝑒𝑎𝑡, where A is amplitude 

Depending on the value of ‘a’ we get dc signal or growing exponential signal or 

decaying exponential signal.

  

 

Complex exponential signal is defined as 

𝑥(𝑡) = 𝐴𝑒𝑠𝑡 

where 𝐴 is amplitude, s is complex variable and 𝑠 = 𝜎 + 𝑗Ω 

𝑥(𝑡) = 𝐴𝑒𝑠𝑡 = 𝐴𝑒(𝜎+𝑗Ω) 𝑡 = 𝐴𝑒𝜎𝑡 𝑒𝑗Ω𝑡 = 𝐴𝑒𝜎𝑡 (𝑐𝑜𝑠Ω𝑡 + 𝑗𝑠𝑖𝑛Ω𝑡) 

𝑤h𝑒𝑛 𝜎 = +𝑣𝑒, 𝑡t𝑒𝑛 𝑥(𝑡) = 𝐴𝑒𝜎𝑡 (𝑐𝑜𝑠Ω𝑡 + 𝑗𝑠𝑖𝑛Ω𝑡), 
 

 

Exponentially decaying Cosinusoidal Exponentially decaying sinusoidal 

signal  signal 

𝑤h𝑒𝑟𝑒 𝑥𝑟(𝑡) = 𝐴𝑒𝜎𝑡 𝑐𝑜𝑠Ω𝑡 𝑎𝑛𝑑 𝑥𝑖(𝑡) = 𝐴𝑒𝜎𝑡 𝑠𝑖𝑛Ω𝑡 

xr(t) xi(t) 

Exponentially growing Cosinusoidal signal Exponentially growing sinusoidal 

signal 

𝑤h𝑒𝑛 𝜎 = −𝑣𝑒, 𝑡h𝑒𝑛 𝑥(𝑡) = 𝐴𝑒−𝜎𝑡 (𝑐𝑜𝑠Ω𝑡 + 𝑗𝑠𝑖𝑛Ω𝑡), 

𝑤h𝑒𝑟𝑒 𝑥𝑟(𝑡) = 𝐴𝑒−𝜎𝑡 𝑐𝑜𝑠Ω𝑡 𝑎𝑛𝑑 𝑥𝑖(𝑡) = 𝐴𝑒−𝜎𝑡 𝑠𝑖𝑛Ω𝑡 

xr(t) xi(t) 
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1.3.2 BASIC (ELEMENTARY OR STANDARD) DISCRETE TIME SIGNALS 

 

Step signal 

Unit Step signal is defined as 

𝑢(𝑛) = 1 𝑓𝑜𝑟 𝑛 ≥ 0 

= 0 𝑓𝑜𝑟 𝑛 < 0 
 

 

Unit Ramp signal 

Unit Ramp signal is defined as 

𝑟(𝑛) = 𝑛 𝑓𝑜𝑟 𝑛 ≥ 0 

= 0 𝑓𝑜𝑟 𝑛 < 0 

 

 

 

 

 

 

 

 

 

Sinusoidal signal 

Cosinusoidal signal is defined as 

𝑥(𝑛) = 𝐴𝑐𝑜𝑠(𝜔𝑛) 

 

Sinusoidal signal is defined as 

𝑥(𝑛) = 𝐴𝑠𝑖𝑛(𝜔𝑛) 
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Sinusoidal signal 
 

𝑤ℎ𝑒𝑟𝑒 ɷ = 2π𝑓 = 
2𝜋 

 
 

𝑁 
𝑚 𝑎𝑛𝑑 ɷ 𝑖𝑠 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑖𝑛 𝑟𝑎𝑑𝑖𝑎𝑛𝑠/𝑠𝑎𝑚𝑝𝑙𝑒 

𝑚 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑖𝑛𝑡𝑒𝑔𝑒𝑟 

f is frequency in cycles/sample, A is amplitude 

Exponential signal 

Real Exponential signal is defined as 𝑥(𝑛) = 𝑎𝑛 𝑓𝑜𝑟 𝑛 ≥ 0 
 

 

 

 

Decreasing exponential 

signal 
Increasing exponential signal 
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Complex Exponential signal is defined as 

𝑥(𝑛) = 𝑎𝑛 𝑒𝑗 (𝜔0𝑛) = 𝑎𝑛 [𝑐𝑜𝑠𝜔0𝑛 + 𝑗𝑠𝑖𝑛𝜔0𝑛] 

𝑤h𝑒𝑟𝑒 𝑥𝑟 (𝑛) = 𝑎𝑛 𝑐𝑜𝑠𝜔0𝑛 𝑎𝑛𝑑 𝑥𝑖(𝑛) = 𝑎𝑛 𝑠𝑖𝑛𝜔0𝑛 
 
 

 

Exponentially decreasing Cosinusoidal signal 
 

 

 

 

 

 

Exponentially growing Cosinusoidal signal 
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Exponentially decreasing sinusoidal signal 

 

 

 

 

 

 
 

 

Exponentially growing sinusoidal signal 


