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e+ jω0t = cos (ω0 t) + j sin (ω0 t ) e− jω t = cos (ω0 t) − j sin (ω0 t)

e+ j t = cos ( t) + j sin (t) (ω0 = 1) e− j t = cos ( t) − j sin (t) (ω0 = 1)

Complex Exponential
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e+ j t = cos ( t) + j sin (t)

e− j t = cos ( t) − j sin (t)

(e+ j t + e− j t) = 2cos (t)
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e+ jω0 te− jω0 t
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e+ jω0t + A

2
e− jω0t

x (t) = A cos (ω0 t)
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ℜ

ℑ

t

e+ j t = cos ( t) + j sin (t)

−e− j t = −cos (t) + j sin (t )

(e+ j t − e− j t) = 2 j sin (t)

x (t) = A sin (ω0 t)
only magnitude 
is display

Sin(ω
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t) Spectrum
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2 j
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− j A2 e
+ jω0 t+ j A2 e

− jω0 t

e+ jω0 te− jω0 t
spectrum
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Complex Exponential Signals 

z(t) = A e j (ω0t + ϕ)

∣z (t)∣ = A

arg ( z (t)) = ω0 t + ϕ

z(t) = cos(ω0 t + ϕ) + j sin (ω0 t + ϕ)

sin (θ) = cos(θ−π
2
)

= cos(ω0 t + ϕ) + j sin (ω0 t + ϕ − π/2)

Always lag by π
2

x (t) = ℜ{A e j (ω0t + ϕ)}

= Acos(ω0 t + ϕ)

Complex Exponential Signal Real Cosine Signal

real amplitude
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Phasor 

z(t) = A e j (ω0t + ϕ)

∣z (t)∣ = A

arg ( z(t)) = ω0 t + ϕ

Complex Exponential Signal Rotating Phasor Notation

real amplitude

z(t) = A e j (ω0t + ϕ)

= A e j ϕ e jω0 t

= X e jω0t

X = A e jϕ complex amplitude

phasor

z(t) = X e jω0tz(t) = X e jω0t

∣z (t)∣=∣X∣= A

arg ( z(t)) = ω0 t + ϕ

real amplitude

z(t) = X e jω0t

rotating part with the 
angular speed of 

ω0 (rad / sec)

magnitude A
initial phase ϕ
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Spectrum

Real Single-tone Sinusoidal Signal

x (t ) = Acos(ω0 t + ϕ)

= ℜ{X e jω0t }

x (t ) = A0 +∑
k=1

N

cos(ωk t + ϕk )

Real Multi-tone Sinusoidal Signal

= X 0 + ℜ{∑k=1
N

X k e
jωk t} (X 0 = A0)

= X 0 +∑
k=1

N {X k

2
e+ jωk t +

X k
∗

2
e− jωk t}

only magnitude 
is display

X k

2
X k

∗

2

+ωk−ωk

X k

2 e
+ jωk tX k

∗

2 e
− jω k t

e+ jωk te− jωk t

 the phasor of 
angular frequency  ωk

X k = Ak e
jϕk
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Complex Exponential Signals 
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