THT1: Phasor Review

By Prof. Gregory D. Durgin
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Form of a Time-Harmonic Function

f(t) = Acos(2rft + ¢)
the three constants have the following meanings:

A: amplitude or envelope wave
f harmonic frequency, with units of Hertz (Hz) or 1/s
¢@.  phase of the wave, with units of radians
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The Phasor Transform

Forward Transform: X = P{z(t)}

Inverse Transform: z(t) = P~'{X}

z(t) = Acos(2nft + ¢) — X = Aexp(jo)
back into the time domain, use the following formula:

z(t) = Real{ X exp(j2r ft)}
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Example Phasor Calculation

[Example 1.1: Basic Phasor Transfornl!

Problem: Convert the funetion 7sin{2xt) into the phasor domain and then

back into the time domain.
Solution:

1. To go into the phasor domain, we first recognize that if z(f) = 7sin(27t),
we may also write this as

o(t) = Toos ('—’:.’ _ ; )

Following the formula in Equation (1.1.2), we can write this function in
the phasor domain as
X =7exp (—jg)

2. To go back into the time domain is straightforward:

z(t) = Real{7exp (*)g) exp(j2n ft)}

Real{?exp () {Zwﬂ — g})}
= Real{?cos (erfff g) + j7sin (Z'Eff - g)}

= Tcos (Q:rrff — I;)
= Tsin(2wft) )

For the last steps, we applied the Euler formula for complex exponentials: -
exp(jr) =cosx + jsinz. Georgla
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Rectangular Form of Phasors

Rexp(j¢) = = Recos¢+jRsing = X +jY (
tan~! (%) X >0

Rectangular to Polar: R=VX?+Y?2 ¢= ,
7+ tan—! (%) X <0

Polar to Rectangular: X = Rcos¢ Y = Rsing
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Polar and Rectangular Form Geometry

Imag
F'y
Phasor
(X.1) Figure 1.1. The rectangular form of
R a phasor marks a pair of Cartesian co-
Y ordinates (X,Y") in the complex plane,
\Glb with an alternate polar form represent-
— 3 ing magnitude R and phase ¢.
Origin ¥ Real
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Linear, Time-Invariant Systems

H{ax(t) + by(t)} = aH{z(t)} + bH{y(t)}

h(t) = H{5(t)} 5(t) ——> LTI System s (o)
H{}
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Proof of Convolution for LTI Systems

convolution integral.

= H{ [ z(N)a(t — A) dt} :
Z —— y(t) = z(t) ® h(t)
= /az{,\}'}-{{é(t —A)} di
N,
—oa hit—X)
y(t) = /:r.{,\}h(t —A)dt
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Sine Wave In, Sine Wave Out

Ay cos(2mft + @) @ h(t) = Az cos(2mft + @)

Y=HX or Ayexp(jo,)=ApAexp(jon + ¢s))
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