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We consider sinusoidal voltages and currents of a specific form: - =
G
o(t) = Vo cos(wt + ¢y)
i(t) = Iy cos(wt + ¢;)
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The phasor representation is a constant that contains the magnitude and phase information of the
signal. The time-varying part of the signal does not need to be explicitly represented, because it is
given by e/®t which is always implicit when using phasors. Phasors let us handle sinusoidal signals
much more easily. They are powerful because they let us use DC-like (16A style) circuit analysis
techniques, which we already know, to analyze circuits with sinusoidal voltages and currents.
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The phasor analysis method consists of five steps. Consider the RC circuit below.
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with @ = 1 x 10° 2, R = \/3kQ, and C = 1F. =\ _3x

Our goal is to obtain a solution for i(¢) with the sinusoidal voltage source v,(t).
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(a) Step 1: Write sources as exponentials: X /@' + X ¢~/
All voltages and currents with known sinusoidal functions should be expressed in the standard expo-
nential format. Convert v,(¢) into a exponential and write down its phasor representation V.
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(b) Step 2: Transform circuits to phasor domain
The voltage source is represented by its phasor V. The current i(t) is related to its phasor counterpart
I by -
i(t) = Ie/® +Te= 7.

We redraw the circuit in phasor domain:
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What are the impedances of the resistor, Zg, and capacitor, Z¢? We sometimes also refer to this as the
"phasor representation" of R and C.
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(c) Step 3: Cast the branch and element equations in phasor domain
Use Kirchhoft’s laws to write down a loop equation that relates all phasors in Step 2.
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(d) Step 4: Solve for unknown variables
Solve the equation you derived in Step 3 for I and V. What is the polar form of I and V? Polar form
is given by Ae/%, where A is a positive real number.
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(e) Step 5: Transform solutions back to time domain

To return to time domain, we apply the fundamental relation between a sinusoidal function and its
phasor counterpart. What is i(¢) and v (7)? What is the phase difference between i(7) and ve(z)?
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2. RLC Circuit Phasor Analysis
We study a simple RLC circuit with an AC voltage source given by

S

(a) Write out the phasor representation of v(7), and the impedances of R, C, and L.
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(b) Now, we’re going to redraw the circuit in the phasor domain.
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Use Kirchhoff’s laws to write down a loop equation relating the phasors.
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(c) Solve the equation in the previous step for the current 1. What is the magnitude and phase of the polar

form of 1?
Hint: You’ll need the following identities, which you can find in Note j:

* |21/22| =lail /|2l
c L) =L —Ln

« Z(a+ jb) = atan2(b,a)’

(b) Now, we’re going to redraw the circuit in the phasor domain.
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