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Understanding how to convert instantaneous voltages and currents into their
corresponding phasor representations is a fundamental skill in electrical
engineering, especially in the analysis of AC (alternating current) circuits.
Phasors simplify the analysis of sinusoidal signals by representing them as
complex numbers, thereby enabling easier calculations of voltages, currents,
power, and impedance in AC systems. This article provides a comprehensive
guide on converting instantaneous voltages and currents to phasors,
explicitly using the cosine function as the reference, with detailed
explanations, formulas, and practical examples.

Introduction to Phasor Representation in AC
Circuits

In AC circuit analysis, voltages and currents are sinusoidal functions of
time, typically expressed in the form:

\[ v(t) =V {m} \cos(\omega t + \phi) \]
\[ i(t) = I {m} \cos(\omega t + \theta) \]
where:

-\N( V. {m} \) and \( I {m} \) are the maximum (amplitude) values,
- \( \omega \) is the angular frequency (\( 2\pi f \)),

- \( t \) is time,

- \( \phi \) and \( \theta \) are phase angles.

The goal of phasor representation is to convert these time-dependent
sinusoidal functions into complex quantities that encode magnitude and phase
but are easier to manipulate mathematically.

Why Use Cosine as the Reference in Phasor
Conversion?

Using \( \cos(\omega t) \) as the reference is common in many engineering
applications because:
- Many practical AC signals are naturally expressed in cosine form.



- The mathematical treatment becomes straightforward when the reference
aligns with the cosine function.

- It simplifies the interpretation of phase angles, especially in power
systems and signal processing.

When converting instantaneous voltages and currents to phasors with \(

\cos(\omega t) \) as the reference, the phase angles directly correspond to
the phase difference relative to the cosine reference.

Fundamental Principles of Converting
Instantaneous Values to Phasors

Step 1: Identify the Sinusoidal Function

Ensure the instantaneous voltage or current is expressed in the form:
\[ x(t) = X {m} \cos(\omega t + \alpha) \]

where \( X {m} \) is the amplitude, and \( \alpha \) is the phase angle
relative to \( \cos(\omega t) \).

Step 2: Extract Amplitude and Phase

- Amplitude (\( X \)): The peak value of the sinusoid.
- Phase (\( \alpha \)): The phase shift relative to the cosine reference.

If the instantaneous quantity is given explicitly, identify these parameters
directly.

Step 3: Form the Phasor

The phasor \( \tilde{X} \) corresponding to the sinusoidal function is
written as:

\[ \tilde{X} = X \angle \alpha \]

which can also be expressed in rectangular form:
\[ \tilde{X} = X \cos \alpha + j X \sin \alpha \]
or in exponential form:

\[ \tilde{X} = X e~{j \alpha} \]

This complex number encapsulates both magnitude and phase information.



Converting Instantaneous Voltage or Current to
Phasor: Step-by-Step Guide

Step 1: Write the Instantaneous Function

Suppose you have an instantaneous voltage:
\[ v(t) =V _{m} \cos(\omega t + \phi) \]
or an instantaneous current:

\[ i(t) = I {m} \cos(\omega t + \theta) \]

Ensure it is in a standard cosine form.

Step 2: Determine Amplitude and Phase Angle

- The amplitude is \( V_{m} \) for voltage or \( I {m} \) for current.
- The phase angle is \( \phi \) or \( \theta \).

Example:
If \( v(t) = 120 \cos(100 \pi t - 30™\circ) \), then:
-\(V_ {m} =120 \)

- \( \phi = -30™\circ \)

Step 3: Express Phasor in Polar or Rectangular Form

Using the identified amplitude and phase:

\[ \tilde{V} = 120 \angle -30"\circ \]

or in rectangular form:

\[ \tilde{V} = 120 \cos(-30"\circ) + j 120 \sin(-30"\circ) \]

\[ \tilde{V} \approx 120 \times 0.8660 - j 120 \times 0.5 \]
\[ \tilde{V} \approx 103.92 - j 60 \]

Step 4: Write the Phasor Equation

The phasor representation becomes:

\[ \tilde{V}

103.92 - j 60 \]
or simply:

\[ \tilde{V}

120 \angle -30™\circ \]



This phasor can then be used for circuit analysis, power calculations, and
more.

Practical Examples of Conversion

Example 1: Converting a Voltage Signal

Given the instantaneous voltage:
\[ v(t) = 240 \cos(50 \pi t + 45"\circ) \]
Conversion steps:

1. Amplitude \( V_{m} = 240 \)
2. Phase \( \phi = 45™\circ \)

Phasor representation:

\[ \tilde{V} = 240 \angle 45™\circ \]

or in rectangular form:

\[ \tilde{V} = 240 \cos 45™\circ + j 240 \sin 45™\circ \]

\[ \tilde{V} \approx 240 \times 0.7071 + j 240 \times 0.7071 \]
\[ \tilde{V} \approx 169.7 + j 169.7 \]

This phasor simplifies circuit analysis, such as calculating impedance,
power, and phase relationships.

Example 2: Converting a Current Signal

Given the instantaneous current:
\[ 1(t) = 10 \cos(60 \pi t - 60™\circ) \]
Conversion:

- Amplitude: \( I {m} = 10 \)
- Phase: \( \theta = -60"™\circ \)

Phasor:
\[ \tilde{I} = 10 \angle -60"\circ \]
or rectangular:

\[ \tilde{I} = 10 \cos(-60"\circ) + j 10 \sin(-60"\circ) \]



\[ \tilde{I} \approx 10 \times 0.5 - j 10 \times 0.8660 \]
\[ \tilde{I} \approx 5 - j 8.66 \]

This phasor can be used in complex power calculations and impedance analysis.

Additional Considerations in Phasor Conversion

- Frequency Consistency: Ensure the instantaneous signals have the same
frequency \( \omega \) for valid phasor representation.

- Phase Angle Sign Convention: When converting, the sign of the phase angle
indicates lead or lag relative to the reference cosine.

- Time Domain to Phasor Relationship: The instantaneous function can always
be reconstructed from the phasor as:

\[ x(t) = \text{Re}\left[ \tilde{X} e~{j \omega t} \right] \]

- Use of Complex Conjugates: For power calculations, the complex conjugate of
the current or voltage phasor is often used.

Advantages of Using Cosine as the Reference

- Simplifies the interpretation of phase angles.

- Facilitates direct comparison between signals.

- Common in standard power system analysis.

- Easier to visualize in the rectangular and polar forms.

Conclusion

Converting instantaneous voltages and currents to phasors using \(
\cos(\omega t) \) as the reference is a foundational skill in electrical
engineering. It involves identifying the sinusoidal parameters, expressing
them as complex numbers, and utilizing polar or rectangular forms for
analysis. This method simplifies the study of AC circuits, power
calculations, impedance analysis, and system behavior understanding. Whether
dealing with simple signals or complex power systems, mastering this
conversion process enhances analytical efficiency and accuracy.

By following the step-by-step procedures outlined and practicing with real-
world signals, engineers and students can develop a strong intuition for AC
signal analysis and become proficient in utilizing phasors to solve complex
electrical problems efficiently.



Frequently Asked Questions

What is the first step to convert an instantaneous
voltage or current to a phasor when using cos(wt) as
the reference?

Identify the amplitude and phase of the sinusoidal waveform at a specific
time and express it in the form V(t) = Vm cos(wt + ¢).

How do you determine the magnitude of the phasor
from the instantaneous voltage or current?

The magnitude of the phasor is equal to the peak value (Vm) of the sinusoid,
which can be directly read from the amplitude of the instantaneous waveform.

Why is cos(wt) used as the reference in converting
to phasors?

Cos(wt) is used because it is a standard reference waveform with zero phase
shift, simplifying the representation and analysis of sinusoidal signals in
the phasor domain.

How do you find the phase angle of the phasor from
an instantaneous voltage or current waveform?

Identify the time at which the waveform reaches its maximum value, then
relate this time to the phase angle using ¢ = wt max, considering the
waveform's peak time relative to the cos(wt) reference.

Can you convert a sinusoidal waveform with a
different reference, such as sin(wt), to a cosine-
based phasor?

Yes, by applying a phase shift of 90 degrees (n/2 radians), since sin(wt) =
cos(wt - m/2). Adjust the phase accordingly when converting to a cosine-based
phasor.

What is the relationship between the instantaneous
waveform and its corresponding phasor
representation?

The instantaneous waveform represents a snapshot in time, while the phasor is
a complex number representing the amplitude and phase of the sinusoid,
abstracting time dependence for analysis.



How does the use of cos(wt) as the reference
simplify circuit analysis in AC steady-state
conditions?

Using cos(wt) as the reference allows for straightforward addition,
subtraction, and multiplication of phasors, simplifying calculations of
voltages, currents, and power in AC circuits.

Is it necessary for the instantaneous voltage or
current to be measured at a specific time to convert
it into a phasor?

No, the conversion to a phasor involves extracting amplitude and phase from
the waveform, which can be done using peak values and phase relationships,
independent of a specific measurement time.

What are common methods or tools used to convert an
instantaneous waveform to its phasor form?

Common methods include using oscilloscopes to measure amplitude and phase, or
mathematical techniques like Fourier analysis, phasor diagrams, and complex
number representation for analytical conversion.

Additional Resources
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In the realm of electrical engineering and power systems analysis, the
transformation of instantaneous quantities such as voltages and currents into
their corresponding phasor representations is fundamental. This process
simplifies the analysis of sinusoidal systems, enabling engineers to perform
complex calculations with ease, especially when dealing with AC circuits,
power flow, and system stability. When the reference is chosen as cos(wt), it
becomes crucial to understand the methodology behind converting time-domain
signals into their phasor counterparts accurately.

This article provides an in-depth exploration of converting instantaneous
voltages and currents to phasors using cos(wt) as the reference, offering
insights into the theoretical background, step-by-step procedures, and
practical considerations involved.



Understanding Phasors and Their Significance

What Are Phasors?

Phasors are complex representations of sinusoidal functions that encapsulate
both their amplitude and phase information in a single complex number. They
are invaluable in simplifying the analysis of AC circuits because they allow
the use of algebraic methods for what would otherwise be differential
equations in the time domain.

Why Use Phasors?

- Simplify calculations involving sinusoidal signals.

- Enable easy addition and subtraction of voltages and currents.

- Facilitate the analysis of circuit responses, power calculations, and

impedance.
- Provide a compact and insightful view of the signal's magnitude and phase.

Mathematical Foundations: Sinusoidal Signals
and Their Representation

General Form of Sinusoidal Voltages and Currents

Any sinusoidal voltage or current can be expressed as:

\[ v(t) =V m \cos(\omega t + \phi) \]
\[ i(t) = I m \cos(\omega t + \theta) \]
where:

-\N(V.m\) and \( I m \): Peak (maximum) values.

- \( \omega \): Angular frequency (\( 2\pi f \))

- \( \phi \) and \( \theta \): Phase angles in radians.
Phasor Representation

These can be represented as complex phasors:

\[ \tilde{V}
\[ \tilde{I}

V \angle \phi = V e~{j\phi} \]
I \angle \theta = I e”{j\theta} \]

with \( V \) and \( I \) being the RMS (root mean square) magnitudes.

Note on Reference Choice:



Phasors are typically referenced to a specific sinusoidal basis. The most
common is \( \cos(\omega t) \). When the signals are expressed with this as
the reference, the phasor directly relates to the amplitude and phase of the
cosine component.

Converting Instantaneous Voltages/ Currents to
Phasors Using Cos(wt) as Reference

Key Concept:
Given an instantaneous voltage or current signal expressed as a sinusoid, the
goal is to find its phasor representation \( \tilde{V} \) or \( \tilde{I} \).

This involves identifying the amplitude and phase of the cosine wave relative
to the \( \cos(\omega t) \) basis.

Step 1: Express the Signal in Cosine Form

Suppose the instantaneous voltage is given as:
\[ v(t) = A \cos(\omega t + \alpha) \]
where:

- \( A\) is the amplitude.
- \( \alpha \) is the phase shift relative to an arbitrary zero reference.

If the signal is already expressed as a cosine, this step is straightforward.
Otherwise, you may need to manipulate the given function to this form.

Step 2: Identify Amplitude and Phase

- Amplitude \( A \): The maximum value of the instantaneous signal.
- Phase \( \alpha \): The angle by which the cosine wave leads or lags the \(
\cos(\omega t) \) reference.

Example:

If the instantaneous voltage is:



\[ v(t) = 10 \sin(\omega t + 30™\circ) \]
then, convert sine to cosine:

\[ \sin(\omega t + 30™\circ) = \cos(\omega t + 307\circ - 90™\circ) =
\cos(\omega t - 60™\circ) \]

Thus,
\[ v(t) = 10 \cos(\omega t - 60™\circ) \]
Here:

- Amplitude \( A = 10 \)
- Phase \( \alpha = -60"™\circ \)

Step 3: Convert to Phasor Form

Using the amplitude and phase:

\[ \tilde{V} = A \angle \alpha = 10 \angle -60"\circ \]
or in exponential form:

\[ \tilde{V} = 10 e~{j(-\pi/3)} \I

This phasor directly corresponds to the sinusoidal signal when referenced to
\( \cos(\omega t) \).

Step 4: Write the Complete Phasor Equation

The final step is to express the phasor in complex exponential notation
suitable for analysis:

\[ \tilde{V} =V e~{j\phi} \]
where:

- \( V\) is the magnitude (e.g., RMS value or peak depending on context).
- \( \phi \) is the phase angle relative to \( \cos(\omega t) \).

Important Note:



- When converting from the instantaneous form to the phasor, ensure the
amplitude and phase are consistent with the reference cosine wave.

- The phase angle \( \alpha \) should be measured relative to the cosine
basis \( \cos(\omega t) \).

Practical Examples and Applications

Example 1: Converting a Voltage Signal

Suppose you are given:
\[ v(t) = 5 \cos(\omega t + 45™\circ) \]
Conversion:

- Amplitude: \( V =5 )
- Phase: \( \phi = 45™\circ \)

Phasor:

\[ \tilde{V} 5 \angle 45™\circ \]
or

\[ \tilde{V}

5 e™{j\pi/4} \1]

This phasor can now be used in circuit analysis with impedance, power
calculations, etc.

Example 2: Using a Current Signal

Given:
\[ i(t) = 2 \sin(\omega t - 30™\circ) \]
Convert to cosine:

\[ i(t) = 2 \cos(\omega t - 30™\circ - 90™\circ) = 2 \cos(\omega t -
120"\ circ) \]

Phasor:

\[ \tilde{I} = 2 \angle -120"\circ \]



or

\[ \tilde{I} = 2 e~{j(-2\pi/3)} \]

Additional Considerations and Common Pitfalls

- Phase Reference: Always ensure that the phase angle is measured with
respect to the same reference (\( \cos(\omega t) \)) when converting.

- Peak vs RMS Values: Clarify whether the instantaneous amplitude is peak,
RMS, or another measure to avoid misinterpretation.

- Sign Conventions: Be consistent with the sign conventions for phase angles;
positive angles typically indicate leads, negative lags.

- Complex Representation: Remember that the phasor is a complex number; the
real part corresponds to the physical signal.

Summary of the Conversion Process

| Step | Description | Key Point |

| 1 | Express the instantaneous signal in \( \cos(\omega t + \alpha) \) |
Find amplitude and phase from the sinusoid |

| 2 | Identify amplitude \(A\) and phase \( \alpha \) | Ensure phase is
relative to \( \cos(\omega t) \) |

| 3 | Write the phasor as \( \tilde{V} = A \angle \alpha \) | Use degrees or
radians consistently |

| 4 | Convert to exponential form if needed | \( A e~{j\alpha} \) |

Conclusion

Converting instantaneous voltages and currents to their corresponding phasors
using \( \cos(\omega t) \) as the reference is a critical skill in AC circuit
analysis. It involves recognizing the sinusoidal form, accurately identifying
amplitude and phase, and expressing these in complex form. Mastery of this
process enables engineers to analyze and design complex power systems



efficiently, leveraging the power of phasor algebra.

By following the structured approach outlined above, practitioners can ensure
precise and consistent conversions, facilitating smoother analysis,
simulation, and troubleshooting in various electrical engineering
applications.
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