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Introduction to Sinusoidal Waveforms and Phase
Difference

Understanding sinusoidal waveforms is fundamental in electrical engineering,
signal processing, and physics. These waveforms are characterized by their
amplitude, frequency, phase, and waveform shape. When analyzing multiple
sinusoidal signals, one of the critical parameters is the phase difference,
which indicates how much one wave is shifted relative to another.

In this article, we will analyze two given sinusoidal functions:

- V₁ = 20sin(t + 60°)
- V₂ = 60cos(10t)

Our goal is to determine the phase angle between these two signals and
understand which waveform leads or lags the other. This process involves
converting the functions into comparable forms and calculating the phase
difference.

Understanding the Given Functions

Before delving into calculations, it's essential to understand the nature of
each waveform and the mathematical forms involved.

Analyzing V₁ = 20sin(t + 60°)

- Amplitude: 20 units
- Phase shift: +60°
- Frequency: The argument t suggests a fundamental frequency, with the wave
expressed directly in sine form.
- Waveform: Sine wave shifted by +60°.



Analyzing V₂ = 60cos(10t)

- Amplitude: 60 units
- Argument: 10t indicates a higher frequency (10 times the fundamental
frequency).
- Waveform: Cosine wave with a phase difference relative to sine.

Note: The argument of V₂ is 10t, indicating its frequency is 10 times that of
V₁ if the fundamental frequency for V₁ is in t. To compare the phase
difference meaningfully, both signals must be expressed in similar forms and
at the same frequency.

Converting V₂ to a Sine Wave for Comparison

Since V₂ is given as a cosine function, and V₁ as a sine function, it's
helpful to express both in the same trigonometric form.

Relationship Between Sine and Cosine Functions

Recall that:

- cos(θ) = sin(θ + 90°)

This relation allows us to convert V₂ from cosine to sine form:

V₂ = 60cos(10t) = 60sin(10t + 90°)

Now, both waveforms are expressed as sine functions:

- V₁ = 20sin(t + 60°)
- V₂ = 60sin(10t + 90°)

However, the frequency of V₂ is 10 times that of V₁, indicating they are not
at the same frequency, complicating direct phase comparison.

Addressing Frequency Differences

For a meaningful phase difference, both signals should have the same
frequency. Since V₁ and V₂ differ in their argument (t vs. 10t), they are at
different frequencies:

- V₁: frequency proportional to 1 (fundamental frequency)
- V₂: frequency proportional to 10



To compare phase angles directly, they must be at the same frequency.

Options include:

1. Assuming the context is about the phase difference at a given instant,
considering the same frequency.

2. Alternatively, if the problem intends to compare phases at the same
frequency, then V₂'s argument must be scaled or interpreted accordingly.

Given the typical context, it is often assumed that the phase difference is
considered at the same frequency, so we focus on the fundamental frequency
component of V₂, which is associated with the argument 10t.

Note: If the problem is about signals at different frequencies, the phase
difference is frequency-dependent, and the phase comparison is only
meaningful at a specific frequency.

For simplicity, let's proceed assuming both signals are at the same
frequency, and V₂'s argument is t, not 10t.

---

Suppose the corrected form of V₂ is:

V₂ = 60cos(t)

which can be written as:

V₂ = 60sin(t + 90°)

---

Calculating the Phase Difference

Now, with both signals expressed as sine functions at the same frequency:

- V₁ = 20sin(t + 60°)
- V₂ = 60sin(t + 90°)

the phase difference Δφ is the difference between their phase angles:

Δφ = (phase of V₂) - (phase of V₁) = (90°) - (60°) = 30°

Interpretation:

- V₂ leads V₁ by 30°.
- The positive value indicates the lead, and the magnitude shows the extent
of the phase difference.



Note: The amplitude difference (20 vs. 60) does not affect the phase
difference calculation; only the phase angles are relevant.

Understanding Which Wave Leads and Which Lags

From the calculation:

- V₂ leads V₁ by 30° because its phase angle (90°) is greater than V₁'s
(60°).
- Alternatively, V₁ lags V₂ by 30°.

Implications in Practical Applications:

- In AC circuits, the phase difference indicates which element (capacitor,
resistor, inductor) causes the waveform to lead or lag.
- A positive phase difference (V₂ leading) suggests that V₂ reaches its
maximum value before V₁ does.

Conclusion and Summary

Key takeaways:

- To determine the phase angle between two sinusoidal signals, both must be
expressed in comparable forms with the same frequency.
- When signals differ in frequency, phase comparison is only meaningful at a
specific frequency component.
- Converting cosine functions to sine functions simplifies phase difference
calculation.
- The phase difference is obtained by subtracting the phase angles of the two
signals.
- The wave with the higher phase angle leads the other; the difference
indicates how much ahead or behind it is.

Final notes:

- Always verify the frequency components before comparing phases.
- In the case of the original problem with different arguments (t and 10t),
more advanced analysis involving frequency components, Fourier analysis, or
filtering may be necessary.
- For the provided functions, assuming proper alignment, the phase difference
is approximately 30°, with V₂ leading V₁.

Additional Resources and Tools for Phase



Calculation

- Phasor Diagrams: Visual tools to represent sinusoidal signals and their
phase relationships.
- Complex Number Representation: Using Euler's formula to analyze phase and
amplitude more straightforwardly.
- Software Tools: MATLAB, WolframAlpha, or online calculators can perform
phase and frequency analysis efficiently.

---

In summary, understanding the phase difference between sinusoidal signals
involves converting all functions to a common form, ensuring they share the
same frequency, and calculating the difference in their phase angles. In the
case of V₁=20sin(t+60°) and V₂=60cos(t), converting V₂ to sine form reveals a
phase lead of approximately 30°, indicating V₂ leads V₁ by this amount.
Recognizing which waveform leads or lags is crucial in applications like
power systems, signal processing, and communication systems.

Frequently Asked Questions

What are the given sinusoidal functions in the
problem?
V1 = 20 sin(t + 60°) and V2 = 60 cos(10t).

How do you convert V2 from cosine to sine form for
comparison?
Use the identity cos(θ) = sin(90° - θ), so V2 = 60 cos(10t) = 60 sin(10t +
90°).

What are the standard forms of the given sinusoids
for phase comparison?
V1 = 20 sin(t + 60°) and V2 = 60 sin(10t + 90°).

Is the frequency of V1 the same as that of V2?
No, V1 has a frequency based on t, while V2 involves 10t, indicating
different frequencies.

How do you determine the phase angle between two



sinusoids with different frequencies?
The phase angle is only directly comparable if the sinusoids have the same
frequency; otherwise, they are not phase-shifted versions of each other.

Can we find a phase difference between V1 and V2
directly?
No, because V1 and V2 have different frequencies (fundamental vs. 10 times
t), so their phase difference isn't directly meaningful without considering
frequency components.

What is the significance of the phase angle in
sinusoidal signals?
The phase angle indicates the shift or delay between two signals of the same
frequency at a given point in time.

Given the different frequencies, how can we
interpret the phase relationship between V1 and V2?
Since the frequencies differ, V1 and V2 are not simply phase-shifted versions
of each other; their relationship involves modulation or harmonic components
rather than a straightforward phase difference.

What additional information is needed to determine
the phase angle between the two signals?
Both signals should have the same frequency or be expressed in compatible
forms to define a meaningful phase difference; otherwise, the phase angle
cannot be directly determined.

Additional Resources
Given V₁ = 20 sin(t + 60°) and V₂ = 60 cos(10t), determine the phase angle
between the two sinusoids and identify which waveform leads or lags the
other.

---

Introduction

In the realm of electrical engineering and signal analysis, understanding the
phase relationship between different sinusoidal signals is fundamental.
Whether in power systems, communications, or control systems, phase
differences influence how signals interact, interfere, or combine. Given the
specific waveforms:



- V₁ = 20 sin(t + 60°)
- V₂ = 60 cos(10t)

the challenge is to find the phase angle between these two signals and
determine which one leads or lags. While at first glance these functions
appear different—one being a sine wave with a phase shift, the other a cosine
with a different argument—they can be expressed in comparable forms to reveal
their phase relationship.

---

Understanding the Given Waveforms

Expression of V₁

The first voltage, V₁, is expressed as:

V₁(t) = 20 sin(t + 60°)

This is a standard sinusoid with an amplitude of 20 volts and a phase shift
of +60°. The argument of the sine function is simply "t + 60°," indicating
that the wave reaches its maximum 60° ahead of the base phase.

Expression of V₂

The second voltage, V₂, is:

V₂(t) = 60 cos(10t)

This is a cosine waveform with a different argument: 10t, which implies a
different frequency and possibly a different phase relationship. To compare
it directly with V₁, we need to analyze and possibly express both signals in
a common form.

---

Reconciling the Forms: Converting V₂ to Sine

The key to comparing phase angles between sinusoidal signals is to express
all signals in the same trigonometric form—either sine or cosine—so their
phase shifts can be directly compared.

Conversion from Cosine to Sine

Recall the identity:

cos(θ) = sin(θ + 90°)

Using this, V₂ can be rewritten as:

V₂(t) = 60 cos(10t) = 60 sin(10t + 90°)



Now, V₂ is expressed as a sine wave with:

- Amplitude: 60
- Phase shift: +90°

However, note that the argument of V₂ is 10t, which suggests a different
frequency than V₁. To analyze phase difference meaningfully, the signals must
be compared at the same angular frequency.

---

Addressing the Frequency Disparity

At this point, a crucial observation is that V₁ and V₂ have different
arguments:

- V₁: argument is t (implying a fundamental frequency of 1 rad/sec)
- V₂: argument is 10t (implying a frequency of 10 rad/sec)

This indicates that V₂ oscillates ten times faster than V₁. To compare their
phases directly, they need to be at the same frequency—either by considering
a specific moment in time or by evaluating their phase relationship at a
common frequency.

Clarification of the problem

In most phase analysis, the signals are assumed to be at the same frequency.
The apparent discrepancy suggests that either:

- The question involves signals at different frequencies, and we are to
analyze the phase relationship at a specific instant or frequency.
- Or, perhaps, the problem's notation is simplified, and V₂'s argument is
meant to be interpreted differently.

For the sake of this analysis, let's assume the problem intends to analyze
the phase relationship between two signals at the same frequency. To do this,
we need a consistent framework.

Potential correction: equal frequencies

Suppose V₂ is actually:

V₂ = 60 cos(t + φ)

or

V₂ = 60 cos(ωt + φ)

and the problem involves the same fundamental frequency. Alternatively, if
the problem's notation suggests V₂ is at a different frequency, then the
phase difference is not directly comparable unless evaluated at a specific



time or frequency.

---

Making the Signals Comparable

Given the apparent discrepancy, the most logical approach is:

- Convert V₁ to cosine form
- Express both signals at the same frequency

Step 1: Convert V₁ to cosine

Recall:

sin(θ) = cos(90° - θ)

So,

V₁(t) = 20 sin(t + 60°) = 20 cos(90° - (t + 60°)) = 20 cos(30° - t)

But since the argument of V₂ is 10t, to compare, we need the same frequency.

Step 2: Recognize the frequency difference

- V₁ oscillates at frequency ω₁ = 1 rad/sec
- V₂ oscillates at frequency ω₂ = 10 rad/sec

Without additional context, their phase difference is only meaningful at a
specific frequency or time. For typical phase analysis, signals are at the
same frequency, so perhaps the problem intends to analyze the phase
relationship at a particular time, or perhaps the second signal's argument is
meant to be 10t, but at the same frequency as V₁.

---

Clarifying the Assumption: Same Frequency

Suppose that the second waveform is:

V₂ = 60 cos(t + 10°)

which aligns with the first in frequency. Then, the problem simplifies to:

- V₁ = 20 sin(t + 60°)
- V₂ = 60 cos(t)

Express V₂ as sine:

V₂ = 60 cos(t) = 60 sin(t + 90°)



Now, both are sine functions with the same argument t, allowing direct phase
comparison.

---

Calculating the Phase Difference

Step 1: Express both signals in sine form

- V₁(t) = 20 sin(t + 60°)
- V₂(t) = 60 sin(t + 90°)

Step 2: Determine phase difference

The phase difference Δφ is the difference between the phases of V₁ and V₂:

Δφ = (phase of V₂) - (phase of V₁) = (90°) - (60°) = 30°

Step 3: Interpret the phase difference

- If Δφ > 0, V₂ leads V₁ by Δφ.
- If Δφ < 0, V₂ lags V₁ by |Δφ|.

Since Δφ = 30°, V₂ leads V₁ by 30°.

---

Final Phase Relationship and Which Signal Leads

Based on the calculations, the second waveform V₂ leads the first waveform V₁
by 30°. This means that V₂ reaches its maximum 30° before V₁ does at the same
frequency.

Significance:

- Leading wave: V₂
- Lags wave: V₁

In practical electrical systems, knowing which waveform leads or lags can
influence system behavior, power factor, and system stability.

---

Summary and Practical Implications

Key points:

- The phase angle between two sinusoids can be found by expressing both in a
common trigonometric form.
- When signals are at the same frequency, their phase difference is simply
the difference in their phase shifts.



- In this analysis, assuming both signals operate at the same frequency, the
phase difference was determined to be 30°, with V₂ leading V₁.

Broader relevance:

Understanding phase relationships is critical in power systems for power
factor correction, in communication systems for synchronization, and in
control systems for stability analysis. Engineers often convert signals to a
common form and compare phase shifts to optimize system performance.

---

Concluding Remarks

While the initial problem presented two waveforms with differing arguments,
clarifying assumptions allowed for a meaningful comparison. The key takeaway
is that phase differences are central in signal analysis, and expressing
signals in compatible forms simplifies the process. Whether in designing
efficient power systems or ensuring signal integrity in communications,
mastering the art of phase analysis remains an essential skill for engineers
and technicians alike.
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