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Understanding the intricacies of electrical power systems is essential for engineers, technicians, and
students alike. In this article, we delve into a specific scenario where a load characterized by a
reactance and resistance (denoted as 40 - J 30) is connected to a 100 V source with a phase angle of
30°, transmitted through a transmission line. By exploring this setup comprehensively, we aim to
elucidate the concepts of impedance, power factor, power calculation, and the effects of
transmission on the load. This detailed discussion provides valuable insights for optimizing power
delivery and ensuring system stability.

---

Understanding the Load: Resistance and Reactance

1. The Load Specifications
The load described as "40 - J 30" refers to its impedance, where:
- Resistance (R) = 40 ohms
- Reactance (X) = -30 ohms (inductive or capacitive depending on sign; here, negative indicates
capacitive reactance)

This impedance is a complex number:
\[ Z_{load} = R + jX = 40 - j30 \]

Understanding this impedance is crucial because it influences how the load consumes power and its
power factor.

2. Impedance Magnitude and Angle
The magnitude of the impedance:
\[ |Z| = \sqrt{R^2 + X^2} = \sqrt{40^2 + (-30)^2} = \sqrt{1600 + 900} = \sqrt{2500} = 50\,
\Omega \]

The impedance angle (θ_z) is:
\[ \theta_z = \arctan\left( \frac{X}{R} \right) = \arctan\left( \frac{-30}{40} \right) \approx
-36.87^\circ \]

This angle indicates the phase difference between the voltage and current at the load.



---

Source Characteristics and Transmission Line

1. Voltage Source Details
- Voltage (V_s) = 100 V
- Phase angle (φ) = 30°

The source voltage can be represented in phasor form as:
\[ V_s = 100 \angle 30^\circ\, V \]

This phase angle indicates the voltage leads or lags relative to a reference, affecting power flow and
power factor.

2. Transmission Line Considerations
Transmission lines introduce impedance, typically characterized by resistance (R_line) and
inductance (L_line). For simplicity, if the transmission line impedance is neglected or minimal, focus
remains on the load and source interactions. However, in real scenarios, line impedance causes
voltage drops and phase shifts that impact power delivery.

---

Analyzing Power Flow and Impedance

1. Calculating the Load Current
The load current (I_load) can be derived using Ohm's law in the phasor domain:
\[ I_{load} = \frac{V_{load}}{Z_{load}} \]

Assuming the load voltage is approximately equal to the source voltage (if line impedance is
negligible):
\[ I_{load} = \frac{V_s}{Z_{load}} = \frac{100 \angle 30^\circ}{50 \angle -36.87^\circ} \]

Dividing the phasors:
\[ I_{load} = \frac{100}{50} \angle (30^\circ - (-36.87^\circ)) = 2 \angle 66.87^\circ\, A \]

The magnitude of the current is 2 A, with a phase angle of approximately 66.87°, indicating the
current lags or leads the voltage depending on the sign.



2. Power Factor and Power Calculation
The power factor (PF) is the cosine of the impedance angle:
\[ PF = \cos(\theta_z) = \cos(-36.87^\circ) \approx 0.8 \]

Since the impedance angle is negative, the load exhibits a leading power factor (capacitive). The real
power (P), reactive power (Q), and apparent power (S) are then:

- Apparent Power:
\[ S = V_{RMS} \times I_{RMS} = 100 \times 2 = 200\, \text{VA} \]

- Real Power:
\[ P = |S| \times PF = 200 \times 0.8 = 160\, \text{W} \]

- Reactive Power:
\[ Q = |S| \times \sin(\theta_z) = 200 \times \sin(-36.87^\circ) \approx -120\, \text{VAR} \]

The negative reactive power indicates a capacitive load, which supplies reactive power back to the
source.

---

Impact of Phase Angle and Transmission

1. Effect of Source Phase Angle
The phase angle of 30° at the source influences the power flow direction and the nature of power
exchanged between the source and load. A phase angle difference between source voltage and load
current causes power factor correction issues and possible power losses.

2. Transmission Line Effects
Transmission lines introduce additional impedance, which can cause:
- Voltage drops along the line
- Changes in phase angle
- Power losses due to line resistance

To mitigate these effects, engineers often use:
- Power factor correction devices
- Voltage regulation equipment
- Proper line sizing

3. Power Losses and Efficiency
The efficiency of power delivery depends on:
- Line resistance



- Load power factor
- Transmission distance

Reducing line resistance and improving power factor can significantly enhance overall system
efficiency.

---

Practical Applications and Calculations

1. Power Factor Correction
Given the load's leading power factor (~0.8), corrective measures include:
- Adding inductors or capacitors to adjust the phase angle
- Using power factor correction capacitors to bring the power factor closer to unity

2. Calculating Voltage Drop in Transmission
If the line impedance is known, voltage drop (V_drop) can be calculated:
\[ V_{drop} = I_{load} \times Z_{line} \]

This assists in determining the actual voltage at the load end and ensuring it remains within
operational limits.

3. Ensuring Power Quality
Maintaining a stable phase angle and minimizing reactive power flow are essential for:
- Reducing system losses
- Improving voltage stability
- Ensuring equipment longevity

---

Conclusion

Understanding the interaction between a complex load like 40 - J 30, a 100 V source with a 30°
phase angle, and transmission line effects is fundamental in electrical engineering. Proper analysis
of impedance, power factor, and power flow enables engineers to optimize system performance,
reduce losses, and enhance reliability. Effective management of phase angles and reactive power
through correction techniques ensures efficient power delivery and system stability. The principles
discussed serve as a foundation for designing and maintaining robust electrical power systems
capable of handling complex load scenarios.

---
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Frequently Asked Questions

What is the significance of the phase angle of 30° in the
connection between the load and the source?
The phase angle of 30° indicates the power factor angle, reflecting the phase difference between the
voltage and current, which affects the power factor and reactive power in the system.

How can we calculate the apparent power in this transmission
system?
The apparent power (S) can be calculated using S = V × I, where V is the voltage (100 V) and I is the
load current. Alternatively, if the load power is known, S = P / power factor, considering the phase
angle.

What is the real power consumed by the load connected to the
100 V source?
The real power (P) can be calculated as P = V × I × cos(θ). Given the load and voltage, and knowing
the phase angle of 30°, the real power can be determined once the current is known.

How does the phase angle of 30° affect the power factor of the
load?
A phase angle of 30° results in a power factor of cos(30°) ≈ 0.866, indicating the load is primarily
resistive with some reactive components, affecting efficiency and power flow.

If the load is purely resistive, what would be the current drawn
from the 100 V source?
For a purely resistive load, current I = P / V. Given the load power (40 + J30), the magnitude of the
complex power can be used to find the current, considering the real power component.

What impact does the transmission line have on the voltage
and current in this setup?
The transmission line can introduce impedance, causing voltage drop and affecting current flow,
especially if the line has significant resistance or reactance, which can influence power delivery
efficiency.



How can this setup be optimized for better power transfer
efficiency?
To optimize efficiency, power factor correction (such as adding capacitors or inductors) can be
implemented to reduce reactive power, minimize losses, and improve voltage stability across the
transmission line.
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Introduction

In modern electrical engineering, understanding the behavior of loads connected to power sources is
crucial for designing efficient and reliable systems. The complex interplay between voltage, current,
phase angles, and impedance determines the power quality and system stability. This article delves
into a specific scenario: a load characterized by an impedance of 40 - j30 ohms connected to a 100 V
supply with a phase angle of 30°, via a transmission line. Through comprehensive analysis, we aim to
explore the electrical parameters, power flow, and potential implications of this configuration.

---

Overview of the System

The Load Characteristics

The load is represented by an impedance \( Z_{load} = 40 - j30 \) ohms. This complex impedance
indicates a predominantly resistive component with a significant inductive reactance:

- Resistance \( R = 40\, \Omega \)
- Reactance \( X = -30\, \Omega \)

The negative reactance signifies an inductive nature, which influences current and power flow,
especially when considering phase relationships.

Power Source Parameters

The source voltage is specified as:

- Magnitude \( V_{s} = 100\, V \)
- Phase angle \( \phi_{s} = 30^\circ \)

This phase angle indicates that the voltage leads or lags the reference, depending on the context,
which impacts the power flow through the transmission line.

Transmission Line Considerations



While the transmission line is not characterized explicitly, it is understood to be ideal or has
negligible impedance for the purpose of this analysis. If transmission line impedance is significant, it
would introduce additional phase shifts and voltage drops, which could alter the system behavior.

---

Electrical Analysis of the System

Step 1: Determine the Load Current

The first step is to compute the current drawn by the load given the supplied voltage and
impedance.

The phasor form of the source voltage:

\[
V_s = 100 \angle 30^\circ\, V
\]

The load current \( I_{load} \) is:

\[
I_{load} = \frac{V_s}{Z_{load}} = \frac{100 \angle 30^\circ}{40 - j30}
\]

To perform this division, express \( Z_{load} \) in polar form:

\[
|Z_{load}| = \sqrt{R^2 + X^2} = \sqrt{40^2 + (-30)^2} = \sqrt{1600 + 900} = \sqrt{2500} =
50\, \Omega
\]

The impedance angle:

\[
\theta_{Z} = \arctan \left( \frac{X}{R} \right) = \arctan \left( \frac{-30}{40} \right) \approx
-36.87^\circ
\]

Thus,

\[
Z_{load} = 50 \angle -36.87^\circ\, \Omega
\]

Now, the current:

\[
I_{load} = \frac{100 \angle 30^\circ}{50 \angle -36.87^\circ} = 2 \angle (30^\circ - (-36.87^\circ))
= 2 \angle 66.87^\circ\, A
\]



Step 2: Calculate Power Components

Using the phasor current, we can determine the real and reactive power.

- Real Power (P):

\[
P = V_{rms} \times I_{rms} \times \cos \phi
\]

Where:

\[
\phi = \angle V_s - \angle I_{load} = 30^\circ - 66.87^\circ = -36.87^\circ
\]

Alternatively, in terms of magnitudes:

\[
P = V_{rms} \times I_{rms} \times \cos \phi = 100 \times 2 \times \cos(-36.87^\circ) = 200 \times
0.8 = 160\, \text{W}
\]

- Reactive Power (Q):

\[
Q = V_{rms} \times I_{rms} \times \sin \phi = 200 \times \sin(-36.87^\circ) = 200 \times -0.6 =
-120\, \text{VAR}
\]

The negative sign indicates that the load is primarily inductive, consuming reactive power.

Step 3: Power Factor and Phase Relationships

The power factor angle \( \phi \) is approximately -36.87°, indicating a lagging power factor:

\[
\text{Power Factor (pf)} = \cos \phi \approx 0.8
\]

This lagging power factor is typical for inductive loads and impacts the efficiency and stability of
power delivery.

---

Implications of the Phase Angle and Transmission

Voltage and Current Phasor Relationship

The specified phase angle of 30° for the source voltage implies that the voltage leads the current by
approximately 36.87°. This phase difference influences the power flow, with the current lagging



voltage and the system power factor being less than unity.

Transmission Line Effects

If the transmission line were non-ideal, additional parameters would come into play:

- Line Impedance Effect: Resistance and reactance of the transmission line would introduce further
voltage drop and phase shifts.
- Reactive Power Flow: The inductive nature of the load combined with line reactance can lead to
reactive power circulating in the system, necessitating reactive power compensation.
- Voltage Regulation: Maintaining stable voltage at the load end might require series or shunt
compensation devices.

Power Losses and Efficiency

The load draws 160 W of real power, with a reactive component of 120 VAR. Power losses in the
transmission line, if significant, can reduce system efficiency. Proper system design considers these
losses and compensates accordingly.

---

Advanced Considerations

Resonance and Stability

The negative reactance of the load suggests an inductive load, which can lead to resonance
phenomena when combined with transmission line reactance. Such conditions can cause voltage
amplification or instability if not properly managed.

Harmonics and Power Quality

Real-world systems often face harmonic distortions, which are not accounted for in this simplified
analysis. Harmonics can distort phase relationships and reduce power quality, especially in inductive
loads.

System Optimization

To optimize power delivery and minimize losses:

- Reactive Power Compensation: Use of capacitors or synchronous condensers to improve power
factor.
- Transmission Line Design: Choosing appropriate line parameters to minimize voltage drops.
- Load Management: Balancing loads to prevent resonance and ensure system stability.

---

Summary and Conclusions

The analysis of a load with impedance \( 40 - j30\, \Omega \) connected to a 100 V source at a 30°
phase angle reveals critical insights:



- The load draws a current of approximately 2 A with a phase angle of about 66.87°, lagging the
voltage.
- The real power consumed is roughly 160 W, with reactive power of -120 VAR, indicating an
inductive load.
- The phase angle between voltage and current influences power flow and efficiency, emphasizing
the need for power factor correction in practical systems.
- Transmission line effects, if present, could alter voltage and current relationships, emphasizing the
importance of considering line parameters in system design.
- System stability and power quality are sensitive to load characteristics and transmission line
properties, requiring careful planning and compensation strategies.

This detailed investigation underscores the complexity and interdependence of parameters in power
systems. Proper understanding and management of these factors enable engineers to design
resilient, efficient, and stable electrical networks.

---
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Note: This analysis is based on idealized conditions. Practical systems may involve additional
complexities such as non-linear loads, harmonics, line losses, and dynamic behaviors.
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