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Introduction

Understanding the behavior of electrical loads and their impedance characteristics is fundamental in
electrical engineering. The given problem presents a load with a complex impedance \( Z = 70 + j 60
\) ohms and an applied voltage \( V = 1500 \angle 30^\circ \) volts. Analyzing such a scenario involves
calculating the current flowing through the load, determining the power consumed, and examining
the nature of the load's power factor. This comprehensive analysis provides insights into the load's
electrical behavior, efficiency, and how it interacts with the power system.

---

Understanding Impedance and Phasor Voltage

Complex Impedance \( Z = R + jX \)

The impedance of an AC load is a measure of opposition to current flow, comprising resistance \( R \)
and reactance \( X \):

- Resistance \( R \): Dissipates real power as heat.
- Reactance \( X \): Stores and releases energy, does not dissipate real power but affects the phase
angle.

Given impedance:

\[
Z = 70 + j 60 \, \Omega
\]

- Resistance \( R = 70\, \Omega \)
- Reactance \( X = 60\, \Omega \)

This impedance suggests a load that exhibits both resistive and reactive behavior, typical of inductive



loads.

Phasor Voltage \( V = 1500 \angle 30^\circ \) volts

The voltage is given in polar form, indicating magnitude and phase angle:

- Magnitude \( |V| = 1500\, V \)
- Phase angle \( \theta_V = 30^\circ \)

Expressed in rectangular form:

\[
V = 1500 \cos 30^\circ + j 1500 \sin 30^\circ
\]

Calculations:

\[
V = 1500 \times 0.8660 + j 1500 \times 0.5 = 1299 + j 750\, V
\]

---

Calculating the Current Through the Load

Using Ohm's Law for AC Circuits

The complex current \( I \) is given by:

\[
I = \frac{V}{Z}
\]

Expressed in rectangular form:

\[
I = \frac{V}{Z} = \frac{V_{rect}}{Z}
\]

Where:

- \( V_{rect} = 1299 + j 750\, V \)
- \( Z = 70 + j 60\, \Omega \)



Calculating the Magnitude and Phase of \( Z \)

First, find the magnitude \( |Z| \):

\[
|Z| = \sqrt{R^2 + X^2} = \sqrt{70^2 + 60^2} = \sqrt{4900 + 3600} = \sqrt{8500} \approx 92.2\,
\Omega
\]

And the phase angle \( \theta_Z \):

\[
\theta_Z = \arctan \left( \frac{X}{R} \right) = \arctan \left( \frac{60}{70} \right) \approx 40.4^\circ
\]

Express \( Z \) in polar form:

\[
Z = 92.2 \angle 40.4^\circ\, \Omega
\]

Calculating the Current \( I \)

Express \( V \) in polar form:

\[
V = 1500 \angle 30^\circ\, V
\]

Now, divide:

\[
I = \frac{V}{Z} = \frac{1500 \angle 30^\circ}{92.2 \angle 40.4^\circ} = \frac{1500}{92.2} \angle
(30^\circ - 40.4^\circ)
\]

Calculate magnitude:

\[
|I| = \frac{1500}{92.2} \approx 16.27\, A
\]

Calculate phase:

\[
\theta_I = 30^\circ - 40.4^\circ = -10.4^\circ
\]



Thus, the current in phasor form:

\[
I = 16.27 \angle -10.4^\circ\, A
\]

Expressed in rectangular form:

\[
I = 16.27 \cos(-10.4^\circ) + j 16.27 \sin(-10.4^\circ)
\]

Calculations:

\[
I \approx 16.14 - j 2.94\, A
\]

---

Calculating Power in the Load

Power analysis involves determining the real (active), reactive, and apparent power.

Active Power \( P \)

Active power is given by:

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

Alternatively, using complex power:

\[
S = V \times I^
\]

Where \( I^ \) is the complex conjugate of current:

\[
I^ = 16.27 \angle 10.4^\circ\, A
\]

Expressing \( V \) and \( I^ \) in polar form:

\[



V = 1500 \angle 30^\circ\, V
\]
\[
I^ = 16.27 \angle 10.4^\circ\, A
\]

Calculate complex power:

\[
S = V \times I^ = 1500 \times 16.27 \angle (30^\circ + 10.4^\circ) = 1500 \times 16.27 \angle
40.4^\circ
\]

Magnitude:

\[
|S| = 1500 \times 16.27 \approx 24,410.5\, \text{VA}
\]

Phase angle:

\[
\phi_{S} = 40.4^\circ
\]

Active power \( P \):

\[
P = |S| \times \cos \phi_{S} = 24,410.5 \times \cos 40.4^\circ \approx 24,410.5 \times 0.760 \approx
18,565\, \text{W}
\]

Reactive power \( Q \):

\[
Q = |S| \times \sin \phi_{S} = 24,410.5 \times \sin 40.4^\circ \approx 24,410.5 \times 0.649 \approx
15,852\, \text{VAR}
\]

Apparent power \( |S| \):

\[
|S| \approx 24.41\, \text{kVA}
\]

Power Factor

The power factor (pf) indicates how effectively the load converts electrical power:



\[
\text{pf} = \cos \phi_{S} \approx 0.76
\]

Since \( \cos \phi_{S} \) is positive but less than 1, the load exhibits a lagging power factor, typical of
inductive loads.

---

Summary of Results

Magnitude of impedance \( |Z| \approx 92.2\, \Omega \)

Phase angle of impedance \( \theta_Z \approx 40.4^\circ \)

Current magnitude \( |I| \approx 16.27\, A \)

Active power \( P \approx 18.56\, kW \)

Reactive power \( Q \approx 15.85\, kVAR \)

Apparent power \( |S| \approx 24.41\, \text{kVA} \)

Power factor \( \approx 0.76 \) (lagging)

---

Interpretation and Practical Implications

Nature of the Load

The load characterized by \( Z = 70 + j 60 \) ohms demonstrates a predominantly inductive nature, as
evidenced by the positive reactance \( X = 60\, \Omega \) and the phase angle of the impedance. The
lagging power factor indicates that the load consumes both active and reactive power, typical of
motors, transformers, or other inductive devices.

Efficiency and Power Quality

The relatively low power factor (~0.76) suggests that a significant portion of the supplied energy is
reactive, which can lead to increased losses in the power system and reduced overall efficiency.



Power factor correction methods, such as adding capacitors, may be employed to improve system
performance.

Impact on Power System Design

Understanding the load's impedance and power characteristics is crucial for:

- Proper sizing of transformers and cables.
- Designing appropriate power factor correction equipment.
- Ensuring voltage stability and reducing system losses.
- Complying with utility regulations regarding power quality.

Additional Considerations

- If the load were to be purely

Frequently Asked Questions

What is the magnitude of the load impedance Z = 70 + J 60?
The magnitude of Z is √(70² + 60²) = √(4900 + 3600) = √8500 ≈ 92.20 ohms.

How do you calculate the magnitude of the voltage across the
load if V = 15002 30?
Assuming the voltage is given as V = 1500∠30°, the magnitude is simply 1500 volts.

What is the current flowing through the load given the
impedance and voltage?
The current I = V / Z = 1500∠30° / (70 + J 60). First, convert Z to polar form and then divide the
voltage magnitude by the impedance magnitude, considering phase angles.

How do you find the phase angle of the load impedance Z =
70 + J 60?
The phase angle φ = arctangent (Imaginary / Real) = arctangent (60 / 70) ≈ 40.9°.

What is the real power consumed by this load?
Real power P = V_rms I_rms cos(θ), where θ is the phase difference between voltage and current.
Calculating I and phase angles will give the power.



How would you determine the reactive power of this load?
Reactive power Q = V_rms I_rms sin(θ). Using the impedance's phase angle, you can find Q once I and
V are known.

What is the purpose of calculating impedance in AC circuits?
Impedance characterizes how an AC load resists current flow, including both resistive and reactive
effects, essential for analyzing power flow and circuit behavior.

How does the phase difference impact power calculations in
this load?
The phase difference between voltage and current determines the power factor and affects the real
and reactive power components in the circuit.

What are the steps to find the current through the load given
the voltage and impedance?
Convert impedance to polar form, then divide the voltage magnitude by the impedance magnitude to
find current magnitude, and subtract phase angles to find the current's phase.

Is the load purely resistive, reactive, or a combination? How
can you tell?
The load is a combination of resistive and reactive elements, as indicated by the impedance Z = 70 +
J 60, which has both real and imaginary parts, showing it's neither purely resistive nor purely reactive.

Additional Resources
We Have A Load With An Impedance Given By Z = 70 + J 60: An In-Depth Analysis

---

Introduction

In the realm of electrical engineering, understanding the behavior of loads and their impedance
characteristics is fundamental for designing efficient power systems, ensuring proper operation of
electrical devices, and optimizing energy transfer. The statement "We Have A Load With An
Impedance Given By Z = 70 + J 60" encapsulates a typical scenario encountered in AC circuit
analysis, where a load's impedance is specified in complex form. Coupled with the given voltage
across the load, V = 150∠30°, this scenario invites a comprehensive investigation into the load's
current, power consumption, and implications for system performance.

This article aims to dissect this problem thoroughly, elucidate the underlying principles, and explore
practical considerations associated with such an impedance and voltage profile. We delve into the
mathematical analysis, interpret the physical meaning, and discuss potential applications and



challenges.

---

Understanding Complex Impedance and Its Significance

What Is Complex Impedance?

Impedance (Z) in AC circuits extends the concept of resistance to encompass the effects of
inductance and capacitance. It is a complex quantity expressed as:

\[ Z = R + jX \]

where:
- R is the resistive component (real part),
- X is the reactive component (imaginary part),
- j is the imaginary unit.

In the given scenario,

\[ Z = 70 + j60 \]

which indicates a load with a resistive component of 70 ohms and a inductive reactance of 60 ohms.

Physical Interpretation

- Resistive Part (R = 70 Ω): Dissipates energy as heat, representing real power consumption.
- Reactive Part (X = 60 Ω): Stores and releases energy in magnetic fields (inductive) per cycle,
contributing to reactive power.

---

Voltage Specification and Its Implications

The voltage across the load is given as:

\[ V = 150\angle 30^\circ \text{ volts} \]

which is a phasor notation indicating an RMS voltage of 150 V with a phase angle of 30° relative to
some reference.

This angular information is vital for calculating current, power, and understanding the phase
relationships within the circuit.

---

Calculating the Load Current

Step 1: Convert Voltage to Rectangular Form

\[ V = 150 \angle 30^\circ = 150 (\cos 30^\circ + j \sin 30^\circ) \]



\[ V = 150 (0.8660 + j 0.5) \]
\[ V \approx 129.9 + j 75 \quad \text{(volts)} \]

Step 2: Apply Ohm's Law for AC Circuits

\[ I = \frac{V}{Z} \]

Expressing Z as a complex number:

\[ Z = 70 + j60 \]

Calculate the magnitude of Z:

\[ |Z| = \sqrt{70^2 + 60^2} = \sqrt{4900 + 3600} = \sqrt{8500} \approx 92.2 \, \Omega \]

Calculate the phase angle of Z:

\[ \theta_Z = \arctan \left( \frac{X}{R} \right) = \arctan \left( \frac{60}{70} \right) \approx 40.4^\circ
\]

Now, find the current phasor:

\[ I = \frac{V}{Z} = \frac{150 \angle 30^\circ}{92.2 \angle 40.4^\circ} = \frac{150}{92.2} \angle
(30^\circ - 40.4^\circ) \]

\[ |\!I\!| \approx 1.627 \, \text{A} \]

\[ \angle I \approx -10.4^\circ \]

Expressed in phasor form:

\[ I \approx 1.627 \angle -10.4^\circ \text{ A} \]

or in rectangular form:

\[ I \approx 1.627 (\cos -10.4^\circ + j \sin -10.4^\circ) \]
\[ I \approx 1.627 (0.984 + j -0.180) \]
\[ I \approx 1.601 - j 0.293 \text{ A} \]

---

Power Analysis

Active (Real) Power

The real power \( P \) consumed by the load is given by:

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

where \( \phi \) is the phase angle difference between voltage and current, which we have as
approximately -10.4°.



Alternatively, using complex power:

\[ S = V \times I^ \]

where \( I^ \) is the complex conjugate of the current:

\[ I^ \approx 1.627 \angle 10.4^\circ \, \text{A} \]

Calculate the complex power:

\[ S = V \times I^ \]
\[ S = 150 \angle 30^\circ \times 1.627 \angle 10.4^\circ \]
\[ S = (150 \times 1.627) \angle (30^\circ + 10.4^\circ) \]
\[ S \approx 244.05 \angle 40.4^\circ \text{ VA} \]

The real power \( P \):

\[ P = |S| \times \cos 40.4^\circ \]
\[ P \approx 244.05 \times 0.762 \]
\[ P \approx 186.1 \text{ W} \]

The reactive power \( Q \):

\[ Q = |S| \times \sin 40.4^\circ \]
\[ Q \approx 244.05 \times 0.648 \]
\[ Q \approx 158.3 \text{ VAR} \]

Power Factor

The power factor (pf) is:

\[ \text{pf} = \cos 40.4^\circ \approx 0.762 \]

which indicates a lagging power factor due to inductive load.

---

System Implications and Practical Considerations

Power Delivery and Efficiency

The calculated real power of approximately 186 W indicates the amount of useful work the load
performs. The reactive power (about 158 VAR) signifies energy oscillating between the source and the
reactive components. A high reactive power can lead to increased losses in transmission lines and
necessitate power factor correction.

Power Factor Correction

To improve system efficiency, power factor correction techniques—such as adding capacitors—are
often employed to counteract the inductive reactance. For this load, a capacitor providing
approximately 158 VAR in reactive power would bring the power factor closer to unity.



---

Advanced Topics: Transient Behavior and Harmonics

While the current analysis assumes steady-state sinusoidal conditions, real-world systems often
encounter transient phenomena and harmonic distortions. The presence of reactive components and
non-linear loads can lead to voltage and current harmonics, affecting power quality.

In such cases, further analysis involving:

- Fourier analysis,
- Harmonic distortion measurements,
- Filter design,

becomes necessary to ensure system stability and compliance with standards such as IEEE 519.

---

Practical Applications and Broader Context

Understanding the impedance characteristics and voltage-current relationships of loads like the one
described is crucial in various applications:

- Industrial Power Systems: Managing large inductive loads such as motors and transformers.
- Power Supply Design: Ensuring voltage stability and minimizing losses.
- Renewable Energy Integration: Properly matching inverter outputs with grid loads.
- Smart Grid Technologies: Implementing dynamic power factor correction.

Moreover, the principles discussed extend to the design of electronic devices, communication
systems, and instrumentation where impedance matching and power management are vital.

---

Conclusion

The analysis of a load with impedance \( Z = 70 + j60 \) ohms under an applied voltage of \( V = 150
\angle 30^\circ \) volts reveals critical insights into the current flow, power consumption, and system
efficiency. The calculated RMS current of approximately 1.627 A, along with the active power of
roughly 186 W and reactive power of about 158 VAR, exemplifies typical behaviors of inductive loads
in AC circuits.

Effective management of such loads requires understanding their impedance characteristics, phase
relationships, and power factor implications. Employing power factor correction, harmonic filtering,
and system optimization strategies ensures reliable, efficient, and high-quality power delivery. As
electrical systems grow increasingly complex, such detailed analyses remain essential for engineers
and system designers aiming to enhance performance and sustainability.

---
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