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Parallel Connection of Loads

Definition
* In a parallel circuit, multiple electrical loads are connected across the same voltage source.
* Each load operates independently, allowing for the same voltage to be applied to all components.
Key Characteristics
1. Voltage Consistency:
1. The voltage across each load is equal to the source voltage: Vr=Vi=W,=V;=...

2. This consistent voltage ensures that each load receives the required voltage for proper operation.
2. Current Division:

1. The total current flowing from the source is the sum of the currents through each load:
Ir=L+L+13+...

2. Each load can draw different amounts of current based on its resistance or impedance.
3. Total Resistance:

1. The total equivalent resistance (RTR_TRT) in a parallel circuit is less than the smallest individual resistance. It can be calculated using:

11 1 1
Rr Ry Ry, Ry 7

2. This formula highlights how adding more loads in parallel reduces the overall resistance, increasing the total current draw.
Advantages of Parallel Connections
* Independent Operation: Each load can function independently; if one load fails, others continue to operate.
* Voltage Consistency: All devices receive the same voltage, which is crucial for devices requiring specific voltage levels.
* Scalability: Easy to add or remove loads without disrupting the entire circuit.

SATBAYEV
UNIVERSITY



ELC5423-THEORETICAL FOUNDATIONS OF ELECTRICAL ENGINEERING COTBAEB SATBAYEV
68071101 — POWER ENGINEERING YHUBEPCUTETI UNIVERSITY

Conductance in AC Circuits

Definition of Conductance (G)
* Conductance is a measure of how easily electric current can flow through a material. It is the reciprocal of resistance (R) and is represented by the formula:
1
(2=
Conductance is measured in siemens (S). it
Conductance in AC Circuits
* In AC circuits, conductance plays a critical role, particularly in the analysis of circuits with both resistive and reactive components (inductors and capacitors).
1. Complex Conductance:
1. In AC analysis, we often deal with complex quantities. Conductance is part of the complex admittance (Y), which combines conductance and susceptance
(the measure of how reactive components influence current flow):
Y=G+jB
2. Where BBB is the susceptance and j is the imaginary unit.
2. Total Conductance in Parallel Circuits:

1. When multiple loads are connected in parallel, the total conductance (GT) can be calculated by summing the individual conductances:
Gr=G1+G2+G3+...

2. This formula emphasizes the additive nature of conductances in parallel configurations.
Importance of Conductance
* Simplifies Circuit Analysis:
* Using conductance instead of resistance simplifies calculations, especially when dealing with parallel circuits where multiple branches may have varying
resistances.
* Power Calculations:
* Conductance is useful in calculating power in AC circuits:

*  Where PPP is the active power consumed by the circuit.
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Ohm's Law in Terms of Conductance

Overview of Ohm's Law
* Ohm's Law is a fundamental principle in electrical engineering that describes the relationship between voltage (V), current (1), and resistance (R)
V=I:R&
Reformulating Ohm's Law Using Conductance
* By introducing conductance (G), Ohm's Law can be rewritten to focus on the flow of current: &=l
* This expression indicates that the current through a conductor is directly proportional to the voltage across it and the conductance of that conductor.
Implications of the Conductance Form
1. Clarity in Circuit Analysis:
1. This formulation simplifies calculations in circuits, especially in parallel configurations where multiple paths exist.
2. It highlights how easily current can flow in relation to the voltage applied, which is especially useful in analyzing circuits with various
components.
2. Power Calculations:
1. The power consumed in a circuit can also be expressed using conductance:

P=V.I=V*.G

2. This relation emphasizes the efficiency of power delivery in circuits and aids in power management.
3. Understanding Circuit Behavior:
1. Conductance provides insights into how different loads impact overall circuit performance, especially when assessing the effect of adding or
removing parallel loads.
Comparison to Traditional Form
* The traditional form (V=I‘R) emphasizes resistance, which is crucial for understanding components that dissipate power.
* The conductance form (I=V-G) focuses on current flow, providing a perspective that is often more useful in practical applications where current
needs to be calculated directly.
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Graphical-Analytical Method for Circuit Calculation

Overview
* The graphical-analytical method combines visual representations (like phasor diagrams) with analytical techniques to solve AC circuit problems
effectively.

* This method enhances understanding of circuit behavior by visualizing relationships between voltage and current.
Steps in the Graphical-Analytical Approach
1. Draw the Circuit Diagram:

1. Begin by creating a clear schematic of the circuit, indicating all components (resistors, capacitors, inductors) and their connections.
2. Represent Voltages and Currents as Phasors:

1. Use phasor notation to represent sinusoidal voltages and currents as vectors.

2. Each phasor 1s characterized by its magnitude and phase angle, providing a complete description of the AC waveforms.
3. Apply Kirchhoff's Laws:

1. Utilize Kirchhoff's Voltage Law (KVL) and Kirchhoff's Current Law (KCL) to analyze the circuit:

1. KVL: The sum of the voltages around any closed loop in a circuit must equal zero.
2. KCL: The sum of currents entering a junction must equal the sum of currents leaving that junction.

4. Solve for Unknown Values:

1. Using the phasor representation, calculate unknown voltages and currents through algebraic manipulation.

2. Convert the phasor results back to time domain values if necessary.
5. Verify Results:

1. Check calculations for consistency and accuracy by ensuring that all KVL and KCL equations are satisfied.
Benefits of the Graphical-Analytical Method
* Intuitive Understanding: Visualizing circuits with phasors helps clarify how voltages and currents relate, especially in complex circuits.
* Simplified Calculations: This method simplifies the analysis of AC circuits, particularly when dealing with phase differences and impedan
* Effective for Complex Problems: Useful for solving circuits with multiple frequency sources or reactive components. O
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Conductances in AC Circuits

Understanding AC Conductance

* Conductance (G) is a key parameter in AC circuits, reflecting how easily current can flow through a component.
* In AC circuits, conductance works alongside reactance, leading to the concept of admittance (Y).

Complex Admittance

* The complex admittance (Y) combines conductance and susceptance:

Y =G+ jB

Where:
* G = Conductance (real part)
* B = Susceptance (imaginary part, related to reactive components)

* Admittance is useful in analyzing circuits with both resistive and reactive elements, particularly in parallel configurations.

Total Admittance in Parallel Circuits
* In a parallel circuit, the total admittance can be calculated as:

Yr="it+Yot+tYs+...

* The total conductance is the sum of individual conductances:

GT:G1 | GziG;; |
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Conductances in AC Circuits

Conductance and Power Calculation
* Conductance allows for efficient power calculations in AC circuits:
* The power consumed can be expressed as:

Pl

* This emphasizes the relationship between voltage, conductance, and power consumption, aiding in power management
strategies.
Impedance and Conductance
* The relationship between impedance (Z) and conductance in AC circuits is critical:
* The total impedance can be expressed in terms of admittance:
b
Y
* This relationship illustrates how conductance impacts the overall impedance of the circuit, influencing current flow.
Practical Application of Conductance
* Conductance measurements are crucial for assessing circuit performance, especially in systems with multiple parallel paths.
* They help in diagnosing issues such as circuit inefficiencies and ensuring that components operate within safe limits.

o
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Current Resonance

Definition of Current Resonance

* Current resonance occurs in electrical circuits containing both inductive and capacitive components, where they
resonate at a specific frequency.

* At this resonant frequency, the inductive reactance (XL) and capacitive reactance (XC) are equal in magnitude but
opposite in phase.

Resonant Frequency

* The resonant frequency (f0) of a parallel LC circuit is given by:

1
- 2m/LC

f()

*  Where:
* LLL = Inductance (in henries)
* CCC = Capacitance (in farads)
Impedance at Resonance
* Atresonance, the total impedance of the circuit is minimized and ideally approaches zero:

Ziotal = R (where R is the resistance)

* This leads to a significant increase in current flowing through the circuit due to the low impedance path. O
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Current Resonance

Effects of Resonance
1. Increased Current:

1. The circuit can draw a higher current than at non-resonant frequencies, which can lead to increased power dissipation and potential

overheating.

2. Voltage Amplification:

1. Resonance can cause voltage across components to exceed the supply voltage, potentially damaging sensitive equipment.
3. Quality Factor (Q):

1. The Quality Factor (Q) measures the sharpness of resonance and is defined as:

fo
= ~ay

2. Where Afis the bandwidth of the resonance peak. A higher Q indicates a more selective circuit.
Applications of Current Resonance
* Tuning Circuits:

* Used in radio frequency (RF) applications to select specific frequencies for transmission and reception.
* Signal Processing:

* Resonance is employed in filters to enhance or suppress certain frequencies, vital in audio processing and telecommunications.
Risks and Management
* Overcurrent Risks:

* Circuits experiencing resonance may risk excessive currents, necessitating protective measures such as circuit breakers or fuses.
* Damping Techniques:

* Implementing resistive elements or dampening circuits can help manage resonance effects, reducing oscillations and preventing equipment

damage.
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Analyzing Resonance in Parallel Circuits

Impact of Resonance on Current Distribution

* In parallel circuits, resonance affects how current is distributed among different branches.

*  When resonance occurs, certain branches may draw significantly more current, depending on their impedance characteristics.
Resonance Condition in Parallel Circuits

* In a parallel resonant circuit (RLC), resonance occurs when the inductive and capacitive reactances cancel each other:

1
X =Xg == wl = ——
£ ¢ et JjwC

* This results in a purely resistive impedance, maximizing current flow at the resonant frequency.
Current Magnification
* At resonance, the current through the resonant branch can be much higher than the current from the source due to the low impedance path:

V
Z branch

1 branch —

* This magnification can lead to very high currents that may exceed component ratings.

Quality Factor (Q) in Parallel Resonance

* The Quality Factor (Q) in parallel resonant circuits indicates the sharpness of the resonance peak:
R
X [ or Xgo

* A higher Q signifies a narrower bandwidth and a greater tendency for resonant amplification. O
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Analyzing Resonance in Parallel Circuits

Effects on Circuit Performance
1. Voltage Peaks:
1. The voltage across the resonant branch can increase significantly, which may lead to overvoltage conditions.
2. Power Factor:
1. The power factor can be affected by resonance, potentially leading to lower efficiency in energy usage. A low power factor
indicates that a significant portion of the current is reactive, rather than useful.
3. Load Impedance Interaction:
1. The load connected to the circuit will also impact how resonance behaves, as its impedance may shift the resonant frequency or
dampen the resonance.
Practical Examples
* Radio Tuners:
* Used in radios to select specific frequencies by exploiting resonance to amplify desired signals.
* Filters:
* In audio equipment, parallel resonant circuits filter out unwanted frequencies, allowing desired sounds to pass through.
Managing Resonance Effects
* Damping Techniques:
* Adding resistive loads or using damping circuits can help control excessive current and voltage peaks.
* Circuit Protection:
* Implement protective devices like fuses or circuit breakers to safeguard against overcurrent conditions resulting from resonance.

a»
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Practical Applications of Parallel Circuits and Resonance

Applications of Parallel Circuits
1. Household Electrical Systems:
1. Most home wiring is configured in parallel to ensure that all appliances receive the same voltage and can operate independently.
2. If one device fails, others continue to function, enhancing reliability.
2. Power Distribution Networks:
1. Parallel connections are used in power grids to distribute electricity efficiently to multiple consumers without affecting overall system
performance.
3. Electronic Devices:
1. Many electronic devices use parallel circuits to allow multiple components to function together while maintaining consistent voltage across each
part.
Importance of Conductance
* Circuit Diagnostics:
* Conductance measurements help identify issues in electrical systems, such as short circuits or inefficiencies.
* Efficiency Optimization:
* Understanding conductance allows engineers to design circuits that minimize power losses, ensuring more efficient operation.
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Practical Applications of Parallel Circuits and Resonance

Applications of Current Resonance
1. Tuning Circuits:
1. Used in radios and communication devices to select specific frequencies for signal transmission, enhancing clarity and reception.
2. Filter Design:
1. Resonant circuits are essential in designing filters (low-pass, high-pass, band-pass) that control frequency response in audio and
telecommunications systems.
3. Oscillators:
1. Resonant circuits are fundamental in generating oscillating signals for clocks, RF transmitters, and other electronic devices.
Benefits of Resonance in Practical Applications
* Signal Amplification:
* Resonance allows for the amplification of desired signals while suppressing unwanted frequencies, crucial in audio equipment and
communication technologies.
* Stability in Performance:
* Properly designed resonant circuits enhance the stability of electronic systems, improving overall functionality and reliability.
Risks Associated with Resonance
* Overcurrent Conditions:
* Unmanaged resonance can lead to excessive currents that may damage components, necessitating careful design and monitoring.
* Voltage Spikes:
* Resonance can cause voltage spikes that may affect sensitive devices, highlighting the need for protective measures.

2
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Conclusion
Summary of Key Points
* Parallel Connections:
* Parallel circuits allow multiple loads to operate independently with the same voltage applied, enhancing reliability and performance in various
applications.
* Conductance in AC Circuits:
* Conductance simplifies the analysis of AC circuits, particularly in parallel configurations, allowing for efficient calculations of current and power.
* Ohm's Law and Conductance:
* Reformulating Ohm’s Law in terms of conductance emphasizes the ease of current flow and aids in understanding circuit dynamics.
* Graphical-Analytical Method:
* Combining graphical and analytical techniques provides a comprehensive approach to solving complex AC circuit problems, enhancing
understanding of voltage and current relationships.
* Current Resonance:
* Resonance in parallel circuits can lead to increased current and voltage levels, impacting circuit performance and efficiency. Managing resonance
is crucial to prevent damage and ensure stability.
Practical Implications
* The principles discussed are vital for electrical engineers and technicians in designing, analyzing, and troubleshooting AC circuits.
* Effective use of parallel connections and understanding of resonance can lead to innovations in circuit design and improvements in energy efficiency.
Future Considerations
* As technology advances, there will be a growing need for more sophisticated analysis techniques and tools to manage complex AC circuits.
* Continued research into resonance effects and conductance will enhance the reliability and efficiency of electrical systems in various applications, from

consumer electronics to industrial power systems.
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Used literature

*"Electrical Engineering: Principles and Applications' by Allan R. Hambley
This textbook covers fundamental concepts in electrical engineering, including circuit analysis techniques and AC circuit behavior.

*"Fundamentals of Electric Circuits" by Charles K. Alexander and Matthew N.O. Sadiku
A comprehensive guide to circuit analysis, including detailed discussions on parallel circuits, resonance, and conductance.

*"AC Circuits and Resonation" from '"Fundamentals of Electric Circuits" (various editions)
Specific sections on AC circuits and resonance principles that can provide a deeper understanding of these concepts.

*"Electrical Circuits'" by James W. Nilsson and Susan Riedel

This book includes explanations of AC circuit analysis and resonance, emphasizing practical applications and problem-solving techniques.
*"Introduction to Electrical Engineering' by John E. Gookin

A beginner-friendly text that covers basic electrical principles, including parallel connections and the implications of resonance.

*IEEE Journals and Conference Papers
For the latest research and advancements in AC circuit design and resonance effects, IEEE publications can provide valuable insights.

*Online Educational Resources
*Websites like Khan Academy, Coursera, or edX offer courses and materials on electrical engineering concepts, including AC circuits and

resonance. O
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