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Introduction to AC Circuits

. Definition of AC (Alternating Current):

* AC is an electric current that reverses direction periodically. Unlike direct current (DC), where the flow of electric charge is constant, AC
changes its magnitude and direction over time.

. Sinusoidal Current:

The most common waveform in AC systems, characterized by a smooth, repetitive oscillation.
Mathematically represented as:

I(t) = I, sin(wt + ¢)

where:

e I(t) = instantaneous current
e [, = maximum (peak) current
* w = angular frequency (27 f, where f is frequency)

* ¢ = phase angle
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Introduction to AC Circuits

3. Key Characteristics:

Frequency (f): The number of cycles per second, measured in hertz (Hz). Common frequencies are 50 Hz (Europe) and 60 Hz
(North America).

Amplitude: The maximum value of current or voltage, indicating the strength of the signal.

Period (T): The time taken for one complete cycle of the waveform, calculated as 1" = %

4. Advantages of AC:
* Efficient for long-distance transmission due to the ability to transform voltage levels.
* Easier to generate and manipulate using transformers.
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Basic Components of AC Circuits

1. Resistors:
* Function:
* Resistors oppose the flow of current, converting electrical energy into heat.
* Characteristics:
* Ohmic behavior (current is directly proportional to voltage).
* Governed by Ohm’s Law: V=IR, where V - is voltage, I - is current, and R - is resistance

Power Dissipation:
* Power (P) is given by

R . R
H.=1"Kor P = 7 -
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Basic Components of AC Circuits
2. Inductors:
e Function:

* Inductors store energy in a magnetic field when current flows through them and resist

changes in current.

* Inductive Reactance:
e Inductive reactance (X)) is given by:
X, =2nfL
where f is frequency and L is inductance.
* Phase Shift:

e In a purely inductive circuit, voltage leads current by 90 degrees.
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Basic Components of AC Circuits

3. Capacitors:

¢ Function:

» Capacitors store energy in an electric field and resist changes in voltage.
* Capacitive Reactance:

» Capacitive reactance (X () is given by:

1
- 2nfC

Xco

where C'is capacitance.

¢ Phase Shift:

* |n a purely capacitive circuit, current leads voltage by 90 degrees.
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Voltage and Current in AC Circuits

2. Phase Angle:
* Definition:

* The phase angle (¢) represents the phase difference between the voltage and current waveforms in AC circuits, particularly
in reactive components.

* Significance:

* Determines the relationship between voltage and current, influencing power factor and overall circuit performance.
3. Waveform Characteristics:

* Sinusoidal Waveform:

* AC voltage and current are often represented as sinusoidal waveforms, characterized by their amplitude, frequency, and
phase.

* Mathematical Representation:

* Voltage:
V(t) = V,, sin(wt + ¢)
e Current:

I(t) = I, sin(wt + ¢ + 0)

where @ is the phase shift.
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Voltage and Current in AC Circuits

4. Important Relationships:
* Ohm's Law in AC Circuits:
* Although Ohm's Law applies, it needs to consider the impedance (Z) instead of resistance in AC circuits:

V=IZ

* Impedance Calculation:
* For circuits with both resistive and reactive components, the total impedance is:

Z =+/R?+ (X — X0)?
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Resistors in AC Circuits

1. Ohm’s Law:

* Fundamental Relationship:
e In AC circuits, Ohm's Law still applies but uses RMS values:
Vims = Lpms - R

where V.., is the RMS voltage, I,.,,s is the RMS current, and R is the resistance.

2. Behavior of Resistors:

* Power Dissipation:

* Resistors convert electrical energy into heat. The power dissipated in a resistor is given by:

2
P = I'Ems - R = ng

e This power is considered real power, as it represents actual energy consumed.
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Resistors in AC Circuits

3. Series and Parallel Configurations:

e Series Resistors:

e Total resistance in a series circuit i1s the sum of individual resistances:

Rmfuj — Rl { RE } R:; o,

e Parallel Resistors:

» Total resistance in a parallel circuit is calculated using the reciprocal formula:

1 1 1 1

Riotal - Ry | R» | Rs |
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Resistors in AC Circuits

4. Phase Angle with Resistors:
* No Phase Shift:
* Ina purely resistive circuit, the voltage and current are in phase, meaning the phase angle ¢=0.
* Implications for Power Factor:
* Power factor (PF) is equal to 1 for resistive loads, indicating 100% efficiency in converting electrical energy to work.

Summary
Resistors are essential components in AC circuits, controlling current flow and power dissipation. Their behavior follows Ohm’s
Law, and understanding their configuration and interaction with AC signals is crucial for effective circuit design and analysis.
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Inductors in AC Circuits

1. Function of Inductors:
* Energy Storage:
* Inductors store energy in a magnetic field when current passes through. They resist changes in current, smoothing out fluctuations
in the circuit.
2. Inductive Reactance (XL):
* Definition:
* Inductive reactance is the opposition that an inductor presents to alternating current due to its inductance.
Formula:

X; =2nfL

where: XL = inductive reactance (in ohms)
f= frequency of the AC signal (in hertz)
L = inductance (in henries)
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Inductors in AC Circuits

3. Behavior in AC Circuits:
* Phase Shift:

* In an ideal inductor, the voltage leads the current by 90 degrees. This phase relationship affects the overall behavior of the circuit.
* Voltage and Current Relationship:

* The voltage across an inductor can be expressed as:

Vi=1-X;

where VL - is the voltage across the inductor and I - is the current flowing through it.
4. Power in Inductive Loads:
* Reactive Power:
* Inductors do not consume real power; instead, they store and release energy, leading to reactive power (measured in VARs). This
affects overall system efficiency.
* Inductive Loads:

* Common inductive loads include motors, transformers, and coils, which often require additional power factor correction to enhance
efficiency.

2
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Capacitors in AC Circuits

1. Function of Capacitors:
* Energy Storage:
* Capacitors store energy in an electric field between their plates when voltage is applied. They release this energy when the
voltage drops, smoothing out voltage fluctuations in the circuit.
2. Capacitive Reactance (XC):
* Definition:
* Capacitive reactance is the opposition that a capacitor presents to alternating current due to its capacitance.

e Formula:

1
- 2nfC

Xc

where:

e X = capacitive reactance (in ohms)

» f =frequency of the AC signal (in hertz)

o (' = capacitance (in farads) O
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Capacitors in AC Circuits

3. Behavior in AC Circuits:
* Phase Shift:

* In an ideal capacitor, the current leads the voltage by 90 degrees, creating a phase difference that influences circuit dynamics.
* Voltage and Current Relationship:

* The relationship can be expressed as:

Ic =V -X¢

where I is the current through the capacitor and V' is the voltage across it.

4. Power in Capacitive Loads:
* Reactive Power:
* Capacitors also deal with reactive power, but unlike inductors, they provide reactive power to the circuit, which can improve
power factor.
* Capacitive Loads:
* Common capacitive loads include power factor correction capacitors, capacitive filters, and energy storage systems in power

electronics.
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Impedance in AC Circuits

1. Definition of Impedance (Z):

e Total Opposition:

* Impedance is the total opposition that a circuit presents to the flow of alternating current. It

combines resistance (R) and reactance (X) (which includes both inductive X and capacitive

X

2. Impedance Formula:

¢ Mathematical Representation:

¢ The formula for impedance is:

Z=+R2} (X, Xc)?
where:
e Z = impedance (in ohms)
e R = resistance (in ohms)

¢ X = inductive reactance (in ohms)

¢ X = capacitive reactance (in ohms)
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Impedance in AC Circuits

3. Components of Impedance:

e Resistance (R):

* Opposes current flow and dissipates energy as heat.

¢ Reactance (X):

* Reactance can be positive (inductive) or negative (capacitive) and determines how the

circuit responds to AC signals.

4. Phasor Representation:

* Complex Representation:
* Impedance can be expressed in complex form as:

Z=R+jX

where 7 is the imaginary unit. This representation helps in analyzing circuits using phasors.
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Impedance in AC Circuits

5. Impedance in Series and Parallel Circuits:
* Series Impedance:

* In series circuits, the total impedance is the sum of individual impedances:

Z.iulu,f — Zl { Z2 } Z:; ..
e Parallel Impedance:

e |n parallel circuits, the total impedance can be calculated using:

1 1 1 1

= | | | ..
Ziotal L1 L2 43
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Series and Parallel Circuits

1. Series Circuits:

* Configuration:

e Components are connected end-to-end, forming a single path for current flow.

¢ Total Impedance:

* The total impedance in a series circuit is the sum of the individual impedances:

Ziuiu,f — Zl { Z2 } Z:i F ...

e Current Behavior:

* The same current flows through all components, but the voltage across each component

can differ.

* Voltage Division:
* The voltage across each component can be calculated using:

I/;l:I'ZR

where V,, is the voltage across component i and I is the current through the circuit. ”




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

Series and Parallel Circuits

2. Parallel Circuits:
e Configuration:

» Components are connected across the same voltage source, providing multiple paths for

current flow.
* Total Impedance:

e The total impedance for parallel components is calculated using the reciprocal formula:

1 1 1 1
=+t 5 +5+-..

Liotal L1 L2 43

* Voltage Behavior:
¢ The voltage across all components is the same, while the current can differ.
e Current Division:

e The current through each component can be determined using:

where I, is the current through component nn and V' is the voltage across the parallel circuit.
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Series and Parallel Circuits

3. Practical Implications:

*Advantages of Series Circuits:
*Simple to design and analyze, but if one component fails, the entire circuit is interrupted.

*Advantages of Parallel Circuits:
*Provides multiple paths for current, increasing reliability; if one component fails, others can still function.

Summary

Understanding the differences between series and parallel circuits is crucial for circuit design and analysis.

Each configuration has unique characteristics regarding voltage, current, and impedance, influencing their practical applications in
electrical systems.
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Power in AC Circuits

1. Types of Power:

* Real Power (P):
* The actual power consumed by the circuit, measured in watts (W). It represents the energy used to perform work.
*  Formula:

P = V';'ms i Irms i COS((I.[’)
where ¢ is the phase angle between voltage and current.

Reactive Power (Q):

* The power stored and released by reactive components (inductors and capacitors), measured in volt-amperes reactive
(VAR). It does not perform any work.

* Formula:

Q = Vrms i Ir'm.s' g Sill(qb)
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Power in AC Circuits

Apparent Power (S):

* The product of the RMS voltage and RMS current, representing the total power in the circuit, measured in volt-amperes (VA).
* Formula:

S = Vims * Lrms
2. Power Triangle:
* Representation:
* The relationship between real power (P), reactive power (Q), and apparent power (S) can be visualized as a right triangle:

82:P2 | Q?.

Power Factor (PF):Defined as the ratio of real power to apparent power:

P
Power Factor = 3= cos(¢)

* A measure of how effectively electrical power is being converted into useful work.
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Power in AC Circuits

3. Importance of Power Management:

* Efficiency:
* A high power factor indicates efficient use of electrical power, while a low power factor can result in higher energy costs and
strain on the power system.

* Power Factor Correction:
* Capacitors or other devices may be added to improve the power factor in industrial settings, reducing reactive power and
improving overall efficiency.
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Power Factor

Definition of Power Factor (PF):

Ratio of Real Power to Apparent Power:
* Power factor is a dimensionless number that measures the efficiency of power usage in an AC circuit. It indicates the fraction of
total power that is used effectively for work.
Formula:

P
< = cos(9)

Power Factor =

P = real power (in watts)
S = apparent power (in volt-amperes)
¢ = phase angle between voltage and current.
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Power Factor

2. Power Factor Values:

* Range:
* The power factor ranges from 0 to 1.
* PF =1: Indicates all power 1s being used effectively (purely resistive load).
* PF < 1: Indicates some power is reactive, which does not perform any useful work (inductive or capacitive loads).

3. Types of Power Factor:

* Leading Power Factor:
* Occurs in circuits where current leads voltage (common in capacitive circuits).

* Lagging Power Factor:
* Occurs in circuits where current lags voltage (common in inductive circuits).
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Power Factor

4. Importance of Power Factor:

* Efficiency and Cost:
* A higher power factor indicates efficient use of electrical power, reducing energy costs. Utilities often charge penalties for
low power factors.
* System Stability:
* Maintaining an optimal power factor improves voltage stability and reduces losses in electrical systems.

5. Power Factor Correction:

* Methods:
* Capacitors can be added to inductive loads to counteract lagging power factors.
* Synchronous condensers and power factor correction devices are also used in industrial settings.
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Resonance in AC Circuits

1. Definition of Resonance:

e Condition:

¢ Resonance occurs in an AC circuit when the inductive reactance (X ) and capacitive

reactance (X ) are equal, resulting in maximum current flow and minimal impedance.

2. Resonant Frequency (f,):

e Formula:

e The resonant frequency is calculated using:

1

Ir = Z?r\/ﬁ

where:

e [ = inductance (in henries)

» (' = capacitance (in farads)
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Resonance in AC Circuits

3. Behavior at Resonance:
* Impedance:
* Atresonance, the impedance (ZZZ7) of the circuit is purely resistive, given by:

/=R

* Current:
* The current in the circuit reaches its maximum value, leading to significant power transfer.

4. Applications of Resonance:

* Tuned Circuits:
* Resonance is utilized in radio and communication systems to select specific frequencies for transmission and reception.
* Filters:

* Resonant circuits are used in audio equipment and other filtering applications to isolate or enhance certain frequencies.

«»
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Summary of Key Concepts
1. AC Circuit Basics:

*  Definition:
* Alternating current (AC) is a type of electrical current that periodically reverses direction, commonly represented by
sinusoidal waveforms.

2. Key Components:
* Resistors: Oppose current flow, dissipating energy as heat; characterized by resistance (R).

Inductors: Store energy in a magnetic field, resisting changes in current; characterized by inductive reactance (XL).
* Capacitors: Store energy in an electric field, resisting changes in voltage; characterized by capacitive reactance (XC).

3. Impedance:

Total Opposition:
Impedance (Z) combines resistance and reactance, affecting the overall current and voltage in the circuit.
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Summary of Key Concepts

4. Power in AC Circuits:

* Real, Reactive, and Apparent Power:
* Understanding the relationships between these types of power is crucial for energy management and efficiency.

5. Power Factor:
* Efficiency Indicator:
* Power factor (PF) measures how effectively electrical power is converted into useful work, impacting cost and system
stability.
6. Resonance:
* Maximizing Current Flow:

* Resonance occurs when inductive and capacitive reactances are equal, leading to maximum current and minimal impedance
at a specific frequency.

««»
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Applications of AC Circuits

1. Power Distribution:

*Transmission Systems:
*AC is used for long-distance power transmission due to its ability to easily transform voltages, reducing energy loss over long
distances.

*Distribution Networks:
*AC circuits distribute electrical power to homes and businesses, enabling the operation of various appliances and machinery.

2. Electrical Devices:
*Motors:
*AC motors are widely used in industrial and residential applications, including fans, pumps, and HVAC systems.

*Transformers:
*Transformers utilize AC to step up or step down voltage levels for efficient transmission and distribution of power.

3. Communication Systems:
*Radio and Television:
*AC circuits are essential in radio frequency (RF) applications, enabling signal transmission and reception.

*Filters and Tuned Circuits:
*Resonant circuits in communication devices filter specific frequencies for clearer signal processing.
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Applications of AC Circuits

4. Consumer Electronics:

* Audio Equipment:

* AC circuits are used in amplifiers and mixers to manage sound signals, utilizing capacitors and inductors for filtering.
* Power Supplies:

* Most electronic devices convert AC from outlets into DC for internal use, relying on rectifiers and other components.

S. Industrial Applications:

* Robotics and Automation:

* AC circuits power robotic systems and automated machinery, essential for modern manufacturing processes.
* Heating Systems:

* Induction heating and resistance heating systems utilize AC to provide efficient thermal energy.
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Conclusion

AC circuits are fundamental to modern electrical systems, facilitating the transmission and distribution of power across
various applications. Their unique properties, including the ability to easily transform voltages and integrate with diverse technologies,
make them indispensable in our daily lives.

As we move toward a more sustainable future, advancements in AC technology will play a crucial role in integrating
renewable energy sources, enhancing the efficiency of power distribution, and supporting the growth of smart grids and electric vehicles.

However, with these innovations comes the responsibility to prioritize safety. Understanding the potential hazards associated
with AC circuits and implementing effective protective measures is vital to preventing accidents and ensuring safe operation.

Continued education and awareness in electrical safety and AC circuit design will empower engineers and technicians to adapt to
evolving technologies and applications. By embracing these challenges, we can harness the full potential of AC circuits to meet the
demands of a changing energy landscape while ensuring the safety and well-being of all users.
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Used literature

1. "Electrical Engineering: Principles and Applications' by Allan R. Hambley

*A comprehensive textbook covering fundamental concepts of electrical engineering, including AC circuit.
2. '"Fundamentals of Electric Circuits'" by Charles K. Alexander and Matthew N. O. Sadiku

*This book provides detailed explanations and examples of AC circuit analysis.

3. "Electric Circuits'" by James W. Nilsson and Susan A. Riedel

*A widely used textbook that covers both DC and AC circuit analysis, along with practical applications.

4. "AC Circuits" by David K. Cheng

*Focuses specifically on AC circuit theory and applications, including resonance and power factor.

5. IEEE Journals and Publications

*Articles and papers on recent advancements and research in electrical engineering and AC circuit applications.

6. Online Resources:

CITBAEB

YHUBEPCHUTETI

SATBAYEV
UNIVERSITY

*Websites like Khan Academy and Coursera offer free courses and materials on electrical engineering topics, including AC circuits.
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