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1. Course Description

Electrical Circuits and Measurements is a fundamental first-stage course covering electrical
units, DC circuits, network analysis, AC circuits, resonance, electrical power, measuring
instruments, oscilloscopes, and practical resistance measurement. The course combines
theoretical analysis with laboratory practice.

2. Course Objectives

1-Apply fundamental electrical laws and principles to analyze electrical circuits.
2-Select appropriate analytical methods for DC and AC electrical circuits.

3-Understand fundamental electrical theories and apply their mathematical relationships.
4-Calculate voltage, current, resistance, impedance, and electrical power.

5-Analyze series, parallel, mixed, star, and delta resistor networks.

6-Apply Kirchhoff's laws and major network theorems.

7-Analyze sinusoidal AC quantities, phasors, RLC circuits, resonance, and power factor.
8-Understand the construction and operation of common electrical measuring instruments.
9-Perform practical resistance measurements using different methods.

10-Develop safe and systematic laboratory practices.

3. Course Learning Outcomes

1-Explain fundamental electrical quantities and Sl units.

2-Analyze DC and AC electrical circuits mathematically.

3-Apply Kirchhoff's laws, Thevenin, Norton, Superposition, and Maximum Power Transfer
methods.

4-Calculate impedance, admittance, phase angle, resonance frequency, bandwidth, and quality
factor.

5-Calculate active, reactive, and apparent power and power factor.

6-Use common electrical measuring instruments appropriately.

7-Perform and interpret practical electrical measurements.

8-Compare theoretical and experimental results.

4. Teaching and Learning Strategies
1-Scientific lectures

2-Practical laboratory sessions
3-Circuit demonstrations
4-Mathematical problem solving
5-Individual and group activities
6-Daily oral and written quizzes
7-Monthly examinations

8-Scientific reports



5. 30-Week Course Vocabulary / Syllabus

Week Topic

1 Electrical Units and Unit Conversion

2 Voltage, Current, Resistance and Ohm's Law
3 Direct-Current (DC) Circuits

4 Series Resistor Circuits

5 Parallel Resistor Circuits

6 Mixed Resistor Circuits

7 Star-Delta and Delta-Star Transformations

8 Applications of DC Resistor Networks

9 Kirchhoff's Laws

10 Maxwell's Method

11 Thevenin's Theorem

12 Norton's Theorem

13 Applications of Thevenin's and Norton's Theorems
14 Superposition Theorem

15 Voltage and Current Sources

16 Maximum Power Transfer Theorem

17 AC Quantities and RMS Values

18 Phasors and Complex Quantities

19 AC Circuits: R, Land C

20 Series and Parallel RLC Circuits

21 Complex Operator / j-Operator

22 Resonance Circuits

23 Network Theorems in AC Circuits

24 AC Power

25 Apparent Power and Power Factor

26 Maximum Power Transfer in AC Circuits

27 Electrical Measuring Instruments — Moving Coil
28 Moving-Iron Instruments

29 Dynamometer Instruments and Oscilloscope

w
o

Practical Resistance Measurement Methods




WEEK 1

Electrical Units and Unit Conversion
Learning Objectives

Identify Sl electrical quantities and prefixes.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about electrical units and unit conversion?
State one basic principle related to this topic?

Name one practical application?

Lecture Explanation

V, A, Q, W, ], C, Hz; k=10°, M=10°, m=1073, u=10"°. Example: 4.7 kQ = 4700 Q.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Electrical Units and Unit Conversion.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Electrical Units and Unit
Conversion.

Learning Outcome

Students can explain the principles of electrical units and unit conversion, perform relevant
calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 2

Voltage, Current, Resistance and Ohm's Law
Learning Objectives

Define V, I, R and apply Ohm's Law.



Apply the related equations or operating principles.
Interpret theoretical and practical results.
Pre-Test — Diagnostic Assessment

What do you already know about voltage, current, resistance and ohm's law?
State one basic principle related to this topic?

Name one practical application?

Lecture Explanation

V=IR; I=V/R; R=V/I; R=pL/A; R_T=R_0[1+o(T-T_0)].
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Voltage, Current, Resistance and Ohm's Law.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Voltage, Current, Resistance and
Ohm's Law.

Learning Outcome

Students can explain the principles of voltage, current, resistance and ohm's law, perform
relevant calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 3

Direct-Current (DC) Circuits
Learning Objectives

Explain DC sources, loads and basic DC relationships.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about direct-current (dc) circuits?
State one basic principle related to this topic.



Name one practical application.
Lecture Explanation

For resistive loads I=V/R and P=VI=12R=V?2/R.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Direct-Current (DC) Circuits.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Direct-Current (DC) Circuits.
Learning Outcome

Students can explain the principles of direct-current (dc) circuits, perform relevant calculations,
and apply the topic to appropriate electrical circuits or measurements.

WEEK 4

Series Resistor Circuits
Learning Objectives

Analyze series resistors and voltage division.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about series resistor circuits?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

R T=XR; same current flows; V_i=V_TR /R T.

Worked Example



Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Series Resistor Circuits.
State the main equation or operating principle.
Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Series Resistor Circuits.
Learning Outcome

Students can explain the principles of series resistor circuits, perform relevant calculations, and
apply the topic to appropriate electrical circuits or measurements.

WEEK 5

Parallel Resistor Circuits
Learning Objectives

Analyze parallel resistors and branch currents.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about parallel resistor circuits?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

1/R_T=XZ(1/R_1); for two R_T=R1R2/(R1+R2); I i=V/R i.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.



Post-Test

Define the main concept of Parallel Resistor Circuits.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Parallel Resistor Circuits.
Learning Outcome

Students can explain the principles of parallel resistor circuits, perform relevant calculations, and
apply the topic to appropriate electrical circuits or measurements.

WEEK 6

Mixed Resistor Circuits
Learning Objectives

Reduce and analyze mixed networks.

Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about mixed resistor circuits?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Simplify the simplest series/parallel group first, then work backward for individual quantities.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Mixed Resistor Circuits.
State the main equation or operating principle.
Solve one representative problem.

Homework



Complete assigned problems and prepare a short summary of Mixed Resistor Circuits.
Learning Outcome

Students can explain the principles of mixed resistor circuits, perform relevant calculations, and
apply the topic to appropriate electrical circuits or measurements.

WEEK 7

Star-Delta and Delta-Star Transformations
Learning Objectives

Perform Y-A and A-Y transformations.

Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about star-delta and delta-star transformations?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

R_A=R_AB R _CA/(R_AB+R_BC+R_CA), with analogous expressions for the other branches.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Star-Delta and Delta-Star Transformations.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Star-Delta and Delta-Star
Transformations.

Learning Outcome

Students can explain the principles of star-delta and delta-star transformations, perform relevant
calculations, and apply the topic to appropriate electrical circuits or measurements.



WEEK 8

Applications of DC Resistor Networks
Learning Objectives

Integrate series, parallel, mixed and Y-A methods.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about applications of dc resistor networks?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Determine total resistance, current, branch currents, voltage drops and power.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Applications of DC Resistor Networks.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Applications of DC Resistor
Networks.

Learning Outcome

Students can explain the principles of applications of dc resistor networks, perform relevant
calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 9

Kirchhoff's Laws
Learning Objectives

Apply KCL and KVL.



Apply the related equations or operating principles.
Interpret theoretical and practical results.
Pre-Test — Diagnostic Assessment

What do you already know about kirchhoff's laws?
State one basic principle related to this topic.
Name one practical application.

Lecture Explanation

2[=0 at a node; V=0 around a closed loop.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Kirchhoff's Laws.
State the main equation or operating principle.
Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Kirchhoff's Laws.
Learning Outcome

Students can explain the principles of kirchhoff's laws, perform relevant calculations, and apply
the topic to appropriate electrical circuits or measurements.

WEEK 10

Maxwell's Method
Learning Objectives

Use loop currents and simultaneous equations.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about maxwell's method?
State one basic principle related to this topic.
Name one practical application.



Lecture Explanation
Assign loop currents and apply KVL to independent loops.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Maxwell's Method.
State the main equation or operating principle.
Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Maxwell's Method.
Learning Outcome

Students can explain the principles of maxwell's method, perform relevant calculations, and
apply the topic to appropriate electrical circuits or measurements.

WEEK 11

Thevenin's Theorem
Learning Objectives

FindV_THand R_TH.

Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about thevenin's theorem?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

A linear two-terminal network becomes V_TH in series with R_TH; VV_TH is open-circuit
voltage.

Worked Example



Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Thevenin's Theorem.
State the main equation or operating principle.
Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Thevenin's Theorem.
Learning Outcome

Students can explain the principles of thevenin's theorem, perform relevant calculations, and
apply the topic to appropriate electrical circuits or measurements.

WEEK 12

Norton's Theorem
Learning Objectives

Find I_N and R_N.

Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about norton's theorem?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

A linear two-terminal network becomes |_N in parallel with R_N; I_N=V_TH/R_TH.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.



Post-Test

Define the main concept of Norton's Theorem.
State the main equation or operating principle.
Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Norton's Theorem.
Learning Outcome

Students can explain the principles of norton's theorem, perform relevant calculations, and apply
the topic to appropriate electrical circuits or measurements.

WEEK 13

Applications of Thevenin's and Norton's Theorems
Learning Objectives

Solve load problems with both equivalents.

Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about applications of thevenin's and norton's theorems?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Use the simplest equivalent circuit to determine load current and voltage.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Applications of Thevenin's and Norton's Theorems.
State the main equation or operating principle.

Solve one representative problem.

Homework



Complete assigned problems and prepare a short summary of Applications of Thevenin's and
Norton's Theorems.

Learning Outcome

Students can explain the principles of applications of thevenin's and norton's theorems, perform
relevant calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 14

Superposition Theorem
Learning Objectives

Analyze linear circuits with multiple independent sources.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about superposition theorem?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Total response equals algebraic sum of responses from each source acting alone.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Superposition Theorem.
State the main equation or operating principle.
Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Superposition Theorem.
Learning Outcome

Students can explain the principles of superposition theorem, perform relevant calculations, and
apply the topic to appropriate electrical circuits or measurements.



WEEK 15

Voltage and Current Sources
Learning Objectives

Define and transform practical sources.

Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about voltage and current sources?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Source transformation: I_S=V_S/R_S, with equivalent resistance unchanged.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of VVoltage and Current Sources.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of VVoltage and Current Sources.
Learning Outcome

Students can explain the principles of voltage and current sources, perform relevant calculations,
and apply the topic to appropriate electrical circuits or measurements.

WEEK 16

Maximum Power Transfer Theorem
Learning Objectives

Determine optimum load in DC circuits.
Apply the related equations or operating principles.



Interpret theoretical and practical results.
Pre-Test — Diagnostic Assessment

What do you already know about maximum power transfer theorem?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

For resistive DC networks R_L=R_TH; P. MAX=V_TH?%(4R_TH).
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Maximum Power Transfer Theorem.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Maximum Power Transfer
Theorem.

Learning Outcome

Students can explain the principles of maximum power transfer theorem, perform relevant
calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 17

AC Quantities and RMS Values
Learning Objectives

Analyze sinusoidal quantities and RMS.

Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about ac quantities and rms values?
State one basic principle related to this topic.
Name one practical application.



Lecture Explanation
v(t)=V_m sin(ot+e); 0=2xf, T=1/f; V.RMS=V_m/2.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of AC Quantities and RMS Values.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of AC Quantities and RMS Values.
Learning Outcome

Students can explain the principles of ac quantities and rms values, perform relevant
calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 18

Phasors and Complex Quantities
Learning Objectives

Represent and manipulate sinusoidal quantities as phasors.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about phasors and complex quantities?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Rectangular a+jb; polar M26; M=V(az+b2?), 6=tan"1(b/a).
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.



Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Phasors and Complex Quantities.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Phasors and Complex Quantities.
Learning Outcome

Students can explain the principles of phasors and complex quantities, perform relevant
calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 19

AC Circuits: R, Land C
Learning Objectives

Analyze pure R, L and C circuits.

Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about ac circuits: r, | and c?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

X L=oL; X C=1/(0C); R: V and I in phase; L: I lags 90°; C: I leads 90°.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of AC Circuits: R, L and C.



State the main equation or operating principle.
Solve one representative problem.
Homework

Complete assigned problems and prepare a short summary of AC Circuits: R, L and C.
Learning Outcome

Students can explain the principles of ac circuits: r, | and ¢, perform relevant calculations, and
apply the topic to appropriate electrical circuits or measurements.

WEEK 20

Series and Parallel RLC Circuits
Learning Objectives

Calculate impedance, current and phase angle.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about series and parallel rlc circuits?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Series: Z=R+j(X_L-X_C); |Z=V[R*+(X_L-X_C)].
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Series and Parallel RLC Circuits.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Series and Parallel RLC Circuits.

Learning Outcome



Students can explain the principles of series and parallel rlc circuits, perform relevant
calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 21

Complex Operator / j-Operator
Learning Objectives

Use complex impedance and admittance.

Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about complex operator / j-operator?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Z R=R;Z 1=0L;Z C=1/(joC); Y=1/Z.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Complex Operator / j-Operator.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Complex Operator / j-Operator.
Learning Outcome

Students can explain the principles of complex operator / j-operator, perform relevant
calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 22

Resonance Circuits
Learning Objectives



Calculate resonance frequency, bandwidth and Q.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about resonance circuits?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Series resonance when X_L=X_C; f 0=1/2nVLC); Q=f 0/BW.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Resonance Circuits.
State the main equation or operating principle.
Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Resonance Circuits.
Learning Outcome

Students can explain the principles of resonance circuits, perform relevant calculations, and
apply the topic to appropriate electrical circuits or measurements.

WEEK 23

Network Theorems in AC Circuits
Learning Objectives

Apply Thevenin, Norton and Superposition to AC circuits.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about network theorems in ac circuits?
State one basic principle related to this topic.



Name one practical application.
Lecture Explanation

Use complex impedance and phasors instead of only resistance.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Network Theorems in AC Circulits.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Network Theorems in AC Circuits.
Learning Outcome

Students can explain the principles of network theorems in ac circuits, perform relevant
calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 24

AC Power
Learning Objectives

Calculate active, reactive and apparent power.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about ac power?
State one basic principle related to this topic.
Name one practical application.

Lecture Explanation

P=VIcose; Q=VIsing; S=VI.

Worked Example



Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of AC Power.

State the main equation or operating principle.
Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of AC Power.
Learning Outcome

Students can explain the principles of ac power, perform relevant calculations, and apply the
topic to appropriate electrical circuits or measurements.

WEEK 25

Apparent Power and Power Factor
Learning Objectives

Calculate apparent power and power factor.

Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about apparent power and power factor?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

S=VI, PF=cosp=P/S; explain power-factor improvement.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.



Post-Test

Define the main concept of Apparent Power and Power Factor.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Apparent Power and Power Factor.
Learning Outcome

Students can explain the principles of apparent power and power factor, perform relevant
calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 26

Maximum Power Transfer in AC Circuits
Learning Objectives

Apply conjugate matching.

Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about maximum power transfer in ac circuits?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

For Z_TH=R+jX, maximum average power occurs when Z_L=R-jX.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Maximum Power Transfer in AC Circuits.
State the main equation or operating principle.

Solve one representative problem.

Homework



Complete assigned problems and prepare a short summary of Maximum Power Transfer in AC
Circuits.

Learning Outcome

Students can explain the principles of maximum power transfer in ac circuits, perform relevant
calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 27

Electrical Measuring Instruments — Moving Coil
Learning Objectives

Explain construction and operation of moving-coil instruments.
Apply the related equations or operating principles.

Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about electrical measuring instruments — moving coil?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Moving-coil action produces deflection torque; commonly used for DC measurement.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Electrical Measuring Instruments — Moving Coil.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Electrical Measuring Instruments —
Moving Coil.

Learning Outcome



Students can explain the principles of electrical measuring instruments — moving coil, perform
relevant calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 28

Moving-Iron Instruments
Learning Objectives

Explain construction, operation and applications.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about moving-iron instruments?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Moving-iron instruments operate by magnetic force and can measure AC and DC.
Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Moving-Iron Instruments.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Moving-Iron Instruments.
Learning Outcome

Students can explain the principles of moving-iron instruments, perform relevant calculations,
and apply the topic to appropriate electrical circuits or measurements.

WEEK 29

Dynamometer Instruments and Oscilloscope
Learning Objectives



Explain dynamometer operation and basic oscilloscope use.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment

What do you already know about dynamometer instruments and oscilloscope?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Dynamometer instruments use fixed/moving coils; oscilloscope displays waveforms and
measures amplitude, period and frequency.

Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Dynamometer Instruments and Oscilloscope.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Dynamometer Instruments and
Oscilloscope.

Learning Outcome

Students can explain the principles of dynamometer instruments and oscilloscope, perform
relevant calculations, and apply the topic to appropriate electrical circuits or measurements.

WEEK 30

Practical Resistance Measurement Methods
Learning Objectives

Select and apply resistance-measurement methods.
Apply the related equations or operating principles.
Interpret theoretical and practical results.

Pre-Test — Diagnostic Assessment



What do you already know about practical resistance measurement methods?
State one basic principle related to this topic.

Name one practical application.

Lecture Explanation

Ohmmeter, voltmeter-ammeter, substitution, Wheatstone bridge, voltage divider and switching
methods.

Worked Example

Solve a representative numerical or conceptual problem using the equations and principles
presented in this lecture.

Learning Activity

Perform a guided circuit-analysis, calculation, demonstration, or laboratory activity related to the
weekly topic.

Post-Test

Define the main concept of Practical Resistance Measurement Methods.
State the main equation or operating principle.

Solve one representative problem.

Homework

Complete assigned problems and prepare a short summary of Practical Resistance Measurement
Methods.

Learning Outcome

Students can explain the principles of practical resistance measurement methods, perform
relevant calculations, and apply the topic to appropriate electrical circuits or measurements.

6. Recommended References

Boylestad, R. L., Introductory Circuit Analysis.

Standard electrical circuits and measurements laboratory manuals.
Electrical measuring-instrument manuals and manufacturer datasheets.



Mastering SI Units, Variables, and Circuit Fundamentals Sets the Stage for
Engineering Analysis

MODULE 01
Standardization & SI Units

Understand the International System of Units (SI) and convert
guantities using engineering metric prefixes (pico to Tera).

MODULE 02
Core Circuit Variables

Define Charge (Q), Current (1), Voltage (V), and Power (P) with
their respective standard units and relationships.

MODULE 03
Ohm's Law & Circuit States

Apply V = | x R to analyze Closed, Open, and Short circuit
conditions under DC excitation.

MODULE 04
Resistance & Configurations

Evaluate physical resistance factors (R = pL/A) and differentiate
Series vs. Parallel topologies.



Base Quantity SI Unit Name

Length Meter m
Mass Kilogram kg
Time Second S
Electric Current Ampere A
Thermodynamic Temp. Kelvin K
Amount of Substance Mole mol
Luminous Intensity Candela cd

Derived Electrical SI Units

* Electric Charge (Q): Coulomb (C) [1 C =1A-s]

» Electric Potential (V): Volt (V) [1V =1 J/C =1 WI/A]
* Resistance (R): Ohm (Q) [1 Q=1 V/A]

* Electric Power (P): Watt (W) [1W =1J/s=1V-A]
* Frequency (f): Hertz (Hz) [1 Hz =1 s™]



Electric Charge (Q)
Symbol: Q | Unit: Coulomb (C)

Fundamental property of matter. An electron carries -1.602 x 107" C.

Governing Relation: Q = I dt

-~

Electric Current (I)
Symbol: I | Unit: Ampere (A)
Time rate of charge flow through a cross-section.

Governing Relation: | =dq / dt

.

Electric Power (P)
Symbol: P | Unit: Watt (W)
Time rate of absorbing or supplying energy in a circuit.

Governing Relation: P=V x | = I’R

Voltage / Potential (V)
Symbol: V | Unit: Volt (V)
Energy required to move a unit charge between two points.

Governing Relation: V =dw / dq



Powers of Ten Scale Electrical Quantities Across 15 Orders of Magnitude

Giga 1,000,000,000
Mega M 10¢ 1,000,000

kilo Kk 103 1,000

milli m 103 0.001

micro 1 10°¢ 0.000001

nano n 107 0.000000001

pico P 102 0.000000000001
femto f 10715 0.000000000000001

Unit Conversion Rules

1. Larger to Smaller Unit:
Multiply by 10" (shift decimal right).

Example: 25 mA=25x 1072 A =2,500
MA

2. Smaller to Larger Unit:
Multiply by 107 (shift decimal left).

Example: 4,700 Q=47 x 10° Q = 4.7 kQ

3. Exponential Rule:
Difference between exponents = A
exponent.



Ohm's Law Defines the Linear Relationship Between Voltage, Current, and
Resistance

V=IxR | I=V/R | R=V/I

Where Voltage (V) is in Volts, Current (1) is in Amperes, and Resistance (R)
IS in Ohms.

Closed Circuit Open Circuit
Complete closed loop for current flow. Break in conductor path (R = «).
Finite current: 1=V /R Zero current: I=0 A
Finite resistance R > 0. Voltage drop V across terminals.

Short Circuit

Zero resistance connection (R = 0).

Maximum current: | — «
Zero voltage drop: V=0 V.



Material Resistivity, Length, and Area Directly Determine Electrical
Resistance

Physical Resistance Equation

R=px(L/A)

* p (Resistivity): Material property in Ohm-meters (QQ-m).
* L (Length): Conductor length in meters (m). R « L.
* A (Cross-Sectional Area): Area in m? (A = md%/4). R « 1/A.

» Temperature (T): Resistance increases with temperature in
metallic conductors.

Material Resistivity p (Q-m( Classification

Silver 10 x 1.59 Conductor
Copper 710 x 1.68 Conductor
Aluminum 10 x 2,65 Conductor
Silicon 10° x 2.30 Semiconductor

Glass / Rubber 10%* - 10" Insulator



Topology Dictates Whether Current Is Shared or Voltage Is Constant

Series Circuit Topology
Single Path for Current Flow

* Current: Same current flows through all components (I_total = |, =
I, = 13).

* Voltage: Total voltage equals sum of individual drops (V_total = V,
+V, + V).

* Equivalent Resistance: R_ eq=R; + R, + Rz + ...

* Reliability: Single open-circuit breaks current flow across entire
loop.

Parallel Circuit Topology

Multiple Branches across Voltage Source

* Voltage: Same voltage appears across every branch (V_total =V,
=V, = V).

* Current: Total current equals sum of branch currents (I_total = I; +
I + 13).

* Equivalent Resistance: 1/ R_eq =1/R; + 1/R, + 1/R;

* Reliability: Open-circuit in one branch does not halt flow in other
branches.




Applying Ohm's Law and Unit Conversions to Solve Circuit Parameters

-

EXAMPLE PROBLEM 1.1

A DC voltage source of V=12 V is connected across a resistor R = 2.4 kQ.
Calculate:

(@) Circuit current | in milliamperes (mA). (b) Total power dissipated P in
milliwatts (mW).

Step 1: Unit Conversion Step 2: Calculate Current (I)
Convert resistance to standard S| units: Apply Ohm's Law (I =V / R):
R=2_4kQ=2.4x103Q=2’4OOQ |=12V/24OOQ=0.005A

In mA: 0.005 x 10° = 5.0 mA

Step 3: Calculate Power (P)
Apply Power relation (P =V x |):

P=12V x 0.005A=0.06 W
In mW: 0.06 x 10° = 60.0 mW



Homework Problem 1
Unit Conversions & Prefixes

Convert the following quantities into
standard base Sl units:

(a) 450 pA to Amperes.

(b) 12.5 kV to Volts.

(c) 3.3 MQ to Ohmes.

Three Practice Problems Reinforce Core Concepts Before Next Lecture

Homework Problem 2
Ohm's Law & Circuit Calculations

A 100 Q resistor dissipates 4 Watt of
power in a closed circuit.

(a) Calculate the voltage V across the
resistor.

(b) Determine the current | flowing
through it.

Homework Problem 3

Physical Resistance Factors

A copper wire (p = 1.68 x 1078 Q-m) has
alength L = 50 m and diameterd = 1

mm.

(a) Calculate the cross-sectional area A

in m2.

(b) Determine the total resistance R of

the wire.



Electrical Current:

The continuous flow of free electronic constitutes an electric current. The unit of current is

ampere (A) and is measured by Ammeter. It is denoted by the letter "I".
Ampere :If one coulomb charge cross over the area of cross section of the conductor per
one second then the value of current flows through the conductor is called ‘one Ampere'.

One Coulomb:x 1018 number of electrons is mention as one coulomb.

Voltage: To create the current flow in a conductor; the electrical pressure which is used to
move the electrons is called voltage. It is denoted by the letter 'V'. the unit of voltage is 'volt'

and is measured by voltmeter.

One Volt:

One volt means the force to move one coulomb of electrons in one second.
Resistance:

The property of conductor which opposes the flow of current through it is called resistance.
It is denoted by the letter 'R'". the unit of resistance is ohms () and it is measured by Ohm

meter.
Ohm:

When a conductor having 1V potential between the two end points; one ampere current will

flowing through the conductor and the resistance value of the conductor is 1 Ohm ().

The electrical unit:

Quantity Symbol Unit | Abbreviation
Current I Ampere A
Voltage \ volt \

_ R Ohm Q
Resistance




Charge Q Coulomb

Power P watt
Engineering prefix:
Power of 10 Prefix Symbol
10" tera T
107 giga G
10° mega M
107 kilo k
107 milli m
10°° micro m
107" nano n
10" pico p

Examplel-Express the following in engineering prefix:

a) 10 X 10% volt. b) 0.1 x 10-3 watts. C) 250 x 10-7 ampere.
Solution:

a) 10 X 10* volt =100 x 103V =100 kV .

b) 0.1 X 10-3 watts = 0. 1milliwatts =0.1 mW .

C) 250 x 10-7 ampere =25 X 10-¢ A =25uA .

Example2- Convert 0.1MV to kV

Solution:

0.1MV =0.1x10V = (0.1 x 103) x 103 = 100kV

Homework : Convert 1800kV to MV



Law of resistance:
The resistance of a conductor in a circuit depends upon the following states:

It depends upon the material.
Directly proportional to the length of the conductor.
Inversely proportional to the area of the cross-section of the conductor.

It also depends upon the temperature of the conductor.

Resistance calculation:

R L
=p—
A

Where:

R is the resistance (ohms)

p is specific resistance (resistivity) in (ohm. Meter).
L is length of the conductor (meter).

A is area of the cross section of a conductor (Sg.m).
Specific resistance:

The resistance that is offered by one cubic cm material is called specific resistance. The

following table shows the specific resistance of material:

Materials Specific resistance is ohm - meter
Gold - 242x 10®

Silver - .63 x10%

Copper - 1.724 x 10°*

Aluminium - 2.83x10°

Rubber - 8x 107

Glass - 10 x 10"

Example-3: 1cm? cross section 50m long copper conductor has specific resistance 1.72*10°

Q.cm find the resistance.



Solution:
L=50m=50x%x100cm = 5000cm
A=1cm?
specificresistance = 1.72 X 10-822.cm

L 5000
R=p_=172x10-8X = 0.0086 2
A 1

Ohm's Law

A relationship was derived by the scientist Ohm; between the current; voltage and resistance

of the circuit. It says;

"At a constant temperature; the current flowing through the circuit is directly proportional to

the voltage and inversely proortional to the resistance”.

Voltage 4
Current= _ 2  or I=_
Resistance R
I
————

R=_
1

V=IXR

When the resistance of a circuit is constnt; if the voltage increases the current increases and
the voltage degreases the current decreases. If any two of the three values (I; V; R) are

known the third value can be easily calculated.

Example-4:The supply voltage of the circuit is 50V (reading of voltemetr ) and the
resistance value is 100 Q. Calculate the current flowing through this circuit ( reading of

ameter ).



Solution:
Voltage (V) =50V

= I
AN
727

-~

<

100Q2 = V)

\O
/

Resistance (R) = 100Q
Current (1) =?

According to Ohm's law

1="="-054
R 100

Example-5: For agivin circuit the reading of voltemetr is 150mV. and the reading of ameter

Is 75UA . Calculate the resistance value of the circuit.

Solution:

vV _150*107

75%107¢

=2%10°Q=2KQ

Electrical Circuits:

The circuit is defined as ; the current flows from the supply points through the load to

complete path. The type of electrical circuit are:
Closed circuit. 2) Open circuit. 3) Short circuit.
1. Closed circuit

When a load is connected between two terminals of an electrical supply in such away; that

the current should pass through the load is said to be closed circuit.



Ve i Y )

2. Open circuit

In a circuit if there is no way to the flow of current due to disconnection of wire or if the

switch is Off state; then the circuit is said to be open circuit.

(0) ST n

3.Short Circuit:

The wires contact each other when there are connected in supply; the short circuit will occurs
when two terminals of the supply is connected directly without the load the current flow of

the circuit is infinite because it has no resistance.

(/(‘ ’/ J‘ I

Classification of electric circuits

Series Circuit.



Parallel Circuit.
Series Parallel Circuit.
Mesh or Network Circuit.

Series Circuit:

"I" ampere current flows in all resistors™ ,For agivin circuit ( E )is electromotive force of

power supply ,V is total voltage of source or ( Vs)

== p =K

: - \/\'1 — : : = \'-2 :
— \/\/\'—'—’VV\/‘—l' ______
R, R, L=F -

Each resistor has a voltage drop across it as given by Ohm's law. Thus
Vi=1IRy; V, =IRy; V3 =IR3

The total drop in three resistors put together is:

E=Vi+V,+V;

= IR, + IR, + IR

- I(Rl +R2 +R3)

4
=Ry +R; +R3 Were[l—zR]

~1 ™

~ R=R;{+ R, + Rz thisis called (total resistance )Ry



RT=R1+R2+R3

Voltage divider rule :

R

v, =EX 1
R1+R2+R3

R

v, =EX 2
R1+R2+R3

R

Vs =EX 3
R1+R2+R3

Example-6: the 56Q; 100Q; 27Q; 10Q2 and 5.6€ resistors are connected in series across a

24v supply. Find out the total resistance of the circuit and current that flows through the

circuit.
Solution:
R = S6<2 R ., — 100 <2
— A\ \NN———— "\ NN
I
e i — Zif— S =7 €
Rs =562 R,=10% '
— N\ \NN\N "\ NN

Rr=R;+R, +R3+R,+Rs =56+100+27 +10 +5.6 = 198.6Q

vV
I=_ -2 _90.124
Rt 198.6

Example-7: Three resistors are connected in series. If the current passing through the circuit

iIs1m A, find the voltage source .

Vo — = R,; = 4.7 k2

Solution: Ry = Ry + R, + Rz = (1 + 3.3 +4.7) X 1000 = 9000Q



Vg=IxRy=1X10-3 %9000 =9V

Homework:- for giving circuit find (R ) ?

\
|

— R, =10 <>

I Y = 200 12 A

E-— 100 WV

\
(

Homework :- for the circuit shown the reading of voltmeter is (4.69v) ; the resistor (R;,) is
( 1.5KQ),find (Ry) ?

(-
L ANNV——ANAN
R, R,

VS SN, T —

Resistance in parallel Circuit:

When resistors are connected across one another so that the same voltage is applied between
the end points of each; then they are said to be in parallel. The current in each resistor is

different and the current( I) taken from the supply is divided among the resistors.

A - = — d -
1 | © I, A 1 | u I |
R, ;;: R, — R, =
= R, > -
B N \NN\NN— Be
r{.] A - >
A —— ——=V\VV !
1 I,
R 11, Iﬁl[
I, by Ry —= =R,

For two resistors R; and R, connected in parallel then



IT:II+IZ

Vs V4 V,
WereV5=V1=VZ alSOIT=R_ ,Il_R_,Iz_R_
T 1 2
V¢ Vi V, Vg 1 1
R ) 2y ety
Rr R1 Ry Ry R4 2
1 1+1 Ri X R,
— = —T— = R
Rr Ry R, ""Ri+Ry
I, R,
N N
j R
WAV ANV AN
I I
+ g —

Current divider rule :-

41

11=R—1wereV1=V5 and Vg =Ry X It

RIXRZ R1XR2
CR SR AR, V1T R AR, T
R1XR
c1 =V 5 =(Ri+R§XIT)/ = IrXR,
1 R1 1 Rl R1+R2
_ IrxRy
2 R1+R>

In parallel circuit total current (1) is equal to some of the current I1; I and Is.
IT - 11 + Iz + 13

According to Ohm's law we can find the total resistance (R+) as given below:

11



I = —
T Ry
|4
11 = —
Ry
|4
12 = —
R2
|4
13 = —
R3
_ RiR2R3

T R>R3+R1R3+R1R>

V=V1=V2=V3=VS

x5 == 5
—_— e
™
T — ==
— = m
I = E=
—
S T
- I
i
— T

Example-8: The resistor ( 6Q) ) are connected in parallel with resistor ( 4Q) ) across the

voltage supply (24 v), find the total current .

o 4 r= 4
= R M
o - B
I
e AT
o oy
g

Solution
R1:6Q,R2=4ﬂ V = 24v
RT =7 ,IT =?

In parallel circuit

11



R =12 - _2_9 49

T R{+R; 6+4 10

According to Ohm's law

=YL =2=104
Rr 24

Example-9: Three resistors 10Q; 5 and 2Q are connected in parallel. The total current

flowing in the circuit is 2A. find out the total resistnce and supply voltage of the circuit.

Solution:
I, I= 4
= M
I = .,
— g
p =
AN ALY
Ty
— L
4+ Ny —

R; =102 R, =150 R; =20

Rp=2 I;=24 V=

R.. = __ Ri1R7R3 _ 10x5x%2
T R2R3+R1R2+R1R3 (5%2)+(2%10)+(10%5)
100 1

00
= = =1.250
10+20+50 80

V=ITXRT=2X1.25=2.517

Resistance in series parallel circuit : In this circuit one and more resistors connected in

series with one more resistors connected in parallel. It is a combination of series and parallel

circuit. Here the total resistance (Ry) of the circuit is:

12



+ — Ry = =
Va T e
R,= =
A® sA'A%
Ry [ R;
R, S
b
D » AN

Rr=R; +R,/(R3 +Ry)

Example-10: , Find out the total resistance of the series parallel circuit.

Solution:

R, =47 R; =47CQ

— AN

R

5

ATAYAVA

— AT R, — 6802 B

R = 7502
_|_ S
ve —T—

3902

68x39

=75+ = 99.80

Rr4se 68+39

Rras = 47 + 47 = 94Q

RT = R1 + (RT456 // RTZS) ES 100 + 484 ES 14849

9402

99.8Q2

Example 11 :- for agivin circuit find the current passing in each resistors ?

13



Solution :-

Ry =R+ (R2//R3)

2.2x3.3
Rr = 1+(m) =2.32 KQ
Vg 22
Iy = =9.48mA

“R; 2.32x1000

It xR;  9.48 X103 x 3.3 x 10°
~ Ry + R, - 7 (2.2+3.3) x 1000

I = 5.688 mA

9.48x 107 x2.2x10°
ILi=—G72333x1000 ~>"7"™

Example-12: Find the current through each resistor when the applied voltage is 50v

$ I,
1 1 * -:!::
-:Iﬁ, R 2 =
2 o = 3300 A
T — SOV 5600

\ S R ()\ I 4 ¢ ‘L. J:_ ‘ 14
R, = = R,
33002 [ [ 56002

Solution:

R334 = Ry + (R3 // Ry)
14



330 x 560

R234 = 330+(m

v _ 50 _
L, = R34  537.64 0.092 4

I xR 0.092x560
5 = 2SR R — 0.057A
R3+Ry 560+330

_ Vv _ 50 _
Iy = - =55 = 0.0894

) = 537.640Q

Example 13 : for agivin circuit ; find the voltage across the points Aand B ?

Solution :

R,

1500

R,

A
[k

560> = R, =560Q
L]

B

Ry =Ry + (R3// R4)

560x560

R, = 150 + ( ) = 4300
560+560
1=5=-%_01864
Rt 430
__ RzxRz _ 560x560

Rpp = Rz+R3  560+560 2800

Voltage drop across AB is: Vg = Ryp X I = 280 X 0.186 = 52.09V

15



Star and delta connection:

In soving networks having considerable number of branches; one sametimes due to a large
number of equations that have to be solved. This complicated network can be simplified by

replacing delta meshes by equivalent star system and vice versa.

Suppose we are given three resistance R; Rgand R¢ connected in delta fashion between
terminal A; B and C as shown in figure. these resistances can be replacing by three resistance

Ri; R, and Rz in star as shown in.

B

Delta to Star conversion:

iy . TR &

p ;= S R T
e e g = B o IOh

- R g - R s - R
= . — R =K

= B AR W

16



Star to Delta conversion:
R‘;\ :R*' +R_.5 —+ Rle

R
RB=Rﬂ+Rz+w
- - R,
R = RI+R’+&
= R .

Example-14: Find the total resistance between the points A and B of figure(a).

Solution:
10 -
ReAAA (
10 X8 7, 402
Y g 52
60
D .\'.‘f\u’A"v B
»—7 r\‘\;
8 7, X a0
B \-/
B

For finding Rag We will convert the delta CDE of figure(a) into its equivalent star as shown

in figure(b)
Res=4%x4/14=16/14=8/-0 ; Rgs=4x6/14 =12/70

Rps = 6 x 4/14 = 12/7Q

24 —
A v C
= T oA
12 T L %___ 12 T L
o e
= <}
B = L L]
b

The two parallel resistances between S and B can be reduced to a single resistance of (3.6

Q) as shown in figure (c).

17



s

7 <>

e
As seen from figure(c):
Rsp=4+(8/7)+(3.6) =8.6Q

Examplel5 : for the circuit shown in figure ; find the current passing through ( R.=18KQ)

o o
/180 \
Vi ] Z s C AV D

For finding Rt we will convert the delta CDB into its equivalent star as shown in figure

- C co D
18kQ
C a—AWA » D \"L% J\i\‘\/
N\ / T B
R, =22kQ % § R, =2.7kQ i~ S
QK\\/}\ o T l-'(l’-’.o
B B
18x2.2
Rep = — —=— = 1.73KQ
18+2.2+2.7
18x2.7
Roo = f5r2zsa7 = 212K
2.7%x2.2
Rpo = Tgrazsz7 = 0-26K0

18



A

R, =4.7kQ « /\ R, =3.9k0
d

/o
£
Ls

™ = L

N =20 et C < > D
via W)

1.731;0""**‘“ 2.12kQ

= 0.26k0

|
B

_ (4.74+1.73)x(3.9+2.12)

Ry = (4.74+1.73)+(3.9+2.12)

+0.26 = 3.37KQ

=¥ __ 120 —356m4
Rr  337x1000

By using current divider rule to finding I, and I,

1x(3.9+2.12)

= Gorzinrariizy - 17-2mA

I

Ix(4.7+1.73)

I, = (3.9+2.12)+(4.7+1.73)

= 18.38mA

Ve=1; x1.73 x 1000 = 17.2 X 10-3 x 1.73 x 1000 = 39.18V
Vp=1I,x2.12 x 1000 = 18.38 x 10-3 x 2.12 x 1000 = 48.32V
Vep =Ve—Vp =39.18 — 48.32 = (—9.14)

I _—Vep _ 914 =0.507mA
18KQ ™ 181000 18000

19



Home work : for the circuit shown in figure find the current passing through

( RLZIKQ )

Vs =12V

Kirchoff's Law

Kirchoff's law is used to find out the current flow in the network circuits easily where Ohm's

law is not applicable. It is applicable both for DC an AC circuits.

Current law:

The sum of the current flowing towards a junction ( node ) is equal to the sum of the currents

flowing away from it. This is called Kirchoff's current Law( K.C.L).

s
In the figure above J a junction (or node) formed by five conductors. The current in these

conductors are Iy, I, 13, 14, and Is.

Some of these currents are flowing towards J others away from it.

According to Kirchoff's Law:
21



ILi+1, +13 =14+ I5
Flowing towards J = Flowing away from J

Otherwise

I1+1, +1I3—1,—1I5=0 this is known KCL equation
Voltage Law:

At any closed circuit the potential drop (IR) at each resistance is equal to the total voltage

given to the circuit.

= T e +
o e IR . IR - i
—— AN NN
— — — t

In a closed circuit, the sum of the potential drop is equal to the sum of the potential rises.

This is called Kirchoff's Voltage Law.
V¢ =IR{ + IR, + 1IR3 + IR,

Example-16: In the circuit of figure using Kirchoff's laws, find the current in the various

elements.
A n O
A VAVAVA: NN\
+ R, =6 Q Ry =8 €2 "
(21 ¢} ¥ Ae— = —
: )

110 v

Solution:

According to Kirchoff's first law mark the direction of current flow. According to second

law, Write down the KVL equation in the closed circuits

21



— AN ANNA———
+ R; =62 R; =8
S_)(_)\' ———y _:_': ——
= L4+1 | S Rpx=20

ABEFA forms a closed circuit (LOOP 1)
6I,+2(I; +15) =90
61, + 21; +2I, =90
8I,+2I, =90 ——— (1)

CBEDC forms another closed circuit( LOOP2)
81, +2(I; +1,) = 110
81, + 21, + 21, = 110
21, +10I, =110 — — — (2)
To solve, equation(2) is multiplied by 4.
8I, +40I, =440 ———(3)

subtracted eq (1)from eq (3) 81, + 21, =90

81, + 401, = 440

—381, = —350

350
381, =350 =1, == 9.211A

Substitute the I, value in equation (1)
81, +2(9.211) = 90
81, +18.422 =90

81; =90 — 18.422
22
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_ 71578
8

= 8.9474

I
From this,

The current through 6Q resistor is = 8.947A

The current through 8Q resistor is = 9.211A

The current through 2Q resistor is = 8.947+9.211
= 18.158A

Example-17: By using Kirchoff's law, calculate the current flowing through each resistor as

shown in the figure.

A = C
——AAAN AANNN——
g R, =52 R, =4 O
e e—— I . ;
4 —r— G T I b
B :_“—i R_’ =200 i »
O L> e
In the LOOP (ABEFA)
511+20(11+12):4 ———(1)
I, I,
A s = e C
——— AN AAN——
| R, =5Q R; =4 O
—_— —— +
i TS L+ |2 rR,=200 | 2 O
) O L) o
251, +20I, =4 ———(1)
In LOOP EDCBE

201;+24I, =6 ———(2)

23



Eq(1) x 4 1001, + 801, = 16 — — — (3)

Eq(2) x5 1001, + 1201, =30 ———(4)

—401, = -1
I, = 0.35A

Substitute I, = 0.35Ain Eq(1)

251, +20(0.35) = 4

1, =-0.124

The path of the current flow in the 5Q resistor is —ve therefore we assume current direction is

opposite to that as shown in figure.
Current I; in 5Q resistor = 0.12A
Current I, in 4Q resistor = 0.35A
Current I:+1, in 20Q resistor = 0.23A

Example 18 : - by using Kirchoff's laws find the currents in each resistors for the circuit

shown .
Solution :
ll | I 13
ar—AMN—2 = Aapmap— S A= 4
102 I ! 300 200
J ) 7 —— 20V — 15V
200 % - % o2 iy
| I3

We assume the currents in the each resistances and branchs
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applaying K.C. L for nodes b and c
Is I,+ 1

I,

eq -—-1
5 eq -—2

~pplaying K.V.L forlocop ( 1)
10=101, + 20154

~.10=101, + 201, + 201,

10=301;, — 201> eq —3
applaying K.V L for loop(2)

201; — 20+ 301, —101I, = O

20= 20(1,+ 1) +301,—10(15;— 1)

20= 20I, + 601, — 1014 eq -———4

applaying K.V.L for locp ( 3 )

1SS —20F;. — 10T 50

—15=—2015; +10(15; —1I5)
— 15=101, 3014

eq ——5
then solved eqgqs 3.4 and S

10 =301, + 201, —(0) 1
20 = 201, + 60I, — 101

—15=(0)1, +101I5 — 301,

25



By ysing matrix method

10 .30 20 0 I,
20|=| 20 60 —10 I,
—15 0 10 —30

[vli=I[r]-[]
30 20 0
A=| 20 60 —10
-0 10 -3

|A] =30(60 *(—30) —(10) *(—10)) — ( 20) *(—20*(—30)—0) +0(...... )

10 20 0
l,=L 20 60 —10, =0.05128A
IAI —185 - 10 —30
30 10. —0
I, =—l-- 20 20 ~10|= 0.423A
|A| 0 — 15 —30
30 20 10
I =L 20 60 20| = 0.641A
|A| 0 10 =15

I,=1; — 1,=0218A

I.=1,+1, =0.05128 + 0.42300 =0.47428A

Maxwell's loop current method

This method is derived from (KVL) and can be applied by the following step:

1. Convert all current sources in the circuit to voltage sources.

2. Assign independent loop in the circuit to be analyzed (all the loop have
the same direction).

3. Write the loop equations of the circuit as in the following formulas.

|IZRIoop1‘ I22Rbetween loop1&27 erveranes '|nZRbetween loop1&n= Z\/Ioop1 ----- (1 )
- 12Rbetween loop1&2t IZZRIoopZ'-" seveens -"nZRbetween IoopZ&n= ZVloopZ- . (2)
‘|1ZRbetw.ven loop1&n~ IZZRbetween loopn&2™+eeseeeees +|nZRloopn=ZVIoopn ----- (n)
Solve the above equation to find out the current value(ly, l2....... In)

26



Example-19:Find the current through the 10 resistor.

3002 15 €

AVAVAVA [ INNIN

oV = CT' ™ lofé ( )

— 60V
Solution:
Loopl 30—-30I; —(I;{—1I;)—60=0—-———eq(1)
L00p2 60—10(12 —11)—1512 =0 ———eq(Z)

Rewrite the above equation
—40I; +10I, =30 — ——eq(1)
101, — 251, =—-60 — ——eq(2)

The current through 10 ohm resistor is (1, — I,) and can be determined using the

determinates:

—40 10 1 30
X =

| 10 —25| |12| |—60 _
;a0 p5l _ BOXC2S)~(-6 )x10) _ _150 _ 0.1664
1 40 10, ((—40)x(-25))—(10x10) 900 '

10 -25
I = I_ﬁ,o _3600I _ ((—40)x(-60))—(30x10) — 2100 _ _2.334
27010 (Ca0x(25)-(0x10) 900 '

Iiog =1, — I; = —2.33— (—0.166) = —2.1644

Example-20:Find the current through each branch .
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11(10+8)-1,(8)-15%0=24 ......oooooe.. 1
11(8)+1o(8+5+4)-13(4)=4 ..o 2
15(0)-15(4)+13(4+20) =2 ooovvvooe 3

Rewrite the above equation:

18l;- 8l,= -2

-81,+171,- 41,=4

Al 2413= 2 3
Solve the above equation we obtain:l;=-0.54A ,1,=0.92 A ,1;=0.678 A

Home work

Example : find the current in each resistor by using Maxwell's loop current method

15V
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Type of D.C source
1-constant voltage source .

Constant Voltage Source

AV
} Re

o
w
J'\/\ v."-.l —

v

Rs= the internal resistance of source
R_= the load resistance
V= the voltage source or electromotive force (E.m .f)

2- constant current source

Constant Current Source

A
-,
S -~
<
B

-
—_—

()
AN

~

N
vV A \J"‘\:’A\"
~
L

A :
i Rg l L
Ng e ;—:RL = Ie } D :;Rs
= < =

29



Vs

I, = , Rs
© Rg+Ry

Re+ Ry

IL;‘ 's Vg =Rg ig

Thevenin’s theorem

Statement: A linear network consisting of a number of voltage sources and resistances can be
replaced by an equivalent network having a single voltage source called Thevenin’s voltage

(V1h ) and a single resistance called Thevenin’s resistance ( Rth).

Explanation:
A
NANAAS NN >
R, R,
e R, l{l
l:" “~
B

Consider a network or a circuit as shown figure (a) . Let E be the emf of the cell having its

internal resistance r = 0 . R load resistance

The load resistance ( R ) is removed figure (b).the current (1) in the circuit is

1=_°F

R1+R>
The voltage across AB = Thevenin’s voltage (V)

EXR>»

Vrn =Vap =IXR; =

R1+R2

To find Ryy,:

R1XR3

Rrp = R3 +
Th 37T RitRy
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Example-21: For the circuit in figure find the current in (R=6Q)by using Thevenin's

theorem.
Solution:
a
SAYA A= AVAVAYA
i R, = 4€2 R =82
_'_
10V = S R
- = R, =60 >V
b
To find the (V)
a
B AAANA—
g R; =4 R, =8 ,
1OV e e o R
- < . ) i
b

10-5=1(4+8)=1= "4
12

5 5
Vpp =10 =4 X _— =833V orVy, =5+ 8X_—

To find ( Rrn)

A

—
—_
v
'\| \ [\
|j V .\,‘ V
—G
—
-

VYV

| J‘ \','

4x8
Rpy = o = 2.660

To find the current in (R=6Q ) by using Thevenin’s equivalent circuit

[ — 833
62 T 5 66+6

= 0.964
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Example-22: For the circuit in figure find the current in (R=8Q)by using Thevenin's

theorem.
Solution:
2mA IC]) § 10kQ2 % R, =8kQ

To find the (V1)

Vip =2 X103 x10 X 1000 = 20V

. 12kQ
NW—
1=0 .
' = 10kQ b
2mA (1 <
SONEE- =
b
Tofind (R )
. 12kQ
/\./\/\./‘w_.
I1=0
?. 10KO R ™
open — 10k€2
= =

Rrp = 10 + 12 = 220
32



To find the current in (R=8Q ) by using Thevenin’s equivalent circuit

R, =22kQ
ANV A
\. h = 20\. N "~ / ~
J. B
3T — \.Ihw i
RTH + RL
20 20 2
= = =-mA
(22+8)x1000 30000 3

Second method by using C.D.R's

_ 2x1073x10x1000 2
= =-mA
(8+12+10)x1000 3

8KQ

Example 23:- find the current in ( R.= 1KQ ) by using Thevenin's theorem .

Solution :
A
R '-.;S\:-/\lef{ :
/ '\E'{I' \
Y} — C VA D
Y, &
Rx -‘L:/'\/X—\ [{4
B
To find the (V1)
V — V _ V — (VSXRg) _ (VSXR4_) —
Th ¢ b R3+R1 R4+R>y
v = (24><680 24><560) — 16.158 —

)~
Th 680+330 560+680
Or by finding I, and I,

_Vs

= o V = I X R
R1+R3 ¢ 1 3

I

A

—_— ('

R, =3300

0

0

"~

v

»,:\:.A/\Z? R: ;6

) "%

R, =680Q 7

TRy =1KQ
/D

"\Uf\‘/\/k
N

b ¥4

4 = 5600

10.838 = 5.32V
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Iz__vs_ .‘.VD=12XR4,

‘L L
R, =330Q< < R, =6800Q
§—de < 2 -
- = >
< <
:4\'——
= C f— v, ~— D

. = 680Q ) < :
By=9 é Ve Vp|S Ry=560Q

To find (Rm)

__ RixR3 |, RaxR4 _ 330x680 , 560x680
Ri+R3  Rz+Rs 330+680 560+680

Ryp

222.178 + 307.096 = 526.27Q

A -
=
——ININN———
RTI)
=, e m—
NN
i =1 3 = T - 1D
L AANA——

34



—_ 890 N9
Ry, =529.27Q

AAAA

P2 AN eet—
\lh 5.32) emap—

532 A
lep=————=3.5mA
: 329.27 + 1000

Norton's Theorem:

This theorem is an alternative to the Thevnin's theorem. In fact it is the dual of Thevnin's
theorem. Whereas Thevnin's theorem reduces a two-terminal active network of linear
resistances and generators to an equivalent constant-voltage source and series resistance.
Norton's theorem replaces the network by an equivalent constant-current and a parallel

resistance.

Example-24:Apply Norton's theorem to calculate current flowing through 5Q resistor of

figure (a) below.

Solution:
A4€2 e
e AN A
: [ |
DOV o = 4Q - = s@

yvy
—
-~
Iv
A

Remove 5Q resistor and put a short circuit across terminals A and B as shown in
figure (b).
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j_ 40 100 l ”

Let us find Isc. | combination of 4Q and 8Q in series with a 4Q resistance.

R =4+7°=%¢
T 4+8 3
Hence I=2= 20 =34
Rt (20/3)
4
=3X__ —
Igc = 14

In figure (c) battery has been removed by short circuit and Norton's resistance is:

[(4]]4) + 8]]|10 = 50

e 8€2 80
ﬁ/\/\/\/—\ VWA X la ‘ VWW\ x »
;::: 4€) s R N :':; 20) s R N
= 10Q o i <= 10Q o
{ | | b [ | | b

Hence; figure (e) gives Norton's equivalent circuit
Now join 5Q resistance back across terminals A and B. the current flowing through it

Is:

. _ Bl _oa s o 12 )
R+ Ry S0+5Q = - B i e FR=s8

36



Example-25:Apply Norton's theorem to calculate current flowing through 80Q resistor of

82002 . 6800

AAAA
\AN/

L
100Q = —
'Y 2200 <

- 10V

800 =
=
figure (a) below. B

Electric Power in D.C circuit :
Power is defined as the product of voltage and current. Unit of power is watts and denoted

by the letter "P".

2
P=VxI watts P=1I2XR P=%Watt

Example 26 :- for the circuit in figure shown find (P, ) and (P;) .
Solutin :-

[=—5-=_1 =0.0644

R1+R>2 100+56

P,=VyxI=(RyXI)xI=1I2xRy=0.0642 x 100 = 0.4096 w

P, =V, XI=(R,XxI)XI=I2XR, =0.0642 X 56 =0.2293 w

R, =100Q =

V=10V ™

Example27 : for the circuit in figure find (Vs ) if (P=05w).

Solution :
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v - = R, =47 kO

— —
_ =] = \/_1 — 0.5 —
P, =I2 X R, n \/—1000 0.02234

Vs =1Ix (Ry+ R, + R3) = 0.0223 x 9000 = 200.1V

Maximum power transfer

A resistive load will abstract maximum power from a network when the load resistance is

equal to the resistance of the network as viewed from the output terminals.
maximum power( P,,,,)When R; = Rg

And using Thevenin's theorem then find P =- Th
max 4’RTh

-
Ve
\/

v V

AAN

\V

Example-28: for the circuit in figure(a); at maximum power transfer find the value of

RL and Pmax ( all resistance in ohm) .

Solution:
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We will remove R and find the equivalent Thevenin's source. As seen from figure(b) V
equals the drop across the vertical resistor of 3Q2 because no current flows through 2Q and
1Q resistors.

3
VTh=15X3—+3=7.5v

Thevenin's resistance can be found by replacing 15v source with short circuit as shown in
figure(b)

3 2
"'\'*'.I'JII.' 'ﬂl'nlllll.'l".l'.' "TI
L ! 'J".I'l']n"i'z B
(b)
. 3x3 _ _ Erp _ 75% _
Rpn=2+1+ 13 4.50 , Pax W a5 3.125w

Superposition theorem

In a linear network having number of voltage or current sources and resistances, the current
through any branch of the network is the algebraic sum of the currents due to each of the

sources when acting independently.

Example-29: In figure(a) below find the different currents flowing in the branches.

[] -

250

— 6V

-

A

39
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Solution:
In figure(b) the 12v battery has been removed. The various currents can be found by
applying Ohm's law:

2x6

Ry =2.5+__ =40
2+6
’ ’ 2 2 6
I = _=-=154: 1 =1.5x__=1.5x-=-=0.3754
1 g 4 6+2 8 4
I =1.5x ° 6
) ___=1.5x-=1.125
6+2 8
h—f; P -—f;:
- PN T e AAAANN
250 20
J
6V 60 = l!'
=
i 4
i 1 f
fb)

In figure(c) 6v battery has been removed. The various currents and their direction are as

shown:
R, =2 +22° =3.7640
2.5+6
r=""=" -3184:1'=3.18x *®> =3.18x>° °
T __=-=10.9354
2 g, 1764 6+2.5 85 4
n 6 6
I' =3.18 x —3.18x _° =2.2454
1 6+2.5 8.5
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I~ -— { L -
AANANS - ‘ AAAAAN— -
S0 26
Itis
- E‘ "
charging 6Q = lf 12V —
current
- -

11=I'1+I';= 1.5-2.245=-0.7454

I, = I'2+I;= —1.125+3.18 = 2.055A

I=I'+1"=0.375+0.935=1.314

Example-30: In figure(a) below find the different currents flowing in the branches.

2002

200
10011@1] 80€2 %
— Ve =10V

41



Capacitors
Electric flux lines always extend from a positively charged body to a \ A \

negatively charged body. always extend or terminate perpendicular to =

the charged sarfaces, and never intersect. & —
. e N B

Electric flux distribution

Fundamental charging network.

S T s o e e e |
CAPACITANCE
&

A capacitor has a capacitance of 1 farad if I coulomb of charge is ] l I
deposited on the plates by a potential difference of 1 volt across the = [T — — — — ——
plates. T

C = farads (F)

C= Q Q = coulombs (C) Electric flux distribution between the plates of a capacitor.
v =
V= volts (V)

v
E = = (volts/fmeter. V/m)
V(volts) | +1 — V{volts) | v
I — €=— | (volts'meter, V/m)
i (Diclectric = air) d
— o op— + e
- —_ + =
— (Diclectric) 4 =
- = +
|| — (Resultunt) 4 ||=
d Dielectric -

——
(b)

Effect of a dielectric on the field distribution
between the plates of a capacitor:
(a) alignment of dipoles in the dielectric;
(b) electric field components between the
plates of a capacitor with a dielectric present.
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T he ratio of the flux density

to the clectric ficld intensity

in the

diclectric 1s called the permittivity of the dieclectric:

(farads/meter, F/rm)

For a vacuum. the value of & (denoted by €,) is 8. 85 =<

1O "~ F/mm.

The ratio of the permittivity of any dielectric to that of a vacuum is
called the relative permiattivity., .. It simply compares the permittivity

of the diclectric to that of air. In eguation form.

€ — €.,

Note that €

dielectric constant, as

& =0
<

Ey

-

is a dimensionless guantity. The relative permittivity,
is provided

it i1s often called.

wvarious dielectric materials_

L D _ wiA __ oA _ od
= v Nt oA
— S
==
_ <d
e A
TABLE 101

oOr
in Table 10.1 for

Relative permirtivity (dielectric constant) of various dielectrics.

Dielectric €, (Average Values)
Vacuum 1.0
Air 1.0006
Tefion 20
Paper, paratfined 2.5
Rubber 3.0
Transformer oil 40
Mica 50
Porcelain 6.0
Bakelite 7.0
Glass 75
Distilled water S80.0
Barium-strontium

titanite (ceramic) 7500.0
A
"o € d (F)
A —32
C = e, = 885X 10 "e,% (F)
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TRANSIENTS IN CAPACITIVE NETWORKS:
CHARGING PHASE

I

}led decay

Small change o 4
———

te- during the charging phase.

When the switch is closed at ¢ = 0 %, the current

Jumps to o value limited only by the resistance of the network and then

decays 10 zero as the plates are charged,

is the source voltage since 1 = i ™ ip = 0 A and v = iR = ()R

the voltage

0O V. For all future annlysis:

Vo during the charging phase.

A capacitor can be replaced by an open-circuit equivalent once the
churging phase in a de network has passed.

Looking back at the instant the switch s closed, we can also surmise

that a capacitor behaves as o shor ci

3

closed in a do charging network, as shown in Fig.

o= o owm o= E/R, andd the voltage v = F — vy, = F — 4R =

E -~ (ERR ™ FE ~FEw=0Vatt=0s.
Through the use of enleulux, the following mathematical equation
for the charging current i can be obtained:

===
T RO

wRe

(seconds, 5)

time constant = 7 ™ RC

Ye = 0 v
A RA T j —-0A
';V l .
"
*
hat Virw= E
the cay or = =
- |
Open-circuit oquivalent for s capacitor
following the changing phase.
AARA " sl e k
yyv
the switch is Yvu=E" “l‘
-
The current pan TN Ve om0V

Short-cirowit equivalent for a capacitor

The current i of a capacitive network is essentially zero after five
time constants of the charging phase have passed in a dc network.

| ve=EQ1 -9 |

EXAMPLE

a. Find the mathematical expressions for the transient behavior of v,
I~ and vy for the circuit of Fig. 10.35 when the switch is moved to
position 1. Plot the curves of v, i and v

b. How much time must pass before it can be assumed, for all practical
purposes, that i~ = 0 A and v = E volts?

Solutions:

a 7T=RC=8BX1000)4 X 107°F)=32%X 10" s =32ms

By Eq. (10.15),

ve=E1 — ") = 40(1 — "1

1c=

VR e

E
R

e-lr

A0V _sarcion
8k

= (5 X 107~ "rx10)

Ee~¥7 = 40— t02%10-)

b. 57 = 5(32 ms) = 160 ms

19

(switch closed, t = 0).
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[ ve= Ee” | [E——
= Fi=—
o ? RC
discharging
Demonstrating the discharge behavior of a
capacitive network.
The voltage v = v, and
— —RC
| ve= Ee | s

EXAMPLE
R u, Find the T ical exy i for the transient behavior of the
AAA 1 33 volinge across the capacitor of Fig. I the switch is thrown Into

100 kit - position | at £ = O x
& b Repeat part (o) for i
e TR - 1 : My 200 kX . Find the th ical expressi for the response of v and 7o i
Vo e 008 g the switch ix th n into g iti 2 at 30 mx (assuming that the
= leakape i of the capact s infini 1 ).
o Find the h ical exprossi for the voltage v and current i
iFthe switeh ix thrown into poxition 3 at £ = 48 mx,

e. Plot the waveforms obtained in parts (a) through (d) on the same

time axis for the voltage v and the current i

Solutions:
n. Chanying phase:
Ve - E(1 — ™"
T RO ™ (100 % 10" 2005 % 107" F) = 5 > 107"«
-5 ms
Ve o= 101 - .—qnnlt-‘p)

- e
b, i R o
1OV —wsxionn
100 = 10"
P (U8 B T i Tkt

©. Stormage phase:

Vo - E e 10V
i OA

d. Diischarge phase (stoarting ot 4% ms with ¢ = O s for the following
oquations):

Ve ==

Eo™ "

¥ o R0 = (200 < 107 Q2005 < 107" F) = 10 = 107"«

V- ——

S -

1O ms
10— Ytox 0=

—

—_———

R

— 1OV o o 10
_—lr
200 = 10" €2

—(0.05 x 10~ e TIe=10-n

.
2EMD ¢ Cman)

s

The wavelormms foc the network of Fig.,
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Homework

. For the network of Fig,

a. Find the mathematical expression for the voltage
across the capacitor after the switch is thrown into
position 1.

b. Repeat part (a) for the current i

¢. Find the mathematical expressions for the voltage v,
and current - if the switch is thrown into position 2
at a time equal to five time constants of the charging
cireuit.

d. Plot the waveforms of v, and i for a period of time
extending from £ = 010 t= 30 ps.

=
il

Magnetic Circuits

MAGNETIC FIELDS

Fluxs lines

In the regoon surrounding o permanent magnet there exists o magnetic
ficld, which can be represented by magnetic Hux lnes similar to clec-
trie Mux lines. Magnetic flux lines, however, do not have origins or ter-
minating points as do cleotric flux lines but exist in continuous loops, as
in Fig. The symbol for magnetic flux is the Greek letter &

~—— - ——

Magnetic NMux lines “I""u"n"'\
7

- NG e - .
At Y A e TR A tin T

4=

T
\ [

B 30 B N O
e’ SN TS JON TS
~ -~ ~ - ~ -

— - —

Magnotie fux linos aroand a8 Curmont-carrying

conductor
FLUX DENSITY B - teilas (T
The munber of flux lines per unit B o D ‘:::c“ (W)
aren is called the Aux density, is denoted by the capital letter £, A A = 3quare meten D
PERMEABILITY
-7 Wb
The permeability of free space g, (vacuum) is o™ 4w > 1077 S

T hies vt of thies praesrmeability of = ssssterial tor that of froe S s
wallaedd s roelantive pormeabhility s thaar i

e, —
..

In peneral, for forromagneoetic matorials, ze, = 100, and for nonmaonotic
muasterials, ge, - "

Since ga, ix 2 variable, depaondent on other guaantatios of the rrsagenaetic
wrrowidr, values of g, e notl tabhaualarost NMorhuocds ol casfoutatings go, foosn
the data supplicd by manuifacturers will be considoraed in g laror soction,

RELUCTANCE

The resistance of a maternal o the flow of charge (current) i1s dotor-
minoed for cloectric circuits by the ceguation

R - p;’; (ohms=_ £2)

The reluctance of a matcerial 1o the sctting up of magnetic flux linces
in the material is doetermined by the following cguation:

I
P

R - (rels, or AWH)
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OHM'S LAW FOR MAGNETIC CIRCUITS

op . ——SBMNE i
Efftior opposition - Ty

The magnetomortive force # is proportional o the product of the
mumber of turns around the core (in which the flux is to be ostab-
lished) and the cuarrent through the turms of wire (Fig. ). In equa-
ton torm,

| = NI | Carmy turns, At)

MAGNETIZING FORCE

The magnetomotive force per umit length ix called the magnetizing
force (M), In equation form,

Substituting for the magnetomotive force will cesult in

-

Datining the magootizing force of o magnonic

For the magnetic circuit of Fig, BCNT = 30 Avand 1 = 0.2 m, wincuir.
then
- Al‘l = ;.‘;‘:“ - 200 At/m
The flux density and the magnetizing force are related by the fol-
lowing equation:
B=puH
B(T)
20
1.8
1.6 Sheet steel
|
_— Cast steel

14 (//p‘#

12 //' .//

A

Bl

0.6

0 300 600 900 1200 1500 1800 2100

2400 2700 3000 3300 3600 3900 4200

Normal magnetization curve for three ferromagnetic materials.
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AMPERE'S CIRCUITAL LAW

Flectric Clrculis Magnetic Circults
Couse = . 2
Ettect ! <@
Opposition R n

1f we apply the “cause™ analogy to Kirchhoft™s voltage law ( S Vo
0), wo obtain the following:

(for magnotic circuwits)

resulting in the following for magnetic circuiis:

(AD
A0

Applying Ampére’s clireultal law, we have So =0

Stecl

NI = Hoyplyp, = Hpdpe = Holoy ™ 0
i Dvop Drop Dieogs

Cohaty

NI = Haplyp + Hydpo + Hegly,

R and
Linpuressed e deope . .
i Series magnetic ciroult of three ditterent
marcerials.

THE FLUX @ = =

- —y

D, =D, + D, (at junction a)
Dy D= D, (ot junction b) ~ l

EXAMPLE For the series magnetic circuit of Fig.

a. Find the value of I required to develop a magnetic flux of @ = 4 X
107" Wh.

b. Determine p and pu, for the material under these conditions.

Solutions:
@ (Wh) A (m?) B(T) H (AtU/m) I(m) HI (A1) {mecan length)
4x 107t 2x 1077 0.16

a. The flux density Bis
—a
P _4X10TWb _, o 1o-iT=02T

A 2x100°m

Using the B-H curves of Fig. 11.24, we can determine the magnetiz-
ing force H:
H (cast steel) = 170 At/m

Applying Ampére’s circuital law yields

NI= HI
_ HI _ (170 AUm)0.16 m) _
and I=-3 e 68 mA

(Recall that t represents turns.)
b. The permeability of the material can be found using Eq. (11.8):

e a—— O R x 10— -
" o 170 Avm 1.176 107" Whb/A-m

and the relative permeability is
23 1.176 %< 1073
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o= — //
el 4 e
N

i

P Aoy

EXAMPLE 11.4 The electromagnet of Fig. has picked up a sece

tion of cast iron. Determine the current / required to establish the indi-
Sheet stecl eated flux in the core,

Solution:

Clast 1mom

four = 304.8 % 107" m --
Dt = 127 % 10™'m

= 6.452 % 107" m’
@ = 3.5 % 10~ Wb .A.mn o ot b m

Section A(m¥) B(T) 1 (At/m) HI(AD
cran 6452 % 1077
ode 6452 % 107°

The flux density for cach section is

@ 3.5 % 107 wh

L FEACT % 10-7 ¥ A
A T 6AST X 10V T 02T

H=
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mnd the magnetizing force is

H (wheet steel, Fig. ) == 70 At/m
H (cast ivron, Fig. ) = 1600 A/

Hovdoonte ™ (70 AVmN304.8 > 107" m) = 21.34 At
Hovaolbwae ™ (1600 AVmM(127 % 107" m) = 203.2 At

Section B (Wh) Alm®) B AU/ Him) HI(AD
ofab R L 6452 = 10~ 0.542 0 A0a.% = 107" 2134
bede 38 = 107 6452 = 107" 0,542 Laoo 127 x 107 2082

Applying Ampére’s circuaital law,

NI = Houdwsan + Hiasdinin
- 2134 AL+ 2032 At =~ 224,54 At

(S0 0] = 224 54 At

224.54 AL
7 %0t 449 A
AR GAPS
ha ‘0, - The Aux density of the air gap in Fig, i piven by
-~ — ~,

¢
N 2
P

where, for our purposes,

| L'.,' D, = D,

R el Ay = Acore

by

NS graagan: (o) with Frivagpisrgs. () iclenl.

ll,—-&

-

and the munt drop scroxs the air gap ix equal to FLI. An cguation for

Fd, in ax follows:
- By
, ., dw = 10

oy [ 7. = 796 <1058, | (A1)

EXAMPLE 116 Find the value of 7 reguired to establish o magnotic
Mux of @2 w O.75 = 107" Wh in the =xcries magnetic circuit of Fig.

ALl Cast sl

Arca {(tharouoboual )
—_— - .S = Ty

—_CEOnCAT g

A . o Y W e TR e Y AW

’f:':" ;- "I nlo = n:o-' -
Solution: i > . 0.7S > LO™* W —O.% T

A 1.5 =< 10 ™

Fromm the B-J07 cuarves of Fayg
Ff denxt xtoal) 5 280 Arv/in
Applying Eqg. (11,15),
Fd, v (726 = 1OM3, v (7.96 = 107NO.5 T) = 3O = 10" At/inr
The munf drops anc
Flovivilisarn ™ (2RO AV IO0 < 107" ) == 28 A
Fi l, = (3. 9% > 10T AvmNXZ = 1077 m) = 796 At

Applying Ampére s ciroustal law,

NI oo 4+ Fiyly

— 2R AL + TO6 At
(2O ) F == K24 Ax
I A2 A

Quantity Symbol | Unit Abbreviation

o1




Magnetic flux

weber

wb

Flux density

Weber / sequre meter

Tesla( T)

Permibility

Weber /Amper. turn

Wb/ At

Reluctance

X = | Wl s

Amper.turn/ weber

At/wb

Magnetizing force

H Amper .turn/ meter

At/m

Magnetomotive force

m.m.f | Amper.turn/ meter

At/m

A(throughout) = 2 x 10r m?

P B
8 \ = 60 furms ! :
=5 — L

EXAMPLE Calculate the magnene flux @ tor the magnetc cir-

cuit of Fig.
Solution: By Ampére’s circuital law,

NI = Flanca labcan
NI _ (60 1(S A)
Lanosta 0.3 m
300 At

03 m

oF Hopean ™

ancd oo (Trom Fig )= 0.39T

Since 2 = /A, we have

- 1000 At/m

W e BA s (039 TH2 = 107 m®) = 0.78 x 107 Wb

EXAMPLE Find the magnetic fTux & for the series magnetic cir cuit ol Fig,
for the specified impressed munt.

Solution:
Nt = H I,

N7 400 At

Hy = —

L 0.001 m

B, = p H, = (4% < 10774 = 10" Atv/m)

- 0.503°T

Inductors

FAIRADAY "S L

= 4 = 10" At/

N o= OO s /),

.....

>
:
0
ﬂ

ELECTROMAGINETIC INMDUCTION

mp—
wfr

Ic—N

CTam e anninngr ovny dvvalercowal vandvongres Bos svpinv dragr o
e ot alvrneigr e an swvingrevcotio Mioldd

o1

S = AT g
00010 m

(vl V)




solieeres

SELF-INDUCTANCE

The ability of a coil to oppose any change in current is a measure of the
self-inductance I of the coil. For brevity. the prefix self is usually
dropped. Inductance is measured in henries (H). after the American

physicist Joseph Henry

[h'un'ns

L=ﬁ {henries, H) _I_'

EXAMPLE Find the inductance of the air-core coil of Fig. 12.6.
Solution:

R ol Tl B B T By P

2 4 = 10" e
PO - a7 MY e 12,57 = 107
4 a
P N g, A - L1007 aw = 1077 Wh/A m}12.57 = 107" m?)
o i

O 1 m
- LS8 M

EXAMPLE Repent Example bt with an iron core and con-
ditions such that ge, ™ 2000,

Saolution: By bBEq. (12.3),
Lo g b, ™ (2000) 1 5% > 1077 1) = 316 mit

TYPES OF INDUCTORS

Adr-cowe Tooncaore NVittubite
(permeatility-tuned )

Irvdeectonr syrrivols.

INDUCED VOLTAGE

! —i— ll_,(((((((((((((((((((((ﬁ

Magncotic Or nommagnctic corc
Seolenoid {for c—'f ==10)

{=2)

Magnctic or
nonmagnctic cors

Ao OO e At
l—’———-—-’ s
of = & um

100 rne

T hoe nductance of a coil is also @ mocasure of the change in Aux Tinkings

2 wcesal cleres tos e chusarspgre sy ccarrresnt tharoasge iy the ol

[ L_N-% | CET)

et e

AN s thaas aenaraslsccr ool faarens, ofs a5 fhaes Flass ars swerbrcres, sarsel 4 en t103cs coRar—

rent through the coil. If a change in current throuzh the coil fhils o
result In a significant change i the flux linking the coil through its con-

teow,

"‘-Ng&-(” = )(E)

=72
[ls=—=r ]
g - . ‘;:—L(n)—ov

52
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R-L TRANSIENTS: STORAGE CYCLE
+ vy —

The changing voltages and current that result during the storing of a/*.'#' i
energy in the form of a magnetic field by an inductor in a dc circuit can UR“ v 1
best be described using the circuit of Fig. At the instant the +
switch is closed. the inductance of the coil will prevent an instantaneous E— 5 % o
change in current through the coil. The potential drop across the coil. a
v;. will equal the impressed voltage E as determined by Kirchhoff's
voltage law since vg = iR = (0)R = 0 V. The current 7; will then build
up from zero. establishing a voltage drop across the resistor and a cor-
responding drop in v;. The current will continue to increase until the Basic R-L 1 SR BERVOHE
voltage across the inductor drops to zero volts and the full impressed

voltage appears across the resistor. Initially. the current i; increases

quite rapidly, followed by a continually decreasing rate until it reaches Vg = IR = ()R = OV
its maximum value of E/R. 4’“/\'—1‘ i3 =0A
ln =0 R re
An ideal inductor (R= 042) assumes a short-circuit equivalent in a E— vi = Evolts

dc network once steady-state conditions have been established. -

m=iR=(%)R=Evolls

=E
= Circuit of Fig. the instant the switch is
closed.
=0V
Circuit of Fig. under steady-state

conditions.

The equation for the cusrrent 7; during the storage phase is the fol-
lowing:

Plorting the waveform $or i; during the storage cycle.

The fact that v has the units of time can be verified by taking the
equation for the induced voltage
di
v, =— L %
the storage phase has passed and steady-seate conditions have been
esfablished once = period of timme equzl to five time constanses has
occurred.

the storage phase can be described mathematically by the following
equation:

I vy — Ee %7 ]

SR
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0.04A9E 00198 00078
o Ir 2r 3r ar Sr Or ’

Vi Ve nme for the nerwork of Fig.

In five time constants, § — E/R, vy = 0V, and the inductor can be
replaced by its short-clreuit equivalent.

Since Vi = [pR = ‘LR
then Vi = [{j-(l - e-"')]R
FIG.
£ le
e and Vi =~ § =
and the curve for v will have the hape as obtained for 5.
EXAMPLE Find the mathematical expressions for the transient
behavior of 7, and v, for the circuit of Fig. after the closing of the
switch. Sketch the resulting curves.
Solution:
V- T 2 - 2 ms
Ry 2 k02
e
so0v
E 50 =
""'T.'zm'”x 107" A = 25 mA
v A i (25 % 107 (1 — e~ MEx10mY)
v, = SQe—MAEI0=)
0 ir 2r Ir 4r Sr I

Sinusoidal Alternating \Waveforms

SINUSOIDAL s¢ VOLTAGE
CHARACTERISTICS AND DEFINITIONS

Genoration
Wavelurm: The path traced by & uustity, such a0 S voltage in
Fg pletted s 3 Rt of st variabie seach ot (s
hove), position. degress, radians, femperatees, el W 08

Instantancoos value:  The magnmade of o waveloms m oy instam
of time; denoned by bowercase letiens (¢, )

Peak amplitade:  The maxi walue of a form m d
from iy svempy, or meen, value, desoted by sppercase letters (such
m B for somreon of yoltage and V for the voltage drop acrmss
lowd)y. For the waveform of Fig. the wverage value in 2o volis,
sl E_ s m defssed by the fgure,

Peak value: The maxumee instantaneoos vaise of 4 function as
mesmared from the sero-volt lovel For the wawefoem of Fig.
the peak snplssale and pesit vakae me the sine, since the swemge

value of the Bauticn s 2ero volts.

Peaketo-peak valwe: Desoted by oo Vo the full voliage
" posistve sd negative pesks of the warvedoem, that is, the
sam of the magaitude of the positwve asd negative peaks.
Pertodic fo A wavefonn shat Iy repeets iself
after the same time miorval. The wavedonn of Fig. is & perind
wavefonn,

Perlod (T The time intorval botwoen sscoessive repetitions of a
periodic waveform (the penod 7, = T, = 7, = Fig. 3, o8 Jong as
suscensn simwlar povines of the penodic wavefors me used m deters
mming T

Cycle:  The portion of a wavefoem contamad in wow pend of tinwe.
The cyclex witha T,, 7,, and T, of Frg. may appesr dflcrent in
Fig. 134, but they are afl bounded by une periad of time and there-
fere soinfy the defssition of o cydde
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Ditiomg e cycle and porsnd of 4 somnd’ wovefom.

Frogueney (f): The mumber of cycles that oceur i | 5 The free

of e wineform of Fig (a1 is | ryele per second, and
for Fig.  (bh 2% cycles per seoond. If 2 wiveform of swmlar
whape had & permd of 0.5 8 [Fig ()], the frequency wirskd be 2

cycies per woond
T=1ls | ‘ e | | e !
Te0ds Tewate
" ™ =
ap e atloct of 3 chanpng ¥ o0 1o period of & seaokiel
warefon
(=M
T= sevonds (x)

EXAMPLE Find the period of & periodic waveform with a fie
qeency of
o b
b 1000 He

Salutions:

a r-l'-;';-aollﬂurlu"-

(& recurnng valoe snce 80 Mz is so prevalent)

1

- s -
7600 1ts USSR RN )

L
hfr

EXAMPLE  Dewrmine the frequency of the wavedomm of Fig

Solution:  From the figuce, T= (25 my = 5 ma) = 20 my, and

1 1
" Nxi .

[ ) e |
[eer e

Applyiag these equatons. we fiod
W Radiam = (W) = T rad

I 150° ix
3 ad: Da'u--T(z)-W
The welocity with which the madus vector rotates ahout the cenker,

wllod Ow magular velcity, ce be determingd from G followeny
equason

EXAMPLE Dxnermuse the megelir velocity of a sitre wave hatve
=g » frequency of 60 Nz

Salutioe, o Jud (2Rt ) = 5T rady
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GENERAL FORMAT FOR THE SINUSOIDAL VOLTAGE OR CURRENT
the smusoidsl wavefiem

[Asma ]

For clectrical quantities sseh as cument md veltage, the peneml fors
mat v
(= siner ™l sina
ew E slnat= FE_una
EXAMPLE Civen ¢ = 5 sin o, detennine ¢ al o = 40° sad o =
ORx.

Solstion: For o = 40%
= 5 0% = S06825) = JIMY
Vo a = 05w,

-n-%m.m-m'

and = 3w 447 = §{0.5878) = 2900V

PHASE RELATIONS

where # s the angle m dogrees or mdians that the wevoloem has been
shifted.

If the waveform payses through the horrmontal axis with » positives
poing (mereasng with time) slope defore 0F. ax shown in Fig.

the expression s
Dlelining (he phase shil} Sor 3 simonidel
A sintar + 1) .ﬂ-‘:m;h;:‘ubm

| w+n1-.-(.n+ %)vmd l

| vt = cosot ~ 0% = on{wt = 5 |
preprroa ) M.ﬁ-m*m-h
W = coafa — W0
—sina = snje > 1507
—¢n @ = slofa + 2707 = sinfa — 909 coma
o
--—-I» an
oou —ut} = o5 o el
GogWhie onof Sor g the selasomabip
T v e and coniae flacthaes
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Iewds vby 407, or vlags i by 407,

v 10 wnfut + 309
i -3 indut + 909

AVERAGE VALUE

o

EFFECTIVE (rms) VALUES

T V2= | AL
R — [a=wmwre]
o -
P
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RESPONSE OF BASIC R, L, AND € ELEMENTS TO A SINUSOIDAL VOLTAGE OR CURRENT

Resistor L
- —————
Vo Vosinwt VW, .

b Sl a2 L T vin we /! a2

SN

L-% Jie

I mddiion, fiw & given L

Sor

VAR (L, el wOR = (R i sl =V, et

Ce=mx]

far 3 purely rewiive domest, the vaftage across and the carrenf
Thenugh the icaromt are in phave, with theie peak valoes rolated by The vofige sl owmone of 2 iesistive ciement
Olosn s fow, e (e,

%-%ﬂ.ﬁw-u,mu
Therches, s\-l.%-u-!.uuo-uu.ad

Vo= Vosindat + 907 G WA
v-..“
iy = Lywmiut = 0)
¥ =l st 2 8+ 900
Jor am dndweror, vy doads & by W ar i kg v, by W7
| _lleq—tygl:d_PO:M(mm-udMM-

vy by d by X, and s seqnwared in obeme; P oy vt She valiagy acuine the sl lead the casteat faaggh e
Bt ! by 907,

=] wen

1 an Ohuss lew fommat, i magnitade cas be determined flom

-ta
X /7 (o, §3)
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tor
Capaci e A

v
k=C—
‘ *
(5 SN
%-%ﬂ;n-ﬂnuv,n-u -
E—
e eadpaing the unisondel reynatie ol ¢
e e efessent

Therefore,

*'c%" ¥, o wf) = €V, 00wt
Ao L sinet + 907
b= ucy,
M capaciies, | denits vy W, ar v lage i by W7 '
Vo= Vownlur = #)
y- whmlar = 8 v 00

The quareey 1/uC, called the reactamce of 2 capaciion i symbolis
wally d by X oand s d m ohm; ther 3,

o |
The cwrmnt of  prrely

I aus Ofsss’s lw Sormnal, it smsgnitade cas be determined ool lende ahe volige actes the kv by 0%

=
X i (k. (1)

EXAMPLE The voltage across a resisun s ndoaied. Find the
waimondal exprewion for the currens if s rovisior i 10 () Sketch the
curves for vand i

o v 100 wm 5772

v 25 s 770 4 00)
Solutions:

a I--—vgorillnA

LI D1
i 1 uim 37T

V. pLhs
» -t w2SA
4 & wn 3

1= 15 snl3T70 4 60%)

EXAMPLE The carrent theomgh s (1 1-H cod s peonided Fiml
e sinusoulal expresion or the voluge scnws the ool Skeack the v
and § curves,
a (= 10 uin 3T
b= 7377 -1y
Solutions:
A N=el =377 oudhy0l H) = 3770
Vo LX = (10 ANITTAY = 377V
and we know fer for & codl v ieads | by 9%, Therefoee,

o STT 37T+ W)

b X romsaimy 2t 377 11
V= W = (TANTIN = 2000V
nd wo know that for & coll v lesds § by %0, Therefoee.
v 2639 sind 3770 — T0* + 0%)

Vo 2609 ain37T0+ M)

EXAMPLE 145 The voltage acroms o IulF capacitor by provided
elow, What is the snsndsl pxpreconn for the cument? Sketch the v

and jesves. v 30 sin 400F
Sotutian:

. 1 0
X L T T X TR T e o
M WV

(5 X " 3e0n 0004 = 12mA

and we koow that fr o capacitn | leads v by %0°. Therefone,
F 2% 107 (4002 + 907

The curves are sketched n g



EXAMPLE For the following peim of volages md currenes
determmne whether the clement imrolved w a capacitor, an mductor, or 3
nmsine the value of €, L, o R i sufficiere des are pio-

| |
e = 12.74 uF
Wi (ST emda SO0 1))

d v 20 coslwt + 20°) = 50 unfur + 207 + W)
50 winfur + 110%)
Stnce v mul ¢ v an phase, the vlement 1 2 resdog and

v, 0y
Row =8 - - 100
i SA

current easy to develop high voltage.

AC equipment is low cost.

Possible to convert to DC.

Easy to step down of setup the voltage by transformer.

AC motors are cheapest.
Disadvantage:

Can not able to store in battery.

Because of high starting current in AC the voltage drop is occurred.
The speed of the AC motors is depending up on the frequency.
According to the induction load; power factor gets low.

If coil rotate in magnetic field or magnetic field rotate inside the coil there is an
alternating e. m. f. generate in the coil. The generated emf is proportional to the
number of turns of coil, magnetic field strength, and the angle between the coil and

magnetic field.
e =BLvsin@
From this:

L = Length of the conductor.
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v = Velocity of conductor.
B = Flux density.
0 = angle between field to conductor.
e = generated AC emf

The generated AC emf value is depending upon the sine value of the angle between the

magnetic field and conductor.

Rotation

(a) 0° Position: Coil sides move (b) 90° Position: Coil end A is positive
parallel to flux lines. Since no flux is with respect to B: Current direction
being cut. induced voltage is zero. is out of slip ring A.

(c) 1807 Position: Coil again cutting
no flux. Induced voltage is zero.
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Generator Voltage
| = +
. ‘Q>
=
=
( -
I
!
.
-
=
=3
=] y

Cycle:

An alternating current complete set of one positive half cycle and one negative half

cycle is called one cycle.
Time period:

The time taken by an alternating quantity to complete one cycle is called time period. It
is denoted by the letter " T"".

Frequency:

The number of cycle per second is called the frequency of the alternating quantity. The
unit is hertz (Hz).

Instantaneous value:

The alternating quantity changes at every time.
V=VaaxeSINWt or i=I,, Sinwt

Maximum value:

The maximum value positive or negative of an alternating quantity is known as its

maximum value. Denoted by ""lmax OF Vimax"".
Effective value and RMS value:

The effective value of an alternating current is given by that DC current which when

flowing through a given circuit for a given time produces the same heat as produced by
62



the alternating current when flowing through the same circuit for the same time also is
called root mean square value RMS. The voltmeter and ammeter are read the effective

value only.

I max Vmax

RMS value = —
V2 V2

Average value:

The average value is calculated by the averages of the maximum value of alternating

guantity at different instances.

ZImax ZVmax
Average value = ——— or ——
T T

In phase:

If waveform of two AC quantities (voltage or current) get the maximum and zero at

same time then they are said to be in phase.

Out of phase:

If in AC circuit two quantities namely voltage or current waves get the maximum and

zero at different value then they are said to be out of phase.

Current leads
Current lags



AC circuit with pure resistance:

A circuit without inductance and capacitance is called pure resistance circuit as shown

in figure.

By applying Ohm's law:

Vg V,sinwt V

m

: m . -
P B — sin wt = [, sin wt
R R R R m
WhCI‘C 1 m = ‘/I"/ R
Transposing, V,=1,R

Note that current and voltage as in phase:

Example-21: For the circuit shown in figure find the value of ir, if v(t)=60sinot.
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60V -

f@ fh.lg R=50 12A-

Solution:

60 sin(wt) ]
— ~=12sin(wt) A

v
lR:E:

AC circuit with Purely Inductive Load:

Consider a purely inductive circuit with an inductor connected to an AC generator, as

shown in Figure.

I ‘,

v =Lﬂ=Li(1 sinwt) = wLl coswt =V coswt

L dt dt m m m

Utilizing the trigonometric identity [ s wt = sin(wt + 90°)you can writethis as:
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v, =V, sin(wf + 90°)

V, = wLIl

m

Voltage and current waveforms are shown in Figure (a), and phasors inFigure(b). As

you can see, for a purely inductive circuit, current lagsvoltage by 90°

This ratio is defined as inductive reactance and is given the symbol XL.Since the ratio

of volts to amps is ohms, reactance has units of ohms.

X, = I_m (2)

m

Combining Equations above yields:
X, =wlL ()
Where o is radians per second w = 2mif

Example-22:The voltage across a 0.2H inductance is v = 100 sin(400t - 70°) V.

Determine iLand sketch it
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Solution:

o =400 rad/s therefore x; = wL = 400 x 0.2 = 8002

v, 100
In=—""=—=1.254

x, 80
The current lags the voltage by 90° therefore:

i; =1.25s(400t — 20°) A as indicated in figure below

4 vy = 100 sin (400r + 70°)V
. 100V
j .
} vi=107v900  PAN
70° o
- —| |
ST |
I = 0.884 AL —20° 90° i, =125 sin (4001 — 209)A

AC circuit with Purely Capacitive Load:

In the purely capacitive case, both resistance R and inductance L are zero. The circuit

diagram is shown in Figure

For capacitance, current is proportional to the rate of change of voltage:
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. Cd"c
Il-— C
¢ dt

d ;
= CE('V'" sin wf) = wCV,, cos wf = [, cos wt

Using the appropriate trigonometric identity, this can be written as:

i = I, sin(wt + 90°)

Where I, = wCV, ="

Xcis called the capacitance reactance

Example-23: The voltage across a 10-mF capacitance is vc= 100sin(ot -40°) V and f =

1000 Hz. Determine ic and sketch its waveform.
Solution:

Since current leads voltage by 90°, ic= 6.28 sin(6283t - 50°) A as indicatedin Figure

below.
J
Ic
50° > (0f
>+

40°

Ve
Impedance:

The opposition that a circuit element presents to current in the phasor

domain is defined as its impedance.

T
/

L= T (ohms)

For resistor:
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Z,=R

For inductance:
Z, = joL = jX,
For capacitance:

Z;= _'w_lC = —jX- (ohms)

Series AC circuit:
AC through Resistance and Inductance:

A pure resistance R and inductance L are shown in figure(a) is connected in series.

i B
MWW T 1
bVt V-
v >
Y i =
A% N0 ]
5 O : - - -
Ve A
Figure(a) Figure(b)

Let V=r.m.s. value of the applied voltage; I=r.m.s. value of the resultant current.
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Vr = IR wvoltage drop across R(in phase withI)
V, =1xX; voltage drop across inductance (lag of I by 90)

The applied voltage V is:

V=VV2+V2 orV=IxZ
R L
where Z is the impedance of the circuit
Z =VR? + X?

From figure(b) it is clear that the applied voltage V leads the current | by an angle ¢
such that:

V, X,
tan - =
¢ Ve R

Vector
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|A|=+/(a] +a2)

0=tan~'[ 22
a)

a, =Acos0

a, =Asin0
rectangular form
A=a, +ja,

A = Acos0+ jAsin® = A(cos0+ jsin0)
polar form
A =|A| 20

Basic Calculations of Vectors

ap+ )8y

b, + jbs

¢, +jc,
d; +jd,

Ol 0l O O @ >

[
> >
|+
wl

¢ +jcy =a; +jay +by + jby =(a, +b1)+j(a2 +bz)

d; +]jd> =(a; +ja,)—(b; + jby)=(a; —by)+ ja, —b,)

C|=a|+b|
c, —ma-> + b,
d;, =—ma,;, — b,
d, —ma, — b5

O, — tan !
< (a;, = b,;)
D = JfCta:, — 5B:3= + (o> — B>y
L S — tzarny  © ('a—" —bZ)
(_al _bl)

Multyplication and divition
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C = A - —=(a, = j=2 - )-(b, +— ji . )

= (a2 b, —aza b, )+ j(ca b, +:: .b, )
|C'| = \/F(;-n,l’. —_—za L b )'-: —— (=2, b5 . = za . 1>, )’: 1
= —_t (s 15 - ax-, )
O = TIazl (in,b. )
C=A-B=|A|l—O0_, -|Bl—g4q =|C|—6,
<l = A - 3]
- = O, + =ZO,,
T = |A|et® - |Blet®r = |A]| - |B|lct %) = |C|ei®-
o
B
A
[ = A
| 3]
O, = O, — O,

Example-24: A 60Hz sinusoidal voltage V = 141sinwt is applied to a series R-L circuit.

The value of the resistance and the inductance are 3Q and 0.0106H respectively.

Write the expression for the instantaneous current in the circuit.

Compute the r.m.s. value and the phase of the voltage across the resistance and the
inductance.

Solution:

V. =141V. V=141 J2=1007 - V=100+;0
A = In x60x 0.0106=4Q, Z=3+j4=5.531"
() I=V/Z=100 £ 0°/5253.1°=20 £—-53.1°
Since angle 1s minus, the current lags behind the voltage by 53.1
(i) I, = J2x20 =2828 . i=2828sin(mr—53.1%)
(fif) Vp =IR =20 £-353.1°x 3 =060 £-53.1° volt.
V;=jIX; =1 290°x 20 £—-53.1°x 4=80 £ 36.9°

AC through Resistance and Capacitance:

The circuit is shown in figure(a). Here Vr = I.R = drop across R in phase with I. V¢ =
I.Xc = drop across capacitor lagging 1 by 90°.

Ac capacitive reactance Xc is taken negative; Vc is shown along negative direction of Y-
axis in the voltage triangle figure(b).
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A \-"«EI r.|1 = % = l R A .!..
R C )g ) () ‘
r b -\ R
| ! v 7
Ay, ¥ -/B
A Voltage Triangle Impedance Triangle
(@) (b) (c)

V=VW3+(-Vo)? orV=IxZ

where Z is the impedance of the circuit

Z = VR? + (=X()?

From figure(b) it is clear that the current I leads theapplied voltage V by an angle ¢
such that:

Example-25: A pure resistance of 50Q is in series with a pure capacitance of 100uf. The

series combination is connected across 100v ; 50Hz supply. Find:

The impedance.
Current.
Phase angle.

Voltage across resistor and capacitor.

Solution:
(a) Z= [s02 +322= 504 O (b)Y I=V/Z=100/59.4=1.684 A
(¢) pf.=R/Z=50=59.4=0.842 (lead) () 0= cost (0.842)=32°36°
(¢) Vg=IR=50x 1.684=84.2V Ve=IX.=32x 1.684=539V

Resistance; Inductance and capacitance in series:
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The three are shown in figure(b) joined in series across an AC supply of r.m.s. voltage

90° 1 AB
-] W 90*1 Vet C D
V r-“z‘j‘.'l J IJ“IJ‘U U ‘ I[ v - Vl. ’)Z
- VR et Vl, - \,( e ‘ -
o
'S c Y
(a) (b)
LetVg =I.R =voltage drop across R Inphase with I
V,=1X, =voltage drop across L Leading I by 90°
V¢ = 1. X¢ = voltage drop across C Lagging by 90°
In the voltage triangle of figure(b):
V=VV3+W,-Ve): ; V=2ZxI
Where Z is the impedance of the circuit Z = VR + (X, — X()
Phase angle ¢ is given by:
tan o — (XL —Xo)
P="R
s i biXy
%
B
Z.-
(XX - X =X)
A Ao l
0 o -t -0 . - -1
L X =l
DY DY -jX,

Example-26: A resistance of 20Q an inductance of 0.2H and a capcitance of 100uf are

connected in series across 220V; 50Hz mains. Detemine:
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Impedance.
Current.

Voltage across R; L; and C.

Solution:

Solution. X.=0.2% 314=63Q , C=10 pF=100x 10°=10"farad
1 1
©C  314x10 "

(a) Z= 1}'(202 + 3]}2 =37 L2 (b) I=220/37 =6 A (approx)
(c) Ve=Ix R=6x 20=120V: F;=6x 63=278V,VF=0x 32=192V

Xe= =32 0 X =63 —32 = 31 L (inductive)

Example-27: A resistance of 20Q an inductance of 0.05H and a capcitance of 100uf are

connected in series across 200V:; 50Hz mains. Detemine:

Impedance ,Current ,Voltage across R; L; and C ,and draw phasor daigram .

0.05H

2010 100 uF
—AW— ] —
200V (~) i
SOHz T
o =—— oy k — 25 3 _ 124 5 SO =— 3 A1 rval FSsSsec
> 45 = ocof. = 314 ><x0.0S = 1S_.7 <>
1 |
X = = 31 _=|V2]3 <>
o (314 <100=<10—"°)
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Z=20 = iS5 7 — 3 &4)=20 —Fi & 185

171 = J(zOF +« (6.13) = 257 O

" 1 6.4 v G
8 ) J -

D, - Oa.n—'[

R E - 25_3":?;'5(:;‘ - - F_ TR 3R T Ammp

Ep, =i - R=7T783 A Z38.3%= 208L2=I556 WV 2319

E, =1 M, = 778 A 3R 9= 13537 L3 290 = 1221326 WV 1 2R9°

Ec = 1-X¢ = F7.78.A J380 «31. 842 L — B0 = 297. 72 W & — SH.1°

AC parallel circuit:

Consider the circuits shown in figure below. Here two branch A and B have been joined
in parallel across an r.m.s supply of V volts. The voltage across two parallel branches A
and B is the same. But currents through them are different.

R I'l L
—MWW T’j
R I, C
B
Al ]
vV
For branch A
__ V
Z =VRZ+X?) : I =
1 1 L 1 Z_
1

Current 11 lags behind the applied voltage by @1

For branch B
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Z =VRZ¥XD : I =

2 2 c 2 Z_z
The total current | is:
V 174 1+ 1 ( )
I=li+l,=—+4+ —=V(=—t—)=V({¥1+Y2) =VY
YTz, 7, Z Zz)

where Y = total admittance =Y, +Y,

It should be noted that admittance are added for parallel branches; whereas for branches

In series it is the impedances which are added.

Example-28: for the circuit shown find (ILand Ir) .

1 |t
£ =200 V C“) R = 5= 3% = } L=0.01H
ff=50Hz — ,_3
iy
-
- d et = > v =
L - E ég~,= 7'7; —C) == ,-Qpiyffpi = <3C) A _— O
I 0O | C& 52 0"
T. _ = - — I = —————l‘_ _ — QO
ool 2 T X.
— - = 5
. OO Y OO°® — 637 A — — SO

2w -SO-1>=10"7 <2

Example-29: for the circuit shown find (I¢, Ir and I7) .

AN

V/‘/I'—
Lot |
x

A

T:z()()V'G\D R=5€07
f =501z =

I C =0.01 uF

Solution:

E 20020°
I =" = = 4020°A
R g 520°
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Ip = XE = wEC£90° =200%Xx2Xx50x%x3.14x0.01 X106 =62.8 X 10-3290°A

It =Ip+1c=404£0°+62.8 X 10-3290° =

Example-27: Two circuit the impedance of which are given by Z; =10 + 152 and

Z, =6 —j8n are connected in parallel. If the total current applied is 15A. what are the

current taken by each branch.

Solution. Let I =15 Z20°;Z; =10 +j15=18 £ 5T°
Z, = 6—j8=10~£-53.1°
Total impedance. Z = Zle +Zzz o= o+ {Gli);67— L
= 0.67 7 3.6 = 10.3 £— 20.4°
Applied voltage 1s given by
V =1Z=15 £0°x 10.3 £20.4°=1544 £ 204°
I, = VIZ,=154.5 £20.4°18 £57°=8.58 £ 77.4°
I, = VIZ, = 154.5 £20.4°10 £53.1°
= 15.45 £32.7°

Example-29: for the circuit shown find (Ic, Ir,ILand I1) .

1 T

——
£ l
J‘c e l T3
C= 001 uf—— = =100 Q2
f= 1kHz
o
SOV o o
100 €2 £0°
50V £0°

=3.145 mA £ —90°

iL = =
(2 x T=<1000x 2.53)Q2 290

i =1 20V =0 =3.145 mA £90°

1/2 x ©x 1000 % 0.01x10~¢ ) £ —90°
ip =ig +ip +ic =0.5 A £0°+3.145mA £ — 90° + 3.145 mA £90°

ir =0.5A £0°
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Example-27: for the circuit the shown if Z; = 6 + j82 and Z, = 8 — j62 are connected
in parallel. If the applied voltage is (100V , 60Hz ) ,what are the current taken by each

branch.
Solution :
iy
[ =. +——
1=
{ zZ = }—
i A
- - e e
Z, =— 63+ j8 = 102 ~S51.3°
Z, =8 — j6 — 102 ~ — 36.9°
E = 100 V=0
i, = SNt = 10A —~— —S1.3°
10~-S1_3°
-
i, = e = 10 A —36.9°
= 10~ — 36.9°
o= . Z.Z > (6 =+ i8SN=Ss — jo)
: z, +~ Z (6 = IS8 — j&)
cs iz 2 =
z, = et o L el e T T
1434 + 2 14. 14 —K_13°
¥ et S — 14.1 A —~ —RK_13°
= s s U B )

Power in the AC circuit
Apparent power (S): It is given by product of r.m.s. values of applied voltage and
circuit current.

S=Vv.I=I2.Z (VA)

Active power (P): It is the power which is actually dissipated in the circuit

resistance.
P=V.I.cos¢p =I2R (watt)
Reactance power (Q): it is the power developed in the reactance of the circuit.

Q=I1X.cosp =12.X

These three powers are shown in the power triangle of figure below.
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S =VP2 4 Q2

ﬁJ:,Ll
. {,\ -~
S - Q=1%X,
P=1°R
| cosg
= Y s \
7] v |P j T
ws
phase angle between | and v I | T:shig
power traingle
P=V V i
_P=V:l-cosq _ V. §=V -1 = Apparent Power(S)
P
P= V.1l cosp = Active Power (P)
S=V.1 Q=V-l-sing

Q=V-1-smnp = Reactive Power (Q)
N

= P
Power Factor = cos(g) = s

Power factor

cos @ =

NI =
“iw

Example-28: A 60Hz sinusodial voltage v = 141 sin wt is applied to a series R-L

circuit. The values of the resistance and the inductance are 3Q2 and 0.0106H

respectively.

Find the average power dissipated by the circuit.

Calculate the power factor of the circuit.
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Solution. Vm =141 V: V=141 \/__.=100 vV . V=100+;0
X, =2nx60x 00106=4Q. Z=3+j4=5,/53.1°
I=V/Z=100 £ 0°/54£53.1° =20 £-53.1°
Since angle 1s minus. the current lags behind the voltage by 53.1
I.=2x20 =2828; . i=28.28sin(0f—53.1°
() P=VIcosd=100x 20X cos53.1°=1200 W,
(ify p-f.=cos d=cos 53.1°=0.6.

Example-29: In an alternating circuit; the impressed voltage is given by V =

(100 — j50) volts and the current is I = (3 — j4)A. Determine the real and reactive

power in the circuit.
Solution. Power will be tound by the conjugate method. Using current conjugate. we have
Py = (100—7 50) (3 +j4)=300+;400 —j 150 + 200 =500+ 250

Hence. real power 1s 500 W and reactive power of VAR is 250,

Example-29: for the circuit shown find ( C) to make power factor of the circuit is unity.

1,

Y

W = Z80 VW 0O Ly =B+ jJ&

Solution :
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Z, =+ (6) +(8)> =10Q

48
0, =tan lg=5"3°

(=]
T e . .
10/51.3° I, L

connect the capacitor ( C ) in figure

]

I =1, -sin @, =38-sin (-51.3°) = —29.66 A ll(‘
0c =90° Vo g — Z,

S Ie =—29.66 A £90°

V Z£0 Vv Z£0 ’

c= - = =VoC £90
—j(l/oC) (/oC)£-90
I,-cosp, =1, -cosp, =1, Vv
=9 >
266 o susariw 91 I
380x2m x50 I
c
I ;
1 I, -sing,
\d

Resonance in the R-L-C series circuit:

Let the R-L-C circuit shown in figure (a) is connected across an AC source of constant
voltage V but of frequency varying from zero to infinity. There would be a certain
frequency of the applied voltage which would make X, equal to Xc in magnitude . In

that case; X=0 an Z=R as shown in figure (c). Under this condition the circuit is said to

be in electrical resonance.

R L C A\ X
'~|. I."_J '.j o H_
- ‘\.-R - VI. —— ‘l,,-'c -
—_— - - — - - —- =
¥=Y, [ Z=R I \i [
v
o Ve 1X¢
fa) (b) fc) ()

The frequency at which the net reactance of the series circuit is zero is called the

resonant frequency f, . Its value can be found under:
X, =Xc
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1
Therefore f, = miic

If L in hennery and C in farad then f, is given in Hz.

When a series R-L-C circuit is in resonance it possesses minimum impedance (Z=R).

Hence circuit current is maximum. The current I, =V /R and is in phase with V.

Summary
When an B-L-C circuit 15 in resonance
1. net reactance of the circwmt 1s zero fe (X; =X )=0. or X¥=0.
circuit impedance 1s minimum 7.e. Z=R. Consequently, circuit admittance 1s maximum.
circuit current 1s maximum and 1s given by J= VZ, = F/IR.

i

power dissipated 1s maximumie Py= Jy R=V"/R

hok

circuit power factor angle 8 = 0. Hence, power factorcos 8 =1.

Q-factor of a resonant Series Circuit:

The Q-factor of an R-L-C series circuit can be defined by:

_ 2mf,L
0 R

Q orq _1/1
o R C

Example-30: A coil having an inductance of 50mH and resistance 10Q is connected in

series with a 25uF capacitor across a 200V ac supply. Calculate: (a) resonance

frequency of the circuit. (b) current flowing at resonance and (c) value of Q..

: . 1 1
Solution. (a) fr = =142 3Hz
MVIC amy50x10 *x 25%10 ©
() I = _I*'?‘R =200/10=20 A
-3
Wy L 2mx142.3x50x10
_ _ =447
(©) %= & 10
0y = —_= L - =447
mJCR Ix142 3% 25x%107 " =10
SCIXI'EI'
g, = —\f =447
c 10 25%10”
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Three phase system
Three phase generator:

Large scale generation of power is achieved by generating three phase e.m.f. using
three separate windings insulated from each other. They are placed on the rotor of the
alternator. The windings are displaced at angle of 120° with each other as shown in

figure. When the rotor is rotated e.m.f. will be induced in the three coils (phases).
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|
(4) Threesphase generator, (b) induced voltages of a thee-phase generator -lzn%-ruo'-q'

The instantaneous values of the three e.m.f. will be given by curves of figure

ean= Enganysin wt Phase voliages of :

Can— E,,,,msin(wt ==y 120‘.)
€cn = EudC'N) sin{wt — 240°) = E“(-N; sinfwt + 120°)

E = 0.707E an)
Epy=0.707E_un)
Ecn= 0.707E v
E = E n20° E
Epn= Epyn£—120° io0k

Ecry= Eqy £+120°

120°

Phasor diagram for the phase voltages of a
three-phase generator.
AN

EAN+ EBN+ ECN= 0
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THE Y-CONNECTED GENERATOR

A Line

Ew= Vi3E,,

Ean= Exg230° = V3E,y £30°
Ecx= V3Eqy £150°
Epc= V3Egy £270°

phase voltage: = Eq

Eus = Eqy = Enc = Lme voltage: =

E g (line voliage)

E, = V3E,

Line and phase voltages of the Y-connected
three-phase generator:
line current = phase current

Numbering of phase

The three phases may be numbered 1; 2; 3 or a; b; c or as is customary they may be

given three colour. The colours used commercially are red; yellow and blue. In this case

the sequence is RYB.

PHASE SEQUENCE (Y-CONNECTED GENERATOR)

Eca / P - E g= E ,z £0° (reference)
ine
= —120°
voltages Eea=Ega L1720
E g N Ep~= Egc £ +120°

/R oiation

Egc

B ABC

86



Ean= Ean£40°  (reference)

toh;’;cges ECN= ECN £—120°
. Epy= Egy £+120°
(a) o)
Drawing the phasor diagram from the phase sequence.
THE Y-CONNECTED GENERATOR WITH A Y-CONNECTED LOAD
A R
. A
P E, Ey v, zt I lés =dr=1Ls |
Ve=E,
E. = V3V,

Yeonnected generator with & Y-coanected load.

If the load is balanced, the neutral connection can be removed
without affecting the circuit
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EXAMPLE The phase sequence of the Y-connected generator is ABC. I

a. Find the phase angles 6, and 6.

b. Find the magnitude of the line voltages.

c. Find the line currents.

d. Verify that, since the load is balanced, Iy, = 0.

Solutions:

a. For an ABCphase sequence.

6, =—120° and 6, = +120°

b. E, = V3E, = (1.73)(120 V) = 208 V. Therefore,
L 3
Exn= Egc= Eca= 208V

¢. Vi = E,. Therefore, d. Applying Kirchhoff’s current law, we have
Ve =Euxn Ve =Egy  Vo,=Eqy In=Lia+ Ins + I
Via _ 120V £0° _ 120V £0°
b= lw= =30 +j40 5025315 o rechaglin:i;
=24A2—-53.13° L. =24 A £-53.13° 1440A —j19.20 A

Ipp=24A £—173.13°= —2283A— j2RTA

]h=%=%=24;\ £—173.13° Ic. =24 A £66.87° 943A+j2207A
u ) E(Las + Egp + 1) = 0+j0

¥ 120V £ +120°
L= zm = 50 253.13° =24 A L66.87° and Iy is in fact equal to zero, as required for a balanced load.

and, since I; = L.

L,=1,=24A £ -53.13°
Iy =l = 24 A £—173.13°
I.=1,=24A £66.87°

THE Y-A SYSTEM

There s no neutral connection for the Y-4 system
variation in the impedance of a phase that produces an unbalanced sys tem will simply vary the line and phase currents of the system.

]
"‘\ For u bal 4 load, 2y =7, =2,

The voltage across ench phase of the load is equal to the line voltage
of the generator for a balanced or an unbalanced load:

-~ Ij’i =
. 7 e V,=E
[ 4 o L
el 1525

= N 7 I, = Val,

Yoconnected generator with o A-connected load.

EXAMPLE For the three-phase system of Fig,

a. Find the phase angles 0, and 6,,
b. Find the current in each phase of the lond.
¢. Find the magnitude of the line currents,

Solutions:
i For an ABC'sequence.

Oy = =120° and 0, = +120°
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- - = +
L SEW
R =60 X5 =80
E.z= IS0V Z0° o Van
3-phasc, 3-wirc, A._g l‘h\
Y —< : | - Xy = R0
Phase soquence: ABC R = 61
Ecqa = 150V Z 03 - S ta % — B2 —
1 1 g . MW 000 - ]b
B - A
P 1\\ li's_ - Ve -+
Eg.= 150V 2@,
b. Vo, = E;. Therefore.
Vo, = Eagn Vo= Eca Vo= Egc
The phase currents are
Vs IS0V £0° 150V ~0°
= —=ab = = 1 —53.13°
e = 7 T 60 +,80 100 ~53.13° [SAEIAR
p— o
B eoVho o ASONGEE— VMV, o i e ST ADP
Zse 10 2 ~£53.13°
_ Ve IS0N:Z23120°: 5
1. _Za 102 ~53.13° 15 A Z66.87

c. Ir = V31, = (1.73X15 A) = 25.95 A. Therefore.
Tao = Igp = I = 2595 A

THE A-CONNECTED GENERATOR

Ay Toad
N LTI
S, ;e
< 3 <
L e N BN s o
B
(b)
(a)
A-connected generalor

E.s= E.n and ein= V2E,ysin wt Phase
Epc= Epy and egn= \/EEBNsin(wl — 120°) sequence

Eca=Eqy and ecn= V2Ec nsin(wt + 120°) | ABC

E; = Egy
1, =31,

The phasor diagram of the currents of a
three-phase. A-connected generator.
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PHASE SEQUENCE (A-CONNECTED GENERATOR)

E.p= E 5£0°
Ege= Eg- £ —120°
Ecy,= E £120°

Determining the ph, q e fora
A-connected, three-phase generator.

THE A-A, A-Y THREE-PHASE SYSTEMS

The basic equations necessary to analyze either of the two systems
(A-A, A-Y) have been presented at least once in this chapter. We will
therefore proceed directly to two descriptive examples. one with a
A-connected load and one with a Y-connected load.

EXAMPLE For the A-A system shown in Fig.

a. Find the phase angles &, and 6, for the specified phase sequence.
b. Find the current in each phase of the load.
c. Find the magnitude of the line currents.

L

E,u= 120V 20°

Eca

e Rotation
P

E.p

Phase sequence: ABC

Epc = 120V £ 8,

Solutions:
a. For an ACBphase sequence.

&, = 120° and f; =— —120°
b. Vo = E,. Therecfore.
Vo = Ean Ve = Eca Ve = Ege

The phase currents are

. =~ 120V - 0° 120V £o0°
=5 Z. (352 Z0°K5482 £—90°) 250 - —90°
S50 — ;50 7.071 - —a45°
_ 120V ~0° i -
3.54 €2 £ —45° S WoENS
_ Nape _ 120V £120° _ -
| PuS z. S te s A 33.9 A £ 165
v 120V £ —120°
I, = —=2 = = 33.9.A -~ —75°
= z_. 3.54 €2 ~ —45°

c. Ip = V3L, = ( 1.7334 A) =— 5882 A_. Therefore.

Tay = Ige =— I — S8.8Z2Z A

91




EXAMPLE For the A-Y system shown in Fig A -
TLu=2AZ0P
Find the voltage across each phase of the load.
Find the magnitude of the line voltages.
Eoy 18
3-phase .
A-connected gencrator 5
In= ¢
2AL-120°

Solutions:
a. Iy = I, Therefore,
ILp,=L,=2A2L0°
“Phase 3 . E
A | S BC
L I = 2AZ120°

lh= lgb= 2A £L-120°
Iw=1c.=2A £120°

The phase voltages are

Vio = LinZaw = (2A £0°)(10 Q) £—-53.13°) = 20V £-53.13°
Voo = IpnZin = (2A £—120°)(10 Q £-53.13°) =20V £—-173.13°
Vo= 1oZen = (2A £120°)(10 2 £—53.13°) = 20 V £66.87°

b. E, = V3V, = (1.73)20 V) = 34.6 V. Therefore,
EQA——' Em= EA,:= 346V

determined

Average Power The average power delivered to each phase can be

Vﬁ (watts, W)

R,

Py = Vyl,cos 03¢ = R, =

POWER
Y-Connected Balanced Load

Yeonnecled balanced load.

total power to the balanced load is

(VAR)

where 0,‘;’ indicates that @ is the phase angle between V, and I,. The

(W)

=1

E,
or,since Vo = % and I,
E,
then Pr= 3\/—% I, cos 8,‘;‘
(W)

Therefore, I P, = \3E,I, cos 0,‘: = 3LR,

Reactive Power The reactive power of each phase (in volt-amperes

Vs (VAR)

reactive) is
Qs = Valpsin iz = X, =

(VAR)

(VA)

The total reactive power of the load is
| or=V3Ed sinojz=36x |

(VA)

Apparent Power The apparent power of each phase is

The total apparent power of the load is

(leading or lagging)

or Sr=V3EI

Power Factor The power factor of the system is given by

(VA)

F,,=L;r!-=cosﬂ,‘:‘
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EXAMPLE For the Y-connected load of Fig.

EL
E, =132V

o
E; = 1732 V£4—-120°
a. Find the average power to each phase and the total load.
b. Determine the reactive power to each phase and the total reactive
power.

c. Find the apparent power to each phase and the total apparent power.
d. Find the power factor of the load.
Solutions:
a. The average power is

P, = V I, cos 9)‘;‘ = (100 V)20 A) cos 53.13° = (2000)0.6)
1200 W

I

P, = IDR, = (20 A)’(3 ) = (400)(3) = 1200 W
P°=ﬁ=M=ﬂ= 1200 W
R, 30
Pr=3P, = (3)(1200 W) = 3600 W
or

Pr=\/3E I cos 0} = (1.732)(173.2 V)20 A)0.6) = 3600 W
b. The reactive power is
Qs = Vil sin 62 = (100 V)(20 A) sin 53.13° = (2000)(0.8) or Qs = ILX, = (20 A)’(4 £2) = (400)(4) = 1600 VAR
= 1600 VAR Qr = 3Q, = (3)(1600 VAR) = 4800 VAR

or  Qr=\V3EI sin0}¢ = (1.732)(173.2 V)(20 A}0.8) = 4800 VAR

¢. The apparent power is S, = Vil = (100 V)(20 A) = 2000 VA or  Sy= V3EJ = (1.732)(173.2 V)(20 A) = 6000 VA
Sy = 35, = (32000 VA) = 6000 VA
d. The power factor is

—Pr_ 3600W _
F, Sy VA 0.6 lagging

A-Connected Balanced Load Poiage § ;

I
- P, = Vil cos8}2= I§&=% (W)
Eg
1 I Reactive Power
E; W-
= Q.= VI, sinb2= X, = f (VAR)
I

A-connected balanced load. (VAR)

Apparent Power

Se = Vol (VA)
| sr=3s,=V3E1L | v
Pr
Power Factor =
£ Sr
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THE THREE-WATTMETER METHOD

Ling

Threeswattmeter method for o Asconpected fowd,

Three-wattmeter method fora Y-connected [oad. [ Pro= P+ P, 4 Py ]

I PN-Pl"'P""P‘ ]

THE TWO-WATTMETER METHOD

Pr= P, = Pi=\/3E I cos 0}?

P, =P
F,=cosfje=—2—1L
’ * \GEL

P, 1P,

—-10 —-075 05 -025 o +0.25 +05 +0.75 +1.0
Pp=Py—.P +— | —= By =Byt

Determining whether the readings obtained using the two-wattmeter method
should be added or subtracted.
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