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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 SI 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, L and 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 

30 Practical Resistance Measurement Methods 

 

 

 

 

 

 

 

 



 

WEEK 1 

Electrical Units and Unit Conversion 

Learning Objectives 

Identify SI 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, Ω, W, J, C, Hz; k=10³, M=10⁶, m=10⁻³, μ=10⁻⁶. Example: 4.7 kΩ = 4700 Ω. 

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=ρL/A; R_T=R_0[1+α(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=I²R=V²/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=ΣR; same current flows; V_i=V_T R_i/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=Σ(1/R_i); 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-Δ and Δ-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-Δ 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 

ΣI=0 at a node; ΣV=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 

Find V_TH and 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; V_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 I_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 Voltage and Current Sources. 

State the main equation or operating principle. 

Solve one representative problem. 

Homework 

Complete assigned problems and prepare a short summary of Voltage 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_TH²/(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(ωt+φ); ω=2πf; 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 M∠θ; M=√(a²+b²), θ=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, L and 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, l and c? 

State one basic principle related to this topic. 

Name one practical application. 

Lecture Explanation 

X_L=ωL; X_C=1/(ωC); 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, l and c, 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|=√[R²+(X_L-X_C)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 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_L=jωL; Z_C=1/(jωC); 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/(2π√LC); 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 Circuits. 

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=VIcosφ; Q=VIsinφ; 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=cosφ=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 
quantities using engineering metric prefixes (pico to Tera). 

MODULE 02 

Core Circuit Variables 

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

MODULE 03 

Ohm's Law & Circuit States 

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

MODULE 04 

Resistance & Configurations 

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



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Base Quantity SI Unit Name Symbol 

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 = 1 A·s] 

• Electric Potential (V): Volt (V)  [1 V = 1 J/C = 1 W/A] 

• Resistance (R): Ohm (Ω)  [1 Ω = 1 V/A] 

• Electric Power (P): Watt (W)  [1 W = 1 J/s = 1 V·A] 

• Frequency (f): Hertz (Hz)  [1 Hz = 1 s⁻¹] 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electric Charge (Q) 

Symbol: Q | Unit: Coulomb (C) 

Fundamental property of matter. An electron carries -1.602 × 10⁻¹⁹ 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: I = dq / dt 

Voltage / Potential (V) 

Symbol: V | Unit: Volt (V) 

Energy required to move a unit charge between two points. 

Governing Relation: V = dw / dq 

Electric Power (P) 

Symbol: P | Unit: Watt (W) 

Time rate of absorbing or supplying energy in a circuit. 

Governing Relation: P = V × I = I²R 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prefix Name Symbol Power of Ten Decimal Value 

Giga G 10⁹ 1,000,000,000 

Mega M 10⁶ 1,000,000 

kilo k 10³ 1,000 

milli m 10⁻³ 0.001 

micro μ 10⁻⁶ 0.000001 

nano n 10⁻⁹ 0.000000001 

pico p 10⁻¹² 0.000000000001 

femto f 10⁻¹⁵ 0.000000000000001 

Powers of Ten Scale Electrical Quantities Across 15 Orders of Magnitude 

Unit Conversion Rules 

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

   Example: 2.5 mA = 2.5 × 10⁻³ A = 2,500 
μA 

2. Smaller to Larger Unit: 
   Multiply by 10⁻ⁿ (shift decimal left). 

   Example: 4,700 Ω = 4.7 × 10³ Ω = 4.7 kΩ 

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



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

OHM'S LAW FORMULATIONS 

V = I × R    |    I = V / R    |    R = V / I 

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

Closed Circuit 

Complete closed loop for current flow. 

Finite current: I = V / R 

Finite resistance R > 0. 

Open Circuit 

Break in conductor path (R = ∞). 

Zero current: I = 0 A 

Voltage drop V across terminals. 

Short Circuit 

Zero resistance connection (R = 0). 

Maximum current: I → ∞ 

Zero voltage drop: V = 0 V. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Material Resistivity, Length, and Area Directly Determine Electrical 
Resistance 

Physical Resistance Equation 

R = ρ × ( L / A ) 

• ρ (Resistivity): Material property in Ohm-meters (Ω·m). 

• L (Length): Conductor length in meters (m). R ∝ L. 

• A (Cross-Sectional Area): Area in m² (A = πd²/4). R ∝ 1/A. 

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



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 = I₁ = 

I₂ = I₃). 

• Voltage: Total voltage equals sum of individual drops (V_total = V₁ 
+ V₂ + V₃). 

• Equivalent Resistance: R_eq = R₁ + R₂ + R₃ + ... 

• 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 = V₁ 
= V₂ = V₃). 

• Current: Total current equals sum of branch currents (I_total = I₁ + 
I₂ + I₃). 

• Equivalent Resistance: 1 / R_eq = 1/R₁ + 1/R₂ + 1/R₃ 

• 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 kΩ. 
Calculate: 
(a) Circuit current I in milliamperes (mA).  (b) Total power dissipated P in 

milliwatts (mW). 

Step 1: Unit Conversion 

Convert resistance to standard SI units: 

R = 2.4 kΩ = 2.4 × 10³ Ω = 2,400 Ω 

Step 2: Calculate Current (I) 

Apply Ohm's Law (I = V / R): 

I = 12 V / 2400 Ω = 0.005 A 

In mA: 0.005 × 10³ = 5.0 mA 

Step 3: Calculate Power (P) 

Apply Power relation (P = V × I): 

P = 12 V × 0.005 A = 0.06 W 

In mW: 0.06 × 10³ = 60.0 mW 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Three Practice Problems Reinforce Core Concepts Before Next Lecture 

Homework Problem 1 

Unit Conversions & Prefixes 

Convert the following quantities into 
standard base SI units: 
(a) 450 μA to Amperes. 
(b) 12.5 kV to Volts. 
(c) 3.3 MΩ to Ohms. 

Homework Problem 2 

Ohm's Law & Circuit Calculations 

A 100 Ω resistor dissipates 4 Watt of 
power in a closed circuit. 
(a) Calculate the voltage V across the 
resistor. 
(b) Determine the current I flowing 
through it. 

Homework Problem 3 

Physical Resistance Factors 

A copper wire (ρ = 1.68 × 10⁻⁸ Ω·m) has 
a length L = 50 m and diameter d = 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:× 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 (Ω) 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 (Ω). 

The electrical unit: 

 

Quantity Symbol Unit Abbreviation 

Current I Ampere A 

 

Voltage 

 

V 

 

volt 

 

V 

 

Resistance 
R Ohm Ω 



 

    

 

Charge 

 

Q 

 

Coulomb 

 

C 

 

Power 

 

P 

 

watt 

 

W 

Engineering prefix: 

 

 

Example1-Express the following in engineering prefix: 

 

a) 𝟏𝟎 × 𝟏𝟎𝟒 volt. b) 𝟎. 𝟏 × 𝟏𝟎−𝟑 watts. C) 𝟐𝟓𝟎 × 𝟏𝟎−𝟕 ampere. 

 

Solution: 

 

a) 𝟏𝟎 × 𝟏𝟎𝟒 volt =𝟏𝟎𝟎 × 𝟏𝟎𝟑 V =𝟏𝟎𝟎 𝒌V . 

 

b) 𝟎. 𝟏 × 𝟏𝟎−𝟑 watts = 𝟎. 𝟏𝒎𝒊𝒍𝒍𝒊watts = 0.1 mW . 

 

c) 𝟐𝟓𝟎 × 𝟏𝟎−𝟕 ampere = 𝟐𝟓 × 𝟏𝟎−𝟔 A =25μA . 

 

Example2- Convert 0.1MV to kV 

 

Solution: 

 

𝟎. 𝟏𝑴𝑽 = 𝟎. 𝟏 × 𝟏𝟎𝟔 𝑽 = (𝟎. 𝟏 × 𝟏𝟎𝟑) × 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: 

 
𝑳 

𝑹 = 𝝆  
𝑨 

Where: 

 

R is the resistance (ohms) 

 

ρ is specific resistance (resistivity) in (ohm. Meter). 

L is length of the conductor (meter). 

A is area of the cross section of a conductor (Sq.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: 

 

 

Example-3: 1cm
2
 cross section 50m long copper conductor has specific resistance 1.72*10

-8
 

Ω.cm find the resistance. 



 

Solution: 

 

𝑳 = 𝟓𝟎𝒎 = 𝟓𝟎 × 𝟏𝟎𝟎𝒄𝒎 = 𝟓𝟎𝟎𝟎𝒄𝒎 

 
𝑨 = 𝟏 𝒄𝒎𝟐 

 
𝒔𝒑𝒆𝒄𝒊𝒇𝒊𝒄 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 = 𝟏. 𝟕𝟐 × 𝟏𝟎−𝟖𝜴. 𝒄𝒎 

 

𝑹 = 𝝆 
𝑳 

= 𝟏. 𝟕𝟐 × 𝟏𝟎−𝟖 × 
𝟓𝟎𝟎𝟎 

= 𝟎. 𝟎𝟎𝟖𝟔 𝜴 
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". 

 

𝐂𝐮𝐫𝐫𝐞𝐧𝐭 = 
𝐕𝐨𝐥𝐭𝐚𝐠𝐞 

𝐑𝐞𝐬𝐢𝐬𝐭𝐚𝐧𝐜𝐞 
𝒐𝒓 𝑰 = 

𝑽 

𝑹 

 

 

 

𝑹 = 
𝑽 

𝑰 

𝑽 = 𝑰 × 𝑹 

 
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 Ω. Calculate the current flowing through this circuit ( reading of 

ameter ). 



 

Solution: 

 

Voltage (V) = 50V 

 

 

 

 

 

 

Resistance (R) = 100Ω 

 

Current (I) = ? 

According to Ohm's law 

𝑰 = 
𝑽 

=  
𝟓𝟎 

= 𝟎. 𝟓𝑨 
𝑹 𝟏𝟎𝟎 

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

is 75µA . Calculate the resistance value of the circuit. 

Solution: 
 

 

 

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. 



 

 

 

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. 

 

 

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. 

 

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 ) 

 

 

Each resistor has a voltage drop across it as given by Ohm's law. Thus 

 

𝑽𝟏 = 𝑰𝑹𝟏; 𝑽𝟐 = 𝑰𝑹𝟐; 𝑽𝟑 = 𝑰𝑹𝟑 

The total drop in three resistors put together is: 

 

𝑬 = 𝑽𝟏 + 𝑽𝟐 + 𝑽𝟑 

= 𝑰𝑹𝟏 + 𝑰𝑹𝟐 + 𝑰𝑹𝟑 

= 𝑰(𝑹𝟏 + 𝑹𝟐 + 𝑹𝟑) 

 
𝑬 𝑽 

𝑰 
= 𝑹𝟏 + 𝑹𝟐 + 𝑹𝟑 𝑾𝒆𝒓𝒆 [

𝑰 
= 𝑹] 

 
∴ 𝑹 = 𝑹𝟏 + 𝑹𝟐 + 𝑹𝟑 𝒕𝒉𝒊𝒔 𝒊𝒔 𝒄𝒂𝒍𝒍𝒆𝒅 (𝒕𝒐𝒕𝒂𝒍 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 )𝑹𝑻 



 

∴ 𝑹𝑻 = 𝑹𝟏 + 𝑹𝟐 + 𝑹𝟑 

Voltage divider rule : 
 

𝑽𝟏 
 

 

𝑽𝟐 
 

 

𝑽𝟑 

= 𝐄 × 
 𝐑𝟏  

𝐑𝟏+𝐑𝟐+𝐑𝟑 

 

= 𝐄 × 
 𝐑𝟐  

𝐑𝟏+𝐑𝟐+𝐑𝟑 

 

= 𝐄 × 
 𝐑𝟑  

𝐑𝟏+𝐑𝟐+𝐑𝟑 

Example-6: the 56Ω; 100Ω; 27Ω; 10Ω and 5.6Ω 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: 
 

 

 

 

𝑹𝐓 = 𝐑𝟏 + 𝐑𝟐 + 𝐑𝟑 + 𝐑𝟒 + 𝐑𝟓  = 𝟓𝟔 + 𝟏𝟎𝟎 + 𝟐𝟕 + 𝟏𝟎 + 𝟓. 𝟔 = 𝟏𝟗𝟖. 𝟔𝛀 
 

𝑰 = 
𝑽 

𝑹𝑻 

= 
𝟐𝟒 

𝟏𝟗𝟖.𝟔 
= 𝟎. 𝟏𝟐𝑨 

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

is 1m A , find the voltage source . 

 

 

 

 

Solution: 𝑹𝑻 = 𝑹𝟏 + 𝑹𝟐 + 𝑹𝟑 = (𝟏 + 𝟑. 𝟑 + 𝟒. 𝟕) × 𝟏𝟎𝟎𝟎 = 𝟗𝟎𝟎𝟎𝛀 



 

𝑽𝑺 = 𝐈 × 𝐑𝐓 = 𝟏 × 𝟏𝟎−𝟑 × 𝟗𝟎𝟎𝟎 = 𝟗 𝐕 

Homework:- for giving circuit find (R4 ) ? 
 

 

 

Homework :- for the circuit shown the reading of voltmeter is (4.69v) ; the resistor ( R2 ) is 

( 1.5KΩ ),find ( R1) ? 

 

 

 

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. 

 

 

 

 

 

For two resistors R1 and R2 connected in parallel then 
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𝑰𝑻 = 𝑰𝟏 + 𝑰𝟐 
 

𝑽𝑺 
𝑾𝒆𝒓𝒆 𝑽𝑺 = 𝑽𝟏 = 𝑽𝟐 𝒂𝒍𝒔𝒐 𝑰𝑻 = 

𝑻 

𝑽𝟏 
, 𝑰𝟏 = 

𝟏 

𝑽𝟐 
, 𝑰𝟐 = 

𝟐 
 

𝑽𝑺 
∴ 

𝑹𝑻 

𝑽𝟏 
= 

𝑹𝟏 

𝑽𝟐 
+ 

𝑹𝟐 

𝑽𝑺 
⟹ 

𝑹𝑻 

𝟏 
= 𝑽𝑺 ( 

𝟏 

𝟏 
+ ) 

𝑹𝟐 
 

𝟏 𝟏 𝟏 𝑹𝟏 × 𝑹𝟐 
 

 

𝑹𝑻 

= 
𝑹𝟏 

+ 
𝑹𝟐 

⟹ 𝑹𝑻 = 
𝟏 + 𝑹𝟐 

 
 
 

 

 

 
Current divider rule :- 
 

𝑽𝟏 
𝑰𝟏 = 

𝟏 
𝒘𝒆𝒓𝒆 𝑽𝟏 = 𝑽𝑺 𝒂𝒏𝒅 𝑽𝑺 = 𝑹𝑻 × 𝑰𝑻 

𝑹𝟏 × 𝑹𝟐 𝑹𝟏 × 𝑹𝟐 
∵ 𝑹𝑻 = 

𝟏 + 𝑹𝟐 
⟹ 𝑽𝟏 = 

𝑹𝟏 + 𝑹𝟐 
× 𝑰𝑻 

 

 
∵ 𝑰  𝑽𝟏 = 

 
⇒ 𝑰 = 

𝑹𝟏×𝑹𝟐 × 𝑰 
𝑹𝟏+𝑹𝟐 

𝑻) 𝑰𝑻 × 𝑹𝟐 = 
𝟏 𝑹𝟏 

𝟏 𝑹𝟏 

 

𝑹𝟏 + 𝑹𝟐 
 

𝑰𝟐 = 
 𝑰𝑻×𝑹𝟏 

𝑹𝟏+𝑹𝟐 

In parallel circuit total current (I) is equal to some of the current I1; I2 and I3. 

 

𝑰𝑻 = 𝑰𝟏 + 𝑰𝟐 + 𝑰𝟑 

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

𝑹 𝑹 𝑹 

𝑹 

𝑹 

 

𝑹 

𝑹 
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𝑰𝑻 
 

 

𝑰𝟏 
 

 

𝑰𝟐 
 

 

𝑰𝟑 

= 
𝑽 

𝑹𝑻 

 

= 
𝑽 

𝑹𝟏 

 

= 
𝑽 

𝑹𝟐 

 

= 
𝑽 

𝑹𝟑 
 

𝑹𝑻 = 
 𝑹𝟏𝑹𝟐𝑹𝟑  

𝑹𝟐𝑹𝟑+𝑹𝟏𝑹𝟑+𝑹𝟏𝑹𝟐 

 
𝑽 = 𝑽𝟏 = 𝑽𝟐 = 𝑽𝟑 = 𝑽𝑺 

 

 

 
Example-8: The resistor ( 6Ω ) are connected in parallel with resistor ( 4Ω ) across the 
voltage supply (24 v) , find the total current . 

 

 
Solution 

 

𝑹𝟏 = 𝟔𝛀 , 𝐑𝟐 = 𝟒𝛀 𝐕 = 𝟐𝟒𝐯 

𝐑𝐓 =?  , 𝐈𝐓 =? 

𝐈𝐧 𝐩𝐚𝐫𝐚𝐥𝐥𝐞𝐥 𝐜𝐢𝐫𝐜𝐮𝐢𝐭 
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𝑹 = 
 𝐑𝟏𝐑𝟐  = 

𝟔×𝟒 
= 

𝟐𝟒 
= 𝟐. 𝟒𝛀 

𝐓 𝐑𝟏+𝐑𝟐 𝟔+𝟒 𝟏𝟎 

According to Ohm's law 
 

𝑰𝑻 = 
𝑽 

𝑹𝑻 

= 
𝟐𝟒 

= 𝟏𝟎𝑨 
𝟐.𝟒 

Example-9: Three resistors 10Ω; 5Ω and 2Ω 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: 
 

 

 

𝑹𝟏 = 𝟏𝟎𝜴 𝑹𝟐 = 𝟓𝜴 𝑹𝟑 = 𝟐𝜴 

𝑹𝑻 =? 𝑰𝑻 = 𝟐𝑨 𝑽 =? 

 

𝑹 = 
 𝑹𝟏𝑹𝟐𝑹𝟑  = 

𝟏𝟎×𝟓×𝟐 
𝑻 𝑹𝟐𝑹𝟑+𝑹𝟏𝑹𝟐+𝑹𝟏𝑹𝟑 (𝟓×𝟐)+(𝟐×𝟏𝟎)+(𝟏𝟎×𝟓) 

 

= 
𝟏𝟎𝟎 

𝟏𝟎+𝟐𝟎+𝟓𝟎 
= 

𝟏𝟎𝟎 

𝟖𝟎 
= 𝟏. 𝟐𝟓𝜴 

𝑽 = 𝑰𝑻 × 𝑹𝑻 = 𝟐 × 𝟏. 𝟐𝟓 = 𝟐. 𝟓𝒗 

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 (RT) of the circuit is: 
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Example-10: , Find out the total resistance of the series parallel circuit. 

 

Solution: 
 

 

 

𝑹𝑻𝟒𝟓𝟔 
= 𝟕𝟓 + 

𝟔𝟖×𝟑𝟗 
= 𝟗𝟗. 𝟖𝜴 

𝟔𝟖+𝟑𝟗 

𝑹𝑻𝟐𝟑 = 𝟒𝟕 + 𝟒𝟕 = 𝟗𝟒Ω 

𝑹𝑻 = 𝑹𝟏 + (𝑹𝑻𝟒𝟓𝟔 ∕∕ 𝑹𝑻𝟐𝟑) = 𝟏𝟎𝟎 + 𝟒𝟖. 𝟒 = 𝟏𝟒𝟖. 𝟒𝛀 
 

 

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

 

 

𝑹𝑻 = 𝑹𝟏 + ( 𝑹𝟐 ∕∕ 𝑹𝟑) 

𝟐. 𝟐 × 𝟑. 𝟑 
𝑹𝑻 = 𝟏 + ( 

𝟐. 𝟐 + 𝟑. 𝟑
) = 𝟐. 𝟑𝟐 𝑲𝛀 

 

𝑽𝑺 
𝑰𝑻 = 

𝑻 

𝟐𝟐 
= = 𝟗. 𝟒𝟖 𝒎𝑨 

𝟐. 𝟑𝟐 × 𝟏𝟎𝟎𝟎 

 
𝑰𝑻 × 𝑹𝟑 𝟗. 𝟒𝟖 × 𝟏𝟎−𝟑 × 𝟑. 𝟑 × 𝟏𝟎𝟑 

𝑰𝟐 = 
𝟐 

= 
+ 𝑹𝟑 

(𝟐. 𝟐 + 𝟑. 𝟑) × 𝟏𝟎𝟎𝟎 
= 𝟓. 𝟔𝟖𝟖 𝒎𝑨 

 

𝑰𝟑 = 
𝟗. 𝟒𝟖 × 𝟏𝟎−𝟑 × 𝟐. 𝟐 × 𝟏𝟎𝟑 

(𝟐. 𝟐 + 𝟑. 𝟑) × 𝟏𝟎𝟎𝟎 
= 𝟑. 𝟕𝟗 𝒎𝑨 

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

 

 

 

Solution: 

 

𝑹𝟐𝟑𝟒 = 𝑹𝟐 + ( 𝑹𝟑 ∕∕ 𝑹𝟒) 

𝑹 

𝑹 
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𝑰𝟐 

 
 
 

 

= 
𝑽 

𝑹𝟐𝟑𝟒 

 
 
 

 

= 
𝟓𝟎 

𝟓𝟑𝟕.𝟔𝟒 

𝟑𝟑𝟎 × 𝟓𝟔𝟎 
𝑹𝟐𝟑𝟒 = 𝟑𝟑𝟎 + ( 

𝟑𝟑𝟎 + 𝟓𝟔𝟎
) = 𝟓𝟑𝟕. 𝟔𝟒𝛀 

 
= 𝟎. 𝟎𝟗𝟐 𝑨 

 

𝐈 = 
 𝐈𝟐×𝐑𝟒  = 

𝟎.𝟎𝟗𝟐×𝟓𝟔𝟎 
= 𝟎. 𝟎𝟓𝟕A 𝟑 𝐑𝟑+𝐑𝟒 𝟓𝟔𝟎+𝟑𝟑𝟎 

 
𝑰𝟒 = 𝐈𝟐 − 𝐈𝟑 = 𝟎. 𝟎  𝟐 − 𝟎. 𝟎𝟓𝟕 = 𝟎. 𝟎𝟑𝟓𝑨 
 

𝑰𝟏 = 
𝑽 

𝑹𝟏 

= 
𝟓𝟎 

𝟓𝟔𝟎 
= 𝟎. 𝟎𝟖𝟗𝑨 

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

Solution : 

 

 

𝑹𝑻 = 𝑹𝟐 + ( 𝑹𝟑 ∕∕ 𝑹𝟒) 
 

𝑹𝑻 
= 𝟏𝟓𝟎 + ( 

𝟓𝟔𝟎×𝟓𝟔𝟎
) = 𝟒𝟑𝟎𝛀 

𝟓𝟔𝟎+𝟓𝟔𝟎 

𝑰 = 
𝑽𝑺 = 

𝟖𝟎 
= 𝟎. 𝟏𝟖𝟔 𝑨 

𝑹𝑻 𝟒𝟑𝟎 

 

𝑹 = 
𝐑𝟐×𝐑𝟑 = 

𝟓𝟔𝟎×𝟓𝟔𝟎 
= 𝟐𝟖𝟎𝛀 𝑨𝑩 𝐑𝟐+𝐑𝟑 

 

𝟓𝟔𝟎+𝟓𝟔𝟎 

Voltage drop across AB is: 𝑽𝑨𝑩 = 𝑹𝑨𝑩 × 𝑰 = 𝟐𝟖𝟎 × 𝟎. 𝟏𝟖𝟔 = 𝟓𝟐. 𝟎𝟗𝑽 
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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 RA; RBand RC connected in delta fashion between 

terminal A; B and C as shown in figure. these resistances can be replacing by three resistance 

R1; R2 and R3 in star as shown in. 

 

Delta to Star conversion: 
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Star to Delta conversion: 

 

 

 

 

 

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

 

Solution: 

 

 

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

in figure(b) 

𝑹𝐂𝐒 = 𝟒 × 𝟒⁄𝟏𝟒 = 𝟏𝟔⁄𝟏𝟒 = 𝟖⁄𝟕 𝛀 ; 𝐑𝐄𝐒 = 𝟒 × 𝟔⁄𝟏𝟒 = 𝟏𝟐⁄𝟕𝛀 

𝐑𝑫𝐒 = 𝟔 × 𝟒⁄𝟏𝟒 = 𝟏𝟐⁄𝟕𝛀 
 
 

 

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

Ω) as shown in figure (c). 



18  

 

 

As seen from figure(c): 

 

𝑹𝑨𝑩 = 𝟒 + (𝟖⁄𝟕) + (𝟑. 𝟔) = 𝟖. 𝟔𝛀 

Example15 : for the circuit shown in figure ; find the current passing through ( RL=18KΩ) 
 

 

 

 

 

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

 

 

𝑹𝑪𝑶 
 
 

𝑹𝑫𝑶 
 
 

𝑹𝑩𝑶 

= 
𝟏𝟖×𝟐.𝟐 

𝟏𝟖+𝟐.𝟐+𝟐.𝟕 

 

= 
𝟏𝟖×𝟐.𝟕 

𝟏𝟖+𝟐.𝟐+𝟐.𝟕 

 

= 
𝟐.𝟕×𝟐.𝟐 

𝟏𝟖+𝟐.𝟐+𝟐.𝟕 

= 𝟏. 𝟕𝟑𝑲𝛀 

 
= 𝟐. 𝟏𝟐𝑲𝛀 

 
= 𝟎. 𝟐𝟔𝑲𝛀 
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𝐑𝐓 = 
(𝟒.𝟕+𝟏.𝟕𝟑)×(𝟑.𝟗+𝟐.𝟏𝟐) 

+ 𝟎. 𝟐𝟔 ≈ 𝟑. 𝟑𝟕𝑲𝛀 
(𝟒.𝟕+𝟏.𝟕𝟑)+(𝟑.𝟗+𝟐.𝟏𝟐) 

 

𝑰 = 
𝑽𝑺 = 

𝟏𝟐𝟎 = 𝟑𝟓. 𝟔𝒎𝑨 
𝑹𝑻 𝟑.𝟑𝟕×𝟏𝟎𝟎𝟎 

By using current divider rule to finding I1 and I2 
 

𝑰𝟏 
 

 

𝑰𝟐 

=  
𝑰×(𝟑.𝟗+𝟐.𝟏𝟐) 

(𝟑.𝟗+𝟐.𝟏𝟐)+(𝟒.𝟕+𝟏.𝟕𝟑) 

 

=  
𝑰×(𝟒.𝟕+𝟏.𝟕𝟑) 

(𝟑.𝟗+𝟐.𝟏𝟐)+(𝟒.𝟕+𝟏.𝟕𝟑) 

= 𝟏𝟕. 𝟐𝒎𝑨 

 
= 𝟏𝟖. 𝟑𝟖𝒎𝑨 

 
𝑽𝑪 = 𝑰𝟏 × 𝟏. 𝟕𝟑 × 𝟏𝟎𝟎𝟎 = 𝟏𝟕. 𝟐 × 𝟏𝟎−𝟑 × 𝟏. 𝟕𝟑 × 𝟏𝟎𝟎𝟎 = 𝟑𝟗. 𝟏𝟖𝑽 

 
𝑽𝑫 = 𝑰𝟐 × 𝟐. 𝟏𝟐 × 𝟏𝟎𝟎𝟎 = 𝟏𝟖. 𝟑𝟖 × 𝟏𝟎−𝟑 × 𝟐. 𝟏𝟐 × 𝟏𝟎𝟎𝟎 = 𝟒𝟖. 𝟑𝟐𝑽 

𝑽𝑪𝑫 = 𝑽𝑪 − 𝑽𝑫 = 𝟑𝟗. 𝟏𝟖 − 𝟒𝟖. 𝟑𝟐 = (−𝟗. 𝟏𝟒) 
 

𝑰 = 
 𝑽𝑪𝑫  = 

𝟗.𝟏𝟒 = 𝟎. 𝟓𝟎𝟕 𝒎𝑨 
𝟏𝟖𝑲𝛀 𝟏𝟖×𝟏𝟎𝟎𝟎 

 

𝟏𝟖𝟎𝟎𝟎 
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Home work : for the circuit shown in figure find the current passing through 

( RL=1KΩ ). 

 

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). 

 

 

 

 

 

 

 

 

 

 

 

 

 ئ

 

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

conductors are I1, I2, I3, I4, and I5. 

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

 

According to Kirchoff's Law: 
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𝑰𝟏 + 𝑰𝟐 + 𝑰𝟑 = 𝑰𝟒 + 𝑰𝟓 

Flowing towards J = Flowing away from J 

 

Otherwise 

 

𝑰𝟏 + 𝑰𝟐 + 𝑰𝟑 − 𝑰𝟒 − 𝑰𝟓 = 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. 

 

 

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. 

𝑽𝒔 = 𝑰𝑹𝟏 + 𝑰𝑹𝟐 + 𝑰𝑹𝟑 + 𝑰𝑹𝟒 

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

elements. 

 

 

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 
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. 

 

ABEFA forms a closed circuit (LOOP 1) 

 

𝟔𝑰𝟏 + 𝟐(𝑰𝟏 + 𝑰𝟐) = 𝟗𝟎 

𝟔𝑰𝟏 + 𝟐𝑰𝟏 + 𝟐𝑰𝟐 = 𝟗𝟎 

𝟖𝑰𝟏 + 𝟐𝑰𝟐 = 𝟗𝟎  − − − (𝟏) 

CBEDC forms another closed circuit( LOOP2) 

 

𝟖𝑰𝟐 + 𝟐(𝑰𝟏 + 𝑰𝟐) = 𝟏𝟏𝟎 

𝟖𝑰𝟐 + 𝟐𝑰𝟏 + 𝟐𝑰𝟐 = 𝟏𝟏𝟎 

𝟐𝑰𝟏 + 𝟏𝟎𝑰𝟐 = 𝟏𝟏𝟎  − − − (𝟐) 

To solve, equation(2) is multiplied by 4. 

 

𝟖𝑰𝟏 + 𝟒𝟎𝑰𝟐 = 𝟒𝟒𝟎 − − − (𝟑) 

𝐬𝐮𝐛𝐭𝐫𝐚𝐜𝐭𝐞𝐝 𝐞𝐪 (𝟏)𝐟𝐫𝐨𝐦 𝐞𝐪 (𝟑) 𝟖𝑰𝟏 + 𝟐𝑰𝟐 = 𝟗𝟎 − − − (𝟏) 

𝟖𝑰𝟏 + 𝟒𝟎𝑰𝟐 = 𝟒𝟒𝟎 
 

 

 
𝟑𝟖𝑰𝟐 

 

 
= 𝟑𝟓𝟎 ⟹ 𝑰𝟐 

 

 

= 
𝟑𝟓𝟎 

= 𝟗. 𝟐𝟏𝟏𝑨 
𝟑𝟖 

−𝟑𝟖𝑰𝟐 = −𝟑𝟓𝟎 

Substitute the I2 value in equation (1) 

 

𝟖𝑰𝟏 + 𝟐(𝟗. 𝟐𝟏𝟏) = 𝟗𝟎 

𝟖𝑰𝟏 + 𝟏𝟖. 𝟒𝟐𝟐 = 𝟗𝟎 

𝟖𝑰𝟏 = 𝟗𝟎 − 𝟏𝟖. 𝟒𝟐𝟐 
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𝑰𝟏 
= 

𝟕𝟏.𝟓𝟕𝟖 
= 𝟖. 𝟗𝟒𝟕𝑨 

𝟖 

From this, 

 

The current through 6Ω resistor is = 8.947A 

The current through 8Ω resistor is = 9.211A 

The current through 2Ω 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. 

 

 

In the LOOP (ABEFA) 

 

𝟓𝑰𝟏 + 𝟐𝟎(𝑰𝟏 + 𝑰𝟐) = 𝟒 − − − (𝟏) 

 

 
𝟐𝟓𝑰𝟏 + 𝟐𝟎𝑰𝟐 = 𝟒 − − − (𝟏) 

In LOOP EDCBE 

 

𝟒𝑰𝟐 + 𝟐𝟎(𝑰𝟏 + 𝑰𝟐) = 𝟔 − − − (𝟐) 

𝟐𝟎𝑰𝟏 + 𝟐𝟒𝑰𝟐 = 𝟔 − − − (𝟐) 
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𝑬𝒒(𝟏) × 𝟒 𝟏𝟎𝟎𝑰𝟏 + 𝟖𝟎𝑰𝟐 = 𝟏𝟔  − − − (𝟑) 

𝑬𝒒(𝟐) × 𝟓 𝟏𝟎𝟎𝑰𝟏 + 𝟏𝟐𝟎𝑰𝟐 = 𝟑𝟎 − − − (𝟒) 

 

−𝟒𝟎𝑰𝟐 = −𝟏   

𝑰𝟐 = 𝟎. 𝟑𝟓𝐀 

Substitute I2 = 0.35A in Eq(1) 

 

𝟐𝟓𝑰𝟏 + 𝟐𝟎(𝟎. 𝟑𝟓) = 𝟒 

𝑰𝟏 = −𝟎. 𝟏𝟐𝑨 

The path of the current flow in the 5Ω resistor is –ve therefore we assume current direction is 

opposite to that as shown in figure. 

Current I1 in 5Ω resistor = 0.12A 

Current I2 in 4Ω resistor = 0.35A 

Current I1+I2 in 20Ω resistor = 0.23A 

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

shown . 

Solution : 
 

 

 

 

 

We assume the currents in the each resistances and branchs 
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By ysing matrix method 

 

 

 

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. 
 

 
Solve the above equation to find out the current value(I1,I2…….In ) 
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𝟏 

𝟐 

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

 

 

Solution: 

 

Loop1 𝟑𝟎 − 𝟑𝟎𝑰𝟏 − (𝑰𝟏 − 𝑰𝟐) − 𝟔𝟎 = 𝟎 − − − 𝒆𝒒(𝟏) 

Loop2 𝟔𝟎 − 𝟏𝟎(𝑰𝟐 − 𝑰𝟏) − 𝟏𝟓𝑰𝟐 = 𝟎 − − − 𝒆𝒒(𝟐) 

Rewrite the above equation 

−𝟒𝟎𝑰𝟏 + 𝟏𝟎𝑰𝟐 = 𝟑𝟎 − − − 𝒆𝒒(𝟏) 

𝟏𝟎𝑰𝟏 − 𝟐𝟓𝑰𝟐 = −𝟔𝟎 − − − 𝒆𝒒(𝟐) 

The current through 10 ohm resistor is ( I1 ─ I2) and can be determined using the 

determinates: 

 

−𝟒𝟎 𝟏𝟎 𝑰𝟏 𝟑𝟎 
| 

𝟏𝟎 −𝟐𝟓
| × |

𝑰𝟐
| = |

−𝟔𝟎 −
| 

 

| 
𝟑𝟎 𝟏𝟎 

| 
𝑰 =  −𝟔𝟎  −𝟐𝟓  = 

|
−𝟒𝟎 𝟏𝟎 

| 
𝟏𝟎 −𝟐𝟓 

(𝟑𝟎×(−𝟐𝟓))−((−𝟔  )×𝟏𝟎) 
= 

((−𝟒𝟎)×(−𝟐𝟓))−(𝟏𝟎×𝟏𝟎) 

 
−𝟏𝟓𝟎 

 
 

𝟗𝟎𝟎 

 
= −𝟎. 𝟏𝟔𝟔𝑨 

|
−𝟒𝟎 𝟑𝟎 

| 
𝑰 =  𝟏𝟎 −𝟔𝟎  = 

|
−𝟒𝟎 𝟏𝟎 

| 
𝟏𝟎 −𝟐𝟓 

((−𝟒𝟎)×(−𝟔𝟎))−(𝟑𝟎×𝟏𝟎) 
= 

((−𝟒𝟎)×(−𝟐𝟓))−(𝟏𝟎×𝟏𝟎) 

−𝟐𝟏𝟎𝟎 
 

 

𝟗𝟎𝟎 
= −𝟐. 𝟑𝟑𝑨 

𝑰𝟏𝟎𝛀 = 𝑰𝟐 − 𝑰𝟏 = −𝟐. 𝟑𝟑— (−𝟎. 𝟏𝟔𝟔) = −𝟐. 𝟏𝟔𝟒𝑨 

Example-20:Find the current through each branch . 
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I1(10+8)-I2(8)-I3*0=2-4 ..................... 1 

-I1(8)+I2(8+5+4)-I3(4)=4 .................... 2 

I1*(0)-I2(4)+I3(4+20) =2 .................... 3 

Rewrite the above equation: 

18I1- 8I2= -2 .................... 1 

-8I1+17I2- 4I3=4 ................... 2 

- 4I2+ 24I3 = 2 .................... 3 

Solve the above equation we obtain:I1=-0.54A ,I2=0.92 A ,I3=0.678 A 

Home work 

Example : find the current in each resistor by using Maxwell's loop current method 
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Type of D.C source 

 

1- constant voltage source . 

 

 

RS= the internal resistance of source 

 

RL= the load resistance 

 

VS= the voltage source or electromotive force ( E .m .f ) 

 

2- constant current source 
 

 

 

 

 

Convert voltage source to current source 
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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 

(VTh ) and a single resistance called Thevenin’s resistance ( RTh). 

Explanation: 
 

 

 

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

internal resistance r = 0 . RLload resistance 

The load resistance ( RL ) is removed figure (b).the current ( I ) in the circuit is 

 

𝑰 = 
𝑬 

𝑹𝟏+𝑹𝟐 

The voltage across AB = Thevenin’s voltage (VTh ) 
 

𝑽𝑻𝒉 = 𝑽 
 
𝑨𝑩 = 𝑰 × 𝑹𝟐 = 

 𝑬×𝑹𝟐  

𝑹𝟏+𝑹𝟐 

To find RTh: 
 

 

 

 

𝑹𝑻𝒉 = 𝑹𝟑 + 
𝑹𝟏×𝑹𝟐 

𝑹𝟏+𝑹𝟐 
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Example-21: For the circuit in figure find the current in (R=6Ω)by using Thevenin's 

theorem. 

Solution: 
 

 

 

To find the ( VTh ) 
 

 

𝟏𝟎 − 𝟓 = 𝑰( 𝟒 + 𝟖 ) ⇒ 𝑰 =  
𝟓  

𝑨 
𝟏𝟐 

 

𝑽𝑻𝒉 
= 𝟏𝟎 − 𝟒 × 

𝟓 

𝟏𝟐 
= 𝟖. 𝟑𝟑𝑽 𝒐𝒓 𝑽 

 
𝑻𝒉 

= 𝟓 + 𝟖 × 
𝟓 

𝟏𝟐 

 
 
 
To find ( RTh ) 

 

 

 

𝑹𝑻𝒉 
= 

𝟒×𝟖 
= 𝟐. 𝟔𝟔𝛀 

𝟒+𝟖 

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

𝑰𝟔𝛀 = 
𝟖.𝟑𝟑 

𝟐.𝟔𝟔+𝟔 
= 𝟎. 𝟗𝟔𝑨 
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Example-22: For the circuit in figure find the current in (R=8Ω)by using Thevenin's 

theorem. 

Solution: 

 

 

To find the ( VTh ) 

 

𝑽𝑻𝒉 = 𝟐 × 𝟏𝟎−𝟑 × 𝟏𝟎 × 𝟏𝟎𝟎𝟎 = 𝟐𝟎𝑽 

 

 
To find ( RTh ) 

 

 

𝑹𝑻𝒉 = 𝟏𝟎 + 𝟏𝟐 = 𝟐𝟐𝛀 
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To find the current in ( R=8Ω ) by using Thevenin’s equivalent circuit 

 

 

𝑰 = 
𝟐𝟎 

(𝟐𝟐+𝟖)×𝟏𝟎𝟎𝟎 
= 

𝟐𝟎 

𝟑𝟎𝟎𝟎𝟎 
= 

𝟐 

𝟑 
𝒎𝑨 

 
Second method by using C.D.R s 

 

𝐈 = 
𝟐×𝟏𝟎−𝟑×𝟏𝟎×𝟏𝟎𝟎𝟎 𝟐 

𝟖𝐊𝛀 =  𝐦𝐀 
(𝟖+𝟏𝟐+𝟏𝟎)×𝟏𝟎𝟎𝟎 𝟑 

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

 

Solution : 

 

 

To find the ( VTh ) 

 
𝑽 = 𝑽 − 𝑽 = (

 𝑽𝒔×𝑹𝟑 ) −  
 𝑽𝒔×𝑹𝟒 ) = 

𝑻𝒉 𝑪 𝑫 𝑹𝟑+𝑹𝟏 𝑹𝟒+𝑹𝟐 

𝑽 = (
 𝟐𝟒×𝟔𝟖𝟎 

) –  
 𝟐𝟒×𝟓𝟔𝟎 

) = 𝟏𝟔. 𝟏𝟓𝟖 − 𝟏𝟎. 𝟖𝟑𝟖 = 𝟓. 𝟑𝟐𝑽 
𝑻𝒉 𝟔𝟖𝟎+𝟑𝟑𝟎 𝟓𝟔𝟎+𝟔𝟖𝟎 

Or by finding I1 and I2 
 

𝑰𝟏 = 
  𝑽𝑺  

𝑹𝟏+𝑹𝟑 
∴ 𝑽𝑪 = 𝑰𝟏 × 𝑹𝟑 
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𝑰𝟐 = 
  𝑽𝑺  

𝑹𝟐+𝑹𝟒 
∴ 𝑽𝑫 = 𝑰𝟐 × 𝑹𝟒 

 
 
 

 

 

 

 
To find ( RTh ) 

 

𝑹 = 
𝑹𝟏×𝑹𝟑 + 

𝑹𝟐×𝑹𝟒 = 
𝟑𝟑𝟎×𝟔𝟖𝟎 

+ 
𝟓𝟔𝟎×𝟔𝟖𝟎 

= 𝑻𝒉 𝑹𝟏+𝑹𝟑 𝑹𝟐+𝑹𝟒 

 

𝟑𝟑𝟎+𝟔𝟖𝟎 
 

𝟓𝟔𝟎+𝟔𝟖𝟎 

 
𝟐𝟐𝟐. 𝟏𝟕𝟖 + 𝟑𝟎𝟕. 𝟎𝟗𝟔 = 𝟓𝟐𝟔. 𝟐𝟕𝛀 
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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 5Ω resistor of 

figure (a) below. 

Solution: 

 

 

Remove 5Ω resistor and put a short circuit across terminals A and B as shown in 

figure (b). 
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Let us find ISC. l combination of 4Ω and 8Ω in series with a 4Ω resistance. 

 
𝑹 = 𝟒 + 

𝟒×𝟖 
= 

𝟐𝟎 
Ω 

𝑻 𝟒+𝟖 𝟑 

 

Hence 𝑰 = 
𝟐𝟎 

= 
𝟐𝟎 

= 𝟑𝑨 
 

 

𝑰𝑺𝑪 

𝑹𝑻 

 

= 𝟑 ×  
𝟒 

𝟒+𝟖 

(𝟐𝟎⁄𝟑) 

 

= 𝟏𝑨 

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

 

[(𝟒‖𝟒) + 𝟖]‖𝟏𝟎 = 𝟓Ω 

 

 

 
Hence; figure (e) gives Norton's equivalent circuit 

Now join 5Ω resistance back across terminals A and B. the current flowing through it 

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

 

 

 

 

 

 

 

figure (a) below. 

 

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". 

 

𝑷 = 𝑽 × 𝑰 𝒘𝒂𝒕𝒕𝒔 𝑷 = 𝑰𝟐 × 𝑹 𝑷 = 
𝑽𝟐 

 
 

𝑹 
watt 

 

Example 26 :- for the circuit in figure shown find ( P1 ) and ( P2 ) . 
 

Solutin :- 

 

𝑰 = 
  𝑽𝑺  = 

𝟏𝟎 

 

 
= 𝟎. 𝟎𝟔𝟒𝑨 

𝑹𝟏+𝑹𝟐 𝟏𝟎𝟎+𝟓𝟔 

 
𝑷𝟏 = 𝑽𝟏 × 𝑰 = ( 𝑹𝟏 × 𝑰) × 𝑰 = 𝑰𝟐 × 𝑹𝟏 = 𝟎. 𝟎𝟔𝟒𝟐 × 𝟏𝟎𝟎 = 𝟎. 𝟒𝟎𝟗𝟔 𝒘 

𝑷𝟐 = 𝑽𝟐 × 𝑰 = ( 𝑹𝟐 × 𝑰) × 𝑰 = 𝑰𝟐 × 𝑹𝟐 = 𝟎. 𝟎𝟔𝟒𝟐 × 𝟓𝟔 = 𝟎. 𝟐𝟐𝟗𝟑 𝒘 

 

 
Example27 : for the circuit in figure find ( VS ) if ( P!= 0.5 w ) . 

Solution : 
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𝑻𝒉  
𝒎𝒂𝒙 

 
 

 
 

 

𝑷𝟏 = 𝑰𝟐 × 𝑹𝟏 
⇒ 𝑰 = √

𝑷𝟏 

𝑹𝟏 

= √ 
𝟎.𝟓 

𝟏𝟎𝟎𝟎 
= 𝟎. 𝟎𝟐𝟐𝟑𝑨 

 
𝑽𝑺 = 𝑰 × (𝑹𝟏 + 𝑹𝟐 + 𝑹𝟑) = 𝟎. 𝟎𝟐𝟐𝟑 × 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( 𝑷𝒎𝒂𝒙)𝒘𝒉𝒆𝒏 𝑹𝑳 = 𝑹𝑺 

And using Thevenin's theorem then find 𝑷 =  
 

𝟒𝑹𝑻𝒉 

 

 
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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 𝑬 

We will remove RL and find the equivalent Thevenin's source. As seen from figure(b) VTh 

equals the drop across the vertical resistor of 3Ω because no current flows through 2Ω and 

1Ω resistors. 

 

𝑽𝑻𝒉 
= 𝟏𝟓 ×  

𝟑 

𝟑+𝟑 
= 𝟕. 𝟓𝒗 

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

figure(b) 

 

 

𝑹𝑻𝒉 = 𝟐 + 𝟏 + 
𝟑×𝟑 

 
 

𝟑+𝟑 

𝟐 

= 𝟒. 𝟓𝜴 , 𝑷𝒎𝒂𝒙 = 𝑻𝒉  = 
𝟒𝑹𝑻𝒉 

𝟕.𝟓𝟐 
 

 

𝟒×𝟒.𝟓 
= 𝟑. 𝟏𝟐𝟓 w 

 

 

 

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. 
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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: 

 

𝑹𝑻 
= 𝟐. 𝟓 + 

𝟐×𝟔 
= 𝟒𝜴 

𝟐+𝟔 
 

𝑰′ = 
𝟔 𝟔 ′ 𝟐 𝟐 𝟔 

 
 

𝟏 𝑹𝑻 

=  = 𝟏. 𝟓𝑨 ; 𝑰 
𝟒 

= 𝟏. 𝟓 × = 𝟏. 𝟓 ×  =  = 𝟎. 𝟑𝟕𝟓𝑨 
𝟔+𝟐 𝟖 𝟒 

𝑰′ = 𝟏. 𝟓 ×  
𝟔 𝟔 

= 𝟏. 𝟓 ×  = 𝟏. 𝟏𝟐𝟓   
𝟔+𝟐 𝟖 

 
 
 

 

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

shown: 

 

𝑹𝑻 
= 𝟐 + 

𝟐.𝟓×𝟔 
= 𝟑. 𝟕𝟔𝟒𝜴 

𝟐.𝟓+𝟔 

𝑰′′ = 
𝟏𝟐 

= 
𝟏𝟐 

= 𝟑. 𝟏𝟖𝑨 ;𝑰′′ = 𝟑. 𝟏𝟖 × 
𝟐.𝟓 

= 𝟑. 𝟏𝟖 × 
𝟐.𝟓 𝟔 

 
 

𝟐 𝑹𝑻 

 
 

𝟏.𝟕𝟔𝟒 

 
 

𝟔+𝟐.𝟓 
=  = 𝟎. 𝟗𝟑𝟓𝑨 

𝟖.𝟓 𝟒 

 

𝑰′′ = 𝟑. 𝟏𝟖 × 
𝟔 𝟔 

= 𝟑. 𝟏𝟖 × = 𝟐. 𝟐𝟒𝟓𝑨 
 

𝟏 𝟔 + 𝟐. 𝟓 
 

𝟖. 𝟓 

𝟐 
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It is 

charging 

current 

 

 

 
𝑰𝟏 = 𝑰′ + 𝑰′′ = 𝟏. 𝟓 − 𝟐. 𝟐𝟒𝟓 = −𝟎. 𝟕𝟒𝟓𝑨 

𝟏 𝟏 

𝑰𝟐 = 𝑰′ + 𝑰′′ = −𝟏. 𝟏𝟐𝟓 + 𝟑. 𝟏𝟖 = 𝟐. 𝟎𝟓𝟓𝐀 
𝟐 𝟐 

𝑰 = 𝑰′ + 𝑰′′ = 𝟎. 𝟑𝟕𝟓 + 𝟎. 𝟗𝟑𝟓 = 𝟏. 𝟑𝟏𝑨 

 
Example-30: In figure(a) below find the different currents flowing in the branches. 
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43  
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Homework 
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Quantity Symbol Unit Abbreviation 
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Magnetic flux ф weber wb 

Flux density B Weber / sequre meter Tesla( T ) 

Permibility µ Weber /Amper. turn Wb/ At 

Reluctance Ʀ Amper.turn/ weber At/wb 

Magnetizing force H Amper .turn/ meter At /m 

Magnetomotive force m.m.f Amper.turn/ meter At/m 
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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 = 𝑩𝑳𝒗 𝐬𝐢𝐧 𝜽 

 
From this: 

 

𝑳 = 𝑳𝒆𝒏𝒈𝒕𝒉 𝒐𝒇 𝒕𝒉𝒆 𝒄𝒐𝒏𝒅𝒖𝒄𝒕𝒐𝒓. 
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𝒗 = 𝑽𝒆𝒍𝒐𝒄𝒊𝒕𝒚 𝒐𝒇 𝒄𝒐𝒏𝒅𝒖𝒄𝒕𝒐𝒓. 

 
𝑩 = 𝑭𝒍𝒖𝒙 𝒅𝒆𝒏𝒔𝒊𝒕𝒚. 

 
𝜽 = 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. 
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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 = 𝑽𝒎𝒂𝒙 𝐬𝐢𝐧 𝝎𝒕 𝒐𝒓  𝒊 = 𝑰𝒎𝒂𝒙 𝐬𝐢𝐧 𝝎𝒕 

Maximum value: 

 

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

maximum value. Denoted by "Imax or Vmax". 

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 
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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. 
 

𝑹𝑴𝑺 𝒗𝒂𝒍𝒖𝒆 = 
𝑰𝒎𝒂𝒙 

 

√𝟐 
𝒐𝒓 

𝑽𝒎𝒂𝒙 
 

√𝟐 

Average value: 

 

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

quantity at different instances. 
 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝒗𝒂𝒍𝒖𝒆 = 
𝟐𝑰𝒎𝒂𝒙 

 

𝝅 
𝒐𝒓 

𝟐𝑽𝒎𝒂𝒙 
 

𝝅 

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. 
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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: 

 

 

 

 

Note that current and voltage as in phase: 
 

 

 

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



65  

 

 

 

Solution: 
 

𝒗 
𝒊𝑹 = 

𝑹 
= 

𝟔𝟎 𝐬𝐢𝐧(𝝎𝒕) 
= 𝟏𝟐 𝐬𝐢𝐧(𝝎𝒕) 𝑨 

𝟓 
 
 
 
 
 
 
 
 

 
AC circuit with Purely Inductive Load: 

 

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

shown in Figure. 

 

 

𝒅𝒊𝑳 𝒅 𝒗 = 𝑳 = 𝑳 (𝑰 𝐬𝐢𝐧 𝝎𝒕) = 𝝎𝑳𝑰 𝐜𝐨𝐬 𝝎𝒕 = 𝑽 𝐜𝐨𝐬 𝝎𝒕 
𝑳 𝒅𝒕 

 

𝒅𝒕 𝒎 𝒎 𝒎 

Utilizing the trigonometric identity [ 𝐬 𝝎𝒕 = 𝐬𝐢𝐧(𝝎𝒕 + 𝟗𝟎°)you can writethis as: 
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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° 

 

From Equation above, we see that the ratio Vm to Im is: 

 

 

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. 

 

 

Combining Equations above yields: 

 

 

Where ω is radians per second 𝝎 = 𝟐𝝅𝒇 

 

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

Determine iLand sketch it 
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Solution: 

 

ω = 400 rad/s therefore 𝒙𝑳 = 𝝎𝑳 = 𝟒𝟎𝟎 × 𝟎. 𝟐 = 𝟖𝟎𝜴 
 

𝑰𝒎 = 
𝑽𝒎 

 

𝒙𝑳 

𝟏𝟎𝟎 
= 

𝟖𝟎 
= 𝟏. 𝟐𝟓𝑨 

The current lags the voltage by 90
o
 therefore: 

 

𝒊𝑳 = 𝟏. 𝟐𝟓 𝐬(𝟒𝟎𝟎𝒕 − 𝟐𝟎°) A as indicated in figure below 
 

 

 

 

 

 

 

 

 

 

 

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

 

 

Where 𝐈𝐦 = 𝛚𝐂𝐕𝐦 = 
𝐕𝐦 

𝐗𝐜 

 

xcis called the capacitance reactance 

 

Example-23: The voltage across a 10-mF capacitance is vC= 100sin(ωt -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. 

 

 

Impedance: 

 

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

domain is defined as its impedance. 

 

 

For resistor: 
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For inductance: 

 

 

For capacitance: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Series AC circuit: 

 

AC through Resistance and Inductance: 

 

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

 

 

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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𝑳 

𝑽𝑹 = 𝑰𝑹 𝒗𝒐𝒍𝒕𝒂𝒈𝒆 𝒅𝒓𝒐𝒑 𝒂𝒄𝒓𝒐𝒔𝒔 𝑹(𝒊𝒏 𝒑𝒉𝒂𝒔𝒆 𝒘𝒊𝒕𝒉 𝑰) 

𝑽𝑳 = 𝑰 × 𝑿𝑳 𝒗𝒐𝒍𝒕𝒂𝒈𝒆 𝒅𝒓𝒐𝒑 𝒂𝒄𝒓𝒐𝒔𝒔 𝒊𝒏𝒅𝒖𝒄𝒕𝒂𝒏𝒄𝒆 (𝒍𝒂𝒈 𝒐𝒇 𝑰 𝒃𝒚 𝟗𝟎) 

The applied voltage V is: 

 

𝑽 = √𝑽𝟐 + 𝑽𝟐 𝒐𝒓 𝑽 = 𝑰 × 𝒁 
𝑹 𝑳 

 
𝒘𝒉𝒆𝒓𝒆 𝒁 𝒊𝒔 𝒕𝒉𝒆 𝒊𝒎𝒑𝒆𝒅𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒄𝒊𝒓𝒄𝒖𝒊𝒕 

 

𝒁 = √𝑹𝟐 + 𝑿𝟐 

 
From figure(b) it is clear that the applied voltage V leads the current I by an angle φ 

such that: 
 

𝑽𝑳 
𝐭𝐚𝐧 𝝋 = 

𝑹 

𝑿𝑳 
= 

𝑹 
 
 
 
 

 
 Vector 

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

The value of the resistance and the inductance are 3Ω 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: 

 

 

AC through Resistance and Capacitance: 

 

The circuit is shown in figure(a). Here VR = I.R = drop across R in phase with I. VC = 

I.XC = drop across capacitor lagging I by 90
o
. 

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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𝑹 

 
 

 

 

 

𝑽 = √𝑽𝟐 + (−𝑽𝑪)𝟐 𝒐𝒓 𝑽 = 𝑰 × 𝒁 

 
𝒘𝒉𝒆𝒓𝒆 𝒁 𝒊𝒔 𝒕𝒉𝒆 𝒊𝒎𝒑𝒆𝒅𝒂𝒏𝒄𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒄𝒊𝒓𝒄𝒖𝒊𝒕 

 

𝒁 = √𝑹𝟐 + (−𝑿𝑪)𝟐 

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

such that: 
 

𝐭𝐚𝐧 𝝋 = 
−𝑽𝑪 

 

𝑽𝑹 

−𝑿𝑳 
= 

𝑹 

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

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

The impedance. 

Current. 

Phase angle. 

Voltage across resistor and capacitor. 

 

Solution: 

 

 

 

 

Resistance; Inductance and capacitance in series: 
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𝑹 

The three are shown in figure(b) joined in series across an AC supply of r.m.s. voltage 

V 

 

 

Let 𝑽𝑹 = 𝑰. 𝑹 = 𝒗𝒐𝒍𝒕𝒂𝒈𝒆 𝒅𝒓𝒐𝒑 𝒂𝒄𝒓𝒐𝒔𝒔 𝑹 𝑰𝒏 𝒑𝒉𝒂𝒔𝒆 𝒘𝒊𝒕𝒉 𝑰 

 
𝑽𝑳 = 𝑰. 𝑿𝑳  = 𝒗𝒐𝒍𝒕𝒂𝒈𝒆 𝒅𝒓𝒐𝒑 𝒂𝒄𝒓𝒐𝒔𝒔 𝑳 𝑳𝒆𝒂𝒅𝒊𝒏𝒈 𝑰 𝒃𝒚 𝟗𝟎° 

 
𝐕𝐂 = 𝐈. 𝐗𝐂 = 𝐯𝐨𝐥𝐭𝐚𝐠𝐞 𝐝𝐫𝐨𝐩 𝐚𝐜𝐫𝐨𝐬𝐬 𝐂 𝐋𝐚𝐠𝐠𝐢𝐧𝐠 𝐛𝐲 𝟗𝟎° 

In the voltage triangle of figure(b): 

 

𝑽 = √𝑽𝟐 + (𝑽𝑳 − 𝑽𝑪)𝟐 ; 𝑽 = 𝒁 × 𝑰 
 

 

Where Z is the impedance of the circuit 𝒁 = √𝑹𝟐 + (𝑿𝑳 − 𝑿𝑪) 

Phase angle φ is given by: 
 

𝐭𝐚𝐧 𝛗 = 
(𝑿𝑳 − 𝑿𝑪) 

 

𝑹 
 

 

 

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

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



75  

Impedance. 

Current. 

Voltage across R; L; and C. 

Solution: 

 

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

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

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

 

 

 

 

For branch A  

 

𝒁 = √(𝑹𝟐 + 𝑿𝟐) ∶ 𝑰 = 
𝑽 

𝟏 𝟏 𝑳 
 

𝟏 𝒁𝟏 
 
Current I1 lags behind the applied voltage by φ1 

For branch B 
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𝒁 

𝒁 = √(𝑹𝟐 + 𝑿𝟐) ∶ 𝑰 = 
𝑽 

𝟐 𝟐 𝑪 
 

𝟐 𝒁𝟐 

 
The total current I is: 
 

𝑽 
𝑰 = 𝑰𝟏 + 𝑰𝟐 = + 

𝟏 

𝑽 
 

 

𝒁𝟐 

𝟏 
= 𝑽 ( 

𝟏 

𝟏 
+ 

𝒁𝟐 

) = 𝑽(𝒀𝟏 + 𝒀𝟐) = 𝑽𝒀 

𝒘𝒉𝒆𝒓𝒆 𝒀 = 𝒕𝒐𝒕𝒂𝒍 𝒂𝒅𝒎𝒊𝒕𝒕𝒂𝒏𝒄𝒆 = 𝒀𝟏 + 𝒀𝟐 

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 ( IL and IR ) . 

 

 

 

 

 

Example-29: for the circuit shown find ( Ic , IR and IT ) . 

 

 

Solution: 

 
𝑰 = 

𝑬 
= 

𝟐𝟎𝟎∠𝟎° 
= 𝟒𝟎∠𝟎°A 

𝑹 𝑹 
 

𝟓∠𝟎° 

𝒁 
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𝑰𝑹 = 
𝑬 

𝑿𝒄 
= 𝝎𝑬𝑪∠𝟗𝟎° = 𝟐𝟎𝟎 × 𝟐 × 𝟓𝟎 × 𝟑. 𝟏𝟒 × 𝟎. 𝟎𝟏 × 𝟏𝟎−𝟔 = 𝟔𝟐. 𝟖 × 𝟏𝟎−𝟑∠𝟗𝟎°A 

 

𝑰𝑻 = 𝑰𝑹 + 𝑰𝑪 = 𝟒𝟎∠𝟎° + 𝟔𝟐. 𝟖 × 𝟏𝟎−𝟑∠𝟗𝟎° = 

Example-27: Two circuit the impedance of which are given by 𝒁𝟏 = 𝟏𝟎 + 𝒋𝟏𝟓𝜴 and 

𝒁𝟐 = 𝟔 − 𝒋𝟖𝜴 are connected in parallel. If the total current applied is 15A. what are the 

current taken by each branch. 

 

 

Example-29: for the circuit shown find (Ic , IR ,IL and IT ) . 
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Example-27: for the circuit the shown if 𝒁𝟏 = 𝟔 + 𝒋𝟖𝜴 and 𝒁𝟐 = 𝟖 − 𝒋𝟔𝜴 are connected 

in parallel. If the applied voltage is (100V , 60Hz ) ,what are the current taken by each 

branch. 

Solution : 
 

 

 

 

 

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 = 𝑽. 𝑰 = 𝑰𝟐. 𝒁 (𝑽𝑨) 

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

resistance. 

𝑷 = 𝑽. 𝑰. 𝐜𝐨𝐬 𝝋 = 𝑰𝟐. 𝑹 (𝒘𝒂𝒕𝒕) 

Reactance power (Q): it is the power developed in the reactance of the circuit. 

 

𝑸 = 𝑰. 𝑿. 𝐜𝐨𝐬 𝝋 = 𝑰𝟐. 𝑿 

 
These three powers are shown in the power triangle of figure below. 
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𝑺 = √𝑷𝟐 + 𝑸𝟐 

 

 

 

 
Power factor 

𝑹 𝑷 
𝐜𝐨𝐬 𝝋 =  =  

𝒁 𝑺 

Example-28: A 60Hz sinusodial voltage 𝒗 = 𝟏𝟒𝟏 𝐬𝐢𝐧 𝝎𝒕 is applied to a series R-L 

circuit. The values of the resistance and the inductance are 3Ω and 0.0106H 

respectively. 

Find the average power dissipated by the circuit. 

Calculate the power factor of the circuit. 
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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. 

 

 

Example-29: for the circuit shown find ( C) to make power factor of the circuit is unity. 

 

 

 

Solution : 
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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 XL 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. 

 

 

The frequency at which the net reactance of the series circuit is zero is called the 

resonant frequency fo . Its value can be found under: 

𝑿𝑳 = 𝑿𝑪 
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Therefore 𝐟𝐨 = 
𝟏 

𝟐𝛑√𝐋𝐂 

 
If L in hennery and C in farad then fo 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 𝑰𝒐 = 𝑽⁄𝑹 and is in phase with V. 

 

 

Q-factor of a resonant Series Circuit: 

 

The Q-factor of an R-L-C series circuit can be defined by: 

 
 

𝟐𝛑𝐟𝐨𝐋 
𝑸 = 𝐨𝐫 𝐐 = 

𝟏 
√

𝐋 
 

𝒐 𝑹 
  

𝐨 𝐑 𝐂 

 
Example-30: A coil having an inductance of 50mH and resistance 10Ω is connected in 

series with a 25μF capacitor across a 200V ac supply. Calculate: (a) resonance 

frequency of the circuit. (b) current flowing at resonance and (c) value of Qo. 
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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
o
 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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The instantaneous values of the three e.m.f. will be given by curves of figure 
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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. 
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