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COURSE CODE: GEE 211 
COURSE TITLE: BASIC ELECTRICAL ENGINEERING 
NUMBER OF UNITS: 3 Units 
COURSE DURATION: Three hours per week 
 

COURSE LECTURER: Engr. Stephen Ogbikaya 

INTENDED LEARNING OUTCOMES 

At the completion of this course, students are expected to: 

1) Define the basic circuit laws and theorem  

2) Understand how to analyze electrical circuit using these circuit laws and 

theorems. 

3) Understand how to solve simple problems in electrical circuits. 

4) Connect simple electrical circuit from the circuit diagram. 

 

COURSE DETAILS:  

Week 1-2:  Introduction to current electricity, DC circuits, measurement of voltage, current, resistance in 

a circuit and ohms law. 

Week 3-4: Basic circuit laws and theorems. 

Week 5-6: Analysis of power in AC circuits, resonance in AC circuits and power factor. 

Week 7-8: Analysis of semi-conductor materials, diode and its application. 

Week 9-10: Transistor characteristics, device and circuits.  

Week 11: Electrical power measurements. 

Week 12 Revision 

 

RESOURCES 

• Lecturer’s Office Hours: 

• Engr. Prof. Edekin M.J. Evbogbai Tuesdays 9:00-11:00am. 

• Engr. S. Ogbikaya, Thursdays 11:00am-12 noon. 

• Course lecture Notes: http://www.edouniversity.edu.ng/oer/ 

• Books: 

• A Textbook of Electrical Technology, volume 1 by B.L. Theraja and A.K. Theraja. 

• College Physics, ninth edition by Frederick J. Bueche and Eugene Hecht. 

• Advanced Level Physics, sixth edition by Michael Nelkon and Philip Parker 

• Basic Electrical Engineering by G. N. Onoh 
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Evaluation 0f Students 

Techniques of Student Assessment 

 (a)  Continuous Assessments 

 Continuous assessment is based on Test =15, Quiz/Assignment =10, Attendance =5 

             Total = 30 Marks. 

 Scores from continuous assessment shall normally constitute 30 % of the final marks.  

(b)  Examinations: In addition to continuous assessment, final examinations shall normally be  given at     

 the end of the semester. The final grade shall be based as follows: Final  Examination –  70%, 

Continuous assessment – 30% (Quizzes, Tutorials,  Homework and Tests). 

• Academic Honesty: All classwork should be done independently; team or group work is allowed during 

class discussion. 

• Discussion of problems and general solution strategies is allowed, but the student must write their 

report independently. 

• If you discuss any challenge with anyone else, you must write their name at the top of your 

assignment, labeling them “collaborators”. 

Assignments & Grading 

• Academic Honesty: All classwork should be done independently, unless explicitly stated. 

• NO LATE HOMEWORK IS ACCEPTED 

• Turn in what you have at the time it’s due. 

• All homework are due at the start of class. 

• If you will be away, turn in the homework early. 

• Late submission of assignments will not be accepted, but penalized according to the percentages 

given on the syllabus. 

 

PREAMBLE: 

For current to flow in a circuit, there must be flow of charge from one point to another. Hence the rate 

of flow of this charge with time is termed current. 

Mathematically, I = 
𝑄

𝑡
        eqn. 1 
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Where I = current in amperes 

 Q = charge in coulombs 

 t = time in seconds 

 From eqn 1 above, as the charges in the circuit increases, the current also increases. To 

measure the current in a circuit, an ammeter is used and this ammeter is always connected in 

series in the circuit. Current flows from positive terminal in a circuit to negative terminal of the 

same circuit. 

Terms Associated with Current Electricity 

The electromotive force (emf) is the potential difference of a source when no current is flowing. 

It is measured in volts. 

Terminal voltage is the voltage output of a device measured across its terminals. It measured in 

volts. Terminal voltage is calculated by  

V = emf - Ir.         eqn.  2 

 Where r = internal resistance of the cell or battery measured in ohms (Ω)  

Resistance is the property of a resistor to oppose the flow of current. It is denoted by the 

symbol (R), it is measured in ohms (Ω) with an ohmmeter. 

Resistivity of a conductor 

The resistance of any conductor is directly proportional to the length (l) of the conductor and 

inversely proportional to the cross-sectional area (A) of the conductor. 

 Mathematically,  R ∝ 
𝑙

𝐴
 

     R = ρ 
𝑙

𝐴
      eqn.  3 

Eqn 3 can be written as   ρ = 
𝑅𝐴

𝑙
      eqn.  4 

 Where ρ = specific resistance or resistivity of the material measured in (Ωm) 
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  𝑙 = length of conductor 

  A = cross sectional area of conductor. 

The resistance of a conductor also depends on the nature of the material used and the 

temperature of the conductor. 

The following table shows the specific resistance of materials 

Materials Specific resistance is ohm - meter 

Gold - 2.42 xl0 -8 

Silver - 1.63 x l0 -8 

Copper - 1.72 x 10 -8 

           Aluminium - 2.83 x 10 -8 

Rubber - 8 x 10 7 

Glass - 10 x 10 11 

Example 1 

Area of cross section of the Aluminium conductor is 0.009 cm2.Specific resistance is 2.69 x 10 Ωm. 

Potential difference between the end points of Aluminium conductor (p.d) is 20V. If 2A current is flowing 

through the conductor, what is the length of the conductor? 

Solution 1 

Area of the cross-section (A) = 0.009 cm2 

= 0.009 x 10-4m2 

Specific Resistance (p) = 2.69 x 10 -8 Ωm 

Potential difference (V) = 20 V 

Current (I) =2 A 

Resistance (R) = 
𝑉

𝐼
 = 

20

2
 = 10Ω 
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Recall  R = ρ 
𝑙

𝐴
  

Therefore  𝑙 = 
𝑅𝐴

𝜌
 = 

10 𝑋 0.009 𝑋 10−4

2.69 𝑋 10−8
 = 335.5m 

Example 2 

Calculate the resistance of a copper wire with length 365.8cm and diameter 0.508cm. 

Solution 2 

Area of copper wire (A) = 
𝜋𝑑2

4
 = 

2.14 𝑋 (0.508)2

4
 = 0.2025cm2 

Recall       R = ρ 
𝑙

𝐴
 = 

365.8 𝑋 1.72 𝑋 10−6 

0.2025
 = 0.0031Ω 

Temperature Coefficient of Resistance 

The change in resistance (∆R) when a metallic conductor is heated from 0oC to toC is given as 

∆R = Rt - Ro        eqn.   5  

This change in resistance depends on the following: 

1) Directly on the initial resistance 

2) Directly on the rise in temperature and 

3) On the nature of the material of the conductor. 

Mathematically ∆R ∝ Rot 

   ∆R = αRot        eqn.  6 

               α = 
∆R

Rot
 

Where α = temperature coefficient of resistance. 

Substituting eqn. 5 into eqn. 1.6 we have 

   Rt - Ro = αRot  

   Rt = Ro + αRot 
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   Rt = Ro (1 + αt)        eqn.  7 

Suppose a conductor of resistance Ro at 0oC is heated to toC, it resistance after heating is given 

by   Rt = Ro (1 + αtt)          eqn.  8 

 But if a resistance Rt at toC is cooled to 0oC, the resistance of the conductor Ro at 0oC is given as 

   Ro = Rt {(1 + αo (-t)} = Rt (1- αot)     eqn. 9 

Substituting eqn 8 into eqn.9, we have  

   αt = 
α𝑜

1+αot 
                 eqn. 10 

Example 3 

A platinum coil has a resistance of 3.146 Ω at 40°C and 3.767 Ω at 100°C. Find the resistance at 

0°C and the temperature-coefficient of resistance at 40°C. 

Solution 3 

Recall    Rt = Ro (1 + αt)  

 At 100oC, R100 = Ro (1+ 100α) 

   3.767 = Ro (1+ 100α) 

 At 40oC, R40 = Ro (1 + 40α) 

   3.146 = Ro (1 + 40α) 

Therefore  

   
3.767

3.146
 = 

Ro(1+ 100α)

Ro(1 + 40α)
  

          α = 0.00379 per oC 

 But   3.767 = Ro (1+ 100α) 

   3.767 = Ro (1+ 100 x 0.00379) 

   ∴   Ro = 2.73Ω 

To calculate the temperature coefficient of resistance at 40oC 

Recall from eqn. 10 

   αt = 
α𝑜

1+αot 
 = 

0.00379

1 + 0.00379 𝑋 40 
 = 0.00329 per oC   
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Tutorial 1 

1) Given that, R2 = Ro (1 + α𝑜t2) and R1 = Ro (1 + α𝑜t1), Show that R2 = R1 [1 + α𝑜(t2 – t1)] 

2) Find the resistance of a copper conductor at 25oC whose resistance at 0oc is 150Ω and 

its temperature coefficient is 0.004 per oC 

3) A dry cell has an emf of 1.52V. it terminal potential difference drops to zero when a 

current of 25A flow through it. What is internal resistance of the dry cell? 

Ohms Law 

This law states that the current flowing through a metallic conductor is directly proportional to 

the potential difference across the conductor provided temperature remains constant. 

 Mathematically,  V ∝ I 

     V = IR      eqn. 11 

It implies that     
𝑉

𝐼
 = R 

Where R is the proportionality constant called resistance. 

Therefore, the ratio of potential difference (p.d) between any two points in a conductor to the 

current through them, is constant, provided the temperature remains unchanged. 

Example 4 

An electric kettle has a resistance of 24Ω. What current will flow in it, when connected to a 

240V supply? 

Solution 4 

Given parameter:   R = 24Ω, V = 240V 

Recall from eqn 11  V = IR 

Therefore    I = 
𝑉

𝑅 
 = 

240

24
 = 10A 

Example 5 

Calculate the p.d across a resistor with resistance 10KΩ, with a current of 8µA flowing through 

it.  

Solution 5 

Given data:   R = 10KΩ, I = 8µA 

From eqn. 11,    V =IR 
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    V = (10 x 103) x (8 x 10-6) 

    V = 80 x 10-3V = 80mA 

 

Resistors in circuit 

Resistors in an electrical circuit can be connected either in series or in parallel or both. 

Resistors in series 

Resistors are said to be in series when they are connected end to end such that the same 

current flows through them while the p.d across each resistor varies depending on the value of 

the resistance. The diagram below shows three resistors R1, R2, and R3 connected in series.  

 
Fig 1: Resistors in series 

From the diagram above, the total voltage in the circuit V is given as: 

    V = V1 + V2 +V3      eqn. 12 

 But from eqn. 11  V = IR 

   i.e V1 = IR1, V2 = IR2, V3 = IR3 

Substituting into eqn. 12, we have 

    V = IR1 + IR2 + IR3 

    V = I (R1 + R2 + R3) 

    
𝑉

𝐼  
  = R1 + R2 + R3 

    R = R1 + R2 + R3     eqn. 13 

Where R is the total resistance or equivalent resistance in the circuit.  

Characteristics of resistors in series 

i) For resistors in series the same current flows through them. 

ii) The potential difference across each resistor differs depending on the value of the 

resistor. 
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iii) The total or equivalent resistance in the circuit is the sum of the individual 

resistances in the circuit.  

iv) No current flow in the circuit when there is a fault in any of the resistor. 

Voltage divider rule 

This rule is applicable to resistors in series. Considering the circuit below; 

 

Fig 2: Voltage divider circuit 

    R = R1 + R2 

    V = IR, I = 
𝑉

𝑅
 

    V1 = IR1, V2 = IR2 

    V1 = 
𝑉

𝑅
 x R1, V2 = 

𝑉

𝑅
 x R2 

Which can be written as: 

    V1 = 
𝑅1

𝑅1+𝑅2
 x V      eqn. 14  

Similarly    V2 = 
𝑅2

𝑅1+𝑅2
 x V      eqn. 15 

Resistors in parallel 

Resistors are said to be connected in parallel, when they are connected side by side such that 

the potential difference (V) across them is the same while the current (I) through each of them 

varies depending on the value of each resistor. The diagram below shows three resistors 

connected in parallel. 
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    Fig 3: resistors in parallel 

From the circuit diagram above, the total current I flowing through the circuit is given as: 

     I = I1 + I2 + I3     eqn. 16 

 Recall that    I = 
𝑉

𝑅
 

 But     I1 =
𝑉

𝑅1
 , I2 =

𝑉

𝑅2
 , I3 = 

𝑉

𝑅3
 

Substituting into eqn.1.14, we have 

     
𝑉

𝑅
 = 

𝑉

𝑅1
 + 

𝑉

𝑅2
 + 

𝑉

𝑅3
 

     
𝑉

𝑅
 = V (

1

𝑅1
 + 

1

𝑅2
 + 

1

𝑅3
) 

     
1

𝑅
 = 

1

𝑅1
 + 

1

𝑅2
 + 

1

𝑅3
     eqn. 17 

Where R is the total or equivalent resistance in the parallel circuit. 

Characteristics of resistors in parallel 

i) The potential difference across the resistors is the same. 

ii) The current flowing through each resistor varies depending on the resistance of the 

resistor. 

iii) The reciprocal of the equivalent or total resistance in the circuit is equal to the sum 

of the reciprocal of the individual resistances. 

iv) If there is a fault in any of resistor, current still flow through the circuit. 

 

 

 

 

 



[BASIC ELECTRICAL ENGINEERING, EDO UNIVERSITY, IYAMHO]  Page  11  
 

Current divider rule 

This rule is applicable to resistors in parallel. Considering the parallel circuit below; 

 

Fig 4: Current divider circuit 

 For the parallel circuit above, V = V1 = V2 = V3 

V = IR 

In this case              R = 
𝑅1𝑅2

𝑅1+𝑅2
 

             V1 = I1R1 

              I1 = 
𝑉1

𝑅1
= 

𝑉

𝑅1
 = 

𝐼𝑅

𝑅1
 = 

𝐼

𝑅1
 (

𝑅1𝑅2

𝑅1+𝑅2
) 

This implies that            𝐼1 = (
𝑅2

𝑅1+𝑅2
)I     eqn.18 

Similarly,              𝐼2 = (
𝑅1

𝑅1+𝑅2
)I     eqn. 19 

Example 6 

Determine the current I flowing through the battery in the figure below. 
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Solution 6 

The equivalent resistance Req of the circuit = 14.8Ω 

Emf of the battery = 20V 

But    I = 
𝑒𝑚𝑓

𝑅
 = 

20

14.8
 =1.4A 

Example 7 

Find the current flowing through each resistor and the current drawn from the battery in the 

circuit below.  

 

Solution 7 

From the circuit diagram above, 

    I1 = 
𝑉

𝑅1
 = 

40

2
 = 20A 

    I2 = 
𝑉

𝑅2
 = 

40

5
 = 8A 

    I3 = 
𝑉

𝑅3
 = 

40

8
 = 5A 

                              But I = I1 + I2 + I3 

    I = (20 + 8 + 5) A 

    I = 33A  

 

 

 

 

I 
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BASIC CIRCUIT LAWS AND THEOREMS 

Kirchhoff’s Law 

This law is classified into Kirchhoff’s Current Law and Kirchhoff’s Voltage Law. 

Kirchhoff’s Current Law states that the algebraic sum of the current flowing towards any point in a 

circuit is equal to the sum of the current flowing away from the point. This implies that the sum total of 

all the current meeting at a point is equal to zero. Considering the diagram below, 

 

Fig 5: Circuit illustrating Kirchhoff’s current law 

From the diagram above,  

   I1 + I2 = I3 + I4 + I5 

   I1 + I2 - I3 - I4 - I5 = 0     eqn. 20 

Kirchhoff’s voltage law states that in a closed circuit, the algebraic sum of the emf and the potential 

drop across each resistor is equal to zero. Considering the diagram below, 

 

Fig 6: Circuit illustrating Kirchhoff’s voltage law 

From the diagram above, when there is more than one source flowing in different direction, the voltage 

of any source is taken as positive if it is in the direction of the assumed current flow. In the diagram 

above, Va is in the same direction as the current hence Va is positive and Vb is negative. 
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 Total potential rise = Va – Vb 

 Total potential drops = IR1 + IR2 + IR3 

 i.e    Va – Vb = IR1 + IR2 + IR3 

   Va – Vb = I (R1 + R2 + R3) 

   Va – Vb - I (R1 + R2 + R3) = 0    eqn. 21  

Example 8 

Find the current flowing through the 15Ω resistor in the circuit diagram below. 

 

Solution 8 

The circuit is divided into two loops 1 and 2, 

From loop 1, 

  10I1 – 5I2 = 20 – 10 

  10I1 – 5I2 = 10      eqn. 1’ 

From loop 2, 

  5I2 + 15 (I1 + I2) = 10 

  15I1 + 20I2 = 10      eqn. 2’ 

Solving eqn.1’ and eqn. 2’ simultaneously, we have; 

From eqn.1’,  

  I1 = 
10+ 5𝐼2

10
      eqn.3’ 

Substituting eqn. 3’ into eqn. 2’,  

  I2 = -0.182A 

Substituting the value of I2 into eqn. 3’, we have 
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  I1 = 0.909A 

The current (I) flowing through the 15Ω resistor = I1 + I2 

  I = 0.727A  

Tutorial 2 

Using Kirchhoff current and voltage laws, calculate the current in each branch of circuit (a), (b) and (c) as 

shown in the diagrams below.  

    

                        (a) 

 

 

 

             (b) 
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            (c) 

Network Theorems 

Superposition theorem 

This law states that in a network of linear resistance containing more than one source of emf, the 

current which flows at any point is the sum of all the currents which would flow at that point if each 

source where consider separately and all the other source replaced by resistance equal to their internal 

resistance.  

Example 9 

Using superposition theorem in the circuit below, evaluate: 

i) The current through the 6Ω resistor. 

ii) The voltage across the 6Ω resistor. 

 

 

Solution 9 

Applying superposition theorem, each voltage source is replaced by its internal resistance one after the 

other to see the effect of each source separately on the circuit. 

Considering 6V acting alone, the circuit becomes, 
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Re1 = 2.5 + 
( 3 𝑋 6 )

3+6
 + 0.5 = 5Ω 

I1 = 
6

5 
 = 1.2A 

By current divider rule, 

I’1 = 0.4A 

Similarly, if the 12V is acting alone, the circuit becomes: 

 

Re2 = 1 + 2 + 
( 3 𝑋 6 )

3+6
 = 5Ω 

I2 = 12/5 = 2.4A 

I”2 = 0.8A 

 The current through 6Ω resistor = 0.4 + 0.8 = 1.2A 

 Voltage across the 6Ωresistor = 1.2 x 6 =7.2V 

Classwork 

Using superposition theorem, find the current through resistor R3 and the voltage across it in the circuit 

diagram below. 
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Thevenin’s Theorem 

This states that any linear active circuit with output terminals can be replaced by a single voltage source 

in series with a single impedance. Thevenin’s equivalent voltage source is the open circuit voltage 

measured at the output terminals and the equivalent impedance is the driving point impedance of the 

circuit at the output terminals when all internal sources are set to zero. Considering the circuit shown 

below, 

 

 

Fig 7: Actual circuit 

To determine the Thevenin’s equivalent circuit, first we remove the load from the circuit and determine 

the open circuit voltage (Voc) as shown below, 
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Hence Voc = 
𝑅3

𝑅1+ 𝑅3
 x V      eqn. 22 

The open circuit voltage is also called the Thevenin voltage Vth. 

Then determine the equivalent resistance across the open terminals with the source replaced by its 

internal resistance shown below. 

 

   Re = R2 + 
𝑅1 𝑋 𝑅3

𝑅1+ 𝑅3
      eqn. 23 

Hence the Thevenin equivalent circuit obtained is shown below. 

 

Fig 8: Thevenin equivalent circuit 

Tutorial 3 

1) Evaluate the voltage and current in the 60Ω resistive load in the circuit shown below. 
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2) Using Thevenin’s theorem, determine the current in the 3Ω resistor in the circuit below. 

 

 

Norton’s Theorem 

This theorem states that any linear active circuit of generators and resistors can be replaced by 

a single current source in parallel with a resistor where the current is equal to the current that 

flows between the terminals when they are short circuited and the value of the resistor is equal 

to the resistance measured between the terminals when all internal sources are set to zero. 

Considering the active circuit below. 

 

Fig 9: Active circuit 

To determine the Norton’s equivalent circuit, the first thing is to disconnect or remove the load 

from the circuit. Then we determine the short circuit current that would flow if the terminal 

from where the the load was removed is now short circuited. We then determine the resistance 

seen by the load. Hence the Norton’s equivalent circuit obtained is shown below. 
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Fig 10: Norton equivalent circuit 

Example 10 

Determine the current and voltage across the load in the circuit below. 

 

Solution 10 

Firstly, remove the load and evaluate the short circuit current. 

 

  I = 
𝑉

𝑅𝑇
 = 

240

68.57 
 = 3.5A 

  Is = 3A (current divider rule) 
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We now calculate the equivalent resistance of the circuit viewing from the load, see diagram 

below. 

 

  Re = 40Ω 

Therefore, the Norton’s equivalent circuit can be drawn as shown below. 

 

   IL = = 
𝑅𝑒

𝑅𝑒+ 𝑅𝐿
 x IS = 

40

40+60
 x 3 = 1.2A 

   VL = IL RL = 1.2 x 60 = 72A 
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Tutorial 4 

Determine the load current IL for the circuit shown below, given that V1 =100 ˂0o volts and 

 I2 = 35 ˂-50o amps. 
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AC CIRCUIT 

Circuit can be classified into two depending on the applied source. If a dc source is connected to the 

circuit, it is called dc circuit. In a dc circuit, the current tends to flow in one direction. But if an ac source 

is connected to a circuit, that circuit is called an ac circuit. In an ac circuit, current tends to flow in either 

direction. This current varies sinusoidally with time, hence it can be represented by the expression given 

as:  

  I = Im sin ωt       eqn.24 

 Where Im = peak value of the current 

Therefore, the peak value Im in an ac circuit is the maximum value of current recorded in an ac circuit. It 

is measured in amperes. 

The root-mean-square value of an alternating current is defined as that value of steady current which 

would dissipate heat at the same rate in a given resistor. It is denoted by Irms and has a unit of amperes. 

The relationship between Irms and Im is given by 

  Irms = 
𝐼𝑚

√2
        eqn. 25 

Similarly, E = Erms sin ωt       eqn. 26 

and  Erms = 
𝐸𝑚

√2
       eqn. 27 

Note that   ω = 2πf 

Where   ω = angular velocity in rad/s,  

  F = frequency in hertz 

Impedance in an a.c circuit is the opposition to the flow of alternating current in an a.c circuit. It is 

denoted by the symbol Z with a unit of ohms. 

In an a.c circuit, 

  E = IZ, and I = 
𝐸

𝑍
       eqn.28 

Reactance of a capacitor 

The reactance of a capacitor is its opposition in ohms to the flow of alternating current. It is denoted by 

the symbol Xc. 

Mathematically,  Xc = 
1

ωc
 = 

1

2πfc
 

   And    Xc = 
𝑉

𝐼
       eqn. 29 
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Reactance of an inductor 

The reactance of an inductor is its opposition in ohms to the flow of alternating current in an a.c circuit. 

It is denoted by XL and it is given by the expression 

   XL = ωL = 2πfL   

And    XL = 
𝑉

𝐼
 

Examples 11 

A capacitor C of 1 µF is used in a radio circuit when the frequency is 1000Hz and the current flowing is 

2mA (r.m.s). Calculate the voltage across C.  

What current flows when an a.c voltage of 20Vr.m.s, f = 50 Hz is connected to this capacitor? 

Solution 11 

i)  Reactance Xc ,  

Xc = 
1

ωc
 = 

1

2πfc
 = Xc =  

1

2π x 1000 x 10−6
 = 159Ω 

   V = I Xc = 2 x 10−3 x 159 = 0.32V 

ii) Xc , f = 50 Hz is 20 times Xc at f = 1000 Hz 

Xc = 20 x 159 = 3180Ω 

        I = 
𝑉

Xc 
 = 

20

3180
 = 6.3 mA 

Series AC Circuit 

L and R in Series 

Consider an inductor L in series with a resistor R, with an alternating voltage Vrms of frequency f 

connected across both components as shown below. 

 

Fig 11: Inductor and resistor in series 
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The sum of the respective voltages VL and VR across Land R is equal to V. But the voltage VL leads by 90o 

on the current I and the voltage VR is in phase with I. thus the two voltages can be drawn as shown 

below.   

 

Fig 12: Phasor diagram of inductor and resistor in series 

Applying Pythagoras’ theorem on the diagram above,  

  V2 = VL
2 + VR

2 

  VL = IXL, and VR = IR 

  V2 = I2XL
2 + I2R2 

  V2 = I2 (XL
2 + R2) 

  I = 
𝑉

√𝑋𝐿
2 +𝑅2

       eqn. 30 

And                tan θ = 
𝑋𝐿

𝑅
        eqn. 31 

The impedance Z of the L-R circuit is: 

  Z = √𝑋𝐿
2 + 𝑅2        eqn. 32 
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C and R in Series 

Considering a capacitor C in series with resistor R, with an alternating voltage Vr.m.s of frequency f 

connected across both components as shown below. 

 

Fig 13: Capacitor and resistor in series 

The sum of the respective voltages VC and VR across C and R is equal to V. But the voltage VC lags by 90o 

on the current I and the voltage VR is in phase with I. thus the two voltages can be drawn as shown 

below.   

 

Fig 14: Phasor diagram of capacitor and resistor in series 

Applying Pythagoras’ theorem on the diagram above,  

  V2 = VC
2 + VR

2 

  VC = IXC, and VR = IR 

  V2 = I2XC
2 + I2R2 

  V2 = I2 (XC
2 + R2) 

  I = 
𝑉

√𝑋𝐶
2 +𝑅2

        eqn.33 
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And                tan θ = 
𝑋𝐶

𝑅
        eqn. 34 

The impedance Z of the C-R circuit is: 

  Z = √𝑋𝐶
2 + 𝑅2        eqn. 35 

L, C, R in Series 

In this case these three elements are connected in series with an alternating voltage Vrms of frequency f 

connected across these components as shown below. 

 

Fig 15: Inductor, capacitor and resistor in series 

In the phasor diagram below, VL leads by 90o on VR, VC lagging by 90o on VR, with the current I in phase 

with VR. If VL is greater than VC, their resultant is (VL –VC) in the direction of VL. 

 

Fig 16: Phasor diagram of inductor, capacitor and resistor in series 

Applying Pythagoras theorem on the phasor diagram above, 

   I = 
𝑉

√(𝑋𝐿− 𝑋𝐶 )2+𝑅2
      eqn. 36 
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and                 tan θ = 
𝑋𝐿−𝑋𝐶

𝑅
       eqn.37 

The impedance Z of the circuit is given as: 

   Z = √(𝑋𝐿− 𝑋𝐶 )2 + 𝑅2      eqn. 38 

Resonance in the L, C, R Series Circuit 

 When the inductive reactance XL in a series ac circuit is equal to the capacitive reactance XC in the same 

circuit, resonance is said to occur. 

i.e. at resonance, XL = XC 

Recall that  XL = ωL = 2πfL   

   Xc = 
1

ωc
 = 

1

2πfc
 

   2πfoL = 
1

2π𝑓𝑜c
 

   fo = 
1

2𝜋√𝐿𝐶
       eqn. 39 

 Where fo = resonance frequency of the circuit 

Note: At resonance, 

i) fo = 
1

2𝜋√𝐿𝐶
 

ii) XL = XC 

iii) Impedance Z = R 

iv) The circuit is purely resistive 

v) Current I and voltage V are in phase 

vi) Current is at maximum i.e I = V/R 

Power in an AC Circuit 

If I is the rms value of the current in amps in a circuit containing resistance R ohms, the power 

absorbed is I2R watts. No current is absorbed in the inductance and capacitance I the circuit.  

If the voltage V across a circuit leads by an angle θ on the current I, the voltage can be resolve into a 

component V cos θ in phase with the current and a voltage V sin θ perpendicular to the current. The 

component V cos θ, represents that part of the voltage across the total resistance in the circuit and 

hence the power absorbed is 

   P = IV cos θ       eqn. 40 

But for a three-phase system, 

   P = √3 IV cos θ       eqn. 41 
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The component V sin θ is that part of the applied voltage across the total inductance and 

capacitance. The power absorbed here is zero, it is called the wattless component of the voltage. 

The power factor of an ac circuit is defined as the ratio of power absorbed to maximum power (IV). 

i.e    power factor = power absorbed/IV 

IV is the maximum power which would be absorbed if the circuit was purely resistive. Therefore 

   Power factor = 
𝐼𝑉 𝑐𝑜𝑠𝜃

𝐼𝑉
 = cos θ     eqn. 42 

Tutorial 5 

1) An iron-cored coil of 2H and 50Ω resistance is placed in series with a resistor of 450Ω and a 

100V, 50Hz a.c supply is connected across the arrangement. Find  

a) The current flowing in the coil 

b) The phase angle relative to the voltage supply 

c) The voltage across the coil. 

2) a)     A capacitor of capacitance C, a coil of inductance L and a resistance R and a lamp are placed 

in series with an alternating voltage V. Its frequency f is varied from a low to a high value with 

the magnitude of V is kept constant. Describe and explain how the brightness of the lamp varies. 

b)      If V = 0.01 Vrms and C 0.4µF, L = 0.4H, R = 10Ω, calculate: 

i)        The resonance frequency. ii) The maximum current. iii) The voltage across C at resonance, 

neglecting the lamp resistance. Iv) What is the effect of reducing the resistance R to 5Ω. 

3)    A circuit consist of a capacitor of 2µFand a resistor of 1000Ω. An alternating e.m.f of 12 V 

(rms) and frequency 50Hz is applied. Find i) the current flowing. Ii) The voltage across the 

capacitor. Iii) The phase angle between the applied e.m.f and current. Iv) The average power 

supplied.    
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