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Delivery Plan (Weekly Syllabus) 

Week   Material Covered 

Week 1 How to use measuring devices for the purpose of measuring (R, I, V) 

Week 2 Ohm's law Connecting resistors to mixed parallel 

Week 3 Kirchhoff's law for voltage and current 

Week 4 Applications of Kirchhoff’s law 

Week 5 Thevenin Theory 

Week 6 Norton Theory 

Week 7 Tractorism Theory 

Week 8 Nodal theory 

Week 9 Series circuits consisting of a coil 

Week 10 Parallel circuits consisting of a coil 

Week 11 Series circuits consisting of a capacitor 

Week 12 Parallel circuits consisting of a capacitor 

Week 13 Resonant circuit 

Week 14 Applications of series circuits 

Week 15 Applications of parallel circuits 

Week 16 Preparatory week before the final Exam 

 

Learning and Teaching Resources 

 Text Available in the Library? 

Required Texts “Basic Electrical Engineering”, THERAJA. Yes 

Recommended 

Texts 

“Electrical and Electronic Principles and Technology”, John 

Bird 

Yes 

Websites Basic Electrical Circuits website tutorials 
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Chapter One 

1. Resistance 

It may be defined as the property of a substance due to which it opposes (or restricts) the flow of 

electricity (i.e., electrons) through it. 

1.2. The Unit of Resistance 

The practical unit of resistance is ohm. The symbol for ohm is Ω. 

 

1.3 Laws of Resistance 

The resistance R offered by a conductor depends on the following factors: 

(i) It varies directly as its length, L. 

(ii) It varies inversely as the cross-section A of the conductor. 

(iii) It depends on the nature of the material. 

(iv) It also depends on the temperature of the conductor. 

 

                                     Fig. 1                                                                       Fig.2 

Neglecting the last factor for the time being, we can say that: 
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𝑅 ∝
 𝑙

𝐴
   𝑜𝑟 𝑅 = 𝜌

 𝑙

𝐴
  . . . (𝒊) 

 

 

Where 𝜌 is a constant depending on the nature of the material of the conductor and is known as its 

specific resistance or resistivity. 

If in Eq. (i), we put 

L = 1 meter and A = 1 metre2, then R = 𝜌 (Fig. 2) 

Hence, specific resistance of a material may be defined as the resistance between the opposite faces of 

a meter cube of that material. 

 

1.4 Units of Resistivity 

 

From Eq. (i), we have  𝜌 =  
𝐴𝑅

𝐿
 

 
In the S.I. system of units, 

𝜌 =
 𝐴 𝑚𝑒𝑡𝑟𝑒2 × 𝑅 𝑜ℎ𝑚 

1 𝑚𝑒𝑡𝑟𝑒
=  

𝐴 𝑅

𝐿
  𝑜ℎ𝑚 − 𝑚𝑒𝑡𝑟𝑒 

 
Hence, the unit of resistivity is ohm-metre (𝛺 − 𝑚). 
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Example: Most homes use solid copper wire having a diameter of 1.63 mm to provide 

electrical distribution to outlets and light sockets. Determine the resistance of 75 meters 

of a solid copper wire having the above diameter. 

 

 
 

Example: Bus bars are bare solid conductors (usually rectangular) used to carry large 

currents within buildings such as power generating stations, telephone exchanges, and 

large factories. Given a piece of aluminum bus bar as shown in Figure, determine the 

resistance between the ends of this bar at a temperature of 20°C. 

 

 
Example: A coil consists of 2000 turns of copper wire having a cross-sectional area of 

0.8 mm2. The mean length per turn is 80 cm and the resistivity of copper is 0.02 μΩ–m. 

Find the resistance of the coil and power absorbed by the coil when connected across 

110 V d.c. supply.  
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Example: An aluminium wire 7.5 m long is connected in a parallel with a copper wire 6 m 

long. When a current of 5 A is passed through the combination, it is found that the current in 

the aluminium wire is 3 A. The diameter of the aluminium wire is 1 mm. Determine the 

diameter of the copper wire. The resistivity of copper is 0.017 μΩ- ; that of the aluminium is 

0.028 μΩ-m. 
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1.5 Conductance and Conductivity 

التوصيل الكهربائية :هي معكوس المقاومة الكهربائية والمواصلة هي قدرة المادة الكهربائية على تمرير الشحنات وبالتالي المواصلة  

بين عناصر الدائرة الكهربائية وتتأثر بنفس العوامل المؤثرة على قيمة المقاومة الكهربائية , وتتناسب المواصلة الكهربائية طرديا مع 

 مساحة المقطع الموصل وعكسيا مع طول الموصل ومقاومة المادة

Conductance (G) is reciprocal of resistance*. Whereas resistance of a conductor measures the 

opposition which it offers to the flow of current, the conductance measures the inducement which it 

offers to its flow. 

From Eq. (i) of Art. 1.6, 𝑅 =  𝜌
𝑙

𝐴
  or 𝐺 =

1

𝜌
∙

𝐴

𝐿
=

𝜎𝐴

𝑙
 

where σ is called the conductivity or specific conductance of a conductor. The unit of conductance 

is siemens (S).  

It is seen from the above equation that the conductivity of a material is given by 

 
 

 

 

1.6. Effect of Temperature on Resistance 

The resistance of a conductor will not be constant at all temperatures. As temperature increases, 

more electrons will escape their orbits, causing additional collisions within the conductor. For most 

conducting materials, the increase in the number of collisions translates into a relatively linear increase 

in resistance. 
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1.7. Temperature Coefficient of Resistance 
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Temperature Intercepts and Coefficients for Common Materials 

 
 

We observe an almost linear increase in resistance as the temperature increases. Further, we see 

that as the temperature is decreased to absolute zero (T=-273.15°C), the resistance approaches zero. In 

Figure, the point at which the linear portion of the line is extrapolated to cross the abscissa 

(temperature axis) is referred to as the temperature intercept or the inferred absolute temperature T of 

the material. By examining the straight-line portion of the graph, we see that we have two similar 

triangles, one with the apex at point 1 and the other with the apex at point 2. The following 

relationship applies for these similar triangles. 

𝑅2 =
𝑇2−𝑇

𝑇1−𝑇
𝑅1  

Example: An aluminum wire has a resistance of 20 Ω at room temperature (20°C). Calculate the 

resistance of the same wire at temperatures of -40°C, 100°C, and 200°C. 
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Solution: 

 
 

 
1.8. Value of  𝜶 at Different Temperatures 

So far we did not make any distinction between values of α at different temperatures. But it is found 

that value of α itself is not constant but depends on the initial temperature on which the increment in 

resistance is based.  
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In case R0 is not given, the relation between the known resistance R1 at t1°C and the unknown  resistance R2 at 

t2°C can be found as follows: 
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Chapter two 
 

2. Ohm’s Law 

The ratio of potential difference (V) between any two points on a conductor to the current (I) 

flowing between them, is constant, provided the temperature of the conductor does not change. 

 

In other words,
𝑉

𝐼
 =  𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑜𝑟 

𝑉

𝐼
=  𝑅 

 

 
 
2.1. Resistance in Series 

When some conductors having resistances R1, R2 and R3 etc. are joined end-on-end as in Fig. 2.1, 

they are said to be connected in series. It can be proved that the equivalent resistance or total resistance 

between points A and D is equal to the sum of the three individual resistances. Being a series circuit, it 

should be remembered that: 

 (i) Current is the same through all the three conductors. 

(ii) voltage drop across each is different due to its different resistance and is given by Ohm’s Law. 

(iii) Sum of the three voltage drops is equal to the voltage applied across the three conductors. 

There is a progressive fall in potential as we go from point A to D as shown in Fig. 2.2. 

 
                           Fig 2.1                                       Fig 2.2 
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2.3. Voltage Divider Rule 
Since in a series circuit, same current flows through each of the given resistors, voltage drop varies 

directly with its resistance. In Fig. 2.3 is shown a 24-V battery connected across a series combination 

of three resistors. 

 
                                                                                                                                Fig.2.3 
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2.4. Resistances in Parallel 

Three resistances, as joined in Fig. 2.4 are said to be connected in parallel. In this case: 

 (i) p.d. across all resistances is the same. 

(ii) Current in each resistor is different and is given by Ohm’s Law and 

(iii) The total current is the sum of the three separate currents. 

 
Fig.2.4 
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The Current Divider Rule: 
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Kirchhoff’s Laws: Kirchhoff’s laws, two in number, are particularly useful (a) in 

determining the equivalent resistance of a complicated network of conductors and (b) 

for calculating the currents flowing in the various conductors. The two-laws are: 

 

 

Similarly, in Fig. below (b) for node A 

 

 

 

 

1. Kirchhoff’s Point Law or Current Law (KCL)  

It states as follows:  in any electrical network, the 

algebraic sum of the currents meeting at a point (or 

junction) is zero. 
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2. Kirchhoff’s Mesh Law or Voltage Law (KVL)  

It states as follows: The algebraic sum of the products of currents and 

resistances in each of the conductors in any closed path (or mesh) in a 

network plus the algebraic sum of the e.m.fs. in that path is zero. 

It should be noted that algebraic sum is the sum that takes into account the 

polarities of the voltage drops. 

In other words, 𝜮 𝑰𝑹 +  𝜮 𝒆. 𝒎. 𝒇. =  𝟎 ...round a mesh 

 

➢ Determination of Voltage Sign 

In applying Kirchhoff’s laws to specific problems, particular attention should 

be paid to the algebraic signs of voltage drops and e.m.fs., otherwise results 

will come out to be wrong. The following sign conventions are suggested: 

a) Sign of Battery E.M.F. 

A rise in voltage should be given a + ve sign and a fall in voltage a −ve sign. 

Keeping this in mind, it is clear that as we go from the −ve terminal of a 

battery to its +ve terminal (Fig. 2.3), there is a rise in potential, hence this 

voltage should be given a + ve sign. If, on the other hand, we go from +ve 

terminal to −ve terminal, then there is a fall in potential, hence this voltage 

should be preceded by a −ve sign. It is important to note that the sign of the 
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battery e.m.f. is independent of the direction of the current through that 

branch. 

 

b) Sign of IR Drop 

Now, take the case of a resistor (Fig. below). If we go through a resistor in 

the same direction as the current, then there is a fall in potential because 

current flows from a higher to a lower potential. Hence, this voltage fall 

should be taken −ve. However, if we go in a direction opposite to that of the 

current, then there is a rise in voltage. Hence, this voltage rise should be 

given a positive sign. 

It is clear that the sign of voltage drop across a resistor depends on the 

direction of current through that resistor but is independent of the polarity of 

any other source of e.m.f. in the circuit under consideration. 

Consider the closed path ABCDA in Fig. below. As we travel around the 

mesh in the clockwise direction, different voltage drops will have the 

following signs: 
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Solving Simultaneous Equations 

Electric circuit analysis with the help of Kirchhoff’s laws usually involves 

the solution of two or three simultaneous equations. Determinants rule 

provide a simple and straight method for solving network equations. 

➢ Determinants 

 

1. Multiply each element of the first row (or alternatively, first column) by a determinant obtainedby omitting the 

row and column in which it occurs. (It is called minor determinant or just minor as shown in Fig. below. 

2. Prefix + and − sing alternately to the terms so obtained. 

3. Add up all these terms together to get the value of the given determinant. 

Considering the first column, minors of various elements are as shown in Fig. below. 

 
 

Expanding in terms of first column, we get 

  



  

First year 

By: Dr. Naseer T. Alwan 

 

Electrical technology 

 

 Department of Renewable Energy 

Techniques Engineering 

 

 

 

Example. Evaluate the determinan 
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Solving Equations with Two Unknowns 

 

Example. Solve the following two simultaneous equations by the method of 

determinants: 
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Solving Equations with Three Unknowns 

 

Example. Solve the following three simultaneous equations by the use of determinants 

and Cramer’s rule 

 
Solution. As explained earlier, the above equations can be written in the form 
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Example. What is the voltage Vs across the open switch in the circuit of Fig. below? 

 

Solution. We will apply KVL to find Vs. Starting from point A in the clockwise 

direction and using the sign convention, we have 

 
Example. Find the unknown voltage V1 in the circuit of Fig. below. 

 
Solution. Taking the outer closed loop ABCDEFA and applying KVL to it, we get 
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Example 2.6. Using Kirchhoff’s Current Law and Ohm’s Law, find the magnitude and 

polarity of voltge V in Fig. below (a). Directions of the two current sources are as 

shown. 

Solution.  Let us arbitrarily choose the directions of I1, I2 and I3 and polarity of V as 

shown in Fig below. (b). We will use the sign convention for currents. Applying KCL to 

node A, we have 

 



  

First year 

By: Dr. Naseer T. Alwan 

 

Electrical technology 

 

 Department of Renewable Energy 

Techniques Engineering 

 

 
The negative sign of I2 indicates that actual direction of its flow is opposite to that 

shown in Fig. (b). Actually, I2, flows from A to B and not from B to A as shown. 

Incidentally, it may be noted that all currents are outgoing except 30A which is an 

incoming current. 

 

 H.W. For the circuit shown in Fig. 2.10, find VCE and VAG. 

 
 

H.W. Determine the currents in the unbalanced bridge circuit of Fig. below. Also, 

determine the p.d. across BD and the resistance from B to D. 
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H.W. Two batteries A and B are connected in parallel and load of 10 Ω is connected 

across their terminals. A has an e.m.f. of 12 V and an internal resistance of 2 Ω; B has 

an e.m.f. of 8 V and an internal resistance of 1 Ω. Use Kirchhoff’s laws to determine the 

values and directions of the currents flowing in each of the batteries and in the external 

 resistance. Also determine the potential difference across the external resistance. 
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Thevenin Theorem:  

 

Fig. 4.1 

Suppose it is required to find current flowing through load resistance RL, as shown in Fig. 4.1 (a). We 

will proceed as under: 

1. Remove RL from the circuit terminals A and B and redraw the circuit as shown in Fig. 4.1 (b). 

Obviously, the terminals have become open-circuited. 

2. Calculate the open-circuit voltage Voc which appears across terminals A and B when they are open 

i.e. when RL is removed. As seen, Voc = drops across R2 = IR2 where I is the circuit current when A and 

B are open. 
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3. Now, imagine the battery to be removed from the circuit, leaving its internal resistance r behind, and 

redrawing the circuit, as shown in Fig. 4.1 (c). When viewed inwards from terminals A and B, the 

circuit consists of two parallel paths : one containing R2 and the other containing (R1 + r). The 

equivalent resistance of the network, as viewed from these terminals is given as 

 

This resistance is also called,* Thevenin resistance Rsh (though, it is also sometimes written as Ri or 

R0). Consequently, as viewed from terminals A and B, the whole network (excluding R1) can be 

reduced to a single source (called Thevenin’s source) whose e.m.f. equals Voc (or Vsh) and whose 

internal resistance equals Rsh (or Ri) as shown in Fig. 4.2. 

4. RL is now connected back across terminals A and B from where it was temporarily removed earlier. 

Current flowing through RL is given by 

 

Hence, Thevenin’s theorem, as applied to d.c. circuits, may be stated as under : 

The current flowing through a load resistance RL connected across any two terminals A and B of a 

linear, active bilateral network is given by Voc || (Ri + RL) where Voc is the open-circuit voltage (i.e. 

voltage across the two terminals when RL is removed) and Ri is the internal resistance of the network 

as viewed back into the open-circuited network from terminals A and B with all voltage sources 

replaced by their internal resistance (if any) and current sources by infinite resistance. 

How to Thevenize a Given Circuit ? 

1. Temporarily remove the resistance (called load resistance RL) whose current is required. 

2. Find the open-circuit voltage Voc which appears across the two terminals from where resistance has 

been removed. It is also called Thevenin voltage Vth. 

3. Compute the resistance of whose network as investigated from these two terminals after all voltage 

sources have been removed leaving behind their internal resistances (if any) and current sources have 

been replaced by open circuit i.e. infinite resistance. It is also called Thevenin resistance Rth or Ti. 
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4. Replace the entire network by a single Thevenin source, whose voltage is Vth or Voc and whose 

internal resistance is Rth or Ri. 

5. Connect RL back to its terminals from where it was previously removed. 

6. Finally, calculate the current flowing through RL by using the equation, 

 

 

Example. State Thevenin’s theorem and give a proof. Apply this theorem to calculate the current 

through the 4 Ω resistor of the circuit of Fig. 4.2 (a). 

Solution. As shown in Fig. 4.1 (b), 4 Ω resistance has been removed thereby open circuiting the 

terminals A and B. We will now find VAB and RAB which will give us Vth and Rth respectively. The 

potential drop across 5 Ω resistor can be found with the help of voltage-divider rule. Its value is = 15 × 

5/(5 + 10) = 5 V. 

 

Fig. 4.1 

For finding VAB, we will go from point B to point A in the clockwise direction and find the algebraic 

sum of the voltages met on the way. 

∴ VAB = − 6 + 5 = − 1 V. 

It means that point A is negative with respect to point E, or point B is at a higher potential than point A 

by one volt. In Fig. 2.130 (c), the two-voltage source has been short-circuited. 

The resistance of the network as viewed from points A and B is the same as viewed from points A and 

C. 

∴ RAB = RAC = 5 || 10 = 10/3 Ω 

Thevenin’s equivalent source is shown in Fig. 4.3 in which 4 Ω resistors have been joined back across 

terminals A and B. Polarity of the voltage source is worth nothing. 
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Fig. 4.3 

 

Example . With reference to the network of Fig. 2.132 (a), by applying Thevenin’s theorem find the 

following : 

(i) the equivalent e.m.f. of the network when viewed from terminals A and B. 

(ii) the equivalent resistance of the network when looked into from terminals A and B. 

(iii) current in the load resistance RL of 15 Ω. 

Solution. (i) Current in the network before load resistance is connected [Fig. 4.4 (a)] = 24/(12 + 3 + 1) 

= 1.5 A 

∴ voltage across terminals AB = Voc = Vth = 12 × 1.5 = 18 V 

Hence, so far as terminals A and B are concerned, the network has an e.m.f. of 18 volt (and not 24 V). 

(ii) There are two parallel paths between points A and B. Imagine that battery of 24 V is removed but 

not its internal resistance. Then, resistance of the circuit as looked into from point A and B is [Fig. 4.4 

(c)] Ri = Rth = 12 × 4/(12 + 4) = 3 Ω 

(iii) When load resistance of 15 Ω is connected across the terminals, the network is reduced to the 

structure shown in Fig. 4.4 (d). 

I = Vth/(Rth + RL) = 18/(15 + 3) = 1 A 

 

Fig. 4.4 
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Example. Using Thevenin theorem, calculate the current flowing through the 4 Ω resistor of Fig. 4.5 

(a). 

Solution.  (i) Finding Vth  

If we remove the 4-Ω resistor, the circuit becomes as shown in Fig. 4.5 (b). Since full 10 A current 

passes through 2 Ω resistors, drop across it is 10 × 2 = 20 V. Hence, VB = 20 V with respect to the 

common ground. The two resistors of 3 Ω and 6 Ω are connected in series across the 12 V battery. 

Hence, drop across 6 Ω resistor = 12 × 6/(3 + 6) = 8 V. 

∴ VA = 8 V with respect to the common ground* 

∴ Vth = VBA = VB − VA = 20 − 8 = 12 V—with B at a higher potential 

 

Fig. 4.5 

(ii) Finding Rth  

Now, we will find Rth i.e. equivalent resistance of the network as looked back into the open-circuited 

terminals A and B. For this purpose, we will replace both the voltage and current sources. Since 

voltage source has no internal resistance, it would be replaced by a short circuit i.e. zero resistance. 

However, 

current source would be removed and replaced by an ‘open’ i.e. infinite resistance (Art. 1.18). In that 

case, the circuit becomes as shown in Fig. 2.5 (c). As seen from Fig. 2.5 (d), Fth = 6 || 3 + 2 = 4 Ω. 

Hence, Thevenin’s equivalent circuit consists of a voltage source of 12 V and a series resistance of 4 Ω 

as shown in Fig. 2.6 (a). When 4 Ω resistors are connected across terminals A and B, as shown in Fig. 

2.6 (b). 

I = 12/(4 + 4) = 1.5 A—from B to A 
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Fig. 2.6 

Example 2.63. For the circuit shown in Fig. 2.7 (a), calculate the current in the 10-ohm resistance. 

Use Thevenin’s theorem only. 

Solution. When the 10 Ω resistance is removed, the circuit becomes as shown in Fig. 2.7 (b). 

 

Fig. 2.7 

Now, we will find the open-circuit voltage VAB = Vth. For this purpose, we will go from point B to point 

A and find the algebraic sum of the voltages met on the way. It should be noted that with terminals A 

and B open, there is no voltage drop on the 8 Ω resistance. 

However, the two resistances of 5 Ω and 2 Ω are connected in series across the 20-V battery. As per 

voltage- divider rule, drop on 2 Ω resistance = 20 × 2/(2 + 5) = 5.71 V with the polarity as shown in 

figure. As per the sign convention of Art. 

VAB = Vth = + 5.71 − 12 = − 6.29 V 

The negative sign shows that point A is negative with respect to point B, or which is the same thing, 

point B is positive with respect to point A. 

For finding RAB = Rth, we replace the batteries by short-circuits . 

∴ RAB = Rth = 8 + 2 || 5 = 9.43 Ω 

Hence, the equivalent Thevenin’s source with respect to terminals A and B is as shown in Fig. 2.8. 

When 10 Ω resistance is reconnected across A and B, current through it is I = 6.24/(9.43 + 10) = 0.32 

A. 
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Fig. 2.8 

 

H.W-1. Using Thevenin’s theorem, calculate the p.d. across terminals A and B in Fig. 2.9. 

 

Fig. 2.9. 

H.W-2. Use Thevenin’s theorem to find the current in a resistance load connected between the 

terminals A and B of the network shown in Fig. 2.10  if the load is (a) 2 Ω (b) 1 Ω. 

 

Fig. 2.10 

H.w-3. The four arms of a Wheatstone bridge have the following resistances : AB = 100, BC = 10, CD 

= 4, DA = 50 Ω. A galvanometer of 20 Ω resistance is connected across BD. Use Thevenin’s theorem 

to compute the current through the galvanometer when a p.d. of 10 V is maintained across AC. 
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