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1.1 OVERVIEW OF ELECTRICAL ENGINEERING

 Two main objectives of electrical systems:

1. To gather, store, process, transport, and present information.

2. To distribute, store, and convert energy between various forms. 

 Subdivisions of Electrical Engineering:

Communication systems, Computer systems, Control systems, Electromagnetics

Electronics, Photonics, Power systems, Signal processing

 Electronics integrated with mechanical systems: Mechatronics
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1.2 CIRCUITS, CURRENTS, AND VOLTAGES

 Example: the headlight circuit of an automobile 
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1.2 CIRCUITS, CURRENTS, AND VOLTAGES

 Fluid-Flow Analogy:

 Battery: Pump

 Charge: Fluid

 Conductors: Pipes

 Current: Flow Rate

 Voltage: Pressure difference

 Switches: Valves

 Resistance: Constriction
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 Electrical Circuits:

Various types of circuit elements connected in closed paths by conductors

 Resistances

 Inductances

 Capacitances

 Voltage sources

6

1.2 CIRCUITS, CURRENTS, AND VOLTAGES



 Electrical Current:

 Time rate of flow of electrical charge

 Units: Amperes (A)

Equivalent to: Coulombs per second (C/s)

(charge on an electron:  −1.602 × 10−19 𝐶)

 To find a current:

Reference direction  

1.2 CIRCUITS, CURRENTS, AND VOLTAGES
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1.2 CIRCUITS, CURRENTS, AND VOLTAGES

 Electrical Current:
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1.2 CIRCUITS, CURRENTS, AND VOLTAGES

 Electrical Current:

Assigning current variables

Arbitrarily selecting a reference direction

Solve for the current values

Negative value: Opposite direction

Double-Subscript Notation for Currents
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1.2 CIRCUITS, CURRENTS, AND VOLTAGES

 Electrical Current:

Direct Current (DC) and Alternating Current (AC)
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 Voltages:

 Energy transferred per unit of charge that flows 

 Units: Volts (V)

Equivalent to: Joules per Coulombs (J/C)

 Assigned polarities that indicate the direction of energy flow

1.2 CIRCUITS, CURRENTS, AND VOLTAGES
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 Voltages:

Reference Polarities 

Double-Subscript Notation for Voltages

1.2 CIRCUITS, CURRENTS, AND VOLTAGES
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1.3 POWER AND ENERGY 

 The product of the current and the voltage is the rate of energy transfer 

(Power)

 Passive Reference Configuration 

 Functions of time 
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1.3 POWER AND ENERGY 



 Energy Calculations
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1.3 POWER AND ENERGY 



 Prefixes
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1.3 POWER AND ENERGY 



 Exercise:
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1.3 POWER AND ENERGY 



1.4 KIRCHHOFF’S CURRENT LAW (KCL)

 Node: A point at which two or more circuit elements are joined together

 KCL: The net current entering a node is zero
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 The net current leaving a node is zero.

 The sum of the currents entering a node equals the sum of the currents 
leaving a node.
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1.4 KIRCHHOFF’S CURRENT LAW (KCL)



 Physical Basis for KCL: 
If violates, The charge would accumulate

 All points in a circuit that are connected directly by conductors can be 
considered to be a single node. 
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1.4 KIRCHHOFF’S CURRENT LAW (KCL)



 Series Circuits 
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1.4 KIRCHHOFF’S CURRENT LAW (KCL)



1.4 KIRCHHOFF’S CURRENT LAW (KCL)

 Exercise: 
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1.5 KIRCHHOFF’S VOLTAGE LAW (KVL)

 A loop in an electrical circuit is a closed path starting at a node and proceeding

through circuit elements, eventually returning to the starting node.
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1.5 KIRCHHOFF’S VOLTAGE LAW (KVL)

 Kirchhoff’s voltage law (KVL): The algebraic sum of the voltages equals zero for 

any closed path (loop)
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1.5 KIRCHHOFF’S VOLTAGE LAW (KVL)

 Kirchhoff’s Voltage Law Related to Conservation of Energy
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1.5 KIRCHHOFF’S VOLTAGE LAW (KVL)

 Parallel Circuits
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1.5 KIRCHHOFF’S VOLTAGE LAW (KVL)

 Exercise
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

Ideal Circuit Elements:

 Conductors

 Short Circuit – Open Circuit

 Voltage sources

 Dependent - Independent

 Current sources

 Dependent - Independent

 Resistors
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

 Ideal Circuit Elements versus Reality

 In our study of ideal circuits, we avoid such conflicts.

 In the real world, a very large current flows and heat up the wire at high rate.

 Undesirable situation (such as a fire or destroyed components)

 Real models:

 Source: is an ideal voltage source in series with a resistance

 Wire: A small resistance
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

 Independent Voltage Sources

 Maintains a specified voltage across its terminals.

 Independent of all other voltages and currents in the circuit.

30



1.6 INTRODUCTION TO CIRCUIT ELEMENTS

 Independent Current Sources

 Maintains a specified current through its terminals.

 Independent of all other voltages and currents in the circuit.

 A battery is a good example of a voltage source, but an equally familiar example 

does not exist for a current source.

 useful in constructing theoretical models
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

 Dependent Voltage Sources

 Voltage - Current: a function of other voltages or currents

 four kinds of controlled sources:

 1. Voltage-controlled voltage sources (VCVS)

 2. Current-controlled voltage sources (CCVS)

 3. Voltage-controlled current sources (VCCS)

 4. Current-controlled current sources (CCCS)
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

 Dependent Voltage Sources

 Voltage-controlled voltage sources (VCVS)

 Current-controlled voltage sources (CCVS)
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

 Dependent Current Sources

 Voltage-controlled current sources (VCCS)

 Current-controlled current sources (CCCS)
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

 Resistors

 The voltage across an ideal resistor is proportional to the current through the resistor

 Ohm’s Law

 Unit: letter omega (Ω) represents ohms

 Ranging from milliohms (mΩ) to megaohms (MΩ).

 for now we assume that R is positive.
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

 Resistors

 Reference direction

 Conductance (G)

 units of inverse ohms (Ω−1), which are called Siemens (abbreviated S).
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

 Resistors

 Resistance Related to Physical Parameters
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

 Resistors
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

 Resistors
 Power Calculations for Resistances

 An Electrical Heater: 1500W, 120V

 Diameter of 1.6 mm:   L=17.2 m
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As strain is applied, the length and area change,

resulting in changes in resistance. The strain and the

change in resistance are related by the gauge factor:
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS



 Exercises:
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS



1.7 INTRODUCTION TO CIRCUITS

 Basic circuit
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1.7 INTRODUCTION TO CIRCUITS

 Basic circuit
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1.7 INTRODUCTION TO CIRCUITS

 Basic circuit: Using Arbitrary References
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1.7 INTRODUCTION TO CIRCUITS



 Exercises

46

1.7 INTRODUCTION TO CIRCUITS



47

PROBLEMS



48

PROBLEMS



49

PROBLEMS



50

PROBLEMS



51

PROBLEMS



52

PROBLEMS



53

PROBLEMS



54

PROBLEMS


