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UNIT 1: BASIC LAWS AND THEOREMS

TOPICS
•Ohm’s law

•Kirchhoff's Laws

•Series and Parallel circuits

•Types of Elements and Sources

•Mesh analysis

•Nodal analysis

•Superposition theorem

•Thevenin's theorem

•Norton's theorem
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INTRODUCTION

•Resistance is the property of a material due to which it opposes the flow ofelectric current through it.
•The resistance of a conductor depends on the following factors.(i)It is directly proportional to its length.(ii) It is inversely proportional to the area of cross section of the conductor.(iii) It depends on the nature of the material.(iv) It also depends on the temperature of the conductor. Hence,

where l is length of the conductor, A is the cross-sectional area and ⍴ is aconstant known as specific resistance or resistivity of the material
•The practical unit of resistance is ohm and is represented by the symbol Ω
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INTRODUCTION

•Inductance is the property of a coil that opposes any change in theamount of current flowing through it.
•The practical unit of inductance is henry and is represented by thesymbol H.
•The Voltage across an inductor is given by
•Capacitance is the property of a capacitor to store an electric chargewhen its plates are at different potentials.
•The practical unit of capacitance is farad and is represented by thesymbol F
•The Voltage across a capacitor is given by
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Ohm’s laws state that the current through any two points of the conductor isdirectly proportional to the potential difference applied across the conductor,provided physical conditions i.e. temperature, etc. do not change. It is measuredin (Ω) ohm.

It can be written as I =V/RIn a circuit, when current flows through a resistor, the potential differenceacross the resistor is known as voltage drops across it, i.e., V = IR
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LIMITATIONS OF OHM’S LAW

There are some limitations to Ohm’s law. They are as follows:1. Ohm's law is valid for metal conductors, provided thetemperature and other physical conditions remainconstant.2. Ohm's law is not applicable to gaseous conductors.3. Ohm's law is also not applicable to sent-conductors
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OHM’S LAW TRIANGLE



TYPES OF SOURCESSource is a basic network element which supplies energy to the networks. There aretwo classes of sources, namely,1. Independent sources
2. 2. Dependent sources



TYPES OF SOURCES
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NETWORK, CIRCUIT AND TYPES OF ELEMENTS



NETWORK, CIRCUIT AND TYPES OF ELEMENTS



Series and Parallel circuits

Series combination

Voltage Division in Series circuit



Parallel combination

Series and Parallel circuits

Current Division in Parallel circuit



Series and Parallel circuits



Series and Parallel circuits



KIRCHHOFF’S LAWS



KIRCHHOFF’S LAWS
KIRCHHOFF’S VOLTAGE LAW (KVL)
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MESH ANALYSYS

MESH ANALYSIS(“Mesh-Current Method”)1) Select M independent mesh currents such that at least one mesh currentpasses through each branch
2) Apply KVL to each mesh, expressing voltages in terms of mesh currents=> M equations forM unknown mesh currents3) Solve for mesh currents  => determine node voltages
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NODAL ANALYSIS(“Node-Voltage Method”)1) Choose a reference node2) Define unknown node voltages3) Apply KCL to each unknown node, expressing current in terms of thenode voltages=> N equations forN unknown node voltages4) Solve for node voltages => determine branch currents
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SUPERPOSITION THEOREM



THEVENIN’S THEOREMThevenin’s Theorem requires the following steps:1. Find the Thevenin Resistance by removing all voltage, current sources and loadresistor.2. Find the Thevenin Voltage by opening load resistance and plugging in thesources.3. Use the Thevenin Resistance and Voltage to find the current flowing through theload.



NORTON’S THEOREMThevenin’s Theorem requires the following steps:1. Find the Norton Resistance by removing all voltage, current sources and loadresistor.2. Find the Norton’s Current by shorting the load resistance and plugging in thesources.3. Use the Norton Resistance and Current to find the current flowing through theload.
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Working Principle of an Induction MotorThe motor which works on the principle of electromagnetic induction is known as theinduction motor. Electromagnetic induction is the phenomenon in which the electromotiveforce induces across the electrical conductor when it is placed in a rotating magnetic field.The stator and rotor are two essential parts of the motor. The stator is the stationary part,and it carries the overlapping windings while the rotor carries the main or field winding.The windings of the stator are equally displaced from each other by an angle of 120°.The induction motor is the single excited motor, i.e., the supply is applied only to the onepart, i.e., stator. The term excitation means the process of inducing the magnetic field onthe parts of the motor.When the three-phase supply is given to the stator, the rotating magnetic field produced onit. The figure below shows the rotating magnetic field set up in the stator:

Consider that the rotating magnetic field induces in the anticlockwise direction. Therotating magnetic field has moving polarities. The polarities of the magnetic field vary byconcerning the positive and negative half cycle of the supply. The change in polaritiesmakes the magnetic field rotates.The conductors of the rotor are stationary. This stationary conductor cut the rotatingmagnetic field of the stator, and because of the electromagnetic induction, the EMF induces



in the rotor. This EMF is known as the rotor induced EMF, and it is because of theelectromagnetic induction phenomenon.The conductors of the rotor are short-circuited either by the end rings or by the help of theexternal resistance. The relative motion between the rotating magnetic field and the rotorconductor induces the current in the rotor conductors. As the current flows through theconductor, the flux induces on it. The direction of rotor flux is the same as that of the rotorcurrent.Now we have two fluxes one because of the rotor and another because of the stator. Thesefluxes interact with each other. On one end of the conductor the fluxes cancel each other,and on the other end, the density of the flux is very high. Thus, the high-density flux tries topush the conductor of the rotor towards the low-density flux region. This phenomenoninduces the torque on the conductor, and this torque is known as electromagnetic torque.The direction of electromagnetic torque and the rotating magnetic field is the same. Thus,the rotor starts rotating in the same direction as that of the rotating magnetic field.The speed of the rotor is always less than the rotating magnetic field or synchronous speed.The rotor tries to run at the speed of the rotor, but it always slips away. Thus, the motornever runs at the speed of the rotating magnetic field, and this is the reason because ofwhich the induction motor is also known as the asynchronous motor.The difference between stator and rotor speeds is called slip and is given bySlip, S= (Ns-Nr)/NsWhy Rotor never runs at Synchronous Speed?If the speed of the rotor is equal to the synchronous speed, no relative motion occursbetween the rotating magnetic field of the stator and the conductors of the rotor. Thus theEMF is not induced on the conductor, and zero current develops on it. Without current, thetorque is also not produced.
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EEEE-UNIT V 
SYLLABUS-  

Operational Amplifier: Ideal op-amp, Inverting configuration, closed loop gain, effect of 

finite open loop gain, Non-inverting configuration, closed loop gain, Voltage Follower and 

Differential amplifier-Numerical Problems 

Op-Amp: An Op-Amp is a circuit designed to perform several mathematical operations such 

Addition, Multiplication, Integration and differentiation operations etc. 

 

Hence there are several Op-amps such as Inverting Op-amp, Non-Inverting Op-amp, Voltage 

follower, Differential Op-amps etc. 

 

 
 

 

Equivalent Circuit of an Op-Amp 
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Problem 5. Determine the output Voltage of the following Op-amp circuit  

 


