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    UNIT – 1 
                                   ELECTRICAL CIRCUIT

Basic Circuit Components.

The Three basic circuit components are

1. Resistor.

2. Capacitor.

3. Inductor.

1. Resistor

                   It is defined as the property of the material by which it opposes the flow of current through it.

· Denoted by  R

· Unit (
                                          R

                    Symbol   
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                               I

            The relation between V & I is given by Ohm’s law

                                      V = IR

2. Capacitor.

                     Capacitor is a storage element which can store and deliver energy in electrical field.

· Denoted as C

· Unit is Farad (F).

                         Symbol                    C  

                                       



3. Inductor

                         Inductor is the element in which energy is stored in the form of electromagnetic field.

· Denoted as L.

· Measured in Henry (H).

                     Symbol                L

                            


         

TYPES OF SOURCE

Voltage Sources                                            

· Represented by (V).                                   

· Series with source Resistor.(Rs)
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Current Source

· Represented by (I).

· Parallel with Rs
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OHM’S LAW

                         The current flowing through the electric current is directly proportional to the potential difference across the current and inversely proportional to the resistance of the current at constant temperature.
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                         I.e.   I = V/R                   

                         i.e.,   V = IR (Volts)

LIMITATIONS OF OHM’S LAW

· Not applicable to non-linear devices such as diodes, zener diode, voltage regulators etc.

· Does not hold good for non-metallic conductors such as silicon carbide.
ELECTRIC CURRENT

                          In an electric circuit, the movement of electronics (i.e.) transfers of charge in an electric current.

ELECTRICAL POWER

                   The rate at which work is done is power. (Unit is joules/second or Watt).Power is obtained as a product of Voltage (V) and Current (I).

                       P = V. I   

                        V = IR
                       P  =I2R
ELECTRICAL ENERGY

· Total amount of work done.

· Product of power and time.

                                      W = P.t

                                      W = I2 R.t Joules (w/sec)

RESISTANCE IN SERIES

                        When resistors are connected in series. Such that the same current passes through all of them then they are said to be series.
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 R1 R2 R3  (   RESISTOR IN SERIES

V1 V2 V3  (   VOLTAGE

 I   (   CURRENT                    

Then,

                       V = V1+V2+V3

By ohms law   V1 = IR1; V2=IR2; V3=IR3 [V=IR]

                       V = IR1+IR2+IR3

                          = I (R1+R2+R3)

                          = I. Req -(  equ.resistor of the current

                    Req = R1+R2+R3 


RESISTANCE IN PARALLEL

                          When resistor are connected in parallel.Such that the same voltage is applied to each, then they are said to be parallel.
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            R1, R2, R3 (Three resistances in parallel

              I1, I2, I3 (  Individual current

                       V   (  Voltage

Then,

                         I ( I1, I2, I3

  By ohm’s law; I1 = V/R1; I2 = V/R2; I3 =V/R3.

                         I = V/R1+V/R2+V/R3

                           = V [1/R1+1/R2+1/R3]

                           = V. [1/Req]

                I =V/Req ( Resistance of the parallel

                  I/Req = 1/R1+1/R2+1/R3

    If 2 resistor are connected in parallel 

Then         

                      I/Req = 1/R1+1/R2 

                      I/Req = R1+R2/R1+R2

                       Req =R1R2/R1+R2

 If 3 resistor are connected in parallel

Then         
                      I/Req = 1/R1+1/R2+1/R3

                      1/Req = R2R3+R1R3+R1R2/R1R2R3

                        Req = R1R2R3/R2R3+R1R2+R3R1

         If 2 resistor are equal (i.e.,) R1=R2

Then

                        Req = R1/2

PROBLEM

1. The effective resistance of two resistors connected in series is 100 [image: image8.png]


.When connected in parallel, then effective value in 24 ohm’s.                 Determine the value of two resistors

  Solution         

                 Series R1+R2=100 [image: image9.png]


  => R2 =100 - R1

               R1R2/R1+R2 = 24

                      R1R2/100 = 24

                             R1R2 =2400

                   R1 (100-R1) = 2400

         100 R1-R1^2-2400 = 0

      R1^2-100 R1 + 2400 = 0

               (R1-60)(R1-40) = 0 

  There Fore R1 = 60; R1 = 40

    When R1 = 60 [image: image10.png]


   ; R2 = 100 – 60 = 40 [image: image11.png]



     When   R1 = 40 [image: image12.png]


   ; R2 = 100 - 40 = 60 [image: image13.png]



2. Find the Req between two points A & B.
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                                    1/Req = ½+1/3+1/3 = 1.17              (Req = 1/1.17= 0.8547)

                                    1/Req = 2+.85+4

                                       Req = 7.2 [image: image15.png]



KIRCHOFF’S LAW   

Kirchhoff’s Current Law (I Law)

    The sum of current flowing towards a function is equal to the current flowing away from it.
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Consider a function formed by 6 conductors. The current in these conductors are i1, i2, .i6.Some of these currents are flowing towards a 8 other’s away from A

               According to Kirchhoff’s Law,

                           i1+i4+i5+i6 = i2+i3

                   (Flowing towards)     (Flowing away from A)

Kirchhoff’s Voltage Law (II Law)

               In a closed circuit, the sum of the potential drops is equal to the sum of the potential resistance
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   Fig – ABCDA forms a closed circuit.

           From A -> B, We have a potential drop of IR1.

           From D -> A, We have a potential drop of V.

Sum of potential drops = IR1+IR2+IR3

      Potential rise from D -> A =V

                       IR1+IR2+IR3 = V

DETERMINE THE EQUIVALENT RESISTANCE BETWEEN TERMINALS A & B 

        
[image: image18.emf]A

35Ω 8Ω

50Ω

12.5Ω

    10Ω

    10Ω

  20Ω 

 10Ω 

B


SOLUTION

                       50 [image: image19.png]


   12.5 [image: image20.png]


 ARE PARALLEL

                               50*12.5 / 50+12.5 = 10
STEP – I
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STEP – II

                              B
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                          20*30/20+30 = 12 [image: image23.png]



STEP – III

                               B
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                                 60*20/60+20 = 15 [image: image25.png]



STEP – I V
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STEP – V
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                                  RAB = 50[image: image28.png]



Mesh Analysis

The Mesh Current Method, also known as the Loop Current Method, is quite similar to the Branch Current method in that it uses simultaneous equations, Kirchhoff's Voltage Law, and Ohm's Law to determine unknown currents in a network. It differs from the Branch Current method in that it does not use Kirchhoff's Current Law, and it is usually able to solve a circuit with less unknown variables and less simultaneous equations, which is especially nice if you're forced to solve without a calculator.
Let's see how this method works on the same example problem: 
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The first step in the Mesh Current method is to identify “loops” within the circuit encompassing all components. In our example circuit, the loop formed by B1, R1, and R2 will be the first while the loop formed by B2, R2, and R3 will be the second. The strangest part of the Mesh Current method is envisioning circulating currents in each of the loops. In fact, this method gets its name from the idea of these currents meshing together between loops like sets of spinning gears:

[image: image30.png]



The choice of each current's direction is entirely arbitrary, just as in the Branch Current method, but the resulting equations are easier to solve if the currents are going the same direction through intersecting components (note how currents I1 and I2 are both going “up” through resistor R2, where they “mesh,” or intersect). If the assumed direction of a mesh current is wrong, the answer for that current will have a negative value. 

The next step is to label all voltage drop polarities across resistors according to the assumed directions of the mesh currents. Remember that the “upstream” end of a resistor will always be negative, and the “downstream” end of a resistor positive with respect to each other, since electrons are negatively charged. The battery polarities, of course, are dictated by their symbol orientations in the diagram, and may or may not “agree” with the resistor polarities (assumed current directions): 

[image: image31.png]



Using Kirchhoff's Voltage Law, we can now step around each of these loops, generating equations representative of the component voltage drops and polarities. As with the Branch Current method, we will denote a resistor's voltage drop as the product of the resistance (in ohms) and its respective mesh current (that quantity being unknown at this point). Where two currents mesh together, we will write that term in the equation with resistor current being the sum of the two meshing currents. 

Tracing the left loop of the circuit, starting from the upper-left corner and moving counter-clockwise (the choice of starting points and directions is ultimately irrelevant), counting polarity as if we had a voltmeter in hand, red lead on the point ahead and black lead on the point behind, we get this equation: 
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Notice that the middle term of the equation uses the sum of mesh currents I1 and I2 as the current through resistor R2. This is because mesh currents I1 and I2 are going the same direction through R2, and thus complement each other. Distributing the coefficient of 2 to the I1 and I2 terms, and then combining I1 terms in the equation, we can simplify as such: 
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The solution of -1 amp for I2 means that our initially assumed direction of current was incorrect. In actuality, I2 is flowing in a counter-clockwise direction at a value of (positive) 1 amp:

[image: image36.png]



Nodal Voltage Analysis

As well as using Mesh Analysis to solve the currents flowing around complex circuits it is also possible to use Nodal Analysis methods too. Nodal Voltage Analysis complements Mesh Analysis in that it is equally powerful and based on the same concepts of matrix analysis. As its name implies, Nodal Voltage Analysis uses the "Nodal" equations of Kirchoff´s First Law to find the voltage potentials around the circuit. By adding together all these nodal voltage the net result will be equal to zero. Then, if there are "N" nodes in the circuit there will be "N-1" independent nodal equations and these alone are sufficient to describe and hence solve the circuit.

At each node point write down Kirchoff´s first law equation, that is: "the currents Entering a node are exactly equal to the currents Leaving the node" then express each current in terms of the voltage across the branch. For "N" nodes, one node will be used as the reference node and all the other voltages will be referenced or measured with respect to this common node.

Nodal Analysis Circuit

                             [image: image37.png]



Nodal Analysis
Nodal analysis is a formalized procedure based on KCL equations.

Steps:

1. Identify all nodes.

2. Choose a reference node. Identify it with reference (ground) symbol. A good choice is the node with the most branches, or a node which can immediately give you another node voltage (e.g., below a voltage source).

3. Assign voltage variables to the other nodes (these are node voltages.)

4. Write a KCL equation for each node (sum the currents leaving the node and set equal to zero). Rearrange these equations into the form A*V1+B*V2=C (or similar for equations with more voltage variables.)

5. Solve the system of equations from step 4. There are a number of techniques that can be used: simple substitution, Cramer's rule, the adjoint matrix method, etc

Aim of Nodal Analysis
The aim of nodal analysis is to determine the voltage at each node relative to the reference node (or ground).

Alternating Current
Most students of electricity begin their study with what is known as direct current (DC), which is electricity flowing in a constant direction, and/or possessing a voltage with constant polarity. DC is the kind of electricity made by a battery (with definite positive and negative terminals), or the kind of charge generated by rubbing certain types of materials against each other. 

As useful and as easy to understand as DC is, it is not the only “kind” of electricity in use. Certain sources of electricity (most notably, rotary electro-mechanical generators) naturally produce voltages alternating in polarity, reversing positive and negative over time. Either as a voltage switching polarity or as a current switching direction back and forth, this “kind” of electricity is known as Alternating Current (AC): Figure below 
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Direct vs alternating current
Whereas the familiar battery symbol is used as a generic symbol for any DC voltage source, the circle with the wavy line inside is the generic symbol for any AC voltage source. 

AC waveforms 

When an alternator produces AC voltage, the voltage switches polarity over time, but does so in a very particular manner. When graphed over time, the “wave” traced by this voltage of alternating polarity from an alternator takes on a distinct shape, known as a sine wave: Figure below 
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. Here are but a few sample waveforms
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Some common waveshapes (waveforms).
These waveforms are by no means the only kinds of waveforms in existence. They're simply a few that are common enough to have been given distinct names. Even in circuits that are supposed to manifest “pure” sine, square, triangle, or sawtooth voltage/current waveforms, the real-life result is often a distorted version of the intended waveshape. Some waveforms are so complex that they defy classification as a particular “type” (including waveforms associated with many kinds of musical instruments). Generally speaking, any waveshape bearing close resemblance to a perfect sine wave is termed sinusoidal, anything different being labeled as non-sinusoidal. Being that the waveform of an AC voltage or current is crucial to its impact in a circuit, we need to be aware of the fact that AC waves come in a variety of shapes. 

Alternating current

Direct current (DC) circuits involve current flowing in one direction. In alternating current (AC) circuits, instead of a constant voltage supplied by a battery, the voltage oscillates in a sine wave pattern, varying with time as: 
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Resistance in an AC circuit
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The relationship V = IR applies for resistors in an AC circuit, so 
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In AC circuits we'll talk a lot about the phase of the current relative to the voltage. In a circuit which only involves resistors, the current and voltage are in phase with each other, which means that the peak voltage is reached at the same instant as peak current. In circuits which have capacitors and inductors (coils) the phase relationships will be quite different. 

Capacitance in an AC circuit

[image: image44.png]



Consider now a circuit which has only a capacitor and an AC power source (such as a wall outlet). A capacitor is a device for storing charging. It turns out that there is a 90° phase difference between the current and voltage, with the current reaching its peak 90° (1/4 cycle) before the voltage reaches its peak. Put another way, the current leads the voltage by 90° in a purely capacitive circuit. 

To understand why this is, we should review some of the relevant equations, including: 

relationship between voltage and charge for a capacitor: CV = Q 
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The AC power supply produces an oscillating voltage. We should follow the circuit through one cycle of the voltage to figure out what happens to the current

A capacitor in an AC circuit exhibits a kind of resistance called capacitive reactance, measured in ohms. This depends on the frequency of the AC voltage, and is given by: 
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We can use this like a resistance (because, really, it is a resistance) in an equation of the form V = IR to get the voltage across the capacitor: 
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Note that V and I are generally the rms values of the voltage and current. 

Inductance in an AC circuit
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An inductor is simply a coil of wire (often wrapped around a piece of ferromagnet). If we now look at a circuit composed only of an inductor and an AC power source, we will again find that there is a 90° phase difference between the voltage and the current in the inductor. This time, however, the current lags the voltage by 90°, so it reaches its peak 1/4 cycle after the voltage peaks. 

RLC Circuits

[image: image49.png]



Consider what happens when resistors, capacitors, and inductors are combined in one circuit. If all three components are present, the circuit is known as an RLC circuit (or LRC). If only two components are present, it's either an RC circuit, an RL circuit, or an LC circuit. 

The overall resistance to the flow of current in an RLC circuit is known as the impedance, symbolized by Z. The impedance is found by combining the resistance, the capacitive reactance, and the inductive reactance. Unlike a simple series circuit with resistors, however, where the resistances are directly added, in an RLC circuit the resistance and reactances are added as vectors. 

This is because of the phase relationships. In a circuit with just a resistor, voltage and current are in phase. With only a capacitor, current is 90° ahead of the voltage, and with just an inductor the reverse is true, the voltage leads the current by 90°. When all three components are combined into one circuit, there has to be some compromise. 

To figure out the overall effective resistance, as well as to determine the phase between the voltage and current, the impedance is calculated like this. The resistance R is drawn along the +x-axis of an x-y coordinate system. The inductive reactance is at 90° to this, and is drawn along the +y-axis. The capacitive reactance is also at 90° to the resistance, and is 180° different from the inductive reactance, so it's drawn along the -y-axis. The impedance, Z, is the sum of these vectors, and is given by: 
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The current and voltage in an RLC circuit are related by V = IZ. The phase relationship between the current and voltage can be found from the vector diagram: its the angle between the impedance, Z, and the resistance, R. The angle can be found from: 
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If the angle is positive, the voltage leads the current by that angle. If the angle is negative, the voltage lags 

THREE-PHASE POWER

Students sometimes become confused when computing power in threephase

circuits. One reason for this confusion is that there are actually

two formulas that can be used. If line values of voltage and current are

known, the power (watts) of a pure resistive load can be computed using

the formula:

VA = __

VVAA == √3 _ ELine _ ILine VA = If the phase values of voltage and current are known, the apparent power

can be computed using the formula:

VA = 3 _ EPhase _ IPhase

Notice that in the first formula, the line values of voltage and current are

multiplied by the square root of 3. In the second formula, the phase values

of voltage and current are multiplied by 3. The first formula is used more

often because it is generally more convenient to obtain line values of voltage

and current, which can be measured with a voltmeter and clamp-on

ammeter.

Three-phase Y and Delta configurations

If we draw a circuit showing each voltage source to be a coil of wire (alternator or transformer winding) and do some slight rearranging, the “Y” configuration becomes more obvious in Figure below.

Three-phase, four-wire “Y” connection uses a "common" fourth wire
[image: image52.png]“line"
“line"

"neutral”

“line"




When we measure voltage and current in three-phase systems, we need to be specific as to where we're measuring. Line voltage refers to the amount of voltage measured between any two line conductors in a balanced three-phase system. With the above circuit, the line voltage is roughly 208 volts. Phase voltage refers to the voltage measured across any one component (source winding or load impedance) in a balanced three-phase source or load. For the circuit shown above, the phase voltage is 120 volts. The terms line current and phase current follow the same logic: the former referring to current through any one line conductor, and the latter to current through any one component. 

Y-connected sources and loads always have line voltages greater than phase voltages, and line currents equal to phase currents. If the Y-connected source or load is balanced, the line voltage will be equal to the phase voltage times the square root of 3: 

However, the “Y” configuration is not the only valid one for connecting three-phase voltage source or load elements together. Another configuration is known as the “Delta,” for its geometric resemblance to the Greek letter of the same name (Δ). Take close notice of the polarity for each winding in Figure below.
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Three-phase, three-wire Δ connection has no common.

  REVIEW: 

  The conductors connected to the three points of a three-phase source or load are called lines. 

  The three components comprising a three-phase source or load are called phases. 

  Line voltage is the voltage measured between any two lines in a three-phase circuit. 

  Phase voltage is the voltage measured across a single component in a three-phase source or load. 

  Line current is the current through any one line between a three-phase source and load. 

  Phase current is the current through any one component comprising a three-phase source or load. 

  In balanced “Y” circuits, line voltage is equal to phase voltage times the square root of 3, while line current is equal to phase current. 
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In balanced Δ circuits, line voltage is equal to phase voltage, while line current is equal to phase current times the square root of 3.
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Δ-connected three-phase voltage sources give greater reliability in the event of winding failure than Y-connected sources. However, Y-connected sources can deliver the same amount of power with less line current than Δ-connected sources.

 Construction and Basic principle operation of Moving-iron Instruments

The instruments are classified according to the principles of operation. Furthermore, each class may be subdivided according to the nature of the movable system and method by which the operating torque is produced. 
Specifically, the electromagnetic instruments are sub-classes as (i) moving-iron instruments
                                                                    (ii) electro-dynamic or dynamometer instruments,
                                                                   (iii) induction instruments.

In moving –iron instruments the movable system consists of one or more pieces of specially-shaped soft iron, which are so pivoted as to be acted upon by the magnetic field produced by the current in coil. There are two general types of moving-iron instruments namely (i) Repulsion (or double iron) type (ii) Attraction (or single-iron) type. The brief description of different components of a moving-iron instrument is given below. 

• Moving element: a small piece of soft iron in the form of a vane or rod 

• Coil: to produce the magnetic field due to current flowing through it and also to magnetize the iron pieces. 

• In repulsion type, a fixed vane or rod is also used and magnetized with the same polarity. 

• Control torque is provided by spring or weight (gravity) 

• Damping torque is normally pneumatic, the damping device consisting of an air chamber and a moving vane attached to the instrument spindle. 

• Deflecting torque produces a movement on an aluminum pointer over a graduated scale. 

Permanent Magnet Moving Coil (PMMC) Instruments 
The general theory of moving-coil instruments may be dealt with considering a rectangular coil of turns, free to rotate about a vertical axis. N 
Fig. [image: image56.emf]
[image: image57.emf]
Fig. 42.1(a) shows the basic construction of a PMMC instrument. A moving coil instrument consists basically of a permanent magnet to provide a magnetic field and a small lightweight coil is wound on a rectangular soft iron core that is free to rotate around its vertical axis. When a current is passed through the coil windings, a torque is developed on the coil by the interaction of the magnetic field and the field set up by the current in the coil. The aluminum pointer attached to rotating coil and the pointer moves around the calibrated scale indicates the deflection of the coil. To reduce parallax error a mirror is usually placed along with the scale. A balance weight is also attached to the pointer to counteract its weight (see Fig. 42.1(b)). To use PMMC device as a meter, two problems must be solved. First, a way must be found to return the coil to its original position when there is no current through the coil. Second, a method is needed to indicate the amount of coil movement. The first problem is solved by the use of hairsprings attached to each end of the coil as shown in Fig. 42.1(a). These hairsprings are not only supplying a restoring torque but also provide an electric connection to the rotating coil. With the use of hairsprings, the coil will return to its initial position when no current is flowing though the coil. The springs will also resist the movement of coil when there is current through coil. When the developing force between the magnetic fields (from permanent magnet and electro magnet) is exactly equal to the force of the springs, the coil rotation will stop. The coil set up is supported on jeweled bearings in order to achieve free movement. Two other features are considered to increase the accuracy and efficiency of this meter movement. First, an iron core is placed inside the coil to concentrate the magnetic fields. Second, the curved pole faces ensure the turning force on the coil increases as the current increases. 

It is assumed that the coil sides are situated in a uniform radial magnetic field of flux density2/Bwbm, let the length of a coil side (within the magnetic field) be (meter), and the distance from each coil side to the axis be (meter). Lr
Principle of operation 
It has been mentioned that the interaction between the induced field and the field produced by the permanent magnet causes a deflecting torque, which results in rotation of the coil. The deflecting torque produced is described below in mathematical form: 
Deflecting Torque: If the coil is carrying a current of , the force on a coil side = .iampBilN (newton, N). (42.1) 

∴Torque due to both coil sides =()2()rBilN()Nm 
= (42.2) (GiNm
where is the Galvanometer constant and it is expressed as G2GrBlN= (/.Nmamp) =(NBA/Nmamp). (note A= = area of the coil.) 2rl
N= no. of turns of the coil. 

B = flux density in Wb/m2/Wbm2. 

l = length of the vertical side of the coil, m. 

2r= breadth of the coil, m 

i= current in ampere. 

2Ar== area, m2
Truly speaking, the equation (42.2) is valid while the iron core is cylindrical and the air gap between the coil and pole faces of the permanent magnet is uniform. This result the flux densityB is constant and the torque is proportional to the coil current and instrument scale is linear.
Ammeters and voltmeters 

An ammeter is required to measure the current in a circuit and it therefore connected in series with the components carrying the current. If the ammeter resistance is not very much smaller than the load resistance, the load current can be substantially altered by the inclusion of the ammeter in the circuit. To operate a moving coil instrument around a current level 50ma is impractical owing to the bulk and weight of the coil that would be required. So, it is necessary to extend the meter-range shunts (in case of ammeters) and multipliers (in case of volt meters) are used in the following manner. 

For higher range ammeters a low resistance made up of manganin (low temperature coefficient of resistance) is connected in parallel to the moving coil (see Fig.42.2 (a)) and instrument may be calibrated to read directly to the total current.

Advantages, Limitations and sources of errors 

Advantages: 
• The scale is uniformly divided (see at steady state , sGICθ=). 

• The power consumption can be made very low (25200WtoWμμ). 

• The torque-weight ratio can be made high with a view to achieve high accuracy. 

• A single instrument can be used for multi range ammeters and voltmeters. 

• Error due to stray magnetic field is very small. 

Limitations: 
• They are suitable for direct current only. 

• The instrument cost is high. 

• Variation of magnet strength with time. 

The Errors are due to: 
i) Frictional error, ii) Magnetic decay, iii) Thermo electric error, iv) Temperature error. 

Errors can be reduced by following the steps given below: 
Proper pivoting and balancing weight may reduce the frictional error. 

• Suitable aging can reduce the magnetic decay. 

• Use of manganin resistance in series (swamping resistance) can nullify the effect of variation of resistance of the instrument circuit due to temperature variation. 

• The stiffness of spring, permeability of magnetic core (Magnetic core is the core of electromagnet or inductor which is typically made by winding a coil of wire around a ferromagnetic material) decreases with increases in temperature. 

Construction of Moving-iron Instruments 

The deflecting torque in any moving-iron instrument is due to forces on a small piece of magnetically ‘soft’ iron that is magnetized by a coil carrying the operating current. In repulsion (Fig.42.7) type moving–iron instrument consists of two cylindrical soft iron vanes mounted within a fixed current-carrying coil. One iron vane is held fixed to the coil frame and other is free to rotate, carrying with it the pointer shaft. Two irons lie in the magnetic field produced by the coil that consists of only few turns if the instrument is an ammeter or of many turns if the instrument is a voltmeter. Current in the coil induces both vanes to become magnetized and repulsion between the similarly magnetized vanes produces a proportional rotation. The deflecting torque is proportional to the square of the current in the coil, making the instrument reading is a true ‘RMS’ quantity Rotation is opposed by a hairspring that produces the restoring torque. Only the fixed coil carries load current, and it is constructed so as to withstand high transient current. Moving iron instruments having scales that are nonlinear and somewhat crowded in the lower range of calibration. Another type of instrument that is usually classed with the attractive types of instrument is shown in Fig.42.8.
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This instrument consists of a few soft iron discs (B) that are fixed to the spindle (), pivoted in jeweled bearings. The spindle () also carries a pointer (), a balance weight (), a controlling weight () and a damping piston (DDP1W2WE), which moves in a curved fixed cylinder (). The special shape of the moving-iron discs is for obtaining a scale of suitable form. F 
Remark: Moving-iron vanes instruments may be used for DC current and voltage measurements and they are subject to minor frequency errors only. The instruments may be effectively shielded from the influence of external magnetic fields by enclosing the working parts, except the pointer, in a laminated iron cylinder with laminated iron end covers.

Advantages: 
• The instruments are suitable for use in a.c and d.c circuits. 

• The instruments are robust, owing to the simple construction of the moving parts. 

• The stationary parts of the instruments are also simple. 

• Instrument is low cost compared to moving coil instrument. 

• Torque/weight ration is high, thus less frictional error. 

Errors: 
i. Errors due to temperature variation. 

ii. Errors due to friction is quite small as torque-weight ratio is high in moving-iron instruments. 

iii. Stray fields cause relatively low values of magnetizing force produced by the coil. Efficient magnetic screening is essential to reduce this effect. 

iv. Error due to variation of frequency causes change of reactance of the coil and also changes the eddy currents induced in neighboring metal. 

v. Deflecting torque is not exactly proportional to the square of the current due to non-linear characteristics of iron material. 

Working of dynamometer type wattmeter
INTRODUCTION
The principle of operation of the electrodynamometer-type wattmeter is the same as that for dynamo-electric machines. The deflection torque is produced by the interaction of two magnetic fluxes. One of the fluxes is produced by a fixed coil which carries a current proportional to the load current and therefore called the current coil. The other flux is created by a movable coil which carries a current proportional to the load voltage and thus called the voltage or potential coil. A high non-inductive resistance is connected to the potential coil so that its current is almost in phase with the load voltage. The control torque is provided by a control spring. There are two alternative methods of connection, depending on which coil is connected near the load.

In dynamometer type instrument deflecting torque is produced by magnetic effect of electric current.Control torque is provided by control springs. Damping torque is provided by Air Friction damping

In a dynamometer type wattmeter the fixed coil (current coil) is connected in series with the load.

This coil is divided in to two parts and they are kept parallel to each other. The coil is thick in cross section and has less number of turns.The moving coil (pressure coil) is connected across the load. It is thin in cross - section and has hundreds of turns. It has a non - inductive high resistance in series with it
                                               [image: image60.emf]
The wattmeter is an electrodynamic instrument for measuring the electric power or the supply rate of electrical energy of any given circuit. The device consists of a pair of fixed coils, known as current coils, and a movable coil known as the potential coil. 
The current coils are connected in series with the circuit, while the potential coil is connected in parallel. Also, on analog wattmeters, the potential coil carries a needle that moves over a scale to indicate the measurement. A current flowing through the current coil generates an electromagnetic field around the coil. The strength of this field is proportional to the line current and in phase with it. The potential coil has, as a general rule, a high-value resistor connected in series with it to reduce the current that flows through it. The result of this arrangement is that on a dc circuit, the deflection of the needle is proportional to both the current and the voltage, thus conforming to the equation W=VA or P=EI. On an ac circuit the deflection is proportional to the average instantaneous product of voltage and current, thus measuring true power, and possibly (depending on load characteristics) showing a different reading to that obtained by simply multiplying the readings showing on a stand-alone voltmeter and a stand-alone ammeter in the same circuit. The two circuits of a wattmeter are likely to be damaged by excessive current. The ammeter and voltmeter are both vulnerable to overheating - in case of an overload, their pointers will be driven off scale - but in the wattmeter, either or even both the current and potential circuits can overheat without the pointer approaching the end of the scale! This is because the position of the pointer depends on the power factor, voltage and current. Thus, a circuit with a low power factor will give a low reading on the wattmeter, even when both of its circuits are loaded to the maximum safety limit. Therefore, a wattmeter is rated not only in watts, but also in volts and amperes.
1.Name the different essential torques in indicating instruments.

Deflecting torque

Controlling torque

Damping torque

2.. Name the types of instruments used for making voltmeter and ammeter.

PMMC type

Moving iron type

Dynamometer type

Hot wire type

Electrostatic type

Induction type.

3. State the advantages of PMMC instruments

Uniform scale.

No hysterisis loss

Very accurate

High effuiciency.

4. State the disadvantages of PMMC instruments

Cannot be used for ac m/s

Some errors are caused by temperature variations.

5. State the applications of PMMC instruments

m/s of dc voltage and current

used in dc galvanometer.

6. How the range of instrument can be extended in PMMC instruments.

In ammeter by connecting a shunt resister

In voltmeter by connecting a series resister.

7. State the advantages of Dynamometer type instruments

Can be used for both dc and ac m/s.

Free from hysterisis and eddy current errors.

8. State the advantages of Moving iron type instruments

Less expensive

Can be used for both dc and ac

Reasonably accurate.

9. State the advantages of Hot wire type instruments

Can be used for both dc and ac

Unaffected by stray magnetic fields

Readings are independent of frequency and waveform.

10.What are the constructional parts of dynamometer type wattmeter?

Fixed coil

Moving Coil

Current limiting resister

Helical spring

Spindle attached with pointer

Graduated scale

11. Write down the deflecting torque equation in dynamometer type wattmeter.

Td á VI CosÖ

12. State the disadvantages of Dynamometer type wattmeter.

Readings may be affected by stray magnetic fields.

At low power factor it causes error.

13. Name the errors caused in Dynamometer type wattmeter.

Error due to pressure coil inductance

Error due to pressure coil capacitance

Error due to methods of connection

Error due to stray magnetic fields

Error due to eddy current.

14. Name the methods used for power measurement in three phase circuits.

(i)Single wattmeter method

(ii) Two wattmeter method

(iii) Three wattmeter method

15.Name the methods used in Wattmeter calibration.

By comparing with std wattmeter.

By using voltmeter ammeter method.

By using Potentiometer.

16. What are the types of energy meters?

Electrolytic meters

Motor meters.

Clock meters

17. Name the constructional parts of induction type energy meter.

Current coil with series magnet

Voltage coil with shunt magnet

Al disc

Braking magnet

Registering mechanism.

18. Define creeping.

Slow but continuous rotation of disc when pc is energized and cc is not energized

. 
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