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Agni college of Technology Department of BME Basics of Electrical Engineering 2Marks 1. Define reluctance (May 2015) ,May/June 2014,Dec2013,May2010) Reluctance is the opposing property of a magnetic circuit for the setting up of flux. 2. What do you understand by hysteresis loss? (April/May2015) when magnetic field is established and energy is returned when field collapses. But due to hysteresis , all the energy is never returned through field completely collapses. This loss of energy appears as heat in the magnetic material . This is called hysteresis loss. 3. Define magnetic flux and write its unit. (Apirl2015) The lines of force which is produced by the given bar magnet is called magnetic flux. Its Unit is weber. 4. State the Faradays law of electromagnetic induction. (May2015, May/June2014) Whenever the magnetic flux linking a conductor changes an emf is always induced in it. The magnitude of the induced emf is proportional to the rate of change of flux linkages. E=N dǿ/dt Where E= induced emf in volts N= number of turns in the coil dǿ/dt=rate of change of flux 5. Define Magneto motive force (MMF).Dec2013 Mmf is the cause for producing flux in a magnetic circuit. The amount of flux set up in the core depend up on current and no of turns. The product NI is called mmf, and determines the amount of flux set up in the magnetic circuits. MMF=NI Ampere Turns(AT) 6. Define transformer. (May 2008) A transformer is a static device which changes the alternating voltage from one level to another. 7. Write the Emf equation of a transformer. (May2015) Emf induced in primary coil E1= 4.44fФmN1 volt emf induced in secondary coil E2 =4.44 fФmN2. f--->freq of AC input Фm---->maximum value of flux in the core N1,N2--->Number of primary and secondary turns. 8. State the advantages and applications of auto transformer. (April2015) Advantages: 1. 2. 3. 4. 5.



Its efficiency is more when compared with the conventional one. Its size is relatively very smaller. Voltage Regulation of auto transformer is much better. Lower cost Low requirements of excitation current.



6. Less copper is used in its design and construction. 7. In conventional transformer the voltage step up or step down value is fixed while in auto transformer, we can vary the output voltage as per out requirements and can smoothly increase or decrease its value as per our requirement.



1. 2. 3. 4. 5. 9.



Applications: Electric power engineering for transmission and distribution Radio and TV circuits, telephone circuits, control and instrumentation circuits Furnaces and welding transformer As an instrument transformer for measuring the current and measuring voltage As a step-down and step-up transformer to get reduced or increased output voltage.



Define voltage regulation of a transformer (May2015), (June2012).( Dec2010) When a transformer is loaded with a constant primary voltage, the secondary voltage decreases for lagging PF load, and increases for leading PF load because of its internal resistance and leakage reactance. The change in secondary terminal voltage from no load to full load expressed as a percentage of no load or full load voltage is termed as regulation. % regulation down=(V2 noload-V2F.L)*100/V 2noload % regulation up=(V 2 no load-V 2F.L)*100/V 2F.L



10. What are the losses in the transformer?(May2015) There are two losses occur in a transformer (i) Iron losses or core losses (ii) Copper losses 11. Give the application of stepper motor (June2012,May2015, May2010) Applications: 1) Computer peripherals 2) Instrumentation application 3) Office equipment 4) Machine tool application 5) Robotics 6) Electro-medical applications



12. Name the types of dc motor (May 2015,June2014,Dec2011) 1. Separately excited DC motors 2. Self excited DC motors  DC shunt motors  DC series motor



3. DC compound motors  Long shunt compound motors  Short shunt compound motors 13. What do you meant by back Emf (May2015) When a motor rotates, the conductors housed in the armature also rotates and cut the magnetic lines of force so an emf is induced in the armature conductors and this induced emf opposes the supply voltage as per Lenz’s law. this induced emf is called back emf or counter emf. 14. Write the working principle of a stepper motor mention it applications.(Dec2013) Stepper motor is a brushless Dc motor whose rotor rotates through a fixed angular step in response to reach input current pulse received by its controller. It is digital actuator whose input is in the form of programmed energization of the stator winding and whose output is in the form of discrete angular rotation Applications: 7) Computer peripherals 8) Instrumentation application 9) Office equipment 10) Machine tool application 11) Robotics 12) Electro-medical applications 15. What are the methods by which the speed of a dc motor can be varies.(June2012) (i) Flux control method (Field control method) (ii) Voltage control method (iii) Rheostat control method (Armature control method) 16. Classify three phase induction motors. (May 2015) Squirrel cage induction motor ii) Wound rotor or slip ring induction motor/ 17. Name the type of motor of a synchronous machines (May2015) i) Rotating armature type ii) Rotating field type iii) Cylindrical rotor synchronous e generator 18. Distinguish between induction motor and synchronous motor (May2015)  Synchronous motors require an additional DC power source for energizing rotor winding. Induction motors do not require any additional power source.  Slip rings and brushes are required in synchronous motors, but not in Induction motors (except wound type induction motor in which slip ring motors are used to add external resistance to the rotor winding).  Synchronous motors require additional starting mechanism to initially rotate the rotor near to the synchronous speed. No starting mechanism is required in induction motors.







The power factor of a synchronous motor can be adjusted to lagging, unity or leading by varying the excitation, whereas, an induction motor always runs at lagging power factor.  Synchronous motors are generally more efficient than induction motors.  Synchronous motors are costlier. 19. What are the types of synchronous generator.(June2014)



- used in marine.



20. Why single phase induction motor is not self starting (May 2015) When a single phase supply is fed to the stator winding, it produces an alternating flux only that is one which alternates along one space axis only. Due to this, starting torque will be zero. Hence the motor does not rotate.



21. Draw the torque speed characteristics of ac series motor (May2015)



22. Define commutator motor. A commutator is a moving part of a rotary electrical switch in certain types of electric motors and electrical generators that periodically reverses the current direction between the rotor and the external circuit. 23. What is a universal motor? (May2015) There are small capacity series motors which can be operated on dc supply or single phase ac supply of same voltage with similar characteristics called universal motors. The construction of this motor is similar to that of ac series motor 24. What is the differences between unipolar and bipolar drive circuit? (June 2014) unipolar stepper motor just works with positive voltage so the high and low voltages connected to the electromagnetic loops would be something like 5V and 0V. A bipolar stepper motor has two polarities, positive and negative so its high and low voltages would be something like 2.5V and - 2.5V. 25. What is an electric drive ? (Dec 2012) An electric drive is defined electric drive is defined as a form of as a form of machine equipment machine equipment designed to convert electric energy designed to convert electric energy into mechanical energy, energy into mechanical energy.



16Marks 1. Explain the construction and principle of working characteristics and applications of ac series motor. 



AC Series Motor AC series motors are also known as the modified dc series motor as their construction is very similar to that of the dc series motor. Before we discuss these modifications, here it is essential to discuss what is the need and where do we need to do modifications. In order to understand this, consider this question. What will happen when we give an ac supply to dc series motor? Answer to this question is written below: (a) An ac supply will produce a unidirectional torque because the direction of both the currents(i.e. armature current and field current) reverses at the same time. (b) Due to presence of alternating current, eddy currents are induced in the yoke and field cores which results in excessive heating of the yoke and field cores. (c) Due to the high inductance of the field and the armature circuit, the power factor would become very low.(d) There is sparking at the brushes of the dc series motor. So considering above points we can say that we don’t have good performance of dc series motor on the application of ac supply. Now in order to reduce the eddy currents there is need to laminate the yoke and field core. This is our first modification to dc series motor. What about power factor how we can improve power factor? Now the power factor is directly related to reactance of the field and armature circuit and we can reduce the field winding reactance by reducing the number of turns in the field winding. But there is one problem: on reducing the number of turns, field mmf will decrease and due to this the air gap flux decrease. The overall result of this is that there is an increase in the speed of the motor but decrease in the motor torque which is not desired. Now how to overcome from this problem? the solution to this problem is the use of compensating winding. On the basis of the usage of compensating winding we have two types of motor and they are written below: (a) conductively compensated type of motors (b) Inductively compensated type of motors. Conductively Compensated Type of Motors



Given below is the circuit diagram of the conductively compensated type of motors. In this type of motor, the compensating winding is connected in series with the armature



circuit. Inductively Compensated Type of Motors Given below is the circuit diagram of the inductively compensated type of motors. In this type of motor, the compensating winding has no interconnection with the armature circuit of the motor. In this case, a transformer action will take place as the armature winding will act as primary winding of the transformer and the compensation winding will acts as a secondary winding. The current in the compensating winding will be in phase opposition to the current in the armature winding.



Given below is the complete schematic diagram of the single phase ac series motor with all the modifications (i.e. compensating winding and inter pole).



We have already discussed the advantage of having compensating winding. Let us discuss what is the use of the inter pole? The main function of the inter poles is to improve the performance of the motor in terms of higher efficiency and a greater output from the given size of the armature core. We have taken very high reactive voltage drop of series field as compared to either armature or the compensating field in order to reduce the series filed inductance. The winding of the inter pole circuit is connected in parallel with the non inductive shunt as shown in the above figure. Now let us discuss various characteristics of the ac series motor. There are five important characteristics of an ac series motor which are written below: (a) Power factor characteristics (b) Speed current characteristics (c) Torque current characteristics (d) Torque speed characteristics (e) Power output characteristics Now let discuss each of them in detail: Power factor characteristics We can derive the expression for power factor with the help of phasor diagram given above. From the phasor diagram we write sine of angle φ as



Clearly from the above equation we can say that if we want the high value of power factor, the value of reactance and counter emf should low as minimum as possible. From point of view of loading, we have low value of power factor at over loading and it



is due to the fact that the high value of current. Thus the high value of power can be achieved only if the load is very light. Speed current characteristics In order to the understand speed current characteristic let us derive an expression for speed in terms of counter emf. We have a proportional relationship between the counter emf and speed of the motor. Thus if the value of the counter emf is large then the value of speed will be more. From the phasor diagram we can say that the counter emf is equal to the difference between the terminal voltage and the voltage drops. Hence if current cause’s higher voltage drops then the generated back emf will be less therefore the speed of the motor will be less. Now let us analyse and compare speed current characteristics for both ac and dc series motor. Let us first consider the case of dc series motor: In case of dc series motor we have high value of counter emf because the value of voltage drop here is small. The voltage drops here is due to resistive drops mainly therefore the value of voltage drop is low. Now Let us consider the case of ac series motor: In case of ac series motor we have a low value of counter emf because the value of voltage drop here is large. The voltage drops here is due to resistive drops and reactance drop therefore the value of voltage drop is high. It means the speed current characteristics curve for the dc series are less dropping than the ac series motor. Given below are the characteristics for both the ac and dc series motor. Torque current characteristics After neglecting the small value of phase angle (angle between the flux and the current) and saturation effect we can say that the value of the torque is directly proportion to the value of square of the current. Therefore the variation of torque with the current can plotted as shown in the figure given below: Torque speed characteristics The relation between the torque and speed can derived with the help of torque current and speed current characteristics. The torque speed characteristics are plotted as shown in the given diagram. Power output characteristics The mechanical output power developed by the ac series motor can be calculated by the product of the counter emf and current. The value of mechanical power developed is directly proportion to the value of the current, if we neglect the decrement in value of the counter emf. The counter emf slightly decreases with the increase in the value of the



current.



Now let us discuss some application of ac series motors: (a) These motors are highly in home appliances like hair dryers, grinders, table fans, polishers and many other kitchen appliances. (b) These motors are also very useful where high speed control is required like lift etc. 2. Explain principle of operation of single phase induction motor. Single Phase Induction Motor Single phase power system is widely used as compared to three phase system for domestic purpose, commercial purpose and to some extent in industrial purpose. As the single phase system is more economical and the power requirement in most of the houses, shops, offices are small, which can be easily met by single phase system. The single phase motors are simple in construction, cheap in cost, reliable and easy to repair and maintain. Due to all these advantages the single phase motor finds its application in vacuum cleaner, fans, washing machine, centrifugal pump, blowers, washing machine, small toys etc. The single phase ac motors are further classified as: 1. Single phase induction motors or asynchronous motors. 2. Single phase synchronous motors. 3. Commutator motors. This article will provide fundamentals, description and working principle of single phase induction motor. Construction of Single Phase Induction Motor Like any other electrical motor asynchronous motor also have two main parts namely rotor and stator. Stator: As its name indicates stator is a stationary part of induction motor. A single phase ac supply is given to the stator of single phase induction motor. Rotor: The rotor is a rotating part of induction motor.



The rotor is connected to the mechanical load through the shaft. The rotor in single phase induction motor is of squirrel cage rotor type. The construction of single phase induction motor is almost similar to the squirrel cage three phase motor except that in case of asynchronous motor the stator have two windings instead of one as compare to the single stator winding in three phase induction motor. Stator of Single Phase Induction Motor The stator of the single phase induction motor has laminated stamping to reduce eddy current losses on its periphery. The slots are provided on its stamping to carry stator or main winding. In order to reduce the hysteresis losses, stamping are made up of silicon steel. When the stator winding is given a single phase ac supply, the magnetic field is produced and the motor rotates at a speed slightly less than the synchronous speed Nswhich is given by



Where, f = supply voltage frequency, P = No. of poles of the motor. The construction of the stator of asynchronous motor is similar to that of three phase induction motor except there are two dissimilarity in the winding part of the single phase induction motor. 1. Firstly the single phase induction motors are mostly provided with concentric coils. As the number of turns per coil can be easily adjusted with the help of concentric coils, the mmf distribution is almost sinusoidal. 2. Except for shaded pole motor, the asynchronous motor has two stator windings namely the main winding and the auxiliary winding. These two windings are placed in space quadrature with respect to each other. Rotor of Single Phase Induction Motor The construction of the rotor of the single phase induction motor is similar to the squirrel cage three phase induction motor. The rotor is cylindrical in shape and has slots all over its periphery. The slots are not made parallel to each other but are bit skewed as the skewing prevents magnetic locking of stator and rotor teeth and makes the working of induction motor more smooth and quieter i.e less noise. The squirrel cage rotor consists of aluminum, brass or copper bars. These aluminum or copper bars are called rotor conductors and are placed in the slots on the periphery of the rotor. The rotor conductors are permanently shorted by the copper or aluminum rings called the end rings. In order to provide mechanical strength these rotor conductor are braced to the end ring and hence form a complete closed circuit resembling like a cage and hence got its name as "squirrel cage induction motor". As the bars are permanently shorted by end rings, the rotorelectrical resistance is very small and it is not possible to add external resistance as the bars are permanently



shorted. The absence of slip ring and brushes make the construction of single phase induction motor very simple and robust. Working Principle of Single Phase Induction Motor NOTE: We know that for the working of any electrical motor whether its ac or dc motor, we require two fluxes as, the interaction of these two fluxes produced the required torque, which is desired parameter for any motor to rotate. When single phase ac supply is given to the stator winding of single phase induction motor, the alternating current starts flowing through the stator or main winding. This alternatingcurrent produces an alternating flux called main flux. This main flux also links with the rotor conductors and hence cut the rotor conductors. According to the Faraday’s law of electromagnetic induction, emf gets induced in the rotor. As the rotor circuit is closed one so, the current starts flowing in the rotor. This current is called the rotor current. This rotor current produces its own flux called rotor flux. Since this flux is produced due to induction principle so, the motor working on this principle got its name as induction motor. Now there are two fluxes one is main flux and another is called rotor flux. These two fluxes produce the desired torque which is required by the motor to rotate. Why Single Phase Induction Motor is not Self Starting? According to double field revolving theory, any alternating quantity can be resolved into two components, each component have magnitude equal to the half of the maximum magnitude of the alternating quantity and both these component rotates in opposite direction to each other. For example - a flux, φ can be resolved into two components



Each of these components rotates in opposite direction i. e if one φm / 2 is rotating in clockwise direction then the other φm / 2 rotates in anticlockwise direction. When a single phase ac supply is given to the stator winding of single phase induction motor, it produces its flux of magnitude, φm. According to the double field revolving theory, this alternating flux, φm is divided into two components of magnitude φm /2. Each of these components will rotate in opposite direction, with the synchronous speed, Ns. Let us call these two components of flux as forward component of flux, φf and backward component of flux, φb. The resultant of these two component of flux at any instant of time, gives the value of instantaneous stator flux at that particular instant.



Now at starting, both the forward and backward components of flux are exactly opposite to each other. Also both of these components of flux are equal in magnitude. So, they cancel each other and hence the net torque



1. 2. 3. 4. 5. 1.



2. 3. 4. 5. 6.



experienced by the rotor at starting is zero. So, the single phase induction motors are not self starting motors. Methods for Making Single Phase Induction as Self Starting Motor From the above topic we can easily conclude that the single phase induction motors are not self starting because the produced stator flux is alternating in nature and at the starting the two components of this flux cancel each other and hence there is no net torque. The solution to this problem is that if the stator flux is made rotating type, rather than alternating type, which rotates in one particular direction only. Then the induction motor will become self starting. Now for producing this rotating magnetic field we require two alternating flux, having some phase difference angle between them. When these two fluxes interact with each other they will produce a resultant flux. This resultant flux is rotating in nature and rotates in space in one particular direction only. Once the motor starts running, the additional flux can be removed. The motor will continue to run under the influence of the main flux only. Depending upon the methods for making asynchronous motor as Self Starting Motor, there are mainly four types of single phase induction motornamely, Split phase induction motor, Capacitor start inductor motor, Capacitor start capacitor run induction motor, Shaded pole induction motor. Permanent split capacitor motor or single value capacitor motor. Comparison between Single Phase and Three Phase Induction Motors Single phase induction motors are simple in construction, reliable and economical for small power rating as compared to three phase induction motors. The electrical power factor of single phase induction motors is low as compared tothree phase induction motors. For same size, the single phase induction motors develop about 50% of the output as that of three phase induction motors. The starting torque is also low for asynchronous motors / single phase induction motor. The efficiency of single phase induction motors is less as compare it to the three phase induction motors. Single phase induction motors are simple, robust, reliable & cheaper for small ratings. They are generally available up to 1 KW rating.



3. Synchronous Motor Working Principle Electrical motor in general is an electro-mechanical device that converts energy from electrical domain to mechanical domain. Based on the type of input we have classified it into single phase and 3 phase motors. Among 3 phase induction motors andsynchronous motors are more widely used.



When a 3 phase electric conductors are placed in a certain geometrical positions (In certain angle from one another) there is an electrical field generate. Now the rotatingmagnetic field rotates at a certain speed, that speed is called synchronous speed. Now if an electromagnet is present in this rotating magnetic field, the electromagnet is magnetically locked with this rotating magnetic field and rotates with same speed of rotating field. Synchronous motors is called so because the speed of the rotor of this motor is same as the rotating magnetic field. It is basically a fixed speed motor because it has only one speed, which is synchronous speed and therefore no intermediate speed is there or in other words it’s in synchronism with the supply frequency. Synchronous speed is given by



Construction of Synchronous Motor



Normally it's construction is almost similar to that of a 3 phase induction motor, except the fact that the rotor is given dc supply, the reason of which is explained later. Now, let us first go through the basic construction of this type of motor From the above picture, it is clear that how this type of motors are designed. The stator is given is given three phase supply and the rotor is given dc supply. Main Features of Synchronous Motors 1. Synchronous motors are inherently not self starting. They require some external means to bring their speed close to synchronous speed to before they are synchronized. 2. The speed of operation of is in synchronism with the supply frequency and hence for constant supply frequency they behave as constant speed motor irrespective of load condition 3. This motor has the unique characteristics of operating under any electrical power factor. This makes it being used in electrical power factor improvement. Principle of Operation Synchronous Motor Synchronous motor is a doubly excited machine i.e two electrical inputs are provided to it. It’s stator winding which consists of a 3 phase winding is provided with 3 phase supply and rotor is provided with DC supply. The 3 phase stator winding carrying 3 phase currents produces 3 phase rotating magnetic flux. The rotor carrying DC supply also produces a constant flux. Considering the frequency to be 50 Hz, from the above relation we can see that the 3 phase rotating flux rotates about 3000 revolution in 1 min or 50 revolutions in 1 sec. At a particular instant rotor and stator poles might be of same polarity (N-N or S-S) causing repulsive force on rotor and the very next second it will be N-S causing attractive force. But due to inertia of the rotor, it is unable to rotate in any direction due to attractive or repulsive force and remain in standstill condition. Hence it is not self starting. To overcome this inertia,



rotor is initially fed some mechanical input which rotates it in same direction as magnetic field to a speed very close to synchronous speed. After some time magnetic locking occurs and the synchronous motor rotates in synchronism with the frequency. Methods of Starting of Synchronous Motor 1. Synchronous motors are mechanically coupled with another motor. It could be either 3 phase induction motor or DC shunt motor. DC excitation is not fed initially. It is rotated at speed very close to its synchronous speed and after that DC excitation is given. After some time when magnetic locking takes place supply to the external motor is cut off. 2. Damper winding : In case, synchronous motor is of salient pole type, additional winding is placed in rotor pole face. Initially when rotor is standstill, relative speed between damper winding and rotating air gap flux in large and an emf is induced in it which produces the required starting torque. As speed approaches synchronous speed , emf and torque is reduced and finally when magnetic locking takes place, torque also reduces to zero. Hence in this case synchronous is first run as three phase induction motor using additional winding and finally it is synchronized with the frequency. Application of Synchronous Motor 1. Synchronous motor having no load connected to its shaft is used for power factorimprovement. Owing to its characteristics to behave at any electrical power factor, it is used in power system in situations where static capacitors are expensive. 2. Synchronous motor finds application where operating speed is less (around 500 rpm) and high power is required. For power requirement from 35 kW to 2500 KW, the size, weight and cost of the corresponding three phase induction motor is very high. Hence these motors are preferably used. Ex- Reciprocating pump, compressor, rolling mills etc.



3. Draw and explain Phasor diagram of inductively loaded synchronous generator



Phasor Diagram for Synchronous Generator In the present article we are going to discuss one of the easiest methods of making the phasor diagram for synchronous generator. Now let us write the various notations for each quantity at one place, this will help us to understand the phasor diagram more clearly. In this phasor diagram we are going to use:



Ef which denotes excitation voltage Vt which denotes terminal voltage Ia which denotes the armature current θ which denotes the phase angle between Vt and Ia ᴪ which denotes the angle between the Ef and Ia δ which denotes the angle between the Ef and Vt ra which denotes the



armature per phase resistance In order to draw the phasor diagram we will use Vt as reference .Consider these two important points which are written below: (1) We already know that if a machine is working as a synchronous generator then direction of Ia will be in phase to that of the Ef. (2) Phasor Ef is always ahead of Vt. These two points are necessary for making the phasor diagram of synchronous generator. Given below is the phasor diagram of synchronous generator:



In this phasor diagram we have drawn the direction of the Ia is in phase with that of the Ef as per the point number 1 mentioned above. Now let us derive expression for the excitation emf in each case. We have three cases that are written below: (a) Generating operation at lagging power factor (b) Generating operation at unity power factor (c)Generating operation at leading power factor Given below are the phasor diagrams for all the operations.



(a) Generating operation at lagging power factor: We can derive the expression for the Efby first taking the component of the Vt in the direction of Ia. Component of Vt in the direction of Ia is VtcosΘ, hence the total voltage drop is (VtcosΘ+Iara) along the Ia. Similarly we can calculate the voltage drop along the direction perpendicular to Ia. The total voltage drop perpendicular to Ia is (Vtsinθ+IaXs). With the help of triangle BOD in the first phasor diagram we can write the expression for Ef as (b) Generating operation at unity power factor: Here also we can derive the expression for the Ef by first taking the component of the Vt in the direction of Ia. But in this case the value of theta is zero and hence we have ᴪ=δ.



With the help of triangle BOD in the second phasor diagram we can directly write the expression for Ef as



(c)



Generating operation at leading power factor: Component in the direction of Ia is VtcosΘ. As the direction of Ia is same to that of the V t thus the total voltage drop is (VtcosΘ+Iara). Similarly we can write expression for the voltage drop along the direction perpendicular to Ia. The total voltage drop comes out to be (Vtsinθ-IaXs). With the help of triangle BOD in the first phasor diagram we can write the expression for Ef as



4. Explain the construction of a 3phase transformer. List the different types of Connections used for primary and secondary windings.



Three Phase Transformer Connections Three phase transformer connections In three phase system, the three phases can be connected in either star or delta configuration. In case you are not familiar with those configurations, study the following image which explains star and delta configuration. In any of these configurations, there will be a phase difference of 120° between any two phases.



Three Phase Transformer Connections Windings of a three phase transformer can be connected in various configurations as (i) star-star, (ii) delta-delta, (iii) star-delta, (iv) delta-star, (v) open delta and (vi) Scott connection. These configurations are explained below.



Star-Star (Y-Y) 



Star-star connection is generally used for small, high-voltage transformers. Because of star connection, number of required turns/phase is reduced (as phase voltage in star connection is 1/√3 times of line voltage only). Thus, the amount of insulation required is also reduced.







The ratio of line voltages on the primary side and the secondary side is equal to thetransformation ratio of the transformers.







Line voltages on both sides are in phase with each other.







This connection can be used only if the connected load is balanced.



Delta-Delta (Δ-Δ) 



This connection is generally used for large, low-voltage transformers. Number of required phase/turns is relatively greater than that for star-star connection.







The ratio of line voltages on the primary and the secondary side is equal to the transformation ratio of the transformers.







This connection can be used even for unbalanced loading.







Another advantage of this type of connection is that even if one transformer is disabled, system can continue to operate in open delta connection but with reduced available capacity.



Star-Delta OR Wye-Delta (Y-Δ) 



The primary winding is star star (Y) connected with grounded neutral and the secondary winding is delta connected.







This connection is mainly used in step down transformer at the substation end of the transmission line.







The ratio of secondary to primary line voltage is 1/√3 times the transformation ratio.







There is 30° shift between the primary and secondary line voltages.



Delta-Star OR Delta-Wye (Δ-Y) 



The primary winding is connected in delta and the secondary winding is connected in star with neutral grounded. Thus it can be used to provide 3-phase 4-wire service.







This type of connection is mainly used in step-up transformer at the beginning of transmission line.







The ratio of secodary to primary line voltage is √3 times the transformation ratio.



 There is 30° shift between the primary and secondary line voltages. Above transformer connection configurations are shown in the following figure.



Open Delta (V-V) Connection Two transformers are used and primary and secondary connections are made as shown in the figure below. Open delta connection can be used when one of the transformers in Δ-Δ bank is disabled and the service is to be continued until the faulty transformer is repaired or replaced. It can also be used for small three phase loads where installation of full three transformer bank is un-necessary. The total load carrying capacity of open delta connection is 57.7% than that would be for delta-delta connection.



Scott (T-T) Connection Two transformers are used in this type of connection. One of the transformers has centre taps on both primary and secondary windings (which is called as main transformer). The other transormer is called as teaser transformer. Scott connection can also be used for three phase to two phase conversion. The connection is made as shown in the figure below.



5.



Describe the operation of single phase transformer explaining clearly the function of different Parts. Introduction to Electrical Transformer What is a Transformer? In Very Simple words. Transformer is a device which: 1. Transfer Electrical power from one electrical circuit to another Electrical circuit. 2. It’s working without changing the frequency. 3. Work through on electric induction. 4. When, both circuits take effect of mutual induction. 5. Can’t step up or step down the level of DC voltage or DC Current. 6. Can step up or step down the level of AC voltage or AC Current.



1500 kVA Transformer by Siemens | Electrical Technology Without transformers the electrical energy generated at generating stations won’t probably be sufficient enough to power up a city. Just imagine that there are no transformers.How many power plants do you think have to be set up in order to power up a city? It’s not easy to set up a power plant. It is expensive. Numerous power plant have to be set up in order to have sufficient power. Transformers help by amplifying the Transformer output (stepping up or down the level of voltage or current). When the number of turns of the secondary coil is greater than that of primary coil, such a transformer is known as step up transformer. Likewise when the number of turns of coil of primary coil is greater than that of secondary transformer, such a transformer is known as step down transformer. Construction of a Transformer | Parts of a Transformer



Parts of a Transformer 1



Oil filter valve



17



Oil drain valve



2



Conservator



18



Jacking boss



3



Buchholz relay



19



Stopper



4



Oil filter valve



20



Foundation bolt



5



Pressure-relief vent



21



Grounding terminal



6



High-voltage bushing



22



Skid base



7



Low-voltage bushing



23



Coil



8



Suspension lug



24



Coil pressure plate



9



B C T Terminal



25



Core



10



Tank



26



Terminal box for protective devices



11



De-energized changer



27



Rating plate



12



Tap changer handle



28



Dial thermometer



13



Fastener for core and coil



29



Radiator



14



Lifting hook for core and coil



30



Manhole



15



End frame



31



Lifting hook



16



Coil pressure bolt



32



Dial type oil level gauge



tap



Types of Transformers There are two basic Types of Transformers 1. Single Phase Transformer 2. Three Phase Transformer Below are the more types of transformer derived via different functions and operation etc. Types of Transformers w.r.t Cores  Core Type Transformer  Shell Type Transformer  Berry Type Transformer Types of Transformer w.r.t uses  Large Power Transformer  Distribution Transformer  Small Power Transformer  Sign Lighting Transformer  Control & Signalling Transformer  Gaseous Discharge Lamp Transformer  Bell Ringing Transformer  Instrument Transformer  Constant Current Transformer  Series Transformer for Street Lighting Types of Transformer w.r.t Cooling



         



    



Self Air Cooled or Dry Type Transformer Air Blast-Cooled Dry Type Oil Immersed, Self Cooled (OISC) or ONAN (Oil natural, Air natural) Oil Immersed, Combination of Self Cooled and Air blast (ONAN) Oil Immersed, Water Cooled (OW) Oil Immersed, Forced Oil Cooled Oil Immersed, Combination of Self Cooled and Water Cooled (ONAN+OW) Oil Forced, Air forced Cooled (OFAC) Forced Oil, Water Cooled (FOWC) Forced Oil, Self Cooled (OFAN) Types of Instrument Transformer Current Transformer Potential Transformer Constant Current Transformer Rotating Core Transformer or Induction regulator Auto Transformer Operating & Working Principle of a Transformer Transformer is a static device (and doesn’t contain on rotating parts, hence no friction losses), which convert electrical power from one circuit to another without changing its frequency. it Step up (or Step down) the level of AC Voltage and Current. Transformer works on the principle of mutual induction of two coils or Faraday Law’s Of Electromagnetic induction. When current in the primary coil is changed the flux linked to the secondary coil also changes. Consequently an EMF is induced in the secondary coil due to Faraday law’s of electromagnetic induction. The transformer is based on two principles: first, that an electric current can produce a magnetic field (electromagnetism), and, second that a changing magnetic field within a coil of wire induces a voltage across the ends of the coil (electromagnetic induction). Changing the current in the primary coil changes the magnetic flux that is



developed. The changing magnetic flux induces a voltage in the secondary coil.



A simple transformer has a soft iron or silicon steel core and windings placed on it(iron core). Both the core and the windings are insulated from each other. The winding connected to the main supply is called the primary and the winding connected to the load circuit is called the secondary. Winding (coil) connected to higher voltage is known as high voltage winding while the winding connected to low voltage is known as low voltage winding. In case of a step up transformer, the primary coil (winding) is the low voltage winding, the number of turns of the windings of the secondary is more than that of the primary. Vice versa for step down transformer. Good to Know: Transformer Always rated in kVA instead of kW. As explained earlier, EMF is induced only by variation of the magnitude of the flux. When the primary winding is connected to ac mains supply, a current flows through it. Since the winding links with the core, current flowing through the winding will produce an alternating flux in the core. EMF is induced in the secondary coil since the alternating flux links the two windings. The frequency of the induced EMF is the same as that of the flux or the supplied voltage.



Click image to enlarge | Working of a Transformer By so doing (variation of flux) energy is transferred from the primary coil to the secondary coil by means of electromagnetic induction without the change in the frequency of the voltage supplied to the transformer. During the process, a self induced EMF is produced in the primary coil which opposes the applied voltage. The self induced EMF is known as back EMF. Limitation of the Transformer To understand the main points, we have to discuss some basic terms related to transformer operation. So lets back to basic for a while. A transformer is an AC machine that steps up or steps down an alternating voltage or current. A transformer being an AC machine however cannot step up or down a DC voltage or DC current. It sounds a bit weird though. You might be thinking “so are there not DC transformers?” To answer the two questions whether there are or there are not DC transformers and know “why transformer cannot step up or step down a DC voltage” it’s necessary we know how electric current and magnetic field interact with each other in transformer operation. Electromagnetism The interaction between magnetic field and electric current is termed electromagnetism. Current carrying conductors produces magnetic field when current passes through it. Movement of electrons in a conductor will result to electric current (drifted electrons) which occurs as a result of the EMF set up across the conductor. The EMF set up across the conductor can be in form of that stored in chemical energy or magnetic field. Current carrying conductor placed in a magnetic fields will experience mechanical force while a conductor placed in a magnetic field will have its electrons drifted which will results to electric current. Field Flux Two magnets of unlike poles will attract each other while magnets of like poles will repel each other (so it is with electric charges). Every magnet is surrounded by a force field and is represented by imaginary lines emanating from the north pole of a magnet going into the south pole of the same magnet. Read the important terms related to Field Flux and Magnetic Filed with formulas



“The lines linking the north and south pole of a magnet which represents force field which links coils in a transformer is termed as magnetic flux”. Electromagnetic Induction Electromagnetic induction is a phenomenon that explains how EMF and current is or can be induced in a coil when a coil and a magnetic field interact. This phenomenon”electromagnetic induction”is explained by Faraday’s laws of electromagnetic induction. The direction of induced EMF in a coil is explained by Lenz’s law and Fleming’s right hand rule. Faraday’s Laws Of Electromagnetic Induction After Ampere and others investigated the magnetic effect of current, Michael Faraday tried the opposite. In the course of his work he discovered that when there was change in a magnetic field in which a coil was placed, EMF was induced in the coil. This happened only whenever he moved either the coil or the magnet he used in the experiment. EMF was induced in the coil only when there was change in the field flux (if the coil is fixed, moving the magnet towards or away from the coil causes EMF to be induced). Thus Faraday’s laws of electromagnetic induction states as follows; Faraday’s First Law Faraday’s first law of electromagnetic induction states that “EMF is induced in a coil when there is a change in the flux linking the coil”. Faraday’s Second Law Faraday’s second law of electromagnetic induction states that “the magnitude of induced EMF in a coil is directly proportional to the rate of change of flux linking the coil”. e = N dϕ/dt Where e = Induced EMF N = the number of turns dϕ = Change in flux dt = Change in time Lenz’s Law Lenz’s law entails how the direction of an induced EMF in a coil can be determined. “It thus states that the direction of induced EMF is such that it opposes the change causing it. In other words, When an E.M.F is induced in a circuit, the current setup always opposes the motion, or change in current, which produces it. OR An induced EMF will cause a current to flow in a close circuit in such a direction what its magnetic effect will oppose the change that produced it. According to this law (which introduced by Lens in 1835), the direction of current can be found. when the current through a coil changes magnetic field, the voltage is created as a result of changing magnetic field, the direction of the induced voltage is such that it always opposes the change in current. in very simple words, lenz’s law stating that the induced effect is always such as to oppose the cause that produced it.



Fleming’s Right Hand Rule It states that “if the thumb, the forefinger and the middle finger are held in such a way that they are mutually perpendicular to each other (makes 90° of Angles), then the forefinger points the direction of the field, the thumb points the direction of motion of the conductor and the middle finger points the direction of the induced Current (from



EMF). Why Transformers Can’t step Up Or Step Down A DC Voltage or Current? A transformer cannot step up or step down a DC voltage. It is not recommendable to connect a DC supply to a transformer because if a DC rated voltage is applied to the coil (primary) of a transformer, the flux produced in the transformer will not change in its magnitude but rather remain the same and as a result EMF will not be induced in the secondary coil except at the moment of switching on, So the transformer may start to smock and burn because; In case of DC supply, Frequency is zero. When you apply voltage across a pure inductive circuit, then according to Xl= 2 π f L if we put frequency = 0, then the overall Xl (inductive reactance) would be zero as well.



Now come to the current, I = V / R (and in case of inductive circuit, I = V / Xl) …. basicOhm’s Law If we put Inductive reactance as 0, then the current would be infinite (Short circuit)… So, If we apply DC voltage to a pure inductive circuit, The circuit may start to smoke and burn. Thus transformers are not capable of stepping up or stepping down a DC voltage. Also there will be no self induced EMF in such cases in the primary coil which is only possible with a varying flux linkage to oppose the applied voltage. The resistance of the primary coil is low and as such a heavy current flowing through it will result to the primary coil burning out due to excessive heat produced by the current. Uses and Application of Transformer Uses and applications of transformer is discussed already in this previous post. Advantages of 3-Phase Transformer over 1-Phase Transformer Read the advantages and disadvantages of Single Phase & three phase transformer. 6. State and explain faradays law of electromagnetic induction. Faraday Law of Electromagnetic Induction



In 1831, Michael Faraday, an English physicist gave one of the most basic laws of electromagnetism called Faraday's law of electromagnetic induction. This law explains the working principle of most of theelectrical motors, generators,electrical transformers and inductors . This law shows the relationship between electric circuit andmagnetic field. Faraday performs an experiment with a magnet and coil. During this experiment, he found how emf is induced in the coil when flux linked with it changes. He has also done experiments in electro-chemistry and electrolysis.



Faraday's Experiment RELATIONSHIP



BETWEEN



INDUCED



EMF



AND



FLUX



In this experiment, Faraday takes a magnet and a coil and connects a galvanometer across the coil. At starting, the magnet is at rest, so there is no deflection in the galvanometer i.e needle of galvanometer is at the center or zero position. When the magnet is moved towards the coil, the needle of galvanometer deflects in one direction. When the magnet is held stationary at that position, the needle of galvanometer returns back to zero position. Now when the magnet is moved away from the coil, there is some deflection in the needle but in opposite direction and again when the magnet becomes stationary, at that point with respect to coil, the needle of the galvanometer returns back to the zero position. Similarly, if magnet is held stationary and the coil is moved away and towards the magnet, the galvanometer shows deflection in similar manner. It is also seen that, the faster the change in the magnetic field, the greater will be the induced emf orvoltage in the coil. Position of magnet



Deflection in galvanometer



Magnet at rest



No deflection in galvanometer



Magnet moves towards the coil



Deflection in galvanometer in one direction



Magnet is held stationary at same position (near the coil)



No deflection in galvanometer



Magnet moves away from the coil



Deflection in galvanometer but in opposite direction



Magnet is held stationary at same position (away from the coil)



No deflection in galvanometer



CONCLUSION: From this experiment, Faraday concluded that whenever there is relative motion between conductor and a magnetic field, the flux linkage with a coil changes and this change in flux induces a voltage across a coil. Michael Faraday formulated two laws on the basis of above experiments. These laws are calledFaraday's laws of electromagnetic induction. Faraday's Laws Faraday's First Law Any change in the magnetic field of a coil of wire will cause an emf to be induced in the coil. This emf induced is called induced emf and if the conductor circuit is closed, thecurrent will also circulate through the circuit and this current is called induced current. Method to change magnetic field: 1. By moving a magnet towards or away from the coil 2. By moving the coil into or out of the magnetic field. 3. By changing the area of a coil placed in the magnetic field 4. By rotating the coil relative to the magnet.



Faraday's Second Law It states that the magnitude of emf induced in the coil is equal to the rate of change of flux that linkages with the coil. The flux linkage of the coil is the product of number of turns in the coil and flux associated with the coil. Faraday Law Formula



Consider a magnet approaching towards a coil. Here we consider two instants at time T1and time T2. Flux linkage with the coil at time, T1 = NΦ1 Wb Flux linkage with the coil at time, T2 = NΦ2 wb Change in flux linkage = N(Φ2 - Φ1) Let this change in flux linkage be, Φ = Φ2 - Φ1 So, the Change in flux linkage = NΦ Now the rate of change of flux linkage = NΦ / t Take derivative on right hand



side we will get The rate of change of flux linkage = NdΦ/dt But according to Faraday's law of electromagnetic induction, the rate of change of flux linkage is equal to induced emf.



Considering Lenz's Law.



Where flux Φ in Wb = B.A B = magnetic field strength A = area of the coil HOW TO INCREASE EMF INDUCED IN A COIL • By increasing the number of turns in the coil i.e N- From the formulae derived above it is easily seen that if number of turns of coil is increased, the induced emf also gets increased. • By increasing magnetic field strength i.e B surrounding the coil- Mathematically ifmagnetic field increases, flux increases and if flux increases emf induced will also get increased. Theoretically, if the coil is passed through a stronger magnetic field, there will be more lines of force for coil to cut and hence there will be more emf induced. • By increasing the speed of the relative motion between the coil and the magnet - If the relative speed between the coil and magnet is increased from its previous value, the coil will cut the lines of flux at a faster rate, so more induced emf would be produced. Applications of Faraday Law Faraday law is one of the most basic and important laws of electromagnetism . This law finds its application in most of the electrical machines, industries and medical field etc. • Electrical Transformers It is a static ac device which is used to either step up or step down voltage or current. It is used in generating station, transmission and distribution system. The transformer works on Faraday's law. • Electrical Generators The basic working principle of electrical generator is Faraday's law of mutual induction. Electric generator is used to convert mechanical energy into electrical energy. • Induction Cookers The Induction cooker, is a most fastest way of cooking. It also works on principle of mutual induction. When current flows through the coil of copper wire placed below a cooking container, it produces a changing magnetic field. This alternating or changing magnetic field induces an emf and hence the current in the conductive container, and we know that flow of current always produces heat in it. • Electromagnetic Flow Meters It is used to measure velocity of blood and certain fluids. When a magnetic field is applied to electrically insulated pipe in which conducting fluids are



flowing, then according to Faraday's law, an electromotive force is induced in it. This induced emf is proportional to velocity of fluid flowing . • Form the bases of Electromagnetic Theory Faraday's idea of lines of force is used in well known Maxwell's equations. According to Faraday's law, change in magnetic field gives rise to change in electric field and the converse of this is used in Maxwell's equations. • Musical Instruments It is also used in musical instruments like electric guitar, electric violin etc. 7. Discuss the procedure to obtain the hysteresis loop of a magnetic material with neat diagram.



Magnetic Hysteresis The lag or delay of a magnetic material known commonly as Magnetic Hysteresis, relates to the magnetisation properties of a material by which it firstly becomes magnetised and then de-magnetised. We know that the magnetic flux generated by an electromagnetic coil is the amount of magnetic field or lines of force produced within a given area and that it is more commonly called “Flux Density”. Given the symbol B with the unit of flux density being the Tesla, T.



We also know from the previous tutorials that the magnetic strength of an electromagnet depends upon the number of turns of the coil, the current flowing through the coil or the type of core material being used, and if we increase either the current or the number of turns we can increase the magnetic field strength, symbol H. Previously, the relative permeability, symbol μr was defined as the ratio of the absolute permeabilityμ and the permeability of free space μo (a vacuum) and this was given as a constant. However, the relationship between the flux density, B and the magnetic field strength, H can be defined by the fact that the relative permeability, μr is not a constant but a function of the magnetic field intensity thereby giving magnetic flux density as: B = μ H. Then the magnetic flux density in the material will be increased by a larger factor as a result of its relative permeability for the material compared to the magnetic flux density in vacuum, μoH and for an air-cored coil this relationship is given as:



So for ferromagnetic materials the ratio of flux density to field strength ( B/H ) is not constant but varies with flux density. However, for air cored coils or any non-magnetic medium core such as woods or plastics, this ratio can be considered as a constant and this constant is known as μo, the permeability of free space, ( μo = 4.π.10-7 H/m ). By plotting values of flux density, ( B ) against the field strength, ( H ) we can produce a set of curves called Magnetisation Curves, Magnetic Hysteresis Curves or more commonly BH Curves for each type of core material used as shown below.



Magnetisation or B-H Curve



The set of magnetisation curves, M above represents an example of the relationship between B andH for soft-iron and steel cores but every type of core material will have its own set of magnetic hysteresis curves. You may notice that the flux density increases in proportion to the field strength until it reaches a certain value were it can not increase any more becoming almost level and constant as the field strength continues to increase. This is because there is a limit to the amount of flux density that can be generated by the core as all the domains in the iron are perfectly aligned. Any further increase will have no effect on the value of M, and the point on the graph where the flux density reaches its limit is called Magnetic Saturation also known as Saturation of the Core and in our simple example above the saturation point of the steel curve begins at about 3000 ampere-turns per metre. Saturation occurs because as we remember from the previous Magnetism tutorial which included Weber’s theory, the random haphazard arrangement of the molecule structure within the core material changes as the tiny molecular magnets within the material become “linedup”. As the magnetic field strength, ( H ) increases these molecular magnets become more and more aligned until they reach perfect alignment producing maximum flux density and any increase in the magnetic field strength due to an increase in the electrical current flowing through the coil will have little or no effect.



Retentivity Lets assume that we have an electromagnetic coil with a high field strength due to the current flowing through it, and that the ferromagnetic core material has reached its saturation point, maximum flux density. If we now open a switch and remove the magnetising current flowing through the coil we would expect the magnetic field around the coil to disappear as the magnetic flux reduced to zero. However, the magnetic flux does not completely disappear as the electromagnetic core material still retains some of its magnetism even when the current has stopped flowing in the coil. This ability for a coil to retain some of its magnetism within the core after the magnetisation process has stopped is called Retentivity or remanence, while the amount of flux density still remaining in the core is called Residual Magnetism, BR . The reason for this that some of the tiny molecular magnets do not return to a completely random pattern and still point in the direction of the original magnetising field giving them a sort of “memory”. Some ferromagnetic materials have a high retentivity (magnetically hard) making them excellent for producing permanent magnets. While other ferromagnetic materials have low retentivity (magnetically soft) making them ideal for use in electromagnets, solenoids or relays. One way to reduce this residual flux density to zero is by reversing the direction of the current flowing through the coil, thereby making the value of H, the magnetic field strength negative. This effect is called a Coercive Force, HC . If this reverse current is increased further the flux density will also increase in the reverse direction until the ferromagnetic core reaches saturation again but in the reverse direction from before. Reducing the magnetising current, i once again to zero will produce a similar amount of residual magnetism but in the reverse direction. Then by constantly changing the direction of the magnetising current through the coil from a positive direction to a negative direction, as would be the case in an AC supply, a Magnetic Hysteresis loop of the ferromagnetic core can be produced.



Magnetic Hysteresis Loop



The Magnetic Hysteresis loop above, shows the behaviour of a ferromagnetic core graphically as the relationship between B and H is non-linear. Starting with an unmagnetised core both B and H will be at zero, point 0 on the magnetisation curve. If the magnetisation current, i is increased in a positive direction to some value the magnetic field strength H increases linearly with i and the flux density B will also increase as shown by the curve from point 0 to point a as it heads towards saturation. Now if the magnetising current in the coil is reduced to zero, the magnetic field circulating around the core also reduces to zero. However, the coils magnetic flux will not reach zero due to the residual magnetism present within the core and this is shown on the curve from point a to point b. To reduce the flux density at point b to zero we need to reverse the current flowing through the coil. The magnetising force which must be applied to null the residual flux density is called a “Coercive Force”. This coercive force reverses the magnetic field re-arranging the molecular magnets until the core becomes unmagnetised at point c. An increase in this reverse current causes the core to be magnetised in the opposite direction and increasing this magnetisation current further will cause the core to reach its saturation point but in the opposite direction, point d on the curve.



This point is symmetrical to point b. If the magnetising current is reduced again to zero the residual magnetism present in the core will be equal to the previous value but in reverse at point e. Again reversing the magnetising current flowing through the coil this time into a positive direction will cause the magnetic flux to reach zero, point f on the curve and as before increasing the magnetisation current further in a positive direction will cause the core to reach saturation at pointa. Then the B-H curve follows the path of a-b-c-d-e-f-a as the magnetising current flowing through the coil alternates between a positive and negative value such as the cycle of an AC voltage. This path is called a Magnetic Hysteresis Loop. The effect of magnetic hysteresis shows that the magnetisation process of a ferromagnetic core and therefore the flux density depends on which part of the curve the ferromagnetic core is magnetised on as this depends upon the circuits past history giving the core a form of “memory”. Then ferromagnetic materials have memory because they remain magnetised after the external magnetic field has been removed. However, soft ferromagnetic materials such as iron or silicon steel have very narrow magnetic hysteresis loops resulting in very small amounts of residual magnetism making them ideal for use in relays, solenoids and transformers as they can be easily magnetised and demagnetised. Since a coercive force must be applied to overcome this residual magnetism, work must be done in closing the hysteresis loop with the energy being used being dissipated as heat in the magnetic material. This heat is known as hysteresis loss, the amount of loss depends on the material’s value of coercive force. By adding additive’s to the iron metal such as silicon, materials with a very small coercive force can be made that have a very narrow hysteresis loop. Materials with narrow hysteresis loops are easily magnetised and demagnetised and known as soft magnetic materials.



Magnetic Hysteresis Loops for Soft and Hard Materials



Magnetic Hysteresis results in the dissipation of wasted energy in the form of heat with the energy wasted being in proportion to the area of the magnetic hysteresis loop. Hysteresis losses will always be a problem in AC transformers where the current is constantly changing direction and thus the magnetic poles in the core will cause losses because they constantly reverse direction. Rotating coils in DC machines will also incur hysteresis losses as they are alternately passing north the south magnetic poles. As said previously, the shape of the hysteresis loop depends upon the nature of the iron or steel used and in the case of iron which is subjected to massive reversals of magnetism, for example transformer cores, it is important that the B-H hysteresis loop is as small as possible. In the next



tutorial



about Electromagnetism, we will



look



at



Faraday’s



Law



of Electromagnetic Induction and see that by moving a wire conductor within a stationary magnetic field it is possible to induce an electric current in the conductor producing a simple generator.
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