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List of Experiments

1.Verification of Kirchhoff’s voltage law.

2.Verification of Kirchhoff’s current law.

3.Measurement of power and power factor of single
phase AC circuit.

4.Measurement Of resistance of armature winding,
series field winding & shunt field winding.

5.To control the speed of DC shunt motor.

6.To perform load test on single phase transformer.

7.To perform open circuit test on single phase
transformer.

8.To perform short circuit test on single phase
transformer.

9.Study of electronic component like semiconductor
diode, zener diode and their applications.

10.To study of transistor and their various

configurations (CB, CE & CC).
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Verification of Kirchhoff’s Voltage Law
Lab Manual

B Tech (J/R Machines Lab)
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EXPERIMENT NO: .......

Aim: -Verification of Kirchhoff’s Voltage Law.

Instrument Required: -

S.No. Instruments Type Range Quantity

1. Voltmeter MC 0-300V 1

2. Voltmeter MC 0-150V 2

3. Rheostat Single tube 46 Q, 5A 3
Theory: -

Kirchhoff’s law — Kirchhoff’s Voltage Law state that in any closed active circuit the algebraic sum of
the voltage drops along the circuit in a specified direction is equal to the total emf acting in that
circuit

e.V=I1xR

The sum of all the voltage
drops around the loop
Is equal to zero

VAB+VEC+VCD+VDA =0




Circuit Diagram: -

_|_

220V DC
SUPPLY

Procedure: -
The connections are made as shown in the circuit diagram. By changing the resistance with the help
of rheostat; different sets of readings of voltmeters are taken.

1. Connect circuit in the trainer kit as per the circuit diagram

2. Adjust the input voltage by adjuster for different reading.

A VAYAY

46.5A

MC
0-300V

O,

0-150V

VERIFICATION OF KIRCHOFF’'S VOLTAGE LAW

3. Connect the voltmeter to get required voltages.

4. Repeat the same procedure for different observation

Observation: -

46.5A

MC
0-150V

S. No

V2+V3

%Error

Calculations: -

For each of reading find (V2 + V3) and compare with the reading V1.
Theoretically V1 = (V2 + Vs)

In case V1 is not equal to (V2 + V3) , it is due to the error of observation or instruments.




Results:-

Kirchhoff’s Voltage Law is performed and it is shown that mean % error comes out to be ....%

Questions: -
1. Can you apply Kirchhoff’s law to A.C circuits? What modifications are needed?
2. How can you prove that Kirchhoff’s law voltage law is the restatement of law of conservation
of energy?
How the signs of drops or rise of potential difference is marked?
Is the sign of the battery emf depends on the direction of current through that branch?

What is the difference between KVL and KCL?

How is KVL based on the conservation of energy?

N o o bk~ow

How can KVL be used to find the current in a circuit?
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Verification of Kirchhoff’s Current Law
Lab Manual
B. Tech (J/R Machines Lab.)

Department of Electrical Engineering

Maulana Azad National Institute of Technology,

Bhopal



Experiment No: .......

AIm: - Verification of Kirchhoff’s Current Law.

Instrument Required: -

S.No Instruments Type Range Quantity

1. Ammeter MC 0-5A 1

2. Ammeter MC 0-3A 2

3. Lamp load Resistive - 3
Theory: -

Kirchhoff’s law — Kirchhoff’s Current Law state that in any junction in a circuit of active network the
algebraic sum of current entering the junction is equal to the algebraic sum of the current leaving the

junction.

Currents
I, in

Currents entering the node
equals
current leaving the node

Currents
out

L+L+L+(l,+-)=0



Circuit Diagram: -

L+

220V DC
SUPPLY

R

Procedure: -

*****************************************************************

FUSE /M‘_:\
N | LAMP N
W \\Aj | LOAD
D (0-5)A |
e | LAMP LOAD LAMP LOAD
's I D L
| Y B
i
¥ (%"S)A A )mC
FUSE (0-3)A

Fig: - Verification of Kirchhoff’s Current Law

The connections as shown in the circuit diagram keeping the resistances at values such that the

current in the circuit should not exceed maximum rated values of current. The readings of ammeters

are recorded. By varying the lamp loads different sets of readings of ammeters are taken.

1.
2
3.
4

Observation: -

Connect circuit in the trainer kit as per the circuit diagram
Adjust the input voltage by adjuster for different reading.

Repeat the same procedure for different observation

Connect the ammeter to get respective current meeting at the required node

S.No

I2+13

%Error




Calculations:-

. I,—(I,+I
To find percentage error; %Error 2@ X 100
1

Results:-

Kirchhoff’s Currents Law is performed and it is shown that mean % error comes out to be ....%.

Questions: -

(1) What is KCL based on?

(2) What is the relationship between currents according to KCL?

(3) What is the conservation of charge?

(4) What are some examples of how KCL can be used in electrical circuits?
(5) What are some limitations of KCL?

(6) How can KCL be used to solve circuit problems?

(7) What are some other laws that are related to KCL?
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Measurement of Power and Power

Factor in Single-Phase AC Circuit

Lab Manual
B Tech (J/R Machines Lab)

Department of Electrical Engineering

Maulana Azad National Institute of Technology,
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EXPERIMENT NO: .......

AIM: - Measurement of Power and Power Factor in Single phase A.C Circuit

Instruments Required: -

S.No | Instruments Type Range Quantity

1. Voltmeter M.I 0-300V 1

2 Wattmeter 2A,200V 1

3 Ammeter M.1 (0-2) A 1

4. Variac 230/(0-270)V,8A 1

5 Rheostat 15Q 5A 1
Theory:-

In a.c circuits both voltage and current vary sinusoidal in time and are not necessarily in phase. The
instantaneous power which is the product of instantaneous voltage and instantaneous current, Also
varies with time. In this case average power is given by P= VI Cos$ where V and I are the rms values
of the voltage and current respectively and ¢ is the angle of phase difference between V and I. The
power factor is the ratio of real and apparent power (V1) and depends on the relative values of R, L
and C in the RLC circuit.

The power is usually measured by means of dynamometer type wattmeter. In this type of meter there
Are two coils the current coil and pressure coil. The current coil is fixed and is in two parts The
pressure coil is the moving coil which rotates freely in the field produced by the current coils. The
field produced by the current coil is directly proportional to the current in the circuit. The current in
the pressure coil is proportional to circuit voltage. The torque on the moving coil, Which is produced
by the interaction of the current coil , is proportional to the average value of power In the circuit.



Circuit Diagram: -

A W
Cb v
M
2A,200V 02 15 ohm
5A
230V A ¢
SUPPLY
1 PHASE 230V/0-270V " Trs\rll_sf(;)lrmer
S0 Hz 8A Variac 5,300V inding
230V
. .
N C

Measurement of power and power factor in a single phase circuit.

Procedure: -

1.The connections are made as shown in the circuit diagram. The supply is switched on with the
setting of auto —transformer at zero voltage. A number of readings of all the meters are taken for
different setting of auto transformer preferably beyond 150V.

2. Power factor is calculated from following formula

PF = Power/Volt- ampere =W / (VA)
Volt — ampere is the product of voltmeter and ammeter readings.
(@) Connect all the instruments as per circuit diagram given above.
(b) Before switch on the main power supply make sure that single-phase auto transformer knob is at
zero position.
(c) Now slowly increase the supply voltage to the circuit after giving supply to the single-phase auto-
transformer.
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(d) Take all the corresponding readings of the connected instruments in the circuit as per observation
table.
(e) Now calculate power factor from given formula.

Observations: -

S. No V | W Power=WxMF Power Factor

Results:-

Power and power factor of a single phase AC circuit has been calculated successfully.

The power factor of single phase AC circuit is = ----------
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Measurement of resistance of the
armature winding, series field winding
and shunt field winding of a D.C.
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EXPERIMENT NO:
Objective: -

Measurement of resistance of the armature winding, series field winding and shunted field
winding of a dc machine.

Name Plate Specifications of Machine:

HP/KW ) 7.5HP
VOLTAGE : 250V
AMPERES 15A
RPM ) 1500RPM

Instruments Required:

S.No. Insruments Type Range
1. AMMETER MC 0-20A
2. AMMETER MC 0-25A
3. VOLTMETER MC 0-30V
4. VOLTMETER MC 0-300V
5. RHEOSTAT Single Tube 290Q, 1.8A
6. LAMP LOAD Resistive 250V, 5KW

Theory:-

— L —

Series wound motor



Shunt
field HS“

&)

ml Armature l

Shunt wound DC motor

According to Ohm’s Law the resistance R of a winding is given by:
R=VI/I
Where V= Voltage drop across the winding.

I = Current through the winding.

Circuit Diagram:-

CUSE MC 0-20 A
L+ W Lamp O A
N Load M
-
K mA
P
220V ! MC V
D.C. 1S 0-15V
¥ AA
T
ii FUSE

Figure (a):- Measurement of Armature Resistance



MC 0-15 A

L+ W Lamp CA)
| Load N

D
P
220V |
D.C. 1S
! MC
i 0-30V

Figure (b):- Measurement of Series field winding Resistance

FUSE 2720 1.7A

A

1D MC 0-1.5 A
i S
220V ||
D.C. 1S
i MC
i 0-300V
‘| FUSE

Figure(c):- Measurement of Shunt field winding Resistance

Y4

YY



Procedure:-

1. Measurement of armature resistance, series field resistance. Connections are made as
shown in figure (a) & figure (b) respectively. The reading of various meters is recorded
for different values of current flowing through the above winding. The variation in
current is obtained with the help of lamp bank load the readings are taken up to 125% of

the rated current of the machine.

2. Measurement of shunt field resistance. Connections are made as shown in figure (c). The
readings of various meters are noted down for various values of shunt field currents. The

shunt field current is carried by a rheostat used as a variable resistance.

Obervations:-

(A) Armature Resistance:

S.NO I(AMP) V(VOLTS) RA(OHMS)
Average R A= ----------- Q
(B)  Series Field Resistance:
S.NO I(AMP) V(VOLTS) Ry(OHMS)
Average Ry= ----------- Q
(C)  Shunt Field Resistance:
S.NO I(AMP) V(VOLTS) RZ(OHMS)

Average Rz = ----------- Q




Results:-

Resistance of armature winding Ra = ----------- Q
Resistance of series field winding Ry = ----------- Q
Resistance of series field winding Rz = ----------- Q
QUESTIONS:
1. Explain why different arrangements for controlling the current are used for the

measurements of armature and shunt field resistances?

Is the value of resistance measured between the armature terminals constant? if not why?
Give the values of resistance temperature coefficient for copper and aluminum at 20c?
Given that the room temperature is 20c, calculate the working resistance of the shunt
field at75c?

Why the resistance of armature winding and series field winding is so small as compared
to the resistance of shunt field winding?

Draw the graph of armature resistance vs armature current and component upon the
nature of the graph?

Suggest some alternative method for the determination of these resistances?

Why the resistances are measured after passing the appropriate currents, through the
windings of the machine?

Which material is used for making brushes and why?
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EXPERIMENT NO: .......

AlIM: -
To control the speed of a DC Shunt Motor Using
a. Series resistance in the armature circuit.

b. Series resistance in the field circuit.

c. Draw the Speed v/s Voltage and Speed v/s Field Current Curves.

Instruments Required: -

S. No Instruments Type Range

1. Tachometer 0-2000 rpm
2 Rheostat Single tube 272Q , 1.7 A
3 Rheostat Single tube 45Q,5A
4. Voltmeter MC 0-300V
5 Ammeter MC 0-2A,0-5A

Name Plate Specifications of Machine: -
DC Compound Machine
BHP/KW: 5HP
Voltage: 220V
Amperes: 13.7 A
RPM: 1500

Theory: -

The relationship for a dc motor is given by:
Vi =Ep+ laRa

Where,

V= Supply voltage, volts

Ep = Back emf , volts

la = Armature current, Amps
And Ra = Armature resistance, ohms

(D)




The back emf is given by
Eb=PONZ/60A .. Q)
Where, ® = useful flux per pole, wb
Z = total no. of armature conductors
N = Speed, rpm
P = total no. of poles
A = total number of parallel paths
Substituting for Ep from equation (ii) into equation (i)
P ®NZ/60A = Vi— laRa
Or, N=KM-LR)®o .. 3)

Ra is the resistance in the armature circuit and is made up of armature winding resistance r, and
external resistance added in armature circuit (Rext). However, Rext is large as compared to ra, laRa Will
be approximately the voltage drop in the external resistance. Therefore, (Vi— laRa) is the voltage (V)
across the armature terminals.

(@) Thus equation (3) at a constant flux reduces to
NeV . 4)

Equation (4) gives the method of speed control of dc shunt motor by armature resistance control.
The Speed decreases with decrease in voltage across armature which is obtained by inserting the
external Resistance in series with the armature.

(b) If the voltage (V) across the armature terminals is kept constant equation (3)
Reduces to
Nolgo . (5)
Equation (5) gives a method of speed control of the dc shunt motor by field resistance control.
The speed increases with the decrease of flux and this is accomplished by increasing the
resistance in the field circuit.



Circuit Diagram:

FUSE MCO0-5A
L+ W @
%D MC %459 ,5A
} } 0-2A
P %
220VDC |l MC
SUPPLY S 0-300V
X 2900 1.8A @ C)
nT
i? FUSE
L-
Speed control of DC shunt Motor
Procedure:

(@) The supply is switched on with the external resistance in armature circuit kept at its maximum
value and the resistance in field circuit at its minimum. The field current is kept constant and
speeds are measured corresponding to different values of armature voltages by varying the
external resistance in the circuit from maximum to zero.

(b) Next, the voltage across armature is kept constant and speeds are measured corresponding to
different values of field current by varying the resistance in the field circuit from zero to a value,
which gives a speed 20 % higher than the rated speed.

Observations:
(@) lfconstantat ............. Amps

S.No V volts N rpm

(b) V constantat ............. Volts

S.No | amps N rpm




Results:

The variations in speed of DC shunt motor w.r.t I; and I¢ is shown in observation table and plotted in

the graph

Questions:

1. What will happen if the external resistance in armature circuit is not kept at its maximum at
the time of starting?

List out the advantages and disadvantages of both methods of speed control.

How the speeds less than the normal are obtained with a shunt motor.

How speeds above the rated value are usually obtained?

Why the speed obtained by varying the field current not proportional to the field amperes?
Can the dc starter be used for speed control?

Is it preferable to interchange the armature terminals instead of field terminals for reversing
the direction of rotation in a dc shunt motor ?

8. What will happen if the field circuit of a dc shunts motor gets opened?

9. Why a series motor starter is generally provided with an under-load release?

10. How will you use the field control method to change the speed of dc series motor?

11. What are the applications of DC shunt motor?

Noakown
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EXPERIMENT NO:
Object: -
To perform load test on a single-phase transformer and hence draw the following graphs.

Q) Regulation vs output
(i)  Efficiency vs output

Name plate specifications of machine: -

KVA RATING : 3KVA
VOLTAGE RATIO : 230/230V
FREQUENCY : S0HZ
TYPE : 1-PHASE

Instruments Required: -

S.NO INSTRUMENTS TYPE RANGE
1. Voltmeter MI 0-300 V
2. Ammeter MI 0-15A
3. Wattmeter Dynamometer 15 A, 200V
4. Lamp Load Resistive 250KV, 5 KW

Theory: -

For a transformer, the emf equation is given by
E =4.44pfT

Where, ® = useful flux in the core

F = frequency of supply

T = number of turns on the winding



The regulation of a transformer is the change in voltage from no load to full load at secondary
side and is expressed in terms of no load voltage.

Vi —Vrr
Ve

or R =
oneg =

The efficiency of a transformer is the ratio of power output to the power input. Output power is
calculated voltmeter and ammeter on resistive lamp load and input power is calculated by
wattmeter.

Py

n :!?ff'x 1009%

Circuit Diagram:-

20A/200V
L N TUSE el Cs 2 (A) L
(| W J U
‘ 1 C "
‘ [ “1 | M
b \ 0-15A
J -
D ; g
230V 1P J X MU Lamp
50Hz AC 'S I oa00v \_ load
T o{ike
| ¥ I
Yy |
o _IU N
N 230 230
Load Test
Procedure: -

1. Connections are made as per the Fig

2. After checking the no load condition, minimum position of auto transformer and DPST
switch is closed.



3. Ammeter, Voltmeter and Wattmeter readings on both primary side and secondary sides are
noted.

4. The load is increased and for each load, Voltmeter, Ammeter and Wattmeter readings on both
primary and secondary sides are noted

5. Again no load condition is obtained and DPST switch is opened.

Observations:-

S.NO | WATTMETER | POWER V2 I2 %REGULATION | %EFFICIENCY
READING (W) | INPUT = | VOLTS | AMP
MF * W
Results:-

The graph between regulation and output is a non-linear growth curve. Therefore regulation
increases with increase in load. The graph between efficiency and output is also shown
successfully.

QUESTIONS:
1. Explain current ratio of the transformer?

2. Why is the efficiency of a transformer much higher than that of a rotating machine of similar
rating?

3. Why does the voltage fall with increase of load?
4. What is meant by’ all day efficiency’ of a transformer?

5. How does an autotransformer differ from a double winding transformer?




6. What do you understand by polarity of transformer windings?

7. Primaries of two transformers are connected across a supply in parallel, what will happen if
the transformer connected with a wrong polarity?

8. Finding efficiency of transformers by direct loading is not a practical, method.discuss?

9. Which winding of a transformer is placed nearer to the core? Explain?

10. What are the advantages of autotransformer?
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AIM:-

EXPERIMENT NO: .......

To perform Open circuit test on single phase Transformer

Instruments Required For OC Test:-

S.No Instruments Type Range Quantity
1 Variac Single phase 230/(0-270),4 A 1
2 Wattmeter -- 2.5 A/200V 1
3. Ammeter MI (0-2)A 1
4 Voltmeter Ml (0-300) V 1
Theory:-

If one of the windings of single phasetransformer is kept open circuited and AC supply is
given to the other winding of the transformer takes small current called the no-load current
which is order of 2 to 5 percent of the full load current. The no load current has two
components, the magnetizing component Iy, producing the flux in transformer core,and the
working component Iwto supply the iron losses in the core. The small copper losses in

thewinding at this reduced current are negligible. Thus the power input to the transformer

under this condition is equal to the iron losses taking place in it.

If Wo, Vo and I, are the readings of the wattmeter, voltmeter and ammeter respectively during
no load when connected as per the diagram(a).The no load equivalent circuit parameters are

calculated as follows:

W
Cosdy = Vo
olo

IW = IOCOSCI)O; Im = Iosinq)o

_ Vo .
=1




Circuit Diagram:-

w MI
m 0-2A
M L C
[ L \H\ m D m ¢
u )
3 0 Fuse c v
2 5A1200V
It ]
230 VAC i i 1 ¢ Variac 5 M
SUPPLY | s 230/(0-270)V 0-300v| V
1PHASE || 4A
50Hz !
I
oV o o
N 230 230

Procedure:

Open Circuit Test

The Supply is switched on with variac in its minimum position. The voltage applied to the

transformer is adjusted to its rated value. The readings of all meters are recorded.Only one set

of readings corresponding to the rated voltages is sufficient to calculate the complete results.

(1) Connect as shown in the circuit diagram.

(2) Set the variac to zero output, and switch on the supply.

(3) Set the variac to a suitable voltage output.

(4) Watch the wattmeter, ammeter and voltmeter. ...

(5) Calculate Ro &Xm from this reading.



Observations:-

Vo(volts) | Wattmeter | Wo(watts)= lo Cos ¢ Sin ¢ Im lw
reading Wattmeter (Amps) (Amps) (Amps)
readingx
MF
Results:-

No load equivalent parameters are calculated and are given below

Value of Zoc = ----------- Q
Valueof Ro = -----m-mmm- Q
Value of Xy = -=--mm-mm-- Q
Value of Cos¢y= ----------- Q
Questions:-

Q.1. The open circuit test results in finding which of the following parameters?
Q.2. Why copper losses are negligible in open circuit test?

Q.3. Why is the core of transformer laminated?

Q.4. Why low power factor wattmeter is used in OC test?

Q.5. Why no load current and no load power factor are low?

Q.6. Why HV Winding is placed over the LV winding?

Q.7. Why transformer oil is used in the transformer?
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EXPERIMENT NO: .......

AIM: -

To perform Short Circuit test on single phase Transformer.

Instruments Required For SC Test: -

S.No. Instruments Type Range Quantity
1. Variac Single phase 230/(0-270),4 A 1
2. Wattmeter - 20A/75V 1
3. Ammeter MI (0-20)A 1
4. Voltmeter MI (0-15) V 1
Theory:-

With one of the windings of a single phase transformer short circuited a reduced Ac voltage is
applied to other winding .This voltage has to be very small , usual value being about 5 to 10 percent
of rated value , with this small voltage the iron losses in the transformer are negligible.Thus the
power input to the transformer is spent mostly to supply , the copper losses occurringin it and the
current flowing in the primary is nearly equal to secondary current preferredto primary side.

If Ws, Isc and Vscare readings of wattmeter, ammeter and voltmeter respectively during short

circuitwhen connectedas per diagram (b) the short circuit equivalent circuit parameters are calculated

as follows
V. W,
Lsc = I_SCRSC = ITSC
sC sC
Xsc = Y ch - Rgc
Or,
P=VI Cos®
P
Cos@ = o
_ . _ ) _Vr. _Vx
V Cos®d = Vg Vv Cos@ =V ; Rsc—T , Xsc—T



Circuit Diagram:-

20A/75V M
0-20A
M L C
LD SaNe 28 m <
I Oy N2
! iD Fuse c \%
. P
L <
Z0VAC 1| 1-¢ Variac M
SUPPLY s 230/(0-270)V (©o-15v( V
1PHASE | | 4A
50Hz ||
U
° oo
230 230

Short Circuit Test

Procedure: -

It should be ensured that the supply is switched on when the regulator is in its minimum. The voltage

is adjusted so that the current flowing in the short-circuited winding is of rated value. The reading of

all the meters is recorded under this condition. The complete performance calculation can be carried

out with the help of one set of readings only.
(1) Connect as shown in the circuit diagram.
(2) Set the Variac to zero output, and switch on the supply.
(3) Set the Variac to a suitable voltage output.
(4) Watch the wattmeter, ammeter and voltmeter. ...
(5) Calculate Rsc &Xsc from this reading.

Observations: -

Isc Vsc Wattmeter Wse= Wattmeter
(Amps) (volts) Reading(watts) Reading xMF

CosQ




Results:- Short Circuit equivalent parameters are calculated and given below
Value of Zsc =

Value of Rsc =
Value of Xsc =
Value of Cosp =
Questions:-
Q.1. Why iron losses are negligible in short circuit test?
Q.2. The leakage flux in a transformer depends upon?
Q.3. What will happen if DC supply is given to the transformer?
Q.4. Why unity power factor wattmeter is used in SC test?
Q.5. What are the assumptions made in drawing the equivalent circuit?
Q.6. Why half of LV & half of HV are placed on the same limb in Core type Practical Transformer?

Q.7. Why open circuit parameters are neglected in SC test?
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Experiment No...
Aim:
To study of electronic components like semiconductor diode, Zener diode and their
applications.

Semiconductor:

It is an electrical device which has conductivity intermediate between insulator and
conductor. It is of two types:

i) Intrinsic Semiconductor - pure semiconductor
i) Extrinsic Semiconductor - doped semiconductor
Doping:

It is the adding of impurity to intrinsic semiconductor, At OKsemiconductor behave as an
insulator.

P- Type Semiconductor:

When elements of group 14 in periodic table such as Si is doped with the elements of group
13 such as boron (B), gallium (Ga), indium (In), aluminium (Al) etc then this type of
semiconductor is P- type. The conductivity of semiconductor increases with doping, holes
are mainly responsible for conductivity.

N-type Semiconductor:

When elements of group 14 in periodic table doped with elements of group 15 suchas
phosphorus, arsenic, antimony, bismuth etc then this type of semiconductor is N type
semiconductor. Conductivity of N type semiconductor is due to electrons.

Semiconductor diode:

On the doping we get n type and p type semiconductor which is of limited use and they can
be used to conduct in both direction with equal facilities andexhibit linear characteristics
"Ohmic behaviour”.

On intermixing p-type & n-type semiconductor, we get P-N junction diode. It has non-linear
and non Ohmic characteristics.

p-n junction diode allows conduction in one direction and blocks the other, this condition is
called rectifying property.


https://simple.wikipedia.org/wiki/Phosphorus
https://simple.wikipedia.org/wiki/Arsenic
https://simple.wikipedia.org/wiki/Antimony
https://simple.wikipedia.org/wiki/Bismuth

Diode Diode
v BB v LED
+ s + &
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e — \ —_— Current cannot flow \l
g Resistor § Resistor
Uses:

(2) In rectifiers to convert AC to DC

(2) LED

(3) LASER

(4) Solar cell

Biasing:

When a DC voltage is applied on a device then it is called biasing.
Special purpose diode:

Zener diode:

It isaSpecial purposediode which works in reverse biasingunder breakdown region. InZener
diode breakdown phenomena is reversible and harmless.Zener diodeisnot used
inforwardbiasing.As reverse voltage increasedreversecurrent remain same up to certain
limit. The voltage at which reverse current suddenly increases is called Zener breakdown
voltage in this region voltage across Zener diode remains constant but current changes
depending upon supply voltage

Cathode
()

Anode
(+)

Forward Current (mA)

p = v
Reverse Bias Forward Bias

Avgy

4,

bre, 3 ka’r;‘:\ he
Wn

Zeng,
bry 4
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Reverse Current (mA)



Application:

Zener diodeis widely used in electroniccircuits as: -
()Voltage regulator

(ii) Meter protection etc.

Zener Diode Voltage Regulator: -

A Voltage regulator to produce constant voltage output evenwhen either input voltageor load
current varies. Zener diode can act as a voltage regulator. It can be used to provide constant
voltage from a source whose voltage may vary over considerable range. V; is the irregulated
voltage source provided in input voltage. Rsis current limiting resistor and R is load resistor.
The series resistor Rs absorbs the output voltage fluctuations so as to maintain constant
voltage across load. Zener diode has maximum current rating equals to lzuax.Thezener
diode current must not exceed this limit.

JAVAR ®- e

LED (Light Emitting Diode):

A light-emitting diode (LED) is a semiconductor device that emits light when current flows
through it. Electrons in the semiconductor recombine with electron holes, releasing energy in
the form of photons. The colour of the light (corresponding to the energy of the photons) is
determined by the energy required for electrons to cross the band gap of the
semiconductor. White light is obtained by using multiple semiconductors or a layer of light-
emitting phosphor on the semiconductor device.

A_hc
Eg

Rectifier:

Rectifier is an electronic device that converts an alternating current into a direct current by
using one or more P-N junction diodes. A diode behaves as a one-way valve that allows
current to flow in a single direction. This process is known as rectification. Different Types of
Rectifier are given below

Half wave rectifier:

A half-wave rectifier is simply a p-n junction diode in series with a load resistor. The half-
wave rectifier circuit consists of the transformer’s primary and secondary windings, a p-n
junction diode, and the load resistance RL. Half-wave rectifiers convert alternating current
voltage to direct current voltage. A halfwave rectifier circuit transforms using only one diode.
A halfwave rectifier is a type of rectifier that allows only one-half of an alternating current
voltage waveform to pass while blocking the other half.


https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Light#Light_sources
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Electron_hole
https://en.wikipedia.org/wiki/Photon
https://en.wikipedia.org/wiki/Band_gap
https://en.wikipedia.org/wiki/Phosphor

L~
Diode
Supply GD % Load
F 1
Primary “— Secondary

Step-down Transformer

During the positive half cycle of the AC input, the diode is forward-biased and conducts
current through the load resistor. During the negative half cycle of the AC input, the diode is
reverse-biased and blocks the flow of current. This results in an output waveform that
consists of only the positive half-cycle of the AC input.

Input cycle Output eycle
1] ﬂ\/i'-'ﬂ: \/411: ’ " - "

To calculate ripple factor, use the following formula (this formula is valid for all type of
rectifiers)

2

%4
Ripple Factor = ( RMS) -1
Vbe

Full wave rectifiers:
In full wave rectification, current flows through the load in the same direction for the complete
cycle of input AC Supply.
Types of Full Wave Rectifiers
e Centre Tap Full Wave Rectifier
e Full Wave Bridge Rectifier

Centre Tap Full Wave Rectifier:
The circuit of centre tap full wave rectifier consists of following main components -
e Two Diodes
e Acentre-tapped transformer
e Aload resistance
Positive Half Cycle: During the positive half cycle of input AC voltage, the end A of secondary
winding becomes positive and the end B negative. This makes the diode D1 forward biased


https://www.tutorialspoint.com/electronic_circuits/electronic_circuits_introduction.htm

(acts as closed switch) and diode D, reverse biased (acts as open switch). Therefore,
current flows through the load (R.) from diode D to C.

AC
Input

Current flows
when Dy
conducts

Current flows
when D
conducts

T

- i

RHesultant Output Waveform

Negative Half Cycle:During the negative half cycle of input AC supply, the end B of
secondary winding becomes positive and the end A negative. This makes the diode D2
forward biased (acts like closed switch) and the diode D1 reverse biased (acts as open
switch). Therefore, the current will flow from B to C through diode D2, load RL and lower half
of the secondary winding.

The Full Wave Bridge Rectifier:

Another type of circuit that produces the same output waveform as the full wave rectifier
circuit above, is that of the Full Wave Bridge Rectifier. This type of single-phase rectifier
uses four individual rectifying diodes connected in a closed loop “bridge” configuration to
produce the desired output.

The main advantage of this bridge circuit is that it does not require a special centre tapped
transformer, thereby reducing its size and cost. The single secondary winding is connected
to one side of the diode bridge network and the load to the other side.



§ Load

0 -——
oV

The Positive Half-cycle:-The four diodes labelled D1 to D4 are arranged in “series pairs” with
only two diodes conducting current during each half cycle. During the positive half cycle of
the supply, diodes D1 and D2 conduct in series while diodes D3 and D4 are reverse biased
and the current flows through the load

TheNegative Half-cycle:-Duringthe negative half cycle of  the supply,
diodes D3 and D4 conduct in series, but diodes D1 and D2 switch “OFF” as they are now
reverse biased. The current flowing through the load is the same direction as before.

HALF WAVE CENTER-TAPPED BRIDGE
TRANSFORMER
FREQUENCY fin 2fin 2fin
PIV Vm 2Vm Vm
RMS Value Vin/2 Vin/v2 Vin/y/2
Efficiency 40.6 81.2 81.2
Ripple Factor 1.21 0.482 0.482

Questions

Q.1. What is a semiconductor?

Q.2. What is meant by intrinsic semiconductor?

Q.3. What do you mean by an extrinsic semiconductor?

Q.4. What is doping ? What do you mean by a doped semiconductor?

Q.5. What is the effect of temperature on conductivity of a semiconductor?
Q.6. What is a Zener diode? How is it different than normal p-n junction diode?
Q.7. How convert ACto DC?

Q.8. What are the various types in rectifiers and which one is best and why?
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Experiment No...
AlM:

Study of electronics component like transistor and their various configuration (common-base,
common-emitter, common collector)

Transistor:

The Transistor is a three terminal solid-state device which is formed by connecting two
diodes back to back. Hence it has got two PN junctions. Three terminals are drawn out of the
three semiconductor materials present in it. This type of connection offers two types of
transistors. They are PNP and NPN which means an N-type material between two Ptypes
and the other is a P-type material between two N-types respectively.

%

Construction of PNP & NPN Transistors

Emitter

e The left-hand side of the above shown structure can be understood as Emitter.

e This has a moderate size and is heavily doped as its main function is to supply a
number of majority carriers, i.e. either electrons or holes.

e As this emits electrons, it is called as an Emitter.

e This is simply indicated with the letter E.

Base
e The middle material in the above figure is the Base.
e This is thin and lightly doped.
e Its main function is to pass the majority carriers from the emitter to the collector.
e This is indicated by the letter B.

Collector
e The right-side material in the above figure can be understood as a Collector.
o Its name implies its function of collecting the carriers.
e This is a bit larger in size than emitter and base. It is moderately doped.
e This is indicated by the letter C.

C c
B B

E E
Symbol of Symbol of

NPN transistor PNP transistor



Transistor Biasing:

Biasing is controlling the operation of the circuit by providing power supply. The function of
both the PN junctions is controlled by providing bias to the circuit through some dc supply.

E B C E B C
IE IC IE IC
P N P N P N
IR IBA
+]- - -+ 2 +
L1 Ly
EE Vee Vee Vee

+|- +| = 1

| 1] | | 1]1}
Vee Vee Vee Vee
P-N-P Transistor biasing N-P-N Transistor biasing

By applying the power, the emitter base junction is always forward biased as the emitter
resistance is very small. The collector base junction is reverse biased and its resistance is a
bit higher. A small forward bias is sufficient at the emitter junction whereas a high reverse
bias has to be applied at the collector junction.

Transistor Current:

le= Emitter current

Is= Base current

Ic= Collector current

Only small part of emitter current goes to base current and most part is in form of collector
current.

Transistor circuit configurations:

(1) Common Base (CB):

The name itself implies that the Collector terminal is taken as common terminal for both input
and output of the transistor. The input current flowing into the emitter is quite large as its the
sum of both the base current and collector current respectively therefore, the collector
current output is less than the emitter current input resulting in a current gain for this type of
circuit of “1” (unity) or less, in other words the common base configuration “attenuates” the
input signal. “a is current amplification factor”.



E C Ic
Ie AL y
Vi out
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common base configuration

(2) Common Emitter:

In the Common Emitter or grounded emitter configuration, the input signal is applied
between the base and the emitter, while the output is taken from between the collector and
the emitter.This type of configuration is the most commonly used circuit for transistor-based
amplifiers and which represents the “normal” method of bipolar transistor connection.Base

Current Amplification Factor Is Denoted By [3.

Alc
Alp

Common emitter configuration



Relation between B and a:

Ale
Alp

Alc
Alg

Ip = Ip + I¢

Alg
Alp

We can write

We have

Therefore,

(3) Common Collector (CB):

Alpg + Al
Al — Al¢

In the Common Collector or grounded collector configuration, the collector is connected to
ground through the supply, thus the collector terminal is common to both the input and the
output. The input signal is connected directly to the base terminal, while the output signal is

taken from across the emitter load resistor.



common collector configuration

Transistor static characteristic:
(1) Common Base static characteristic:
(a) Input characteristic:

The graph showing the variation of emitter current ( Ig) with the variation of emitter-base
voltage ( Ves) when a collector-base voltage ( Vcg) is kept constant is known as input
characteristics of a transistor.

Rin=VBE/IB ;Vce Is constant

4V

E v VCB1 (Vcsz>vcs1}

*V

BE
CBInput Characteristic
(b) Output characteristic:

The variation of collector current Ic with the collector-base voltage (Vcg) at constant emitter
current (le) is called output characteristics of the transistor in the common base
configuration.


https://en.wikipedia.org/wiki/Bipolar_junction_transistor

Rout=VCE/Ic ;lg= constant

A
Ic [ [ IE3 >IE2>IE1}
E3

E2

E1

>V

CB output characteristic

CB

(2) Common Emitter static characteristic:
(a) Input characteristic:

The input characteristics for the CE configuration of transistor which illustrates the variation
in Iz in accordance with Vge when Vce is kept constant.

4 V
CE1
5 Vees

~ ~

! vceg >VCE1 |

N

g VBE

~ AVaz

s - - Rl'n S
Input characteristic of CE configuration Al P———

(b) Output Characteristic:

The output characteristics of CE configuration are also referred to as collector
characteristics. This plot shows the variation in Ic with the changes in Vce when Ig is held
constant.
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Rout =
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Ic [ [ IB3>IB2>IB1J
B3

B2
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CE

CE output characteristic

(3) Common collector static characteristic:
(a) Input characteristic:

The input characteristics for CC configuration which describes the variation in Ig in
accordance with Vg, for a constant value of Collector-Emitter voltage, Vce.

Veer Ve

Veez > Vees

> Ves

Input Characteristics for CC Configuration

(b) Output Characteristic:The output characteristics for the CC configuration which
exhibit the variations in I against the changes in Vce for constant values of Ig.

le A

lgz > lg2 > lg1
CC output characteristics




Questions

Q.1.
Q.2.
Q.3.
Q.4.
Q.5.
Q.6.
Q.7.
Q.8.
Q.9.

What is a junction transistor ?

What are the three sections of a transistor called ?

What is difference between the emitter, base and the collector ?
Draw the circuit symbols of npn and pnp transistors.

What is the function of base in transistor ?

What are different modes of use of transistor?

What type of biasing is used in transistor ?

Why is the base region thin and low doped ?

Why is the transistor generally used in common-emitter mode ?
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