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Q.2a. Define the following:

(i) Flux density (i) Magnetic flux
(iii) Magnetic field intensity (iv) Permeability
Flux Density (B)

Inany elemental area across flux, it is convenient to work in terms of flux density B
as Woim?,

We can write Eq. (7.1) as

F=Bi) C‘A (124)

where the ffux, density B is defined as

ﬂ(%r) Ar\r!n

In terms of flux, units of B are Wb/m?, ge_nerally called tesla (T).

Magnetic Field Intensity (H) or Magnetizing Force \

[tis convenient to work in terms of a quantity that is independent of the medium. We
define from Eq. (7.2) the magnetic field intensity as

H:T;"r—fﬁ Alm

1.3)
Itis indeed the consitive force i spread over the length of the flux patfk:ﬁ
The current i, in one conductor many comprise of
i,=Ni (74)
where there are N conductors each carrying current /.

As current always flows in a closed path, N conductors indeed are N turns. So
we wite

Ni = ampere-turns (AT) (73)
The ampere-turns in magnetic circuits are referred to as magnetomotive force,
F=mmf=Ni AT (16)
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1\/ [ Permeability 1t is the property of the medium which determines the flux density
for a given magnetizing force; it is indeed a constant of proportionality. Thus }

B = u H ; p= permeability (7.7)
In free space Y
! B=y, H : '.7
where i, =47 x 107 Wh/Am, permeability of free space (1.8) ( et
We can express : ' ¥
W=y f,
where ; |
y= M the relative permeability of the medium (7.9)

0

Magnetic materials, iron, St ¢l and certain alloys, by virtue of their inherent

property induce much larger flux density. These magnetic materials have
1, = 4000 - 10000
Of course, non-magnetic materials have
g5

”,) Magnetilc Flux For uniform flux density, normal to area A of Fig. 7.3 (a), the flux
passing through the area is
d=BA

If the flux makes an angle @ with respect to the surface normal as in Fig. 7.3 (b),

then ; _
| ¢=BAcost (7.11) @) |
n !

seneorm

B
p B i
/
aull A |
(@ )
Fig. 7.3
b. Draw and explain magnetization characteristic of magnetic materials.
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MAGNETIC MATERIALS AND B-H RELATIONSHIP
(MAGNETlZATlON CHARACTERISTIC)

' )A{Lgnctic materials are characterized by high permeability and nonlinear B-H
magnctization characteristic) which exhibits saturation and hysteresis.

This type of behaviour s explained by the domain theory of magnetization for which

§ osuitable book on maleria\i

¥ Magnetic materials are classified as ferromagneti
its various alloys are ferromagnetic. Hard ferromagnetic materia

{  magnetic materials cuch as alnicos, chrome steels, certain copper-nickel

several other alloys. Ferrimagnetic materials consist 0

& other metals. The oxide mixture s ‘sin
b g of 1300°C which is maintained for several hours. The resulting material known as
R ferrite is chemically homogeneous and extremely hard. It has typically maximum
i flux density of 0.3-0.5 T, as compared t0 2.18 T for pure iron.

relaffonship (

& Magnetization Characteristic

| The B-H relationship for cyclic H is the hysteresis loop
| the tip of the loop cotresponds to the maximum H of the cyclic variation. Three
W hysteresis loops ar indicated in this figure. The portions of the loops for decreasing

| Hlic above the portions for increasing H, which is the hysteresis lag ty
- and ferrimagnetic materia
. loops is the normal magnetization Curve ot B-H curve
| magnetization curve is provided in Fig.
" Jinear portion in the middle and exhibits saturation fo
. high values of H it possesses @ slope corresponding to that of free space (= 1)- I is
L his BH curve which is used in magnetic ciroujt calculations and hysteresis effects,

where necessary, are accounted for em
affected by heat treatment and mechanical handling. High deg

cience may be consulted.

¢ and ferrimagnetic. Tron and
Is include permanent
alloys and
f mixed oxides of iron and
rered’, i.e. heated to & steady temperature

exhibited in Fig. 7.13 where

pical of ferro-
Is. The dotted curve passing through tips of the hysteresis
of the material. A typical
7.14. Tt is initially nonlinear with a nearly
¢ high values of . For extremely

pirically. In fact the B-H curve is appreciably
rec of precision need
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therefore not be attempted in these calculations.

B(T) F
By, max W
B,, max
Retentivity ‘
= Normal
n il B-H curve
\Q} :/ H1. max
) H(AT/m)
S
Hysteresis
loops
Fig. 7.13 Hysteresis loop and magnetization (B-H) Curve
B(T) a
< Saturation zdne

e Linear zone
(constant u)
& ¢ * Initial nonlinear zone
N
7

- H(ATIm)
Fig. 7.14 Typical normal magnetization curve of ferromagnetic material

In a B-H curve the value of the flux density at H=0 is known as the resrdual

Jlux density B The value of H to reduce B to zero is called the coercive force H,
The maximum possible value of B, correspondmg to deep saturation is know is
as refentivity and the maximum value of H, is the coercivity. All these value are
indicated in Fig. 7.13.

"
i

i
!
|
1
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calculate current in load resistance R =—Q

20

1A () %m o
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—_— D = 2‘%5110
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200 _ 20§ ‘
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R 1= e ‘\—)’W
Vi R 22-+le- |‘I
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= 16 A .
© IETE

Q.3a. Find Thevenin’s equivalent of the circuit shown in Fig.3 across the terminals a, b and
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b.  For the circuit shown in Fig.4, if 1 =5.20°, find C for V = (100 + j200) Voltand o =1.2KHz

1
20Q 0.05H

5

Fig.4

@ W = |‘2.\’\'H%'

Y= WL = |200) 005 =LoJL"
\

= A__, e peic T
X(’, Y 1200 C Iﬁ P
R 204JL ;' :

g

Zo-\—df o~ A = 20ttYo ‘

e Ls =3
X = 20 = mC

g A | 200X 20 }
= Qs |
=4L6T MF |

Q.4a. Derive EMF equation of DC Machines.
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| Q EMF Equation
7 Full-pitch armature coils are assumed, Let

D = flux/pole

Imagine the coil in Fig. 10.2(a) to lie in the interpolar region linking all the fluy
of one pole. Thus its flux linkages are

f|| :N[_@

where N__is the number of coil wrns, As (he coil moves through one pole pitch, its
flux linkages change to

A = =N, O (it now links the flu of opposite polarity)
During this movement, change of flux linkages of the coil is
A =-2N.0

£ = Qo (CN)P

N = _Z__: ;
B{ul CN. 7 turns/parallel path

where Zis the total number of armature conductors, Hence

Pw.Z Py
it = j’T [E) __Kn qjmm [IU(J)
where = {H;. = machine constant :

Fquation (10.6) can also be writien as

» _OnZ(P\_
= -“6—0—(-&-) = mﬁad)

(10.7)
where nisthe armature speed in rpm,

b. A 600 V dc shunt motor drives a 60 kW load at 900 RPM

. (10.3)
For a P-pole machine, the time of (ravel through one pole pitch is
N E
Ai= P (10.4)
where @, is the armature speed in mechanical rad/s. Hence the average coil emf
induced is
g M
{6 = e NP 9
T Dy, N, (10.5)
Let C, = coils/paralel path /
Then the armature emf is I

. The shunt field resistance is 100Q
. . . . o
and armature resistance is 0.16Q2. If motor efficiency at this load is 85%. Determine speed at
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load and speed regulation.

A=A Ay

; M A 60()V do shunt motor drives 2 60 kW Joad a 900 rpm. The shunt field
7 resistance is 100 W and armature resistance is 0.16 W. If the motor etﬁcmncy at this

load is 85%, determine (a ) the Speed at no- load and meed regulatnon (b) the rotational
loss

Soluﬁon
(a) P =60kW, =085

60
P, = 15 =T0IKH

70x10°
= =11765A
LTU600 i . \/
_ 600 _ '
i A
I 100 =

Then! =117.65-6=111.65 A
E =600-111.65%0.16=582.14 A
n =900 rpm
No load
E~V=600V

n&E \J'\

1,2 S0X =018

x100=3.1%

_speed regulation = 927‘8 0* 00

\
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Q.5a. For an ideal transformer, derive the voltage equation and obtain the transformation ratio.
,/;W;--we-uﬂﬁﬂvﬁmmmwmhw'ﬂ_m‘""‘""-

OV Voltages and emfs :
é As the primary and secondary circuits are linked through the mutual flux, we begin

with flux which is expressed as
h=¢, sinw: o= 2 f rad/s (8.1)
= |
\
Load
Fig. 8.5 Ideal transformer (/T)
The emf induced in primary winding balances the applied voltage as per KVIL.
Thus
dgp
vi=e =N, )dele P, .. COS W (8.2)
The secondary induces emf which equals the load voltage and is similarly given 1
by = )\
v,=e,=wN, ¢, coswf (8.32) : ;
In terms of rms values i
W=E = J2ufN ¢, (8.4) i
and Vi B = VIl & (8.5)
i 2 i
We find that the voltage and emfs are in phase and the flux lags by 90° (sin wt !
lags cos wt by 90°%)
Transformation Ratio i
It is found from the above equations that the voltage transformation ratio ol i1y
values is {
Ve =
T e ati 8 i
v, = E. N, a (turn ratio) (8.6)
Also, in terms of phasors we have
— = a (turn ratio) (8.7) i
z E: n
as the voltages are in phase. / L,‘ i

It is seen from these equations that in an ideal transformer, the voltages are in
direct ratio of turns with no change in phase angle.
The maximum value of the flux is found from Eqgs (8.4) and (8.5) to be |
E, E, |
=== 2w =444 (8.8)
J2mN, V2N,
It is seen that ¢, _is determined by the applied voltage and its frequency and is
independent of current. This is a general result and, as we shall see in later chapter,
applies also to ac machines.

2
max

b.What is rotating magnetic field? Explain working of 3 phase induction motor.
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will rotate with it at

a direct curre
1. conductors throug

o
current in the magneti; field establisheq
which tends ¢, move them at right ,

Though in an inductio

I are induced ip the rotor
motors ie., the rotor conductors carry
have a force exerted upon them tend;

en the stator g primary winding of g 3-ph

phase ac supply, a rotati

poles for which each phas
the field produced by the

the motor and i given by an expressi
15 the number of poles on stator,

rotatimn,

ﬁeid 18 Statlona“ mspac e‘ ut’ 1 €11 B} St Emisr Dl‘a ala Cert din bpe & 1 lts magnetl': ﬁe}d

4.
' is an alternating magnelic
i ingle phase alternating current isana el
. magﬂemamngﬁe]d I;r{:l(;u;ei?mt;}(riszﬂigse\?nrﬁng in magnitude periodically and changing its
eld alo )

Fﬁ PRINCIPLE OF 0PgRaTioN
Al Dt motor, current is drayy frop the
h the bryg

M\.“’" 2

the same speed.

>

SUpPly and eonducted jngo the armatyre
imutator, When the Armature conductong carry

by the field, a force is exerted gp the conductorg \
ngles to the fielq

I motor, there ig ny electrica conneetion
circuit, and therefore, the Same condition exists g5 in the de

current in the sagop Magnetic field gng thereby
0g 10 move them ¢ right angles to the field.

ase induetion motoy 15 connected ¢ a3
g magnetic field is established- which rotates gt synchronoyg

hes and ¢

|
to the rotor, byt Currents | \

e of the prima_l:y or stator winding ;

t

Ng 18 wound, The speeq gt which 1y o

primary currents will revolye is called the Synchronoyg speed of LR 0
on, N = 1_250__ where f is supply frequency ang p e

to
As the rotating magnetie fielq produced by the primary currents SWeeps across the rotqp di
conductors, gn pmf is induced in these conductor just ag an emf is indyced i the séeonda
winding of 5 transformer by the flyy set up by the Prumary current, Singe the rotor inding =
15 either directly shopte or closed through some External resistange, the epyf induced in the tha
secondary by the revolving field eauses & current to flow ip the totor conductorg the
The setting up of the torque for causing the rotoy ¢, rotate is explained below: the
section of an induction motor stator apnd rotor, with the magnetic fielq assumed tp the
® rotating in a clockyse direction ang with the rotor stationary, as gt starting, is showp i
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Q.6a. Explain P-N junction with forward bias.
s =, = et
A4%2 PN-Junction with Forward Bias

Suppose we connect a battery to the PN-junction diode such' that the
positive terminal of the battery is connécted to the P-side and the negative
terminal to the N-side, as shown in Fig. 43. In this condition the PN-
Junction is said to be forward-biased.

Priype : N-type

& GO 6 g

o e o

. ¢ 0 6 o alpie @ o
e 6 & dalnle
©,0.9 elalni'e

© 0,0 olalw

Tt

: iDepIetion
™ region

I+
|
Fig. 4.3 PN-junction showing forward bias

When the PN-junction is forward-biased, the holes are repelled from the
positive terminal of the battery and are compelled to move towards the
junction. The elcctrons are repelled from the negative terminal of the
battery and drift towards the junction. Because of their acquired energy,
some of the holes and the free electrons penetrate the depletion region.
This reduces the potential barrier. The width of the depletion region reduces
andso does the barrier height. As a result of this, more majority carriers
diffuse across the junction. These carriers recombine and cause movement
of charge carriers in the space-charge region.

- For each recombination of free electron and hole that occurs, an electron
from the negative terminal of the batterv enters the N-type material. It
then drifts towards the junction. Similarly, in the P-type material near the

¥In a semiconductor, all the charge carriers do not have same kinetic energy. Some
have very high energy, whereas some have very low energy. The average energy depends
upon the temperature of the sample. -

© IETE
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=
Semiconductor Diode 75 \\

positive terminal of the battery, an electron breaks '

and enters the positive terminal of the battery, Fcracg?:rlldellgctt}iszrﬁ::
breaks its bonq, a hole is created. This hole drifts towards the junction
Note that there is a continwous electron current i the external cireyit T“nc.
current in the P-type material is duc to the movement of holes, The cu-rrént
in t}}e N-type material is due to the movement of electrons. The current
continues as long as the battery is in the circuit. If the hattery voltage is
increased, the barrier potential is further reduced, More majbriiy carrfers

diffuse across the junction. This results in an-increased cur
s sed current through the

e W LS LA

B. Define static and dﬂ/ﬁamic resistance of a diode. How will you determine these resistances?
% STATIC AND DYNAMIC RESISTANCE OF A DIODE

No diode can act as an ideal diode. An actual diode does not behave as a
perfect conductor when forward-biased, and as a perfect insulator when
reverse-biased. It does not offer zero resistance when forward-biased. Also
its reverse-resistance, through very large, is not infinite.

Figure 4.10 shows the forward characteristics of a typical silicon diode.
This diode may be connected in a dc circuit. When forward biased, it offers
a definite resistance in the circuit. This resistance is known as the dc or
static resistance (Rr) of the diode. Itis simply the ratio of the dc voltage
across the diode to the dc current flowing through it. For instance, if the
de voltage across the diode is 0.7 V, the current through it can be found
from Fig. 4.10. The operating point of the diode is at point P, and the
corresponding current can be read as 14 mA. The static resistance of the
diode at this operating point will be given as

04 0.7V

¥ 5

© IETE 12
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20 M
T e

-‘5: 1 =

Fig. 4.10 Calculation of static and dynamic resistance
of a diode

In general, the static resistance is given by the cotangent of the angle «
That is : :

04
RF—Z}‘)———COICOC (4.1)

If the characteristic is linear, this ratio O4/4P wiil be a constant quantity.
But, in case the characteristic is nonlinear, the dc resistance will vary with
the point of measurement.

In addition to 14 mA of dc current, small ac current may bz superim-
posed in the circuit. The resistance offered by the diode to this ac signal is
called its dvnamic or ac resistance. The ac resistance of a diode, at a parti-
cular dec voltage, is equal to the reciprocal of the slope of the characteristic
at that point, i.e.

- _changenyoltage AV
resulting change in current ar

[Note: The Greek letter 4 (delta) means “‘a change of ”’, wherever it appears
in formulae. So, 4l is a change in current. Generally, it indicates a small-
scale (or incremental) change.]

We can calculate the ac resistance of a diode as follows:

Around the operating point P, take two points M and N very near to it,
as shown in Fig. 4.10. These two points will then indicate incremental
changes in voltage and current. The dynamic resistance is related to the
slope of the line MN and is calculated as follows.

4V (073 — 0.66) V _ 0.07V
M= = s e 10 s = 7 5 A

rpe=

= 9460

The smaller the incremental changes 4% and Al the closer is the above
result to the exact value of the dynamic resistance. For making these incre-
mental values smaller, the points M and N have to be closer. It then
becomes difficult to read the voltage and current values accurately from the
graph. We can circumvent this difficulty if we remember that as av
becomes smaller and smaller, the slope of the line A/N becomes the same

/

i1

© IETE
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lectric ' energy is

transistor radio re

and thus eliminate

dc voltage. This

to a smoothing filt

Q.7 a. Draw block diagram of DC power supply and discuss working of half wave rectifier.

available in homes and industries in India, in the form of

bj{ USE OF DIODES IN RECTIFIERS
E

alternating voltage. The supply has a voltage of 220 V (rms) ata frequency
of 50 Hz. In the USA, itis 110 V at 60 Hz. For the operation of most of
the devices in electronic equipments, a dc voltage is needed. For instance, a

quires a dc supply for its operation. Usually, this supply

is provided by dry cells. But sometime we use a battery eliminator in place
of dry cells. The battery eliminator converts the ac voltage into dc voltage

s the need for dry cells. Nowadays, almost all electronic

equipments include a circuit that converts ac voltage of mains supply into

part of the equipment is called power supply. In general,

at the input of the power supply, there is a power transformer. It is
followed by a diode circuit called rectifier. The output of the rectifier goes

er, and then to a voltage regulator circuit. A block dia-

gram of such a power supply is shown in Fig. 4.11. The rectifier circuit is
the heart of a power supply.

SRSt

Transformer Rectifier

Filter regulator

; Regulated
“““““““““““ dc output

Fig. 4.11 Block diagram of a power supply

© IETE
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> "4.6.1 Half-Wave Rectifier

v
The unidirectional conducting property of a diode finds great application in
rectifiers. These are the circuits which convert an ac voltage into dc voltage.

Figure 4.12 shows the circuit of a half-wave rectifier. Most electronic
equipments have a transformer at the input. The transformer serves twao
purposes. Firstly, it allows us to step the voltage up or down. This way we
can get the desired level of dec voltage. For example, the battery eliminator
used with a transistor radio gives a dc voltage of about 6 V. We can use
a step down transformer to get such a low ac voltage at the input of the
rectifier. On the other hand, the cathode-ray tube used in an ‘oscilloscope
needs a very high dc voltage—of the order of a few kV. Hecre, we may use
a step-up transformer. The second advantage of the transformer is the
isolation it provides from the power line. It reduces the risk of electrical

shock.
Diode

el - g

Ll 1}
1

| =77 + ; -
- 1
. P = dc output

=W, sin il L ()

220 Vv e ¢

50 Hz
power mains

Fig. 4.12 Half-wave rectifier circuit

In Fig. 4.12, the diode forms a series circuit with the secondary of the
transformer and the load resistor Rr. Let us see how this circuit rectifies ac
into dc.

The primary of the transformer is connected to the power mains. An ac
voltage is induced across the secondary of the transformer. This voltage
may be less than, or equal to, or greater than the primary voltage depend-
ing upon the turns ratio of the transformer. We can represent the wvoltage
across the secondary by the equation

v = Vu sin w7 (4.3)

Figure 4.13a shows how this voltage varies with time. It has alternate posi-
tive and negative half-cycles. Voltage V.. is the peak value of this
alternating voltage.

During the positive half-cycle of the input voltage, the polarity of the
voltage across the sccondary is as shown in Fig. 4.14a. This polarity makes
the diode forward biased, because it trics to push the current in the direc-
tion of the diode arrow. The diode conducts, and a current iz flows through
the load resistor Re. This current makes the terminal 4 positive with respect
to 'terminal B. Since a forward-biased diode offers a very low resistance, the
voltage drop across it is also very small (about 0.3 V for Ge diode and
about 0.7 V for Si diode). Therefore, the voltage appearing across the load
terminals .4 B is practically the same as that the voltage v at every instant.

During the negative half-cycle of the input voltage, the polarity 2ets
reversed. The voltage v tries to send current against the direction of diode

b.  What is Zener diode? Explain working of Zener diode voltage regulator

© IETE 15
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ﬂ\_j‘ﬁ Zener Diodes

¥ Zener diodes are designed to operdte in the breakdown region without
§ damage. By varying the doping level, it is possible to produce zener diodes
1 with breakdown voltages from aboyt 2 V to 200 V. ;

As discussed in Sec, 4.2.3, the large current at breakdown is brought
about by two factors, known as the zener and avalanche effects. When a
diode is heavi_ly doped, the depletion layer is very nacrow. When the voltage
across the diode is increased (in reverse bias) “the electric field across the
depietion layer becomes very intense. When this field is about 3 107 V/m,
L electrons are pulled from the covalent bongs. A large number of electron-

hole pairs are thus produced and the reverse current sharply increases. This
is known as the zencr effect.

Avalanche effect occurs because of a cumulative action. The external
applied voltage accelerates the minority carriers in the depletion region,
They _ attain sufficient kinetic CReIgy to iomize atoms by collision. This
creates new electrons which are again accelerated to -high-enough velocities -
to ionize more atoms. This way, an avalanche of free electrons is obtained.,
The reverse current sharply increases,

The zener effect is predominant for breakdown voltages less than about
4V. The avalanche breakdown js predominant for voltages greater than
6 V. Between 4 and 6 V, both effects are present. It is the zener effect that

was first discovered,.and the term “zener diode” is in wide use for a bregk-
down diode whether it uses zener effect or avalanche effect, or both. If the

The circuit symbol of a zener diode

is showq in Fig: 4.28. A zener diode e =5

is specitied by its breakdown voltage Anode Cathode

and the maximum power dissipation. 3 ==

The most common application of 4 Fig. 4.28 Circuit symbol of 4
zener diode

zener diode is in the voitage stabiliz-
ing or regulator circuits,

e

Zener Diode Voltuge Kopulator After the ripples have heen smoothed or
fitered from the rectificr outpur, e gel @ sufficiently -steady dc output.
But for many applications, even this sori of power supply may not serve the
purpose. Firstly, this supply does not have a good enough voltage regula-
tion, That is, the output voltage reduces as the load (cutrent) connected to
it is increased, Secondly, the dc output voltage varies with the change in
the ac input voltage. T improve the constancy of the dc output voltage as

© IETE
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104 Electronics and Linear Circuits

" the load and/or tke ac input voltage vary, a voltage-regulatot circuit is used.
The stabilizer circuit is connected between the output of the filter and the

load (see Fig. 4,11).

The simplest:regulator circuit consists merely of a resistor Rs connected
in series with the input voltage, and a zener diode connected in parallel with,

the load (Fig. 4.29). The voltage from an unregulated power supply is used
as the input voltage V1 to the regulator circuit. As long as the voltage
across Ry is less than the zener-breakdown voltage ¥z, the zener diode does
not conduct. If the zener diode does not conduct, the resistors Rs and Ry
make a potential divider across V7. At an increased V7, the voltage across
Ry, becomes greater than the zener-breakdown voltage. It then operates in
its breakdown region. The resistor Rg limits thé zener current from exceed-
ing its rated maximum 7z max. :

Unregulated
power
supply

Fig. 4.29 The zener-diode voltage regulator

The current from the unregulated power supply splits at the junction of
the zener diode and the load resistor. Therefore,

Is=1z+ I (4.33)

When the zener diode operates in its breakdown region, the voltage Vz
across it remains fairly constant even though the curtent Iz flowing through
it may vary considerably. If the load current [, should increase (because of
the reduction in load resistance), the current Iz through the zener diode
falls by the same percentage in order to maintain constant current Is. This
keeps the voltage drop across Rg constant. Hence, the output voltage Vo
remains constant. If, on the other hand, the load current should decrease,
the zener diode passes an extra current /z such that the current Is is kept
constant. The output voltage of the circuit is thus stabilized.

Let us examine the other cause of the output voltage variation. If the
input voltage V7 should increase, the zener diode passes a larger current so
that extra voltage is dropped across Rg. Conversely, if ¥r should fall; the
current Iz also falls, and the voltage drop across Ry is reduced. Because of
the self-adjusting voltage drop across Rg, the output voltage Vo fluctuates
to a much lesser extent than does the input voltage F7.

f ¢
“(

E

© IETE
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Q.8 a. Explain the functioning of a transistor in common base configuration and draw its Input
and Output V-1 characteristics

Ei/ The circuit arrangement for determining CB characteristics of a transistor

(here, we have taken PNP type) is shown in Fig. 5.11. The emitter-to-base

voltage Vep can be varied with the help of a ponentiometer R;. Since the

voltage Vg is quite low (less than one volt) we include a series resistor Rg

(say, 1 k@) in the emitter circuit. This helps in limiting the emitter current

I to a low value; without this resistor, the current /g may change by large
amount even if the potentiometer (R,) setting is moved slightly.

The collector voltage can be varied by adjusting the potentiometer Rj.
The required currents and voltages for a particular setting of the potentio-
meters can be read from the milliammeters and voltmeters connected in the
circuit.

Fig. 5.11 Circuit arrangement for determining the static characteristics
of a PNP transistor in CB configuration

Input CB Characteristics The common-base input characteristics are [
plotted between emitter current iz and the emitter-base voltage vgs, for
different values of collector-base voltage Veas. Figure 5.12 shows typical
input characteristics for a PNP transistor in common-base configuration.

For a given value of Ves, the curve is just like the diode characteristic in
forward-bias region. Here, the emitter-base is the PN-junction diode which
is forward-biased. This junction becomes a better diode as Fcp increases.
That is, there will be a greater ig for a given ygp as Vcp increases, although
the effect is very small.

For a diode, we had seen that its dynamic resistance is calculated from
the slope of its forward characteristic curve. In a similar way, from the

slope of the input characteristic we can get the dynamic input resistance of
the transistor:

AUEH

b = (5.4)

4dig | Ves = const.

The dynamic input resistance ry is very low (20 to 100 ). Since the curve
is not linear, the value of r; varies with the point of measurement. As the
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Fig. 5.12 Common-base input characteristics for a
typical PNP silicon transistor

emitter-base voltage increases, the curve tedds to become more vertical.
a result, r; decreases.

The input characteristics of an NPN transistor are similar to those in

Fig. 5.12, differing only in that both iz and sgp would be negative and Ve
would be positive,
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Output CB Characteristics For the same PNP transistor in CB configura-

characteristic curve indicates the way in which the collector current ic varies
with change in collector-base voltage vcs, with the emitter current Iz kept
constant. As per standard convention, a current entering into a transistor is
positive. For a PNP transistor, current ic is flowing out of the transistor
and is negative. Since the collector junction is reverse biased, the voltage
vcp is negative. The emitter current is entering into the transistor, and is

taken as positive.

i
(mﬁf) ! L
re———— Active region R
=25 b mmn e e e e e
s 15=2.5mA
“2.0bmmmrm e o o e
e =2.0 mA
Saturation
‘region Py s PP PP PR T L
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“Of F--rommmmmmmi e oo e
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\ O == =aT oA SEehs Y- =8 U, (V)

ie——— Cut-oft region

Fig. 5.13 Common-base output characteristics for a
PNP transistor

A close look at the output characteristics of Fig. 5.13 reveals the following
interesting points:

(i) The collector current Ic is approximately equal to the emitter current
Ie. This is true only in the active region, where collector-base junction
is reverse-biased.

(ii) In the active region, the curves are almost flat. This indicates that ic
(for a given Ig) increases only slightly as vcs increases. [s it not what
happens in a constant current source? The transistor characteristic (in
CB configuration) is similar to that of the current source. It means
that the transistor should have high output resistance (ro).

(iii) As vce becomes positive (the collector-base junction becomes forward-
biased), the collector current ic (for a given Ig) sharply decreases.
This is the saturation region. In this region, the collector current does
not depend much upon the emitter Current.

(iv) The collector current is not zero when Ig = 0. It has a very small
value. This is the reverse leakage current /co. The conditions that
exist when Ig = 0 for CB configuration is shown in Fig. 5.14. The

amplifier with simple bias?

tion, a set &f output characteristics are shown in Fig. 5.13. The output

b. What is DC load line? How you draw DC load line on collector Characteristics for CE

© IETE

20




DE102/DC102 FUNDAMENTALS OF ELECTRICAL & ELECTRONICS

DEC 2014

_.j,H‘ITT DC Load Line

Let us consider the amplifier circuit of Fig. 5.24, when no signal is applied
to its input. This condition (of having no input signal) is described as a
guiescent condition. The circuit then reduces to the one shown in Fig. 5.25.
The battery Fee sends current ,/c through the load resistor Re and the
transistor. 'l"he:'r is some voltage drop across the load resistor Re due to
the flow of current Jo. The polarity of this voltage drop TeRe is shown in
the figpure. The remaining voltage drops across the transistor, This voltage
is written as Fcor. Applying KirchhofIl's voltage law to the collector circuit,
we get

Vec = IcRc+ Ver (5.26)
We can rearrange the terms of the above equation and put it as
s S Feo
e = ( F) Ver 4 5 (5.27)

We have rewritten Eq. 5.26 in above form, because we wanted to put it in
the form

¥ = mx-i-c (5.28)
which is the equation of a straight line. If Eq. 5.27 is plotted on the tran-
sistor’s oulpul characteristics (i.e. the curves between vc and icr), we get
a straight line. Comparison of Eq. 5.27 with Eq. 5.28 indicates that the
slope of this line is

1 .
m o= — 7 (5.29)

Fig. 5.25 CE amplificr in quiescent condition

o Vec (5.3
v 3 = _ . 0
!\ c Rc )

The straight line represented by Eq. 5.27 is called thc .dc {oad Ime.p s
Plotting of ‘the dc load line on collector qhamclmst'lcs is easy. Find any
two (;)oli?l%s satisfying Eq. 5.27, and then join these points. The simplest way,
then, is to take one point on the zce axis and the other on ic axis. On the
vcE axis, the current fc must be zero. Hence, from Eq. 5.27, we should ha_ye
Fee — Vec. When Vee = 0, Eq. 5.27 gives Ic = Vee/Re. Thus, the two

points on the dc load line are

(i) Vce = Vee; Ic =0 =

Vec
(ii) Vee = 05 le = o
These two -points can be located on the collector characteristics. See

i . Join these two points. This . . ‘ 1
Ifi;ge ?52(8 —J?;?i’c) and is dl:::cided by the value of resistor Rc. Since this resis-

tanee is the dc load* of the amplifier, we call_thc line as dc load line.

O ]
0 Ve Vee
Fig. 5.26 Plotting of dc load line on collector ;
characteristics

is the dc 1oad line. The slope of this|

(

vane

cirt
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Resistance-Capacitance Coupling

capacitance (RC) coupling scheme. This is the most
In this scheme, the signal developed across the collecto

Figure 9.2 shows how to couple two stages of amplifiers using resistance-

widely used method.
r resistor Re of the

first stage is coupled to the base of the second stage through the capacitor
Cc. The coupling capacitor Cc blocks the de voltage of the first stage from

reaching the base of the second stage. In this way,
next stage is not interfered with. For this reason, the ¢

the dc biasing of the
apacitor Ce is also

called a blocking capacitor,

Draw circuit diagram of two stage capacitor coupled amplifier and explain it.

< M
Some loss of the signal voltage always occurs due to the drop across the Vot
coupling capacitor. This loss is more pronounced when the frequency of U

the input signal is low. (This point is discussed in more detail in Sec. 9.4.1).
This is the main drawback of this coupling scheme. However, if we are

_interested in amplifying ac signals of frequencies greater than about 10 Hz, tu

this coupling is the best solution. It is the most convenient and least ex- tri

pensive way to build-a multi-stage amplifier. 5 ut

- ar

/ ti1

né

E

- bi

2

F

Fig. 9.2 Two-stage RC-coupled amplifier using transistors

RC coupling scheme finds applications in almost all audio small-signal

amplifiers used in record players, tape recorders, public
radio receivers, television receivers, etc.

-address systems,

Triode (or pentode) amplifiers can also be cascaded by RC coupling. Figure
9.3 illustrates how RC coupling is used for two stages of triode amplifiers.
Here, the cathode resistor Rx and capacitor Cx provide the self bias in the

circuit. The operating point of a

triode amplifier is independent of tempe-

rature. Therefore, the need of stabilization of the operating point does not

arise. The circuit is much sim

pler than the one using transistors. But jt |

requires high dc voltage (of the order of 300 V) supply.

T

A~

9

Ii
té

F

b.With the help of diagram explain the working of BJT Phase - shift oscillator.

Ans. 9 (b) 669-670-Text Book-I1

Text books
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