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potcntial of V¥ wolis, that is cgual and opposite o the de supply voltage. Mosw e
swritch S5 is shifted to the position &, thereby, shost circuiting the capacitos ancd
resistor in scrics. As a result, the capacitor stars gcotting dischargced thoough
resistor &, The moment cthe switch S is thrown towards &, discharge current is

maximum and then decreases €Cill it
becomes zero, when the capacitor is Fally
discharged.

Suppose the potential difference across
the capacitor is v volts, ¢ second after the
switch S has been moved to the position &
and ithe commesponding discharging current
is § amperes (Fig. 2.15), then

Diischarge curment i = — wR (2.33)

Here the negative sign indicates that it
is a discharging current. Its direction is
opposite to the charging current. Assume
that the potential difference across the
capacitor changes by o4 in a small ame Jr
second then,

o)

Q.2 a. Derive an expression for the current flowing at any instant during
the discharge of a capacitor C across a resistor R.
Answer:
Roeferrinmg to Fig. it is assumed tha the capacitor has been charped 1o o

Drischarging of capacilor

:=|':'E {2.34)
Eguating Eqs. (2.33 and 2.34),
o d dr _ dv
’R=C ar “  R®me= e
Integrating both sides,
—’-C=—Inz-+ﬂ
Initial condithons are ¢ =0, v = V
Thus A =InW¥
I
. S 1
Hence F T In o + ln
I L
— =ln —
or RC %
W -
?_a'-*"-
or o = e R (2.35)
Also i= R = e
or i=—Fe¥RC (2.36)

Equations (2.35 and 2.368) show the relationship of the potential difference
acToss the capacitor and the discharge curmrent respectively during the process of
discharging a changed capacitor. The carves of potential difference across the
capncitor and the discharge curment based on the abowve equations during the
process of discharging have been plotted in Fig. 2.15.

Simce o = % and V= g Eq. (2.35) may also be written as

q _ 0 -k — (1 VR
eoct = og=de

Equation {2.37) clearly indicates the discharging of capacitor,

b. The coil of a moving coil instrument is wound with 50 turns of wire.
The flux density in the gap is 0.06 Wh/m? and the effective length of
the coil side in the gap is 4cm. find the force acting on each side of

the coil when the current is 40mA.

Answer:
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Folwrion:

Force acting on one wire = &I

Flux density in the gap, B = 0.06 Whim-
Current in the coil, f = S0 moi

=40 = 107Y A
Effective length of the coil side = 4 cm
= 004 m

Thus, fornce acting on one wire of the coil = DA = J0 = 107 = D.04
=0 = 107 M
Each wire of the coil will contribute 1o the total force F actimg on a opdl side.
Coil is wound with 50 turns of wire.
Thus, force acting on each coil side
= S0 x 10%=48= 107N

Q.3 a. State and explain Thevenin’s Theorem with suitable example.
Answer:

In circuit theory, Thévenin's theorem for linear electrical networks states that any
combination of voltage sources, current sources, and resistors with two terminals is
electrically equivalent to a single voltage source V in series with a single series resistor
R. Those sources mentioned above can be either independent or dependent.

Thevenin's Theorem Review

Analyze Procedure:

1.Calculate the output voltage, V, when in open circuit condition (no load resistor—
meaning infinite resistance). This is VTh.

2.Calculate the output current, I1AB, when the output terminals are short circuited (load
resistance is 0). RTh equals VTh divided by this IAB.

Step 2 could also be thought of as:

2a. Replace voltage sources with short circuits(wires), and current sources with open
circuits(disconnections).

2b. Calculate the resistance between terminals A and B. This is RTh.

Thevenin's Voltage Example

* Find equivalent voltage source in new circuit

* Solution:

Between terminals A and B, we need to find out V. Since it's open circuit and there is
no

current going through R1.Treat R1 as wire. ciucuit become simple three series resistor
and

a voltage source.

Secondly, find the current.

Thirdly, find the sum voltage across R3 and R2. That's the answer we're looking for
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Example

b. Three inductive coils each with a resistance of 15 ohms and an
inductance of 0.03 H are connected (i) in star and (ii) in delta, to 3-
phase, 400V, 50Hz supply.

Calculate for each of the above case (i) phase current and line
current and (ii) total power absorbed.
Answer:

Serfsarionnn
i) Three coils are connected in star as showmn in Fig. 910, Line wvoliage

applicd 1o star conmected circwit W = S0 W
L RO
Phase voltage = j%_ = ﬁ = 231 W
Inductive reaciance of each coil. X, = 2 3« 500 = (L3
= .42 L3
Impredances per phase — |5 « 7 9.42
= Jasy® s (9azy® = 17.7 52
231
Current per phase = == = 13.0 A
In star-conmected circwin,
Lime current = phase current
Thus, line current = 13,0 A
I =
A-phase
supply
B N
"
I
S W
: B
iy
Fig. Three-phase star comnected circwit
- - 15
Mﬁfmﬂ'&mm‘—f&z—m
= DL BAT
Power absorbed = 3 W, F, cos &
= W3 s B 3 LI A < DUBET
= THIZ W = TUGIT kW
ii} Figuare shoaowws thee thiree imcductive coils comnmected im delnm.
=
.
=Py
s
SRR T LS <2 = Mo
B
Ty
g Fphase delta—commected circweit
Im e fta—conmected cimcuics,
Phase voltage — line woltagee — 0D W
i o
_ b Frae]
Phase ot = = =-]?1?=-22.6A
L iree curTemnt, f, = ﬁ:—:.ﬂ'._z-d} XSG — TN A

= I v SO e IO LA = OLBAT
= DTOEE W = 22 ShEE kW

Q.4 a. Draw the connection diagram of shunt and series DC motors and
explain.
Answer:
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DC Series Motor

The schematic diagram of a dc series motor is
shown in Fig. 17.28.
Armature current,

I, = series field current, I, = I,
Backemf, E,=V-I, (R, +R,) (17.28)
The series motor is an ideal motor where a

high torque is required at low speeds and a Fig. 17.28 Schematic diagram
moderate or small torque at high speeds. These of series motor
motors are mainly used for operating cranes, hoists, elevators, electric trains,
railway cars, etc. In their fractional horse power ratings, these are used for fans,
vacuum cleaner, sewing machines and other applications in which the load is
directly connected to the motor.

Shurit mochine

® The armatare and field winding are connected in parallel.
s  The armabwe voltage and field woltage are the same.

I 1,
. - -
I E,
— _\\I Lf U:'mTﬂ.w
v: & "'\_
_ E, |:\ = {ij 10
A
-

Fgre  Seerf DO hofor

Total currert dravwn from the sapplyw I, =1+ 11,
Total it ponarer = Wy Iy
b. A 200 V dc shunt motor is taking a current of 70 A and runs at 500
rpm. The motor resistances are Ra=0.2Q and Rsh =100Q2. What
resistance must be inserted in the armature circuit to reduce its
speed to 350 RPM? Assume armature current is same.

Answer:
Here I, =70A
V200 o,
Ry, 100

Sol, =1 -1,=70-2=68A=1,
N, =500rpm
Back efm E,, = V,,R, = 200-(68x.2) = 186. 4Q

Let Resistance (R) inserted in armature circuit
Now N, =350 rpm

& E,, =V-1,(R, +R) = 200-68(0.2+R)
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By speed equation
N, _Ep
Nl Ebl

350 _N, E,, _200-68(02+R)

500 N, E, 186.4

SoR=0.82Q

Q.5 a. A single-phase transformer has 350 primary and 1050 secondary
turns. The net
cross-sectional area of the core is 55cm?. If the primary winding be
connected to a 400V, 50Hz single phase supply, calculate:
(i) maximum value of flux density in the core
(i) voltage induced in the secondary winding
Answer:
(i) Volrtage applied o the primary = 400 W
Induced emf in the primary £, = voltage applicd to the primary
= 400 W
MNumber of turms in the primary N, = 350
Met cross-sectional area A; = 55 cm® = 55 =< 10°* m*
Frequency of the supply = 50 H=z

Induced emf in the primary is given by
E, =444 FB, AN,

Thus, 4—[)0:4.44):50><Bmx55x10_4x350
Maximum value of flux density in the core,
B —

s 4.44 3 S0 > 55 = 1077 x 350

= 0.93 tesla (Wh/m>)
(ii) NMNumber of turns in the secondary winding,
M, = 1050
For the transformer,

By oy
E, N,
" . s " M
Woltage induced in the secondary winding, £, = E, = 5
o
= 400 = 1930 _ ;500 v

350
b. A 3 phase, 4 pole, 50 Hz, 400V, 50hp star-connected induction motor is
operating at a slip of 4 per cent, in order to deliver rated output
power. Find out the following:

() synchronous speed

(i) speed of rotating air gap field

(iii) speed of the induction motor

(iv) frequency of the rotor induced emf

Answer:
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(i) Synchronous speed
120 f

Synchronous speed. N, = 5

_ 120 x 50
i 4
(ii) Speed of rotating air gap field
The rotating field in the air gap, produced by stator currents rotates al syn-
chronous speed.
Hence, speed of rotating air gap field = 1500 rpm
{iii} Speed of the induction motor
operating slip, 5 = 0.04
speed of the induction motor, N, = (1 - s) N,
= (1- 0.04) 1500 = 1440 rpm

= 1500 rpm

(v} slip in rpm
slip of the motor in rpm = sN, = 0.04 x 1500 = 60 rpm

Frequency of the rotor induced emf
The frequency of the rotor induced emf,
f=5f=0.04 x50 =2 Ha

Q.6 a. With the help of energy band diagram explain how conduction takes
place in conductors, semiconductors and insulators.
Answer:

On the basis of energy band materials are classified as insulators, conductors, and
semiconductors.

Insulators:

Substance like wood, glass, which do not allow the passage of current through them are known
as insulators. The valence band of these substances is full whereas the conduction band is
completely empty. The forbidden energy gap between valence band and conduction band is
very large (8ev) as shown in the fig (a). Therefore a large amount of energy, i.e. a very high
electric field is required to push the valence electrons to the conduction band. This is the
reason, why such materials under ordinary conditions do not conduct at all and are designated
as insulators.

Conductors:

Substances like copper, aluminium, silver which allow the passage of current through
them are conductors. The valence band of these substances overlaps the conduction
band as shown in fig (b). Due to this overlapping, a large number of free electrons are
available for conduction. This is the reason, why aslight potential difference applied
across them causes a heavy flow of current through them.

Semiconductors:

Substances like carbon, silicon, germanium whose electrical conductivity lies in
between the conductors and insulators are known as semiconductors. The valence band
of these substances is almost filled, but the conduction band is almost empty. The
forbidden energy gap between valence and conduction band is very small (lev) as
shown in fig (c). Therefore comparatively a smaller electric field is required to push the
valence electrons to the conduction band. This is the reason, why such materials under
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ordinary conditions do not conduct current and behaves as an insulator. Even at room
temperature, when some heat energy is imparted to the valence electrons, a few of them
cross over to the conduction band imparting minor conductivity to the semiconductors.
As the temperature is increased, more valence electrons cross over to the conduction
band and the conductivity of the material increases. Thus these materials have negative
temperature co-efficient of resistance.

BAND BAND
Egé;g‘f ENERGY ENERGY

T GONDUCTION BAND T CONDUGTION BAND

| | |
*1@\!

A
| FORBIDDEN v
seV ENERGY \LNAVARRAHARARARARANAVANAMRA RO
s VALENCE BAND
@) (B) {c)

I CONDUCTION BAND\

b. What is P-N junction? Explain the formation of potential barrier and
depletion layer without external voltage.
Answer:

A p—n junction is a junction formed by joining p-type and n-type semiconductors
together in very close contact. The term junction refers to the boundary interface where
the two regions of the semiconductor meet. If they were constructed of two separate
pieces this would introduce a grain boundary, so p—n junctions are more often created
in a single crystal of semiconductor by doping, for example by ion implantation,
diffusion of dopants, or by epitaxy (growing a layer of crystal doped with one type of
dopant on top of a layer of crystal doped with another type of dopant).

Formation of the Depletion Region.
At the instant of the PN junction formation free electrons near the junction diffuse
across the junction into the P region and combine with holes.

p-type n-type
semicond P/ emiconductor
region

#:electron

Elihole

&) negative ion
from filled hole

{#® positive ion
from removed
electron

The combining of
electrons and holes
depletes the holes
in the p-region and
the electrons in the
n-region near the
junction,

depletion
reqion

Filling a hole makes a negative ion and leaves behind a positive ion on the N side.
These two layers of positive and negative charges form the depletion region, as the
region near the junction is depleted of charge carriers.

As electrons diffuse across the junction a point is reached where the negative charge
repels any further diffusion of electrons. The depletion region now acts as a barrier.

Barrier Potential.
The electric field formed in the depletion region acts as a barrier. External energy must
be applied to get the electrons to move across the barrier of the electric field. The
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potential difference required to move the electrons through the electric field is called
the barrier potential. Barrier potential of a PN junction depends on the type of
semiconductor material, amount of doping and temperature. This is approximately
0.7V for silicon and 0.3V for germanium

Q.7 a. With the help of neat diagram, explain zener diode voltage
regulator.
Answer:

The Zener Diode Requlator

Zener Diodes can be used to produce a stabilised voltage output with low ripple under varying
load current conditions. By passing a small current through the diode from a voltage source,
via a suitable current limiting resistor (RS), the zener diode will conduct sufficient current to
maintain a voltage drop of \Vout. We remember from the previous tutorials that the DC output
voltage from the half or full-wave rectifiers contains ripple superimposed onto the DC voltage
and that as the load value changes so to does the average output voltage. By connecting a
simple zener stabiliser circuit as shown below across the output of the rectifier, a more stable
output voltage can be produced.

Zener Diode Regulator

+W

D.C. input voltage
from rectifier or
smoothing circuit

Win (W) — &
ol
=R
«f.;.‘

ov oY o v _

The resistor, RS is connected in series with the zener diode to limit the current flow through the
diode with the voltage source, VS being connected across the combination. The stabilised
output voltage VVout is taken from across the zener diode. The zener diode is connected with its
cathode terminal connected to the positive rail of the DC supply so it is reverse biased and will
be operating in its breakdown condition. Resistor RS is selected so to limit the maximum
current flowing in the circuit.

With no load connected to the circuit, the load current will be zero, (IL = 0), and all the circuit
current passes through the zener diode which inturn dissipates its maximum power. Also a
small value of the series resistor RS will result in a greater diode current when the load
resistance RL is connected and large as this will increase the power dissipation requirement of
the diode so care must be taken when selecting the appropriate value of series resistance so that
the zeners maximum power rating is not exceeded under this no-load or high-impedance
condition.

The load is connected in parallel with the zener diode, so the voltage across RL is always the
same as the zener voltage, (VR =VZ). There is a minimum zener current for which the
stabilization of the voltage is effective and the zener current must stay above this value
operating under load within its breakdown region at all times. The upper limit of current is of
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course dependant upon the power rating of the device. The supply voltage VS must be greater
than \VZ.

One small problem with zener diode stabiliser circuits is that the diode can sometimes generate
electrical noise on top of the DC supply as it tries to stabilise the voltage. Normally this is not a
problem for most applications but the addition of a large value decoupling capacitor across the
zeners output may be required to give additional smoothing.

Then to summarise a little. A zener diode is always operated in its reverse biased condition. A
voltage regulator circuit can be designed using a zener diode to maintain a constant DC output
voltage across the load in spite of variations in the input voltage or changes in the load current.
The zener voltage regulator consists of a current limiting resistor RS connected in series with
the input voltage VS with the zener diode connected in parallel with the load RL in this reverse
biased condition. The stabilized output voltage is always selected to be the same as the
breakdown voltage VVZ of the diode.

b. Sketch circuit diagram and input-output waveforms of a negative
series clipper circuit and positive shunt clipper circuits.
Answer:

SERIES NEGATIVE CLIPPER
In a series negative clipper a diode is connected in a direction appositive to that of a positive
clipper Fig 3 shows the circuit of a negative clipper.

= QU e Input —p
Voltage(V,)
$e
<>
< 3
3
n
v

D
|-t

2

o Tirme(t) —»
N U U

(=) Positive Clipper (b)) Output VWawveform

Votage )

D 4—S<— D
i
+—<—

Figure 1:Series Positive Clipper

During the positive half cycle pf the voltage, the terminal A is positive with respect to the
terminal B There for the diode is forward biased and it acts it as a closed switch As a result ,all
the input voltage appears across the resistor as shown in Fig 3(b). During the negative half
cycle of the input voltage, the terminal B is positive with respect to the terminal A. Therefore
the diode is reverse biased and it acts as an open switch, Thus there is no voltage drop across
the resistor during the negative half cycle as shown in the output waveform.

It may be observed that if it is desired to remove or clip the negative half -cycle of the input ,
the only thing is to be done is to reverse the polarities of the diode in the circuit shown in Fig 1
such a clipper is then called a series negative clipper
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=W e
P

Voltage Q) TIme(t)

I - N\
'R .
Voltage hd m

o
(=) Time(t) — -
(i)

NN

46— <y
0
04— <

Figure 7: Shunt (parallel) Negative Clipper

Q.8 a. Sketch and explain the shape of the common emitter input and
output characteristics.  Explain how the characteristics are
determined experimentally (

Answer:

COMMOMN EMITTER CHARACTERIZSTICES

The charscteristic curyss of the common samitter configurstion sres shosea Bl oy,
The njput ocharacteristic ourve  showws that the bass-smitter juncotion must e
Bi @ &l lEas by SO0 Y bElong ciarmaml sdll Tloss

— —T - sl
1Y | ﬁn | L] } —

i -t _,_'l_.—r B -g A —

i’n- = 3 1 -] L 4

1 L l | A o3 /
aal— 3 = =1 4

= L J- , J
“E —nT - a4 . uln oA rl;'-"-n- DR o8 mT o
Pass surrani fg, mi e ruiags Vpe, W

Ehgurs fa} Commecan-smdnar pon charsctrrismos | gy werses Fal for dbe IPILITEA  oope-o
wanssor. (&F The same charscierisies pleited wiib Fpy horisssial sl Ff, eiteal. Pots chs
iy w0 8 dicds coree

COMMOMN-EMITTER INFLT CHARALTERISTICS

The output curves Skhowy typdcml ooliector currents depencdent upon the base
currmrd supplised By the mput circoatry sod the ol mge drop m assursc scro e e
collsctor and smitter terminsl s,

= T
Ig = 200 uA
| E——
&0 -
‘E 160
= 30
E ’ 120
E 0
3 8o
| —
"\__‘ _,-_%#m
B A e Figgare Common-cnzitber oal
Tega pat characieristics of & ZN22I24
4 a m-p-m millcon transisvor. A load
o 4 1 & E] [ line correspanding 10 Mo =100V
Caollactor-emitter voltage Fox, W and R, = 500 is superimposed.

COMMOM-EMITTER QUTRPUT CHARACTERISTICS

To make the transistor functional you ==lect resistars that create the base and
collector currents, and vee voltage drop to make it perform to your specifications.
If wou measure the voltage acro=sz the collector and emitter temminals (e g and
wou measure the power supply walue (Voo the collector currert () is zero and
the transistor is said to be in the cdoff mode. If W gis zero voltsthenl ¢ is at the
load ling maxim um and is said to be in saturation mode.

b. Compare the performance and characteristics of CB, CC and CE
amplifiers.
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Answer:

Transistor Configuration Comparison Chart

COMMON & COMMON COMMON

AMPLIFIER TYPE BASE | EMITTER | COLLECTOR

|R NEPLUATT/%UNTSP#IE PHASE 0° 180° 0°
VOLTAGE GAIN HIGH MEDIUM LOW
CURRENT GAIN LOW(o) | MEDIUM(B) HIGH(y)
POWER GAIN LOW HIGH MEDIUM
INPUT RESISTANCE LOW MEDIUM HIGH
OUTPUT RESISTANCE HIGH MEDIUM LOW

Q.9 a. Draw circuit diagram and frequency response curve of single stage
CE amplifier. Also discuss its working.

Answer: Refer article 12.1 of Text Book-11

b. Draw the circuit of Colpitt’s oscillator and explain its operation.
Answer:

+W

@
o R1 L2 RFC
Tank Circuit
4 Cutput
- |_Qv,

L

c2 Cc3 TR1 T
- I Wout
Feedback
R2 % l
Ow
@

The transistor amplifiers emitter is connected to the junction of capacitors, C1 and C2
which are connected in series and act as a simple voltage divider. When the power
supply is firstly applied, capacitors C1 and C2 charge up and then discharge through
the coil L. The oscillations across the capacitors are applied to the base-emitter junction
and appear in the amplified at the collector output.

The amount of feedback depends on the values of C1 and C2 with the smaller the
values of C the greater will be the feedback.

The required external phase shift is obtained in a similar manner to that in the Hartley
oscillator circuit with the required positive feedback obtained for sustained un-damped
oscillations. The amount of feedback is determined by the ratio of C1 and C2 which are
generally "ganged" together to provide a constant amount of feedback so as one is
adjusted the other automatically follows. The frequency of oscillations for a Colpitts

c1

© IETE 11



DE52/DC52 FUNDAMENTALS OF ELECTRICAL & ELECT ENGG | DEC 2014

oscillator is determined by the resonant frequency of the LC tank circuit and is given
as:

where C+ is the capacitance of C1 and C2 connected in series and is given as..
1 _ 1,1 _ G xC
— = =+~ o Cpr=21_722
Cr € G T Ci+6C,
The configuration of the transistor amplifier is of a common emitter configuration with
the output signal 180° out of phase with regards to the input signal. The additional 180°
phase shift require for oscillation is achieved by the fact that the two capacitors are

connected together in series but in parallel with the inductive coil resulting in overall
phase shift of the circuit being zero or 360°.

Resistors, R1 and R2 provide the usual stabilizing DC bias for the transistor in the
normal manner while the capacitor acts as a DC-blocking capacitors. The radio-
frequency choke (RFC) is used to provide a high reactance (ideally open circuit) at the
frequency of oscillation, (fr) and a low resistance at DC.
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