B.Tech.
Second Semester Examination, 2009-2010
Electrical Technology (Paoa-101-FH

Note : Attempt five questions in all Questions no. ! is compulsory. All questions carry equal marks——

Q. 1. (a) State and explain ohm’'s law.

Ans. Ohm's Law : The relation between voltage current a.ad resistance in a circuit is given by the ohm'’s
faw. [t states the relation between V, 1 & R as

V=IR
or 1=
R

Ohm's law is applicable to individual components as well as the complete circuit.

If it is to be applied to only a part of the circuit then voltage and resistance corresponding to that part
should be taken into consideration.

If it is to be applied to the complete circuit. then voltage across the complete circuit and effective
resistance of the complete circuit should be used.

Ohm’s law is net appiicable to anv non-linear device such as diode, transistor, zanier diodes etc. it is
applicable only to the linear devices.

We can use chm's law for AC circuits.provided the circuit consists of only linear components and
devices.

Q. 1. (b) State Milliman's theorem.

Ans. Milliman's Theorem : This theorem can be used either for voltage sources or current sources.

As Applicable to Voltage Sources : Using this theorem, one can determine the Thevenin's equivalent of
a number of voltage sources operating in paralleb—— .. __ -
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To prove, each thevenin's voltage equivalent is transformed into Norton's current equivalent as.
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Q. i. (c) Difierentiate betwee: rmis & average value of signal.

Ans. RMS Value : The RMS value of an ac current is equal to stead;, state vr [n. current thit is required
1 produce the same armount of heat as produced by the ac current providea thai resistance and time *or which
ihese currents flow are identical.

RMS value = 0.707 x Peak value

! ={.7071

rims m
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Current 4
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RMS value | Peak vale
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Average Value : The average value ol'an alternating quantity is equal to the average otall. the instanta-
neous values over a period of half cycie.
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Average value = 0,637 « Peak valie

Fn e

~ 00371, = 06371,

Q. L(dy What s Q-factor of a cirenit.

Ans. Q-Facror ; The Q-facter is gehined as the ratio of energy stored per cycle to the energy 1ost (or
dissipaiady per eyele

Mathematically QQ can be expressed as,

Q=0 A.ﬂ‘}\mmum encray st slored per LVClL
/ tnergy dl‘%\!pd(&d per uclu

Q. 1. (¢) Differentiate between phasc & fine voltages in three phase circuits.

Ans. Line voltage : If R, Y and B arc called as the supply lines, then the potential dxﬁ“e-encc between any
two Imes is known as the line veltage

Viy - Ve Vree Yy Ve and Vg are Six possible line voltages. All the line yvoltages are sine
waves of 361z frequency and the phase shift between the adjacent line voltages is 607

Phase Voltage  The voltage incasured across a smgle windine or phase is called the phase voltage.

Q. 1) Whatare eddy currants?

Aas, Eddy Curvents : Due to the time vary g Hux, there is some induced emf in the transtformer core. This
induced emf causes some currents to flow through the core body. These currents are l\nm\'n as the eddy
carrents, The core is imade of stecl and has some finite resistance, Heree. due to the flow ot eddy currents, heat
wiil be produced. The power loss due to the edd: currents is given by
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Eddy current Joss = (Eddy cux'rem)2 XT

Where r = Resistance of the core

The eddy current losses are minimized by using laminations rather than a solid iron core. These lamina-
tions acts as a separate core with a small cross-sectional area, providing a large resistance 1o the flow of eddy
currents. ' )

Hence, laminations act as a separate core with a small cross-sectional area, providing a large resistance to
the flow of eddy currents. The eddy current loss also is frequency dependent. It is directly proportional to the
square of eperating freqrency.

22
. Fe = Re{Bua ) ft-v

Q. 1, (g) What is the internal resistance of a ammeter?
Aus. Ammeter is used for the measurement of ciirrent. The ammeter is always connected in series with the
Joad, the current through which is to be measured as shown in figure.

Amimeier is connected
ﬂ“_ An _ isseries with the load

<
ol
WW

=
—

ol

o
=

Since the resistance offerend by an ammeter is very small. its introduction in serics with the load does not
alter the circuit conditinns,

Q. 2. (a) Derive expressions for converting STAR circuit to Delta circuit.
Ans. Star to Delta Conversion :

We know that values of star are :

R RiR, -
A= R| +R‘) +R3 (l)
R.R, /
Ry = 20 ..
PR +R; Ry A0

Download all btech stuff from StudentSuvidha.com



http://studentsuvidha.com/
http://studentsuvidha.com

__ RsR,
R| + R2 + R3

Multiplying equations (i) and (ii), (ii) and (iii). (iii) and (i) and adding them :

Re

R(R3R; + R RoR3 + RIR,R;
(R|+R|+R3f

RARB+RBRC +RCR/\ =

_RiRy Ry

(R| + R2+R3)2

R| R, R;
RARp+RyRe+ReRy =t
ARB* BBt ReRa (R, + R, + Ry)
Divide equations (iv) by equations (i). (ii) and (1ii) simuitaneously.
RAR(
R, =Rj +Re +-—2-¢
Rg
RaRg

Ry =RAp +Ry+—
2=Ra+Ry+ =7

RgR¢
Rg—‘—RB'PRC-O- B¢
o : Ry -

Q. 2. (b) Find the current through 5Q) resistor.

1062 . 5Q 1€
MWL MWAL MWW

EACD §m Q 1A

Anms. Let current across 50 be i as shown in figure.
Apply KVL:

10Q . 5Q 10
o MMMV A
(‘ 1 + 4

(X}]
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(1)

By seeing from the figure,
S ;i +4

By KVL inloop i)

1

A1+ )2 {1y 4]+ 41 =0

M I R TR A Pt
7Y +28+41) - d=0

‘”] - ?4

24

= o
Y

From equation (i)
24
{f' ‘l "}"4 == "?‘r‘* 4
i)

.20
1= Il Amp.

.20
Current across D =i= 7 Amp. Ans.
Q. 3.(a) Fiad Norton's equivalentcircuit to the left of terminal x-y in the Fig. show.
,_%x

N
6£2§ \\‘b 0 442

iy [

Ans. As the circuit 1o the left of x-\ in fig. does not have any independent source hence | .(=1y)=0.

602

N
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To find Ry, through x-y, but x-y be kept open circuited and a de voitage Vg4, is applied, input current

being ig, .

: A
Here. =9 408+t
erc go == M

But i= =

=20 Ans,
Q. 3. (b) State and explain reciprocity thcorem. Derive results for it.
Auns. Reciprocity Theorem : In any branch of a network, the current (I) due to a single source of voltage
(V) else where is the network. is equal 1o the current through the branch in which the source was originally

placed when the source is placed in the branch in which the current (1} the branch in which the current (1) was
originally obtained.

Fxample:
20 [ 1Q
X S, W\ > NA__ a
Y L
v G} % 3Q % 2Q
b
Y
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2Q 1Q I

S
3Q
Gt>10\/
Y [3

b

Y
With reference to fig.. the equivalent resistance across XY is given by,
Req =[(2+1)113]+2=3.5Q

10

I} =—=286A
35
3
I, =286 =143A
3+3

I;=286-143=143A
With reference to fig. (ii)

6 . 21
Reg =(2013)¥142=2+3="=420

L= 9% 223814
42

Iy =12i=2.831x§=l.43A
342 5

Hence we observe that when the source was in branch x-y, as in fig. (i), the a-b branch current is 1.43A;

again when the source is in branch a-b, fig. (ii) the x-y branch current becomes 1.43A. This process the
reciprocity theorem.

Q. 4. (a) A direct voltage of 200V is suddenly applied to a series LR circuit having R = 20Q and

inductance 0.2H. Determine the voltage drop across the inductor at the instant of switching on and at 0.02 sec
later.

~

Ans. As soon as the voltage is applied.
di

Ri +L—=V
dt
Or 20i+0.2-:—:%=200
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Due to the presence of the inductorat t=0",i=0

Hence, the drop across the resistor being zero, 200V drop will appear across the inductor.

Hence, at instant of switching, the voltage drop across the inductcr is 200V. The charging current is given
by

iz—i\{—/(l—e“”)

i= EO-Q(I —e_‘/(L"R))
20

- lO(l—e”“’O')

t

t=0.02sec. i =10{1~e”0000)
i=8646A .
The voltage across the inductor after lapse of 0.02 sec from switchiag is
L% =200-iR =200 -8.646 x 20
=27V
The rate of change of current at t = 0.01 sec, is then
di 27V, 27
dt L. 02
=135A /sec. ‘
Q. 4. (b) Derive an expression for transient response in series R.C. circuit with sinusoidal excitation

Ans.

o2So-

2R
v ~> ’
| J
V = Vy sin(ot + ¢)
Application of KVL in the series RL circuit of fig. yields.

R; +-é—f idt = V,, sin(wt + ¢)
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Differcntiation of equation gives.

t]., oV
P+— [i= —"cos{wt -+ )
R. R
Tne complementary function being i the curreni solutions of the differential equation is given by
i=ic+ip
i, = ¢'e VRC i being a constant
: \ ! R
iy = e M sin| ot + ¢+ tan ' -—-
(2 32 »®CR
YR +(1/0c)
. —1i2¢ N4 - !
i-celee ~—‘—-A—'l‘r-__—<_-.—_sm! ot + ¢=+tan '»———-)
CR

\,Rzﬁ(l«u)c)2 b Wt

In order to determine the constant ¢’ the circuit condition at t = 0.is considered. Att = (.. the capacitor acts
as a short circuit.

Vi .
ig (initial current) = —Rm—sm¢

Hence, setting t = 0, the complete solution beéomes,

V, M
ig| =—Msing |=c'+— Mo —sin| ¢+ tan”' L
0 R [75 2 wCR
- YR +(1/ oc)

Vv V
¢z —Lsing e sin(d)ﬂan‘l ——l—)

R 1 )2 owCR
. ()
. ®c

Substituting of ¢’ value,

. —uRrRC! Vin . V., 2
i=e VRO 2 ging o0 in ¢+tan”'| ——
R R 1\2 mcR

R +|- -
(U)C)
V
+——"‘*_sin(wl+¢+zan"(~—l—))
R2 [ 1 )2 . ocR Ans,
+| —

c

Download all btech stuff from StudentSuvidha.com



http://studentsuvidha.com/
http://studentsuvidha.com

Q. 5. (a) Derive the expressiun of resonance frequency and impedance in case of parallel RLC circuit.
Ans. Resonance in Parallel AC Circuit:

1.

ey R
N MV AN
AN
{
L j L lR | C(v\)
B . .
e © o 4 7Y
. i
|
{2 ] !
~ / . ) V\K |
i \_, IR oY om0 2 g
V=V, sinwt
At steady state
[C = iR—L sin®@
Ay _ A% XL
Xe  n? w2 fn? . 2
Xoo JRTeXPLRIAXE
X .Xe =RE+X3
1
R? +(oL)" = oL
oC
w?‘LZ-L—R2
C
z:_l__[fif
LC \L)
) ;(5\,2
LC L/
2
} R
2nfe = f——| —
“"Vic (L)
/ NS _'__(5)2 A
CTox\ie (L) A™

Q. 5. (b) Find the voltage of the capacitor at ¢ = 0 + assuming no charge st{)red in the capacitor att=0.
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3Q 1Q :
O @

() e Ly

Y —-.

Ans. Let the voltage at node (1) be v, and thatat (2) be v, .
Applying KCL at node (i)

n-% =2i+i=3i=3(E_v')
i 3

Vi—Vy =E—V|

2vi=E+vy

E+v,
Vi = >
Using KCL at node (2)
AL +c$2=0
1 dt
Or v2~vl+—qv—2=0
E+V2 dV2 P
Vy———t—==
2 dt
~ Va dVZ E
Or + =
2 d 2
E
Vz(P+0.5)=—2—

This differential equation would have 2 complementary as well as particular solution.
The complementary solution is,

-05
Vz(t)comp =Ce t
While the particular solution is.
E/2 '
V2(thpan = 55 =2V (vE=2v)
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-. Complete solution is v, (t) =2 +c;e 0

Application of initial condition.
(Vz = 0) }’ields
Cy = -2

~0.5t v

vz(t)=2—2c,e Ans.

Q. 6. (a) A rms voltage in a three phase star circuit is given by 231V (ph-N). Write the instantaneous
voltage expression. If the current in each phase lag the corresponding phase voltages by 30°, what are the
expressions of instantaneous currents.

Aus, In Y-conrection

Vi = ‘/E\'ph

= 1732 x 231
\v'"._ L= 400\/’
Vigy 5y = V2(390jsimwt = S66sinwtV
Vo) = S3hcm(we - 24000 *

Vigp 1) = SSESiemat, 240°)

= S56sin{at+ 1207)V

As the pnase currents would {ag the coreesponding phase veltages by 30°.

231) . —
Hence. lR(rh) -’—( 7l J”\F. "»”‘(‘.H~3()°) ;
=327sin(wt - 30°)A . [4 = ]Q}
-

Fy(on) = 327sin(wt-120-30)
=327sin(wt —150°) A
gy = 327 sin(wt+120 - 30)

= 327 cin(wt + 90°)A Ans.

Q. 6. (b) Explain the rircuit used for the measurement of three phase power hy two wattmeter methed.
Derive expressions fo-it.

Ans. Three phase power measurement by two wattmeter method are -
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(1) By Star-Connection.

VQ -V
1
BT N
\rz - V3
l _NVV\,.\‘_
04 oy,
- 7 >
/ :
— s
AWy
Total instantaneous posver
P:V|:i '\?i;""\’}i_; (l)

By KCL at node N.
if*ip+iy3 =0
3= =) +is)
Put value of , i3 in equation (i)
D= vyt = vols = Vyip - vy
=iy va) iz vs)
P=w;+w,

(ii) By Delta Connection :
Total instantanecus power

P = Vi§|+\(2i2 J'V_‘i'; (l)
ByKVL, \’l'r‘\’? +V;:0

Vi= by 4y
Put v, inequation (1)

P= vaip - vil s vsls + vl
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= valiy —iz)+ vy —1y)

P=wi+w,.

g ( A
w,I- >
e
W PRY
Q. 7. {2) Draw the phasor diagram for tie tronsformer at resistive, inductive aad capacitive loads.

Ans. Phacor Diagram :

e — P V. i

.,_.-(x._ﬁ_/., Y, W .
-ﬁ_,_w ,
I \

At
- | SR
\ 4 “i, s ?)
— - - —— - — -»‘
Flox ¢ = ¢, sinnt (1)
By lenz law,
-Nd¢
at
cE-N =g anwt

N, wWeoswi

= Ay, wetn{w ’)’W)

Download all btech stuff from StudentSuvidha.com



http://studentsuvidha.com/
http://studentsuvidha.com

E| = Nidmwsin(wt ~90°)

i)

For primary,
For secondary E; = Ny ywsin(wt —90°) i)
"E‘VI q..(iV)
E; =V, (V)
Iy =lpcosdg (i)
I =lgsindg . {vii)
Or 13 =13+1%, (Vi)
I =lg+1 (i%)
(i) Resistive Load : v, i are in same phase.
“Ey =V g
N P - 1
- - !
- ]
LA
K !
' I
fw { T 1 2
]
1
!
> >0
lm
Y,
Iy
V'E, = V,
(ii) Inductive Load :ilagby v.
~-E, =y A
I,
> ¢

| Y E,

o\ Es =V,

I
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(iii) Capacitive Load : ilead by v.

H A"EB=V
7R~
// \\
// ‘Dl
h J ’

I

Q. 7. (b) Explain the open and short circuit test of transformer.
Ans. Open Circait Test : The setup for O C.test of a transformer is shown in figure.

Wattmeter

Secondary
is open
V circuited
Variac SNy =6
AC
supply S
L]
L.V Side ' H.V. Side

The primary winding of the transformer is connected to the rated ac voltages by means of using a
variance. A voltmeler is connected across the primary winding to measure the primary voltage. An ammeter is
used for measuring the primary current & the wattmeter is connected to measure the input power. The
secondary is open circuited because it is Open Circuit (0.C.) test sometimes a voltmeter is connected across the

secondary to measure V, = £ . Note that the ac supply voltage is applied generally to the low voltage side
and the higher voltage side is used as secondary.
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Short Circuit Test : The setup for carrying out the short circuit test on a transformer is shown in figure.

wattmeter Secondary
T 7T Primary
! P e S
: : Bf\/\\— : B
AaC |} T } -
supply
Short

——O i
| Variac CIrCunt
—_—

o

Transformer
under test
(i)  Variable is used to adjust input voltage precisely'tothe rated voltage.
(i The voltmeter is connected to measure the primary voltage. The ammeter measure the short circuited

rated primary current 1. & the wattmeter measures the short circuit input power.

(i) The secondary is short circuited with the help of thick copper wire.

(iv) Generally the high voltage side is connected to ac supply & the low voltage high current side is
shorted. Co

Q. 8. (a) Draw and explain the construction and working of induction motor.

Ans. Construction & working of induction motor.

(i)  Basically induction motor consists of two main parts :
G¢) The stationary frame called stator.
(i)  The rotating armature called rotor.
(i)  Similar to stator, the rotor drum is provided with s'ets.

(i)  The statoris a stationary winding which can be a star connected or delta. Connected and connected
to be3-phase ac supply through a switch.

R l
Stator
B - O—]
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R
o . ‘Stator
v
"y
6 T
B

Staier Vinding Connections
(i)  The function of stator winding 1s to produce a rotating magnetic field in the air gap between the
stator & rotor.
(iv)  Rotor is the rotating winding.

(v)  The rotor is not connected to any external supply. The current flows through the rotor due to the
principle of induction. Hence, the name induction motor:

(vi)  Rotor can be of two types namely squirrel cage rotor and wound rotor.

Q. 8. (b) What are synchronous machines? Draw their block diagram and explain their working.
Ans. Synchronous Machines : )

(i) A synchronous machine is electrically identical with a alternate or are ac generator.

(i) However when used as synchronous machine, the three phase ac supply is connected to the stator
& external excitation is connected to rotor field.

(iii) The synchronous machine will the operated as a motor to deliver rotational mechanical energy to the
load.

(iv) The speed of rotation is called as synchronous speed N which is directly proportional to supply
frequency because,

120f

P

(v) The idealsynchronous motor does not have any losses. Because there are no losses, the motor will
draw zero armature current.

N, =

(vi) The magnitude of E,, and V is same & E}, opposes Ey, as shown in phase diagram.

E
/“\\/ h

> - >V v 7
\ ’
E N 7/
b N P
- o

The phase difference between V and E), is zero. Hence,

- V-E
=~ b-o
S
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(vii) However practically it is not possible because there are losses taking place even at no load. In order
to avercome these losses & keep rotor rotating some power has to be drawn from supply. For this
purpose, some armature current should be drawn.

(viii) Due to various losses present on no load, the rotor slips back behird the stator poles by a small
angle called as load angle or torque angle or power angle § .

(ixy  The rotor however keeps on rotating at synchronous speed du. to magnetic locking.
(\)  The phasor diagram on no load condition with losses is shown. Note that magnitude of E;, is same

as that of v but E is not exactly opposite to V.

() Instead E, makes an angle d"§" with respect to its initial position.

Eh-\“""‘"' AN
Rt N
O is small S

(xii) Hence the vector difference between V and Ej, isnotzero. Instead the vector ditference between V
and E, isequalto 1,Z.
V-Eg=1,7,
(xiii) Thus the armature current I, is dependrat on the phasor difference between V and E,.

r no loads conditions the load. _
angle § is small.

Q. 9, Write short noteson :

(i) Watt meter

(ii) Energy meter.

Ans. (i) Watt Meter:

(i) The wattmeter is an instrument which can measure that power in single or three phase ac circuits. It
gives its reading directly in watts.

(i) The wattmeter has two different coils namely voltage coil and current coil. The voltage coil is also
called as pressure coil. It is the moving coil. )

o—1 NV

o —© L (Load)

(mains) Current coil
¢e YTV (voltage coi

(common) vmmg@m age coil)
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Current Coil :

(i) The coil shown between the terminals M(mains) & L (L oad) is current coil. It is fixed coil.

(i) 'tis to be connected in series with load.

{iit) The resistance of this coil is smatl due to its large cross sectional area and small nuimber of turns.

Voltage Coil or Pressure Coil : '

(i) The coil shown betweeit the terminal C (common) & V {Voltage) is called as voltage or pressure coil.

(i) 1t is always connected across the supply to measure the voltage. ’

(iii) The resistance of voltage coil is large. It is made of thin wire with a large number of turns,

Wattmeter Reading :

(i) Let the current flowing through the current coil be 1, and let the voltage across the pressure coil be
Vic.

(i) Then the wattmeter reading is given by,

\V = \"pc - lc > COS( Vpc A lc)
T |
Wattm'eter Voltage Voltage Angle between
reading  across across
pressure pressure Vpe & ¢
coil coil

The wattmeter reading is proportional to the cosine of the angle between Vp. & 1, ie.. cos| Voe A lc) .

(ii) Energy Meter : Energy is defined as the product of power & time. It is measured in watt-hour or
cillowatt-hour (kWh).
(i) The meter used to measure the energy consumption is known as energy meter.

(i) Therefore an energy meter must consist of a current coil & a voltage coil (similar) to a wattmeter) &
an additional device which will count the time.

Induction Type Energy Meter :

() The induction instrument described above is very commonly used as an energy meter construction
of energy meter.

(i) The two exciting coil act as current coil and voltage coil and disc acts as a time counting device.

(i) The disc is kept free to rotate continuously, speed of disc depends on the power supplied to the load.
More the load, higher is the disc speed.

“(iv) Inthis instrument a gear train is provided to count the revolutions of the disc. Number of revolutions
of disc are directly recorded in terms of energy consumed. '
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Copper

shading
] bands Pressure
/ coil
c- 7
‘/ g
: VR
E C : <:___ l.oad
Supply ' mapl
Dise 3
7 1 [[/]]
Current E“b £:
coil
) B
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