UNIT - I

D.C. Circuits

1

/-;.1 : Electrical Circuit Elements ( R, L and C)

Q.1 Write a note on circuit elements R, L and C,
specifying voltage and current relations for them.
OS°[INTU : Part B, Dec.-11, 16, Marks 5]

Ans. :
1. Resistance (R) : The resistance is opposition to

the flow of current. It is denoted as R and its

symbol is shown in the Fig. Q.1.1.
i R
o i M °
+v(t) -

Fig. Q.1.1

o The factors affecting resistance of a material are,

i) Length (I)
iii) The resistivity of the material ()

ii) Area of cross-section (a)

¢ The resistance is given by,

r——— —

a

i

o It is measured in ohms.

o It's voltage and current relations are,

and v(t) = i) R

2. Inductance (L) : The property of a coil which
opposes any change in the current passing

through it is called an inductance. It is denoted
as L and its symbol is shown in the Fig. Q.1.2.

- = ~—— Flux

iL(t) l’ \; 7¢
o
v (t)
Fig. Q.1.2

* It stores energy in the form of an electromagnetic
field.

e It is measured in henries (H).

o It is defined as total flux linking with the coil
divided by the current producing the flux.
o 1

| 1

' ... N = Number of turns of coil

o It's voltage and current relations are,

i t . d‘
it = %IV(t)dt+1L(0), Vi(t) =L 1‘11_:1)
0

where i (0) is initial current through L.

3. Capacitance (C) : The property of a capacitor to
store an electrical energy in the form of an
electrostatic field when a potential difference is
applied across it is called capacitance. -

o It is denoted as C and its symbol is shown in the
Fig. Q.1.3.
O
. L
velt)

Fig. Q.1.3

e It is measured in farads (F).

e The charge acquired by a capacitor is proportional
to the voltage applied and the constant of
proportionality is called capacitance (C).

:C=% or Q=CV

e It's voltage and current relations are,

dvc(t)
dt

- lic)=C and vc(t)=%jic(t)dt+vc(0)i

where v ~(0) is initial voltage on capacitor.

_— — ————————
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Basic Etectrical amd Electronics Engineering

Q.2 Write the V.l relations for R, L and C
elements. UST[INTU & Part-A, Aug.-18, , Marks 2)

Ans. : Refer answer of Q.1.

Q.3 Mention the factors affecting the resistance
of a material. USP[ INTU ; Part A ¢ May-04, 08, 13,

Dec.-05, 07, 09, Marks 3]

Ans. : The various factors affecting the resistance of a
material are,

1

) Directly proportional to length of the materlal,

2) Inversely proportional to cross-sectlonal area of

the material,

3) Type and nature of the material, whether it is

conductor, insulator or semiconductor.

4) Temperature,

Q.4 Draw the V-] characteristics of resistor.

IS [INTU : Part A, May-17, Marks 2]

Ans. : For resistance R, the relation between V and 1
is given by V = IR. Thus it is a linear relation and the
V-I characteristics is straight line as shown in the
Fig. Q4.1.

I

P

-

Slope = 1/R
0 - v
Fig. Q.4.1
Important Points to Remember )

Any arrangement of the various electrical energy
sources along with the different circuit elements
is called an electrical network.

A part of the network which connects the

various points of the network with one another
is called a branch.

A point where three or more branches meet is
called a junction point.

A point at which two or more branches meet is
called node. The junction points are also the
nodes of the network.

Mesh (or Loop) is a set of branches forming a
closed path in a network in such a way that if
one branch is removed then remaining branches

1.2

- et r_).'c’c"('u"‘
1.2 1 Voltage and Current Sourcey | Lo
Q.6 Discuss the different types of voltage o, o
current sources used In electrical circults, 4
ISIINTY 1 Part B, May-03,08, Dec,-07,18, Markg 5 la!

OR Define Independent and dependent SOources,
U3 [INTU 1 Part A, Aug,-17, April-18, Marjq 2)

Ane. : e There are two types of energy BOUrces .
voltage source and current gource, : .
* These are further classified as independent B0Urcey

and dependent sources.

1. Independent voltage source : The energy source
which gives constant voltage across its terminalg
irrespective of the current drawn through i
terminals is called independent ideal voltage
source.

¢ But practically it has small internal resistance in
series with it due to which voltage across its
terminals decreases slightly as current increases,
This is shown in the Fig. Q.5.1.

Internal
rosistance Rso Iy
N When thers is ng
» load, ) =D eand
A p Vv,
(a) Clrcuilt (b) Characteristics

Flg. Q.5.1 Practical voltage source

* For ideal voltage source the value of the internal
resistance is zero.

2. Independent current source : The source which
gives constant current at its terminals irrespective
of the voltage appearing across its terminals is
called ideal current source.

* But practically it has high internal resistance
connected in parallel with it. Due to this current
supplied by it slightly deceases as the voltage at its
teminal increases. This is shown in the Fig. Q5.2.

do not form a closed path.

J

WM

L 3
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frteinal
(88IBIANCE
\

[P
Thus oa Jep
inreasas, I

decreases
[N

(8) Clrguit

L
(h) Characterstic

Fig. Q.8.2 Practical current source

o For ideal current source the internal resistance is

infinite,

3. Dependent sources : The sources whose value

depends on  voltage or current, present
somewhere else in the same circuit are called
dependent sources,

» Such sources are indicated by diamond and further
classified as,

i) Voltage dependent voltage source : It produceg a

voltage as a function of voltages elsewhere in the
given circuit. This is called VDVS. It is shown in
the Fig. Q.5.3 (a).

ii) Current dependent current source : It produces a
current as a function of currents elsewhere in the

given circuit, This is called CDCS. It is shown in
the Fig. Q53 (b).
iii) Current dependent voltage source : It produces a

voltage as a function of current elsewhere in the

given circuit. This is called CDVS. It is shown in
the Fig. Q.5.3 (c).

iv) Voltage dependent current source : It produces a

current as a function of voltage elsewhere in the
given circuit. This is called VDCS. It is shown in
the Fig. Q5.3 (d).

—0 ¢
+ -
VIKV..< E l-Kl,({é Ve K1,< i l‘K\ﬁ(%i
() () () (@

Fig. Q.5.3

¢+ K is constant and V; and I, are the voltage and

current respectively, present elsewhere in the given

dircuit. The dependent sources are also known as
controlled sources.

—_—

——— S

| The stxengfn of voltage
' or current is not

| changed by any
variation in the

The strength of voltage
or current gets changed
by the variation in the
connected network.

D.C. Clrcuits
Q.6 Differentiate  between Independent and
dependent sources.
E3F [INTU : Part B, May-19, Marks 5]
Ans, :
E Sr, , Independent sources Dependent sources \
No.|
1 ! It is the source whose It is the source whose
| value does not depend  output value depends
| on any other quantity in upon the voltage or
| the circuit. It maintains  current present
i | its value constant at all  elsewhere in the circuit.
the Umes
2. The two types are The four types are B
! | voltage source and voltage dependent \
\ current source. voltage source (VDVS), |
! voltage dependent |
[_ current source (VDCS), %
[ | current dependent i
| voltage source (CDVS), |
‘ - current dependent i
| ' curtent source (CDCS). |
| 3. Symbolis, Symbol is, 1
{ H
|
7
| 4|
i
|

connected network.

Important Points to Remember

¢ Terminal voltage : If a voltage source has finite
resistance R,, and the current driven through
load is I then the voltage available across the

load is called terminal voltage of the source
denoted as V;. Mathematically it is given by,
Vi = V-I; R, as shown in the Fig. 1.1.

Vi= V1R,

For no load i.e. open
circuitload, §, =0
andV,=V

< S
Y recHmcaL PUBLICATIONS®: An up thrust for knowedge
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Basic Flectrical and Elrctm'niq Engz'fuen‘ig_ ) ]
Q.7 A certain voltage source has a terminal
voltage of 120 V when the load current is 1 A.
When the load current is 2 A, the terminal
voltage is 100 V. Calculate the internal
resistance of the voltage source, open circuit
voltage and short circuit current.

IS [INTU : Part B, May-17, Marks 5]

Ans. :
Ree I;=1A Ree L2=2A
¢ 12\81\/ Ro v 10}% it
/ /
Sourca Source
(a) (b)
Fig. Q.7.1
Vi = V-1 R,
120 = V-1 X Rge
and 100 = V-2R,,
Solving, V = 140V,
R 20Q

Open circuit voltage = V = 140 V
For short circuit, R; =00Q

. \"4
. Short circuit current = —'— = 7A
Ree

E.Ii : Ohm's Law and leltatlons—]

Q.8 State Ohm's law and its limitations,

B [INTU : Part A, May-06, 13,17,
Dec.09,11,12,18, April-18, Marks 3]

Ans.: s The Ohm's law gives relationship between

the potential difference (V), the current () and the

resistance (R) of a d.c. circuit.

oIt states that,
electric circuit

Proportional to
provided the temperature remains constant.

Where | is the current

I“‘E

1-4

e . D¢
. C”Fﬂr,
R
+ ,' j , : -
\"

Fig. Q.8.1 Ohm's law
o The unit of potential difference is defineg in

way that the constant of pr0porﬁonamy ) m;;fh a
1
sOhmslawis 1=g amperes or Vapg o

oF %’ = Constant = R ohms

Ve - ~———

® The Ohm's law can be defined as, the rag, 0;
potential difference (V) between any tyq Points of,
conductor to the current (1) flowing between the,
is constant, provided that the temperature o the
conductor remains constant.

* The limitations of the Ohm's law are,
1. It is not applicable to the nonlinear devices sy,
as diodes, zener diodes, voltage regulators ete,
It does not hold good for non-metallic conductors
such as silicon carbide. The law for such
conductors is given by,
V= k1™ where k m are constants,

3. It is not applicable to electrolytes.

It is not applicable to discharge lamps ang

vacuum tubes,

5. Itis valid only at constant temperatures.

1.4 ; Series Circuit of Reslstanceq

:
Fomibih

)

e gttt i

[ Important Polnts to Remember )

* A sedes dreuit s one in which several
resistances are connected one after the other.
Such connection is also
connection or cascade connection. There is only
One path for the flow of current.

* The total or equivalent resistance of the series
crcult is arithmetic gum of the resistances

Scanned with CamScanner
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D.C. Circuits
a9 State the characteristics of serles clrcuit.

Ans. : 1) The same current flows through each resistance.

2) The supply voltage V is the sum of the individual voltage drops across the resistances
je. V=V +V, 4+ V)

3) The equivalent resistance is equal to the sum of the individual resistance
4) The equivalent resistance is the largest of all the individual resistances

ie. Ref iR Reg TR0 Req > R,

1 5 Par'\llel Clrcult of Reslsu\nces\

—

Important Polnts to Remember

« The parallel circuit is one in which several resistances are connected across one another in such a

way that one terminal of each is connected to form a junction point while the remaining ends are also
joined to form another junction point.

In general if ‘'n' resistances are connected in parallel,

1 1
—t—te— it —
L tq Rl R2 R* . Rn

Q.10 State the characteristics of parallel circuit

Ans.: 1) The same potential difference gets across all the resistances in parallel

2) The total current gets divided into the number of paths equal to the number of resistances in
parallel. The total current is always sum of all the individual currents

3) The reciprocal of the equivalent resistance of a parallel circuit is equal to the sum of the reciprocal
of the individual resistances.
4) The equivalent resistance is the smallest of all the resistances
| Reg < Ry, Reg <Ry, ., Reg <R

5) The equivalent conductance is the arithmetic addition of the individual conductances.
¢ The equivalent resistance is smaller than the smallest of all the resistances connected in parallel.

Q.11 Find the equlvalent resistance across the terminals A-B as shown in Fig. Q.11.1.

05" [INTU : Part B, Aug.-17, Marks 5]

: .

, 12kQ N

AAAA i

i

3% AMA——AW, %

2 kQ 6 kQ

"\\ - t)

- Bo i

Fig. Q.11.1 '

R—W
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1-6
Aﬂs-vi The flrcuxt can l?e rearranged as shown in the Fig. Q.11.1 (a). Sy e
A 7 ¥an
r 12 k2 I 2
{ e Aropr
' A W * NW———p tor &
| Lo N e
Rag —= Sk L ‘:.byuw In o
by adzksd 475 golt
Sysis12v2 -
Bo— & alwr
(s)
12 k2 12 ¥s2 .
—WW——— ¢
P (12«2} ety ;
—~——1— Pariied ,
Ao— —AM—AMA, Ao AMA 40 ,
2 kg2 4kQ ‘L e '
RAB—- %4“9 R < € ¥e
| AL —— 4 kﬂ% =6 ¥
B o— Bo_ 3
(b) (c)
4kQ
Ao \ g ’VM RAB=4k.(l“4k.(2
| ~——Parallel (= _4KQx4KQ | J
| Rag —e  4KQ 4KQ + 4 kO
/ = 2k
Bo
(d)
Fig. Q.11.1
1.6 : Kirchhoff's Laws
Q.12 State and explain Kichhoffs laws. State its applications and limitations.
) ES"[INTU : Part B, May-04, 06, 09, 19, Dec.-05, 11, 12, Aug.-16,18 Marks 5]
Ans. : There are two Kirchhoff's laws.
1. Kirchhoff's Current Law (KCL)
e The total current flowing towards a junction point is equal to the total current flowing away from
that junction point.
¢ Another way to state the law is,
The algebraic sum of all the current meeting at a junction point is always zero.
. 31 at junction point = 0
Sign convention : Currents flowing towards a junction point are assumed to be positive while
currents flowing away from a junction point assumed to be negative.
e Consider a junction point in a complex network as shown in the
Fig. Q12.1. The currents I; and I, are positive as entering the
junction while I; and I, are negative as leaving the junction.
» Applying KCL, 3’1 at junction O =0
Il +IZ —IJ —14 =0 Le, Il +I2 A I3 +I4 F'Q- Q.42.1 Junction W‘m
— — ———— = = = ,—:T
T “TECHNICAL PUBLICATIONS®- An up thrust for knowledge DECOOt
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2. Kirchhoff's Voltage Law (KVL)

»In any network, the algebraic sum of the voltage
drops across the circuit elements of any closed path

(or loop or mesh) is equal to the algebralc sum of
the em.f.s in the path"

In other words, "the algebraic sum of all the branch
voltages, around any closed path or closed loop 1s
always zero.”

Around a closed path Y V= 0

o The law states that if one starts at a certain point
of a closed path and goes on tracing and noting all
the potential changes (either drops or rises), in any
one particular direction, till the starting point is
reached again, he must be at the same potential
with which he started tracing a closed path.

o Sum of all the potential rises must be equal to sum
of all the potential drops while tracing any closed
path of the circuit. The total change in potential
along a closed path is always zero.

Applications :

o Kirchhoffs laws are used in the analysis of
electrical networks, in mesh analysis, in node
analysis, in the analysis various electronic ciruits
etc.

Limitations :

1. Applicable to only lumped element model of the
circuit. '

2. Not applicable to high frequency circuits.

3. Not applicable if fluctuating magnetic field is
linking with the closed looop.

4, Valid only if the total electric charge remains
constant in the region for which the laws are to
be applied.

|

Important Points to Remember

Sign conventions for KCL

» For KCL the currents flowing towards a junction
point are assumed to be positive while currents
flowing away from a junction point assumed to.
be negative.

N

—

e ——————— e

————— e ————
LJ
T TECHNICAL PUBLICATIONS®. An up thrust for knowledge

e

k

D.C. Circuits

Sign conventions for KVL

o The current always flows from higher potential
to lower potential. Hence the polarity of the
voltage drop acrows the resistance along the
current direction fa to be marked as positive (+)
o negatlve (=),

¢ While tracing a closed path for KVL, if we go
from - ve marked terminal to + ve marked
terminal, that voltage must be taken as positive.
This is called potential rise.

¢+ While tracing a closed path, if we go from +ve
marked terminal to - ve marked terminal, that
voltage must be taken as negative, This is called
potential drop.

s The sum of all such potetial rises and potential
drops must be zero for a closed loop under
consideration, according to KVL.

If there is current source in the network then
complete the current distribution considering the
current source. Buf while applying KVL, the
loops should not be considered involving
current source. The loop equations must be
written to those loops which do not include
any current source. This is because drop across

k current source is unknown. )

Q.13 For the circuit shown in Fig. Q.13.1 find the
current flowing in all the branches.
13 [INTU : Part B, May-17, Marks 5]

I 20 L+l, 30
B '1 :VVV\v_ C 1 il 2 +W D
il AL L
= =10V =
30V T 5V
l E l
+ ” .’
A i F %ﬁ .
Fig. Q.13.1
Ans. : Apply KVL to the loops BCFAB and CDEFC
| ~21,-10+51,+30 = 0 * ie.
~3(1, +1,)-5-4(1 +1,)-51, +10 = 0 ..(1)
-7, -121; = =5 w(2)
Solving,

I, = 44915 A, 1, =-2203A, Ij+]; =228 A

%
pEcoDl

N——
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Hence currents in various branches are,

[ Branch AB, BC, AF CF CD, DE, EF

2288 A

-2203A 7T

Current 44915 A
ie. 2203 A .

Q.14 In the circult shown in below Fig. Q.14.1.
Find the current in the each resistance.

I=5°[JNTU [H] : Part B, Dec.-12, Marks 5]

’\’VW1SQ

D
B w——% a—t

30Q 70
MM4OQ

+ —
— O o

220v DC
Fig. Q.14.1

~Ans. : The resistances 15 Q, 30 ©, 40 Q are in parallel.
] 1 Ye.0-1

R 15130 40

ie R=8Q
The drcuit becomes as shown in the Fig. Q.14.1 (a).

v —
8Q 72  p

M ANN——9
Rl

A 100

0 =
+ -
220V

Fig. Q.14.1 (a)

V 20 _gsa

L= for87 ™25

- Drop across

Rf VI = R’XI

It

8x88=704V

But R is parallel combination of 15 Q, 30 Q, 40 Q
hence drop across all of them is same as V' = 704 V.

3

Lis = 7c = 4693 A,

¥
30

I 30 = 2.3467 A,

1-8

—————— DLy,
lip = 35 =176 A

While I, =1, =1=88A a3

Cross check that I =I5+ 15+ 14 A_:_!

Q.15 For the circuit shown in Fig. Q.15.1. Obtas, =

voltage between points X and Y.
5 [VIU : Aug.-99, July-09,15,17, Maris g

5 4

" \/——‘
2V.— 30 4N 29 in

‘___/ — I

a Y 10
Fig. Q.15.1
Ans, The branch currents are shown m the
Fig. Q151 (a). Apply KVL to the loop cXaac,
+21; +3[,-2 = 0 je. I;,=04A

2Q

Fig. Q.15.1 (a)

Apply KVL to the loop bdeYb,

ie. I,=05A
31, 21,
- -+ a L b -+ —_
Xo— AW —— —A\WA—o Y
3Q e 2Q
- + 4V + —
3x04 2x05
=12v =1V
Fig. Q.15.1 (b)

To find Vyy, consider path XabY 2nd write
vol'fage drops as shown in the Fig. Q151 (b) acros
various elements. Adding algebraically the varion
voltages,

Vyy =4+12-1
=42 V with X negative wrt Y.

®
T TECHNICAL PUBLICATIONS®. An up thrust for knowlsdge
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ectronics Cngineering
- 1.7 : Electrical Power |

Q.16 Define elecirical power and state its unit.
Ans, :

T

{¢ The rate at which electrical work is done in nu‘
|

electrical circuit is called an electrical power, The|
unit of an electrical power is watt.

El ical power D = EIcct:ignl work - ni_ N VIt
Time { t

P = VI Jsec ie. watts

s Thus power consumed in an electric circuitis 1 watt
if the potential difference of 1 volt applied across the
crcuit causes 1 ampere current to flow through it.

1 watt =

Remember, 1 joule/sec
¢ According to Ohm's law, V = IR or | = V/R. Using
this, power can be expressed as,

2

P=VI = I'R = VT where R = Resistance in Q

¢ Practically the unit watt is very small hence large
unit like kilowatt (kW) or magawatt (MW) is used.

"1kW = 1000W and 1 MW=10°W |

Q.17 A circuit consists of two parallel resistors
having resistances of 20 Q and 30 Q respectively,
connected in series with a 15 Q resistor. If the
current through 30 Q resistor is 1.2 A, find

i) Currents in 20 Q and 15 Q resistors.

ii) The voltage across the whole circuit.

iii) Voltage across 15 Q resistor and 20 Q resistor.
iv) Total power consumed in the circuit.

Ans, : The drcuit is shown in the Fig. Q.17.1.
I, 209

12A 30Q

Iy

l I

Vv
Fig. Q.17.1

D.C. Clegity

1) The drop across parallel resistors is same
1.2x30 = 20-],
I, = 18 A
Jisg ==l +l, =3 A
H) V = Drop across 30 Q + Drop across 15 2
=1223043,15=81 Y
ili) Voltage across 15 L2 = 157 2 = 45 V
Voltage across 20 @ =20 18 =36V

iv) Power consumed in the cirouit =
12%30 412220 + 12715 o1 = V1

=432+648+135=81,3 =243 W

Q.18 Calculate the power absorbed Ly each
component in the circuit shown in Fig. ©.12.1.

P

i Ll

Y $5A

@g_-_ﬁ
2

*_
+18V IDP1 Py, =22V Pz

10A

Fig. @181

Ans. : The power is given by VxIand I=10 A,

According to sign convention for power,

P; = (16) (-10)=-160 W .. Suppiied
P, = (6)(-10)=—60 W — Suprilied
P; = (2)(+6)=+132W .. Absorbed

As 22V and 0.4 ] in paralle], the voltage across 02 1
is22Vand 041=04x10=4 A

Py = (22) (+4)=+88W .. Absorbed
: Y P =P +P,+P;+P,
= -160-60+132488=0 W

.. Power supplied = Power absorbed

e
T TECHNICAL PUBLICATIONS®- An up thrust for knowledge
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| 1.8: Cumnl Dlvmon In ;
Paralle! Reslstances l

Q.19 Explain the curent divislon in two yesieisnces
connected In parallel.

E3 [INTU | Pert A ; Awg 08, May-d, Harks 3]

Ans, : » Consider a paraliel crcudt of two resistors R,
and Ny connected actoss a source of V volls

Fig. Q.19.1
o Current through R, s 1, and R, is I, while total
currenst deawn from source is g

ip= boedy
\!

1 s {21 )es
; - ?
¥ :! R, J
=
> [, = |
1T ReRy ) T
Nﬂw " - ‘T - lz

P . 2% A e e P e e e Al e A et . S

jKty Point : In gencral the current in any branch is
jequal to the ratio of opposite branch resistance to
[the total resistanice value, multiplied by the total
current in the drcult.

e e e e B e et e e ¥, e A A ST

L a—

: ]
'r TECHIICAL PUBLICATIONS . An up thrust for knowledge

D.C. C‘"‘"‘

pa
Q.20 Find the current In each branch of the bejg,, -
clicnlf shown In Flg Q.20.1, uaing Ctrren; ’;
divialon formula. B [JNTU ¢ Part B, Dec.-11, Margy %) o
Ct
-"‘f‘ "
20 c

{ “\IL p L
umC) 502 20'Y LT R ]

Pig. Q.20.1

Ans. : 261 and 568 are in paraliel aned 351 and 40 are
in p.\rnl!cl.

20

— WYY 104
1
-'—,"—} ”
= 10/7 61 S =1274

10A D

Fig. Q.20.1 (a)

Using current division rule,
I, = 10x 12/7) = 54545 A

10+}3

7*7)
__E)./Z.)_,45454A

10 12

(7 M 7)

Each I, and I, again flowing through parallel
combination.

12 = 10 %

2
o 150 - I]X-2+—5 =1.5584 A,

g = )% 5og = 38957A

4
IJQ - Iz XW = 2.5973 A,.

3
lig = Ipxprg =1948A

While current through series 2 Q resistance is 10 A.
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Q.21 Two resistances of 50 0 and 40 [
respectively are connected In parallel. A third
resistance of 10 Q2 Is connected In werlea with the
comblination and a d.c. supply of 220 V Is applied
to the ends of the completed circuit. Calculate the
current In each resistance,

P& [INTU 1 Part B, Dec.-12, May-08, Marks 8]
Ans, : The circuit is shown in the Fig. Q.21.1 (a).

Parallel

L_wn

1, 50Q
o—AAN/

_._41 A —
2 400

° 220V

Fig. Q.21.1 (a)

50x40
50 11 40 = m-ﬂ.ZZZQ
2222Q
ANV AN
]1 50 || 40 10Q J
220V -

Fig. Q.21.1 (b)
From Fig. Q.21.1 (b),

1=V 220

22222+10 32222

= 6.827 A

Using current division rule for Fig. Q.21.1 (a),

= 490 _
- 50 _
I, = Ix5—-—0+40 =37931 A

1.9 : Star - Delta Transformation

Q.22 Define
resistances,

S°[INTU : Part A, May-04, Aug.-06, Dec.-08, Marks 3]
Ans, : If the three resistances are connected in such a
. Mmanner that one end of each is connected together to
Jf form a junction point called Star point, the
E resistances are said to be connected in Star.

star and delta connection of

Tesistances, The star point is indicated as S.

t ]
T reckmicas pusLications®. an up thrust for knowledge

The Fig. Q22.1 (a), (b) and (c) show star connected -

"

D.C. Circuits

-~
w2 mZ
n| \ t Fl -
Ty 1.1
A
e - |
w ) =]

Flg. Q.22.1 9tar connection of thres resistances

o If the three resistances are connected in such a
manner that one end of the first is connected to
first end of second, the second end of second to
first end of third and so on to complete a loop then
the resistances are said to be connected in Delta.

o The Fig. Q222 (a), (b) and (c) show delta
connection of three resistances,

e
.wf—I—c
%R’z

)

}
T

T

(@ {6) ()
Fig. Q.22.2 Delta connection of three resistances

* Delta connection always forms a loop, closed path.

Q.23 Derive equations to convert delta connected
resistances to equivalent star connected

resistances, L= [INTU : Part B, May-05, 06, 09,
Dec.-07, 11, 12, 16, Aug.-17, Marks 5]

Ans. : Consider the three resistances Rj5,R53.R3,
connected in Delta as shown in the Fig. Q.23.1.

Equivalent Star
Flg. Q.23.1
= — 1
DECODA
——
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® The terminals between which these are connected in
Delta are named as 1, 2 and 3.

*It is always possible to replace these Delta
connected resistances by three equivalent Star
connected resistances R;yR;,R; between the same
terminals 1, 2, and 3. Such a Star is shown inside
the Delta in the Fig.  Q.23.1 which is called
equivalent Star of Delta connected resistances.

H

l .
J To call these two arrangements as equivalent, the
iresistance between any two terminals must be same;
i i
{in both the types of connections. .E

- ¢ Let us analyse Delta connection first, shown in the
Fig. Q.23.2 (a).’

R2s

(a) Given Delta

*-Find equivalent resistance between 1 and 2. We can
redraw the network as viewed from the terminals
(1) and (2), without considering terminal 3. This is
shown in the Fig. Q.23.2 (b).

Parallel
1o
- R34
Riz 3 ¢
. Series
Rz
2 O =

(b) Equivalent between'1 and 2

Fig. Q.23.2

* Between terminals (1) and (2) we get the
combination as, R;, parallel with (R, +Ry3).

~» Between (1) and (2) the resistance is,

- Ri2 (Ry +Ry)
Ry +(R3; +Ry;) - ()

_ :
T TECHNICAL PUBLICATIONS®. An up thrust for knowledge

h

e e —_ D,C_ ci"l‘q{l‘

« Consider the same two terminals of equivalen, S

Basic
connection shown in the Fig. Q.23.3.
1 { o
Rl
Ry
S
S
R3 RZ R‘l
3 2 2
Star Equivalent between 1 anq
Fig. Q.23.3
e Terminal (3) is not getting connected anywhere ang
hence is not playing any role.
. Between terminals (1) and (2) the resistance is '
= R1+R2 ) von (2)
Equating equations (1) and (2),
Riz (R3) +Ry3) = R;+R, ()

Ry +(Ro3 +R3))

e Similarly if we find the equivalent resistance as

viewed through terminals (2) and (3) in both the
cases and equating, we get,

Ry; (R3; +Ry3)
"Ry +(Rp3 +Ry)

=7 R2 +R3 .-.(4)

o Simiarly if we find the equivalent resistance as
viewed through terminals (3) and (1) in both the
cases and equating, we get,

R31 (Riy +Ry3)
_ Rjz +(Ry; +Ry,)
* Subtracting equations (4) from 3),

RlZ(R31+R23)_R:23 (R +R},) =R, +R. -R. R
((R;3+Ry; +Ry)) SR

= Ry +R, ..(5)

Ris Ry -Ry3 Ry, 6
Rz +Rp3 +Ry, vl
* Adding equations (6) and (5),

Ri2 Ry -Ry3 Ry, +R3(Rp; +Ry,) _
Rz +Ry; +Ry, T T RER AR

Rl "R3 =

Ria Ry -Ry3 Ry, *R3 Ry +Ry Ry

= 9
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Basic Electrical and Electronics Engincering D.C. Circuits

o Ry = Ry TRy, H R,

| R, = Riz Ry,
;l Rlz 4 sz + R“

Similarly by using another combinations of subtraction and addition with equations (3), (4) and (5) we

Ci-ln getl
| R, = Ri; Ry, i, |5 = R,; Ry |
| RIZ +R23 + R3l R'IZ +R23 +R 1 \

B ~ Important Point to Remember
L}

| « The equivalent star resistance between any terminal and star point is equal to the product of the two |

resistances in delta, which are connected to same terminal, divided by the sum of all three delta

{
( connected resxstances.

Q.24 Derive equatlons to convert star connected resistances to equivalent delta connected resistances.

0S5 [INTU : Part B, May-05, 06, 09, Dec.-07, 11, 12, Aug.-17, Marks 5]

Consider the three resistances R;,R, and R; connected in Star as shown in Fig. Q.24.1.

Ans
-« By Star-Delta conversion, it is always possible-
to replace these Star connected resistances by 1
three equivalent Delta connected resistances
R;;,R,; and Ry, between the same terminals. Ras Rz
This is called equivalent Delta of the given
star. g i
+ We are interested in finding out values of 87 Ry 2
R;5,R,; and Ry, interms of R;,R, and R;. Given Star Equivalent Delta
e From the result of Delta-Star transformation Fig- Q.24.1
we know that,
Ry R '
- (1
Ry R
= (2
R2 = Ry #Ry +Ry; _ ®
R,3 R
Ry = = 23 “R ...(3)
Rjy +Rg3 + Ry
* Now multiply (1) and (2), (2) and (3), (3) and (1) to get following three equations.
. Ryp? Ry Ryyovnn ™
R]Rz Vi 127 Rz Ko3 . .“(4)
(Ri2 +Ry3 #Ryy)* -
Ron? R R A |
R,Ry; = —2 12 3l ..(5)
(Rjz +Ry; +Ry;)
Ry’ R;; R
R;R, = 31 12 223 ...(6)

3
(Riz +Ry3 +Ry;)

W
S,
DECODE

N——

[ECHNICAL PUBLICATIONS®. An up thrust for knowledge
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Bﬂfﬁ%ml and ;Imgln 5"8{'3“"'"3 1-14 o g L D.C. q"%
* Now add (4), (5) and (6) Be
- 7y
2 B 33 .3 "R;5R3;+R “R 2 Rl} ;
R|R2 +R2R3 +R3 Rl = Rlz R"IR“’ +R‘3 12 31 3 31 1 A-
(R]: +R.13 +R31)
; R;»R3;Ro:(Ry5 +Rsz +R Rj5R3 Ras
RiR; +RoR; +R,R, = 12R3)Ro3 (Ryy +Ras - 31)= T e
(R;2 +Ry3 +Ry;) 2
But Ri2Rj) - R ... From equation (1)
Rjx +Ry; +Ry, .

- Substituting in above in RH.S. we get,

) R23 = Rz +R3 +—R2 R3
[ R,

* Similarly substituting in R.H.S., remaining values from equations (2) and (3), we can write relations

for remaining two resistances as,
| R, R:
R]') = Rl +R: + R]RR2 and R3] = R3 +Rl + ;{ 2

oo 3

Important Points to Remember

¢
¢ The equivalent delta connected resistance to be connected between any two terminals is sum of the two
resistances connected between the same two terminals and star point respectively in star, plus the product of

the same two star resistances divided by the third star resistance.

i
|
|
|
f

hésult for ec-luﬁl;x;esisitrat_lces in star and delta

|« If all resistances in a Delta connection have same magnitude say R, then its equivalent Star will contain,
| RxR _R

; B =R "Ri"peRer 73

[ » If all three resistances in a Star connection are of same magnitude say R, then its equivalent Delta contains al]

| resistances of same magnitude of,
(! Rlz =R3|-R:3 - R+R+RXR -3R
Q.25 By using star-delta transformation for the following Fig. Q.25.1, find the current T supplied by the
battery ? ES[INTU : Part B, Dec.-16, Marks 5)
MWM——E s,
; 40Q L. 200
50 Q- W
‘ A 3 AN c
2009 00
‘{g_ MUV{
1 0V : 50
Flg. Q.25.1 o

B2 CLiniCAL PUBLICATIONS - An up thrust for knowiedge

!
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_ san e | D.C. Circuits
Ans 2 Convert the AARC o equivalent star. 00
A
o o X — Ay Ry
| N+ m = 1UQ2 Ry

- _ XN . _NW\,—/N
R " pemen -0 Rz

8
2042
XN |
R: = v - 60 W —
30V 50

Fig. Q.25.1 (a)

—r—— S

o o S — -

0+R=NQ 50| 35 26588 0
\eon =205682 60 — A~

Series
o l

—— AW
20+R, =350 I
: R —= oY
= e | , s 5Q 30V
‘ 0V 5Q 30V (d) ‘l
\\ {b) = (C) A .
Fig. Q.25.1
I = ol I 0.9497A

5+ 26588

Q.26 Making use of star/delta transformation, determine the resistance between terminals A and B shown In
Fig. Q26.1. B [INTU : May-18, Marks 5]

-

N

Fig. Q.26.1

Ans. ;: Convert lower delta to star

2JRx2R 4
Ri = ReReR 5

o _ RxR _2
R, = R3 =5poRsR 5%

The dircuit becomes as shown in the Fig. Q.26.1 (b)
| Fig. Q.26.1 (b)

- Y SR Ee |
PR nrar O1IRI ICATIONS®. An up thrust for knowledge
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Q.27 Explain the concept of loop current in brief.

Basic Electrical and Electronics Engineering

1-16

—~

Redrawing the circuit as shown in the Fig. Q. 26.1 (c).

0A
7
SR

Parallel

Cc

Fig. Q.26.1 (c)

Fig. Q.26.1 (d)
o A
Lr+4R
10 5 2R Rag
_15
=13R /‘ Ny
/
Parallel
Fig. Q.26.1 (o)
B Re2Rr
R o OOR
AB 15
-faR+2R

R,p = 0.8571R

{
! 1.10 : Loop Analysis (Mesh Analysis)

03" [INTU : Part A, May-06, Dec.-14, Marks 3]

( Steps for the application of loop analysis W

- D C. C!rq‘“.

simultaneousty links with the branches AB, BF, kg
and EA.

Fig. 1.27.1 Concept of loop current

e Similarly I, is the second loop current for the 100p
BCGFB and I is the third loop current for the loop
CDFGC.

e The branch current ﬁs always unique hence branch
current can be expressed in terms of loop currents
associated with particular branch. Hence once loop
currents are calculated, any branch current can be
obtained.

e Note that the branches consisting current sources,
directly decide the value of the branch currents
flowing through them.

Step 1 :
Step 2 :

Choose the various loops.

Show the various loop curents and the
polarities of -associated voltage drops.
Before applying KVL, look for any
current source. Analyse the branch
consisting current source independently
and express the current source value
interms of assumed loop currents.
Repeat this for all the current sources.
After the step 3, apply KVL to those
loops, which do not include any current
source. A loop cannot be defined
through current source from KVL point
of view. Follow the sign convention.

Step 3 :

Step 4 :

Step 5: Solve the equations obtained in step 3

and step 4 SImultaneously, to obtain

Ans.:e A loop current is that current Wluch
simultaneously links with all the branches, defining a

particular loop.

o The Fig. Q.27.1 shows a network. In this circuit, I,
is the loop current for the loop ABFEA and

TECHNICAL PUBLICATIONS®- An up thrust for knowledge

\__

required unknowns,

=/

Q.28 Calculate Vo and I for the circuit shown In
Fig. Q.28.1.

US> [INTU : Part B, May-15, Marks 5]

T

— 1

oicool

S——”
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Fig. Q.28.1

Ans. : Use loop analysis. The loop currents and
polarities of various drops are shown in the
Fig. Q.28.1(a). Apply KVL to the three loops,

Fig. Q.28.1(a)

-701; +701, 201, +201 +50 = 0
ie.  -90I;+70I, +201, =

- 301, -701, +70I, = 0

ie. 701, -1001, = 0

~515-2015 4201, = 0

ie. 201, -2515 = 0
 Solving, I; =2A, I,=14A, I;=16A

IO = I3 —Iz =1.6—1.4=0.2A—)

V) =5I;=5x16=8V

Q.29 Determine the voltage drop across the 10 Q

- resistance for the following Fig. Q.29.1.
O [INTU : Part B, May-11, Marks 5]

D,C.Ct_rcg}'tf
ne, ning doop as shown in the

Ans. : Assuming loop currents
Fig. Q.29.1 (a).

Fig. Q.29.1 (a)

Analyse the branches containing only current

sources first.
From branch BE, -I;+1I3 =10 (1)
From branch DG, I,=-15A -A2)
Applying KVL to the loops,
Loop ABCFEDA,
-101;+101,-20I; =0
-(3)

ie. 20I,+10I3-10I,=0
Loop EFIHE, —10I, +10I; —5I, +5I, =0 and use
equation (2),

~ 1013 =151, =75 ...{4)

Solving equations (1), (3) and (4) simultaneously,
I; =-35714A, I3 = 64286 A,

I, =-07143A
=1, -1, = 6.4286 - (- 0.7143)

7.1429 A (F to E)

= 10x 1,5, =71.429 V with F positive

Log

Viog

1.11 : Node Analysis

Q.30 Explain in detail about node analysis.

i [ [INTU ; Part A, May-06,17, Dec.-14, Marks 5]
Ans. : Steps for the application of node analysis
2000 10A 8 Eh =
Step 1: Choose the base node, major nodes and
m | node voltages to be obtained. The junction point
15A 5Q t where three or more branches meet are the major
' nodes. ‘
Fig. Q.29.1
|
o= LI e s - Y
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2.1 : Introduction to Alternating waveft

as
. , i
B3 [INTU : Part A, ay-15,17, Marg, i
Q.1 Define alternating quantity, g
Ans, ;

iodically both in magnitude ang dir
* An alternating current (a.c.) is the current which changes periodically )
itive and other negative. These ty,, i /
* In alternating waveform there are two half cycles, one pos sticular direction, atiaing o, nal
cycles make one cycle. Current increases in magnitude, in one p . direction and behaves z;imili.u-;m
and starts decreasing, passing through zero it increases in opposite .

Q.2 Give comparison between a.c. and d.c. IS [INTU : Paft A Hay-03, 07, Dec.-y, Markg j)
Ans, ; ~———
t. No. | D.C. | AL S

7 11. / D.C. is direc-t“c;r;;a_a;i;g—;ox;s;ant magnitude and 3 AC. is alternating cur.renl:. whose direction ang
direction. | magnjtudeihanges with time. o .
2| The frequency of DG is zerer

| There is finite frequency of A.C. It is 50 Hz in oy,
/ ! nation.

3. | Raising and lowering of vol

tages is not easy.

the
help of transformers.

4. / It is difficult to obtain A.C. from D.C, ' C. using rectifiers,
5. The D.C. machines are expensive and require frequent | The A.C. machines are cheaper and require less
maintenance, ! maintenance.

i
'4
| L - = -_l
C. current.

It is easy to obtain D.C. from A.

f Raising Ve;di;owering of voltages is very easy w;th :
|
|
|

6. The Figure shows the waveform of D.

The Figure shows the waveform of A.C. current. 7
Current

|

|

' h A / —s-Time
/ D.C. Jl(rfr)'e f ‘ \/ U ®

' A.C.

Current

Q.3 : Mention the advantages of sinusoidal alternating quantity, > [INTU : Part A, May-17, Marks 3]
Ans, ;
1. Mathematically very easy to write the equations,
2. Any other complex waveform can be resolved j
3.

The sinusoidal waveform is
and C without any distortion,
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S P AG Clroitty
4. The analysis of electrical circuits is easy because ‘

derivative and integration of sinusoidal function |
is again a sinusoidal function.

events or waveform variations occur (containing
positive as well as negative loops).

I * One cycle corresponds to 2n radians or 360°.
| iv)

l 2.2 : Representation of Sinusoidal Waveforms

Q.4 Sketch the sinusoidal alternating waveform

| * After every T seconds, the cycle of an altern tin
and define : i) Instantaneous value ii) Waveform Y ¥ aung
iii) Cycle iv) Frequency

quantity repeats.
v) Time period vi) Ampliéude.

Time period (T):The time taken by an
alternating quantity to complete its one cycle is

l
1
% known as its time period denoted by T seconds.

v) Frequency (f):The number of cycles completed
by an alternating quantity per second is known
SHINTU 2 Part B, Dec.-16, Marks 5] az its frequencf. (%t is g,enoted by f and it is
Ans.:The Fig. Q4.1 shows the graphical measured in cycles /second which is known as
representation of an alternating quantity. Hertz, denoted as Hz.
i) Instantaneous value:The value of an alternating
quantity at a particular instant is known as its
instantaneous value. e.g. e, and

¢ Frequency is reciprocal of the time period.

—e, are the L f = % Hz
instantaneous values of an alternating e.m.f. at :
the instants t; and t, respectively shown in the * In our nation, standard frequency of alternating
Fig. Q4.1. voltages and currents is 50 Hz.
ii) Waveform: The graph of instantaneous values of vi) Amplitude : The maximum value attained by an
an alternating quantity plotted against time is
called its waveform.

alternating quantity during positive or negative
: half cycle is called its amplitude. It is denoted as
iii) Cycle:Each repetition of a set of positive and Ejorl .
negative instantaneous values of the alternating * Thus E, is called peak value of the voltage while
quantity is called a cycle. ‘

Iy is called peak value of the current.
* A cycle can also be defined as that interval of time

Th litude is also called ak wval
during which a complete set of non-repeating | * the amp s e¢ pe valie or

| maximum value of an alternating quantity.

. S i - b 1 | i
| EM.F. (or current) [ | ' I

e
X-axis can be ® ort ——T—r—

— — Time period T seconds —— ,: = ' !
i : 1 cycle Fail 3 ! \ !
/
Fig. Q.4.1 Graphical representation of an alternating quantity
r¢TEG~IN!CAL PUBLICATIONS®- An up thrust for knowledge ‘Decoot’
N’
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Important Points to Remember
per second. As f . |
T'

i dians
® The angular frequency wis related with frequency f as 0= 27# and measured in ra
ot rad. Hence 8 is always measureq i

2n
w T rad/sec.
— —

* The angle 8 and ® are related with each other through time t as 6 =

radians. -
LZ.S : Equation of an Alternating Quantity

Q.5 Explain the different representations of sinusoidal quantities. L& [INTU  Part B, Dec.-14, May-17, Marks 5

. : tion of an alternat;
Ans. : » As the standard waveform of an alternating quantity is purely sinusoidal, the equa

voltage can be expressed as,
~et) = E sin 6 volts
Amplitude or maximum or peak value of the voltage-

e

Il

where, E,
Instantaneous value of an alternating voltage.

e
* Similarly equation of an alternating current can be expressed as,

i) = I,sing
Amplitude or maximum or peak value of the current.

where, L,

i
* The equation can be expressed in various forms as :
ot radians, w=2nf rad / sec.

Instantaneous value of an alternating current

1
and f—T

As, e

Epsin () =E, sin(2nft)=E, Sm(TtJ

¥
o
I

* Similar to e.m.f, alternating current can be expressed in all the above forms.
Important Point to Remember

* In all the above forms, the angle 0 is expressed in radians. Hence, while calculating the instantaneous val
of the e.m.f. or current, it is necessary to calculate the sine of the angle expressed in radians.

Q.6 An alternating current is given by i = 141.4 sin 314 t.-
Find : i) The maximum value ii) Frequency iii) Time period. B"[INTU : Part A, May-09, Marks

Ans. : Comparing given current with i = I, sin wt,

i) I, = 1414 A .. Maximum value
ii) ® = 314rad/s but ®=2rf
-0 _ 31
f %= T = 4997 ~ 50 Hz
1
f

ﬁi) = =-_1_ =
T 55 = 20 ms
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2.4 : RM.S. or Effectlve Value of an Alternating Quantity

a.7 Define R.M.S. or effective value of an nlternating quantity.
UST[INTU ¢ Part A, May-08, 09, 12, 15, 17, Det.-08, 12, Marks 2]

Ans. : The effective or r.m.s. value of an alternating current is given by that steady current (D.C) which, when
flowing through a given circuit for a given lime, produces the same amount of heat as produced by the

alternating current, which when flowing through the same circuit for the same time.
Q.8 Derive the relation between r.m.s. value and the maximum value of an altemnating quantity,

0S5 [INTU & Part B, May-08, 18, Dec.-06, 14, 10, Marks 5]
Ans. ; Consider sinusoidally varying alternating current and square of this current as shown In the Pig. Q.8.1.

Step 1: The current, i=1I,sin0

Step 2 : Square of current, %= 12, sin® 0
* The area of curve over half a cycle can be calculated by considering an interval d0 as shown,

n
Area of square curve over half cycle = J'i;2 d® and length of the base is n.

0
Step 3 :
Average vaiue of square of the current over half cycle is,
n
[i% do
_ Area of curve over half cycle . 0
Length of base over half cycle n
17 172 .2
= ;Ej)'x de -E_!;Imsm 6do
_ 13 7[1-cos26 46 " g Sin20 u
T 2 2n Z
0
In (72 Im
=aglml=7
p ) s AT PSS Y .
':

' bl 4 2 2 12 ain?
=15, sin"0

I=1,sin0

% ' ' — Time

2n

LN

Fig. Q.8.1 Waveform of current and square of the current

A cvm bbmind Bma lommiardnslonm

IMIC AL Dt Bt icATIAKeY
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" ted as
Step 4.1 Rool mean square value f.e, r.m.s. value can be calcula y

Erprcy T l]?n es lm-
lome * ‘/*MW'Gﬁnvcn‘mfm’ square of current = \f‘z— ﬁ
|
l Vin. - \/
s Vema, = :/”_; =0707 I, ond V4= 'j'f 0.707 Vim ]

maximum or peak valye
¢ The r.mun. value of the sinusoldal alternating current i 0.707 times the ot

amplitude of that alternating current,
oltages.

¢ The nbpvc result Is also applicable to sinusoidal alternating v
,' 2;5 : A;’craée WV:lilue of an Alternatlng ﬂlfftlg]
. ' Dec.-08, 12,
Q.9 Define average value ‘of an alternating quantity. I [INTU : Part A, May-05, 09, 12, 15, ]:c 2 .M"k’ g
Ans. : The average value of an alternating quantity is defined as that value which is obtained by averaging all

Instantancous values over a period of half cycle, — —
| eFora symmetrical a.c., the average value over a complete cycle is zero as both positive and negative

l...... half cycles are exactly {dentical. Hence, the average value is defined for half cycle only.

Q.10 Obtaln the relation between average value and the maximum value of an alternating quantity.

US[INTU : Part B, May-08,18, Dec.-09,, Marks 5]
Current
Ans. : Consider sinusoidally varying current, ! |

I'm 1, sin 0
* Consider the elementary interval of instant

‘d0 " as shown in the Fig. Q.10.1. 5 % - — o= > Time
* The average instantaneous value of current in 0

this interval is say, ‘i’ as shown. " —da+

* The average value can be obtained by taking
ratio of area under curve over half cycle to

length of the base for half cycle. Fig. Q.10.1 Average value of an alternating current

) I Area under curve for half cycle
- | "“’ ~ Length of ‘base over half cycle
n
[ido )
w0 17 1 : Iy Flr=d T
b — E£1d9=;€.-£lm 8in 0.do =%J.51n9='%['1059]g
0

I I 21
- -;z—"-[-cosn+c050]=-;rl[2] =._1E'1=0_5371m

* For a purely sinusoidal waveform, the average value is expressed in terms of its maximum value as
ANBLRA Lo T T PO V0 b i e dib s s 8 a1 B L LT (T [T TR ».-l.‘--..-v....-..z.u‘......u;.v“.‘. LIRCTTIN g

: flm, S 0637l ad v, = 067y,

W
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| 2.6 : Form Factor (K¢) |

Q.11 Define form factor. State its value for purely sinusoidal quantity.
D& [IMTU 1 Part A, May-

Ans, : The form factor of an alternating quantity s defined as the ratio of r.m.s. value to the averag

11, 15, 17, 18, Dec.-05, 16, Marks 2]
e value,

’ rms \nluc
K¢

Form factor, average value

« The form factor for sinusoidal alternating currents or voltages can be obtained as,

g 0.707 1,

LS —— L) - A 1 ' i “
0037 lm L11  for sinusoidally varying quantity

2 7 Peak or Crest Factor (Kp)

Q.12 Define peak factor. State Its value for purely sinusoidal quantity.
03 [INTU : Part A, May-

Ans. : The peak fador of an a]tcmanng quanhty is defined as ratio of maximum value to the r.m.s. value.

11, 18, Dec.-05, 16, Marks 2]

Kp _ Mmaximum value
r.m.s. value

Peak factor

e The peak factor for smusmdally varying alternating currents and voltages can be obtained as,

Im
= D __ 1414 inusoi form |
Kp 0.707 I, 1 for sinusoidal waveform

Q.13 Find the form factor of a square wave.
DS{INTU : Part B, May-11, Dec.-15, Marks 5

Ans. : A square wave is shown in the Fig. Q.13.1.
v(t)

}
+A
F 0 n 2n > B
-AbF----- e
Fig. Q.13.1
[oao |
vi)do [Ade
Vv =0 = = A[e]g = M: A
ay T b1’ n n
n
2(t)de j A2de —
v = 0 } [9]0 ’ X _
K, = r.m.s. value __=1

average value A

= _ Y
¥ TECHNICAL PUBLICATIONS®. An up thrust for knowledge
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Q.14 A wire camrles a cumrent, which Is a
combination of a. d.c. current of 10 A and a
sinusoldal current with a peak value of 10 A,
Determine RMS value of the resultant.

0¥ [INTU : Part B, May-19, Marks 5]

Ans. : The resultant current is given by,

iR o Idc +Im sin® =10 + 10 sin 0

1 2n
ig(rm.s) = = [iZde
0

1 2rn
- J5= [(10+10sin0)?d6
0

T

— [ [100+2005in 6+100sin? 6]d6
0
i

-

N

2
= ‘/i | [100+2005in6+100(1—_M)]d9
T 3 2

N E 100 , 100sin267%"
= 2—7:[100 B_ZOOCOSB+Z_G—T><2—]O

. ‘/2_15 [200 7—-200+200+1007~0]

= |1 x300 n = 122475 A
2n

! 2.8 : Phasor Representation ‘

...cos2n=+1

Q.15 What is phasor ? How a rotating phasor
represents an alternating quantity ?
IS [INTU : Part B, May-18,19, Marks 5]

Ans. : The sinusoidally varying alternating quantity
can be represented graphically by a straight line with
an arrow. The length of the line represents the
magnitude of the quantity and arrow indicates its
direction. Such a line is called a phasor.

P

AL, Clregy,

's The phasors are assumed to be tm';“m’ ; B
an

| anticlockwise direction with 2 cons Spesd

| wrad/sec.

‘Oa’, rotating in a"“flka-ﬂlb
locity, with ;

form angular velO it

hown in the Fig. Q.15.1,

e Consider a phasor
direction, with uni
starting position ‘a” as 8 '

f this phasor on Y-axis gy,

angle turned through ‘f, @&

ine waveform.

e If the projections ©
plotted against the
time as 0= wt), we geta s

i iti own i
e Consider the various positions sh in the

Fig. Q.15.1.
1. At point ‘a’
instantaneous va o
int ‘b’, the Y-axis projection 15
> [A ; ;;8:; o7 '6) 1. The length of the phasar g
equal to the maximum value of an alternatin
quantity. So, instantaneous value of the curren;
at this position is i = I, sin 6, represented in the
waveform. o
3. At point ‘¢, the Y-axis projection Qd represents
entire length of the phasor 1e. instantaneoug
value equal to the maximum value 9f current I,
4. Similarly, at point d, the Y-axis projection
becomes I, sin 6 which is the instantaneous
value of the current at that instant.
e Similarly, at points e, f, g h the Y-axis projections
give us instantaneous values of the current at the
respective instants. ‘

e When all such Y-axis projections i.e. instantaneous
values are plotted, full cycle of the alternating
quantity can be obtained.

e Thus, if the length of the phasor is taken equal to
the maximum value of the alternating quantity,
then its rotation in space at any instant is such that
the length of its projection on the Y-axis gives the
instantaneous value of the alternating quantity at
that particular instant.

the Y-axis projection is zero. The
lue of the current 13 also zero,

,/ﬂ' =
j" ‘r Curreint .
| = i
.’ de XA \b !
Anti- ‘
\ clockwise i
| e 8__ ] lrotation
| a x 8 b d f 19 h /3 A?gTe 0
| ! )
.\ g g

e
T TECHNICAL PUBLICATIONS®. An up thrust for knowledge

Fig. Q.15.1 Phasor representation of an alternating quantity
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Important Points to Remember

: , the length of the phasor
» In practice, the alternating quantities are represented by their r.m.s. values. Hence &
| represents r.m.s. value of the alternating quantity.

e Phasors are always assumed to be rotated in anticlockwise direction.

:‘ 2,9 : Concept of Phase and Phase lefereitfj

Iternating quantities.
Q.16 Explain the concept of phase and phase difference In alte e eaitn, e 18, Aaas W)
» (i i traveled by the
Ans. : The phase of an alternating quantity at any instant is the angle ¢ (in radians or f‘:legret‘}z:;) B v
i i refe ¥

piiasas representing that alternating quantity upto the instant of consideration, measured from 1:"e

i i .Q.16.1 a
* Let X-axis be the reference axis. So, phase of the alternating current shown in the Fig. Q

instant A is ¢ = 0°,

Current

1 -

S
° .

® )
TECHNICAL PUBLICATIONS®.

INTE]

25 Rauhul ) 1 .
0} A Reference A T 2 g=ot
i 3
i : 0
-f
i g i

1

. Fig. Q.16.1 Concept of phase

« While the phase of the current at the instant B is the angle

¢ through which the phasor has traveled
measured from the reference axis i.e. X-axis.

* In general, the phase ¢ of an alternating quantity varies from 0= 0 to 2 7 radians or

¢=0° to 360°.
¢ In the a.c. analysis,

it is not necessary that all the alternating quantities must be always in phase. It is
possible that if one is achieving its zero value and at the same instant
negative value or pos

them.

the other is having some
itive value then such two quantities are said to have phase difference between

* The difference between the phases of the two alternating quantities is called the phase difference

which is nothing but the angle difference between the two phasors representing the two alternating
quantities at a particular instant.

An up thrust for knowledge

becooy
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J

= = \_\

—— 5 Ras
Important Point to Remember \
* In terms of phase, the equation of an alternating quantity can be mo
Voltage Voltage
of Voltage or
current or current \]
current t=0
i t =<
t
$=0 Ve —
] ~ \ ‘”"T V
[e=Ensa@-¢ |
: _ 3 ; 2 ol + e a Em
[ e=Epsin@) | [ e=E,sin{at+e) | S
Phase ¢ = 0° Positive phase ¢
. 1 [
i ! 1
i { e Phasor 0 !
1 1 0 diagram RZ=3
BT S ., Phasor !
0
0: t i diagram !
!\ Phasor :
diagram
(a) Zero phase (b) Positive phase (c) Negative phase
Fig. 2.9.1 Concept of phase !

Q.17 Explain the concept of lagging, leading and in phase phasors. Draw the respective waveform and

phasor diagram for the same.
Ans.:i) In phase Phasors : When the phase
difference between any two alternating quantities is
zero, they are said to be in phase. They reach
maximum positive, negative and zero values at the
same time though their amplitudes may be
different. This is shown in the Fig. Q.17.1.

ii) Lagging Phasor : If one alternating quantity
achieves its positive, negative and zero values later
compared to second alternating quantity, then it is
said to be lagging with respect to second quantity.
This is shown in the Fig. Q.17.2.

iii) Leading Phasor : If one alternating quantity
achieves its positive, negative and zero values
earlier compared to second alternating quantity,
then it is said to be leading with respect to second
quantity. This is shown in the Fig. Q.17.3,

(See Fig. Q.17.3 on next page).

e =E_, sin at
i = Iy, sin ot

(a) Waveforms (b) Phasor diagram

Fig. Q.17.1
il
e
A\
% ot 0 gt
]
o:'*—\jt/ \ / LG
| e=E_sinut !
I =15, sin (ot - ¢)
(a) Waveforms (b) Phasor diagram

Fig. Q.17.2
-T'mcmm PUBLICATIONS®. An up thruss for knowledge
! 1 -
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I leads E
[
A P
N\
/4 o L2 =

ot
f “}¢ \7 \
|
! e=E_ sinwt

i=1.,sin(ot+9)

L
/

e

=

(a) Waveforms (b) Phasor diagram

Fig. Q.17.3

Q.18 What is phasor diagram ?

Ans. : The diagram in which different alternating quantities of the same frequency, siruseidal &= nam=s
represented by individual phasors indicating exact phase interrelationships is known 2s phaser diagrz=

« All phasors have a particular fixed position with respect to each other .

« Phasor diagram can be considered as a still picture of the phasors at a Paﬁliﬂfﬂfﬁ{_mf;” BT

- Imi:ortant Points to Remember

le e=Epy, sin (ot) and i = I, sin (1) then both e and i are in phase having zero phase difference.
f. e=E,sinotandi=1I_sin (wt- ¢) then ‘i’ is said to lag ‘e’ by angle 0.

!"- e=E,sinwtandi=1I_sin (ot+ ¢ and ‘i’ is said to lead ‘e’ by angle ¢.

s = T g -
£ o wEEe=. I0E

e For specifying phase difference, the current is specified to be lagging or leading with resp

wvoltage is considered to be reference.

Q.19 A sinusoidal alternating quantity of 50 Hz frequency is having maximum value of corremt of 100 .-‘s?l
Find the time taken by current to attain i) 40 A from origin and ii) 70 A after passing trouch frst posith

maximum value.
Ans.: f=50Hz, I, =100 A

{ i(t) = I, sin(2mft)=100sin (100w t) A

i) . i(t) = 40 A
40 = 100sin (100m1)
t = 1.31 msec .. Use radian mode i&?
ii) i(t) = 70 A after passing through first positive maximum value. u}% —
70257
70 = 100sin (1007t ) : E : /
t; = 24681 msec tf"ﬁ:l{ \/ T
T = £=002sec 3
f X = %—tl =2.5318x 107 sec Fg. @it
ty = Tox=22e25318x107 = 75518 msec

b

)
VTECHNICAL PUBLICATIONSS- An up thrust for knowledge
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temating current having rms value

teneous value of — 7.07 A att = 0.

Write down the €quation for cumrent and sketch
the waveform stating a]] currents and phase angle.

Ans.:f=50Hz,I=10A,j=—7.07Aatt=*0,

Im = VZ I = VExI = V2x10 = 14.142 A,
©0=271f=3141¢ rad/s

The general €equation js, j ulll S

sin (wt+ ¢)
14.142 sin (314.16 t + ¢)
To find ¢ usei=—7.07Aatt=0

i=

=7.07 = 14.142 sin (@ ie ¢=-230°0r g fad

i=

14.142 sin(314.16 t—g) A

The waveform is shown in the Fig. Q.20.1.

i
| 2.10 : Mathematical Representation of
/ Phasors

Q.21 How phasors are represented mathematically ?
Explain rectangular and polar representations.

E="[ INTU : Part A, May-07, Dec.-11, Aug.-16 Marks 3]
Ans. : Any phasor can be represented mathematically
in two ways,

1) Polar co-ordinate system and 2)
co-ordinate system,

* Mathematically' the polar r
Is,

Rectangular

€presentation of a phasor

—
Polar representation = r ¢

T
¥ TECHMICAL PUBLICA TIONS®. An up thrust for knowledge

2-11

Ac, c,»u

by,
o tin quangy !
f an alternating q ty
olar form ©

) I:SL;WP obtained from its instantancoy, nq::u\,‘ pasic Clect
I(iirer:tl_)f- ¢ = E sin (ot £ & then polap 'Orm . 3;:2-“‘::
E=EZx9
where E is rm.s, value o Liu., p—
. VT quantit
« Mathematically the rectangular Fepresentatig, oty (::\::h
phasor l:;tmgu_igf .rfptglser‘\tqtipn el ?{: iy .J 2‘::1““
in polar fhife, ot th-e i.nstamaneg anticl
e To t"jz:mexpress the given equation in gy, o ok
i?slzzad c;f cosine form. . oo
= E_ cos (ot £ ¢) then exp s,
If=eE sin (ot +90° £ ) thefl 50 &4 -
Ie’hase[n of alternating quantty . : Bd“"'l
e Polar to Rectangular C-orw.ersmn Reckﬁhgula‘

representation =1 cos ¢+ j I sin ¢ . Af
e Rectangular to FPolar ) Con:j—r:nor-\l Y: Poly  Fo
representation = r £ ¢= X +Y an % 5

e Use the wpolar to rectangular (P R) &

rectangular to polar (R — P) functions available

on
calculator for the required conversions,

* The r.m.s. value of an alternating quantity existy i,
its polar form and not in rectangular form. Thus t,
find r.m.s. value of an alternating quantiyy,
express it in polar form.

- ﬁnportant Points to Remember

'® Use rectangular representation of

- perform addition and subtraction.

Lt P=X+jY, and Q=X,+jY,

| ¢ Then analytically while adding P and Q, their X
| components get added and corresponding Y
components get added. Hence the resultant R is,

Phasors g

1 R o= P+QE(X1"'X2)+5(Y1+Y2)

subtracteqd.

“Hfzpce the resultant i,
R =p_ & ot
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Q.22 What Is the signip -
rm t the analysis of a.c. arcu"":;ﬂcc ol J' notation in
i | Eﬁ’ [NTY : papg A, Dec.-16, Marks]
' <o Ans.:In  ac  cdircuits, he different ,
V3 quantities are represented in rectangul emating
v . ar 4
1 of 3 operator J' is used to separate real andS}ls:cm_. The
arts of rectangular represe ; maginary
T Presentation of alternatin
quantity. It indicates the rotation 90° between nF];
5 . , *a
and imaginary parts. The positive | indicates
190% anticlockwise rotation whijle negative ' indicates
for;h clockwise rotation of real Part to get the direction of
imaginary part. i
Q.23 For the two phasors A =
. = a;+
B=a;+jb, obtain their muu:iplh:‘aucjnt:l u:
u division using polar form of representation -
r i
Ans. : A = a,+jb,, B'—=a2-¢—jb2
lar For multiplication and division use polar
co-ordinates.
A =|A|£0; = a2 +b? £ tan"! L}
a
1
B = |B| £¢, =\/a‘2"+b§ Z tan™! b,
a
. AxB = |A||B|Z¢ +0,
‘ é=*’Alé¢l =mé¢1—0
| B [B[Ze, (B “MT*
Using the values of [A]|B| ¢;and 9,, the
multiplication and division of A and B can be
obtained.
Important Points to Remember
e For addition and subtracion, use the
rectangular co-ordinate system.

co-ordinate system,

e For multiplication and division, use the polar

—y

Q.24 Find the result in both rectangular

T TECHNICAL PUBLICATIONS®- An up thrust for knowledge

and

using complex

polar forms, for the following,

quantities.

30,4541 |2 ,120°+5 £~ 60°-8 £135°
3J2 £-90°

B3 [INTU : May-17, Marks 5]

1

A.C. Circuits

Ans. : Use rectangular form for addition, subtraction
and use polar form for multiplication, division.

Given expression can be expressed as,

[21.213 + j21.213 + 0.2357£ + 90°] 2 £ 1207
+25-j4.33 - [~ 5.657 + |5.657)

“[21.213 + [21.213 + 0 + j0.2357] 2 £ 1207
+ 8.157 - |9.987

= [21.213 + j21.4487) 2 £ 120” + 8.157 ~ |9.987
= (30.167 £ 45316 » 2 £ 120%) + B.157 - j9.987
= (60.334 £ 165.316° ) + 8.157 — §9.987

= - 58363 + j15.294 + 8,157 — j9.987

= - 50.206 + j5.307 = 50.486 £ 173.966°

Q.25 Three currents are represented by
I; = 10sin wt,
1A
ot +—

I = g _E.\ .

2 =20 sln(ut 6)’ g

Find magnitude and phase angle of resultant
current of their addition.

13 =30 sin(

Ans, : i; = 10 sin wt ie. Il =10 £0°
l.\ . -7
iy =205in(mt-%J ie. I =20/—
ie. 20 £-30°
. . Y . T
iy =3051n(mt+z) ie. I3 =30£Z
ie. 30 £ 45°

~1;=10+j0 A, 1, =17.32-{10 A,
I, =2121+§2121 A

o lg =1, 41, +15 = 4853 +j11.21 A = 4981£13° A

.. Magnitude = 49.81 A, Phase angle = 13°

| 211 : A.C. through Pure Resistance (R) |

Q.26 Prove that the voltage and current in purely
resistive circuit are in phase. Also derive

expression for power.
[="[INTU Part B : May-04, Dec.-07, 10, Marks 5]

Ans. : Consider a simple circuit consisting of a pure

resistance ‘R’ ohms connected across a voltage

v=V sin ot

The circuit is shown in the Fig. Q.26.1.
econt

~———
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M

O

v=V_sin wt
Fig. Q.26.1 Pure resistive circuit

* According to Ohm’s law, we can find the equation
for the current i as,

4

-V _V,sinot
R R
s A%
ie. i = |2 |si
i ( R Jsm (wt)
e This is the equation giving instantaneous value of
the current.

» Comparing this with standard equation,
i=L, sin (wt+¢)
V,

| = Ym
. R

» So, maximum value of alternating current, i is
I,= —\—;’:— while as
¢ = 0° it indicates that it is in phase with the
voltage applied.

e The waveforms of voltage and current and the
corresponding phasor diagram is shown in the
Fig. Q.26.2 (a) and (b).

Derivation of Power : The instantaneous power in

a.c. circuits can be obtained by taking product of the

instantaneous values of current and voltage. ,

3
]

v xi=V sin(wt) x I, sin wt

!

VI sin’(wt)

R _

AC. CI'PCH"'
o Vin Im (1-cos2wnt)
2 -
7_ Vi Im __‘{T—IE-COS(Z(DI)
P=—3 2
« From the above equation, it is clear that the

r consists of two components,

v ImJ

instantaneous powe
Constant power component( 3

1)

Vi Im

Fluctuating component I: cos(2 u)t)] having

cy, double the frequency of the applied

2)
frequen
voltage.

e« The average V.
component of double frequen

complete cycle. ‘
. jon over one cycle is
e So, average power consumpt c(,m Iy

equal to the constant power component 1.e. ——

which is half of the peak power Volm-

alue of the fluctuating cosine
cy is zero, over one

b - Valn Yo Im
A R

e Generally, r.m.s. values are indicated by capital
letters.

pu— I
- rmstrms“ans‘

P Vxl watts=12R watts

i 2.12 : A.C. through Pure Inductance (L)}

Q.27 Prove that in a purely inductive circuit the
current lags voltage by 90°. Also prove that its
power consumption is zero.

[S°[INTU : Part B, May-04, 13, Dec.-07, 10, Marks 5]

Ans. : Consider a pure inductance of L henries
connected across a voltage given by the equaﬁon'
v =V, sin 0t as shown in the Fig. Q.27.1. ’

4 Vi
‘ r h v =V, sin ot
i =I,sinot

g

Time 0 1 v

Fig. Q.26.2 A.C. through purely resistive c

vi mesmiimavenne® 4 iyt bnmndadina

jrcuit

Scanned with CamScanner
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o A.C. Circuits
« When altemating current ‘i” flows through inductance ‘L’, L LDIN
gt sets up an altemating magnetic  field around the - \
mductance. 13 - Y
o [ o Thus changing flux links the coil and due to self
inductance, em.f. gets induced in the coil. This ean.f, @
opposes the applied voltage. VYt ok
o The self induced e.m.f. in the coil is given by Fig. Q.27.1 Purely Inductive clreult
& b

e-—La\

e At all instants, applied voltage, v is equal and op
Ve agna ( Ld']
dt

R di ) v
VeLlg te Vusinot = LS de di=Ymanotd

i - r"l‘f——ﬁmmtdt -—\%-‘-[-Cosmt]

posite to the self induced e.m.f,, e.

[0}

S T ot = sin| Z-ot
roya sm(—-—mt] . COS O 3 J
] . Y o \;ll s k14 . T . -E—\
} Al 1 Hsm[(ut—-z-J sm(f—mt) sm(mt 2}
| N A T
. L = s Ot =— =M _m = x
X | L m.( szhere I, s oL X, and X; =oL=2nfLQ

* The above equation clearly shows that the current is purely sinusoidal and having phase angle of
- é-radxa.ns Le. - 90° This means that the current lags voltage applied by 90°.

¢ The Fig. Q.27.2 shows the waveforms and the corresponding phasor diagram.

[ L
L~V =Vpsin ot

i 7 TN 5
3 /f' ’ I = I,sin(at —% )
! ] a
|
|

V and I are r.m.s. values

N

=90°

—

lags by 90°

l——-’:l

{\—'—"""r*%mr__‘___
o
A
r
N
o
=
[STE
!
S T N N R

et N il
o

sy ey 2

NN (NRESy S
A
it g —

\.. (a) Waveforms

- (b) Phasor diagram

Fig. Q.27.2 A.C. through purely Inductive circuit

SCHNICAL PUBLICATIONS®- An up thrust for knowledge

Scanned with CamScanner



Basic Electrical and Electronics Engincering

* The expression for the instantaneous power can be
obtained by taking

voltage and current,

the product of [nstantancous

n
P=vxf = Vo, sin ot = [ Mn{mhi J

= = Vo 1, sin (w1) cos (@)

n
s Fin[ (1]} ‘2' )" = (OR (TR}

Vi
p = - .;',11"_& sin {2 @)

-

as 2 sin wtcoswt =sin2 ot
¢ This power curve is a sine curve of frequency
double than that of applied voltage.
* The average value of sine curve over a complete
cycle is always zero.

R

r

3

P, = " sin 2wt) d (0t) =0

av

S —

* Pure inductance never consumes power.

Q.28 Explain the concept of inductive reactance.

How it depends on the frequency ?

i
ES”™ [INTU : Part A, May-06,17 Dec.-09, Aug.-17, Marks 3] !

Ans. : It is shown that, '

X, = oL=2nfLQ

¢ The term, Xp, is called Inductive Reactance and is
measured in ohms,

2-15

)

A-C.ci'(\
The Inductive reactance is  defineq .
L ]
opposition offered by the ‘IﬂdUCl'Jnce of a g :5.
ll{e flow of an alternating sinusoidal Curreny. (8
e It ia measured in ohms and it depends i .
_ , :
frequency of the applied voltage. ¥
e The inductive reactance is directly PTOportion, v

the frequency for constant L.
X, = f, for constant L

ight line passi
So, graph of X; Vs fis a strz‘nght b clz passing thl’uu& |
the origin as shown In the Fig. Q.28.1.

X

Xt

Frer;xency.f
Flg., Q.28.1 X Vsf

I frequency is zero, which is so for d.c. voltage,
~ inductive reactance is zero. Therefore, it is said that th,

inductance offers zero reactance for the d.c. or steady

|
{
J
L_current.

Q.29 Draw the waveforms of voltage, current and
power for a pure inductor when excited by a
sinusoidal voltage I [INTU : Part A, May-19, Marks 3]

Ans, : The waveforms are shown in the Fig. Q.29.1.

P
DECODE
S
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PIRT A

2,13 1 AG Uirough Pure Capacitance (C)

(120 Detlve the sapresstons for curvent and power for purely capaclilve clrcult when the voltage applled to it
v (1) = Vi 800t Draw the comesponding phasor diagram, K [INTU 1 (Part B, May-04, 09, Dec-07, 10, Marks 5]

O Peove that In a puvely capacitive chreult the current leads voltage by 90°,

Ane, t Conafder a pure capacitance of C farads, connected across a voltage given by
fhe equation v = Viosin m as shown i (he Vi,

» The cutreit | charges the capacitor C,
¢ The tnstantancous charge '

Q= Cv=CV, alnwl
¢ Current {8 vate of flow of charge.
llll d

03 (INTU ¢ Part 8, Dec.-14, Marks 5]

c
11
LA D
QA0.1.
Q" oh the plates of the capacitor is given by, ' !
I

v =V sin ot
Fig. Q.30.1 Purely

- . - d . it
{ ) (€ Vysinwy)=CV gt Ginw t) capacitive circu
= CV,, weos ml
' & \'; 1 1 . T
" i —ll— sin (Lllt —{-—2—] = ll“ sin (ll)l + E] '(1)
nC
" — g -
[ \,v
e L= .
where 1{ | m \c and  Xc Q

wC 2nfC

* The equation (1) clearly shows that the current is purely sinusoidal and having phase angle of

+ g radians e, + 90°,

¢ This means current leads voltage applied by 90°. The positive sign indicates leading nature of the

current.

o The Fig'. Q.30.2 shows waveforms of voltage and current and the corresponding phasor diagram.

U
~

]

v=Vsinwt
e

B

i
:
|
i

A \ |=lms|n(ml+%) 1 5~ - : {
\ Current leads by 90° \ ‘;
TR B L | —— 4. i
."‘ ll ‘
/ \\nlz rad = 90° i
— = Time —-~
-Jr 0 n 2n 0

v- |
\
| 5

\V/

1 !
V and I are r.m.s. values w

(a) Waveforms

bl ]
anlp

Fig.

L
I recimicat rusticarions®. ay up thrust for knowledge

Q.30.2 A.C. through purely capacitive clrcuit

l
|

(b) Phasor dlagrah
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3 o the prrodoct 6F instap
obtatned by taking ! *hesgy

. sl "w
« The expression for the instantaneois power €l o
voltage and curreat.

n]
B o= ovsie Vo oain (wit) e L hll!((”l ‘a3

n
(‘ﬂ p"' lll’ ¥ -~ 08
2 t't

- VL wdn (wf) cos (wi)

»~
nm oom

p= -\—'l-—""-k gn (2o asd

alnn ¢ cos @l = aln 2 't

rag yplied voltage
* Thus, power curve is a sine wave of frequency doubile that of apj ‘

1 ayn 7610
« The average value of sine curve over a complete cyclo la alwity

n
v
Pp = [ om0 gin 2wy d @b =0
0 =
« The pure capaditor never constimes power.

, May=14, Dec,~08, Marks
Q.31 What is capacitive reactance ? How it varies with frequency P U [INTU 1 Part A, Hey ! gl

A ‘ of an alternay
Ans. : « The capacitive reactance is defined as the opposition offered by a capacitor 10 the flow fting

singsoidal current through it.
» It is denoted as X and measured in ohms.
« [t is mathematically given by,
l 1
Xe=mre " oc

Q

= It can be seen that X is inversery proportional to frequency.
« For d.c. having frequency zero (f = 0), capacitor offers infinite reactance (X¢ = =) and acts as open
circuit. Thus capacitor blocks d.c.

Q.32 Draw the waveforms of voltage, current and power for a pure capacitor when excited by a sinusoldal
voltage. IS [INTU ¢ Part A, May-13, Aug.-18, Marks 3]

Ans. : The Fig. Q32.1 shows the waveforms of voltage, current and power for purely capacitive circuit whe
exdted by sinusoidal voltage.

[ p.vli

- st | e T

L, Lo e

Pay =0

Time

S e N U

|
L] P] -

P e e s T u—

; 'o. current and power for pufc c
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l 2.14 : Impedance J

Q.33 Define Impedance.
ES[INTU : Part A, May-13, Aug.-17, Marks 2]
Ans. : The opposition offered by an electric circuit to
the flow of an alternating current
impedance. It is denoted by Z.
oIt is the ratio of an alternating voltage to an
alternating current through the circuit. Impedance is

complex and is expressed in polar or rectangular
form.

is called an

Important Points to Re;nerﬁb;er i
pure L and pure C ‘
in rectangular and |

s The impedances for pure R,
are mathematically expressed
polar forms as,

|
Z = R+j0 =R £0° ohms.
lg ;
... Pure R
VA WV L :
2= oo - 7490

= X1 £90°=0+jX; ohms ..PureL
\ Py A%

T IZroee T T4

= Xc£-90°=0-j X ohms... Pure C
'+ The above impedances must be used while |

solving the problems on a.c. circuits. /‘

f 2.15 : Power and Power Factor

Q.34 Define power factor. State its importance.
B2 [INTU : Part A, May-07, Dec.-14, Aug.-17, Marks 2]

Ans. : » The power in d.c. circuits is the product of

voltage (V) and the current (I) as V and I are always

in phase in d.c. circuits. There is no question of phase

- difference between the two in d.c. circuits.

*But in a.c. circuits, the voltage (V) and the current
() may have phase difference between them. The
Phase angle between the two is denoted as ¢.

* The power consumption in a.c. circuits depends on

the phase angle ¢ between the voltage and the
_ current,

T I
The power in a.c. circuit is given by, '

’.AI_,;“_V I'cos(¢) where V and I are the r.m.s. values |

. t
T TECHIICAL PUBLICATIONS®- An up thrust for knowledge

A.C. Circuits

¢ Thus the power in a.c. circuit can be defined as the
product of the r.m.s. values of voltage and current
and cosine of the phase angle between the two.

* The power is measured in watts (W).

® As cosine of the phase angle ¢ determines the

power consumption in a.c. circuit, it is called power
factor of the circuit,

power factor = cos(9) |
® The phase angle ¢ is the angle between the supply
voltage and the supply current.

e The power factor depends on the elements of the
circuit.

The power factor is specified as lagging or leadingl{
'depending upon the position of current pl-msor';i
‘with respect to the voltage phasor. i

o |

* Whatever may be the reference phasor, while
specifying the nature of the power factor t_he
position of current phasor is considered with
respect to voltage phasor.

2.16 : Series R-L Circuit

Q.35 Derive the expression for the current for R-L
series circuit when supplied by a voltage v(t) = V
sin u t. Draw the phasor diagram.

05" [INTU : Part B, May-05, 07, 11, Dec.-08, 15, Marks 5]

OR Draw the phasor diagram of series R-L circuit.
D" [INTU : Part B, May-19, Marks 5]

Ans. : Consider a R-L series circuit as shown in
Fig. Q.35.1.

R
?L_,WV\' -
! VR

-

(~)—
)
v=V,_sin ot

Fig. Q.35.1 Series R-L clrcuit

* When the circuit draws a current I then there are
two voltage drops,

a) Drop across pure resistance,

VR =[x R -
b) Drop across pure inductance,

Vp = IxX where X; =2 nf L

P
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[ = rans. value of current drawn
Vg V), = r.ms. values of the voltage drops. o oo |
Wt Lo re or |g |
The Kirchhoff's voltage law ¢an be applied 1o the a.c. clreuit but ',l,lly""‘:"::;"" a N case of de L ’ ::
addition of voltages should be a phasor (vector) addition and no lotper olp
Q.l
J eV =i TXN (P ¢ additlon)
Ve Gt V) = TR+ X, (Phawor ac o o e T8 ) while th Golbg triangla s yae
» ¢ ln shown I the Flpg. 82004
The phasor diagram for the above case
A

shown in the Fig. Q.35.2 (b).

- t
, v ‘
‘ I logs — \
| by ¢ |
i r.m.g. valus VB 14, 1
‘ of supply \
! !
‘\
{ ‘ = I (In phasa) 0] Ve IR A /
i 0 Va with 1 g

N . D ET N

Flg. Q.35:; 7(a)“l;hanor dlagram Fig. Q.35.2 (b) Voltage triangle

resistance, voltage and current are in phase, While

Note that Vg is along the current phasor as for the
V, must be drawn such that current lags Vi, by 90°

From the voltage triangle, shown in the Fig. Q.32.2 (b) we can write,

V- (VR‘)2+(VL)2 -ﬁR)N(lxxL)l = | ./(l{)Z "‘(XL)2 =17

Where ‘: Z = J(R)2+(XL)7’
It can be seen that current lags voltalg_(:’myx angle cb o

VO = Vi sin 0t and ) = Iy sin @€ |

... Impedance of the circuit,

Q.36 Derive an expression for the average power consumption In serles R-L circult. Draw the waveforms of
voltage, current and instantaneous power. 035* [INTU : Part B, Dec.-16, Marks 5]

Ans. : From the given equations of voltage and current, it is clear that the current lags the applied voltage by
angle @ Thus the circuit is series R-L circuit.
The power is product of instantaneous values of voltage and current,

P=vxi=VysinwtxI, sin(t-q

= Vp I, [sin (@t) . sin (0t =¢) ] =V I, [COS(‘D)-CC;S(Z mt—q;)]

Vv, I

Vi 1
.TmCOS(i) —__m_i.ﬂl.‘:os (ZUJt—¢)

Now, the second term is cosine term whose average value over a cycle is zero, Hence, average powet
consumed is,

AN
P = M mCOSqJ-.YIE. .l..m_cosd)

av 2 Ji'ﬁ
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‘ )
[ p= VIcos¢ watts 'where V and I are r.m.s
~ ,values

. The waveforms of voltage, current and powe 3
shown in the Fig. Q.36.1. power are

.37 Draw power trlangle and define active power
reactive power and apparent Power, '

" [INTU : Part A, May-04, Dec.-12, Marks 3]

Ans.: If we multiply voltage equation of R-L series
circuit by current I, we get the power equation.

Vi= Vg 1+V 1

= Vcos¢l+ Vsingl

« From this equation, power triangle can be obtained
as shown in the Fig. Q.37.1.

2-20

!
l
|
|
|
|
|

|

A.C. qf‘“_‘_“,' )

1. Apparent Power (S)
It is defined as the product of r.m.s. value of voltage
(V) and current (I). It is denoted by__S, -

S = V1 = Apparent power

. measured in_volt-amp (VA)

2. Real or True Power (P)

e It is defined as the product of the applied voltage
and the active component of the current.

o It is real component of the apparent power. It is
measured in unit watts (W) or kilowatts (kW).
o e
P =

watts -

True or active power = V 1 cos §

3. Reactive Power (Q)

o It is defined as product of the applied voltage and
the reactive component of the current.

e It is also defined as imaginary component of_th-e
apparent power. It is represented by ‘Q’ and it 1S
vi V.I=Visi measured in unit volt-amp reactive (VAR) or
= Vidng kilovolt-amp reactive (kVAR). B
Q = Reactive power = V Isind VAR
0
VgI= Vi cos o Q.38 What is complex power ?
. [ [INTU : Part A, Dec.-18, Aug.-17,Marks 2]
Fig. Q.37.1 Power triangle 4 ¢
Ans. : Thi 1 is th uct of the rms.
o The three sides of this triangle are, Bxeomiple powes 1s IProciis
voltage phasor and the complex conjugate of the
1) VI, 2) VI cos 0, 3) VI sin ¢ r.m.s. current phasor. It is expressed in volt-amperes
(VA). It is a complex quantity and expressed ir
rectangular form as,
§=P+jQ=Vms Ims
x Quantity * ‘ p(Power) V(t) =V, sin ot q L
: ; B i(t) =1y, sin (ot-9) ! R
}i v(Voltage) /7~ "\ ; ‘ ;
[ [ : i i :
-' tf ’ . i = |
i | fle g ! .
i H e =5 i 1 !
; : j time! !
i ; ] ! ! 1 'i
. ! : o~ x %, |
| | — 1 1 [ | z
f | 3 1 | %
i lags ; ; lI =|‘ i
vbye | | L k |
| ] I
b Fig. Q.36.1

—
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ac, !
MU ¥ R - c‘-\
. A 250 mK  Flestrical
Wheay P = Raal PV Q< Ruaetive power - -"{"'l:\t{ —Wy e Jem=
-
Uiaw = Uy SMRate o VA il
twpartang Patatx to Remombop 1 =
* The Nt PNYWOE G i always deternmined — %
BY e pasitian O the cateent withy WP b the o = 50 Hz
Witage o,
In. Q.40 i
* It \Vm’.‘l\l lags WWtage YWYtk s said o be . )
).\f\\‘n\\: It curnene laads Wlage pawer factar is Vo = 180V
Sy b Mg " 1% 60
" = IR e, 150 = 1 x 6 r
* N Sories Ri) WL Za R N, =121 29 @ Vi ot
e R\
AR AN

1 = 25 A (magnitude)
F ~

TR l - 2AnxS0xA50x 1073
V= tan *R* ! R Pasitive far mductive impedance \‘ - 2nfL = 2me

- lm.&q
\ . ‘ Z = R+X| =60 + j109.936 Q
Nover aciar = AW O = ,}‘\ o “ \: i - v
i .
|l| W e W - ————}
1Z1 2.x32
QX A COll has & reststance of 4Q and an \E T
niductance of 088 . Calculate 1) the reactance,

) the mpedance, and {i) the ¢y

rent taken from V = 25x \.}m N 313-1523V wher
a0V, 30 Hz &y )
) Baly >~ Suppl)' \‘0"&\3{‘ = 3131525 V
K® Nty Part B, May-1s, Dec-08, Aug.-06 Marks 5) PR —— ]
ARSI R=4Q LmosmH, vy oV, [ 217 : Serles R-C Circuit |
f=3) Hz Q41 Derlve an expression for current drawn ang
Power cansumed by a circult consisting of 'R and
R L 'C' connected in series across y = Vi sin g
AAA——Y supply.
l-. iQ :;‘;f GSC[INTU : Part B, May-0s, 07, 11, Dec.-08, 11, 13, Marky
° . Ans Consider a  eircuit consisting of pur
30V — resistance R-ohms and connected In series with .
S0He Pure  capacitor of Cfarads  as shown in the
Fig. Q.39.1 Fig. Q41.1. . .
1) Xy = ML = 22NN 935 102 =3Q VWA i :
i) 2= RN m4+j30=5 236570 i
Vo N040° ,
My - - L <3687
!U) 1 Z ‘m 48§ » 36 70 A
V=V sin at
Q40 A resistance of 60 Q is connected in serjes Fig. Q.41.4 Series R-C clreult
with a pure Inductor of 350 mH. The circuit is « Th y R :
€ Senes combina R ACTOSS ac
connected across a 50 Hz sinusoidal supply and AN Cz nation  js connected  across
the voltage &Cross resistance s 150 v. Calculate PPl given ¥
the supply volatage. ES” [INTU ; Aug.-18, Marks 5] v=V_ sinaut
Ans. : The circuit is shown in the Fig. Q40.1. * Creult draws

A current I, thep there are two
voltage drops,

a) Drop across pure resistance Vg = IxR

for Anowiecpe
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Pasic 1 lectrical and Electronics I nginzering 2.22 A.C. Circewnits
b) Drop acrosa pure capacilance vc - | X¢
" A\l - l
Where X¢ g ¢ Od L Vy, Vi are the rm.s. values
« The Kirchhoff’a voltage law can be applied to get,
Vos Mo V=it X ... (Phasor Addition)
¢ The phasor diagram s shwon In the Fig, Q.41.2 (a) while the voltage triangle is shown in the
g, Q1.2 (b).
Fig. Q (b) % Var o V=R __ .
« Note that Vi is along the current phasor ® =
>
as for the resistance, aRe . y 1) !
¢e, voltage and current ’ Ve leads b Vs X
are in phase. While Vi must be drawn Vhyé
such that current leads Ve by 90°, « B
A
o From the voltage triangles, ’ '
e (a) Phasor dlagram (b) Voltage trlangle

Voo VORP+(V) Fig. Q.41.2

“ VIR + (X ) =1 RZ+(X ) =12

y ]
where Z = JRF+(Xc) s the impedance of the circuit.

» It can be seen that current leads voltage by angle ¢ hence

v(t) = Vo sinot  and i(t) = I, sin (wt + ¢)

-
« The power is the product of instantaneous values of voltage and current.
P=vxi=V sinotxI sin(ot+¢)

i -9)- 2wt +
= VI [sin (wt) . sin (wt+¢ =V, Irn[cos( %) c;s( Q)]
_ Vm Ipcos¢ VI
2 2
* Now, second term is cosine term whose average value over a cycle is zero. Hence, average power
consumed by the circuit is,

T cos (2wt + ¢ as cos (- ®) = cos ¢

cos¢=%.}j‘—icos¢

Vi Im

2

Py =

P = VIcos¢ watts where V and I are r.m.s. values

Q.42 Draw waveforms of voltage, current and instantaneous power for R-C series circuit. State the
expressions for voltage, current and power. (55 [INTU : Part A : May-06, Dec.-14, Marks 2 |

Ans.: The voltage and current for series R-C circuit are given by,

vit) = V,sinwt and i(t) =1, sin(0t+9)
s While the expression for the instantaneous power is given by,
Vin Im coso VI
2 p.

P = cos (2ot +0¢)

The waveforms for the voltage, current and power for series R-C circuit are shown in the Fig. Q.42.1.

ﬁ%
T TECHNICAL PUBLICATIONS®. An up thrust for knowledige pecoot
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QU«‘mlllies P
/ (Pewer)
]
; (Current)
i

Leads
[ v o,
| by ¢ -

Fig. Q.42.1 Voltage, current and power waveforms for R-C serles circult

Important Points to Remember

[ 7 :
i ForsenesR-Cdrcuit,Z-R_,‘xc- 1Z1z-0Q

= 2 4 = -X
'Z1= /R +3\f_,,o-tan'[ Rc}ojsncgative

for capacitive impedance.
* The current leads the voltage by angle ¢ in R-C
|__series circuit.

Q.43 A voltage wave e(t) = 141.4 sin (120 ¥
produces a current, i(t) = 14.14 sin (120 t) +
7.07 cos (120t + 30° In a clrcuit.

Determine, 1) The resultant time expression of the
current, iI) The power factor and power dellvered
by the source. ill) Values of R and C of the

circulit. OSTINTU : Part B, Dec.-12, Marks 5]
Ans, :
1) i(t) = 1414 5in120 t + 707 cos(120t +30°)

= 14.145in120 t +7.07 [cos 120 t cos30°- sin 120 t 5in30°)
= 10605s5in120t +6.1228 cos120t

= A sin(120t +¢)
= Asinl120tcos ¢+ A cos120tsiné
Comparing A cos¢ = 10.605, A sin ¢ = 6.1228
(A sin¢)? +(A cos0)? = A2 = (105605)? +(61228)2

A = 12245 and

Le. ¢ = 30°
.. Resultant current is, i(t) = 12.245 sin (120t+30°) A

—

A

V() = Vi, éi'ﬂ il paste Flos
i) = b, 8in ot + ®)
v fluste the
“ (Voltaye)
0.AA L
= tims g
Ann. 1
whet
ii) E, = 1414V
and phase 0° from given equation of g
E - MM 0ovaioocoey, - 12205 -
V2 'y
= 865852 30° A
Power factor angle = ¢= E* = 3(Q°
Power factor = cos ¢
= 0.866 leading
s P = Elcoso= 100x86585x cos0°
= 749.85 W
I
$ = 300
-
E 10040° y a
lll) Z T m; & 11.5493‘,—30 2
= 10-)57746 2
Comparing with, Z = R - X
1 1
R - 10 X o 5’—4 Ll e, | Jp—
k- e 2riC wC

and = 120 rad/s from given equations

R e

—
'

O “TECHNICAL PUBLICATIONS”: An up thrust for knowiedge
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_ 1
C = T20x5772g = 14431 mF

Note that e(t) = En sinwt
= 1414sin(120t) V hence w= 120 rad/sec.

Q.44 Develop the phasor diagram for a series RC
circuit with R = 10 Q and C = 10 F and excited
withal-a 230 V ac supply.

IS [INTU : Part B, Dec.-16, Jan-10, 11, Marks 5 ]
Ans.: V=230V, R=10Q, C=10uF, f=50Hz
Z = R—]XC

XC=

where 2nfC

31831 Q

Z = 10-j31831Q

w

18.46 £-88.2° Q

NI <

_ . 23040°
318.46 Z—88.2°

= 0.722 £+ 88.2° A

VR = IR =0.722 £88.2°x10 £0°
= 7.22./88.2°V

Ve = It=jXc)
= 0.722 £88.2°x 318.31 £-90°
= 229.82 £-1.8°V

V = Vr+VcC
lence the phaser diagram is as shown in the .
ig. Q.44.1.
l“
V=V + Vg
Vv
R“\__\‘
‘\83.2° P
~234V = 230£0°
-1.8° ;
I
|
]
Ve
Fig. Q.44.1

|
|

A.C. Clrcuits

Q.45 A voltage v = 100 sin 314 t is applied to a
circult consisting of a 25 ohm resistor and an
80 ;F capacitor in series. Determine i) Peak value

of current 1) Power factor iil) Total power
consumed by the circuit.
25Q  BOWF

i)

- V(t) —

Fig. Q.45.1
Ans. : .
i) Comparing given voltage with Vi sin o
V,, =100 V, =314 rad/s
Xc = 1 - ! = 39.8089 Q
€~ wC 314x80x107
Z = R-jXc =25 - j 39.8089
= 47 £ - 57.87°Q
. V,, _ 100
i = -m -2 =27276 A ... Peak value
) I = 1Z17 @
R_25 .
il = 5===0 leadin
ii) cos ¢ 5= 47 0.5319 leading
... Power factor
Vi o 1
iii) P = V1cos ¢=-j—%x—% cos

_ 100x21276 ) 319 - 565851 W

e A e A ¥

1 RN Sa iy I
‘ 2.18 : Series R-L-C Circuit %

Q.46 Sketch and explain the phasor diagram of

RLC series circuit for

) Xc > Xy i) X¢ < Xy

i“) XC = XL

DS{INTU : Part B, May-04, Aug.-04, Dec.-09, 12, Marks 5]

Ans, : Consider a circuit consisting of resistance R
ohms pure inductance L henries and capacitance C
farads connected in series with each other across a.c
supply. The circuit is shown in the Fig. Q.46.1.

e
" TECHNICAL PURLICATIONS®- An uo thrust for knowledge
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—
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R L Cc

WW ~ T —|

Vg = Vi Ve
I vV \ L
1 Vg E90° : I CON
V,
, )— N
&
v =V sin ot

Fig. Q.46.1 R-L-C serles circult

» The a.c. supply is given by, v =V, sin ot.
e The circuit draws a current L

e Due to current I, there are different voltage drops

across R, L and C which are @ggl)yi o

i
a) Drop across resistance R is Vg=IR
b) Drop across inductance L is Vp =1 Xp

¢) Drop across capacitance C is V¢ =1X¢

e According to Kirchhoff's laws, we can write,
V= Vg +V, + V¢ ... Phasor addition

| |
EFollowing are the steps to draw the phasor
{diagram : |

|
'1) Take current as reference.

|
12) Vg is in phase with L. l
if'3) V; leads current I by 90°. ]
/4) V¢ lags current I by 90°. |N

'5) Obtain the resultant of Vi and V¢. Both Vy and
f V are in phase opposition (180° out of phase).
;!6) Add that with Vg by law of parallelogram toi

l get the supply voltage. |
Case 1: X; > X¢

» When X; > X, obviously, I Xp, ie. V, is greater
than I X ie. V¢ So, resultant of V and V¢ will be

directed towards V; i.e. leading current L

e The phasor sum of Vg and (Vi — V() gives the

resultant supply voltage, V. This is shown in the

Fig. Q.46.2.

¢ The circuit is inductive in nature and current lags

the voltage.

B

Ac. Cl.nﬂ
\Y [ectrl
L1 V, Ve "”“! -
v e
M= Val |- o : >
Viage v \ gr. NO.
T -

Ve |
Fig. Q.46.2 Phasor diagram for Xy > X¢ \ .
Case 2 : X, < X¢ :

e When X < Xc obviously, 1 X, e Vi Is lesa g,
I1Xc ie. Ve So, the resultant of Vi and V¢ willy,

directed towards V¢

e The phasor sum of Vg and (Vg - VU gives ;
resultant supply voltage V. This is shown in y,

Fig. Q.46.3.
e The circuit is capacitive in nature and current leag,

the voltage. Q4
Vi 1 An
A
= — 1
o 5 i
| leads V

S B v |
(

Ve VetV

Fig. Q.48.3 Phasor dlagram for X|_< X¢
Case 3 : X|, = X¢
¢ When X = X¢, obviously, Vi = V¢

e So, Vi and V¢ will cancel each other and thei
resultant is zero.

e Thus Vg = V in such case and overall circuit
purely resistive in nature.

o The phasor diagram is shown in the Fig Q.46.4.

o\ —

L Ve=V
Ve

Fig. Q.46.4 Phasor diagram for X = X¢
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summary of RLC Circuits :

r. No. Cii_'fc““ Impedance (2) O } ‘ Remalk_ .
S : ; : |- P
| [ — Polar ~ Rectangular 1‘ i -
Lo s RZ0°Q ‘R+j0Q ! 0 \ 1  Unity pf.
2| PureL X, £9%0°Q 04X Q 90° \ 0 | Zero lagging
3 P}lfe C Xc £-90°Q ‘ 0-j XCQ - - } 0 ‘5 Zero leadmg_ .
4 | SeriesRL  ||Z]Z+¢Q R+jX,Q 0° £ £90° \n = Lagging
et i e e S IR TSI Pt p ittt st i oS iy o T o B [t = S e IS
5. | Series RC 1ZIZ-¢a R-Xc Q Co0z020 || 50 | Leading
: | ‘ Xy > Xc Lagging
6. | Series RLC 1ZI Z+ ¢°Q | Fyxid o i cos ixL<xcLeadmg
i % X=XL—XC \ tl_wf_ e

Q.47 Find the impedance of series R-L-C circuit with R = 100 Q, X; = 50 Q and Xc=200Q
[ [INTU : Aug.-17, Marks 4)

Ans.: R=100 2, X; =50 Q, Xo.=20Q

Z = R+jXy, —jXc =100 +j50 - j20

100 +j 30 Q

104.403 £16.7° Q

Q.48 An inductance of 0.5 H, a resistance of 5 ohms, and a capaciatance of 8 uwF are in series across a

220 V, 50 Hz, AC supply. Find the voltage across each element and total current supplied by the supply
and draw the phasor diagram for the circuit. TS [INTU : May-18, Marks 5]

Ans, : The circuit is shown in the Fig. Q.48.1

= & R L c
X, = 2nfl =157.08 Q o e e
X = gopm = 397.89Q - b e o
- VR VL Vc
Z = R+JXL _]XC
= i157. - 1397, . =\
5 + {157.08 - j397.89 i O—
Z = 5-j24081 Q 220V, 50 Hz

Fig. Q.48
240.862 £ - 88.81° Q

Assuming voltage as reference, V = 220 £0°V
VAR 220.£0°

i B o— = (), . o
" I 7 ™ 510,862 Z-BB.8T° 0.9134 £ 88.81° A

Vg = I(R£0%)

T'CHA

= 0.9134 £88.81°x5£0°
L PUBLICATIONS®- An up thrust for knowledge or
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Pasic Electrical emd Llectromics Dngineering -7
= 4567 S8881° V
Vi o= X <®07)
- 09134 28881 x 157,08 LN°
= 18347 JITRSI* V
\'c poy l‘\ch_‘x‘ﬁ’
= D913 JESRIT « TR L~ o
- 33432 o119 Y
The phaser diagram is shown In the Fig. Q481 (a)-
4
{ 1lags V, by 90
1 leacs Vg by %0°
[ in phase win Vg

Fig. Q43.1 (a)

Q.43 Determine the impedance of series RLC
cirenit with R=52. L =2 mH andC = 5 nF

with an applled voltage of w(t) = 10 sin (314 1)
£ [INTU-H : Part A, Dec.-2016, Marks 3]

-l

-

. Ans. : Compare (1) with V, sin{ot), o= 314 rad/sec.
2=fL = ol = 314%2x107 = 0.628Q

- x:. -
- x P __1_- - .l. - l
3 €T Zdl o 3144541077
- £36.9437210°0
Z = ReiX; —Kc =5-j636.942x10°0

= 636942 £ - B9.99°5)

A . e ————

2.19 : Parallel RLC Circults

et e e et e e —

Q2% Whai Is admittance ? Which are jts two
components 7 State thelr units. How the

sdmitiznce I8 expressed In rectangular and polar
form. EF[INTUY : Part A, Dec 09, 11, May-08, Marks 3]

Ans.: Admitance is defined as the reciprocal of the
impedance. It Is denoted by Y and is measured in
uniit siemens o7 mho.

T‘ffavﬁlf'ﬂ PUBLICATIONS®. An o Bvust for bromesgs

—

4{‘(
. te g\\
o Constder an impedance given as, 7 ~ g . . o
»

o Positive sIgN for Inductive and r"‘?ﬁm. 2o i
cult. L o '

cahndltvo cir 4 ’ . Po’m
Admittance Y- 2°FIjX g

s salon Yea

lianalising the above expre -
T R¥)X L BEFIX step 4
Y- ?li‘i"”_)()”( F )X R4 %2 the
A \ R

P e 7 ¢ Gtep

"Eih"}(’) ’{RZ+X2J ,,:2 0, 3
"
- 3 where G = Conductance = .=

y =G FjI 71" Sl

i
B = Susceptance = -7:—2- ;2
Htel

Conductance (G) & '
o It is defined as the ratio of the resistance t, ¢,

square of the impedance. It is measured in the y,

siemens.

Susceptancs (B) :
o It is defined as the ratio of the reactance to &,

square of the impedance. It is measured in the uz,
siemens.

The susceptance is said to be inductive (By) if i
sign is negative. The susceptance is said to be
| capacitive (Bg) if its sign is positive.

+ Admittance in polar form is expressed as,

'Y=G+jB=1Y 1| £g¢siemens or mho

1Yl = {G? + B2, ¢= tan”! G

' Bisnegative if inductive and B is positive if capacitive

Q.51 Explain the admittance method to solve the
parallel a.c. clrcults,

IS [INTU : Part B, Dec.-14, May-10, Marks )
Ans, : « The various steps to solve the parallel cira

by admittance method are,
Step 1: Calculate the admittance of each branch fro

the respective impedance.

1 1 1
Y - — Y‘j e Y e eree
! Zl - 22 3 23
Step 2 : Convert all the admittances to the respect
rectangular form.
K0
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[raxtt
grep & ! Caleulate the equtvalent admitiane of (he
cirenit by adding the mdividual adimitiances of
(he branches.
Yoo = \l t \; + \'._‘_.1_ H”?"J | “ml ol ¥ (£
gtep 4 1 The total current deawn from the enpply ia
(hen given by,
tT = \, ~ \.P'l
step § ¢ The individual branch currents can be
obtalned ag,
h= VY 13 =VXYy, 1, =VaY, ..
o It can be crosschecked that the vector additlon of
all the above currenta gives the (otal current
calculated ln step 4,

gtep 6 : The angle between Voand 1y ds the power
factor angle ¢. The cosine of this angle s the
power factor of the clrcult, The power factor of
the clreuit can alse be obtained as,

e The nature of the power factor is to be declded
from the sign of By, If it is negative power factor
is lagging while If it is positive the power factor is

leading.
Step 7 ¢ Voltage must be token os reference phasor as
it is common to all branches to draw the phasor
diagram.

Important Polnt to Remember D

Current division In two parallel impedances :

o Similar to the current division in two parallel
resistance, the current division in two parallel
impedances is given by,

I
| Z
It 1
12 22 11511-)('21—%.2‘2—2‘
Zy
I, 2 I+ X=——
~) 277724+ Z

A.C. Voltage
Flg. 2.19.1

It can be cross checked that T-r - 11 +Tz
(phasor sum) )

r TECHNICAL PUBLICATIONS®- An up thrust for knowledge

o Electeten] and Elevtriniya Fuginesring P

L

A.C. Circults

0,62 If admittance of a series circult Is

0,010 + | 0,004)8, Determine the values of the

Jue of

Hre 111 is for the frequency va
cﬁl(;c'n'l: ;nmlmneu sm;'-'(mm iy ey warks 3]
Ana, i s
Given ; Y = 0010 + | 0,004 = 0.01077 £ 21.801
1 1

7. = 5 = (01077 Z21.801°

- 02,8505 £ - 21,8017 Q

= £16,209 - j34.4B4 0

= R"1XC 1
R =.86209 Q2 , Xc = 34484 Q = 57C

1
-} =92306 uF
C = 3ax50%34.484 W

Q.53 The clrcult having two Impedances In

parallel of Z;=8+]15Q and Z; = 6 - 18 L,

connected to a single phase a.c. supply and the
current drawn Is 10 A. Find each branch current,

both In magnitude and phase and also the supply
voltage.
Ans. ; The circuit is shown in the Fig. Q.53.1.

Iy 8+)15= 17.£61.827°Q

Iy
10 A(L
- \
Fig. Q.53.1
Assume total current is reference.
IT - 10 Z0° A
Using current distribution rule,
10£-5313°

3 Z
I =l X 5—25—=10.40° x

Zi+Z, 8+j15+6-8
100£-5313° _ 100£-5313°
(14+j7) 156524 £26.565°

= 6.3887 £ -79.695° A
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Zy
- 7 Je—_— /
I 1.,/2”,2 10 £07

17.61927°
yirrail

100° « 17 £61927° 9
156524 226, 565" 10861 £

Key Point : Check that Iy = Iy + 1

VehZ=hZ
= 63887 £ -79.695° ¥ 17

= 108.6079 £ - 17.768° V
... Supply voltage

£ 61.927°

Q.54 In the following circult shown In Flg- Q.54.1,
points A and B I8

the effective voltage between
ding effective values

25 volts. Find the correspon
of V and I7. £ (INTU ¢ May-18, Marks 5]

@1

Fig. Q.54.1

Ans. : Two branches are in parallel.
» By current division in parallel  circuit, current

through branch 40 - 30 R is,
l - l ,(_____?-:!—2-—-‘-'
T (5+j2+40-)30)

. 75‘3854'1.89
T7537-3189

- Iy #0,1016.£53.69°
Vg = Iy <3260 12 40
o Ly %3460 I7 #0.1016.£5369°#40
« Ip[15+j2593 +2.4065+13.2748)
- [ (7053456365 | but Vyp = 25V
Vapl = 25 = 7.033 Iy
- 35446 A
- 32607+ ((5+J2) | (40 -§30)]

fy - Magnitude

7

i s

{
i

k-
/60 ‘!'F
(15 + j2598) * (508 2165,

|
1.5 + j2598 + 4863 ¢ L4y

3

6363 *

Ac,

5385/ 2V 8" /50, ., ""v,
5+ ’2 ‘-4‘,"',:’{‘)}‘}’ ¥

¥y |

j4.068 2

- 7.552 £32.59° Q

i - 7.552 5% Ir]=
j e HL
v = [lrlx[Zeal =TTV mag

3.5446

4

ace Z1 = (6 + )8) Qs ¢

Q.55 An ;mwd‘wl o o parallel comb]h:::"q
serfes W10 10416192, Z3 = B- gy !

y

in
impedance® z

2

300 V. 50 Hz, supply. p,“‘

connected 10 2 ctive
er, Tea power and ‘
total active POV 53 [INTU : May-19, o™
factor of the circult- [ y-19, K"“sg
hown in the Fig. Q551

Ans

. The drcuit i5 5

68
= 10£53.13° Q2

10 + j6 = 11.662£3095°

e 3

Zq

g-j10
= 12 80645134 Q

A

Z,|Z;

(A
v=300V.l=50Hz

Fig. Q.55.1
257
Zy+Z3

11.662.230.96°%12.806 £ - 51.3¢°
10+j6+8-j10

149.343 £ ~20.38°
184394 -12.528"

BO99 £-7852°Q
8.023 - §1.106 Q2

2y +(Z,1Z5)

6+ j8 + 8023 - 1106
14.023 + 16894 Q
13.626 £26.18° Q
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vV _  300.20°
Zr 15626 Z26.18°

‘F"’.‘-

= 19.198 £-26.18° A
P = Total active power = V| cos ¢
= 300 x 19.198 x cos (26.18°)
= 5168.55 W
Q = Total reactive power = VI sin ¢
= 300 x 19.198 x sin(26.18°)
= 2541 VAR

‘cos ¢ = Power factor = cos(26.18°)

=

0.8974 lagging

Ez,zo : Three Phase Balanced Circuits —l

Important Points to Remember

/~  Three Phase A.C. Circuits \

o In a three phase supply system, there are three
voltages with a same magnitude and frequency

but having a phase difference of 120° between
them.

o The equations for the three phase voltages are :
eg = Ep sin(ot)
ey = Ep sin(wt-120°)
eg = Ep sin(wt-240°)
. =E, sin(ot+120°)

» The phasor diagram of these voltages can be
shown as in the Fig. 2.20.1

’/e; eg lags

eY by1 20°

e )

120°

120°

ey lags eg by 120°

ey

N

Fig. 2.20.1 Phasor diagram

If we add three voltages vectorially, it can be
observed that the sum of the three voltages at

any instant is zero. /

)
VTECHNICAL PUBLICATIONS®- An up thrust for knowledge
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A.C. Clrcuite
[ 2.21 : Advantages of Three Phase Bystem_

Q.56 State the varlous advantafes of three phase

system over single phase system.

03 [INTU & Part A, Marks 3]

Ans. : A three phase system has following

advantages over single phase system

1) The output of three phase machine s always
greater than single phase machine of same 62
approximately 1.5 times. So for a given size and
voltage a three phase alternator occupies less

less cost too than single phase

having same rating.

space and has

For a transmission and distribution, three phase
Jess copper or less conducting

2)
system needs
material than single phase system for given volt
amperes and voltage rating so transmission
becomes very much economical.

3) It is possible to produce rotating magnetic field

with stationary coils by using three phase

system. Hence three phase motors are self
starting.

4) In single phase system, the instantaneous power

is a function of time and hence fluctuates w.r.t.

time. This fluctuating power causes considerable

vibrations in single phase motors. Hence
performance of single phase motors is poor.

While instantaneous powes in symmetrical three

phase system is constant.

5) Three phase system give steady output.

Single phase supply can be obtained from three
phase but three phase cannot be obtained from
single phase.

Power factor of single phase motor is poor than

three phase motors of same rating.
8) For converting machines like rectifiers, the d.c.

output voltage becomes smoother if number of
phases are increased.

|
3[ 2.22 : Phase Sequence

Q.57 What is the meaning of phase sequence ?
How it can be changed ? £’ [INTU : Part A, Marks 3]

—— ————— —_—

——

————
———

DECODE

e
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A.C. Cirewyy,
h their maximum positive values is called phag,

1-M
proniis [ wginerring

h the veltages in three phases ren
jo R-Y-B
termining direct!

Nasdy th"'.ul and [lev

o sequene in whne
enerally the }‘h_lu‘ sequenty
» mqmﬂ.ml in de

Ans t o 1D
ont of rotation of ac. motors, parallel operation

of altermators el

a
e The rI\\w AN UOTCY of a three [‘h

ol RY and 1L

w syatem can be changed by (nterchanging any two terminals out

2.24 : Threo Phase Supply Connections

r
Important I*oints to Remembe

ply connections are;

R ——————

e

s The two types of three phase sup
1 Star connestion 3 Delta connection

« The Fig. 2231 shows the star connection of supply lines.

o —————

To R, R,

- R
Load (—Y-/D'd'ﬂ'd;‘——"

1
Ne—Tmn—o ¥ To {
Neutral | B; B Load E

Fig. 2.23.1 Star connection ‘
« The Fig 2232 shows the delta connection of supply lines.

Load

Fig. 2.2.‘!.2 Delta connec;i;l;ﬁ

— .
—

' 2.24 : Line and Phase Quantities 7

—

connected to three
-09, May-11, Marks 3]

Ans. : The volta
> B€S acros Pl
through the lines o s the supply lines are called line volta

U°[INTU : Part A, Dec.

;-‘Cnng supply to the load
Y IB are the Hne currents

Cross an)- bfanch

voltage den
oted as Vp'n- The

has current ' P "
Phase current denoteq a5 Ly passing through any branch of meZPﬂhlie:r pz}—g,se,e Ij called phase
oad is called

e
are called line curg s denoted as V{ while
N me \'Ohdge a

rents denoted as k. Thus the currents flowing

Vrv Vyp, Vgg are the

R T T
y .

® A D st for gy

P
_DEcool
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pasie Flectrical and Electromics Caginecring 2.1 A.C. Clrex
se
o The line and phase quantities for etar load are shown In the Fig Q58.1(a) while the line and pha
quantities for delta load are shown in the Fig. Q 58.1(b)
Lina
u wurrent(l) )
Re ' ‘l‘" :v? "‘ A Phasa currant (1)
§oe > v '
vollapoe : ny ki 2o Phasa voitage (Vo)
Y @ows ._-_.__l L /,-r-"“ " /
e )
',.:' N \‘\ i
Zeny Lora
B s S u & \l“‘( N R Y
Supply T~ e
Fig. Q.58.1 Star load
Line
/ current
Ro - R
Line Phase voltage
voitage = Vo, Var < (V)
(VL) Ir
Y o
X‘f Phase current (lp,,) |
1 1
Bo R e Y f
Supply J = ;
VL = Vph ;
./’
Fig. Q.58.2 Delta load
2.25 : Balanced and Unbalanced Load
Q.59 Define balanced and unbalanced three phase loads. O [INTU : Part A, Dec.-10, Marks 2]

Ans. ; » The load is said to be balanced when magnitude of all the impedances Z,,Zy, and Z;; are equal and
the phase angles of all of them are equal and of same nature either all inductive or all capacitive or all resistive.

« The load is said to be unbalanced when magnitude of all the impedances Z,;,,, Zyy; and Z; are
unequal and the phase angles of all of them are unequal.

2.26 : Relations for Star Connected Load

Q.60 Derive the relation between line and phase quantities In a three phase star connected circuit. Derive

the expression for the power.
IS [INTU : Part B, Dec.-18, Marks 5]

A s P g ¥
T rechmicaL pUBLICATIONS®- An up thrust for knowledge Dbecoot.
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di a
Ans. : Consider the balanced star connected "
as shown in the Fig. Q.60.1.

e Line voltages, Vo= Vey =VWp = Vor and
Line currents, I; = 1, = Iy =1y

* Phase voltages, V= Ve = Y = Vb and

Phase currents, In=Tg = Iy =lp

e It can be seen that the line currents are same a3
the phase currents i.e. I = I Fig. Q.60-1 star connected load ph
* From the Fig. Q.60.1 we can write, A
Vay = Viey + Vy But Vigy = = Vi 1
(Generally suffix N is not used for phase v?ltég'fs) e
Hence : v :\-/Ry' - Vg - Wy _
Similarly, | Vyg = Vyn + Vb = VN -Vgn =W~ VB | _
and | Ver =Ve-% *

S T . her.
» The three phase voltage are displaced by 120 from each O

i ig. Q.60.2.
« The phasor diagram to get Vpy is shown in the Fig- QV >
The Vy is reversed to get -Vy and then it is added to VR

get sz.
e The perpendicular is drawn from point A on vector OB

representing V .
o In triangle OAB, the sides OA and AB are same as phase
voltages. Hence OB bisects angle between Vg and - Vy.

: £BOA = 30°
o And perpendicular AC bisects the vector OB hence
V; Fig. Q.60.2
OC=CB=—-

e From triangle OAB,

oc _ (Vay/2 e V3. (\./2)

e cos 30° = U‘A— VR . 3 Vph

——
T ——

» The lagging or leading nature of current ¢
epends on per
phase

Power : The power consumed in each phase i sing) impedance,
e

Phase :
Fon = Vou Ipp cos¢ Power given by,

* For balanced load, all phase powers are equal

2
B TECHNICAL PUBLICATIONS®- An up thrust for knowteqa :
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pasic Electrical and Elrch'on{ca_E_r_l‘dmcring
» Hence total three phase power consumed is
P = SPph —3 \;'\h lph C05¢

r

VL
= ﬁIL cos¢

i P ) V3 Vilpcosd  watts
ductive load connected across three

U [INTU : Part A, Marks 3]

.61 Draw a complete phasor diagram for three phase star connected In
own in the Fig. Q.61.1.

phase a.c. supply.
Ans. The complete phasor diagram for lagging power factor star connected load is sh
Each Iy lags respective Vi, by angle &

y Var=Vi

v, leads V,, by 30°

L, lags Vg, by angle ‘0’
in every phase, as load
is balanced and inductive

R ZRTECA

Fig. Q.61.1 Star and lagging p.f. load

I
| 2.27 : Relations for Delta Connected Load
se quantities in a three phase delta connected circuit. Derive

Q.62 Derive the relation between line and pha
[S°[INTU : Part B, Marks 5]

the expression for the power.
Ans. : Consider the balanced delta connected load as shown in the Fig. Q.62.1.

g :'"/ s I R !
| R j T _— ?
| |
3 VRY VRY i
Three 1 Iy Ver L
{ - phase Y o— > z, :
j supply } |

B

lYB
-p—
&y | Y
e
VYS

T pe—
| ———
@

2

| B o—
o

\‘-\_— e ——————— N— —
Flg. Q.62.1 Delta connected load
DICO!

YTECHNICAL PUBLICATIONS®- An up thrust for knowledge
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Bawmas §lgs tmn ) B -
s ,’h‘tqq“- IM l L3 ] A .
Fle<t

- g 2
Lise voRages s Ny

LA
AW (hmorveatg lg N ). al, = i,

- \._q\-\'h. anad

3

« [ < . g ‘
w Vodtages '\.:q- Vay Vg ™ Vpa ot
MMase cusren
veTmeTens | L, 2lyy v kg vt .

« .r
- Y,
Ya

* R Can Bw wewn that the isse vitlages atw same as the phase voltages be. % o

apply the KCL st the node B of the loag Y. e

¢ To derive the retazion betwoen §, and I ,.
L ¢ e

Fig Qart
A .
:_ (e— }_ Foening 2t tande R
5 H
e vy te ke lay ~ laa

Appdveg KCL a2 rode Y and B we can wrnite equations for line currents [, and Iy as,

" - (‘& - i!l'l &."‘d ,L - ! !\B 2
s The phasor diagram o obtain bre current | R |
¥oaaTyYIng owt veotor subtraction of phase
urrents lgy and 1y is shown in the Fig.
Q2
* The theee phase currenss are displaced from
each otder by 1207
h:mmzoga—gxmdm:ddedto
ety
* The perpendiculsr AC drawn on vector OB,
Szsecss 2 wector OB which represents |, .
“*-‘yOBb:’szc:s.mgiebem-em—IBa and
fgy winch is &0
1
<804 =30 and OC-CB- L
_ Ip/2 3
« From triangle OAB, cc-sl‘ﬂ"-—g{- R/ ie —-23 L/2

Iy \3 !” and \"-\L -..fordehamnectmn

Thas Hee ttrmt s 3 times lh-e phm cnmlt in delh connecﬁon.

* Power consumed in each phase is single phase power given by,
Py = ‘.-;,b [:i: cos @

, I
* Total power P =3P, =3Vylpeese =3V 5 Q

v P = \"]5 VLILCN@ watls

— e ——

Q83 Draw a complete phasor diagram for three phase delta connected inductive load connected acr
three phase a.c. supply. B [INTU : Part A, Marks
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AnS- . The complete phasor diagram for lagging power factor delta connectes 1 Juad s shown i the big ]

an ‘0‘)\

‘I“"'n J'..,,_ .I. . '
) T
MUg& § & s
1,01 s /
. i@

‘ I tags by ‘;’:‘f‘i

Fig. Q.83,1

' For delta connection, to draw phasor diagram use
|

-IR_ - i;{y "]m{. iy = —lyu —llly and —Iﬁ = lpn -iyu
« Each 1), lags respective V;, by angle @
’ 2 28 Power Trlangle for T hree Plnase l,ﬂad

Q.64 State the equations for apparent power, active power and reactive power for thiee phass load,
the power triangle. £ (JNTY ; Part p, ¥

Ans. : » Total apparent power,
S =3 x Apparent power per phase

= v /1 l. &l ‘.‘
Raaty
S 3 Ph l[‘lh w:“( ]
v I 3
=3 L =3V = Payav ose
3 V3 Active powel
AS=BV.I (VA)or (kVA) Fig, Q.64,1 Power triengls

« Total active power, P = Y3V, I, cos¢ (W) or (kW)
» Total reactive power, Q = 3 V I;sin ¢ (VAR) or (kVAR)
« The power triangle is shown in the Fig. Q.64.1,

——— g o 1 7T T e SR AP

Steps to Solve Problems on Three Phase Systeins

1) Given supply voltages are always line voltages,
2) Determine phase voltage depending on whether load is star or delta connected,

3) Then determine phase current, !

ph“ 7
“ph
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ey A
Wpetd) § 0 Enaioidt aiek § iy doyvang @ b'\\*“"\ 1y

t \l\\hh‘ valy "I‘
i R A KL LI WERT LT L N

N T T LI \
‘.
S EDG Aty vt 1 R ERIY

\ S tan be
YR T i v ane v then £

’\\ \ ) ‘ A v
’ Y vl “.,i
\\\\\pl,i\« \q ae O W .n‘\. ‘“\“ u“ {‘ ‘ \ "“

N ; Mthe elemente of
wal Ry 1) Vo e valies of th
AN et aan Be oahtaied

Q& Thave shmilar colle sach having a w-l-mum
o 19 ohm and an nductance of QOIIN N 1y
wextes are conmected tn delta, The lue voltage 1s
N VL X0 N, Calemlate

D phave cutrent  {{) live current

W) power Bctor ) gotal power in the clveult

KAT[INTY ¢+ Part B, Marks §)
ARR N} =~ ML SENIONQOR S = 10

s -‘.\” = R.‘lj:\‘l @ ‘k\ + i l(‘ = l"\l"‘:v:".s“s}
W ROV = = 00 Vet

1) La ‘E;; faras " a8 A (Magnitude)
B) R T T 48.99 A
1) Power factor = s 45" = 07071 lagging
M P=3y I 0os 0= V3N 400x 48,00« 0,707
= kW
Qa8 A 3 phase voltage source has a phase of

120V ang supplies star connected load having

ce of 24+ 36 Q Per phase. Calculate :

Ii) Line Current iii) Total 3-phase
Power supplied to the load.

&S [INTY Part B, Marks 5]
Ans, ;

\-b = 120V,
Z}\., = H4+j36Q = 3.27£356.31°Q

T =

\ 120 i
. '7& = th o 2773 A (magmtude)

)y = VIV, =\3x120 = 207,846 A ...(star)
o I = b =273 A (magnitude) .--(star)
i) P = V31 cos ¢

= V3x207.846x 2.773x¢0s(36.31°) = 553.65 W.

"H.Q

Q.67 Thves élinllar colls of Impedancgq , 2 ™ )
Ao connected in delia and supplieq hnmlﬁ) .
400V, 60 11 supply, Ping line Curreng 3',‘
tacton, tofal active Power, toga) reactiyy Py,
total volt amperes, U N ' Part g \ :“'lv,
Ana, )

!l‘lt = N l 6L = I(]/_";](,'“()ngll V, - 400 v’ Dplh

Vi = V=400 y

\ﬁ
Ly, = .Dh a“_'_{LOm X
L 4oy 10 T40A (m%nltudc)

. ll = \/f| ll\h = \/5;(40 - 69-282A

CO8 O = ¢pg (36.86° = 0.8 lagging

iy [ cosgp=3g4 kW

P -

Q= VIV I, sing= 28.8 kVAR
S = VIV 1 =qg kVA

Q.68 A balanced delta Connecte
16 + j12 o phase |g conn

100 v supply, Find the phase Current
Power factor,

total power, Also drayw the p

Ans, ;
th =16+j12Q =7 £5134°Q, Vi =400V
Ven = VI, =400 V for delta connected
\
. = _Ph _ 400 - :
Iph —2-;; TO— 20 A s Magmtude

I = V31, =34641 2
The phasor diagram is as shown in the Fig. Q.63.1 of
Q.63 with ¢ = 51340 |
C0s ¢ = cos (51.34°) = 06247 lagging

P = 3V I cos ¢=14.993 kW
Q = V3V, I sin 0= 18741 kVAR
S = 3V, I =24kVA

d load of
tar-connecte
3.phase § 60 ampere,
el bnhnceﬁ lefdlns current oiao V. 50 H,
18 kW taking -.phase d

3
ross a f load.
when connected v:;:ue' and nature .opart B, Marks §)

.. Magnitude
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patth phestriedl and Flestronics Engineering 2.28 A.C. Circuits
Lo Q5 If 1 A current flows in a drcuil, the number of

peld LW 1@ 00 ALV = 430V, star, leading pii.  electrons flowing through this circult 18 ———

q v & (INTV ¢ Aug.-16]
p = \;‘J \,lil Cas l

y . _ Q.6 Abbrevation of KCL 18 -
=1t = V3 < 40x60 % cos ¥ [INTU ¢ Aug.-18]

s = 0390 Q.7 The equivalent resistance when a resistor of
(1/3)90 is connected in parallel with a (1/9Q

8 @ @ ;‘5"’-5153"\ o =ve as leading resistance is
[Ven! = L= 254034 V, Q8 The current 'x' in the Fig. Q8.1 shown is
NE] A
bl = [T 1=60 A
[Fpn l[\l, I star load 5 A o
i W 254034
| = TPt SRR L 49
BA A
Zph = |2p.,um= 423392 -668183° Q
’ : . Fig. Q.8.1
= 1667-(3892 Q = R-jX¢ '
1 Q.9 An alternating emf is given by e=200sin 314 t
Ryn = 1667€,  Xcpn = pC 3.892 " The instantaneous value of emf at t = 1/200 sec 1S

ph l

1

Cph = 37x50x3892 Q.10 The peak factor of a sinusoidally varying

voltage is
;_0'837? mf;’,‘ C_a P aii t,,lye lga ‘_i, ‘ Q.11 An alternating current is .
Fill in the Blanks 1 | 14142 sin (100 mt - 30°) A and an alternating

. . T
for Mid Term Exam on Unit - 1 | voltage is 282842 sin (100 nt+ ) V then the phase

e ————T S P AT Y P URR——

difference between V and I'is ___ .
a1 The voltage drop across 8 Q resistance is
Q.12 The unit of admittance is

——

1Q g 49  2Q elements then the power factor is

|

i

|

Q13 If the circuit contains purely resistive
|

1

Q.14 In a pure capacitive circuit, voltage lags by

the current.
Qoo 20NN/ ~
Q15 The admittance is a L. of
Fig. 1 impedance.

Q2 The resistance of a conductor is
proportional to its length. 03 [INTU : Oct.-16]

circuit gives power.

Q.3 Three 6Q resistors are connected in a delta
network then the resistance value of each resistor, if
it is converted in to a star network is ;

& [INTU : Oct.-16]

Q4 If the voltage across a 25 ohms resistor is5V, |
the power dissipated by the resistor is ) | @49 A sine wave has a frequency of 50 Hz its

3 [INTU : Aug.-16] angular frequency is __ rad/sec.

Q.17 The active power P in a single phase circuit is
givenby __ .

l

l

l

!

|

il Q.16 The product of voltage and current in an A.C.
|

*.

l

0.18 An A.C. current is given by
[=1414 sin(ul+30°)hasanrmsvalue of __A.

€
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