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2.8

Phasor (or) Vector Algebra

A phasor diagram is a graphical representation of the phasors (i.e.voltag
and currents) of an a.c circuit and may not yield quick results in case of comple |
circuits. Hence, the technique used to represent a phasor in an algebraic (ie,
mathematical) form is known as phasor algebra* or complex algebra.

A complex number represents a point in a two dimensional plane located
with reference to two distinct axis (i.e, X - axis and Y-axis or horizontal and
vertical axis). The horizontal axis is called real axis, while the vertical axis is
called the imaginary axis (see in Fig. 2.39). The symbol j (or some times i) i

used to denote an imaginary number

—

Phasor algebra has provided a relatively simple but power ful tool for obtaining quick solution ofaac

circuits. ‘

In mathematics /—1 is denotec_l by ‘i’ but in electrical engineering j’ is adopted because letter s used for

representing current. This helps to avoid confusion,
N ‘\_

I

-
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A sine wave has peak value of 50V. Determine

(i) R.M.S value (ii) Average value (iii) Form factor (iv) Peak factor

OCT/NOV. 2009
solution :

Given data :

V,y = 50V
(i) V,,,=0707V, =0.707 x 50 =35.36 V Ans.
(i) V,,=0.637 V, =0.637 x 50 =31.86 V Ans.
Vims _ 30.36 A
(iii) Form factor = V. 3186 =1.11 IiSe
Von 50 st .
. - = 'Y ns.
(iv) Peak factor V__ 3536 1.414

I EXAMPLE - 13
An alternating voltage v =200 sin 314t is applied to a device which offers an ohmic resistance
of 25Q) to the flow of current in one direction while entirely preventing the flow of curren
in the opposite direction. Calculate the r.m.s value, average value, and form factor.

: . s
Solution : >

Given data : : R=25Q

V= 200sin 314 t v

R=25Q

Vms=?Vm]=?, Kf=? @)
It is clear that the device is doing i ! FIG2.19:
half wave rectification.
RS
The maximum value of the ‘:
rectified current is '. .
_E, _ 200 _ - 2 o
L. R 25 8 A
Form half wave rectified a.c. (b)
i FIG 2.19:
(i) I,ms=—2"=0.51m=0.5x8=4A A ok
-
(i) [,=-7"=03181,=0318x8=2544A4  Ans
(ii) Form factor = Kf = I—"”—s - _4_ = 1572 A An
' 1% 2.544 : > /
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Definition of Resistance, Inductance, & Capacitance

1.

|
Resistance (R) : “The property of a substance due to which it opposeg

the flow of electric current through it is called ‘resistance’. It is denoteq
by a letter ‘R” and is measured in ohm (Q)”.

(or)

“The opposition offered by a substance to the flow of electric current is called resistance”.

Inductance (L) : “The property of a coil that opposes any' change in
current or flux flowing through it is called ‘inductance’. It is denoted by a
letter ‘L” and is measured in henry (H)”. -

(or)
“It may also be defined as the flux linkages of the coil per ampere” .

Flux linkages  N¢ v

Ampres TRy geaTy.

V4

Capacitance (C) : “The property of a capacitor to store electric charge is
known as its capacitance”. Since the charge Q stored by a capacitor i
directly proportional to the potential difference applied across it.
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In a pure resistive
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'y _ truepower VIcosg
. . power factor = S Ty
j.eur ; apparentpower VI
_ Vlcos
(or) cos ¢ VI
- Triangle (Active and Reactive Components of Current and Pow )
er) :
prh consider phasor diagram of Fig. 3.10 (a) in which current I lags
ehind the applied voltage by angle ¢°. The current I can be resolved into
 pppmgonents. They are.; |

1 Icosq) which is in phase with V, called active component or wattful

component Or in-phase component and is contribut to active or true
power of the circuit I cos ¢ .

». Isin¢, which is 90° out of phase with voltage V, called the reactive
component and contributes to reactive power of the circuit.

| cos'¢
' True power, P = VI cos ¢
e # By
3 i =VL o > VL
i ]
: : ‘ 3e
i 8% &
. : &2 <
| sin ¢_ﬁ : EE
: SR
o @
(& ! &O
H I

FIG3.13:

Now, multiply each of the current phasors in Fig. 3..13 (a) by C;/,t V.Vengle:
the power triangle shown in Fig. 3.13 (b). It is a right aﬂglf tnaovger
and sides of this triangle indicates the relation amOI}g aPParfe\I;i 3 3‘ ek
true power, and reactive power. From the power triangle of X1 =

(b), the following points are worth noting. ,
' ich is actually

. wh
1. True Power (or) Active Power (P) : The ROWSH or active

consumed or utilised in an a.c circuit is called truelft’,ozf;irng active
Power. This power relation is obtained by mu tleI:i by the letter
Component of current with circuit voltage. It 15 represena watt (MW)-
‘P" and is measured in watt (W) or kitowatt (KW) or pgs

; of current}
True Power = {voltage} x factive component

= P = V x ICOS¢ = VICOS¢watts(oer //
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R / & B_
(or) P= (IZ)I (—Z—) = 2R watt ('.'V=IZmu cosh = =

2. Reactive Power (Q) : The power
directions in the circuit) or react

which flows back and forth (i.e, n 1A
s upon itself. This circulating poweoth
rj

called reactive power. This power relation is obtained by mumplyins
reactive component of current with circuit voltage. It is represente )
the letter ‘Q’ and is measured in VAR or KVAR or MVAR. y

reactive component of currenti.e.,, J

: = |Volt /
Reactive Power, [Vo age] X [curren £90° out of phase with voltage

Q= VxIsin¢ = VIsin ¢ VAR or KVAR

Q=021 (—}%) = 15X, (VAR)

(i) Wattmeter does not measure the reactive power

(ii) VAR means volt-Amper-Reactive.

Apparent Power (S) : The product of circuit current (I) and the circuit
voltage (V) in an a.c circuit is called the apparent power (i.e., VI). Butinac
circuits (except pure resistive circuit) there is usually phase difference

between voltage and current so that the product VI does not give real
power. It is denoted by a letter ‘S” and is measured volt ampers (VA) or

KVA or MVA.
= voltage x current

Apparent power =
S= VI VA or KVA or MVA.

<<

Since, V= IZorl = E

- (2) =Pz (VA)

7y = (i
|4 A S (VA)
The above three power shown in the power triangle of Fig. 3.12 (b) rela
in the vector domain by. § = P + jQ

Then, S= VI

(or) S= VI
tad

For an inductive load, S= P+jQ, VA
kg |
For a capacitive load, S= P-jQ; ¢ “VA e
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(a) Z= JR2+X} = |102+(31416)* = 32.97Q
vV 220
(b) I= - = 355, = 66734
R 10
(©) Power factor = cos¢ = 7 = 3007 = 0.303 (lag)

(d) Phase angle¢ = cos~!(0.303) = 72.36°

I EXAMPLE - 11

A choke coil takes a current of 2.5 A when connected across 250 V, 50 H, mq;, o

consumes 400 watts. Find.

(i) The power factor (ii) Resistance of the coil and  (ii1) Inductance of the coil
Choke Coil '

Solution :

Given data :

= 250V cosh = ? 2:5.A1

= 25A = -

= 5H,| L=7? |

(a)

= 400 W

(i) = VI cos¢
e _ﬂo— : y X
cos¢p = VI = 250505 0.64 (Iag) Ans
S Y
(ii) V= 1z 'S5 = S2e d6h ; _J
, I 25 5

R
Also, cos ¢ = — = R= Zcosp = 100 x.0.64 = 640 Ans(,b)

7
. FIG 3.15:
(iii) z= JrR?:+x?
| |
. X, = Jz22-R? =\/1002ﬂ642 = 76.84

X 76.84
2nf = 2xx50 — 0.245H Ans

XL= 27[fl.:> L =

I EXAMPLE - 12

A pure inductive coil is connected in series with a 10Q) resistor to 50 H ., @.C SOUTCE: Th;
voltage across the resistor, and inductor were found to be 30V and 40V respectively- i
the value of the inductive reactance of the coil, the supply voltage and the phase ang’

U i
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Given 4414
R = 10Q2 XL = 7?
f= 50 H, Vv =27
Ve = 30V ¢ =7
VL=40V
= I—ﬁ—@—sA
vV = IR =R "10 " .
\Y;
Vp 40
X = 7 =5 = 1333Q Ans

From Fig. (b),

¢ = 53.13°

0
v= JVZ+12 = {(B0Y+(40)* = 50V Ans
40
¢ = tan1 (ﬁ-) = tan~1 (Z’E) = 53.13 (lag) Ans
R
X1, 13:35
o 1| —=| =tan! = 53.13° An
(or) ¢ = tan (R) tan [ 10 ) 53.13° (lag) S

| F VT

VR=|R=30V B

(b)
FIG3.16:
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Avoltagee =200 sin 100 7 t is applied to a coil having R =200 and L = 638mH. Find the
expression. for the current and also determine the power taken by the coil.

Solution : . ey 2oo=g 638 ;H
Given data :
e = 200 sin 1007 i =7 |
|
. SR 5 el ‘ e = 200 sin 100 nt
L= 638mH = 638 X 103 H | -
' - FIG3.17:
Compare equation (1) with standard equation
............... (1)
e = E_ sin2nft; we get.
= 200V
n = 211;f =100~
100 - A _ ,
- = 50 H
= <r z ///
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BN EXAMPLE -14

onfl = 2m x 50 x 638 x 103 = 200,43

[RZ4x2 = |J(200)%+(200.43)> = 28315

Inductive reatance, X =

i

Impedance of the coil, Z

e 0.7064A

En _
Z BaNe5315

Maximum value of current, I,

200

R o
pf = cos ¢ = Z T 28315 0.7064 (lag)

¢ = cos~1(0.7046) = 45.06°

In an R-L series circuit current i lags behind e by an angle ¢

I, sin (ot - ¢) = 0.7064 sin (1007 { - 45.06°) Ans.

=

2
I 0.7064
Power taken, P = Irz'm'sR = (T%)R - (72—) x 200 =50 W Ans.
V I 200 0.7064
or P = VIcos ¢ =—"’x_’_"_cos¢=( Jx( )x0.706 =50 W Ans,
e 2T =) S

A non-inductive resistor of 8 ohms is connected in series with an inductive load, and the
combination is connected acorss a 100V, 50 H, A.C. supply. The voltage across the non-
inductive resistor is 64 V and that across the inductive load is 48 V. Calculate.

1. Impedance of the load 2. Impedance of the combined circuit

3. Power absorbed by the load
5. Power factor of the load and

olution :

Given data :

4. Total power taken from supply

6. Power factor of the whole circuil.
MARCH/APRIL. 2006 [C-00]

R= 80
V=100V
f= 50H,
V= 64V
V= 48V
L. 2= 2. Z =7 3. P =7?
o L 5. Cos¢, = ?; 6. Cos¢ =7?
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L= L. = Ll Y = (0.01547 H or 15.47 mH.
2nf 2ntx50

Also total impedance of the circuit,

Z= |(8+r)2+X? = [(8+3516)2+(4862)> = 1250

.. Power absorbed by the load,
P, = IPr = (8)? x 3516 = 225 watt. Ans
(iv) Power taken from the supply,
P= IP(R+7)=(8)2(8+3516) =737 watt Ans
(V) p.fof the load,

3.516
cos¢; = ZLzT = 0.586 (lag) Ans
i

(vi) p.f of the whole circuit,

(R+7) _ (8+3.516)
Z 12.5

cos¢ = = 0.92 (lag) Ans

I EXAMPLE - 15

A coil is connected across a variable frequency a.c supply, whose voltage is maintained
constant at 250 V. When the frequency of the supply is/H 7> the current is 50 A. On

increasing the frequency to 120 H 2 the current falls to 40 A. Calculate (1) the resistanceof
the coil, and (i) inductance of the coil.

Solution :

Given data :

R X R XL
——WWW— 0 ——— W — i ———
450A 40A 4
- 250V, 80 Hz —— - 250V, 120 —J

Hz
(a) (b)
FIG3.19:
V= 250V
f1 = 80 HZ
Il = B50A RL = 7
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Solution :

Since the coils A and B drawing

lagging current from supply, hence
the given coils are inductive. i
A A L Va Ve =10 V —
For Coil - A :
Given data :
- Vims \
Vo 14
Zy = I, UBih e/ FIG 3.20:
Ry = Zpcosp, = 4.67 x 0.8 = 3.736Q
Xy = JZ3-R3 =.J(4672_(3.736)> = 2.802Q
For Coil - B :
Given data :
Vg 10
= —=—=333Q
Z: el .3
Rp
Zg = Z_B - Rp = Zpcos ¢ = 3.33 X 0.707 = 2.354 Q
Xp = JZ3-R} = \[333)2-(2350% = 23550
When Coil-A and Coil-B are Connection in Series :
Total resistance, R = R, + R, = 3736 + 2354 6.090
Total reactance, X = Xqt+Xp = 2802+2355 = 5.157 Q
Total impedance, Z = Za+tZp = 467+333 = 80 |
(or) Z= |R%+X2 = \[6002 +(5157) = 7.980)
++ Voltage applied to the circuit, V = [ 7 = 3x8 = 24V Ans
/'Isower factor of ircui = 5:& ma
y r of the circuit, cos ¢ 7~ "g = 0761 (lag) Ans
/7
W EXAMPLE - 17
Two coils Pand Q qre connected in series qe o

voltage across each coil.
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P =3kw

Q =
&s VA 2 KVAR
240 V, 50 Hz |
L’/—’ Supply e
(@) (b)
'FIG3.21:
Given data
= 240V by 0%
g = 50 H, RQ =7?;
Ip = 0.15 H YVous 2
= 3 KW = 3000 W
= 2 KVAR

From phasor diagram of Fig. 3.24.; we get

5= P2+ _ J37+22 = o4 = 3.606 KVA = 3.606 VA

S 3606
= £ B 5105
But = VEZV I =5 =55
Also P = IZ(RP"'RQ)
3000 = (15.025)2 (5 + Ry)
(5+RQ) - __3@_2 = 1330
(15.025)
Ry = 1339-5 = 83Q  Ans
V240
- == = 15.97Q
I 15.025 bt
AISQ,
2 = \[(Rp+RoY +(Xp+Xg)

Xy= 2nflg = 2q x 50 x 0.015 = 4.712Q

- 8840
HorX) = [ oRprRg) = J15972-(6+89)" - (15972 -(133)" =

= 4.128Q

\Xﬁ&& - X, = 884 - 4712
| N
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Xp 4128 -
- AP - 001314 H Ans
Ip = 2af ~ 2mx50

Zp = RE+X3 =y5%+(a128)" = 64840

Zy = R3+X3 =837 +(4712" = 954 O
1Z, = 15025 x 6484 = 9742V A,

— 15.025 x 9544 = 1434V An

. Voltage across coil P, Vp

Voltage across coil Q, VQ = IZQ

I EXAMPLE - 18
Three air cored coils A, B, and C are connected in series when a current of 8.25 A is pagg,

through the circuit, the voltage drops are respectively 30 V, 15, 23V on direct current gy
37, 22, 30 V and alternating current. Find for each of the coils.

(t) Parameters (it) Power factor

(iii) Power dissipated when A.C flows through the circuit
(iv) Also determine P.f of the whole circuit and the voltage applied across it.

l: V =Vins >
FIG3.22:
Given data :
V4 =30V dc | ,
Vy =37V . ac[ | @) Parameters: R, X,=? Ry Xz = %Ro¥c ™
VB =15V.....cuuun.n. d.c
V=22V s (ii) Power Factors: cos¢ 4, cos¢ g, cos¢c = ¢
Vo =28V d.c |
Ve =30V e (iii) Power when a.c flows : P,, Pg, Pc = ?
I = 8.25A (iv) P.f of the circuit and voltage aPPIie‘i :
coshp =?2; V =2?
e
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in
E For Coil-A

™ - Va(.) . e

Resistance, A I 825 3.636Q0 Ans
Va 37
dance, ZA = (a-C) — = 448SQ A

[mp€ I 8.25 ns.

- 2 2
geactance,  Xa = JZ3-Rj = (4485 (3636 = 26260 Ans

For COil"B :
Y

R, = /B%ﬂ=£§ = 3 890 Teans
v

Bac) _ 22 _ 267Q Ans

@ 7 825

X, = [22_R} =+/267)>~(182 = 1954 Q Ans

For Coil-C :

o LW B 790 “Ans
Re T 825

Z - —_————=— — 3.636Q Ans
C I 8.25

X.= 4Z2-R¢ =,/(3.636)2—(2.79)2 = 2.33Q Ans

2. Finding Power Factor for Each Coil :

For Coil-A :
Ry _3636 _ (8107 (lag) ADS

—
=

pf= cosb = 7, 4485
b, = cost (0.8107) = 35.84°

For Coil-B :

Rp 182 Ans
_ Rp_2°2 _ 0.6816 (148)
f¥e= 7 267

605 = (0.6816) = 47.03°
For Coil-C :
cosh = =€ 279 _ 7673 (lag) A"®

Zc  3.636 |
dc = cos71(0.7673) = 40° /
\

———
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3. Finding Power Dissipation in each Coil :
il- A:
it P, = IzRA = (8.25)2 x 3.636 = 247.5 watt Ans
A
For Coil B: P = IPRp = (8.25)2 x 1.82 = 124 watt Ans
For Coil C: P. = IzRC = (8.25)2 % 2.79 = 190 watt. Ans

4. Finding p.f of the Whole Circuit and App.lied Voltage :
Total resistance, R=R,+*Rg+* Re = 3.636 + 1.82 + 2.79 = 8.246 )

Total reactance, X=X,+ Xg + Xc = 2.626 + 1.954 + 233 = 6.91
5 s
Total impedance, Z = JR2+X2 =J(&246)2(6.91) 10.76 Q
R 8246

p-f of the circui, .0s¢ = = 0.7664 (lag) Ans

71076
L = cos7! (0.7664) = 39.96 ~ 40°

Voltage applied for whole circuit,

V=1Z = 825 x 10.76 =88.77 V Ans
N EXAMPLE - 19

A coil having a fixed resistance of 4Q and an inductive reactance of 20 Q) is connected in
series with a variable resistor. The whole circuit is now connected across a 230 V,50H,

supply mains. For what value of variable resistor is the power consumed in it a maximum
Calculate the current drawn and p.f of the circuit.

_________ -
Solution : 5 r B o
Given data : %":_W—'_W—r—
R, = 4Q | r =7
= 200 I=7?
V= 230V cos ¢ = ?
f= 50 H, . 232vu,pg<|)sz = ot
Total resistance of the circuit,

FIG 3.23:
= r+RL — (4+T)Q

Z.= \IR2+X% =\/(4+r)2+(20)2

Current drawn by the circuit,

[ o 230
2 J(4+2? 1 (20)2
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Vg = 45 V

— ww—e—| —— 0% — |
| = 3An‘_VR esid yynaad
J V = 60V
O |
V = 60V B
(@) (b)
FIG3.30:
(i) From Fig.3.30 (a), Vx=IR = 3 x 15 =45V Ans.
(i) From A OAB of Fig. 3.30 (b),
OB2 = OA?+AB?
V2 = VE+VE
Vo= VE-V2 =(60)2-(45) = 39.686V  Ans
Vo 39.686
(iii) Vo = IXONE— He— —IC— =—— = 13230
¢ . = 60 H,. Ans

Frequency, - =
requency, f = o T px200x10 °13.23

(iv) From Fig. 330 (b)

Vg 45
cosp = v 60

I EXAMPLE - 23
Determine the capacitance of a condenser to be connected in series with
lamp in order that the lamp draw its normal current when the combinatio

to a 200V, 50H , supply. Also determine p.f of the circuit.

=075 = ¢ = cos’!(0.25) = 41.41° Ans

a 100V, 80W
nis connected

Solution :  100V/80W Lamp

i c
e | VR=100V
; -
| vl ve = 173.21 vV
| V = 230V
200V, 50
Hz, supply /

(a) (b)

FIG3.31:

C} Scanned with OKEN Scanner



(3 scanned with OKEN Scanner




(¥ scanned with OKEN Scanner




(¥ Scanned with OKEN Scanner




(¥ Scanned with OKEN Scanner




(¥ Scanned with OKEN Scanner



— ‘_\900 90° | - ?_N\r
R ! Ve . T
Wi | o !
-~ Vg —te— VL —te— Vg — T V=1Z VL‘V(; VL
’ /VL_V01 = | (XL = Xg)
0 © { : 0 A_ L
VR Al ] VR=IR £ ¥ |
! Ve C;L
v e
C

@ (o 13 (©)

FIG3.37:
Let

QA = V, = voltage drop in resistor R (Vg is inphase with I)
AB = V; = voltage drop in inductance L (V| leads I by 90°)
AC = V. = voltage drop in capacitance C (V. lags I by 90°)

OD = V = applied voltage.

It should be noted that V; is in phase opposition to V.. This means that
circuit can be either effectively inductive or capacitive depending upon
which voltage drop (V| or V) is predominant. For the case considered. V| >
V. so that net voltage drop across L-C combination is represented by AD.

AD = AB-AC =V, -V,
From the voltage triangle of Fig. 3.13 (a),
OD? = OA%+AD?
ie., V= Vi + (V. -V)?
= (IR + (IX, - IX)?

=ng [(R2 +(X _XC)Z]

V= I JR?+(X,-Xc)
%4
JR—2+(XL-XC)2

The quantity \/sz +(X,-Xc)? offers opposition to current flow and is called:
impedance of the circuit.

(or) I=

/
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i= I,sin(ot-¢)

2. When X; < X [ie, (X - Xc) is negative], the phase angle ¢ is Negatiy,
and the circuit behaves as an R-C series circuit. In this case, the Circy;y
current I leads the applied voltage V by ¢ and p.f is leading.

The current equation is given by,

i= I sin(ot+¢)

3. When X; = X [ie, (X, - Xpo) = 0], the phase angle ¢ is zero, and the
circuit behaves like a pure resistive circuit. In this case, the circuit currep;
I is in phase with applied voltage ‘V’ p.f is unity.

The current equation is given by
1= I sin wt
Hence from the above three points, this is a general series a.c circuit.

3.4 Solved Problems on R-L-C Series Circuit

I EXAMPLE - 30

A coil of resistance 50Q and inductance 0.1H is connected in series with a capacitor of
150 v F across a 200V, 50 HZ supply. Caculate. 8
() Current ,
(1) Power factor =
(i) Power and voltage across the coil and capacitor. Draw the phasor diagram

MARCH/APRIL. 1994
Solution :

R=50Q | =gqpy C=150kF
Given data : —WWW—— s —e——

R= 500 2% i ¥ v -
L= 01H b =7?; |
C= 150uF=150x10‘6P P=27? (o) 4—'——J
aY)
V= o
200 v V=2 200V, 50H
f= 50H. VC = ? FIG 3.38:

(i) Inductive reactance, X; = 2nf], = 2 x 50 x 0.1 = 3141Q

1 1
21th 27!X50x150x10_6 = 21.22Q

hence the circuit is inductive. Current lags.the voltage by o

Caparcitvie reactance, Xc =

Here X, > X,
angle ¢.

I/
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o, (216131
an 15 = - 89.46 Vi

Voltage across the resistor =

Vk = I =0.031x15 = 0.465 V " -
Voltage across the capacitive reactance (Vc-Vu.)V :

Vo= IX. = 0.031x3183.090 =~ @ = S V= Ve+V +Ve
Voltage across the inductive g

VL = IX = 0.031x1570.79 = 48.69 V FIG 3.41

N EXAMPLE - 33

A coil having a resistance of 5Q and an inductance of 0.7mH is connected in series with '

a capacitor having a capacitance of 50mF. The circuit is then connected across 240V, 50
HZ a.c supply. Calculate.

(1) Inductive reactance (it) Capacitive reactance
(11) Total tmpedance (tv) Current
(v) Power consumed (vi) Voltage drop across the coil.
!
Solution : :
| R=5Q L=0.7mH C=50pF
Given data : — W —— 5 —e——] —
= 5Q X Vi ]
= 0.7mH = 7 x 103H Z= Jpq
= 50pF = 50 x 10¢F I=7? o
XL/
= 240V P=7 240V, 50Hz
= FIG 3.42:
= 50H, e i
(i) X, = 2nfL = 2n x 50 x 0.7 x 1073 = 0.2199Q Ans
. e } = 63.662Q Ans
) X = 2R T 2ux50x50x10 '
(i) z= JR2+(Xc-X.) (. Xc>Xp)

= [52+(63.662-02199)° = [5%+(63.44)> = 63.636Q Ans

vV 240
7 63.636

(v) P= PR = (377> x5 = 71.06 W Ans
(vi) V= IX, = 3.77 x 0.2199 = 0.829 V Ans

(iv) ] = = 3.77A Ans
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..C Circuits

milar to that for d.c

discussion for parallel a.c circuits will be very sl1
H ‘ more branches

sarallel circuits. A parallel circuit consists of two or
‘ﬂies.connected in parallel. As in parallel d.c circuits, the voltage across
ch branch is same but current flowing through them is different in
" magnitude and phase angle depending on the branch impedances.

5.1 Methods of Solving Parallel A.C Circuits

There are three mains methods, may be applied for solving a.c parallel
circuits.

e MARCH/APRIL. 2007

\K. Phasor (or vector) diagram method

2. Admittance method
o |
3. Phasor algebra or complex algebra or symbolic or j—method.
The use of a particular method will depend upon the conditions of the problem.
However, in general, the method which yields quick results is applied
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3.5.2 Phasor (or) Vector Diagram Method

.Consider a parallel a.c circuit consisting of two branches (1) and (2) which
is conected to an alternating voltage of V volts (r.m.s) as shown in Fig. 3.53.

The following steps to be remembered while solving parallel circuit of

Fig. 3.53.
C
For Branch 1 : ijer 1 1
— WWWW——— |—
e ol
alelbe” Tl 2nfC
b Ra 290 -2
- > WWW\———— 50—
Z; = W RE+ X2
b !
4 I~
L = — N
- Z, Vv
FIG3.53:
1 [Xe
and Angle, ¢; = tan- R_l (leading) for capacitive circuit
R Ry
(or) cos$ = Ei— = ¢; =cos! (Z_IJ (leading)

The current I; leads the applied voltage V by ¢,° see Fig. 3.56.
For Branch 2 :

X, = oL = 2nfL
2, = RZ+x}
i, ¢ iy
2eait Z,

~Angle, by = tan~1 (—ﬁ—:—] (lagging) for inductive circuit

Ry
Zy

The current I, lags behind V by ¢,° (see Fig. 3.54).

Step 2 : Draw the phasor diagram by taking voltage as reference vector
represent the branch currents on it as shown in Fig, 3.54,

(or) cos ¢, = (lagging)

—

Step 3 : Find the phasor sum of branch currents either by using (i)
parallelogram laws of phasor (or) (ii) methods of components method.
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To find the resultant current, A I
resolving the branch currents I,
and I, into their X and Y-
components (or active and :
reactive components respectively) ‘D:

and combin these comp-onents, as ®, '

,

P e

shown in Fig. 3.54 with reference
to Fig. 3.54.

X- components of currents I; and I,,
FIG3.54:
Iyy = I cos ¢1 +1, cos ¢,
Y- component of current I, and I,,

Ly = Iy sin ¢; -1, sin ¢,

I= \Bix+ By =(Iycosdy +1ocosb,)? + (1 siny —I, siny)?
Step 4 : Find the phase angle ¢ between the total current I and circuit voltage V.

Y —componentof currents

tang =
¢ X —componentof currents
I !
tanp = XL
Ixx
1 [ Iyy | | XY —componentof currents
Pt 7 xx) \ X —componentof current

If ¢ is positive, line current I leads the volta

ge and if ¢ is negative, line
current I lags behind the voltage.

Iyx . X—co
. Power factor of the circuit = cosp = XX =27 omponent
I ° Linecurrent
3

.5.3 _Solved Problems

I EXAMPEL - 42—

B

Acoil resistance 15Q and inductance 0.05 H is connected in parallel with o non-inductive

resistor of 20Q. Find (a) the current in each branch of the circuit, (b) the total current

supplie.d, (c) the phase angle of the combination and p.fwhen a voltage of 200V at 50 Hy
ts applied. (d) power consumed in the circuit (e) total impedance.

B s
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Phase angle,

Since it is an RL series circuit, I lags V by angle ¢1.

Branch 2 (R only) :

R, = 200
IZ= _Y_:ggq = 10A
R, 20
R 20
R -1 g g o (—)—"00
- et (8) - (@) -l

tive circuit, I, is imphase with V

Since it is a pure resis
I, = 9.208 A Ans

(a) Current in Branch (1),
L= 10A Ans

olution :
Y
'\
I 15Q (1) 0.05 H
$2=0° l,=10A
0 ” sg—e iy
20Q e b %5 r
I i N %0, meeeeT *| = 17.66 A
2 (2) _ 0@4 _______
® \
N/ S
V = 200V, 50Hz \\
(a) (b) -
FIG3.55: /
Branch 1 (R and L Series) :
Resistance, Ree= 15
Inductnace, L = 0.05 H
.. Reactance, X = 2nflL. =27m X 50 x 0.05 = 15.708Q
Impedance, Ly = RZ+X{ =\/21'5)2+(15.708)2 = 21.72Q
1% 200
o Y aeseasl) =79.208 A
| G e i)
Rl =1 __15__) o 0 .
¢; = cos™! (—Z—l') = cos (21.72 46.32° (lagging)

Current in Branch (2),

S ———
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The vector sum of resistances and reactances (i.e
connected in an a.c circuit is called impedance

Z= JR%+x? = [RE X, xop

" \/18 +(2nﬂ—ﬁ)2

., the total opposition)

In a.c series circuits, when impedances Z

) ; _ 1+ £, Z4, etc., are connected in
series, the total impedance.

Z= 21+ 2+ 2y + ... (phasor sum)

Admittance : Admittance is defined as the reciprocal of impedance. It is

denoted by a letter Y and is measured in mho (U) or siemens (S).

R.M.S ampere ["Z L V]
]

Admittance is a measure of how well an a.c. circuit will admit, or allow,

current to flow in the circuit. The larger the value of admittance, therefore,
the heavier the current flow for the same applied potential.

s Admittance, Y =

I
% r.m.s volts

L]
z

When impedances Zq, Zy, Zy etc., are connected in parallel, the total
impedance of the circuit is given by.

: i +—1 +—1 + (Vector s

T TEE ST A T RO A um
G Sy Ry )
Y = Y, +Y, + Y3+ e

Like impedance, admittance also, has two components. One component is
known as conductance (G) and the second component is susceptance (B). The reciprocal

of reactance (i.e.l) is called susceptance and is a measure of how susceptible an element is to
X

passage of current through it.

Both conductance and susceptance are measured in mhos (U) or siemens (S).
i ——ae—— ) e SRR e _——— - -,

R

We know that the complex form of impedance is,

Z S5 Rduix
Similarly, the complex form of admittance is
Y = G+jB

Where G = Conductance of the circuit

B = Suceptance of the circuit.
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1. For Resistance,

y 1 o
Y= —=—=_—E)— =G 0

so that G= G|0°

2. For inductor, an increase in frequency or inductance wil] result in
decrease in suceptance or, correspondingly, in admittance.

For Inductor,

1 Af 1 1 1 .
= = = = = = -90
& Z XL XL 90° oy, | 90° Wy, L—
1 .
Defining B, = > - We have, B, = B, | -0 = _; B,
. i

3. For capacitor, an increase in frequency or capacitance will result in
increase in its susceptibility.

For Capacitor,

1
Y=Z7 Xc Xc[-90° (1/0C)|-90° = oC |-9 = JaC

Defining,B- = —

Xc’
We have,B- = B |9_00 = {BC
4. From the above points (2) and (3), we conclude that
* Inductive susceptances is taken as negative
* Capacitive susceptance is taken as positive.

3.5.5 Admitetance Method

Consider a parallel circuit shown in Fig. 3.62 (a)

Eirsa on .
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CHAPTER - 2 === =roes @
| For Branch 1 :
It is an inductive branch.
1 o T
Zy Ri+jX, Ri+jXp Ry=jX,

"

'E—e

- Ry —j——he
. . R?+Xi "Ry+X{

=g -fby s (1)

Thus for inductive branch,

. 1

= = ifx=0,81=
q " .| Rl] i
X r B 1 J ,
= = 1 R=0, S —
b= RE.x2=z2 | ATy, /

From equation (1), note that the inductive susceptance is negative.

For Branch (2) : It is a capacitive branch,

11 1 P | R +] XC <*Ra :
— 2 = -——2——2 5 +]——&7'

% -~ Z, Rp—jXc R2 -j Xc R2+]XC R5+X¢ Ry +X¢&

£V Wi 2
Y, = 8*]bh ( J't i3 (2)
The for capacitive branch,

R, R, ( - o ) g
= === lfxc =0,82 =
& R§+X(2; o R,

Xc Xc(fRz Orrbz ='ch'] P

2" B 4 i
From equation (2), note that the capacitive susceptance is positive.

~. Total adm_xttance, - K ‘
Y Yl ¥ Yz (S] jbl) (82+] b?)
| = (g +8)*i(-by tb) = G*jB
Where &.rﬁu g + 8zand B S b-l + bz
Y = ‘IGZ+BZ in magnitude

Phase angle, ¢ = tan! (—g) = tan(:b.ib_z)

B
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|
Line current I= VY

Power consumed,
P = Vlcos ¢

Admittance Triangle : Admittance can also be represented b

similar to that of impedance ‘Z’.Admittance has two rectangy,
components i.e., conductance g and susceptance b as shown in Fig. 3 62r
1. For an Inductive Circuit : G
¢
B
Z 4B
8 i
¢
@ R (b)
2. For a Capacitive Circuit
R .
¢ : :
Xc
Z
- FIG3.62:
% * Susceptance is positive for Capacitive reactance
* Susceptance is negative for inductive reactnace
- Conductance, @G = Ycosp = = B
: 2.2 22 R2+X2 .
Conductance is always positive irrespective of the circuit, parameters:
Conductance 2 1_R R R
’ =Y B SR
C05¢ Z z 22 R§+X2'
Susceptance, B=vyg = 1X A S
sin ¢ 7 7 =

Total admittance, ¥ = JG2+ B2
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Steps to Solve the Parallel A.C Circuits by Admittance Method : The

following steps to be followed while solving parallel a.c circults by
admittance method.

Step 1 : Draw the circuit diagram as per the given problem. Here, consider
the parallel circuit as shown in Fig. 3.63 (a).

o Rio(1) by

L R (2) b,

> A

Iy Rs (3) bs y
14 AAAAL _—l I'“ | B
o ¢
N o -
(a) (b)

FIG3.63:

Step 2 : Find the impedance and phase angle of each branch.

X,
For Branch (1) : = JRZ2+X?% ; = -l
1) Z \/ 1+X5 5 94 R,
X
For Branch (2) : z, = ,/R§+x,%2,- 0p = tan”! (El]
| Xc
For Branch (3) : Zow™ \/R§+Xé i 0y = tan’! (RSJ

Step 3 : Find conductance, susceptance and admittance of each branch.

\
‘ R] XL

Sl !
'~ For Branch (1) : - & = —21—; by = 7 (negative)
y = yei+b”
! R2 XL
For Branch (2) : & = 73" b, = —z—gz' (negative)
y = g3 +b3
e £ 2 iti
For Branch (3) : & = Z%, by = 22 (positive)

- P
s oy = g8 |
-:.",;Q?épdz : Find the algebraic sum of conductance and susceptance.

i e ~ap

e

o
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Total conductnace, G=g,*+8 %8
Total susceptance, B= -by=by+by
[+ - ve sign for inductive susceptance, and + ve sign for Capacitjy,

susceptance.]

Step 5 : Find the total admittance of the circuit.

Y= |[G2+B?

Step 6 : Find branch currents and total current.
= Vyl; I, = Vy,; I = Vy,
Total current, I = VY

Step 7 : Find the phase angle and p.f of the whole circuit.
B .
¢ = tan’! G (lagging of B is negative)

P T
3.5.6 Solved Problems

BN EXAMPLE - 48

A circuit having a'resistance of 6Q and inductive reactance of 8 is connected in parallel

with another circuit having a resistance of 8Q and a capacitive reactance of 6Q. The
parallel circuit is connected across 200V, 50 Hz supply. Calculate :

1. Supply current
2. Power factor of whole circuit

7. Power’consumed/.

Solution :

FIG 3.64 :
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FIG 3.66 :

Referring to the Fig. 3.66 we have,

eVt O—==V _........ reference phasor
Z; = Ry+jXp
. Z, = Ry-jXc
1. Rectangular Form :
1% 1%
Current in first branch, 1= ‘Z—l' i R = iX,
V v
Current in second branch L, = 22— =

eV
Ri+jX; Ro—jXc

Line current, I's Igs ;=

" The solution I can be obtained in the standard form a * jb using the rules
of phasor algebra.

2. Polar Form :
V= V]|0° ccccooe- Reference phasor

[ ; _L

Z, = Z4 l¢g,whereZ1 R1+XL,¢1—tan R
C
Zz = 22I —¢z,where22 ,/R2+XC, $p= (R)

V |40
T AR %’- —¢§’+-z—2—l_4_’g
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EXAMPLE = o9&

impedances, Z, and Z, are connected | Mo fi
Two impe IGA( 1’}("”{ Zy are connected in parallel, The firat braneh tahkes a leading
current of (T""(' as g ’:‘?"”"”"‘”' of 6, while the necond braneh tahes layuing
current at power factor 0.8, The total power supplied i 6 KW, the applied voltage being

] ‘/o DPI: ' & ,: Y ) A a 9 ’
(100 +) 2.00). ermine the complex expressions for the branch and tolal aurrents, and
for the circuit constant,

slution :
Given that :

V= (100 +j200) V = 22361 |63.43° v
For Branch 1 : z,
. T e
Since the first branch takes a ek AW Ll f
; . ; LRy % 1
leading current, it contains a Vessasrannssannosn Youl
capacitive reactance X in geries e o - ‘
with R =5Q ) e ey e !
21 R X |
V 2236 Zy
L= T=T = 13.975Q ek 5 303 I VS it N
i
FIG 3.66 :
o = RELXZ

BEN(13.975)> = (5)% + XG
X = 39752 -(5% = 13.050

In complex form,

Z = Ry-jXc = 5-713.05 = 13,975 | -69°Q Ans

2_2_3_'.6_I—£’-’_£’: = 16 |—132.43°

13.975| —69°
= (-10.795 +j11.809) A  Ans

Vv
I _—
1 %

For Branch 2 :
Given total power consumed P = 5 kW = 5000 W
Also, total power consumed in both the branches.
P= R+ R,
5000 = (16)2 x 5 +]% R,

I3 R2 = 5000 - (16)2 x 5 = 3720 W

’
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"\‘
I EXAMPLE - 57 : RS

Calculate the values of resistance and reacta.nc.’e, 'whwh whe.n connected in barale]) wi
one another, will be equivalent to a circuit consisting of a resistance of 15€) in Serieg wigy

an inductive reactance of 7.5€2.

Solution :
Given data :

R= 15Q; X, = 75Q
= ? (when connected in parallel)

R = 7 X;
R =7
150 RS0
AVVWW\- JUOO X, =7
I 11
| 4 | 4
V V
EON
) R

(@ (b)
FIG3.75:

From R - L Series Circuit :

Z= Ry+jX; = (15+j75) = 16.77 | 26.56°

Z= 16.770
Conduct @ B o 0.053 O
nauctance, = = = .
Z%  (16.77)2 KON
Suscept B e (3
ance, = = = C
P Z.2 (16.77)2 0.027 O or S

For Parallel Circuit : Since the parallel circuit is to have the same
conductance and susceptance as the series circuit.

|l
" Resist , R= —=——
Clags G 0053 ~ 1887Q Ans
1°1E 8]

Reactance, X, = —=—— = 37.037Q Ans

3.6 Resonance in A.C Circuits

In addition, resistance will alway

i elelmcints or to the control offered on the shape of the resonan
curve. Thus, “resonance is de,{ined as the condition in a circuit con ta}:m'ng atleast one induc’?’
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onance circuit is a c .

: *‘ 'i. B I:I & .
 oquency response it e s gy

: " 4 éﬁﬁSEua as show

g v\?hen response occurs due to
' the application of the prop'er-
frequency' (fr)}- the eneréi',

A

abso

syste
resonance,
reactive power since it is self

rbed at'a/n'gf instant by one
reactive element is exactly equal
to that released by another
reactive element, within the
system. Therefore, once the
m has reached a state of
it required no further

i
.
—————

ﬁ—-
n

[ oy

=

- & ‘

i B

e R

——*Voltage, V
———cCurrent, |

U €
e e e
e

™
®

—
=

T
e

FIG3.76:

' ..'

sustaining. The total apparent power is then simply e_cilualf-té;

power dissi
absorbed by t

The study of re

television, and telephones an

There are two types of

3.7 Difference Between Se

1. Series Resonant Circuits

pated
he system will also be a m

by the resistive elements. The averag

aximum at resonan
on in tuning circuits 1k

sonance finds applicati
machine control syste:

d also in

resonant circuit, namely.

- 2. Parallel ﬁés’or%n

;'\ﬁg‘.‘*
ries and Parallel Resonant Circuits

L O OV. 009 00
‘ =
S.No. | Particular Series Circuit )
) ¥ .* : “ .L-
| 1 Impedance atresonance Minimum (Z,—:;);u-
oul ““.‘r—
“urrent at resonance -
: _{1’\.? QULJ‘.". ﬁ‘]j}‘ﬁ"ﬁr ‘
I LR -

G Scanned with OKEN Scanner



3. 100 e —~=
6. It magnifies shleatys il
R,
' XL ol ﬁl_ o oL
WSy | o —
7. Magnification or Q - factor R R R R
Type of circuit Acceptor Rejector
9. When f< f, Circuitis capacitive Circuitis inductiye
b = r
: o aierad i Circuitis capaciti
Circuitis inductive pacitive
10. When f > f, J//J 3

3.8 Resonance in Series Circuit

“A series electrical circuit 1s sai
net reactance is zero (i.e., X| -

is known as resonance frequency an
e series resonant circuit is shown in Fig,

.4 to be in electrical resonance whep it
= (). The frequency at which this happens
d is denoted by the letter f.

The basic circuit configuration for th

3.77. R X0 et
AW M
VR =!~ Vi > Vieatzoms

FIG3.77 :

Let R = the total resistance in the circuit
X, = 2nfL = reactance of the coil

e 4.1
o 2nfC

. The total impedance at any frequency,

= reactance of the capacitor.

7 = \/R2+(XL—XC)2 ............... (1)

% \/R2+(27rfL—

1

nfC
In the earlier topics, it is seen that the situation from equation (1) where X}
> Xcand X~ > X . The left over condition X; = X leads to the present topics:

i.e., series resonance will occur when.

SR N SR (2
~ The total impedance at resonance,
o e o e @)
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; l__' o : . Moo o .""—
iles i LS oy g S
] = —=— "Z =

Z, R

, \nﬂ ¥ il - ‘|-
Smce the c1rcu1t current is itfi-phase WiH

u-cult behaves like a pure resistive circuit. 'l
At resonance, “ein al DR
) ’ ol i MY i |-*Jn-"
 Phase angle, ¢, = (° 5 ol TOLMES _ :

: g ot
Power factor, cos¢, = 1 (unity) o nepgas i

e O
" (01') cosh, = Zr g 1 (unity) - LA,E-" "4

P4

Also, the power factor has a maximum value (.e., cos¢
311
observed by the cn'cult is also max1mum at resonance. &

. .. The power at reso nce, | ’ o
P = VIrCOSd)r:VX 'E' Xl = Twatt s ALX

r

At resonance, o R
X, = X . [ ST I

IrXL IrXC A

V, =V, (o) V, = Vil

Thus at resonance, the voltage across the inductan

\ Also, V = \/VI%'l'(VL —Vc)2 = V1%+0
ey = VR , 3

e ?;ld p@‘wer from the malns
-‘ as; acceptor czrcuit. : ‘
I
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If as series circuit resonates at a frequency fr’then,

1. Net reactance, XN = 0

2. Impedance of the circuit, Z = R
The current flowing through the circuit is maximum, and in Phas
e With

S,
the applied voltage.
The magnitude of the current will be equal to (—Ii]
4. The voltage drop across the inductance is equal to the voltage drop a¢
I'Oss

capacitance and is sometimes more than the applied voltage

5. The power factor is unity.

3.8.1 Resonant Frequency
OCT/NQV. 2006, MAR_CH/APRIL, 200

The frequency at which the resonance occurs is called the resongy,
frequency or frequency of resonance. It is denoted by s /
T

At resonance, the net reactance of an R-L-C circuit is.

1
L= — - ey
© ok 2nf,L 27f.C
1
PR, . 2.
fr (ZTE)ZLC | fr Zﬂ\/iz
Where f = resonant frequency, in H,

= inductance in herby

—_

Hy

>

= capacitance in farads

8.2 Bandwidth of a Series Resonant Circuit

“ The band width of a series
circuit is defined as the range of
frequency over which circuit
current is equal or greater than
70.7% of maximum current (i.e., I,
.current at resonance) Fig. 3.68
shown a resonance curve of a
typical R-L-C circuit where the
circuit current is equal to or
greater than 70.7% of maximum

FIG3.78:

Vv
current (i.e., I, 73—) between frequency range f; to f,
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5 HZ resonant frequency ol

X, = 2nfL = 2n ’?-55 210«75 - -) ¥
SRR < 5ﬁ.¢ T’tﬁ’f. y

B, |

;' ‘B'ut' af'_resonance,
= X.'=_D5015 0 Wl S SRS
X, 2 Q | ¥ At

1 1 i .
— = - : - ek i
onf,Xe | 2mx55x259.18 ~ 11.165 X 10°F = 11165 K1

"
. ©

RS R
-+ U
2 #

et

& e=
At 250 V, 50HZ Supply :

X, = 2nfL = 2 x 50 x0.75 = 235.62Q

) v 1 P 1
XC= 2nfC. . 2nx50xilicon10 i

Z= JR2+(Xc-X.)P (- Xc>lX’L)~ \

= J(40)*+(285.1-235.62)° = 63630 ; Sl

1 Yoo 20 2 GORE |
' = 7 6363t y -
R__40 _ P

= ! i ~ Ans -
3y cos Z =63, 363 0.628 (leading) Ans "y

3. 7, = JR2+X3 7 _ Jaop “@mep - 2
_ 1z, = 3.93x 239 = 93927V A

,,,,,,

A\AN VN
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.9'1 o
O(JT/N

Net reactive component of current,
— IC _IL Sl'fld)L

At parallel resonance,
The net reactive component of line current is zero.

ie. Ic—Iy singy =0
(or) BTGy ORI R e S
v % Y

But, = 77 I- X,
By the impedance triangle of Fig. 3.84 (c)
-
sindyp = Z
Substituting the above values in equation (1), We get

L llggh iy
Aty |

T A
X, Xe = 72 (c) Impedance triangle
oL 1 FIG 3.84 ;
VSRS o Y R AR
oC Z ( A . WC)
L
=
(or) C =7 L R 2)
s - L I
= 2 2
(or) B RnX) (or) G 2+(27ter)2
I
@nfL? = = - R’
L 2)
B -~ R |
& 2z \C - 21 \12¢ 2
1 | R2
............... (3)

f; ” 27 LC h L2

This i

" C115 C1‘s.th.e fésonant frequency and is given in Hz. if R is Ohm, L is in henty,
18 In farad. If R is negligibly small, then '

P = e o

FESEEMEC R o, T ML it ni nw ol b S (4)
This is same as series resonance frequency

QRS
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- 3. 1LD
g,2 Impedance at Resonance | '

The circuit current,

I= 1 cos ¢; (' Wattless component is zero)
_V R ! S
=73 S ocos ¢y = —Z—L— from ﬁg(b)J
VR
— EZ_— ............... (5)

Substituting equation (2) in (5), We get,

ViRV eatinly v

C CR
L .
where Z = CR 18 known as the dynamic impedance of the parallel circuit

at resonance, and it will be maximum. Hence the current will minimum.

[ =

Rejector Circuit : Since a parallel resonant circuit can draw a very small current
and power from mains due to maximum impedance, it is often regarded as
rejector circuit. Resonance in parallel circuit is also often referred to as current
resonance because the current circulating between the two branches is many
times greater than the line current taken from the supply. -
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3.9.5 Solved Problems
MY EXAMPLE - 64—
Acoil of 10 Q resistance and 0.1

/ \
tance is connected in parallel with a capacjy,, of
h the circuit will act qg ¢ non,

Hinduc ;
he frequency at whic

) te 1
‘Llrftgu’cl';i iti);(;zs:ecf)}gag:jzt;ind also the value of B.
Solution :
Given data :
Resistance of the coil, R = 10‘52
Inductnace gf the coil, ipa R I
Capacitance, Cc = 100pF = 100 x 10° F
Resonant frequency, b i i
Dynamic resistance, R =7

Resonant frequency,

it J__(zf
fr_zn ¥C L

1 1 ( 10 )2 +/90000 300

= 3 = = 47.75 Hz.
27 Y01x100x10° (0.1 1ok

27 27

L 0.1

_— = ——— = 1
CR  100x107® s

Dynamic Resistance, R =

ISMNENE EXAMPLE - 65

Aninductive circuit of resistance 2Q and inductance of 0.01 H is connected to a 250 V, 50Hz,

supply. What capacitance placed in parallel with it will produce resonance? Find the total
current taken from supply and the current in the branch cireuits.

DEC. 1998, MARCH/APRIL.2003 [C-96]

Solution :
Given data :
R=2Q 0
L= 001H (=
V=250V
f = 50&=
o e

|

&

@ Scanned with OKEN Scanner



(¥ Scanned with OKEN Scanner




(¥ Scanned with OKEN Scanner




