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ACIVE Circuit is 2¢10.

: ,
Examp\e L) An ae circuir consists 0

supplv of 230V, 50 Hz. Calculate
equanions for voltage and current.

Hence, power consumed by 3 “ﬁN\V \t’lp Fig. 4.53  Power waveform

fa pure resistance

a) current. ( . v
(@ current, (b) power consume d, (c) power factor, and (d) write down the

of 10 ohms and is connected across an ac

Solution R=10Q
= . V=2 7 —
@} Current OV, f=50Hz
Vo230
I=—==""=723
R 10
(Y Power consumed
P=1T=230x23=5290 W

icl Power factor
Since the voltage and current are in phase with each other, ¢=0°

pf=cos d=cos (0°) =1
(d) Voltage and current equations

V., =2 V={2x230=32527V
I,=21=J2x23=32.53A

W=2nf=27%x50=314.16 rad/s
v="V_sinwt=32527sin314.16 ¢
i=1I_sinwt=32.53sin314.16¢



4.40  Network Analysis and Synthesis

“ Example LRIV 10 inductive coil having negligible resistance and 0.1 henry inductance is copp,,

féq
. b ” . ™ : : ; . wrrent, () power, e
across a 200 V. 50 Hz supplv. Find (a) inductive reactance, () rms valie of current, (¢) 1 (@) poyy
factor. and () equations for voltage and current.

Solution

L=0.1H, V=200V, f=50Hz
(a) Inductive reactance

X, =2afL=27xx50%0.1=31.42Q
(b) tms value of current

7
= ‘— = —-%90— =037 A
X; 3142
(c) Power

Since the current lags behind the voltage by 90° in purely inductive circuit, #=90°

P =¥ cos ¢=200x 6.37 X cos (90°) =0
(d) Power factor

pf=cos ¢=cos (90°) =0
(e) Equations for voltage and current

V,,=V2V =42x200=282.84 V
I,=V21=\2x637=9A

w=27f=2mx50=314.16 rad/s
v=V sinwt=282.84sin314.16¢

i=1I, sin(wr—f) = 9s'1n(314.16 :—f)
2 2

|| P e e



§0 iz supply. F'ind (a) ¢ apacitive reactapee,
equations for voltage and curreng

3 Example 4'52 | A capacitor has aCapacitany

solufion C=30pF, V=230 V. [=5011z
(Capacitive reactance
A
A S — 10610

21fC 2% 50% 30710 °

rms value of current

Power
Since the current leads the voltage by 90° in purely capacitive circuit, o= 90°

P="VIcos ¢=230x2.17 % cos (90°)=0
Power factor

pf=cos ¢=cos (90°) =0
Equations for voltage and current

V, =2V =1y2x230=32527V

I,=21={2x217=307 A

W=27=27% 50 = 314.16 rad/s
v="V_sin or=325.27 sin 314.16 ¢

i=1I_ sin(wt+-;—[-) =3.07 sin(314.16 r+§)

v of 301 microfarade whick i connected wevnss a 230 8

(h) rms value of current, (¢} power, (d} power fictor, and (v
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Network Analysis and Synthesis

From power triangle, pf= -
S

In i TFouis
case of series RL circuit, the power factor is lagging in nature.

[ Example 4.53°

. An alternaring voltage of 80+ j60 V is applied to a circuit and the curye
4—J2 A. Find the (a) in

B flo,,
ipedance, (b) phase angle, (c) power factor, and (d) power consumeq, "

Solution V=80+,60V, I=4-52A

(a) Impedance

7Y _80+,60 100 £36.87°

—_ o]
1 A= 2 4T~ 26560 <R
2=2237Q
(b) Phase angle
$=63.43°

(c) Power factor
pf=cos ¢=cos (63.43°) = 0.447 (lagging)
(d) Power consumed
P=VIcos ¢=100 x 4.47 x 0.447 = 199.8] W

" Example4.54 Y voltageand currentinacircuitaregivenby V = 150 £30°V and I = 2 450

If the circuit works on a 50 H: supply, determine impedance, resistance, reactance, power factor and p,
ol B, G : BN W
loss considering the circuit as a simple series circuit. ‘

Solution V=150 £30°V, I=2/-15°A, f=50Hz
(a) Impedance .
7=y 1080 o5 iso0=53.03+,53.030
I 2£-15° '
Z=75Q
(b) Resistance
R=53.03Q
(¢) Reactance
X=53.03Q
i (d) Power factor
i #=45° |

pf=cos ¢=cos (45°) = 0.707 (lagging) a

(e) Power loss |
P=VIcos p=150x2x0.707=212.1 W i

” FEIALH BT  An rms voltage of 100 £0° V is applied to a series comb'ination of Z{ and Z, !l')z;
Z =20 £ 30° 2 The ¢ffective voltage drop across Z, is known to be 40 £=30° V. Find the reactive compont.

of Z.

-

|




N N

ase of series RC cireuit, the power fac(ar to Lot
case of » INC power factor ig leading in nature.

In

The voltage

applied 1o a cireyiy i e = 100

‘ N b Stn (ot % 307) and the current floyw
circuit is 1= 158in (@1+60°), Determine
(/‘l

ng in

,}; im/‘)(,'dcunre, resistance, reactance, power factor and power,
n
solutio
e =100sin (w/ + 30, i=15sin(mi+ 607)
(@) jmpedance
100
E=—/Z30°V
J2
15
I= £60° A

=
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4.64 N
e ;
twork Analysis and Svnthesis

100 300 |
E. B 6674-30°% 577~ j3.33 % R jp
‘ l.i é(\”ﬁ :
J2
(b) Resistance
(¢) Reactance R=5.774
Xe =330

(d) Power factor

pf = cosf = cos(30)°= 0.866 (lcading)

(e) Power

P:E[cos¢=1§—,2_qx-\!/——5£'xo.866=649.5w

“ Example 4.78 A series circuit consumes 2000 W at 0.5 lc’ading [JOWGt‘facfor' when e
- N e
230V, 50 Hz ac supply. Calculate (a) current, (b) kVA, and (c) kVAR.

Solution p=2000W, pf= 0.5 (leading), y=230V
(a) Current

P =VIcos¢

2000 = 230x 1 X0.5

I1=1739A
(b) Apparent power

S=VI= N =30—02=4kVA

cos¢p 0.5

(c¢) Reactive power
¢ = cos™ (0.5)=60°
Q=VIsing= 230 %17.39 xsin(60°) = 3.464 kVAR

St ANV SN Hz xR



1= = =

S

N

12

nductor of 0.05 I and a capacitor o

esistor of 2() 021
series gg shown in Fi
culate the

f 50 UF are COnngey,,
‘ 2. 4.81. A supply voltage 230 v, 50 14z is connected across the series combinati,, , '

/r)l/r)wing: (a) impedance, (h) curr “
and (d) active and y

ent drawn by the circuit, (¢) phase difference and pey,,, 4
eactive power consumed by the circuit, '

R i Cl__

-«

230V, 50 Hz——»]
Fig. 4.81

Solution R=20Q, L=0.05 H, C=50pF,

V=230V, f=50Hz
(a) Impedance

X, =27/ =27 %50%0.05= 1571 O



411 Series RLE Cireult 471

, |
v - s
Xc= B e

ST 2% 5050 06 63.661()
7=R+ j'\‘l “j,"r -

204 1571~ j63.66 = 51.95 2 67367 £)

- 7=51950

e differenct :

) = P=67.30

- .

) g [l 20

Z- 5195 A

‘ power factor

Ly PF'=cos 9= cos (67.36°) = 0,385 (lcading)

P=VIcos 9=230x4.43 % 0.385 = 39228 W

Q= Vsin 9=230 x 4.43 x sin (67.36°) = 940,39 VAR

: ple Gioad] A circuit consists of a pure resistor, a pure inductor, and a capacitor connected in se-
| s shown in Fig. 4.82. When the circuit is supplied with 100 V, 50 Hz supply, the voltages across inductor
i resistor are 240 Vand 90 V respectively, If the circuit takes a 10 A leading current, calculate (a) value of
 jnductance: resistance and capacitance, (b) power Jactor of the circuit, and (c) voltage across the capacitor.

R L c

—\\\—T0——| |
10A | H

0V - 240V > Vo —
L‘% 100V,50 Hz —»

Fig. 4.82

Csolfion V=100V, f=50Hz, ¥,=240V, V=90V, I=10A

(a) Value of inductance, resistance and capacitance

/.
R=[_R=.9_0=99
I 10
/
Y T
I 10
=L 10 e
1710

Z=R+jX,—jXc=R-j(Xc-X1)

Z =R +(Xc - X,)?

10 = J(9) +(Xc —24)?
Xe=28360Q
XL = 271'_/14

e



4.72 Networl Analysis and Synthesis
24 = 2mx50xL

L=0.076 H

X :
22 = - -
2 fC

I
2ax50xC
C=112.24 uF

28.36

I

(b} Power factor of the circuit
R 9 N
f =—=—=0.9(leading)
7. 19
{c} Voltage across the capacitor

V.=X.1=2836X 10=283.6V

£

- — - — AN s NN M
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The combined inductance of two coils connecte

“ o gt : d in series is 0.6 J or 0.1 H depend-
g 01 relative directiong of currents in the two coils. If one of the coils has a self-inductance of 0.2 H, find
o mutual inductance, and (b) coefficient of coupling.

SolUﬁOn L =0.2H, Lgier = 0.1 H, Lem=0.6 H

o) Mutual inductance

Eoon = L+L+2M =06

(1)
Liise =L+L,-2M=0.1

..(11)
Adding Eqgs (i) and (i1),
2L +10,)=0.7
Li+1,=0235
L, =035-02=0.15H



7.8 Network Analysis and Synthesis

Subtracting Eqgs (ii) from Eqgs (1),
4M =0.5
M=0.125H
(b) Coefficient of coupling
M 0.125  _ 0.72

k==
JLL, 0.2x0.15

" Example WM Ti0 coils with a coefficient of coupling of 0.6 between theni are connected in serje 0

as to magnetise in (a) same direction, and (b) opposite direction. The total inductance in the same directjg,
is 1.5 H and in the opposite direction is 0.5 H. Find the self-inductance of the coils.

Solution k=06, Lix=05H, Lum= 1.5H

Lig =Li+L;=2M =0.5 i)
Lom=Li+L+2M =15 i) f
Subtracting Eq. (i) from Eq. (1), "
4M =1
M=025H
Adding Eq. (i) and (ii),
2L +1L)=2 .
L+l =1 . i) |

k=

5

S 062 0.25

3

LI, =0.1736 (1)

Solving Eqs (iii) and (iv), |
L =022H

L, =078H




e nd the equivalent inductance o .
'97,.9 Fin q of the network shown in Fig. 7.20

TH

Fig. 7.20

on
L=(L+ Mg+ M3)+(Ly+ My + M)+ (L + My, + Msy)

=(1+0.5+D)+(2+1+0.5)+(5+1+1)
=13H

WWBUR  Find the equivalent inductance of the network shown in Fig. 7.21.

1H
,2H; 1H
i v 107-1\: 5H 4 X\ 6H
— 2N —2000—— 00—
~ Fig 721

L=(L+ My - M3)+(Ly = My + Map)+ (L3 = My = M)
=(10+2-1)+(5-1+2)+(6-1-1)=21H



- avely
“ vork Analysis and Synthesis

Find the equivalent inductance of the network showy in [""f.'.

2.2)
ky=0.65
,»-/""ﬂ.—%\"\_\‘
e G
/=033 k=037 N
- 12H X 14H 27 A 14N
S OO 00—
Fig. 7.22
Solution
My = My, = kL, =0.33J(12)(14) = 4.28 H
My = My = ky 1,1y = 0.37J(14)(14) = 5.18 H
My = My = ks \JLy Ly = 0.65(12)(14) =8.42 H
L=(Li =My +My3)+(Ly — My = My))+ (s + M, - My,)
=(12-428+8.42)+(14-5.18-4.28) + (14 +8.42 5 |3,
=3792H
"m Find the equivalent inductance of the network shown in Fig. 7.23
R 8H
o ¥ %
% 15 H §16 H
[ ]
Fig. 7.23
Solution For Coil 4, 7
Ly=L-M,;=15-8=7H
For Coil B, - _
Lp=1,-M,=16-8=8H
1 1 1 I+~ %15
L Ly Ly 7 856 .
L= ﬁ =3.73H
15 |
” Example VYBEW Find the equivalent inductance of the network shown in Fig. 7.24.
10H
o 10H 5H
¥ N |e T
% 25 H % 30.H % 35H
[ ]
Aad




7.8 Coupled Circuits 7,15
q Fof Coil 4.

1 .10
50'”“ LA—LI'*‘MIZ‘MI}225+1(L..m:25”
i cl? .
I LB"L2‘1\123+‘\[2| :35_15_”0:25”
o
R L(—L;'—le,p_‘:w“:35-[5_10_IOH
1 1
St e \‘*‘L:L.*_L_*_ ] :2
Lol Ly Le 257 257197 5
L=—=555H
’ CWAUR  Find the equivalent ;
_iixampe . ind the equivalent impedance across the terminals A and B in Fig. 7.25.
| 5Q
A O————AAN,
2Q 3Q
[ ] 129 [}
¥ X
j4Q 3Q
Bo—
Fig. 7.25
Solution Z,=5Q, L,=02+j8Q, Z;=03+j3)Q, Zy=,2Q
g talaml g QMGG g ) 6
Zi= N+ 2y 27 2+ j4+3+ j3-2(j2)




