Derive the expression for the current. power, power factor and impedance for series
RL and series RC CIRCUITS connected to an AC Voltage source

Solution
RIC Circuit
B L. C
O
o/
RL Circuit
E L
_J-}.n.‘.\,_:mﬂ—

R, circuit
V; =IR
V. =L, (X, =2nfL)
V =V, 1V, =IRHL,,
=I[R+jX, |
V=IZ
Z 1s impedance = R+)X,

=R

X
/Z=08=tan" =L
R

z=\z|4e

Real power P =VIcos
Reactive power 6 =VIsin 6

Apparent power S = VI

power factor cos ¢ = %



Series R-C circuit:

Vv, =IR

V. =IX, = I(i]
cm

1
2nfC
V =V, 4V,
=T -1 IX,
= I[R-ch]
V=1Z

X,

Z 1s impedance =R - jX.

=

X
ZZ=0=tan" (—C}
R

Power factor = cos 8
Real power P = VI cos6
Reactive power 6 = VI sinf

Apparent power S = VI
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RL series circuit having a resistance of 6Q and an inductance of 0.03 H is connected
across a 100 V 50 Hz, ac supply. Calculate the phase angle between the current and voltage

and the power factor. (May/June 2014)
R L
6 Ohm 03H
et
¥ N ER Eo
100V o
50 Hz
Solution

Inductive Reactance X, =2mfL
=2mx50%0.3
X, =942

Impedance Z = JR2 X7 =\6+94.2°

= \36+8873.64
= \/8909.64
Z=94390
100
94.39

. E
Circuif current I = E =

[=1.059
2
R 6

= tan™ (15.7)
4 =86.3555

Power factor = cos ¢ = cos (86.555)
=-0.03828
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A series R-C circuit with R = 20 Q and C = 127 xF has 160 V., 50 Hz supply
connected to it. Find the impedance. cuirent. power., power factor. Voltage drop across

R. and C.
AN ——a—] (—
l 20 ohms 127 microF
@ 160V, 50 Hz )
Solution
Given:
R =20
C=127pF
1
X .=
2nfC
_ 1
¢ 2mx50x127%10°
X .=25.06Q

I=—= ﬂ =4 99A
Z 32.06
"
Power factor : E = 20 =0.798
Z 25.06

Power (P) =VIcos¢
=160x4.99x0.798
P=637.12 w|

Vi=IR=499220=998 V

Ve=IX, =4.99+25.06 =125.05 V
S Vp =99.8V

Ve=125.05V
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A series circuit having pure resistance of 40Q. pure inductance of 50 mH and a
capacitor is connected across a 400 V, 50 Hz ac supply. This RLC circuit draws a current of
10 A. Calculate a) Power factor of the circuit b) Capacitor value.

Solution

AlI=10A
400 V
50 Hz
Current I= E
z
Impedance = Z = £_400_ 40 Q
I 10
cOs ¢ = E:ﬂ_ 1
Z 40

Inductive reactance = X, =2n fL = 2ax50x50x107 =15.7Q

Z= R +(X; -X.)’
40 = \[40*+(X, -X.)’
40° =40° +(X, -X.)
(X, -X)' =0

X, =X, =15.7Q

X.=15.7= 1
2nfC
B 1
 2m<50+<15.7
C =202.74uF
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RL series circuit having a resistance of 6Q and an inductance of 0.03 H is connected

across a 100 V, 50 Hz, ac supply. Calculate the phase angle between the current and voltage
(May/June 2014)

and the power factor

R L
— A AT
60hm 03H

— >
-~ Er Er

100V
50 Hz
Solution
Inductive Reactance X, =2xtL
=2m+%50%0.3
X, =942

2

Impedance Z = \/R2+XL2 =J62+94.2

= 4/36+8873.64
= \/8909.64

Z=94.390
100
94.39

- E
Circuit current I = E =

1.059
Phase angle ¢ = tan’ ( ] tan- (91152 ]

=tan™ (15
@ = 86.3555
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