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Series AC circuit:
1. AC through Resistance and Inductance:

A pure resistance R and inductance L are shown in figure(a) is connected
In series.
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Let V=r.m.s. value of the applied voltage; I=r.m.s. value of the resultant

current.
V. =IR wvoltage drop across R(in phase with I
V, =1xX, voltage drop across inductance (lag of 1 by 90)

The applied voltage V is:

V= ’V§+VLZ pr V=1X2Z

where Z is the impedance of the circuit

Z = /R2+Xf

From figure(b) it is clear that the applied voltage V leads the current I by

an angle ¢ such that:

tan ’E—ﬁ
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Example-24: A 60Hz sinusoidal voltage V = 141sinwt is applied to a

series R-L circuit. The value of the resistance and the inductance are 30
and 0.0106H respectively.

i.  Write the expression for the instantaneous current in the circuit.

ii. Compute the r.m.s. value and the phase of the voltage across the
resistance and the inductance.

Solution:

V=V 7= 141 \Ezmov s V=100 + 0
X, =2nx60x 00106=4Q. Z=3+j4=5/53.1°
() I=VIZ=100£0°/5£53.1°=20 £-53.1°
Since angle 1s minus. the current lags behind the voltage by 53.1
(i) I, = 2x20 =28.28: .. i=2828sin(0r-531°)
(fif) Vp =IR=20£-53.1°x 3 =60 £-53.1° volt.
Vi=jIX;=1£90°x 20 £-53.1°x 4=80 £ 36.9°

2. AC through Resistance and Capacitance:

The circuit is shown in figure(a). Here Vg = LR = drop across R in
phase with I. V¢ = LXc = drop across capacitor lagging I by 90°.

Ac capacitive reactance X 1s taken negative; V¢ 1s shown along
negative direction of Y-axis in the voltage triangle figure(b).

Vi Voltage Triangle Tmpedance Triangl\c
(a) () c)

V= ’VRZ+(—VC)2 ar VelseZ

where Z is the impedance of the circuit



Z=\R?+ (—X,)?

From figure(b) it is clear that the current I leads the applied voltage V by

an angle ¢ such that:

Example-25: A pure resistance of 50Q 1s in series with a pure
capacitance of 100pf. The series combination is connected across 100v ;
50Hz supply. Find:

a) The impedance.

b) Current.

c¢) Phase angle.

d) Voltage across resistor and capacitor.

Solution:

(@) Z= /50 +32°=504 O (b) I=V/Z=100/59.4=1.684 A
(¢) pf=RIZ=50=59.4=0.842 (lead) (d)0= cos? (0.842)= 32°3¢’
() Vp=IR=50x 1.684=84.2V Ve=IXp=32x 1.684=539V



3. Resistance; Inductance and capacitance in series:

The three are shown in figure(b) joined in series across an AC supply
of r.m.s. voltage V
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Let Vp =I1.R =voltage drop across R In phase with 1
Ve = 1.X¢ = voltage drop across C Lagging by 90°
In the voltage triangle of figure(b):
V:\/VR2+(VL——VC)2 : V=2ZxI
Where Z is the impedance of the circuit Z = \/R% + (X, — X,)?
Phase angle ¢ is given by:
tan @ = (X,-X¢)
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Example-26: A resistance of 20Q) an inductance of 0.2H and a capcitance
of 100pf are connected in series across 220V; 50Hz mains. Detemine:

a. Impedance.
b. Current.
c. Voltage across R; L; and C.

Solution:

Solution. X,=02x 314=63Q , C=10 pF=100x 10°=10"farad

1 1
Xe= sz =32 Q X =63 -32 = 31 Q(inductive)

(a) Z= 1/(202 +31)? =37Q (b) I=220/37 =6 A (approx)
(¢) Va=Ix R=6x 20=120V; ¥;=6x 63=278V,V,=6x 32=192V

AC parallel circuit:

Consider the circuits shown in figure below. Here two branch A and B
have been joined in parallel across an r.m.s supply of V volts. The voltage
across two parallel branches A and B is the same. But currents through
them are different.
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For branch A

v
21=V(R§+X12,) : Ilzz_
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