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In the last lesson, the following points were described: 

1. How to compute the total impedance/admittance in series/parallel circuits? 

2. How to solve for the current(s) in series/parallel circuits, fed from single phase ac 
supply, and then draw complete phasor diagram? 

3. How to find the power consumed in the circuit and also the different components, and 
the power factor (lag/lead)? 

 In this lesson, the computation of impedance/admittance in parallel and series-parallel 
circuits, fed from single phase ac supply, is presented. Then, the currents, both in 
magnitude and phase, are calculated. The process of drawing complete phasor diagram is 
described. The computation of total power and also power consumed in the different 
components, along with power factor, is explained. Some examples, of both parallel and 
series-parallel circuits, are presented in detail.  

Keywords: Parallel and series-parallel circuits, impedance, admittance, power, power 
factor. 

After going through this lesson, the students will be able to answer the following 
questions; 

1. How to compute the impedance/admittance, of the parallel and series-parallel circuits, 
fed from single phase ac supply?  

2. How to compute the different currents and also voltage drops in the components, both 
in magnitude and phase, of the circuit?  

3. How to draw the complete phasor diagram, showing the currents and voltage drops?  

4. How to compute the total power and also power consumed in the different 
components, along with power factor? 

This lesson starts with two examples of parallel circuits fed from single phase ac 
supply. The first example is presented in detail. The students are advised to study the two 
cases of parallel circuits given in the previous lesson. 

Example 16.1 

The circuit, having two impedances of Ω+= )158(1 jZ  and Ω−= )86(2 jZ  in 
parallel, is connected to a single phase ac supply (Fig. 16.1a), and the current drawn is 10 
A. Find each branch current, both in magnitude and phase, and also the supply voltage. 
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B 

I = 10A

Fig. 16.1 (a) Circuit diagram

A 

Z2 = (6 – j8) Ω 

 Z1 = (8 + j15) Ω 
I1 

I2 

 
 
 
 
 
 
 
 
 
Solution 

Ω°∠=+=∠ 93.6117)158(11 jZ φ  Ω°−∠=−=−∠ 13.5310)86(22 jZ φ   
AjOCI )010(010)(0 +=°∠=°∠    

The admittances, using impedances in rectangular form, are,  
13

22
11

11 10)9.5168.27(
289

158
158
158

158
11 −− Ω⋅−=

−
=

+
−

=
+

=
∠

=−∠ jjj
jZ

Y
φ

φ  

13
22

22
22 10)0.800.60(

100
86

86
86

86
11 −− Ω⋅+=

+
=

+
+

=
−

=
−∠

=∠ jjj
jZ

Y
φ

φ  

Alternatively, using impedances in polar form, the admittances are,  
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13.530.10
11 −− Ω⋅+=°∠=
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Z
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The total admittance is, 
33

21 10)1.2868.87(10)]0.800.60()9.5168.27[( −− ⋅+=⋅++−=+=∠ jjjYYY φ  
13 77.171007.92 −− Ω°∠⋅=  

The total impedance is, 

Ω−=°−∠=
°∠⋅

=
∠

=−∠ − )315.3343.10(77.1786.10
77.171007.92

11
3 j

Y
Z

φ
φ  

The supply voltage is  
VZIVV AB °−∠=°−∠×=−∠⋅°∠=−∠ 77.176.10877.17)86.1010(0)( φφ  

Vj )15.3343.103( −=  
 

The branch currents are, 

A
Z
VODI °−∠=°+°−∠⎟

⎠
⎞

⎜
⎝
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∠
−∠
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Aj )286.6143.1( −=   

2 2 1 1( ) 0 ( )
(10.0 0.0) (1.143 6.286) (8.857 6.286) 10.86 35.36

I OE I I OC OD OC CE
j j j A

θ θ∠ = ∠ °− ∠− − = −
= + − − = + = ∠ ° A

  

Alternatively, the current  is, 2I

2 2
2 2

108.6
( ) ( 17.77 53.13 ) 10.86 35.36

10.0
V

I OE A
Z

φ
θ

φ
∠− ⎛ ⎞∠ = = ∠ − °+ ° = ∠⎜ ⎟∠− ⎝ ⎠

°   

Aj )285.6857.8( +=  

The phasor diagram with the total (input) current as reference is shown in Fig. 16.1b. 

 

Fig. 16.1 (b) Phasor diagram
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Alternative Method 

Ω°∠=+=−++=−∠+∠=′∠′ 565.2665.15)714()86()158(2211 jjjZZZ φφφ  

Ω−=°−∠=
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⎠
⎞
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⎝
⎛ ×
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′∠′
−∠⋅∠

=
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=−∠
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The supply voltage is  
( ) (10 10.86) 17.77 108.6 17.77

(103.43 33.15)
ABV V I Z

j V
φ∠− = ⋅ = × ∠− ° = ∠− °

= −
V

 

 
The branch currents are, 

2
1 1

1 2

10.0 10.0( ) ( 53.13 26.565 ) 6.39 79.7
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2 2 1( ) ( ) (10.0 0.0) (1.142 6.286)
(8.858 6.286) 10.862 35.36

I OE I I OC OD OC CE j j
j A A

θ∠ = − − = − = + − −
= + = ∠ °

 

Alternatively, the current  is, 2I

1
2 2

1 2

10.0 17.0
( ) (61.93 26.565 ) 10.86 35..36

15.65
(8.858 6.286)

Z
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= +
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Example 16.2 
The power consumed in the inductive load (Fig. 16.2a) is 2.5 kW at 0.71 lagging 

power factor (pf). The input voltage is 230 V, 50 Hz. Find the value of the capacitor C, 
such that the resultant power factor of the input current is 0.866 lagging.  

 

 

+ 

- 
C 

Fig. 16.2 (a) Circuit diagram

I IL

IC

230 V 

L 
O 
A 
D 

 
 
 
 
 
 
 
Solution 

WKWP 2500105.25.2 3 =⋅==  V = 230 V   = 50 Hz f
The power factor in the inductive branch is )(71.0cos lagL =φ  
The phase angle is  °≈°== − 4577.44)71.0(cos 1

Lφ
( ) 2500cos230cos =⋅=⋅= LLLL IIVP φφ  

A
V

PI
L

L 31.15
71.0230

2500
cos

=
×

==
φ

 

AIAI LLLL 87.1045sin32.15sin;87.1071.031.15cos =°×==×= φφ  
The current  is, LI AjI LL )87.1087.10(4531.15 −=°−∠=−∠ φ  
The power consumed in the circuit remains same, as the capacitor does not consume 

any power, but the reactive power in the circuit changes. The active component of the 
total current remains same as computed earlier. 

AII LL 87.10coscos == φφ  
The power factor of the current is cos )(866.0 lag=φ  
The phase angle is  °== − 30)866.0(cos 1φ
The magnitude of the current is AI 55.12866.0/87.10 ==  
The current is AjI )276.687.10(3055.12 −=°−∠=−∠ φ  
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The current in the capacitor is  

Aj
jjIII LLC

°∠==
−−−=−∠−−∠=°∠

90504.4504.4
)87.1087.10()276.687.10(90 φφ
 

This current is the difference of two reactive currents, 
 AIII LLC 504.487.10276.6sinsin −=−=−=− φφ   

The reactance of the capacitor, C is Ω==== 066.51
504.4

230
2

1

C
C I

V
Cf

X
π

 

The capacitor, C is F
Xf

C
C

μ
ππ

33.621033.62
066.51502

1
2

1 6 =⋅=
××

== −  

The phasor diagram with the input voltage as reference is shown in Fig. 16.2b. 

 

230 V

C 

15.3  

A 

IC
4.5 A 

φ45° 

Fig. 16.2 (b) Phasor diagram 

B 

IC

 
 
 
 
 
 
 
 
 
 
Example 16.3 

An inductive load (R in series with L) is connected in parallel with a capacitance C of 
12.5 Fμ  (Fig. 16.3a). The input voltage to the circuit is 100 V at 31.8 Hz. The phase 
angle between the two branch currents, ( LII =1 ) and ( CII =2 ) is , and the current 
in the first branch is  . Find the total current, and also the values of R & L.  

°120
AII L 5.01 ==

 A 

B 

C = 12.5 μF 

I2

I 

R 
D 
L 

+ 

- 

100 V 

Fig. 16.3 (a) Circuit diagram 

1 = 0.5A I
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Solution 

f  = 31.8 Hz  sradf /2008.3122 ≈×== ππω   V = 100 V 
    C  =  AI 5.01 = FF 6105.125.12 −⋅=μ
  Ω=⋅×== − 400)105.12200/(1)/(1 6CX C ω
 The current in the branch no. 2 is  

Aj
XjVI C

)25.00.0(
9025.090)400/100(90400/0100)/(902

+=
°∠=°∠=°−∠°∠=−=°∠

 

 The current in the branch no. 1 is 111 5.0 φφ −∠=−∠I  
 The phase angle between  and  is 1I 2I °=+° 12090 1φ  
 So, °=°−°= 30901201φ  

AjI )25.0433.0(305.0301 −=°−∠=°−∠   
  The impedance of the branch no. 1 is, 

Ω+=
°∠=°∠=°−∠°∠=+=∠

)0.1002.173(
3020030)5.0/100(30/0)( 111

j
IVXjRZ Lφ

 

Ω= 2.173R   Ω== 0.100LX L ω  
So,  mHHXL L 500105005.0200/100/ 3 =⋅==== −ω
The total current is,  

A
jjjIII

°∠=
+=+−=°∠+°−∠=°∠

0433.0
)0.0433.0(25.0)25.0433.0(90300 21    

The total impedance is, 

Ω+=
°∠=°∠=°∠°∠=+′=°∠

)0.00.231(
00.2310)433.0/100(0/0)0(0

j
IVjRZ

 

The current, I  is in phase with the input voltage, V  . 
The total admittance is )90/1()30/1(900 21211 °−∠+°∠=°∠+−∠=°∠ ZZYYY φ  
The total impedance is )9030/()9030(0 2121 °−∠+°∠°−∠⋅°∠=°∠ ZZZZZ  
Any of the above values can be easily calculated, and then checked with those 

obtained earlier. The phasor diagram is drawn in Fig. 16.3b. 
 
Solution of Current in Series-parallel Circuit  
 
Series-parallel circuit  
 The circuit, with a branch having impedance , in series with two parallel branches 
having impedances,  and  , shown in Fig. , , is connected to a single phase ac 
supply. 

1Z

2Z 3Z

 The impedance of the branch, AB is 11 φφ ∠=∠ ZZ ABAB  

 
33

33
22

22
1;1
φ

φ
φ

φ
∠

=−∠
∠

=−∠
Z

Y
Z

Y  

Version 2 EE IIT, Kharagpur 



 The admittance of the parallel branch, BC is 

 
3322

3322
11
φφ

φφφ
∠

+
∠

=−∠+−∠=−∠
ZZ

YYY BCBC   

 The impedance of the parallel branch, BC is 

 ( ) ( )3232

3322

3322

33221
φφ
φφ

φφ
φφ

φ
φ

+∠
∠+∠

=
∠⋅∠
∠+∠

=
−∠

=∠
ZZ

ZZ
ZZ
ZZ

Y
Z

BCBC
BCBC  

 The total impedance of the circuit is  
 BCBCBCBCABABACAC ZZZZZ φφφφφ ∠+∠=∠+∠=∠ 11  
 The supply current is 

 
ACAC

AC Z
VI

φ
φ

∠
°∠

=−∠
0   

 The current in the impedance  is 2Z

 ( )3322

33
42 φφ

φ
φφ

∠+∠
∠

−∠=∠
ZZ

Z
II AC   

 Thus, the currents, along with the voltage drops, in all branches are calculated. The 
phasor diagram cannot be drawn for this case now. This is best illustrated with the 
following examples, where the complete phasor diagram will also be drawn in each case. 

 

30°
BA

I = 0.433

0.25 I2

0.5 I1

Z1
D

I2 = 0.25 

Fig. 16.3 (b) Phasor diagram

86.6 V

100 V 

50 V

 
 
 
 
 
 
 
 
Example 16.4 

Find the input voltage at 50 Hz to be applied to the circuit shown in Fig. 16.4a, such 
that the current in the capacitor is 8 A?  

 

I 

R1 = 5 Ω L1 = 25.5 mH

R3 = 7 Ω L3 = 38.2 mH
BA 

R2 = 8 Ω 318 μF

I1

2I = 8A

Fig. 16.4 (a) Circuit diagram 

•• ••

I1

D
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Solution 

f  = 50 Hz   sradf /16.3145022 =×== ππω  
HL 0255.01 =   HL 0382.03 =    FFC 610318318 −⋅== μ

 Ω=×== 80255.016.31411 LX ω  Ω=×== 120382.016.31433 LX ω  
   Ω=⋅×== − 10)1031816.314/(1)/(1 6

2 CX ω AjI )08(0802 +=°∠=°∠   
 Ω°∠=+=+=∠ 58434.9)85(1111 jXjRZ φ  
 Ω°−∠=−=−=−∠ 34.51806.12)108(2222 jXjRZ φ  
 Ω°∠=+=+=∠ 74.5989.13)127(3333 jXjRZ φ  

Vj
VZIVAC

)8064(
34.5145.10234.51)806.120.8(0 2222

−=
°−∠=°−∠×=−∠⋅°∠=−∠ φφ

 

Aj

A
Z

V
I AC

)25.106.3(

34.10986.10)5834.51(
434.9

45.102

11

2
11

−−=

°−∠=°+°−∠⎟
⎠
⎞

⎜
⎝
⎛=

∠
−∠

=−∠
φ
φ

θ
  

  
A

jjjIII
°−∠=

−=+++−=°∠+−∠=−∠
77.66154.11

)25.104.4()0.00.8()25.106.3(02113 θθ

VjV
ZIV CBCB

)96.18764.153(03.793.154
)74.5977.66()89.13154.11(333

−=°−∠=
°+°−∠×=∠⋅−∠=−∠ φθθ

 

  
Vj

jjVVV CBCBACABAB

°−∠=−=
−+−=−∠+−∠=−∠

44.242.239)96.09764.217(
)96.18764.153()0.800.64(2 θφθ

 The phasor diagram with the branch current,  as reference, is shown in Fig. 16.4b. 2I

 
 

I1 = 10.86A 

58° 

51.34° 

66.77°

11.15A

I 

I2 = 8A 

VDB =   154.9V 

VAB = 239.2

Fig. 16.4 (b) Phasor diagram

7.03°

VAD = 102.45 V 
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Example 16.5 

A resistor of 50  in parallel with an inductor of 30 mH, is connected in series with a 
capacitor, C (Fig. 16.5a). A voltage of 220 V, 50 Hz is applied to the circuit. Find, 

Ω

(a) the value of C to give unity power factor,  
(b) the total current, and 
(c) the current in the inductor 

 

A 

Fig. 16.5 (a) Circuit diagram 

D
B 

L = 30 mH

R = 50 Ω 

230 V 
50 Hz 

C 
• •

 
 
 
 
 
 
 
 
 
Solution 

  = 50 Hz  f sradf /16.3145022 =×== ππω  
Ω= 50R   V = 220 V    HmHL 03.0103030 3 =⋅== −

 Ω=×== 24.9403.016.314LX L ω  
  
The admittance,  is, ADY

1

3

95.2702264.0

10)61.100.20(
24.94

1
50
111

−

−

Ω°−∠=

⋅−=+=+=−∠ j
jXjR

Y
l

ADAD φ
 

 The impedance, ADZ  is,  

Ω+=
°∠=°−∠=∠=∠

)7.2002.39(
95.2717.44)95.2702264.0/(1)/(1

j
YZ ADADADAD φφ

 

The impedance of the branch (DB) is )/(1[ CjXjZ CDB ω−=−= . 
 As the total current is at unity power factor (upf), the total impedance,  is 
resistive only.    

ABZ

 )7.20(02.399000 CDBADADABAB XjZZjRZ −+=°−∠+∠=+=°∠ φ   
 Equating the imaginary part, Ω== 7.20)/(1 CX c ω  
 The value of the capacitance C is, 
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  F
X

C
C

μ
ω

8.153108.153
7.2016.314

11 6 =⋅=
×

== −  

 So, Ω°∠=+=+=°∠ 002.39)0.002.39(00 jjRZ ABAB  
 The total current is, 
  AjZVI AB °∠=+=°∠=°∠°∠=°∠ 064.5)0.064.5(0)02.39/0.220(0/00  
   The voltage,  is, ADV

   
Vj

VZIV ADADADAD

)73.1160.220(
95.2705.24995.27)17.4464.5(0

+=
°∠=°∠×=∠⋅°∠=∠ φφ

 The current in the inductor,  is,  LI

AjA
XVI LADADLL

)335.224.1(05.6264.2
)9095.27()24.94/05.249(90/

−=°−∠=
°−°∠=°∠∠=∠ φθ

 

The phasor diagram is shown in Fig. 16.5b. 

 

28° 

5.64 62° 

IL = 2.64 A 

IR = 4.98 

28°
A 

D 

B 

116.7 V 

116.7 V 

249.0 

220 V 

Fig. 16.5 (b) Phasor diagram

(i) (ii) 

 
 
 
 
 
 
 
Example 16.6 
 In the circuit (Fig. 16.6a) the wattmeter reads 960 W and the ammeter reads 6 A. 
Calculate the values of nd  . LCCS IIIVV ,,,,  a CX

 

jxL = j 8 Ω 

VC

IC

C IC

A 
R2 = 6 Ω 

IL

E A 

+ 

- 

D 

B 

R1 = 10 Ω WI 

Fig. 16.6 (a) Circuit diagram

 

• • •

•
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Solution 

 In this circuit, the power is consumed in two resistance,  and  only, but not 
consumed in inductance L, and capacitance C. These two components affect only the 
reactive power. 

1R 2R

 P = 960 W   I = 6 A   Ω=101R   
    Ω= 62R Ω= 8LX  
 Total power is,  WIIRIRIP LLL 9606360610)6( 222

2
2

1
2 =⋅+=⋅+×=⋅+⋅=

 or,  WI L 6003609606 2 =−=⋅

 So, AI L 106/600 ==  
 The impedance of the inductive branch is,  
 Ω°∠=+=+= 13.5310)86(2 jXjRZ LL  

The magnitude of the voltage in the inductive branch is, 
 VZIVV LLCDB 1001010 =×=⋅==  
Assuming as reference, the current,  is,  °∠= 0100DBV LI

AjAZVI LLDBLL )86(13.531013.53)10/100(/0 −=°−∠=°−∠=∠°∠=−∠ φφ  
The current, °∠=°−∠°∠==°∠ 90)/(90/0 90 CCDBCC XVXVIjI  
The total current is )8(6)86(90 −+=+−=°∠+−∠=∠ CCCLL IjIjjIII φφ  

 So, AII C 6)8()6( 22 =−+=  

 or,  36)6()8(36 22 ==−+ CI
 So,  AIC 8=
 The capacitive reactance is, Ω=== 5.128/100/ CDBC IVX  

The total current is AjI °∠=+=°∠ 06)06(0  
or, it can be written as, 

AjjjIII CLL °∠=+=+−=°∠+−∠=°∠ 06)06(8)86(900 φ  
 The voltage  is.  ADV
 VjRIjRIVAD )060(0600)106(0)()0(00 11 +=°∠=°∠×=°∠⋅=+⋅°∠=°∠  
 The voltage,  is.  ABS VV =
 VjVVVV DBADABS )0160(00160)10060(000 +=°∠=°∠+=°∠+°∠=°∠=  
 The current, I  is in phase with  ABS VV =  , and also  .  DBV
 The total impedance is, 

  
Ω+=

°∠=°∠=°∠°∠=°∠+°∠=°∠
)0.067.26(

067.260)6/160(0/0000
j

IVZZZ ABDBADAB

The impedance,  is, DBZ

Ω+=
°∠=°∠=°∠°∠=°∠−°∠=°∠

)0.067.16(
067.160)6/100(0/0000

j
IVZZZ DBADABDB  

 Both the above impedances can be easily obtained using the circuit parameters by the 
method given earlier, and then checked with the above values. The impedance,  can DBZ
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be obtained by the steps given in Example 16.3. The phasor diagram is shown in Fig. 
16.6b.  

 

A B

8 A 
53.13° A

I = 6A

60 V

8 A

6 AD
AB = 160 V (VO) 

Fig. 16.6 (b) Phasor diagram 

 

 

 

 

 

 

 
Starting with the examples of parallel circuits, the solution of the current in the series-
parallel circuit, along with the examples, was taken up in this lesson. The problem of 
resonance in series and parallel circuits will be discussed in the next lesson. This will 
complete the module of single phase ac circuits 
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Problems 
 
16.1  Find the impedance, Zab in the following circuits (Fig. 16.7a-b): (check with 
admittance diagrams in complex plane) 
 
 
 
 
 
 
 
  
 
 
16.2 A resistor (R) of 50 Ω in parallel with a capacitor (C) of 40 μF, is connected in 

series with a pure inductor (L) of 30 mH to a 100 V, 50 Hz supply. Calculate the 
total current and also the current in the capacitor. Draw the phasor diagram. 

 
16.3 In a series-parallel circuit (Fig.16.8), the two parallel branches A and B, are in 

series with the branch C. The impedances in Ω are, ZA = 5+j, ZB = 6-j8, and ZC 
= 10+j8. The voltage across the branch, C is (150+j0) V. Find the branch 
currents, IA and IB, and the phase angle between them. Find also the input 
voltage. Draw the phasor diagram. 

 
16.4 A total current of 1A is drawn by the circuit (Fig.16.9) fed from an ac voltage, V 

of 50 Hz. Find the input voltage. Draw the phasor diagram. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a 

 (a)  

l 

- j1

• 

• b 

l 

 jl 

• 

• 

a ••
l 

j1 

 (b) 
•b 

 -j2

•

Fig. 16.7 

• 
Q 

• • R P 

ZA = (5 + j6) Ω 

ZC = (10 + j8) Ω 

ZB = (6 – j8) Ω 150 V 

Fig. 16.8 
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+ 

- 

V 

 Fig. 16.9 

 
 

R1 = 25 Ω 

R2 = 30 Ω 

L = 50 mH 

I = 1 A

BA

60 μF
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