CHAPTER 27 APPLICATION OF COMPLEX NUMBERS TO SERIES A.C. CIRCUITS
Exercise 125, Page 476

1.  Determine the resistance R and series inductance L (or capacitance C) for each of the following 
     impedances, assuming the frequency to be 50 Hz. (a) (4 + j7) Ω    (b) (3 – j20)Ω    (c) j10 Ω


     (d) – j3 kΩ    (e)     (f) 


(a) Since Z = (4 + j7) Ω    then resistance, R = 4 Ω   and inductive reactance, = 7 Ω


      i.e.             hence,    inductance, L = = 0.0223 H  or  22.3 mH

(b) Since Z = (3 – j20)Ω    then resistance, R = 3 Ω   and capacitive reactance, = 20 Ω


      i.e.          hence,    capacitance, C = = 159.2 μF 

(c) Since Z = j10 Ω = (0 + j10)Ω   then resistance, R = 0   and inductive reactance, = 10 Ω


      i.e.             hence,    inductance, L = = 31.8 mH

(d) Since Z = – j3 kΩ = (0 – j3)kΩ  then resistance, R = 0  and capacitive reactance, = 3000 Ω


      i.e.          hence,    capacitance, C = = 1.061 μF 

(e) Since Z =  = (7.5 + j12.99)Ω   then resistance, R = 7.5 Ω   

      and inductive reactance, = 12.99 Ω


      i.e.             hence,    inductance, L = = 41.3 mH

(f) Since Z =  = (4.243 – j4.243)MΩ     then resistance, R = 4.243 MΩ   


     and capacitive reactance, = 4.243 MΩ   i.e.          

     hence,    capacitance, C = = 750 pF   or   0.750 nF 

2.  A 0.4 F capacitor is connected to a 250 V, 2 kHz supply. Determine the current flowing.



Current, I =      where 

Hence, current, I =  = 1.25790 A    or    j1.257 A

3.  Two voltages in a circuit are represented by (15 + j10) V and (12 – j4) V. Determine the 
     magnitude of the resultant voltage when these voltages are added.

Resultant voltage = (15 + j10) + (12 – j4)


                               = (27 + j6) volts =  = 27.66 V
Hence, the magnitude of the resultant voltage is 27.66 V

4.  A current of 2.5-90 A flows in a coil of inductance 314.2 mH and negligible resistance when connected across a 50 Hz supply. Determine the value of the supply p.d.


Supply p.d. = I Z     where impedance, Z = 0 + j     

and    = 98.71 
Hence, Z = (0 + j98.71)  = 98.7190 
Thus, supply p.d. = I Z = (2.5-90)(98.7190) = 246.80 V

5.  A voltage (75 + j90) V is applied across an impedance and a current of (5 + j12) A flows. 
    Determine (a) the value of the circuit impedance, and (b) the values of the components 
    comprising the circuit if the frequency is 1 kHz.
[image: 95927E2C]

6.  A 30 F capacitor is connected in series with a resistance R at a frequency of 200 Hz. The 
    resulting current leads the voltage by 30. Determine the magnitude of R.
[image: 3DEE12DF]


7.  A coil has a resistance of 40  and an inductive reactance of 75 . The current in the coil is 
    1.700 A. Determine the value of (a) the supply voltage, (b) the p.d. across the 40  resistance,  (c) the p.d. across the inductive part of the coil, and (d) the circuit phase angle. Draw the phasor diagram.

(a) Supply voltage, V = I Z = (1.700)(40 + j75) = (1.700)(8561.93)
                                                                                  = 144.561.93 V   or   (68 + j127.5) V

(b) P.d. across 40  resistor,  = 680 V

(c) P.d. across the inductive part of the coil,  = 127.590 V
(d) The phase angle of voltage V is 61.93 and the phase angle of the current is 0. Hence, the 
      circuit phase angle is 61.93 lagging  (i.e. I lags V).
The phasor diagram is shown below.
[image: 3708B8BB]

8.  An alternating voltage of 100 V, 50 Hz is applied across an impedance of (20 – j30) . Calculate (a) the resistance, (b) the capacitance, (c) the current, and (d) the phase angle between current and voltage.

(a) Since impedance, Z = (20 – j30) ,   then  resistance, R = 20 


(b) Capacitive reactance, ,   hence   30 = 


      from which,    capacitance, C =  = 1.061 F = 106.1 F   

(c) Current, I =  = 2.77456.31 A
      Hence, magnitude of current = 2.774 A
(d) Phase angle between voltage and current is 56.31 leading  (i.e. I leads V)
The phasor diagram is shown below.
[image: B4C5E0B3]

9.  A capacitor C is connected in series with a coil of resistance R and inductance 30 mH. The 
    current flowing in the circuit is 2.5-40 A when the supply p.d. is 200 V at 400 Hz.   
    Determine the value of (a) resistance R, (b) capacitance C, (c) the p.d. across C, and (d) the 
    p.d. across the coil. Draw the phasor diagram.

  [image: 9DD81FE3]


10.  If the p.d. across a coil is (30 + j20) V at 60 Hz and the coil consists of a 50 mH inductance 
       and 10 Ω resistance, determine the value of current flowing (in polar and Cartesian forms).


Inductive reactance,  = 18.85Ω



Hence, impedance, Z = (R + j) = (10 + j18.85) Ω = 21.338Ω


P.d., V = (30 + j20) V = 36.056V



Hence, current, I =  = 1.69A   or   (1.49 – j0.80) A 




























Exercise 126, Page 480

1.  Determine, in polar form, the complex impedances for the circuits shown below if the frequency 
     in each case is 50 Hz.
[image: C:\Users\Vaio\Documents\Scanned Documents\Image (28).jpg]


(a) Capacitive reactance, 


     Hence, impedance, Z = R - j = (20 – j39.789)Ω = 44.53


(b) Inductive reactance, 


     Hence, impedance, Z = R + j = (12 + j15.708) Ω = 19.77


(c) Inductive reactance, 

     Capacitive reactance, 


     Hence, impedance, Z = R + j(-) = 60 + j(62.832 – 159.155) Ω 


                                                                      = (60 – j96.323) = 113.5


2.  For the circuit shown determine the impedance Z in polar and rectangular forms.
[image: B85D038]

Total impedance,  = 2080  = (3.47 + j19.70) 
Hence,        3.47 + j19.70 = 1.62 + j13.5 + Z
from which, impedance, Z = 3.47 + j19.70 – 1.62 – j13.5
                                             = (1.85 + j6.20)    or   6.4773.39 

3.  A series circuit consists of a 10 Ω resistor, a coil of inductance 0.09 H and negligible resistance, 
     and a 150 μF capacitor, and is connected to a 100 V, 50 Hz supply. Calculate the current flowing 
     and its phase relative to the supply voltage.


Inductive reactance,  = 28.274 Ω

Capacitive reactance,  = 21.221 Ω


Impedance, Z = (R + j) = 10 + j(28.274 – 21.221) Ω 


                                                        = 10 + j7.053 = 12.237Ω



Hence, current, I =  = 8.17A  

i.e. the current is 8.17 A lagging the voltage by 35.20º


4.  A 150 mV, 5 kHz source supplies an a.c. circuit consisting of a coil of resistance 25  and 
    inductance 5 mH connected in series with a capacitance of 177 nF. Determine the current flowing 
    and its phase angle relative to the source voltage.


Inductive reactance,  = 157.08 

Capacitive reactance,  = 179.84 
Hence, impedance, Z = 25 + j(157.08 – 179.84) = (25 – j22.76)   or   33.81-42.31 


Thus, current, I =  = 4.44 = 4.4442.31 mA





5.  Two impedances,  and  draw a current of 3.36 A when connected in series to a certain a.c. supply. Determine (a) the supply voltage, (b) the phase angle between the voltage and current, (c) the p.d. across  , and (d) the p.d. across 




(a) Circuit impedance, Z = = + = (4.330 + j2.50) + (7.071 + j7.071)

                                                                                         = (11.401 + j9.571) = 14.89Ω


     Supply voltage, V = IZ = (3.36)( 14.89) = 50V
(b) From part (a), phase angle between voltage and current = 40.01º lagging  (i.e. I lags V)





(c) P.d. across , = I = (3.36) () =





(d) P.d. across , = I = (3.36) () =

6.  A 4500 pF capacitor is connected in series with a 50  resistor across an alternating voltage 

     v = 212.1 sin volts. Calculate (a) the r.m.s. value of the voltage, (b) the circuit 
     impedance, (c) the r.m.s. current flowing, (d) the circuit phase angle, (e) the voltage across the 
     resistor, and (f) the voltage across the capacitor.
[image: 86C413B4]


7.  Three impedances are connected in series across a 120 V, 10 kHz supply. The impedances are:

     (i)   , a coil of inductance 200 H and resistance 8 

     (ii)  , a resistance of 12 

     (iii) , a 0.50 F capacitor in series with a 15  resistor.
     Determine (a) the circuit impedance, (b) the circuit current, (c ) the circuit phase angle, and 
     (d) the p.d. across each impedance.

[image: E9FF17E2]



8.  Determine the value of voltages  and  in the circuit shown in Figure 24.21, if the frequency 
     of the supply is 2.5 kHz. Find also the value of the supply voltage V and the circuit phase angle. 
     Draw the phasor diagram.
[image: C:\Users\Vaio\Documents\Scanned Documents\Image (29).jpg]

Capacitive reactance,  = 9.0 



Impedance, Z= R - j = (40 – j9.0)Ω = 41





Hence, voltage,  = I Z = (4)(41) = 164  or   (160 – j36) V  


Inductive reactance,  = 24 



Impedance, Z= R + j = (10 + j24)Ω = 26





Hence, voltage,  = I Z = (4)(26) = 104  or   (40 + j96) V  




Supply voltage, V =  +  = (160 – j36) + (40 + j96) = (200 + j60) V   or   208.8
Circuit phase angle = 16.70º lagging   (i.e. I lags V)
The phasor diagram is shown below.
[image: C:\Users\Vaio\Documents\Scanned Documents\Image (30).jpg]

9.  A circuit comprises a coil of inductance 40 mH and resistance 20  in series with a variable 
    capacitor. The supply voltage is 120 V at 50 Hz. Determine the value of capacitance needed to 
    cause a current of 2.0 A to flow in the circuit.

[image: DA8A427B]
[image: 76FB661D]


10.  For the circuit shown below, determine (i) the circuit current I flowing, and (ii) the p.d. across 
       each impedance.
[image: 4683FB06]



(i) Circuit current, I =    where   
                                                               = (12.99 + j7.5) + (5.0 – j8.66) + (7.71 + j9.19)
                                                               = (25.70 + j8.03)    or   26.9317.35 

     Hence, current, I =  = 3.71-17.35 A


(ii)  =  = 55.6512.65 V


       =  = 37.10-77.35 V


       =  = 44.5232.65 V
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