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OHM'S LAW APPLIED TO REACTANCES

For a capacitor: V = Ic. XC where XC = 1/(2.π.f.C)
For an inductor: V= IL. XL where XL = 2. π .f.L 
Note: 
1. 	Both XC and XL are the a.c. resistances of the respective components. 
2. 	XC and XL describe the resistance to flow of a.c. current. 
3. 	XC and XL, in themselves, do not indicate anything to do with phase the phase shifting properties of the inductor or capacitor . 
4.	 Phase shifting properties are defined by the fact that XC and XL are drawn on the IMAGINARY axis and therefore are automatically showing a 90 degree phase shift. 
5.	 j XL and -j XC  define the impedance of a pure inductor and a pure capacitor respectively. 
6.	 Impedance ( denoted by Z ) takes into account both a.c. resistance and phase shifting properties. 
7. 	j represents a 90 degree phase shift. 
8.	 j2 represents a 180 degree phase shift. 
9.	 j3 represents a 270 degree phase shift etc. 
10.   j4 represents a 360 or 0 degrees phase shift. 
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TYPES OF IMPEDANCE

The IMPEDANCE of a component or combination of components
takes into account both magnitude and phase shifting
properties of that component.

In general the impedance of any passive component may be
expressed as:

Z =R 35X >>> + for X and - for X-

where X may be replaced by X: or Xi where applicable. In
the case of pure devices either the REAL or IMAGINARY
part may = 0.

Pure resistor: Z=R {0

: , —J A
Pure capacitor: Z = -3Xc *—H——- e - N Y
Pure coil: - Z = 3Xu —_—rry— WL
Resistance and inductance in series: 2Z =R + Xz

- — T e R+)0L
Resistance and capacitance in series: Z =R - X )
, ‘ D " T | GNP R— J/\A)C_
Resistance,inductance and capacitance in series :

ZeR4(X-X) e To—awnb—e R4y (oL -gk)

Parallel connected components will be dealt
with later. - |

NB: The unit of Z is the OHM ( Q)
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IMPEDANCES IN SERIES AND PARALLEL.
SERIES
The impedance of a coil Z, =R + j Xy, and the impedance of a capacitor Zc =R - j Xc,
Where X = 2.x.LL and Xc= 1/(2. .f.C)
For some capacitors R is virtually zero and therefore Z¢ = - j Xc

NB: The IMPEDANCE is the net effect of having RESISTANCE and REACTANCE present
i.e. impedance = resistance * j.reactance.

Exercise:

Define the impedance for the following circuits:

4 Xc=6
B e | 11 .
e || Z=4-j6
3 Xc=2 5 Xc=6
I
I

Z=(3+5)-}2+6)

Z=6-j4+j6

" Therefore Z=6 + j2

When two or more impedances are in SERIES we add their respective real and imaginary
terms. .

Eg IfZ1=5 andZ2=4+ j5 the resulting impedanceis (5+4)+j5 = 9+j5

IfZl=3-j2andZ2=4 +j3 theresultingixhpedanceis(3+4)+j(-2+3)=7_+j




image3.png
But what does 4 + j5 mean for example?

The plus sign tells us that the device has an inductive reactance (Xy) of 5 ohms and a resistive
component of 4 ohms. The “real” parts are the resistance values and the “imaginary” parts are
the reactive values X or Xc.

NB: X; and X¢ are both positive values .

Therefore to summarise:

Two impedance Z1 and Z2 in series have a net impedance of Z1 + Z2

PARALLEL

When two impedances Z1 and Z2 are in parallel, their net impedance is given by:
Zl L] Z2
Z1+ 72

Eg Z1=3+j4 and Z2=15-j6 determine their net impedance;

Ans. Z=Z1.72 =(3+#).(5-6) = 15-j18+i20+24 =39 +j2
Z1+22  (3+j4)+(5-j6) 8 -2 8-j2

Therefore Z= 39+i2 x 8+j2 = 312+j78+jl6—-4 = 308 +j94
82 8+j2 64 +4 68

therefore Z = 4.53 + j1.38 from this we can see that the resulting impedance is
inductive (j is positive = 1.38) with some series resistance 4.53 ohms.




