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PHASOR RELATIONSHIPS FOR CIRCUIT ELEMENTS

Purely resistive a.c. circuit
Purely inductive a.c. circuit

Purely capacitive a.c. circuit



Purely Resistive AC Circuit

> The purely resistive ac circuit Is as shown In
fig. 1(a). It consists of an ac voltage source

v =V, sin ot, and a resistor R connected
across It.
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Fig. 1(a): Purely resistive ac circuit Fig. 1(b): Voltage and current waveform



Voltage-current relations for a resistor

> Referring to fig. 1(a), the instantaneous voltage across
the resistor (vy) IS same as the source voltage.
s~ Vp=V =V sIn ot (D)
> Applying the ohm’s law the expression for the

Instantaneous current flowing through the resistor Is
given by,

B V B V.sinwt
"“"RT T R
or 1=I,sinwt e (2)
Where
Vim
I,= 2

As seen from the equation (1) and (2), there is no phase
difference between the voltage and current in case of resistive
clrcuits



Continued....

> From current equation (2), we conclude that:

1. The current flowing through a purely resistive ac
circuit is sinusoidal.

2. The current through the resistive circuit and the
applied voltage are in phase with each other.

Phasor Diagram:

> The phasor diagram for a purely resistive ac circuit
IS as shown iIn fig. 1(c).
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Fig. 1(c): phasor diagram



Power in a resistor

The instantaneous value of power in the resistance is given by the product of the
instantaneous value of voltage and current in the resistance.

p =vi =(V sin w)([ sin wt) = V_ I sin“wt
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Impedance of the purely resistive circuit

> The Impedance Z iIs expressed In the rectangular
form as:

Z=R+|X
where R Is the resistive part while X Is the
reactive part.

> When the load Is purely resistive, the reactive
part Is zero.

~Z=RQ
> In the polar form it is given by,
Z=R+20°Q
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Purely Inductive AC Circuit

> Fig. 2(a). shows a purely inductive ac circuit.

> The pure inductance has zero ohmic resistance. It is a
coil with only pure inductance of L Henries (H).

i = I,sin(wt —90)

2 V=V, sin ot
i & = (rﬁ't:tf:f.-:. +
A Purely Inductive AC Circuit >\
Vmax - v
* Pure inductor is said to be pure if it contains no _
resistance. Imax— +
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v= I sin w¢ L

Purely inductive ac circuit

Fig. 2(a): A purely inductive ac circuit Fig 2 (b): current and voltage waveform



Voltage-current relations for a inductor

> Let the instantaneous voltage applied to the purely inductive ac
circuit be given by,

v=V_sihot ... (1)
> As shown in fig. 2(b), the instantaneous current is given by,
di .1 vm [ . vm
v =L i=-Jvdt = —[sinwtdt = —(—coswt)

%(— sin(90 — wt))

|%
= sin(wt — 90)
wlL

or = Iy,sin(wt—90) .. (2)



Where

I, = -2 and X, = wL = impedance offered by

L -
pure inductance

As seen from the equation (1) and (2), the current lags
behind the voltage by 90 degrees in a pure inductive
circuits
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Phasor diagram for inductor.



Power in an inductor

The instantaneous value of power in the inductance is given by the product of the
instantaneous value of voltage and current in the inductance.

Instantaneous power .
£ .
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The instantaneous power is also a sinusoidal quantity whose frequency is

double that of voltage or current
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Average or Real power
Power, P = L—J‘Epdﬂ
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Alternatively, the expression for power can be obtained from complex power.

Complex Power, § = VI = V0" x (1£-90°)
= VL0° x 12 +90°
= VIZ90°

We know that, |S|=S=VIand 2 S = ¢ = 90°
~ Power, P=Scos ¢=VIcos90°=0
Reactive Power, Q =S sin ¢ = VI sin 90° = VI

The inductance consumes only reactive power and "“the active power in the pure
inductance is zero.” The reactive power of inductance is positive which means that
it absorbs reactive power.

Impedance of a purely inductive circuit:

» When circuit is purely inductive, the resistive part is zero i.e. R = 0.
~ L= X Q

» In polar form, it is given by,

Z=X, £90°Q

vV, V,Z0° V,

y =
L 1 [/ —90° I

290° = wLZ90° = jwL "



Purely Capacitive AC Circuit

> The fig. 3(a) shows the purely capacitive
AC circult.

> A pure capacitor has its leakage
resistance equal to Infinity.
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Fig.3(a): A purely Capacitive Circuit " Charge Discharge Charge Discharge

Fig.3(b): current and voltage
waverform



Voltage-current relations for a Capacitor

> Let Instantaneous voltage can be given by,
v=V_ sin ot ....(D)
> Then from fig. 3(b), instantaneous current is
given by,

; Eﬂ e d(VpSinwt)
dt dt
= CV,,w(coswt)

| VA
" sin(wt + 90)
Xc

or 1=I,sin(wt+ 90) e (2)



Where

= X, = wi = impedance offered by

Xc pure capacitance

As seen from the equation (1) and (2), the current leads
the voltage by 90 degrees in a pure capacitive circuits
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Power in a capacitor

Instantaneous power
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the instantaneous power is
that of voltage or current
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Waveform of voltage, current and power

also a sinusoidal quantity whose frequency is double
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Average or Real power
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Alternatively, the expression for power can be obtained from complex power.

Complex Power, S = VI = v20° x (1290°f
= V£0° x 1L.Z-90°

— VIZ-90°
We know that, |[S| =S =VIand £S = ¢ =-90°

= Power, P=S cos ¢ = VI cos (-90°)=0
Reactive power, Q = S sin ¢ = VI sin (-90°) = -VI

The capacitance has only reactive power and “the active power in the pure
capacitance is zero”. The reactive power of capacitance is negative which means
that it delivers reactive power.

Impedance of a purely capacitive circuit:
» When circuit is purely capacitive, the resistive part is zero i.e. R = 0.

W L=-] X Q
» In polar form, it is given by,
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