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Alternating current

An alternating current goes through a series of different
values, both positive and negative, in a period of time,
after which it continuously repeats the same series of
values in a cyclic manner.
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Oscillating current

An oscillating current alternately increases and decreases
in magnitude with respect to time according to some
definite law.

Periodic current

A periodic current is an oscillating current the values of
which occur at equal intervals of time.

An alternating current is a periodic current whose
average value over a period is zero.



Period and cycle

The period of an alternating current is the smallest value
of time which separates recurring value of the alternating
current.

One complete set of positive and negative values of an
alternating current is called a cycle.

Frequency is the number of cycles per second.



Waveform

The shape of the curve obtained by plotting the values of
an alternating quantity against time is called waveform
or wave shape.

Alternating quantities are usually represented by sine
waves.
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Phase difference

The phase angle is a very important tool for properly locating different
alternating quantities with respect to one another.

e.g. if applied voltage is v =V, sin wt and it is known from the nature and
magnitude of circuit parameters that current comes to a corresponding point
on its wave before the voltage wave by 0 degrees, then current can be
expressed asi =1 sin (ot + 0).

Here i leads v by 0 degrees, or v lags i by 0 degrees.
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Impedance

Impedance relates the voltage and current in an AC circuit. It is expressed in
the form
Z £ angle

where
Z=ratioof V and I =V /I,
< angle = phase angle between voltage and current waves

Positive angle means voltage leads current
Negative angle means voltage lags current (current leads voltage)
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Impedance for R branch

A voltage v(t) =V, sin wt is applied to a branch of resistance

Equation for dynamic equilibrium, |
. -
v =1IR
.V Upsinwt ot v R
i=5= B = [, sin w
Impedance: ~
7 = V_m — ﬁ — R V=R
Im  Ym
R

Angle: v(t) is in phase with i(#), so angle = 0°
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Impedance for L branch

i

A voltage v(t) =V, sin wt is applied to a branch of inductance —
Equation for dynamic equilibrium, %
v L
_ di
szmsmwt:La B
P
/A /A /A
i = —w—nZCOS wt = —w—TrZsin(90° — wt) = w—nlllsin(a)t —90°) = I, sin(wt — 90°)
Impedance:
/A /A
Z="==2=owl
Im  Vm
wL
Angle: i(t) lags v(t) by 90°, so v(t) leads i(t) by 90° v(t)

Z; = wL £ 90° i(t)




Impedance for C branch

A voltage v(t) =V, sin wt is applied to a branch of inductance

Equation for dynamic equilibrium,

=YL sinwd
i=Cm=Cr(Upsinw

[ = V,,wC cos wt = V,,,wC sin(wt + 90°) = [, sin(wt + 90°)
Impedance:

Z_Vm_ Vm 1
I, V,oC wC

Angle: i(t) leads v(t) by 90°, so v(t) lags i(t) by 90°
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Impedance for RL branch

A current i(t) = I, sin wt flows through the RL branch

Equation for dynamic equilibrium,

. di <"
v=vR+vL=lR+La R2 W
v = R(l,, sinwt) + L(wl,, cos wt) = I,,(R sin wt + wL cos wt)

Impedance:

V
Z = = /R% +(wL)?

I

Angle: v(t) leads i(t) by tan™* (%L) a

i(t)

Zp, = R? +(wL)2£ tan™! (w—L) . »
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Impedance for RC branch

A current i(t) = I, sin wt flows through the RC branch -
Equation for dynamic equilibrium, C ==Y
U—UR+17C—lR+E—lR+ C RZ

I 1
v = R(,, sinwt) — w—"é,cos wt =1, (R sin wt — —cos a)t)

wC
2
% 1
7 = _m — _l?JZ + [ —
Ly wC A

1
. , ~1(_ wc
Angle: v(t) leads i(t) by tan ( R )

Impedance:

v(t)

i(t)




Impedance for RLC branch

A current i(t) = I, sin wt flows through the RL branch .
Equation for dynamic equilibrium, c 1 :c
. di q )
UIUR+UL+UC:lR+LE+E L—gti
v = R(I,, sin wt) + L(wl,, cos wt) — w—"(i, cos wt )
1 R %4;’“
=L, |Rsinwt + | wL —— t T -
v m[ sin w <a) w€>cosw]
Impedance:
Z= i _ R? +| wL Ly
L, @ wC
1 i(t)
Angle: oft) leads i(t) by tan~? (22=¢)
ngle: v(t) leads i(t) by tan - v(t

2 L — —
ZRL = \/RZ + ((I)L _LC) Ltan_l (%)
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