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3.2 Basic Electrical Engineering

3.1 G%&%RAT'(& (F A)T%R&AT'&G V()TAG%S

An alternating voltage can be generated either by rotating a coil in a stationary magnetic 

�eld or by a rotating a magnetic �eld within a stationary coil. In both the cases, the 

magnetic �eld is cut by the conductors or coils and an emf is induced in the coil according 

to Faraday’s laws of electromagnetic induction. The magnitude of the induced emf 

depends upon the number of turns of the coil, the strength of the magnetic �eld and the 

speed at which the coil or magnetic �eld rotates.

Consider a rectangular coil of N turns of area A m2 and rotating in anti-clockwise 

direction with angular velocity of w radians per second in a uniform magnetic �eld as 

shown in Fig. 3.1(a).

Fig. 3.1 Generation of alternating voltage 

Let fm be the maximum 𿿿ux cutting the coil when its axis coincides with the XX ¢ axis 

(reference position of the coil). Thus when the coil is along XX ¢, the 𿿿ux linking with it 

is maximum, i.e., fm. When the coil is along YY ¢, i.e., parallel to the lines of 𿿿ux, the 𿿿ux 

linking with it is zero.

The coil rotates through an angle q = w t at any instant t.

At this instant, the 𿿿ux linking with the coil is 

 f = fm cos wt



 3.2 Terms Related to Alternating Quantities 3.3

According to Faraday’s laws of electromagnetic induction, 

 e = -N
d

dt

f

  = -N
d

dt
tm( cos )f w

  = N fm w sin wt

  = Em sin wt

where Em = N fmw

  = maximum value of induced emf 

When wt = 0,  sin wt = 0,  e = 0

When wt = 
p

2
,  sin 

p

2
 = 1   e = Em

If the induced emf is plotted against time, a sinusoidal waveform is obtained.

3.2 T%RMS R%)AT%* T( A)T%R&AT'&G Q+A&T'T'%S
 [May 2015]

Waveform A waveform is a graph in which the instantaneous value of any quantity is 

plotted against time. Figure 3.3 shows a few waveforms.

Cycle One complete set of positive and 

negative values of an alternating quantity is 

termed a cycle.

Frequency The number of cycles per second of 

an alternating quantity is known as its frequency. 

It is denoted by f and is measured in hertz (Hz) 

or cycles per second (c/s).

Time Period The time taken by an alternating 

quantity to complete one cycle is called its time 

period. It is denoted by T and is measured in seconds.

 T = 
1

f

Amplitude The maximum positive or negative value of an alternating quantity is called 

the amplitude.

Phase The phase of an alternating quantity is the time that has elapsed since the quantity 

has last passed through zero point of reference.

Phase Di�erence This term is used to compare the phases of two alternating quantities. 

Two alternating quantities are said to be in phase when they reach their maximum and 

zero values at the same time. Their maximum value may be different in magnitude.

Fig. 3.3 Alternating waveforms

Fig. 3.2 Sinusoidal waveform
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A leading alternating quantity is one which reaches its maximum or zero value earlier 

compared to the other quantity.

A lagging alternating quantity is one which attains its maximum or zero value later 

than the other quantity.

Fig. 3.5 Mid-ordinate method

Fig. 3.4 Phase difference

A plus (+) sign, when used in connection with the 

phase difference, denotes ‘lead’ whereas a minus (–) 

sign denotes ‘lag’.

 vA = Vm sin w t

 vB = Vm sin (wt + f)

Here, the quantity B leads A by a phase angle f.

3.3 R((T  M%A&  Sq�ARE (RMS)  (R  %FF%CT'V%  VA)+%

Normally, the current is measured by the amount of work it will do or the amount of heat 

it will produce. Hence, rms or effective value of alternating current is de�ned as that value 

of steady current (direct current) which will do the same amount of work in the same time 

or would produce the same heating effect as when the alternating current is applied for 

the same time.

Figure 3.5 shows the positive half cycle of a non-sinusoidal alternating current waveform. 

The waveform is divided in m equal intervals with the instantaneous currents, these intervals 

being i1, i2, ..., im. This waveform is applied to a circuit consisting of a resistance of R ohms. 

Then work done in different intervals will be i R
t

m
i R

t

m
i R

t

m
m1

2
2
2 2¥Ê

ËÁ
ˆ
¯̃

¥Ê
ËÁ

ˆ
¯̃

¥Ê
ËÁ

ˆ
¯̃

, , ...,  

joules.

Thus, the total work done in t seconds on applying an alternating current waveform to 

a resistance R = 
i i i

m

m1
2

2
2 2+ + º+

¥  Rt joules

Let I be the value of the direct current that while 𿿿owing through the same resistance 

does the same amount of work in the same time t. Then

 I2Rt = 
i i i

m
Rtm1

2
2
2 2+ +º+

¥

 I2 = 
i i i

m

m1
2

2
2 2+ +º+

Hence, rms value of the alternating current is given by

 Irms = 
i i i

m
im1

2
2
2 2

2+ + º+
= Mean value of ( )
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The rms value of any current i(t) over the speci�ed interval t1 to t2 is expressed 

mathematically as

 Irms = 
1

2 1

2

1

2

t t
i t dt

t

t

- Ú ( )

The rms value of an alternating current is of considerable importance in practice 

because the ammeters and voltmeters record the rms value of alternating current and 

voltage respectively.

3.3.1 RMS Value of Sinusoidal Waveform

 v = Vm sin q  0 < q < 2p

 Vrms = 
1

2

2

0

2

p
q q

p

v d( )Ú

  = 
1

2

2 2

0

2

p
q q

p

V dm sinÚ

  = 
V

dm
2

2

0

2

2p
q q

p

sinÚ

  = 
V

dm
2

0

2

2

1 2

2p

q
q

p -Ê
ËÁ

ˆ
¯̃Ú

cos

  = 
Vm

2

0

2

2 2

2

4p

q q
p

-È
ÎÍ

˘
˚̇

sin

  = 
Vm

2

2

2

2
0 0 0

p

p
- - +È

ÎÍ
˘
˚̇

  =  
Vm

2

2

  = 
Vm

2

  = 0.707 Vm

Crest or Peak or Amplitude Factor It is de�ned as the ratio of maximum value to rms 

value of the given quantity.

 Peak factor (kp) = 
Maximum value

rms value

Fig. 3.6 Sinusoidal waveform

D S Acharya
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3.4 AV%RAG% VA)+%

The average value of an alternating quantity is de�ned as the arithmetic mean of all the 

values over one complete cycle.

In case of a symmetrical alternating waveform (whether sinusoidal or non-sinusoidal), 

the average value over a complete cycle is zero. Hence, in such a case, the average value 

is obtained over half the cycle only.

Referring to Fig. 3.5, the average value of the current is given by

 Iavg = 
i i i

m

m1 2+ +º+

The average value of any current i (t) over the speci�ed interval t1 to t2 is expressed 

mathematically as

 Iavg = 
1

2 1
1

2

t t
i t dt

t

t

- Ú ( )

3.4.1 Average Value of Sinusoidal Waveform [Dec 2013]

 v = Vm sin q   0 < q < 2p

Since this is a symmetrical waveform, the average value is calculated over half the cycle.

 Vavg = 
1

0
p

q q

p

v d( )Ú

  = 
1

0
p

q q

p

V dm sinÚ

  = 
V

dm

p
q q

p

sin

0

Ú

  = 
Vm

p
q p[ cos ]- 0

  = 
Vm

p
[ ]1 1+

  = 
2Vm

p

  = 0.637 Vm

Form Factor It is de�ned as the ratio of rms value to the average value of the given 

quantity.

 Form factor (kf) = 
rms value

Average value

Fig. 3.7 Sinusoidal waveform

D S Acharya
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%xample 1 

An alternating current takes 3.375 ms to reach 15 A for the �rst time after becoming 

instantaneously zero. The frequency of the current is 40 Hz. Find the maximum value of the 

alternating current. [May 2014]

Solution i = 15 A

    t = 3.375 ms

 f = 40 Hz

 i = Im sin 2p f t

 15 = Im sin (2 ¥ 180 ¥ 40 ¥ 3.375 ¥ 10–3) (angle in degrees)

 15 = Im ¥ 0.75

 Im = 20 A

%xample 2 

An alternating current of 50 c/s frequency has a maximum value of 100 A. (i) Calculate its value 

1

600
 second and after the instant the current is zero. (ii) In how many seconds after the zero 

value will the current attain the value of 86.6 A?

Solution f = 50 c/s

    Im = 100 A

 (i) Value of current 
1

600
 second after the instant the current is zero

 i = Im sin 2p f t

  = 100 sin 2 180 50
1

600
¥ ¥ ¥Ê

ËÁ
ˆ
¯̃

 (angle in degrees)

  = 100 sin (30o)

  = 50 A

 (ii) Time at which current will attain the value of 86.6 A after the zero value

 i = Im sin 2p f t

 86.6 = 100 sin (2 ¥ 180 ¥ 50 ¥ t) (angle in degrees)

 sin (18000 t) = 0.866

 18000 t = 60o

 t = 
1

300
 second
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%xample 3 

An alternating current varying sinusoidally with a frequency of 50 c/s has an rms value of 

20 A. Write down the equation for the instantaneous value and �nd this value at (i) 0.0025 s, and  

(ii) 0.0125 s after passing through zero and increasing positively. (iii) At what time, measured 

from zero, will the value of the instantaneous current be 14.14 A?

Solution f = 50 c/s

 Irms = 20 A

 Im = Irms ¥ 2  = 20 2  = 28.28 A

Equation of current, i = Im sin 2p f t

  = 28.28 sin (100p ¥ t)

  = 28.28 sin (100 ¥ 180 ¥ t) (angle in degrees)

(i) Value of current at t = 0.0025 second

 i = 28.28 sin (100 ¥ 180 ¥ 0.0025) (angle in degrees)

  = 28.28 sin (45o)

  = 20 A

(ii) Value of current at t = 0.0125 second

 i = 28.28 sin (100 ¥ 180 ¥ 0.0125) (angle in degrees)

  = 28.28 sin (225o)

  = –20 A

(iii) Time at which value of instantaneous current will be 14.14 A

 i = 28.28 sin 100pt

 14.14 = 28.28 sin 18000 t (angle in degrees)

 sin 18000 t = 0.5

 18000 t = 30o

 t = 1.66 ms

%xample 4 

An alternating current of 60 Hz frequency has a maximum value of 110 A. Calculate (i) time 

required to reach 90 A after the instant current is zero and increasing positively, and (ii) its 

value 
1

600
second after the instant current is zero and its value decreasing thereafter. 
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Solution f = 60 Hz

 Im = 110 A

(i) Time required to reach 90 A after the instant current is zero and increasing positively.

 i = Im sin 2p f t

 90 = 110 sin (2 ¥ 180 ¥ 60 ¥ t) (angle in degrees)

 sin 21600 t = 0.818

 21600 t = 54.88°

 t = 2.54 ms

(ii) Value of current 
1

600
 second after the instant current is zero and decreasing 

thereafter.

From Fig. 3.8,

 t = 
T

2

1

600
+

  = 
1

2

1

600f
+

  = 
1

2 60

1

600¥
+

  = 0.01 s

 i = Im sin 2p f t

  = 110 sin (2 ¥ 180 ¥ 60 ¥ 0.01) (angle in degrees)

  = – 64.66 A

%xample 5 

A sinusoidal wave of 50 Hz frequency has its maximum value of 9.2 A. What will be its value at 

(i) 0.002 s after the wave passes through zero in the positive direction, and (ii) 0.0045 s after 

the wave passes through the positive maximum. 

Solution f = 50 Hz

 Im = 9.2 A

(i) Value of current at 0.002 s after the wave passes through zero in the positive direction

 i = Im sin 2p ft

  = 9.2 sin (2 ¥ 180 ¥ 50 ¥ 0.002) (angle in degrees)

  = 5.41 A

Fig. 3.8
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(ii) Value of current 0.0045 s after the wave passes through the positive maximum

 From Fig. 3.9,

 t = 
T

4
0 0045+ .

  = 
1

4
0 0045

f
+ .

  = 
1

4 50
0 0045

¥
+ .

  = 9.5 ms

 i = Im sin 2p ft

  = 9.2 sin (2 ¥ 180 ¥ 50 ¥ 9.5 ¥ 10–3) (angle in degrees)

  = 1.44 A

%xample 6 

An alternating current varying sinusoidally with a frequency of 50 Hz has an rms value of 

current of 20 A. At what time measured from negative maximum value will the instantaneous 

current be 10 2  A? 

Solution

 f = 50 Hz

 Irms = 20 A

(i) Time at which instantaneous current 

will be 10 2 A

 i = 10 2  A = 14.14 A

 Im = Irms ¥ 2  = 20 2  = 28.28 A

 i = Im sin 2p ft

 14.14 = 28.28 sin (2 ¥ 180 ¥ 50 ¥ t) (angle in degrees)

 0.5 = sin (18000 t)

 18000 t = 30°

 t = 1.67 ms

(ii) Time, measured from negative maximum value, at which instantaneous current will 

be 10 2 A

 t = 
T

4
 + 1.67 ¥ 10–3

  = 
1

4 f
+ 1.67 ¥ 10–3

Fig. 3.9

Fig. 3.10
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  = 
1

4 50¥

+ 1.67 ¥ 10–3

  = 6.67 ms

exampl
 7 

An alternating voltage is represented by v = 141.4 sin 377t. Find (i) max-value (ii) frequency 

(iii) time period. [May 2016]

Solution  v = 141.4 sin 377 t

(i) Maximum value

Comparing with the equation  v = Vm sin 2p ft,

             Vm = 141.4 V

(ii) Frequency

 2pf = 377

 f = 
377

2p

 = 60 Hz

(iii) Time period

 T = 
1 1

60f
=  = 16.67 ms

exampl
 8 

An alternating voltage is given by v = 141.4 sin 314t. Find (i) frequency, (ii) rms value, 

(iii) average value, and (iv) instantaneous value of voltage, when t is 3 ms. [Dec 2012]

Solution  v = 141.4 sin 314 t

(i) Frequency

Comparing with the equation v = Vm sin 2p f t,

 2p f = 314

 f = 
314

2p

 = 49.97 Hz

(ii) rms value

 Vm = 141.4 V

 Vrms = 
Vm

2
 = 99.98 V

(iii) Average value

 Vavg = 
2Vm

p

 = 
2 141 4¥ .

p

 = 90.02 V
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(iv) Instantaneous value of the voltage at t = 3 ms

 v = 141.4 sin 314 ¥ 3 ¥ 10–3 = 114.36 V

%xample 9 

An alternating current is given by i = 14.14 sin 377 t. Find (i) rms value of the current,  

(ii) frequency, (iii) instantaneous value of the current when t = 3 ms, and (iv) time taken by the 

current to reach 10 A for �rst time after passing through zero. 

Solution  i = 14.14 sin 377 t

(i) The rms value of the current

 Irms = 
Im

2

14 14

2
=

.
 = 10 A

(ii) Frequency

 2pf = 377

 f = 
377

2p
 = 60 Hz

(iii) Instantaneous value of the current when t = 3 ms

 i = 14.14 sin (377 ¥ 3 ¥ 10–3) (angle in radians)

  = 12.79 A

(iv) Time taken by the current to reach 10 A for the �rst time after passing through zero

 i = 14.14 sin 377 t (angle in radians)

 10 = 14.14 sin 377 t

 sin 377 t = 0.707

 377 t = 0.79

 t = 2.084 ms

%xample 10 

An alternating current varying sinusoidally at 50 Hz has its rms value of 10 A. Write down an 

equation for the instantaneous value of the current. Find the value of the current at (i) 0.0025 

second after passing through the positive maximum value, and (ii) 0.0075 second after passing 

through zero value and increasing negatively. 

Solution f = 50 Hz

 Irms = 10 A

(i) Equation for instantaneous value of the current

 Im = Irms ¥ 2  = 10 2  = 14.14 A

 i = Im sin 2p ft
  = 14.14 sin (2 ¥ 180 ¥ 50 ¥ t) (angle in degrees)

  = 14.14 sin (18000 t)
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(ii) Value of the current at 0.0025 s after passing through the positive maximum value

 From Fig. 3.11(a),

 t = 
T

4
 + 0.0025

  = 
1

4
0 0025

f
+ .

  = 
1

4 50
0 0025

¥
+ .

  = 7.5 ms

 i = 14.14 sin (18000 ¥ 7.5 ¥ 10–3) (angle in degrees)

  = 10 A

(ii)  Value of the current 0.0075 s after passing through zero value and increasing negatively 

From Fig. 3.11(b),

 t = 
T

2
0 0075+ .

  = 
1

2
0 0075

f
+ .

  = 
1

2 50
0 0075

¥
+ .

  = 17.5 ms

 i = 14.14 sin (18000 ¥ 17.5 ¥ 10–3) (angle in degrees)

  = –10 A

%xample 11 

Draw a neat sketch in each case of the waveform and write expressions of instantaneous value 

for the following:

(i) Sinusoidal current of amplitude 10 A, 50 Hz passing through its zero value at wt = 
p

3
 and 

increasing positively

(ii) Sinusoidal current of amplitude 8 A, 50 Hz passing through its zero value at wt = -
p

6
 and 

increasing positively. 

Solution (i) The current waveform is lagging in nature.

 i = Im sin (2p ft – f)

  = 10 sin 2 50
3

p
p

¥ ¥Ê
ËÁ

ˆ
¯̃

t −   

  = 10 sin 100
3

p
p

t −
Ê
ËÁ

ˆ
¯̃

 

Fig. 3.11(a)

Fig. 3.11(b)

Fig. 3.12(a)
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(ii) The current waveform is leading in nature.

 i = Im sin (2p ft + f)

  = 8 sin 2 50
6

p
p

¥ ¥ +Ê
ËÁ

ˆ
¯̃

t

  = 8 sin 100
6

p
p

t +Ê
ËÁ

ˆ
¯̃

%xample 12 

The instantaneous current is given by l = 7.071 sin 157 08
4

. t -Ê
ËÁ

ˆ
¯̃

p
. Find its effective value, 

periodic time and the instant at which it reaches its positive maximum value. Sketch the 

waveform from t = 0 over one complete cycle. 

Solution i = 7.071 sin 157 08
4

. t -Ê
ËÁ

ˆ
¯̃

p

(i) Effective value

 Ieff = Irms = 
Im

2

7 071

2
=

.
 = 5 A

(ii) Periodic time  

 2p f = 157.08

 f = 25 Hz

 T = 
1 1

25f
=  = 0.04 s

(iii) Instant at which the current reaches its positive maximum value, i.e., i = 7.071 A

 7.071 = 7.071 sin 157 08
4

. t -Ê
ËÁ

ˆ
¯̃

p
 (angle in radians)

 1 = sin (157.08t – 0.785)

 1.5708 = 157.08t – 0.785

 t = 0.015 s

(iv) The waveform is shown in Fig. 3.13.

%xample 13 

A 60 Hz sinusoidal current has an instantaneous value of 7.07 A at t = 0 and rms value of 10 2 A. 

Assuming the current wave to enter positive half at t = 0, determine (i) expression for instantaneous 

current, (ii) magnitude of the current at t = 0.0125 second, and (iii) magnitude of the current at  

t = 0.025 second after t = 0. 

Solution f = 60 Hz

Fig. 3.12(b)

Fig. 3.13
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 i(0) = 7.07  A

 Irms = 10 2  A

(i) Expression for instantaneous current

 Im = Irms ¥ = ¥2 10 2 2  = 20 A

 Since i = 7.07 A at t = 0, the current is leading in nature.

 At t = 0,

 i = Im sin (2p ft + f)

 7.07 = 20 sin (2p ¥ 60 ¥ 0 + f)

 f = 20.7°

 i = 20 sin (120pt + 20.7°)

(ii) Magnitude of current at t = 0.0125 second

 i = 20 sin (120 ¥ 180 ¥ 0.0125 + 20.7°) (angle in degrees)

  = – 18.7 A

(iii) Magnitude of current at t = 0.025 second after t = 0

 Time corresponding to a phase shift of 20.7° 

  = 
20 7

360

. ∞
∞

 ¥ T

  = 
20 7

360

1. ∞
∞

¥
f

  = 
20 7

360

1

60

. ∞
∞

¥

  = 0.958 ms

 Time 0.025 second after t = 0

 t = 0.958 ¥ 10–3 + 0.025

  = 25.958 ms

 i = 20 sin (120 ¥ 180 ¥ 25.958 ¥ 10–3 + 20.7°) (angle in degrees)

  = –13.22 A

%xample 14 

A 50 Hz sinusoital voltage applied to a single-phase circuit has an rms value of 200 V. Its value 

at t = 0 is ( 2 × 200)  V positive. The current drawn by the circuit is 5 A (rms) and lags behind 

the voltage by one-sixth of a cycle. Write the expressions for the instantaneous values of voltage 

and current. Sketch their waveforms and �nd their values at t = 0.0125 second.

Solution f = 50 Hz

 Vrms = 200 V

 Irms = 5 A

Fig. 3.14
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 v (0) = 2 200¥  = 282.84 V

(i) Instantaneous value of voltage

 Vm = Vrms ¥ 2  = 200 2  = 282.84 V

 v = Vm sin (2p f t + f)

At t = 0,

 282.84 = 282.84 sin (0 + f)

 sin f = 1 

 f = 90°

 v = 282.84 sin (2p ¥ 50 ¥ t + 90°)

  = 282.84 sin (100 p t + 90°)

(ii) Instantaneous value of current

 The current lags behind the voltage by one-sixth of a cycle.

 f = 
1

6
360 60¥ = ∞

 Im = Irms ¥ 2  = 5 2  = 7.07 A

 i = Im sin (2p ft + 90° – 60°)

  = 7.07 sin (2p ¥ 50 ¥ t + 30°)

  = 7.07 sin (100p t + 30°)

(iii) Voltage and current waveforms are shown in Fig. 3.15.

(iv) Value of voltage at t = 0.0125 s

 v = 282.84 sin (100 ¥ 180 ¥ 0.0125 + 90 °)

(angle in degrees)

  = 200 V

(v) Value of current at t = 0.0125 s

 i = 7.07 sin (100 ¥ 180 ¥ 0.0125 + 30°)

(angle in degrees)

  = – 6.83 A

%xample 15 

At the instant t = 0, the instantaneous value of a 50 Hz sinusoidal current is 5 A and increases 

in magnitude further. Its rms value is 10 A. (i) Write the expression for its instantaneous value. 

(ii) Find the current at t = 0.01 s and t = 0.015 s. (iii) Sketch the waveform indicating these 

values. 

Solution f = 50 Hz

 i (0) = 5 A

Fig. 3.15
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 Irms   = 10 A

(i) Expression for instantaneous value of current

 Im = Irms ¥ 2  = 10 2  = 14.14 A

Since i = 5 A at t = 0, the current is leading in nature.

 i = Im sin (2p f t + f)

At t = 0,

 5 = 14.14 sin (2 ¥ 180 ¥ 50 ¥ 0 + f) (angle in degrees)

 5 = 14.14 sin f

 f = 20.7∞
 i = 14.14 sin (100p t + 20.7°)

(ii) Current  at t = 0.01 s

 i = 14.14 sin (100 ¥ 180 ¥ 0.01 + 20.7°) (angle in degrees)

  = –5 A

(iii) Current at t = 0.015 s

 i = 14.14 sin (100 ¥ 180 ¥ 0.015 + 20.7°) (angle in degrees) 

  = –13.23 A

(iv) Waveform

Fig. 3.16

%xample 16 

In a certain circuit supplied from 50 Hz mains, the potential difference has a maximum value 

of 500 V and the current has a maximum value of 10 A. At the instant t = 0, the instantaneous 

values of potential difference and current are 400 V and 4 A respectively, both increasing in the 

positive direction. State expressions for instantaneous values of potential difference and current 

at time t. Calculate the instantaneous values at time t = 0.015 second. Find the phase angle 

between potential difference and current.

Solution f = 50 Hz

 Vm = 500 V

 Im = 10 A

 v (0) = 400 V

 i (0) = 4 A

(i) Expression for instantaneous values of potential difference and current.

 Since v = 400  V and i = 4 A at t = 0, the voltage and current waveforms are leading in 

nature.
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(a) v = Vm sin (2p f t + f1)

At t = 0,

 400 = 500 sin (2p ¥ 50 ¥ 0 + f1)

 f1 = 53.13°

 v = 500 sin (100pt + 53.13°)

(b) i = Im sin (2p f t + f2)

At t = 0,

 4 = 10 sin (2p ¥ 50 ¥ 0 + f2)

 f2 = 23.58°

 i = 10 sin (100p t + 23.58°)

(ii) Instantaneous values of potential difference and current at t = 0.015 second

 (a) v = 500 sin (100 ¥ 180 ¥ 0.015 + 53.13°) (angle in degrees)

   = – 300 V

 (b) i = 10 sin (100 ¥ 180 ¥ 0.015 + 23.58°) (angle in degrees)

  = – 9.17 A

(iii) Phase angle between potential difference and current

 f = f1 – f2 = 53.13° – 23.58° = 29.55°

%xample 17 

Find the following parameters of a voltage v = 200 sin 314 t: 

(i) frequency, (ii) form factor, and (iii) crest factor.

Solution v = 200 sin 314 t

(i) Frequency

 v = Vm sin 2p f t

 2p f = 314

 f = 
314

2p
 = 50 Hz

  For a sinusoidal waveform,

 Vavg = 
2Vm

p

 Vrms = 
Vm

2

(ii) Form factor

 kf =  
V

V

V

V

m

m

rms

avg

= 2
2

p

= 1.11
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(iii) Crest factor

 kp = 
V

V

V

V
m m

mrms

=

2

 = 1.414

%xample 18 

A non-sinusoidal voltage has a form factor of 1.2 and peak factor of 1.5. If the average value of 

the voltage is 10 V, calculate (i) rms value, and (ii) maximum value.

Solution kf = 1.2

 kp = 1.5

 Vavg = 10

(i) rms value

 kf = 
V

V

rms

avg

 1.2 = 
Vrms

10

 Vrms = 12 V

(ii) Maximum value

 kp = 
V

V

m

rms

 1.5 = 
Vm

12
 Vm = 18 V

%xample 19 

The waveform of a voltage has a form factor of 1.15 and a peak factor of 1.5. If the maximum value 

of the voltage is 4500 V, calculate the average value and rms value of the voltage. 

Solution kf = 1.15

 kp = 1.5

 Vm = 4500 V

(i) rms value of the voltage

 kp = 
V

V

m

rms

 1.5 = 
4500

Vrms

 Vrms = 3000 V
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(ii) Average value of the voltage

 kf = 
V

V

rms

avg

 1.15 = 
3000

Vavg

 Vavg = 2608.7 V

%xample 20 

A 50 Hz sinusoidal current has a peak factor of 1.4 and a form factor of 1.1. Its average value 

is 20  A. The instantaneous value of the current is 15 A at t = 0. Write the equation of the current 

and draw its waveform.

Solution f = 50 Hz

 kp = 1.4

 kf = 1.1

 Iavg = 20 A

 i (0) = 15 A

(i) Equation of current

 kf = 
I

I

rms

avg



 1.1 = 
Irms

20

 Irms = 22 A

 kp = 
I

I

m

rms

 1.4 = 
Im

22

 Im = 30.8 A

Since i = 15 A at t = 0, the current is leading in nature.

 i = Im sin (2p f t + f)

At t = 0,

 15 = 30.8 sin (2p ¥ 50 ¥ 0 + f)

 f = 29.14°

 i = 30.8 sin (100p t + 29.14°)

(ii) The waveform is shown is Fig. 3.17. Fig. 3.17
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%xample 21 

Find the average value and rms value of the waveform shown in Fig. 3.18.

 

Fig. 3.18

Solution v = Vm sin q   0 < q < p

(i) Average value of the waveform

 Vavg = 
1

0
p

q q

p

v d( )Ú

  = 
1

0
p

q q

p

V dmÚ sin

  = 
Vm

p
q p[ cos ]- 0

  = 
Vm

p
[ ]1 1+

  = 
2Vm

p

  = 0.637 Vm

(ii) rms value of the waveform

 Vrms = 
1 2

0
p

q q

p

v d( )Ú

  = 
1 2

0

2

p
q q

p

V dmÚ sin

  = 
V

dm
2

2

0
p

q q

p

sinÚ

  = 
V

dm
2

0

1 2

2p

q
q

p -Ê
ËÁ

ˆ
¯̃Ú

cos
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  = 
Vm

2

02

2

4p

q q
p

-È
ÎÍ

˘
˚̇

sin

  = 
Vm

2

2

2

4
0

0

4p

p p
- - +È

ÎÍ
˘
˚̇

sin sin

  = 
Vm

2

2

  = 
Vm

2

  = 0.707 Vm

%xample 22 

Find the average and rms values of the waveform shown in Fig. 3.19. 

 Fig. 3.19 

Solution v = Vm sin q 0 < q < p

  = 0 p <q < 2p

(i) Average value of the waveform

 Vavg = 
1

2
0

2

p
q q

p

v d( )Ú

  = 
1

2
0

0

2

p
q q q

p

p

p

V d dm sinÚ Ú+
È

Î
Í
Í

˘

˚
˙
˙

  = 
1

2
0

p
q q

p

V dm sinÚ

  = 
Vm

2 0p
q

p-[ ]cos

  = 
Vm

2
1 1

p
[ ]+

  = 
Vm

p

  = 0.318 Vm
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(ii) rms value of the waveform

 Vrms = 
1

2

2

0

2

p
q q

p

v d( )Ú

  = 
1

2
02 2

0

2

p
q q q

p

p

p

V d dm sin +
È

Î
Í
Í

˘

˚
˙
˙

Ú Ú

  = 
1

2

2 2

0
p

q q

p

V dm sinÚ

  = 
V

dm
2

2

0
2p

q q

p

sinÚ

  = 
V

dm
2

0
2

1 2

2p

q
q

p -Ê
ËÁ

ˆ
¯̃Ú

cos

  = 
Vm

2

02 2

2

4p

q q
p

-È
ÎÍ

˘
˚̇

sin

  = 
Vm

2

2 2

2

4
0

0

4p

p p
- - +È

ÎÍ
˘
˚̇

sin sin

  = 
Vm

2

4

  = 
Vm

2

  = 0.5 Vm

%xample 23 

Find the average value and rms value of the waveform shown in Fig. 3.20.

Fig. 3.20

Solution v = 0 0 < q < p/4

  = Vm sin q p/4 < q < p

  = 0 p <q < 2p
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(i) Average value of the waveform

 Vavg = 
1

2
0

2

p
q q

p

v d( )Ú

  = 
1

2
4

p
q q

p

p

V dm sinÚ

  = 
Vm

2
4

p
q p

p-[ ]cos

  = 
Vm

2p
 [1 + 0.707]

  = 0.272 Vm

(ii) rms value of the waveform

 Vrms = 
1

2

2

0

2

p
q q

p

v d( )Ú

  = 
1

2

2 2

4
p

q q

p

p

V dm sinÚ

  = 
V

dm
2

2

4
2p

q q

p

p

sinÚ

  = 
V

dm
2

4
2

1 2

2p

q
q

p

p -Ê
ËÁ

ˆ
¯̃Ú

cos

  = 
Vm

2

42 2

2

4p

q q

p

p

-È
ÎÍ

˘
˚̇

sin

  = 
Vm

2

2 2

2

4 8

2

4p

p p p p
- - +È

ÎÍ
˘
˚̇

sin sin

  = 0 227 2. Vm

  = 0.476 Vm
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%xample 24 

A full-wave recti�ed wave is clipped at 70.7% of its maximum value as shown in Fig. 3.21. Find 

its average and rms values.

Fig. 3.21

Solution v = Vm sin q 0 < q < p/4

  = 0.707 Vm p/4 < q < 3p/4

  = Vm sin q 3p/4 < q < p

(i) Average value of the waveform

 Vavg = 
1

0
p

q q

p

v d( )Ú

  = 
1

0 707

0

4

4

3 4

3 4
p

q q q q q

p

p

p

p

p

V d V d V dm m msin . sin+ +
È

Î
Í
Í

˘

˚
˙
˙Ú Ú Ú

  = 
Vm

p
q q q

p

p
p

p

p-[ ] + + -[ ]{ }cos . [ ] cos
0

4

4

3 4

3 4
0 707

  = 
Vm

p
( . . . )0 293 1 11 0 293+ +

  = 0.54 Vm

(ii) rms value of the waveform

 Vrms = 
1 2

0
p

q q

p

v d( )Ú

  = 
1

0 7072 2

0

4

2

4

3 4

2 2

3 4
p

q q q q q

p

p

p

p

p

V d V d V dm m msin ( . ) sin+ +
È

Î
Í
Í

˘

˚
˙Ú Ú Ú ˙̇

  = 
Vm

2

0

4

4
3 4

3 42

2

4
0 499

2

2

4p

q q
q

q q
p

p
p

p

p

-È
ÎÍ

˘
˚̇

+ + -È
ÎÍ

˘
˚̇

Ï
Ì

sin
. [ ]

sinÔÔ

ÓÔ

¸
˝
Ô

Ǫ̂
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  = 0 341 2. Vm

  = 0.584 Vm

%xample 25 

Find the rms value for the given waveform as shown in Fig. 3.22.

v

Vm
0.866 Vm

0 p/2 p
q

Sinusoidal nature

f

 Fig. 3.22 [Dec 2014]

Solution

At q = f,     v = 0.866 V
m

                 v = V
m

 sin q

    0.866 V
m

 = V
m

 sin f

       3

p
f =

       v = V
m
 sin q    0

3

p
q< <

        = 0.866 V
m
    

3 2

p p
q< <

        = V
m
 sin q    

2

p
q p< <

       

2
rms

0

1
( ) dV v

p
q q

p
= Ú

        = 
/3 /2

2 2 2 2 2

0 /3 /2

1
sin d (0.866 ) d sin dm m mV V V

p p p

p p
q q q q q

p

È ˘+ +Í ˙Î ˚Ú Ú Ú

        = [ ]
/32

/2

/3
0 /2

sin 2 sin 2
0.75

2 4 2 4

p p
p

p
p

q q q q
q

p

Ï ¸Ô ÔÈ ˘ È ˘- + + -Ì ˝Í ˙ Í ˙Î ˚ Î ˚Ô ÔÓ ˛

mV

        = 
2

0.472
m

V

        = 0.687 V
m
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%xample 26 

Find the rms value of the waveform shown in Fig. 3.23.

Fig. 3.23

Solution The equation of the waveform is given by v = Vm sin (q + f) where f is the 

phase difference.

When q = 0, v = 0.866 Vm.

 0.866 Vm = Vm sin (0 + f)

 f = sin–1 (0.866) = 
p

3

 v = Vm sin q
p

+Ê
ËÁ

ˆ
¯̃3

The time period of a complete sine wave is always 2p. Since some part of the waveform 

is chopped from both the sides,

 Time period = 2p – 
p p p

3 3

4

3
- =

 Vrms = 
1

4 3 3

2 2

0

4 3

p
q

p
q

p

V dm sin +Ê
ËÁ

ˆ
¯̃Ú

  = 
3

4 3

2 2

0

4 3

p
q

p
q

p

V dm sin +Ê
ËÁ

ˆ
¯̃Ú

  = 
3

4

1 2 3

2

2

0

4 3
V

dm

p

q p
q

p
- +È

ÎÍ
˘
˚̇Ú

cos ( )

  = 
3

4 2

2 3

4

2

0

4 3
Vm

p

q q p
p

-
+È

ÎÍ
˘
˚̇

sin ( )

  = 0 6031 2. Vm

  = 0.776 Vm
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%xample 27 

Find the average and rms values of the waveform shown in Fig. 3.24.

0

Fig. 3.24

Solution v = Vm 0 < t < T/2

  = 0 T/2 < t < T

(i) Average value of the waveform

 Vavg = 
1

0
T

v t dt

T

( )Ú

  = 
1

0

20

2

T
V dt dtm

T

TT

+
È

Î
Í
Í

˘

˚
˙
˙ÚÚ

  = 
1

0

2

T
V dtm

T

Ú

  = 
V

T
tm T

[ ]0
2

  = 
V

T

Tm ◊
2

  = 0.5 Vm

(ii) rms value of the waveform

 Vrms = 
1 2

0
T

v t dt

T

( )Ú

  = 
1 2

0

2

T
V dtm

T

Ú

  = 
V

T
tm T

2

0
2

[ ]

  = 
V

T

Tm
2

2
.
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  = 
Vm

2

2

  = 0.707 Vm

%xample 28 

Find the average value of the waveform shown in Fig. 3.25.

1 2
t s( )

v

4 V

0

 Fig. 3.25 [Dec 2014]

Solution

            v = 4t

         
avg

0

1
( )d

T
V v t t

T
= Ú

     = 
1

0

1
4 d

1
t tÚ

     = 

1
2

0

4
2

tÈ ˘
Í ˙
Î ˚

     = 
1

4 0
2

Ê ˆ-Á ˜Ë ¯
     = 2 V

%xample 29 

Find the rms value for the given waveform in Fig. 3.26.

 Fig. 3.26 [May 2015]
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Solution

       i = 10 t   0 < t < 1

      = 0   1 < t < 2

       

2
rms

0

1
( )d

T
I i t t

T
= Ú

      

1 2
2

0 1

1
(10 ) d 0 d

2

È ˘= +Í ˙Î ˚Ú Út t t

      

1
3

0

1
100

2 3

tÈ ˘
= ¥ Í ˙

Î ˚

      

100 1
0

2 3

È ˘= -Í ˙Î ˚

        = 4.084

%xample 30 

Determine the rms value of the voltage waveform shown in Fig. 3.27.

v

100

0.010 0.02 t

 Fig. 3.27 [May 2013]

Solution

        v (t) = 
100

0 01.
t = 10000 t  0 < t < 0.01

     Vrms = 
1

( )2

0
T

T

v t dtÚ

      = 
1

0 01
10000 2

0

0 01

.
( )

.

t dtÚ

      = 10
3

10
3

0

0 01
tÈ

Î
Í
Í

˘

˚
˙
˙

.
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      = 10
0 01

3
010

3( . )
-

È

Î
Í
Í

˘

˚
˙
˙

      = 57.74 V

%xample 31 

Find the average and rms values of the waveform shown in Fig. 3.28.

Fig. 3.28

Solution v = 
V

T

m
t      0 < t < T

(i) Average value of the waveform

 Vavg = 
1

0
T

v t dt

T

( )Ú

  = 
1

0
T

V

T
t dtm

T

Ú

  = 
V

T

tm

T

2

2

0
2

È

Î
Í

˘

˚
˙

  = 
V

T

Tm

2

2

2
◊

  = 0.5 Vm

(ii) rms value of the waveform

 Vrms = 
1 2

0
T

v t dt

T

( )Ú

  = 
1

2

2

0

2

T

V

T
t dtm

T

Ú .

  = 
V

T

tm

T2

3

3

0
3

È

Î
Í

˘

˚
˙
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  = 
V

T

Tm
2

3

3

3

È

Î
Í

˘

˚
˙

  = 
Vm

2

3

  = 0.577 Vm

%xample 32 

Find the average and rms values of the waveform shown in Fig. 3.29.

 Fig. 3.29 [May 2016]

Solution v = t 0 < t < 1

  = 1 1 < t < 2

(i) Average value of the waveform

 Vavg = 
1

0
T

v t dt

T

( )Ú

  = 
1

2
1

1

2

0

1

t dt dt+
È

Î
Í
Í

˘

˚
˙
˙

ÚÚ

  = 
1

2 2

2

0

1

1
2t

t
È

Î
Í

˘

˚
˙ +

Ï
Ì
Ô

ÓÔ

¸
˝
Ô

Ǫ̂
[ ]

  = 
1

2

1

2
0 2 1- + -È

ÎÍ
˘
˚̇

  = 0.75 V

(ii) rms value of the waveform

 Vrms = 
1 2

0
T

v t dt

T

( )Ú

  = 
1

2
12

0

1
2

1

2

t dt dtÚ Ú+
È

Î
Í
Í

˘

˚
˙
˙

( )
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  = 
1

2 3

3

0

1

1
2t

t
È

Î
Í

˘

˚
˙ +

Ï
Ì
Ô

ÓÔ

¸
˝
Ô

Ǫ̂
[ ]

  = 
1

2

1

3
0 2 1- + -È

ÎÍ
˘
˚̇

  = 0.816 V

%xample 33 

Find the average and rms values of the waveform shown in Fig. 3.30.

Fig. 3.30

Solution

(i) Average value of the waveform

 Vavg = 
0 40 60 80 100 80 60 40

8

+ + + + + + +
 = 57.5 V

(ii) rms value of the waveform

 Vrms = 
0 40 60 80 100 80 60 40

8

2 2 2 2 2 2 2 2+ + + + + + +( ) ( ) ( ) ( ) ( ) ( ) ( )
 = 64.42 V

%xample 34 

Find the average and rms values of the waveform shown in Fig. 3.31.

Fig. 3.31

Solution

(i) Average value of the waveform

 Vavg = 
0 10 20

3

+ +
 = 10 V
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(ii) rms value of the waveform

 Vrms = 
0 10 20

3

2 2 2+ +( ) ( )
 = 12.9 V

%xample 35 

Find the effective value of the resultant current which carries simultaneously a direct current of 

10 A and a sinusoidally alternating current with a peak value of 10 A.

Solution

(a)

(b) (c)

Fig. 3.32

 i = i1 + i2 = 10 + 10 sin q

 Ieff = Irms = 
1

2

2

0

2

p
q q

p

i d( )Ú

  = 
1

2
10 10 2

0

2

p
q q

p

( sin )+Ú d

  = 
1

2
100 200 100 2

0

2

p
q q q

p

( sin sin )+ +Ú d

  = 
100

2
1 2 2

0

2

p
q q q

p

( sin sin )+ +Ú d

  = 
100

2
1 2

1 2

2
0

2

p
q

q
q

p

+ +
-Ê

ËÁ
ˆ
¯̃

È

Î
Í

˘

˚
˙Ú sin

cos
d
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  = 
100

2
2

2

2

4 0

2

p
q q

q q
p

- + -È
ÎÍ

˘
˚̇

cos
sin

  = 
100

2
2 2 2

2

2

4

4
0 2 0 0

0

4p
p p

p p
- + - - + - +È

ÎÍ
˘
˚̇

cos
sin

cos
sin

  = 
100

2
2 2

2

2
2

p
p

p
- + +È

ÎÍ
˘
˚̇

  = 100

2
3

p
p¥

  = 12.25 A

%xample 36 

Find the effective value of a resultant current in a wire which carries simultaneously a direct 

current of i1 = 10 A and alternating current given by i2 = 12 sin wt + 6 sin 3
6

w
p

t -Ê
ËÁ

ˆ
¯̃

 +  

4 sin 5
3

w
p

t +Ê
ËÁ

ˆ
¯̃

.  

Solution i1 = 10 A

 i2 = 12 sin w t + 6 sin 3
6

4 5
3

w
p

w
p

t t-Ê
ËÁ

ˆ
¯̃

+ +Ê
ËÁ

ˆ
¯̃

sin

 i = i1 + i2

  = 10 + 12 sin w t + 6 sin 3
6

w
p

t -Ê
ËÁ

ˆ
¯̃

 + 4 5
3

sin w
p

t +Ê
ËÁ

ˆ
¯̃

  = 10 + 12 sin q + 6 sin (3q – 30°) + 4 sin (5q + 60°)

 Ieff = 
1

2

2

0

2

p
q q

p
i d( )Ú

  = 
1

2
10 12 6 3 30 4 5 60 2

0

2

p
q q q q

p
[ sin sin( ) sin( )]+ + ∞ + + ∞Ú - d

  = 14.07 A

%xample 37 

Find the relative heating effects of two current waves of equal peak value, one sinusoidal and 

the other, rectangular in shape.
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Solution

 rms value of the rectangular wave = Im

 rms value of the sinusoidal current wave = 
Im

2

 Heating effect due to the rectangular current wave = (Im)2 RT

 Heating effect due to the sinusoidal current wave = 
I

RT
Im m

2 2

2 2Ê
ËÁ

ˆ
¯̃

=
( )

 RT

 Relative heating effects = 
( )Im

2

2
RT: (Im)2 RT

   = 
1

2
 : 1

   = 1 : 2

Average Value and rms value

 Favg = 
1

0
T

T

Ú  f (t)dt  kP = 
max. value

rms value

 Frms = 
1

0

2

T
f t dt

T

Ú ( )  kf = 
rms value

avg. value

 

 3.1 An alternating current varying sinusoidally with a frequency of 50 Hz has an rms 

value of 20 A. Write down the equation for the instantaneous value and �nd this 

value (i) 0.0025 second, and (ii) 0.0125 second after passing through a positive 

maximum value. At what time, measured from a positive maximum value, will the 

instantaneous current be 14.14 A? [i = 28.28 sin 100 p t, 20 A, –20 A, 
1

300
s ]

Fig. 3.33


































