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® 1. Introduction &

%1 A vector is a physical quantity which has magnitude as well as direction. Vectors g
:g: graphically represented by straight lines. The length of the line represents the magnitude of %
¢ the alternating quantity, the inclination of the line with respect to some axis of reference &

62

% gives the direction of that quantity and an arrow-head placed at one end indicates the 2
& direction in which that quantity acts. &
Eg In fact,[vec:tor;‘are a ﬁzﬁortgt[zer:’i _for the representation of alternating voltages and currents and their Eg
:g use greatly simplifies the pro in a.c. worR, :g
e s

¢ The alternating voltages and currents are represented by such vectors rotating counter- 8
8 clockwise with the same frequency as that of the alternating quantity as shown in Figure &

* (1.1). &
% Notes: *
A ) . . . e
;%j 1) that the length of vector represents the maximum value of sinusoidal quantity. 3
;:j 2) Instead of using maximum values *
'8! as above, it is very common A L 8!
el ) : . P e=E sinct g
'8 practice to draw vector diagrams SN 03

. . 4 Ry \ B (/7
S using rms. values of alternating / M -~ > '8
S quantities. But it should be | o o 3
;:: understood that in that case, the : ;31
;:: projection of the rotating vector on ;31
s the Y-axis does not give the | 3
S instantaneous ~ value  of  that (@) ® 3
S alternating quantity. Figure (1.1) 3
'8! '8
'8! '8
& &
S O
rad . . Pal
;g; 2. Vector Diagrams of Sine Waves of Same Frequency ;g
;:j Two or more sine waves of the same frequency | ::j
;:; can be shown on the same vector diagram A ;:j
s because the various vectors representing 1, (>
;:: different waves all rotate counter-clockwise at g i ;:j
;:: the same frequency and maintain a fixed position Jo o angle \ 2m ;::
o relative to each other as shown in Figure (2.1). 3
&S 2
& Figure (2.1) 0>
&3 2
::: vAg ’::
8 <(1)> K3
0 oraTesiY, 0
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A A
vl Pt
< . <
& = L,sinwt G2
vl Pt
rat . <
w e = E,sin(wt+ a) 62
vl Pt
vl Pt

S Sine wave of different frequencies cannot be represented on the same vector diagram in a still picture &
& because due to difference in speed of different vectors, the phase angles between them will be ¥

8! : : 8!
& continuously changing. 0
8! 8!
8! 8!
8! 8!
8! 8!
8! 8!
P34 P . P <
% 3. Addition of Two Alternating Quantities &
b ~ ; & ) ) b
s The sum of the two sine waves of the same frequency is another sine wave of 3
A' A

s the same frequency but of a different maximum value and phase. The value of the
n¢ Instantaneous resultant value, at any instant is obtained by algebraically adding the g

w Pprojections of the two vectors on the Y-axis &
DS al
& &
A . A
s | Example 1: Add the following currents as waves and as vectors. '8
CHRP . . . O
8 | i1 =7 sinwt and i, = 10 sin (wt + 7/3) '8
.ﬁ Solution: (2
<
::: gt Waves ;::
'8! '8!
o o . . o *
::: i, =i, +i, =7sinwt + 10 sin (wt + 60°) %
(2 = 7 sin wt + 10 sin wt cos 60° + 10 coswt sin 60° e
ral Pal
% = 12 sin wt + 8.66 cos wt %
ral T . Pal
s Dividing both sides by /(122 + 8662) = 14.8, we get 8!
& &
::} . 148 (( 12 O+ (8.66 t)) ::j
i, =148 (—— sin w —— COS W g
& T 14.8 14.8 &
ral Pal
::: = 14.8( cos a sin wt + sin a cos wt) :::
&5 0
'8! - '8!
I:l where cos a = 12/14.8 and ¢ = 8.66/14.8 —as shown in Figure 1 I:I
) P
::: % i, = 14.8 sin (wt + a) :::
Pat Pat
S $,
& Where tan a = 8.66/12 or a = tan™"(8.66/12) = 35.8° &
ral Pal
8§ - 0 8.66 ¥
o i, = 14.8 sin (wt + 35.8°) . 8
P r rat
8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! SAg 3
Pal Pal
G2 . 62
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D< al
% It Vectors %
'8! '8!
# Vector diagram is shown in Figure 2. Resolving the vectors into their horizontal and 0
Igl vertical components, we have Igl
::: . C :g:
'8, X-component =7 + 10 cos 60° = 12 4 '8!
% Y-component = 0 + 10 sin 60° = 8.66 2
< 10 % s
'8! W 266 &
& Resultant = /(122 + 8662) = 14.84 SO0
(3 60°- 0
\/ _ 4 _ 0 e O
;:j and a = tan*(8.66/12) = 35.8 LN ;::
& ] _ 0 7 A 5 3
w Hence, the resultant equation can be written as s
8 : 8
::} i, = 14.8 sin (wt + 35.8°) Figure 2 ::j
'8! '8
'8! '8
'8! '8
'8! '8
& &
K ?s Complex cNumbets &
o iy =7sinmt = i;, =720° Pl
w1 1 p<
& i =10sin (wt+m/3) = i, =102£60° &
'8! '8!
ral Pal
I§1 flp =04 i, = 720°+ 10 £60° = 14.8 £35.8° ;§;
& &
& Notes: '8!
ral Pal
;g 1) If the sinusoidal quantities are given in (sin) and (cos) then convert all ;?
::1 guantities to (sin) and add them or convert all quantities to (cos) and then add ::1
& them. s
I:} e; = 20sinwt; e, = 30sin (oot — Z) ,e3 =40cos (oot + Z) I:I
ral Pal
;:j 1[4 . T T . 41 ;::
(3 e; =40cos({wt+—) = 40sin|{wt +—+ =) = 40sin|wt +— (3
& 3 6 6 2 6 &
& &
[

63 . e.= e t+e,+e; e
'8! '8!
& &
% . . . .

;:: 2) If difference of two vectors is required, then one of the vectors is reversed and ;::
::: this reversed vector is then compounded with the other vector as usual. :::
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! vAg '8!
& (3= &
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:3: Example 2: Two currents i; and i, are given by the expressions :g:
:3: i; = 10sin(314t + m/4) amperes and i, = 8sin(313t — m/3) amperes :2:
:3: Find (a) i; + i, and (b) i; — i,. Express the answer in the form i = I,,,;sin(314t + @) ;g:
A A
e a
® Solution: '8!
Ya! . Yal
¥ (&) The current vectors representing maximum values of the two currents are shown in 0
& Figurel (a). Resolving the currents into their X-and Y-components, we get 0
e e
e e
#  X- component = 10 cos 45° + 8 cos 60° = 10/4/2 + 8/2 = 11.07A *
e e
ral el
% Y- component = 10 sin 45° — 8 sin 60° = 0.144 3
A A'
o al
o al
I, =+/11072 + 0142 = 11.084 S
o al
Egi tan ¢ = (0.14/11.07) = 0.01265 .. ¢ = 44’ Egi
A A
o a
& i =11.08sin (314t + 44") amperes o
o al
o al
o a
o a
ral ral
::: (b) X -component = 10 cos 45° — 8 cos 60° = 3.074 :g:
62 8
'8! . : '8
::1 Y -component = 10 sin 45° + 8 sin 60° = 144 *
'8! S
(3 : (3
;:j I, =V3072 + 142 = 14.334 .-+ Figurel (b) ;:j
'8! '8
ral Pal
:g @ = tan"1(14/3.07) = 77°38’ :?
I . '8
::} ~ 1 = 14.33 sin (3144770 38’) amperes ::j
'8! '8
& 10A . A &
'8! ' A '8
'8! '8
S <45 | kY ’ 10 A o
% I = b -BA % / L ! ;:‘
ral F| ' | Pat
O . d | (
'8} “ g0 @ fa '8
3 .y &3
3 \ ’ a [ 4350 3
8 Y (] 3
'8! i '8
3 gAY - e '8!
e &f = Bl s
'8! '8
'8! '8
0> LR8A '8!
3 03
o fa) (b} o
G2 62
& : &
.g Figurel el
Pal Pal
* vAg 3
4 O s
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w | Example 3: The maximum values of the alternating voltage and current are 400 Vand20 |
w | A respectively in a circuit connected to a 50 Hz supply. The instantaneous values of |
a | voltage and current are 283 V and 10 A respectively at time t = 0, both increasing |r
w | positively (i) Write down the expression for voltage and current at time ¢t. (ii) Determine | g

' the power consumed in the circuit. Take the voltage and current to be sinusoidal 3
2 : Al
¢ Solution: G2
e e
e e
§ U, = 400, I,, = 20, v+ = 283, ijpst. = 10, w = 314rad. / sec §
2 Al
ral . . £
;i; (i) Let the expressions be as follows: :g:
2 Al
e e
02 v(t) =V, sin (wt + 0;) = 400 sin (314t + 6,) *
o al
'8 : : 8
o I(t) = I, sin (wt + 6,) = 20 sin (314t + 0,) 3
o a
® where 0, and @, indicate the concerned phase-shifts with respect to some reference. !
'8 Substituting the given instantaneous values at t = 0, 5
2 Al
o al
& v(t) = 400 sin (314t + 6,) = 283 = 400 ssin (0 + 6,) = 6, = 45° &
o a
3 . . &l
:g I(t) = 20 sin (314t + @2) = 10 = 20 sin (() + @2) = 0, = 30° :ﬁ:
'8! _ _ &
I:l The required expressions are: &
'8! S
ral Pal
I§1 V(t) = 400 sin (314t + 45°) I§1
'8! '8
& i(t) = 20 sin (314t + 30°) K3
& (i) 3
& &
& Thus, the voltage leads the current by 15°. 9
'8! '8
'8! '8
& V = RMS voltage = 400/v2 = 283V 3
'8! '8
'8! '8
% I = RMS voltage = 20/V2 = 14.14A 3
'8! '8
I:l Power-factor, cos ¢ = cos 15° = 0.966 lagging, since current lags behind the voltage. I:i
'8! '8
'8! '8
;:j Power =V I cos ¢ = 283 X 14.14 X 0.966 = 3865 watts ;::
& 02
R 62
& 02
o 02
02 02
Pal Pal
G2 A 02
(2 oY '8!
% el %
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% [ Lectuce (2) | Sinusoidal Waves (3
a! !
s Sine &l Costne Waves '8
(2 ®
0 '8
K K
a! !
Yal ir 5S¢ Pt
8! BN '*

(D ’ - . v = sint 5

al LT Iz | 3= |l= IT ;
'®| /’h\.\#izfr. ™\ ./\ /\

0| = 4 = 4 5% et “;\/:. ,—\/; i (E R <
Yal -6 2]s% —1+ Yt

'8! T = '8
:%: 35 ) fe— Period 2o ——— &:
A COne period of v = sin O
:%: l=r=12 :%:
A A
e Figure (2.1): Sine wave (sin(t)) g
S S
"a ral
Yal Pal
al VA VA 8t
Ya( Pal

1 y=cost rat

3 3
Yal 17 li_ﬂ ?_?Tl3_ﬁ &
hat 6 6 v 2 (2
\/ ] ] ] ] ] ] ] ] ] Il ] 1 ]

* 0|74 o~ 7 7 spom 1 - 0 ' | | w8
$ oS 0 S NS NS
% : G ot 8
::: One period of y = cost Period 2 ':1
(3 0=t=2m '
R - - 62
& Figure (2.2): Cosine wave (cos (t)) &
& &
o 02
& Shifting of functions 3
ral - T AL Yat
& Horizontal Shift e
& (1) Left shift (shifting function a unit to the left) f(x) = f(x+a) &
I:l (2) Right shift (shifting function a unit to the right) f(x) = f(x —a) I:l
& Vertical Shift s
I:l (1) Up shift (shifting function a units to the up) f(x) =f(x) +a I:I
::1 (2) Down shift (shifting function a units to the down) f(x) = f(x) -a ::1
& &
R &
& Note: - ais a positive number. &
& &
R &
R &
& 62
R &
R 62
3 &3
Pal Pal
* YAy 3
K3 <(17)> &
0 orTesiY, 0
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f(x) =cosx + 2

(3

<
Pat P2
o o
o o
o o
o o
% S
2 Pat
S K3
S K3
S K3
S K3
S K3
a! . .
P:‘ _1"JL _".j y.q
Pal F i ’.‘
% y = sinfx — z v = sinly + =) :::
rat — - ] : . | - & !
* I+ L [ - L s
’.‘ - ’}_,,_ Iﬁ ’.‘
¥ 3 27 p . %
’.‘ | 1 L. | 1 - .
P T - L _ i s
':‘ 0 T T T X T ;T 2 X :.:
Pat - - - .
& 3 J t 4] }.1
& . - . D<
Pat e — . o ) .
(2 y = sin .y sin X ()
% | *
03 &3
S (2
03 &S
02 Figure (2.4): Horizontal shifting K3
02 Pat
02 Pat
03 &S
s s
03 &3
s s
03 &3
s s
03 &3
s s
Pat S
&2 Pat
S > '8!
8! < '8}
'8 s &
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val . . Pal
:2: Reflection of functions ;2:
A’ = = A
§ Reflection about x-axis: y = -f(X) §
2 Reflection about y-axis: y = f(-x) R
S S
A A
& gl %
al T Pl
8! 8!

0
0

8! 8!
8! ()= < 8!

JixX] = —Ccos X
* 1 gx)

—En\/ﬂ' 0 U?‘r (<
& / —1Ir 8
8! , , 2!

T y =sin (-1) y = sint

- Y

'8! 0 ' 9 f <« Period 27 Yt
p a Kia 27T X \/
val -1 V= COosX Pt
'8! ' e
8 (a) x-axis reflection (b) y-axis reflection s
& : . . 8
3 Figure (2.5): Reflection of functions (3
e e
e e
% L[] . %
& Stretching Functions &
DX . b . . . . <
:i: Vertical stretching (changing amplitude a units): y = a.f(x) :::
':‘ VA Yk 6
03 y = 3sinx 8!
! 3l - Js1n. e
(3 _ 1 %
s y=5sinx rat
(2 | 2 &3
'8! 2 '8!
'8! '8!
'8! '8
'8! '8!
'8! '8
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8
'8! '8
'8! ‘ '8
'8! y = '8
'8! + ' '8
'8! '8
'8! '8!
03 Vi o
K - "
K "
K (3
& (3
S (3
K 3
8! '8
'8! '8
8! '8!
'8! '8
8! X '8
'8! ‘ '8
8! '8!
'8! '8
8! '8!
'8! '8
'8! '8
'8! : '8
03 . . : s
:31 Figure (2.6): Vertical stretching :::
::: vAg :::
% <(19)> S

AR R
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A
® Horizontal stretching (changing phase a units): y = f(a.x) 02
g . X &
® Note: The period = — &
a! a !
a al
::: ¥ Yi 1 :::
(2 y=sin2x y = singx (2

s 1 | 1 ’ S
A AWA 3
< —T Pt
ad . A . . . A
a! . ' ' ' -
Ya! m\ 2 X —2ar T 2 3T da X
Yal 2 Pt
(7 _]__

"a\ ' Al
M VA <
a! 2!

8 y=asinx 8

:;: I | » :;:
62 . A
& dar ST 6 (<
& "al
3 | _ 3
% y = asin2x y = asinzx y = asinix &
e ' - 2 : 3 (3
ral ) . . '8
S Figure (2.7): Horizontal stretching 3
¥ &
s ¥
I:l Example 1: Find the amplitude and period of each function, and sketch its graph. ::1
(3 ) (3
& (@) y= 4c0s3x (b) y= —2sin X &
% Solution: s

o (a) We get the amplitude and period from the form of the function as follows: g

rat )
® 03
(2 : , (2
K amplitude = |8a| = & K
(L K
(L K
(L _ K
(2 y = 4 cos 3x £
(2 (2
(2 (2
(2 Y O (2
(2 : - <7 (2
0 period = = (3
(2 k & (2
0 - (3
(2 (2
0 (3
(2 (2
0 (3
(2 (2
(2 (2
(L (2
(2 (2
(2 (2
(2 (2
(2 (2
’:‘ SAg ’:‘
rat Pal
(3 <(20)> (3

AR R
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e
8! -1 s
s (b) Fory = —2sin 5x, 8
'8! ‘ 5
D< . L B $
% amplitude = |a| = |=2] =2 %
$ s
S period = —/— = 4w &
'8! 1 %
(3 2 S
$ S
(3 . S
3 VA &
5 v = dcos Ix :;:
$ S
$ s
:e: VA P
% y = —2sin3x 3
(3 51 7 &
(3 2 &
§ el
§ el
& : : : > + S
5 w o fm 2w | g [Am X %
'8! 3 (23 3 .r I > 03
s 0 m 2w 3w 4 X 3
§ s
§ 1 s
$ el
% 9 '8!
o —24 3
S S
S S
S ’al
: 2sin = &
S - — . a!
& 4c0S3X (b)y sin 2 4
[ (3
::: Figure (2.8) :::
ral
3 &
9
’d ral
3 o
3 o
¢
’d ral
3 o
3 o
¢
: '8!
- . - %
I§1 Shifted Sine and Cosine Curves 4
& The sine and cosine curves :::
ral
3 Pat
3 i =ac — k=0 &
:? y = asin k(x — b) and  y=acosk(x — b) ( ) 3
Pl " S
. = g >‘
rat . o . o 3
o have amplitude | a |, period 27 /k, and phase shift b. :::
rat
. - - "
ral . u . . ) . . e . is }.‘
I:l An appropriate interval on which to graph one complete period s
3 Pat
rat 3
& (b, b + (27/k)]. s
Pat
: o
3 o
ral 3
s GAg '8!
3 a1k 3
’:‘ Yo oTenaYe

-O-0-0-0-0-0-O-0-O-=O=O=-0-0-0-0-0-O-O-O-O-O-O-0-0-0-0-0-O- -0 OO
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8 3
8! 8!
o - - - - - ]
w | Example 2: Find the amplitude, period and phase shift of each function, and sketch its :%
at 8!
o | graph. %!
8! 8!
(3 (a) y=3sin2(x — = (b) y=2cos (2x — 2= (3
02 y= 4 Y=3 4 !
A A
® Solution: &
a a
& @ %
8! . 8!
b 2w 2w YA at
::: amplitude = |a| =3 period = A <« Period 7§ ——> :g:
(3 3+ (2
:ﬁ: Phase :ﬁ:
a T : ad
% y=3sin2(x - — shift %
’i‘ 4 4 S 'ﬁ‘
% W 1 1 1 - ’x‘
< . s . T 1 T Ll <]
& phase shift = 2 (to the right) 0 T B 7 37 il -
al i 2 | Pl
% Amplitude 2 %
::: y = 3sin 2(}.‘. — g) :::
'8 '8
3 K
K3 83
Y

)

(2 (2
ra Y 4 <
::: 1 y= %L‘US(Z.\' + QT”) :::
’:‘ . 3 %_- — %
! amplitude = |a| = — !
0 4 T : 3 s
s Amplitude !
s 7+ S s
! . 2w 27 2 12, s
% period = = =7 : | R : ; — 8
® k 2 LA AN = n/ T 2 ox
% 3 6 T 6 3 2 3 %
! - T - Phase i e
¢ phase shift = b = —— Shift —to the left shift s
8 3 - T 3 0!
03 ] 3 4 0>
(3 '8
's! Period 7 > !
(3 '8
(3 '8
'8 '8
(3 '8
6 '8
(3 '8
¢ 3
(3 '8
¢ 3
(3 '8
¢ '8
(3 '8
¢ '8
(3 '8
3 '8
(3 '8
¢ 3
(3 '8
'8! 3
Pal Pat
S Ay s
$ DY $
S S Teaiv, 9
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$ &
A O
Yal Pat
S Useful Trigonometric identities S
A e = A
\/ \ /
8! TRIGONOMETRY 8!
ad Pl
Yal Pat
}i‘ Angle Measurement Fundamental ldentities }i{
';‘ o radians — 180° | 1 '@
"a 5 ose i — — sec fl — "a
D< = 180° T sin & cos # (<
Pa 1° = ——rad 1 rad = — A0 _ <
< 180 T —L sin ) cos Pas
ral r tan # — — cot fi = — ®
ﬁ 5= ri) cos £ sin # ’e‘
A A
:e: (i in radians) cot f — sin'fl + cos™f = 1 :%:
;eq tan &‘
A A
}2‘ Right Angle Trigonometry 1 + tan“f — secd | + cot™d — csc™d yiq
»;1 o opp . hyp ';‘
Al NG = [ = opp hyp sin{—#) — —sin # cos(— @) = cos @ Ya
Yal - opp Yt
Y adj hyp T4 - <
PX‘ cos f = f‘_ seC O = —— 1" r tanl — @) — —tan 8§ '&III( — H} — cos i Px<
’X‘ YP adj aidj z ’x‘
ral opp ad Pt
ral tan f — Pe col = = [ ! w Pal
D< adj opp L(I.‘.[ - ff) = sin# :::n{ > ) } = col @ Pal
Yal h e / ¢ 2
D< <
,% Trigonometric Functions ’i
Pad . ; The Law of Sines Pal
(7 e 2 _ L L . R4
:ﬁ: sin ¢ I’ csc 0 ! sinAd _ sin B sin » :ﬁ:
PE Y I 1 ¥ i .'I-' [ }x{
Y cos ) — — ser i — — | { at
}‘1 i ¥ | . at
'8! tan ) — — cot ff —— ' X The Law of Cosines 8
P.1 X 4 , , . 1] al
;.‘ as = b+ 2hceos A Pag
el o e
>.1 Graphs of Trigonometric Functions b=a*+c¢* - 2accos B <]
& - S
’.‘ d } 4 y=tanx =gt b= 2abeos © 1 '.‘
’.‘ ¥ sNnx ¥ oy | I '.‘
% o S
1= 1.4
P | | P R o | <
;:q T 2w | | 2= Addition and Subtraction Formula: ’:‘
:.: ! ' ¥ =_ :‘.— ¥ Ji : i " sinly + ¥ — sin X ¢os ¥ + Cos X sin y :.:
’:‘ T : I sinl.x ¥l — sin x cos ¥ — cos X sin ::‘
ral 4
P:1 | | cosiy + yl—cos xoos v — sinxsiny P:1
ral Pal
P:{ ¥ V= % ¥ F=wcR e ¥ = colx cosl ¥ ¥l — C0s X 005 ¥V 4+ sinxosin v }:1
’.‘ | | 1 I | | ’.‘
s | | | | | | anlx + ¥ — tan x + tan y g
s T | | I I | | T T an v tany 8!
8! I I I | I | 8!
P.‘ + + 1 t + tan x — tan ¥ P.‘
;.‘ Ty il | | = | 2=« T 2o X tani x Wl = l— }.‘
}.1 4 | | | | | | + tan x tan ¥ ’.‘
e | I | | | | e
}.1 | | | | I | . _ }.1
(< Double-Angle Formula: o
% in2x - 25 S
'.‘ sin 2x — 2 5inx cos x ’0‘
:.: Trigonometric Functions of Important Angle: cas ?x — cosir — sinfx— ?cosir — 1 — 1 — 2 sin®x :.:
>:< fl radians sin # cos tan ¢ ) 2 tan x >:<
al 2 tan 2x — ———— ’0‘
%! 0 0 0 1 0 1 — tan’x el
:.: 3oe /6 1/2 J3/2 J3/3 :0:
P:‘ 45° w4 vai2 v2/[2 1 Half-Angle Formulas ’:‘
M . ; = " <
>:1 60 w/3 v3/2 1/2 V3 2 1 — cos 2x ; 1+ cosx >:1
}.‘ BD:‘ JT_-".Z ! D' 5ImX —’_? Cos° X —? '.‘
S S
3 %
Pal Pal
* vAg (3
5 Gk 5
! SrTar, 03

-O-O-O-O-O-O-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0--0-0-O-OXORORORO-O-O-O-0-000-0-0-0-0-0-0-0-0-O-0-O0-O-O-O-O-O-O-O-O-O-OOXR



2000 00ROVOVOOOOOOOOOOOOOOOOOOOOOOOOOVOOOOOOOOOOVODOOOOOOOOOOOVOOOON

) 4
8 8
:: University of Diyala Electrical Engineering Fundamentals :::
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% [ Lectuce (3) | Trianqular Waves (3
K3 . - 3
o Denving Inangular and Line Functions 3
o f(t) =m.t+b *
s S
s S
& Where: 03
g : Y2 — )1 3
'8 m = slop of lines (m= ——) 3
al at
'8! : : L X2 X1 : 8!
(3 b = intersection point of line with y-axis &
s S
s S
s S
s S
® | Example 1: Find the function of the following wave form. !
val - . . Pad
% Solution: Time period (T = 2) 3
s /() 4 s
8l f(t) =m.t+b ‘ '8!
Yal "al
Yal (1,1) Yl
& . i o
% 1)Foro<t<1 1 (23 %
A A
e Y2 — V1 1-0 e
% m = == =1, b=0 %
:g X2 —X1 1-0 7 . :ﬁ:
&~ TO=t 2 a4 & 1 7 3018
'8! '8!
al al
& 2)Forl<t<?2 S

A
I§1 = f(t)=0 3
'8! '8!
ral Pal
::: -f(t)—{t 0<t<1 ::1
::: 0 1<t<? :::
&3 &5
'8! '8!
'8! '8!
'8! _ _ _ '8!
® | Example 2: Find the function of the following wave form. 02
¢ Solution: Time period (T = 1) () A 3
s f(t)=m.t+b ' 3
&3 &
3 3 - (1.3) '8
ral (X,.y,) Pal
& Foro<t<1 o ¥
K3 y2-y1__3-0 05
»:1 m = == =3, b=0 »:q
8! Xy — X1 1-0 S
(I f(t) = 3t ' 0.0 . ' R
(< - -2 —1 o 1 2 3 1 %
'8! '8!
& &
'8! '8!
'8! '8!
'8! '8!
'8! '8!
Pat Pat
¢ | Example 3: Find the function of the following wave form. '8!
s <(24)> 3
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s 5
% Solution: Time period (T =T) S
s 1) A 3
K - K
S f(t) =m.t+b T T 8!

2 2

| 1

5 2 3
S _y2=yi__ —A-A 44 = \/ 0 —A\/ T t:g

(2
&1) ForO<t<i L

D m 8
& X2 —x1 I_o T 3
03 ’ 63
(2 b=A o
o e
0 —4A (3
Q| fit) =—— t+A S
8! T '8
S '8!
S '8¢
& &
(2 A
(3 T ) A 63
*2) For — 5<t<0 J(0) S
D< <
::: y2 —JYV1 —A—A 4A _Z y Z (TA) %
8 m = == -7 =— 3 ©A) 5 3
(3 X2 — X1 ——0 T /\ / /\ (3
% 2 I I | | > %
% Db=A -7 \/ 0 \/ A
& 4A A 8
R0 = t+A (-Loa) L) 3
o 2 T 2 2 '8
3 s
3 s
3 s
3 *
3 *
% | Note:- the function f,(t) is the reflection of function fy(t) about y-axis and vice versa, so &
% | you can find any reflect function about y-axis directly using this prosperity, 03
3 S
8 f(t) = -1 3
% | putting minus sign(-) in front the x-axis variable (t) in the equation. 0>
3 &S
I:l So, :::
& —44 —44 44 s
& | Fi(t) =—— t +A & (b)) =fy(-t) = — (-t) tA=— t +A 0
0 T T T 0
02 0
02 0
02 0
G2 0
02 0
G2 02
0 —44 T s
& S t+A 0<t<s !
§ | - fm={,T 2 &
g 03944 T K3
s — t+A —3<t<0 D<)
R T 2 &
02 0
G2 0
¢ . . . (<
:? Alternative Solution:- :?

)
::: vAg »::
% <(25)> S
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e ral
D J— . o
% Time period (T =T) S
:3: f(t) =m.t+Db f(1) A Igl
A A
e rat
'8! T ‘ K3
& 1) For0<t<z —TT A < 0. 4) 2Z T2 &
D< <
:% m_YZ‘Yl___A_A__‘l‘A /\ | /\ | | >:§:
S Xy — x ' o T -7 0 T
s T AV &
E:i b = A (-7>_A) ”' (7,-A) :g:
S —4A ’ S
e ’ g
2| —— t+ . %
g [ RO=T U (0.6) [ £
'8! 3
£3) For > <t<T 3
e ral
03 _Y2—y1__A-(-4) 44 &
val - - - ral
A A
& To find (b) in this case we use the slop equation a gain, Eﬁ:
val al
X Y2—Y0 _Y1—Y0 R
¥ M= ——— o m=—— 8
:0: X2 — X0 X1 — X :e:
'8! _ '8!
% . 2d_Ab > p=—3A :
® T T-0 ®
o 62
-
'8! '8
::j o Ty = L3 t —3A :::
'8! '8
% —4A T %
'8} — t+A 0<t<sz '8!
(2 f(t) = T 2 (2
& 44 T &
R — t—3A s<t<T 62
o T 2 '8!
o 62
'8! : : : . : : : (3
I:l Note:- the function f,(t) is the right shifting on x-axis of function f,(t) and vice versa, so I:I
I:l you can find any shifted function on x-axis directly using this prosperities, I:l
I:l (1) Left shift (shifting function a unit to the left) f(x) = f(x+a) I:I
E:i (2) Right shift (shifting function a unit to the right) f(x) = f(x —a) E:i
3 03
% So, 0>
s 4A 4A 4A s
S (2= t+A  &fM)=Ff(t-T) =— (t-T) +tA=—t —3A 3
p< T T T P
'8 3
& | Example 4: Find the function of the following wave form. &
'8! 3
::: YAy :::
3 <(26)> K3

AR R
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'8 '8!
ad . . . (3
:% Solution: Time period (T =T) DA I;I
A A
§ f(t) =m.t+b n §
A A
e S
8 T T T 03
§1) Foro<t<sz I TN 0 E% ! §
el Y2 — V1 A—0 2A e
Pal = == = — —A4 ral
(2 m T ’ 0
:3: X2 —X1 =0 T S
A A
::1 b=0 Eg:
3 fa(t 24 t 3
al | =— <
g} 1(t) T ,:j
'8! '8
& &
A A
s e
* —T o
$2) For ——<t<0 &
S _y2-yi__ 0—(-A) -24 %
s m= == T ¢
% X2 — X1 — 5 0 T S
s b=—A S
& &
=24
'S fo(t) = p. t—A ¢S
&3 &3
'8! '8!
'8! '8!
'8! 2A T 03
'8! —t 0<t<s '8!
8! 2 f(t) = T 2 '8!
& | W) —24 —T &
o —— — A 5 <t<0 62
R T 2 02
R 02
'8! '8!
'8! '8!
'8! '8!
ral i i L. . . D<
;:: Note:- the function f,(t) is the left shifting on x-axis of function f;(t) and reflected about x- ;3:
;:: axis, so you can find any shifted function on x-axis directly using this prosperities, ;::
::: (1) Left shift (shifting function a unit to the left) f(x) = f(x+a) :::
% |  (2) X-axis reflection f(t) = (1) S
8 ko =224 ¢ & f =y - (2'4 T) —A A $
"al =— = — +—) =—(— (t — = —1— rat
s () =— o) =it + 7)) - (t+ ) . s
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
Pal Pal
* Ay 3
K3 <(27)> &
0 orTesiY, 0
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s Alternative Solution:- 8
A n A
a! (1) A Yal
\/ . . . P
& Time period (T = T) 5
ral al
5 0,b (3
AR
% f(t) =m.t + b g &
A A
§ T - 4 > §
e 1) ForO<t<s I ™ o
< 2 > 0 4 M
o _Y2—y1__ A-0 24 2 5
M= =T T 8!
:;: X2 —X1 5~ 0 T | :;:
A A
3 24 %
'8 T o
'8! '8
'8! '8
& &
® 2) For 5 <t<T &
% y2-yi A0 24 %
S M e—x T LT
%! X2 X1 T — 5 6
'8! . N . : S
::j To find (b) in this case we use the slop equation a gain, *
K = Y10 I:I
ral - Pal
O — —A— O
::: 24 = A-b | > b=A :::
o] T T—-0 '8!
&3 &
'8! '8
o - fa(t) = t+ A %
& T &
& &
& &
& &
02 &
'8! '8
* . . . o . . ®
® | Note:- the function f4(t) is the right shifting on x-axis of function fs(t) and reflected about | &
3 03
® | x-axis, so you can find any shifted function on x-axis directly using this prosperities, !
3 03
ral Pal
3 3) Right shift (shifting function a unit to the right f(x) = f(x—a (3
'8! '8
;:j (4) X-axis reflection f(t) = —f(t) ;:j
% | So, %!
R o _2A o =D = (2 N 7 %
) =—t& ) =—ftt—2) =—( (t— 7)) = — t+A 03
5 (V) == a(l) =Tt — —) = ( ) = %
* vAg 3
& <(28)> &

Vv eTeror
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H.W.: Find the function of the following wave form.
Answer [period T =4,f(t)=t,-1<t<1&f(t)=-t+2,1<t<3

J(0)

A

g DX
! S
! S
! S
8! S
! S
8! S
rat rad
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 (2
(2 £
(2 (2
(2 £
rat Pal
0 (2
(2 £
0 (2
(2 £
0 (2
(2 £
rat Pal
(2 (2
(2 £
(2 (2
(2 £
’:‘ Ay ’:‘
rat Pal
s (20 3
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'8 '8!
s e
& [Ltectute (4) ]] Root-Mean-Square (R.M.S.) %
s S
(S & Average Values (3
5 e
% Root-Mean-Square (RM.S.) Value %
5 The r.m.s. value of an alternating current is given by that steady (d.c.) current which 8

¢ When flowing through a given circuit for a given time produces the same heat as ‘g
¢ produced by the alternating current when flowing through the same circuit for the same g
st time. It is also known as the effective or virtual value of the alternating current, the former g

s term being used more extensively. '8
:2: For computing the r.m.s. value of symmetrical sinusoidal alternating currents, :2:
:2: 1) Graphical method or mid-ordinate method; This can be used for an alternating :2:
::: current having any wave form i.e. sinusoidal, triangular, square, etc. :3:
::: 2) Analytical Method: This is to be used for purely sinusoidally varying alternating :::
::: current. :::
& 3) Area method. X
s e
e e
e s
e s
val ral
& Importance of RM.S. Value 3
A - = . .. ep - ] A
% 1) In case of alternating quantities, the r.m.s. values are used for specifying magnitudes of &
(D . ‘s O
;:j alternating quantities. o
% 2) The ammeters and voltmeters record the r.m.s. values of current and voltage o
;:: respectively. '8
;:: 3) The heat produced due to a.c. is proportional to square of the r.m.s. value of the current. ;::
&3 &3
'8! '8!
S . . — g
;:j Note: In practice r.m.s. values are used to analyze alternating quantities. If the voltage and ;:j
;:j current doesn't specified, it represent r.m.s. values. ;:j
Yal . . Yal
;§:1- Mid-ordinate Method: ;g
;:j In Figure (4.1) are shown the positive half cycles for both symmetrical sinusoidal and ;:j
;:j non-sinusoidal alternating currents. ;:j
;:j The r.m.s. value of the squares of the instantaneous currents is given by the expression, ;:j
'8! '8!
b< .2 .2 .2 s
s I +iy +...+1i S
% . 1= z '8!
R '8!
Y

;3: Similarly, the r.m.s. value of alternating voltage is given by the expression, ;:1
3 03
o 2 2 2 '8
e VitV + Y, e
'8! = ' '8!
'8! '8!
(S N (3
'8! '8!
'8! '8!
'8! '8!
'8! '8!
3 VA 3
& <(30)> &3

Vv ST or
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3 3
A A
a! !

Yal E P
8 E - ral
'8! i 5 a
0 ~ 5 8!
'8! '8!
'® - t - Pal
5 -~ : - 8
'8! ' e
& Figure (4.1) 3
'8! 3
'8 3
'8 3
2 A
8 2- Analytical Method S
& The standard form of a sinusoidal alternating current is, &
ral . . _ . a4
M 1= I, sin ot = |, sin 0. &
® The mean of the squares of the instantaneous values of current over one complete cycle is &
¥ (even the value over half a cycle will do). &
Al ] .2 R4
K x4 de (5
%! 0 (2m-0) rat
s : ’al
8 rat
al N
O . . A
¢! The square root of this value is = Pat
'8! '8
S &
& Hence. the rm.s. value of the alternating current is 8!
s ' D<
62 3
'8! (12 a!
(D 2m 2 n (>
P A0 I .2 . . 8!
(3 I = J r—): :i"’J sin” 0 d0 (puti=1I_sinB)g
s o 2m 2 Jo & &
(2 \ _ VA AN &
Pat Pat
(2 .2 .2 1 — cos 26 Q3
::1 Now,cos 26 =1-2sin" 6 .. sin” 0= ——F— ::j
Pat . i "
02 &3
::: (IE o 'Iz 120 n :::
= sSin
& I = :iJ‘ (1-cos20)dB |=,[| ™| 6~ W 0>
(2 \ 4 Jo AT 2, &
'8! / !
:.: 2 2 . I :‘:
s _ | L 1= "= =0.707 I S
Pat - - . - - - — U 24
3 4 2 V2 m :%
hal ) . . . J
;:: Hence, we find that for a symmetrical sinusoidal current :::
;:: r.m.s. value of current = 0.707 x max. value of current :::
& (3
K (3
& (3
& s
& (3
K (3
& (3
& s
(3 Ay %!
K3 <(31)> S
(3 orTesiY, s
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3- Area Method: In analytical method, the integral of i’ represents the area under the i°

waveform. Thus, '8
'area under the i* curve 0

‘r-:ﬂ' | <

A base 8

p p - . . O

So to compute effective values using this equation, do the following: o
Step 1: Square the current (or voltage) curve. *

Step 2: Find the area under the squared curve. *

Step 3: Divide the area by the length of the curve. '8

- A

Step 4: Find the square root of the value from Step 3. '8

8!

Pad

: Pl
Generally: :gi
A

algebric sum of individual squared shapes area under curve at

r.m.s. value = &

lenght of curve &

'8 Table (4.1) '8
o Shapes Shapes Area Squared Shapes Squared Shapes Area o
% | 1 | Rectangle = Length x width Rectangle = Length x width '8
& R
(3 t = axb * = (a%)xb %
'8! S
'8! '8!
3 3
3 . 3
’.‘ b 2 > ’.‘
Pl b <
(D O
% | %
% | 2 | Triangle =1 i Parabolic curve =1 i 8!
s =5 X Base x Altitude =3 X Base x Altitude :.:
ral

S == X bxh = = X bxh Yal
P 2 3 0
%! == X axbxsin0 S
ral 2 rat
(D > O
3 " > 3
'8! ! 3
'8! 3
(3 . (3
e | 6 = 2x amplitude '8!
(S (3
3 =2x A 3
Pal - m Pal
(2 ()
3 3
'8! '8
3 3
'8! '8
3 3
ral H Pal
K Sine wave K
(D O
'8! '8!
8! 3
'8! '8
3 3
'8! '8!
3 3
'8! '8!
3 3
'8! '8!
3 vAg '8
(3 <(32)> (3
8! ey, 3
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'8 '8!
s e
s RM.S. Value of a Complex Wave S
% In their case also, either the mid-ordinate method (when equation of the wave is not 03
3 known) or analytical method (when equation of the wave is known) may be used. 03
s Suppose a current having the equation, '8
'8! I =12 sin ot + 6 sin (3ot — 7/6) + 4 sin (Sot + 7/3) '8!
'8 Then, the r.m.s. value is: 7 '8
¥ Fundamental ............... 12/ J2 )2 Eg
'8! ' a
& 3rd harmonic ............... (6/7/2) &
S , s
&  5th harmonic ............... (4/\2)* 02
s S
s S
8§ 1= \JA2N2) +(6\2) + (4N2))] =974 A S
e s
# If there is a direct current of (say) 5 amperes flowing in the circuit also, the equation of the ¥
& complex wave, in that case, would be, &
:g =5+ 12 sin ot + 6 sin 3ot — n1/6) + 4 sin (5ot + 7/3) I%}
& then the r.m.s. value would have been &
e | s
§ = JU2/V2) P+ (62 + (42) P+ 57 = 1093 A s

® Hence, for complex waves the r.m.s. value of a complex current wave is equal to the %
® square root of the sum of the squares of the r.m.s. values of its individual components. &

ral rat
! 8
ra "2l
o o
& Average Value 3

E:i The average value I, of an alternating current is expressed by that steady current which E:i
::: transfers across any circuit the same charge as is transferred by that alternating current :::
::: during the same time. :::
::: In the case of a symmetrical alternating current (i.e. one whose two half-cycles are :::
::: exactly similar, whether sinusoidal or non-sinusoidal), the average value over a :::
& complete cycle is zero. Hence, in their case, the average value is obtained by adding or &

I:i integrating the instantaneous values of current over one half-cycle only. But in the case I:i
I:l of an unsymmetrical alternating current (like half-wave rectified current) the average I:i
I:l value must always be taken over the whole cycle. ::1
E§ Importance of Average Value Eg
::j 1)  The average value is used for applications like battery charging. ;::
;:j 2)  The charge transferred in capacitor circuits is measured using average values. ;::
;:j 3) The average values of voltages and currents play an important role in analysis the ;:1
;:j rectifier circuits. o :::
;:; 4)  The average value is |nd|cateo_l by d_.c. ammeters and voltmeters. ;::
;:; 5) The average value of purely sinusoidal waveform is always zero. :::
::: vAg :::
oDy
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3 3
g 8
o . . a
s 1- Mid-ordinate Method: S
A A
s , S
'8! I+, +1, '8!
& | v = - 62
8! 8!
8! 8!
a s
:g: | OV Vs +V '5
8! Vav = 3
K f &
A A
8! 8!
8! 8!
8! 8!
8! 8!
8! 8!
a! . !
s 2- Analytical Method S
®  The standard equation of an alternating current is, i = I, sin 0 *
3 g . &l
3 [ idd  _ Im [ - _ 3
< = ———=-"| smnbBdo - ad
o I hm=—0 =nl (putting value of 1) *
>§< _ I, N LI = 27, I,  twice the maximum current %
g — |—cosO|,=—"H+1-(D|= =—5= ral
03 T n n w/2 n '8
A 3 A
:g !av - fm’:%n: 0'63?1;;:? &
! ad
(3 i ¢S
::1 ~ Average value of current = 0.637 x maximum value *
"al . . Pal
& | Note. R.M.S. value is always greater than average value except in the case of a rectangular |
< Pal
& | wave when both are equal. 8!
"al ral
(2 (2
Pat Pat
(2 (2
Pat Pat
¢ 3-Area Method 3
Pat Pat
>:< algebric sum of individual area under curve >:<
8 Average value = 8
(> lenght of curve :0:
(3 '8
S &
¢ Form Factor *
Pal Pat
(R : r.ms. value 07077 : . : ()
'® It is defined as the ratio. K= = ™ =1.1. (for sinusoidal alternating currents only) 8,
% average value  0.637 7 _ ,&
Pal Pat
(3 _ _ _ 0.707 E (3
:0: In the case of sinusoidal alternating voltage also, K,= ———2 =1.11 :01
% B B 7 0.637E, ,&
::: As is clear. the knowledge of form factor will enable the r.m.s. value to be found from the arith- :::
® metic mean value and vice-versa. 03
o o
S Ay (3
% <(34)> S

Vv ST or
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$ &
A A
52 a
5 s
o Crest or Peak or Amplitude Factor 8
s s
Yal : Pat
al ) o maximum value I L. . 3
' Itis defined as the ratio K = =—"==+/2 =1.414 (for sinusoidal a.c. only) &
:f: r.m.s. value I/ / :ﬁ:
a a
it s
@ . o vy 1 . - r , - — m — 1 ’;‘
e For sinusoidal alternating voltage also, K, = —"= =1.414 '8!
}i{ m llll ’i‘

¢ Knowledge of this factor is of importance in dielectric insulation testing, because the &
¢ dielectric stress to which the insulation is subjected, is proportional to the maximum or 8
¢ peak value of the applied voltage. The knowledge is also necessary when measuring iron

¢ losses, because the iron loss depends on the value of maximum flux. '8!
¥ %
8! 8!
8! 8!
8! 8!

8 RM.S. Value of H.W. Rectified Alternating Current S

& Half-wave (H.W.) rectified alternating current is one whose one half-cycle has been %

s suppressed as shown in Figure (4.2) where 3
3 suppressed half-cycle is shown dotted. i 3
'8! '8!
® . RMS current T Ln :ﬁ:
¥ m -2 = - 2
::: I = J‘T; de |_ Iirsm-eﬂrﬂ o n\ /21: 3in 8
(3 0 2; 2nto _ 63
o] ' —0 '\ '8
$ B e / $
(2 = — [ — COS ()
::} ar Jo a _Bj \/ ::1
. »
& Figure (4.2) &
'8! ' : '8!
Pal f - 70
3 (12| sin28| (2 5L I, (3
! = ‘_B— = = |_'W><;r[ = II .'.f=—=[|.:"]:m '0‘
3 n S Va4 / 2 (3
'8! . '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
& &
(> . . Q3
& Average Value of H.W. Rectified Alternating Current 3
Pal Pal
(3 m / n (3
D ; ) . , K
& I = I id6 _ Lw ["in 6 d6 (v i=1_sin0) &
::: Jo 2 2m Jo :::
Pat Pat
(2 1 I I (2
ral n Pal
% = m I_ cos B'| — My _m %
'8 2n 0 2r s '8}
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
Pal Pal
* YAy (3
: g :
S S Teaiw, 9
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K Pt
2 o
D- Al
s e
* Table (4.2):R.M.S & average values of some wave forms 02
s e
D< <
:2: Wave form R.M.S | Average | Form factor (Ky) | Peak factor (K,) :i:
% value value _ R.M.S. value _ Max. value ygq
P - - "a
al average value R.M.S. value ral
g - I '8!
% | 1 | Sine wave I 2L, K = (L 1v2) K, = ﬁ S
va | om (2im ) )
(3 =111 =141 (3
A A
(2 <
pa A
s s
s s
s S
K2 el
s | 2 I Iy _ (Im/2) K, = —m %
(3 - — K== " (I 2) (3
:ﬁ: 2 4 (Im/n) _ m/2 :ﬁ:
vat =157 - "l
e s
. <
Al A
e > s
a 0 t P
e s
e s
6 Find o I s
5 3 | Full wave rectified sine wave | In, 21y ‘= (L v2) Ka= 7 %
% 4 V2 m "7 Clnm) (1 jv2) 3
0 L eees; =111 =141 8
S S
(3 > &
(3 1 &
'8! 0 t '8!
%! (3
%! (3
* I I 0
K2 4 | Rectangular wave I, I Ki= =1 K,= =1 e
'8! A Im tm ®
S (3
* I &
8! (3
8! (3
* &
s 0 7 s
ral Pal
?

s 5 | Triangular wave Ly I " (L 1y3) K,= —2 %
S 4 V3 2 " w2 Unpa) |
8 I, _ =173 '8
8! =1.16 g
'8! '8!
'8! '8!
'8! '8!
& = &
0 0 ! &
R 62
R &
o 62
O O
%! '8
%! 3
ral s
e YAy (3
ral s
s p Dy %
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A A
a! !

w | Example 1: Calculate the r.m.s. value, the form factor and peak factor of a periodic |
s | Voltage having the following values for equal time intervals changing suddenly from one | g

<
& | value to the next : 0, 5, 10, 20, 50, 60, 50, 20, 10, 5, 0,~5, =10 V etc. &
ral . - rad
% | What would be the r.m.s value of sine wave having the same peak value ? 62
D< " <
¢ Solution: %
A
& 02+ 52+ 102+ 202+ 5024 602+ 502 + 202 + 102 + 52
& Vims = f
(2 r.m.s. 10
D<
I;l =31V (approx.)
S 0+5+10+20+50+60+50+20+10+5
:e: Vaverage (half'cyde) = 10
A
& =23V !
% Form factor = —=¥ae _31_ ) o5
a - - - _——_——41.
2 average value 23
% maximum value _ 60
' Peak factor = =—=
(3 r.m.s.value 31 3
% R.M.S. value of a sine wave of the same peak value = 0.707 x 60 = 42.2 V. o
s Pas
e ral
e ral
'8! '8!
8 rat
e rat

o | Example 2: Calculate the r.m.s. value, average value, form factor and peak factor of a |’
¢ | periodic current having the following values for equal time intervals changing suddenly |

ral Pal
% | from one value to the next : 0, 2, 4, 6, 8, 10, 8, 6, 4, 2, 0,2, —4,6, —8,-10, -8,... S
8 . &S
% Solution: curenti 03
& urrent i ’.‘
S V.= [034224424 624824102482 + 62 442 + 22 ol 3
% rms — 10 sl ,:‘
< 1 D4
K2 = 5.8309 A (approx.) °T (3
'8! 04+2+4+6+8+10+8+6+4+2 21 0
e \V = ()
"al average 0 ha!
& 10 Time y.q
3 =5V 1 3
": r.m.s.value 5.8309 N :‘:
D .mn.s. ] 5+

& Form factor = = =1.1661 M 8
'8 average value 5 ol '8
0 maximum value 10 (2
'8 Peak factor = = =1.715 (3
(2 r.m.s.value 5.8309 (2
S S
S S
S S
S S
% S
S S
% S
S S
% S
S S
% s
S S
S S
S S
g YAy '8
$ DS $
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A A
a! !

w | Example 3: Calculate the reading which will be given by a hot-wire voltmeter if it is | g
¢ | connected across the terminals of a generator whose voltage waveform is represented by |

Pal . . . <
2| v =200 sin ot + 100 sin 3ot + 50 sin Sot ¥
al - hal
'8 Solution: i
O ] ; ] . O
;g Since hot-wire voltmeter reads only r.m.s value, we will have to find the r.m.s. value of the 03
* given voltage. Considering one complete cycle, o
al ' hal
< < 5 <
G2 R.M.S. value V = % [ v'd8 where 8 = ar 62
e 2r Jo 8
Pat

’i‘ 2 1 3¢ : . PR, 'ﬁ‘
:;: or == T [ (200 s1n 8 + 100 sin 36 + 50 sin 38)” d6 :;:
A 2z J0 A
al : hal
W a1 bl ] 2 X bl = 3, % b - W
% = o[ (200% sin’ + 1007 sin” 36 + 50° sin” 56 %
& 2m Jo &
"a\ "al
:;: +2x 200.100s1m 6. s1n 36 + 2 x 100.50. sin 36. s1n 58 :;:
A A
(3 +2x 50.200.sin 56 .sin 6) d6 03
’x‘ ; 4 bl o) 8\ ’x‘
val 1}200° 100"  50° — K& Yal
3 _ v_n( 0", L0050 bini=76250 3
Egi V = f26,250 =162V Egi
(2 s A 4
::: Alternative Solution :ﬁ:
::: The rm s. value of individual components are (300-"\/‘_2— ). (100:'\/5 ) and (30.:‘\/3-— ). Hence. as :g
::: stated 1n Art. 11.16, :%:
’.‘ . 2 2 - 2 2 X - - '.‘
S V= IR+ V212 = Q00i2)* +Q002)’ +(504/2)* =162 % 3
3 (3
3 (3
3 (3
3 - . . - : — 0!
I:l Example 4: Find the effective value of a resultant current in a wire which carries I:l
I:l simultaneously a direct current of 10 A and alternating current given by, I:I
Pal | - . . . Pat
& | i =12 sin ot + 6 sin 3ot — 2) + 4 sin (Sot+ <) &
I:l Solution: I:}
§ lsc= 10A, 1,1= 12A, |,= 6A, |3= 4A E:i
::} ) 122 6 \2 4\2 ::j
&3 = — — —) =14. 03
% e = 102+ (2) + () + () =140712A $
(3 (3
3 8!
(3 (3
3 3
(3 (3
3 3
(3 (3
3 3
(3 (3
8 3
(3 (3
3 3
3 (3
Pat Pat
’:‘ Ay ’:‘
8 L% 8

Vv ST or
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'8 '
D- Al
e ral
D< N " . . N <
:3: Example 5: One cycle of a voltage waveform is shown in Figure (a). Determine its :g:
:3: effective (rms) value. :g:
A A
e rat
e . rat
at Solution: Pl
¢ Square the voltage waveform point by point is shown in figure (b), *
e rat
e rat
g 400 X 4) + X 2) + X 2)+ (0x2 %
& V= (400 X 4) + (900 ) + (100 )+ (0 ) _ /3600 _ 10.0V K3
Pal Pat
3 10 10 0
A A
e rat
E:i v (V) 1!2 E:i
A A'
D< A A rad
val Pad
3 30 9004-------- 3
A A
s s
& 20 100 &
< 104 400 Y 0 e
val ral
:21 () 1Tt bt -—H—I—Iﬂ—l:l—l—l—»/ f :::
8 b 12345078910 0 2 4 6 8 10 R
}" [ - [ ’V‘
:g «~— T —>| le——7= 10— :%
% (a) Voltage waveform (b) Squared waveform 0
'8! '8!
'8! 3
'8! 3
'8! . . — 3
I:l Example 6: Determine the effective (rms) value of the waveform shown in Figure (a). I:I
'8! '8
'8! : '8
& Solution: &
ra! . . . . . ral
::: Square the voltage waveform point by point is shown in figure (b), :::
3 03
'8! '8
'8! OX3)+ (1 X2)+ (4 X3) 41 '8
3 = = =226A &
o Lett = = /o = 2.26 el
ral 8 8 ral
R 62
o &
R 1 &
'8! : T 3
S i(A) e
'8! 4 3
'8 3
'8! 3 3
ral AL al ] [ Pal
ral T Pal
>:< D-—1—|—|—|—g—|—|—l—>;m >:<
'8 14123456738 [4----- '8
S /3 S——— — [ (s) e
e «——1 cycle —» 12345678 e
'8 3
:0: (a) (b) :0:
03 03
'8! 3
Pal Pal
* YAy 3
8 O 3

Vv ST or
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Y,
' Example 7: Determine the effective (rms) value of the waveform shown in Figure. (3
A A
s S
s . S
s Solution: rat
s S
s Ly, 12 S
(@), Ims = —==—==8.484 mA. £
:i: ( ) rms \/7 \/E :i:
s L, 12 . _ S
% (b), lms = \/—"l =—=8.484 mA. , Note that frequency did not change the effective value '
8! —m _ 27 o 8!
S (©), lims = Zo G C 120 V. ¢S
'8! '8!
& i (mA) i (mA) " 0
s S
s S

ot L L
3 12 12 m [\\ A 169.7V 0
& ‘ | &

(3 ’ \/15 ’ U UIU V's &
gl X

'8! '8!
'8! '8!
'8! '8!
'8! '8!
& &
A [ A
3 (a) (b) (c} &
& &

A
s 8
'8! '8!
I:l Example 8: Determine the effective (rms) value of the waveform shown in Figure (a). *
ral at
s 8
'8! ion- '8!
o Solution: e
CRE : - '8
ral | | Pal
03 f | 3
8! .= | (QJH} + {1}{4) = -'ﬂ = 2236V 8!
'0‘ s | 8 |I B - '.‘
ral | Pal
\ ‘*f
'8! '8
'8! ) '8
'8! (V) '8
'8! '8
'8! '8
'8! '8
(3 ? (3
'8! 3
'8! 3
'8 V) 03
% V( S
(> «—1 cycle ——— '8
0 I 03
'8! '8
ral | Pal
R 3 62
03 I 03
0> > '8
'8! ! b7 =1 3
8! I 1 '/. 8!
§ 0 4 s, | 3
0 > ' - 03
:.: IR {(s) 0 4 8 1 (s) :.:
0 03
'8! 3
'8 '8
::j (@) (b) squared shape ;:1
'8! 3
0> '8
'8! 3
0> '8
'8! YAy '8
Pal Pal
$ ~(a0)= 3
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A A
% e
at - - - - <
w | Example 9: Determine the effective (rms) value of the waveform shown in Figure (a). :%
at al
:i: Solution: :i:
A' - A
rat ’ <
& . _ (A0 + 1O + #HQ)  _ (240 _ 400y &
D< Irms - - . <
S 10 10 (3
A A
\/ X W
:ﬁ: 100 :ﬁ:
\Z 'f‘.."j. W
:i: = 1 cycle :i:
rat al
5 - 1— ] $
% 11| N ——— _ !
'8! ] npmpmpns pupmp—— f——— ——T 10 1) 0 2 A 6 3 10t 8
e X
a! 10 Yat
P <
I;l (a) (b) squared shape :%
% !
% el
# | Example 10: Determine the average and effective (rms) value of the waveform shown in | %
\_/ - "
& | Figure (a). &
'8! '8!
0 &
) -

% Solution: 2
P< . P
< <]
% La. ). .'r - 3 — - - %
Sy~ | (1600)(10 X 10°) + (1600)(10 X 10™%) e
(2 TS WY -3 ral
% A" 20 = 10 %
'8 i . o
% /32,000 X 10° _ _ —— 3
Yal - == — W Yal
(3 | 3 YW 1600 0!
() Y 20X 10 (3
G2 0
;:: Vo = 40V ;::
G 0
$ &
ral Pal
G 0
G 0
$ , 0
8 b v (V) '8
'8! 3
'8 3
8! [717)) S ————— '8!
K3 (V) T ()
&3 0
(3 : : ' 3
}.1 —1-[:' 1 1 }.1
3 I ' 3
'8! I l 3

ol | |

'8! 0 10 20 £ (ms) i I 0>
& I l %
'8 (3
s -40 - - - 0 10 20 t (ms) s
p< — 1 cycle —= P
& | %
G2 %
& %
Pal Pat
’:‘ Ay s
& <(41)> K3
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8 s
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:3: Example 11: Compute the average and effective values of the square voltage wave shown. ;g:
% Solution: “ &
A . ; O
¢ Time period T= 0.3 second 03
5 v :{ 20V 0<t<0.1 20V %
(2 oV 01<t<0.3 \ ‘ (2
at . . at
s S
(2 T 1 (0.1 (3
N = Al
&V, = LJ v dr=—[""20ds 0 01 02 03 04 t %
2 ' T Jo 0.3 Jo seconds ¥
A A
Pat | %!
'8! = —(20x 0.1)=6.67V '8!
8 03 ) 3
s S
s S
s S
s has
K2 ,_1fgd IR D N P
 Vo=l=| vdl =]— 207 dt =|—(400x0.1)=[1333 =11.5 S
'8! T 0.3 0.3 '8!
® 0 A Jo %) &
e S
s S
s S
s S
e . — P TEr— e
:i: Example 12: Calculate the RMS value of the function shown in Figure if it is given that :i:
A' — — — A
& | for0<t<0.1,y=10(1 —¢*™)and0.1<t<0.2,y=10e "D 3
&3 - 8
s Solution: A 8!
- : Y '8
& Time period T= 0.2 second *
val _ ral
:g Yo :{10(1 —e 100y 0<t<0.1 10 :?
& 10200 01 <t <0.2 /\ /\ / 3
::1 5 1 el , 02 , . ;::
s V== yodt + I/ 01 02 03 04 3
»:1 0.2 1Jo 0.1 t (seconds) —= ':‘
ral Pal
I:l 1)L o 100142 0.2 50(—0.1)\2 ::1
$ =5t 10ta-e )dz+_[01(1oe Dy2 3
&3 : : &5
'8! '8!
8! 0.1 , ., B 0.2 e 3
R %4_[ 100 (1+e " —2¢ ‘““*"}aﬂj 100 ¢ ¢ ”-”df} *
e 2 Jo 0.1 0>
'8! '8!
'8! , 0.1 0.2 '8
$ = 500§ 7-0.005¢ " 40026 | 40010 ] } *
8! 0 0.1 g
'8! '8!
® < -20 ~10 - ~10 '8!
8 = 5004 (0.1-0.005¢™ +0.02¢7'*) = (0 - 0.005+ 0.02) | +| (- 0.01¢7'* ) - (<0.01) | 1
'8! '8!
'8! '8!
ral Pal
¥ =500x0.095=475 . Y=.475 =6.9 e
& &
'8! '8!
'8! '8!
s vAY &
K3 <(a2)> &
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D &S
a! !

w | Example 13: The half cycle of an alternating signal is as follows: It increases uniformly | g
w | from zero at 0° to F,, at a°,remains constant from a° (180 — a)°, decreases uniformaly from |

w | Fm at (180 — a)° to zero at 180°. Calculate the average and effective values of the signal. 8
'8! - 8
a Solution: A B rat
'8! '8!
'8! '8!
'8! '8!
'8! '8!
Pal A
(2 B [F En 8!
'8! '8!
'8! y '8!
\(
& E D . 8!
'8! o o (n—a) '8
< e O
'8! '8!
'8! '8!
'8! '8
'8! '8!
'8! '8
'8! '8
'8! '8
'8! '8
'8! '8
'8! '8
'8! '8
'8! '8
'8! '8
'8! '8
'8 '8
'8! '8
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
ral 7’1
S S
S S
S S
S S
o 62
o 62
o 62
o 62
o 02
R 02
R 02
R 62
R 62
R 62
o 62
o &
o &
R &
R &
R 62
R 62
R 62
R 62
R 62
R 62
R 62
R &
R 62
R &
R 62
R &
R 62
g average value=(mt— o) F/n & rms.value=F, [1— — 8
'8! 3m '8!
Pat >.1
R 2
* YAy (3
Pal Pal
K3 <(a3)> &
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Y 4
' Example 14: Find the average and r.m.s values of the a.c. voltage whose waveform is (3
& | given in Figure (a). e
% Soluti %
s Solution: S
D< <
’3‘ For finding the average value, A; =20x1=20V.s, A,=—5x2=-10V.s ’3‘
at at
;g Net area over the full cycle=A; + A,=20—-10=10 V.s. ;g
& Average value=10V.s/55s=2V. o
s Figure (b) shows a graph of v* (t). S
®  Average value of the squared area =400 V> x 1s+25V?x2s=450V ’s. 03
# The average value of the sum of the square = 450 V %.s /5s = 90V? 03
& rms value =v90V2=9.49 V. &
A A'
e ‘..2(1)1 %
§ 20V §
:21 400V~ :::
A A
s S
s S
::: ol 2 4 79 12 25V :g:
::: Lol L LA2] 56 10 11 t :ﬁ:
o] ' T 12 as 67 omnn T *
::: (a) (b) :;:
'8! '8!
'8! . — '8!
::1 Example 15: What is the significance of the r.m.s and average values of a wave ? I:j
::1 Determine the r.m.s. and average value of the waveform shown ::1
& Solution: ” s
ral . . Pal
::: Time period T= T second i :::
&3 &5
8! 10 03
% Y(t)=— t+10 &
'8! T T ; 3
$ 1, = L[ va=L[ (10+2%)a *
%! TJo TJo ' T ) e
:.: g — Time :0:
2 _ 1 10 1] 5t < &
R = —| |10dt+—.t.dr |==|10t +— = 15 '8!
G2 T Jo T T T 02
R | 0 62
& _. > 6
O evatne = 1 7.2 r 10 .\ e
el Mean square value = _J yodrt :J (10 +_;) dt %
e T'Jo 0 T _ el
'8! - '8!
K 1 (T( nn. 100 2 . 200 1 K
(< = —j 100+—-1"+=——1¢ |dt = = &
(3 I'Jo T r g (3
& - &
&3 T = &S
::j or RMS value = 10+/7/3 =15.2 ::j
::: YAy :::
K3 <(a2)> &
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’al A
' Example 16: For the trapezoidal current wave-form of Figure shown, determine the (3
% | effective value. S
ad - al
% Solution: iA %
A A
& 201, 3T &
(3 |(t):3—Tt for O<t<% Ll A€ &
'8 = Ts™ '8!
: i(t) =1 f il <t< 1 i B D \E / 3
s I(t) = or — — i | e
% m 20 20 O 3T 71 %
a! — = Yal
. 201, 101, 7T 10T 20T 20 ;‘ S
$ i(t) = — t+ for —<t<—— 7 2 i 3
& 3T 3 20 20 m %
A A
s S
s S
< 3T 10T b
& Note: [0 200m ) _ (20 (_20m 106 ) the intearati tth 8!
g | Noter Jg - = Jr o7 ¢+ —3 ) because the integration represent the 3
e s
A <
& | area under curve and the two areas are equals, so &
s e
| 3T 10T 3T at
:3: fﬁ (ZOIm t) . [20 (_ 201, . 101m) o fﬁ (201rn t) :g:
A - A
% |70\ 3T % 3T 3 0 \ 3T 8
::} 10T ::}
(2 0 201 101 2
'8! _ 20 (_2%m m '8!
% =2t S (3
&3 0 8
S 20 Pad
'8! '8!
'8! '8!
s 3
::: . 1 3120 , 77720 ] »::
S RMS value of current = a'[ i2ds + J I2ds '8
Yal i~ | = . m e
(3 7721 Jo 3T/20 e
'8! '8!
E:i - 0] ¥ 3720 5 , (77720 3 E:i
(3 = =2 == j tdt+ 1 dt |==1 e
¢S T 3T 0 J3T20 5 '8
&3 &3
I I = JB3/5)I, =07751, %
&3 &3
Pal . . . Pat
et Incidentally. the average value is given by 2
& Incidentally. tl ge val g by &
(O &
(3 o, 37720 77120 " 37120( 20] 77120 1 0>
8 Le=2i2f i+ | ndn=Z212] m e +1 [ dr s
'8 T 0 37720 T 0 3T 37720 J e
¢S 03
Pat . Pat
&3 03
K = =42 - i —_ + I | r | vy [ — E T 0
% T 3T 2 |, m 37720 ] %
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
Pal Pal
* YAy (3
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$ &
::: Example 17: Find the form-factor of the wave form given in fig. :g:
% Solution: ' %
O . . 50 O
s Time period T= 4 second 4 '8
3 i 3
& D0 amp £
e 1) =—1t forO<t<4 e
K3 4 &
A A
a4 1 (4 (50 ) e
=~ —t).dt=25A 0 12
:21 vy fO 4 4 8 :::
A A
e rat
3 2 2 4 8!
b 1 4 (50 1 50 ¢3 at
3 |rms:\/zf0 (Tt) Jdt = ZX(T) x 7| =2887A &
03 0 3
al Yal
< <
& RM.S. value _ 28.87 A 5
w For factor K; = = =1.1548 S
'8! average value 25 A (3
&S 8
'8 3
& &
A A
& | Example 18: A half-wave rectifier which prevents current flowing in one direction is &

¢ | connected in series with an a.c. ammeter and a permanent-magnet moving-coil ammeter. | &
¢ | The supply is sinusoidal. The reading on the a.c. ammeter is 10 A. Find the reading given |8
¢ | by the other ammeter. What should be the readings on the ammeters, if the other half-wave |8

::j were rectified instead of being cut off ? *
I:j Solution: s
& It should be noted that:- &
val Pal
::: e ana.c. ammeter reads r.m.s. value . :::
(< e d.c. ammeter reads the average value of the rectified current. 8!
'8! s - _ - '8!
'8 H.W. rectified alternating current, | = I,,/2and I, = I, /n s
% As a.c. ammeter reads 10 A, hence r.m.s. value of the current is 10 A. 8!
S - - '8!
g 10=1,/2 or 1,=20A 0!
::: . |y =20/m=6.365 A — reading of d.c. ammeter. :::
Pat - . - - Pat
% The full-wave rectified current wave is shown in Figure. In e
al . . . . b= Pal
% this case mean value of i over a complete cycle is given as  § e
8! : 5 S
ral Pal
S A0 1 (T . 1 &
'8} = 2 ==\ 1, 2sin"6d0 '8!
(3 0o 2n—=0 mJo Ot ——= s
% I ¢ I S %
3 . in 2 03
3 = 22 [(1-cos20)d= 2 | - SO | T ¥
& 2 Jo 2 2 o 2 &
&3 &3
& - - &
02 . =7 / - 20/ - 1A *ac - 02
E:i s I=T \E =20, \E = 14.14 A .a.c. anmuneter w ::3
3 = = ["(1,,sin0).do = = o|F = 4
8 Now, Iy = ;fo (1,,sin0).d0 = ?I—cos IF =12.73A 3
Pal Pal
(3 <(46)> 03
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¥ Pal
(2 (2
DX 4

Example 19: A full-wave rectified sinusoidal voltage is clipped at 1/ v/2 of its maximum
value. Calculate the average and RMS values of such a voltage.

% Solution: vi '8
e 8!
s V=1,,SInd for 0<6<- '8
Y&l m 4 \'A Yt
'8! | '8!
e Vm T 31 Y rat
s V=—% for —<0<— a2l /) 3
YAl . 3m | Yal
s V=1,Sin0 for —<o0<m | 8
5 Om 3nmw 2m it 8
O 4 4 8
e —=9 e
s S
val ) <
3 = U0+ vao+ [ vas! 4
’i‘ Vm' o El 0 1 T 4 ! + - _t'i | ’i‘
a R E 1 P’
s S
2 . S
:ﬁ: 1 w4 . Im'4 4 . :ﬁ:
(I vV, sinbdo+ J 0.707 de(:'HJ. V, sinbdo %
al 0 w4 34 at
s : S
'8 V w4 3v4 n V '8!
"al — _m ~eve @ 07 ~ve @3 —_m 7 4 g - 5 F "al
:31 = i[-cos O], " +0.707 6]y +]|-cos e|m}_?m.-95 1111+ 0.293) =0.54 V_ :31
A A
ral : ral
::: N 1 wd 5 Ind - n 5 - :::
% V- =— J V. sin” Hdﬂ+-[ (0.707%,)d B+ V. sin® 8d0=0341V 6
».: TiJo w4 34 :;:
& V = 0584V, 3
'8! '8!
&3 &5
ral Pal
& &
& . . . &
s | Example 20: A delayed full-wave rectified sinusoidal current has an average value equal | ¢}
% | to half its maximum value. Find the delay angle 0 (3
(3 . y angle v. e
% Solution: ik 0>
:‘: Iav: . Im :‘:
® 1= = ["(I,sin®).do ¥
8 Loy = —fe(msm ). 8
o] T 8,
3 / / '8
% = Im T 8
% = 2|—coslj 3
S o 0 o T (n+0) 2m &
%  ==(1+4 cosH) —>6 63
&3 &3
s T '8
'8! '8!
R S '8!
< = — (1 + COSG) P
O m ()
&3 &3
% -~ 0 =55.25° '8!
& 62
R &
R 62
R &
* YAy 3
Pal Pal
&3 <(47)> &3
8! ey, 3
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Yal Pat
5 - — - o
w | Example 21: The waveform of an output current is as shown in Figure. It consists of a :%
5 : » : : al
% | portion of the positive half cycle of a sine wave between the angle 0 and 180°. Determine | s
5 : o
% | the effective value for 6 = 30°. 62
5 - o
¢ Solution: 0 &
A A
Yal Pat
< 1 rm . 1 ,m ) 1, B
2 2T 21 6 , IR
Yal / Yt
%: Im 2 m (1-cos20 Im 2 sin20 |™ [I /I %:
§ = [m i (5).de = |2|(e- 22, o or $
A \ - A
e / e
\/ “\ \/
6 = 0.4921 -7 '8
Pat - m Pat
Yal Pat
Ya( Pal
Ya( Pal
e : o
e | Example 22: Calculate the “form factor” and “peak factor” of the sine wave shown. :i
a - 2
3 Solution: ik i100 sin 314t 63
E:i For0 <0 <m,i=100sin 0 and for t <0 <2m, i=0. The period is 2 §
A A
Pa - m o ral
& .0 I, = LU id® +j Ode} 3
;iq 2m 1Jo T 'ﬁ‘
DS : 0 2n 3n Pal
'®! = —4{100 | sinBdb;=31.8A '8!
0 21 0 8!
3 &
) A
$ 2oL [fPae_100° 7 100° %
§ 1 =ap ), 79O=10 [ sin a0 = L0 = 2500: 1 = 504 *
'8 2n Jo 4 s
»:1 . form factor = 50/31.8 = 1.57 ; peak factor = 100/50 =2 »:1
Pat Pat
Q3 : . - : 3
::1 Example 23: Find the average and effective values of voltage of sinusoidal waveform I:j
::1 shown in Figure. E:j
& Solution: ::1
Pal (
Q3 Q3
Pal T Pat
G P : n &
g Ve = L 1" 100sine do =120 —cos 0 | =272V &
(3 21 Jria 2n T (3
$ y \/—‘ J 100”sin’0 d@ J—IUUEJ'H (1-cos 20) dB v :
e o= sin = —CO0S = 4 ' el
::j 2w Jnid 41 Jria 47.7 :::
(D (2
Pat X
¢ '8
Pal Pat
& Y &
R &
(D (2
3 / / '8
(3 '8
p< / / !
(> Q3
(2 { / -~ 8
s 0 = b8 2n 3in s
Pal - Pat
S A ! (3
Pal Pat
$ ~(a8)= 3

'2’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’2’X’A'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘



2000 00ROVOVOOOOOOOOOOOOOOOOOOOOOOOOOVOOOOOOOOOOVODOOOOOOOOOOOVOOOON

» (
(D (2
&l University of Diyala Electrical Engineering Fundamentals |9,
'8 o 62
8] Engineering College 1st Class '8!
»: Electronic Department Year (2013-2014) Asst., Lecturer : Wisam N. AL-Obaidi >:<
| Example 24: Find the r.m.s. and average values of the saw tooth waveform shown :%
< - 2
w Solution: e
(3 Graphical Method '8
A A
:;: The average value can be found by averaging the function from f =0 to = 1 in parts as given :;:
% below : . %
& 1 (T 1 &
b Average value of (f) = —J f(f) df = — x (net area over one cycle) D<
P@ - T " T - ,;‘
:f: Now, area of a right-angled triangle = (1/2) x (base) x (altitude). :i:
:;: Hence, area of the triangle during =0 to = 0.5 second is :;:
A . A
:f: A = lx{ﬁf)x(—l}=lxl><—?=—i :i:
! ! 2 2720 T2 a
< Similarly. area of the triangle from /= 0.5 to t = 1 second is D<
al : Yal
'8 1 1.1 1 '8!
ral A, = =X (AHX(+D)==x=x2== Pad
5 2 T X @DXED =22 2 R
S S
(3 Tet area from f = —10s - - 1.1_ (3
Yal Netareafromf=0tof=1.0secondis 4, t4,= -~ +-=0 Pl
S 272 S
S . S
(3 Hence, average value of f(f) over one cycle is zero. :e:
A A
:;: For ﬂncling the rm.s. value. we will first square the ordinates of the given function and draw a :;:
2 . L . O
:;: new plot for f7(f) as shown in Fig. 11.34 (b). It would be seen that the squared ordinates from a :;:
;:q parabola. (2
S F S
::: Area under parabolic curve = 3% base » altitude. The area under the curve from = 0 to :g
< Pal
(2 (2
s! - . 1 1.1 2 al
>:< t=0.5 second 1514, = (A X2 =X—-xX4== »ﬁ
S 3 3 2 3 ol
Pat - Pat
(< - . 1 1.1 2 (3
»:1 Similarly, forf=05tof=1.0second A4,= Z(ANx4d=—x=x4== >:<
bl -3 3 2 3 [
o : 62
% Totalarea=A, +d,= 2+2=2 tmevame= | L[" 20 ar J . (3
::: otal area = 4, 2= 3 3 = 3 r.m.s. value = FJ.[:I f (t) dt = average off () :::
(2 ' (2
Pat . . .t — 7 — Pat
% o rm.s. value = 4/4/3 =1.15 %
Pat Pat
& o d P.‘
o 2 . 62
& 0L O
Pat Pat
o 62
o ¢ 62
(2 - (2
pal -1 0 t Pad
o 62
o 2
P.1 0 0.5 1 1.5 2 T P‘1
}.‘ (a} k) &
(2 g (2
:.: Analvtical Method :‘:
::: The equation of the straight line from t=0to f=1 in Fig. 11.34 (a) is :::
(< fH=4t=2:f () = 16F -16t+4 e
< !
(2 . (2
'8 rormom vatne — L [T ) 1 |47 e
%! Averagevalue= = | (4t - 2)dt=—|—=2t =0 0
el T Do _ T2 0 (>
< <
¥ 1 (7,2 e 16t LI ¥
:0: r.m.s value = J—J. (16t~ —16f + 4)dt = 2|20 0T L4 = 1.5 :‘:
& Ty T| : 2 e
S : S
Pal Pat
( (2
s VAT s
)

s <(49)= 3
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’al A
e ral
D< N <
::: Example 25: A resultant current wave is made up of two components : a 4A d.c. :g:
%% | component and a 50-Hz a.c. component, which is of sinusoidal waveform and which has a :i«
Yal . &
w | maximum value of 4A. rat
& | (i) Draw a sketch of the resultant wave. &
D< e . . . . . <
& | (i) Write an analytical expression for the current wave, reckoning t = 0 at a point where 62
R . . . ay <
:g: the a.c. component is at zero value and when di/dt is positive. »31
Igl (i) What is the average value of the resultant current over a cycle ? Igl
& | (iv) What is the effective or r.m.s. value of the resultant current ? !
< . <
:g: Solution: Igl
::: (i) Sketch of the resultant wave : ;::
A A
:g The two current components and the result- fe currant :g
3 ant current wave are shown in Fig. (Ans.) Pl /- '8!
::: (i1) Analytical expression. The instantane- ',*' ) . :::
2 ous value of the resultant current is given by I / DC 2
& i=(4+4sinwt)=(4+45in0). (Ans) \ -
Pal pa e . T ‘v ' ral
::: (iif) Average value. Since the average value 8 4A ACH, o 4A >§:
:ﬁ of the alternating current over one complete cycle is S oo et 4 :ﬂ
'8! zero, hence the average value of the resultant cur- S
"al . . "al
'8 rent is equal to the value of D.C. component Le., s
(2 4A (Ans.) A
'8! 3
::1 (iv) Effective or r.m.s. value : ¢ = E,, sin ot &
::1 Mean value of i over complete cycle is Fig. &
'8! '8!
< 1 2 i ) rat
»:q -—J- l’cﬁi:ij (4 +4sin0)° do >:<
'8! 2z Jo 2n Jo 8!
:‘: 1 = :‘:
o = — [ (16 + 32 5in 0 + 16 sin? 0) 0 &
S 2t Jo S
'8! '8
e 1 . 1-cos 20 !
(2 =—| |16+32sin0+ 16| ——— ||d0 8!
'8 2n Jo 2 ®
S 1 2 S
S 3'2?:',[) (24 + 32 sin 0 - 8 cos 26) dO 3
::: 1 sin 20" :::
% =—(249-32msﬁ-—8x ] %
& 2n 2 &
’:‘ 1 48n ’:‘
s = — (481 -32cos 2n - 4sin4n) - (- 32| =—=24 A s
'8! 2n 2n '8
'8! 3
(2 . RM.S. val I=/24 =49A. (An ®
,.: & 3. value, = J94 =4. 8.) :.:
Y

'8 3
'8! '8
'8 3
'8! '8
'8 3
'8! 3
'8 3
'8! 3
'8 3
'8! 3
Pal Pal
* YAy (3
K3 <(50)> &

Vv ST or
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Y,
s e
D< . .. N <
%t | Example 26: Determine the r.m.s. value of a semicircular current wave which has a :%
Pl . (d
% | maximum value of a. 3
s . S
wt Solution: \Y al
¢ The equation of a semi-circular wave is, (3
s 2 2 2 2 2 2 '8
:i: Xt Vv —d or v —a —x :ﬁ:
Pl _ ()
::: l +a l ant :::
A pl 2 P p ¢
s oo L= —J ydx or = (a” — ,\‘2) ax | a 3
(2 2a J-a 2a J-qa 0 58
S s
Pl _ ()
s L (™ 2 2 T s
62 = — a” dx —x" dx —lax—"— =—1g4 '8
:ﬁ: 2a J-a ( ) d 3 —a 2a ;ﬁ:
val Pad
& 2a%/3 =0.816 a %
s s
s e
e e
Yad A
e s
e s
. . . <
%1 Example 27: Calculate the r.m.s. and average value of the voltage wave shown in Fig. &
val . Pal
% Solution: 4 8!
Cp— . !
o Time periode T =2 ) e
'8! v '8!
& V=4 for 0<t<1 T 0 3
el 1 2 3 e
& V=-4t+4 for 1<t<2 5 K3
ral Pal
’:‘ 45 —=t(ms %
S ") (3
'8! '8!
'8! . '8!
'8! '8!
8! 1> y 2 8!
® v = = -.. vy dt +J vy dt 0>
K s 20 Jo 1 - o
62 &3
& &
0 [ w1 2 0
¥ 2 = 4| 4%d at+ 4 d S
s Vﬂn‘s— = I+ (_ t+4)" dt e
».: | ~0 1 :.:
Y .
62 r 03
Pat Pal
. = 3 = .
(3 1 1 [167 2 | 321 '8
" = S|l16t],+|——| +|16¢] - 63
(2 = i L i .
Y
3 : : 03
b ) Y 2% 32x 32 s %
::3 = %{mﬂﬁs 810 16x2—16x1-222 1 32 1J=T ~ ¥, =+[32/3 =3.265 volt ::i
02 - - - ) 03
} .
(< 1l : L ? L, o | af v e
».1 Z 0 1 s 0 1 2 0 i ,“
Pat Pat
2 03
Pal Pal
* vAg s
: Lok 4
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Yal Pat
6 - . . 53
:3: Example 28: Prove that if a dc current of | is superposed in a conductor by an ac current :g:
A A
'8! .3 '8!
® | of max. value I, the rms value of the resultant is \/; l. &
Yal Pat
® Solution: &
2 L . . 62
& Let the a current be i=I sino where 1 is the instantaneous value of the ac current and I the &
6 53
& dc current. 3
0 . . 8
® The rms value of (I + i) over one complete cycle is, &
Yal Pat
! 1 2« . 1 f2nm ) 1—cos 26 8t
(3 :\/g J, U +IsinB)* do :I\/{E Js (1 + 2sinf + (T)) dQ} 3
Yal Pat
Yal Palt
8 : 2 3
(2 1 0 sin26 1 3 (2
& =] —|0—26059+——( )| =] [— QRn -2+ n+2)=1 |- 3
4 2m 2 4 0 21 2 D<
Ya( Pal
Ya( Pal
Ya( Pal
Yal Pal
¢ | Example 29: compute the rms value of the voltage waveform shown. *
% Solution: S
e : P
:g The waveform is periodic with period T'= 3 s. The equation for the voltage in the time frame 3
;E: 0=t=3sis ;g
3 4V 0<r=1s %
S S
(3 v(t) = {0V | <t=2s 0>
¥ 4 8V 2 < 3 3
S —4r - <L = 38 o
'8 (3
::: The rms value is :::
Pat Pat
::: I I 2 3 1/2 :::
8 Vo= {5| [@ras [(Ora+ [(s-ara] »:<
::j 0 I 2 ::j
'8 (3
Pat ') Pat
& 1 (168 _ 641> 16,7\ |*\ ] &
! =|=|—) + {64t — —+ — 8!
s 3\ 3 2 3 /|, 3
p< 0 2 D<
(> = 1.89V (3
02 &
(2 ()
® v(1) (V) (3
3 '8
'8 3
3 '8
'8 41---7 3
3 '8
'8 3
Pal Pat
& - &
(< o 1 2 3 4 5 e
3 (=) s
Pal Pat
& &
02 B 02
(2 ()
'8 (3
%! '8!
3 (3
Pal Pat
(2 A 62
& Ve &
A <(52)> Q3
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(3 '8
D- Al
8! 8!
! : — a
:3: Example 30: Determine the rms value of the current waveform in Figure. If the :g:
% | current is passed through a resistor, find the average power absorbed by the resistor. :i«
< - 2
at Solution: i) A a
8! 8!
&  The period of the waveform is 7 = 4. Over a period, &
& we can write the current waveform as o &
8! 8!
8! . 8!
6 _ 3, 0<1<?2 0 >
8! i = 8!
$ (1) {_10’ ey o O O E U
8 e
g The rms value is -10 (3
A A
e = s
o 1 (% 1 [ 4 o
\/ _ - .2 _ - 2 . 2 O
E:i ]‘“‘S_\TJ zdr—.\/4“ (51 dr+J( 10)° d §
A 0 “0 2 O
ad Pt
3 TEE 4 [1/200 s
5 = —{257 + 100z } =4/ —(— + 200) = R
:ﬁ: \ 4 2 lo 2 \ 4\ 3 :ﬁ:
ad . : Pt
% The power absorbed by a 2-{) resistor is :ﬁ
a 2
& P = IR = (8.165)*(2) = 133.3 W K
3 K
(3 (3
(3 '8
(3 '8
ral " ; . . . ’al
::: Example 31: The waveform shown in Figure is a half-wave rectified sine wave. ;i:
::: Find the rms value and the amount of average power dissipated in a 10Q resistor. ;i:
;g Solution: o(1) A ;g
% The period of the voltage waveform is 7 = 2, and (>
S P g 10 |- 3
(3 _ '8
::1 0 [0siny, 0 < ¢t < :::
DS v = <
':‘ 0, T <<t <2 rzq
:.: 0 2 3 > :‘:
::: The rms value 1s obtained as T o Tt :::
(3 o (3
o P N I PR &
p< Vigs = = ve(f) dt = (10 sin /)" dr + 0= D<
o T 2 o
% ‘o =%l Y ,:‘
. ) ?
::: But sin“r = %{l — cos 27). Hence, »::
Pal X
(3 (3
P< s - . D<
% y: o= l —100{1 — cos 2N dr = 3—0 f— sin 21 ':‘
® 2 2 o 27 2 0
& o &
(D - \ O
Pat :.0 l X
(3 . . . . (3
(3 = (1—.——511'1217—6)221 Fims = 53§ 0>
'8! 27 2 _ 0
(D (2
¢ ~ '8
'8 The average power absorbed is '8
Pat I ms J - rad
(< P= = =25W e
e R 10 !
(3 '8
'8! Ay '8
$ ok :
! rTar, 03

-O-O-O-O-O-O-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0--0-0-O-OXORORORO-O-O-O-0-000-0-0-0-0-0-0-0-0-O-0-O0-O-O-O-O-O-O-O-O-O-OOXR



2000 00ROVOVOOOOOOOOOOOOOOOOOOOOOOOOOVOOOOOOOOOOVODOOOOOOOOOOOVOOOON

'8 3
:: University of Diyala Electrical Engineering Fundamentals :::
8] Engineering College 1st Class '8!
»: Electronic Department Year (2013-2014) Asst., Lecturer : Wisam N. AL-Obaidi >:<
s e
s e
D< <
% Home Works 3
a! Yal
D< . . <
% [1] For the periodic waveforms, 8!
val . . "a
s a. Find the period T. g
Ya! Yal
'8 b. How many cycles are shown? 3
:3: c. What is the frequency? ;g:
:3: d. Determine the positive amplitude and peak-to-peak value. :g:
o Av(V) o
e R s
Yal - v Pt
S 10 s
s s
s s
s S
Yal 0 3 0 15 0 2 30 35 s
s - : ” ) S
Yal 0 f (ms) Yt
ral -10 Pt
e e
e s
ral v (V) <
s s
s e
Yal Wk — — Yl
3 _ /I/I/I/I/ 3
e s
2 0 6 14 26 36 f (s} Pa
s s
s e
'8! : : - : '8!
I:l [2] Find the period of a periodic waveform whose frequency is Igi
& a. 25 Hz. b. 35 MHz. &
I:l c. 55 kHz. d. 1 Hz. I:j
'8! '8!
'8! . : — '8!
::1 [3] Find the frequency of a repeating waveform whose period is ::1
::1 a. 1/60 s. b.0.01s. ::1
'8! c. 34 ms. d. 25 ms. '#!
'8! : : : : : '8!
::j [4] Find the period of a sinusoidal waveform that completes 80 cycles in 24 ms. ::1
'8! '8!
'8! - : - '8!
;:j [5] If a periodic waveform has a frequency of 20 Hz, how long (in seconds) will it take to ;:j
¢ complete five cycles? '8!
&3 &
S S
Pal

;gj [6] What is the frequency of a periodic waveform that completes 42 cycles in 6 s? ;g
'8! '8!
< . . . Pal
;:: [7] Find the amplitude and frequency of the following waves: ;::
% a.20sin 377t b. 5 sin 754t 3
g C. 10" sin 10,000t d. 0.001 sin 942t S
::: e. —7.6 sin 43.6t f. (1/42)sin 6.283t :::
::: [8] If e =300 sin 157t, how long (in seconds) does it take this waveform to complete 1/2 :::
& cycle? e
'8! '8!
'8! '8!
3 vAs «
(3 <(54)> 03

AR R

'2’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’2’X’A'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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A

& [9] Sketch the following waveforms: &

D< - . @

&  a.50sin(ot + 0°) b. —20 sin(ot + 2°) !

D< . (D

% C.5sin(ot +60°) d. 4 cos ot &

& e 2cos(ot+10°) f. —5 cos(ot + 20°) &

e S

e S

D< - . - - . o

:g: [10] Write the analytical expression for the waveforms with the phase angle in degrees. &

O 8!

P L vV i (A ,%

< _ 5

O = 1000 H O

03 25 f= 60Hz ! : 0>

(3 2
a ral
% (a) (b) &
O A
& pv (V) i (A) 3
5 o
"al Ff= 15 Hz > % 107 (<

3 001|-— ———— f=1 _ - (3

'8! f= 10kH S

(3 : NS 10k '8
1

(s e
&S ral
ral (2
,& (b) (d) %
el 62
el 62
S S
¥
O . . . . . . . s
;:: [11] The sinusoidal voltage v = 200 sin(2r1000t + 60°) is plotted in Figure. Determine the ;3:
s time ty. (3
ral Pal
S 3
(D AV 0!
>.1 Pal
el 62
el 62
S S
'8! 200 3
>.1 Pal
val I 62
’.‘ 1 I- 1 1 ’0‘
b Pat
G2 - 0 Vo (2
O —hH—y T hE { e
'8! ! '8!
s 60°(— (3
>.1 Pal
el 62
(< 62
el 62
(< &
el 62
(< &
el 62
(< &
el 62
(< &
el 62
(< &
e 62
(< &
3 YAy 3
8 g 5
3 SeTeaiv, 9
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. Pat
& o vala Electrical Engineering Fundamentals :::
,: University of Diya Lst Class %
| Trgineering College Year (2013-2014) Asst., Lecturer : Wisam N. AL-Obaidi '8
| Electronic Department ear (3
e g
s ' Determine the (3
& ; i i = 45sj — 40°) i d in Figure. De 3
® [12] The sinusoidal current i = 4 sin(50,000t — 40°) is plotte g 3
Ml g '8
o time t;. S
Yal ' ) Pt
Yal Yl
Yal Yt
(3 Yt
Yal Yt
0 0
(2 4[-1 $
Pal I } = Pal
< : L] . . »%4
e i 0 {ﬂ;l T Pl y f (pes) 03
Yal I Yt
'8! [=—40” (2
Yat Yt
(3 Yt
Yal Yt
(3 Yal
Yal Yt
ad . 0
0 . ve forms. %
& [13] Find the average and rms values for the following wa 3
:ﬁ: L v (V) i (mA) :ﬁ:
Yal Yl
Nl al
e Wr-——==————z 3
Yal & Yl
Yal Yl
Yal 2L 0
¢ 3 / X &
al , r "l
2 — g ] g t (ms) W
:ﬁ: 0 1 2 3 £(s) _g _________ 4 Q :ﬁ:
Yal Yl
ad =T Ml
I (S
s — 1 cyele —— 0
'8 8!
3 8!
'8! bi(mA) ’5‘
al i(mA) K
¥ (5
}.{ L 1'|:1vr:' ”‘
! . . %
val - 1 cyele 10 ral
! } 0,
% S
! 10 5 &
'8! i . . - &
'.‘ T |/ 1] T =¥ wr '.‘
’.‘ 0 | | 1 1 1 1 - -5 7 ;.‘
ral - o K2
o dr 2345 618 9 00 f S
% =T “15Fr————-=-= Sine wave 731
% S
_10 B e
'8! i eyele s
'8! ) S
ral K
¥ S
K bv (V) (3
>.1 | }.‘
<Y 0,
::j L P 0.003 ;::
() | ™ 0921 o (3
(< 0.951 - V= K3
'8! 265 3
o 1/ 0.865 &
e 0.368 s
S v =1 - | %
::: 0.632 s 0135 '8}
'8! | 0.049 &
8! , I 0019 e
8! I 0.007 e
>.: | I 1 1 ] 1 | i - = ’.‘
& 0 i 2 3 4 35 6 71 8 9 10 1(s) S
¥ S
>.1 Pal
Pat 7‘1
S vAg e
& <(56)> s
>:< ovaTaive
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s e
’3‘ vi(V) :;:
Pal -

::: fvivy 3 1 cyele - :::
::: 1P 1 cycle : ) __I_l_ :gj
e 1 — 1 1 1 1 1 1 1 1 1 1 %
:g L L , of 1 2 3 4 5 [67 8 9 10 11 |12 ¢(3) :g
a4 O 1 2 3 4 5 |6 [7 &8 9 10 11 12 r(s “If D<
a' -1+ | | -1t Yal
'8! 2t ; [ '8!
'8 - T 3
3 ) S
'8 3
:ﬁ: +—1 cycle — :ﬁ:
;@ 10 ,@
'8 3
'8 3
'8 3
% i 4 ] f(ms) %
(S '8!
& &
(S 3
(S 3
& &
A A
e el
ral . . . . . ral
:i: [14] The current waveform in Figure shown is flowing through a 4Q- resistor. Compute :::
::: the average power delivered to the resistor. [Answer: P = 32 W] :::
62 : 8
K2 i(7) (A) ¢ S
ral at
::: 2 I ] 1 :::
Pal | | | 1 | Pal
0 - e
3

P 0 2 4 4] 8 10 12 p<
(s)
'8! '8
'8! '8
Ig [15] The current waveform in Figure shown is flowing through a 10€2- resistor. Compute %
I:l the average power delivered to the resistor. [Answer: P =80 W] I:I
& : &
& i) (A) | &
'8! (3
3 4 3
'8! (3
'8 3
'8! 3
el 4 6 12 e
Pat Pat
0 R 8 10 03
'8 f(s) 3
'8! 3
'8 3
s I s
'8 3
'8! (3
'8 3
'8 3
'8 3
'8! (3
'8 3
'8! (3
'8 3
3 vAg '8
(3 <(57)> (3
8! ey, 3
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® [16] The voltage across a 2-W resistor is given by the waveform in Figure. Find the 02
& average power absorbed by the resistor. [Answer: P = 38.22 W] &
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& [18] Find the rms value of the waveforms shown. !
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[19] Find the rms value of the current waveform of Figure. If the current flows througha %
9Q resistor, calculate the average power absorbed by the resistor. 9
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[Answer: 1=4.318A, P=192W] %

8 - a
<
<
<
<

I l l S 8!

> '8!

0 1 2 3 4 5 6 1 '8

A

R

R

. . . . . <

[20] Find the rms value of the full-wave rectified sine wave in Figure. Calculate the s

average power dissipated in a 6€ resistor.
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[Answer: 1=7.071A, P=8.333W] &
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