CHAPTER 73 MEAN AND ROOT MEAN SQUARE VALUES

EXERCISE 286 Page 778

1. Determine the mean value of (a) y = 3Jx fromx=0tox=4

(b) y = sin 26 from @=0to 9:% (c)y=4e'fromt=1tot=4

2
zl4
(b) Mean value, 9=Ljﬂl4yd9:ijmsinZedezi[—wszﬂ __2 cosZ(zj—coso
T Y0 7o V4 2 1 T 4
4
= —3(0—1) -2 or 0.637
T T
4 4 1 —
(c) Mean value, y_—j ydx_—j 4¢' dt_3[4e] §[e —e'| =69.17

2. Calculate the mean value of y = 2x* + 5 in the range x = 1 to x = 4 by (a) the mid-ordinate rule and

(b) integration.

(a) A sketch of y = 2x* +5 is shown below.

Y4
o
/Y= mv <5

20
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Using 6 intervals each of width 0.5 gives mid-ordinates at x = 1.25, 1.75, 2.25, 2.75, 3.25 and
3.75, as shown in the diagram

X 1.25 175 225 275 325 375
y=2x"+5 8.125 11.125 15.125 20.125 26.125 33.125

Area under curve between x = 1 and x = 4 using the mid-ordinate rule with 6 intervals
~ (width of interval)(sum of mid-ordinates)
~ (0.5)(8.125 + 11.125 + 15.125 + 20.125 + 26.125 + 33.125)
~ (0.5)(113.75) = 56.875

and mean value = area under curve _ 56.875 _ 56.875 1896

length of base 4-1 3

. I R 14 1[ 2% Y 1[(128 2
b) By integration, y=———| ydx==| 2x*+5dx==| =" +5x| ==|| =—+20|-| =+5
(b) By integ y 4—1Ly 3Il 3[ 3 l 3{( 3 j (3 ﬂ

Wl

(57) =19

This is the precise answer and could be obtained by an approximate method as long as sufficient

intervals were taken

3. The speed v of a vehicle is given by: v = (4t + 3) m/s, where t is the time in seconds. Determine

the average value of the speed fromt=0tot=3s.

- [8+9)-(©)] =5(27) = 9 ms

- 1 3 1r..
Average speed, v=ﬁj0 (4t+3)dt=§[2t +3t | ;

3
0

4. Find the mean value of the curve y = 6 + x — x* which lies above the x-axis by using an

approximate method. Check the result using integration.

6 +x—x"=(3-X)(2 + x) and when y = 0 (i.e. the x-axis), then (3-X)(2 +x) = 0
from which, x=3and x=—-2  Hence the curve y = 6 + x — X’ cuts the x-axis at x = -2 and at x = 3

andatx=0,y=6
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A sketch of y=6+x—x? is shown below.

Mean value, y = —2

;{(18+45 9)- (12+2+§ﬂ

= %[(13.5)—(—7.3333)]

=4.17

5. The vertical height h km of a missile varies with the horizontal distance d km, and is given by

h = 4d — d°. Determine the mean height of the missile from d = 0to d = 4 km.

3 4

Mean height, = [ (4d -d?)dd = +| 242~ | -2 ( 2--) ©0) | = 2.67km
2-070 2 0

6. The velocity v of a piston moving with simple harmonic motion at any time t is given by:

v =c sin at, where c is a constant. Determine the mean velocity betweent=0and t = z
w

wlo
Mean velocity, v = LJ' m(csin wt)dt = 2{— €Cos wt} = —Eﬁcos a)(zn —(cos 0)}
T 0 T o

Z_0 4 @ o
®

= _E(_]__]_) = E
T T
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EXERCISE 287 Page 779

1. Determine the r.m.s. values of: (a) y=3xfromx=0tox=4

(b) y=t?fromt=1tot=3 (c) y=25sin Ofrom 6=0to §=2n

nnsmes (o= oo - el (5]

(b) R.m.s value = \/{if y2d x} = \/{
- - - oo
2’5 5 2| 5 RN
(c) R.m.s value =

\/{Zﬁl_OIOZH(ZSSinH)Zda}:\/{22_57:-[02”Sin29d9}:\/{Zz_f:'[:”%(l_coszg)de}
= \/{157: [g_sinZZQI”} \/{252 [(27-0)- (0)]} \/{%} :%Or 17 68

N |~
—
=w
—_—~
~—
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N—
N
o
x
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Il
Q_
f_Jg\
N |~
=w
—+
S
o
x
Hf_/
Il
K_J%\

2. Calculate the r.m.s. values of: (a) y =sin 26from 6=0to 6= %

(b) y=1+sintfromt=0tot=2x (c) y=3cos2xfromx=0tox=nx

(note that cos® t = %(1 + cos 2t), from Chapter 44).

4 o4l 2 in40 x4
(a) R.m.s value = —j sin®20d6 =\/{;jo E(l—cos49)d0}_\/{;{9—sm4 } }

7 0o 0

SEERIREET
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(b) R.m.s value = \/{ ! J'OZ”(1+sint)2 dt} :\/{%J'OM(H 23int+sin2t)dt}

27-0
= 1 IZH g+23int—£cos2t dt
0o \2 2

iJ‘OZH[H 25int+%(1—cos 2t)dt} = \/{E

[%—ZCOSt—Sizth”}:\/{%[(37[_2_0)_(0_2_0)]}

0 T

1 = 2 95 9 r1
(c) R.m.s value = \/{EJO (3cos2x)"d x} = \/{;jo cos® 2xd x} :\/{;J‘O E(1+ cos4x)d x}

_ \/{ 9 [x+3i”4xy}=\/{%[(mo)—(o)]}:\g or 2.121

27
[Note that cos 2x =2 cos®x—1 and cos 4x =2 cos”2x—1

from which, cos® 2x = %(1+ cos4x)]

3. The distance p of points from the mean value of a frequency distribution are related to the

variable g by the equation p = L + (. Determine the standard deviation (i.e. the r.m.s. value),

correct to 3 significant figures, for values fromg=1toq=3

N |-

= /{ (13.3333)} =258

4. A current, i = 30 sin 100zt amperes is applied across an electric circuit. Determine its mean and

r.m.s. values, each correct to 4 significant figures, over the range t = 0to t = 10 ms.
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73 10x10°°
Mean value = ———— [ """ (30sin100t)dt :100{—ic05100ﬁt}
10x10° 070 1007 .
= —M[cosaoonxmxlo-?’) —Cos OJ
1007
= —ﬁ[cowr—coso]:—ﬁ[—l—l]:@
T T T
=19.10 A
r.m.s. value = \/;3 [ 30%sin 1007t dt = \/(100)(30)2 [ 11— cos2002t)dt
10x10° 070 0o 2

since cos 2A =1 - 2sin®* A from which, sin? A:%(l—cos 2A)

- \/ (100)(30)° {t_sinzooﬂtr““ _ J(looxso)z Kloxlo—s _—S‘“Z”j—(o_smm}
2 2007 |, 2 2007

2 2
- 00 1o, 15— 920~ 51
2 2

V2

5. A sinusoidal voltage has a peak value of 340 V. Calculate its mean and r.m.s. values, correct to 3

significant figures.

For a sine wave,

mean value = E>< peak value = E><340 =216V
T T

and r.m.s. value = i>< peak value = i><34O =240V

2 72

6. Determine the form factor, correct to 3 significant figures, of a sinusoidal voltage of maximum

r.m.s.value

value 100 volts, given that form factor =
average value

For a sine wave,
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average value = E>< peak valuezgxloo =63.66 V
T T

r.m.s. value = i>< peak value:ixloo =70.71V

2 2

and  form factor = r.m.s. value = 071 =111

averagevalue 63.66

7. A wave is defined by the equation:
v = E sinwt + E, sin 3wt
where E;, E; and ware constants.

. R VA
Determine the r.m.s. value of v over the interval 0 <t <=—
(4]

r.m.s. value = —_[ Esina)t+E3sin3a)t)2d(a)t)

Z_0
[0

= \/QIOW(Ef sin® wt + 2E,E, sin wtsin 3wt + E; sin? Scot)d(a)t)
VA

T

Psinza)tdt:.[g 1—cosZcotdt=[£_sm2a)t}w _ [i—oj—(O—O) _ T
0 0 2 2 , 20

4o

T

IgsinZBwtdt=I5Mdt: t_sinbat o _|( 7 _4)_(0-0)|="
0 o 2 2 120 |, |\ 20

I5 sinwtsin3mtdt :I5 sin3wtsin wtdt =J'5 —1(C054a)t—C052a)t)dt
0 0 o 2

_1 sindot  sin Zwt}
2 ivp)

2 2
Hence, r.m.s. value = @ i - E_l E_s
7| 20w 2 2
E12+E32
2
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-—2[(0-0)-(0-0)] -0




