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1he pi\‘hwiph‘ of lengt xquares
W Th (e l““"i‘“‘\“ articlex, we have seen two methods of {itting curve
, graphical method and (i) the method of 5'“"“!’ xw(‘mt'“: ’!‘h'f:'
is 8 ““\‘}:h method and in the second mmhu;l. the cv».uh’a‘u-;;nn n;"
ﬁmsm‘ g vary from ond grouping to another  grouping of data. So, we
adopt mmthc}“ method, called the method of least squares which gives o
amique set Of values to the constants in the equation of the filtin}.'.'curvc.
Ty

© M1 M2 MS Mn o~

2, ey I be the n sets of observations and let

y=fx) (D

uggested between x and Y-

be the relation S
int P;. Let the ordinate at P; meet

Let (x; Y3 be represented by the po
y=f(x) at Q; and the x-axis at M;.
MiQi =f(x,) and MiPi =Y;

QiPi':‘MiPi"MiQi:)’i“f(xi)a i=1,2,...0

a=v f(xp 1s called the residual at x=Xi Some of the d;s may be

positive and some may be negative.

n n
E= Z d,-2 = Z by;—f (Juc,-)]2 is the sum of the squares of the residuals.
=1

i=1
If E=0, ie, each d;=0, then all the n points p;, will lie on

y =) -
o not, we will choose £ (x) such that E is minimum. That is, the bes'
fitting curve o the set of points is that for which E is minimum. This principle
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nle of least squares of the least square . ite
v Known as the principie of I ggest 10 determine the fory, of

This principle does not SUs&™ f the parameters or copg. "€ ¢,
i )l‘u it determines the values 0] 1€ angg S,
)‘ t"?il X)) Hele 4\
equation of the curve, sl filling curves, S, o

. saae eame of the b

» will consider some 0 ot S
We | | . o second degree curve (i) the exponemull )

(i) u straight line (if) a scco! U,

" T A0
. mae”""(iv)\‘!hc ol 'i?l method of least squareg
H » ] le
L7V Fitting’ a straight line by . :
7 Lot (g i1 2 n be the n sets of observatlons and 1
AR Yih 851y 4y ik

SN

\ s .
a\j th

; ; e have to select a and g, ( ¢
related relation by y=ax+b. Now W hay b

straight line is the best fit to the data. )
As explained earlier, the residual at x =x;

di=y,~f(x)=y,— (ax;+b),i=1,2,...,n

E=Yd?=3 [y, (ax+b)

i=1 i=1
By the principle of least squares, E is minimum.
dE _ JE ~0
5a——0 and 3%

Le., 2Z[y;— (ax;+b)] (-x)=0 and 2 [y, (ax, + b)]( =0

n n

i=1 i=1

n n n :
ie., aZx,-2+be,-=,z XY; (1)

i=1 i=1 =]
n n
and aZx,-+nb=Zy,- (2
i=1 i=1

Since, x; y; are known, equations (1) and (2) give two equations in
@ and b. Solve for 4 and b from (1) and (2) and obtain the best fit

Note 1. Equations (1) and (2) are called normal equations.
2. Dropp/ing suffix i from (1) ang (2), the normail €quations are

aZx+nb=Yy and azx"-+b>:x=>:xy

& B ike x=X—a y=>b :
3 Transformations like x "k Y=T— reduce the finear
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a tinear fit s

wample 14, 2y the e ; 8
1§ ) 3y 1 Miethiiod erf Irvist CipherFes {,.'“, the best [{lf!”\f_’

crrenig i fine to the data given below

* b {6 % y
h ! 3_§ { (‘ v is 7 {:,i /u"’
solution. Let the straight line be v = av + b . _
The normal (,‘llnﬂ_(i(\nt; are aly 4 Q]; = Ly (1)
Y| }_;,\) V- b3y = oy (Z)
1() i Jl( \'ld‘( },.,‘. }_-\ ' ).4‘\'. }.,.\‘)7 we "()r”‘ ‘f)C‘()VJ ‘l"(.‘ ti\‘)‘c,
x y ,\’2 xy
150 16 25 80
4 19 100 190
. 23 225 345
20 26 400 520
25 30 625 750
Total 75 114 1375 1885
The normal equations are 75a+ 5b =114 (1)
1375a + 75b = 1885 ...(2)
Eliminate b; multiply (1) by 15
: 1125a+ 75b=1710 ...(3)
(2) — (3) gives, 250a= 175 or a=0"7
Hence b=1273
Hence, the best fitting line is y =0-7x + 12-3
x—15
Aliter. Let X=———5——-’ Y=y-—23
Let the line in the new variable be Y=AX+B -..(1)
x y X x2 Y XY
5 16 -2 4 =47 14
10 19 -1 1 — 4 4
15 23 0 0 0 0
20 26 1 1 3 3
25 30 2 4 7 14
Total : X 0 10 -1 35
The normal equations are AXX + 5B =2XY ...(4)
AZX? + BZIX =XXY .(5)
Therefore, SB=-1 B=—-02

The equations ;

1A =35 A=35
Y=35X-02
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Which i ifve same equation as seen before. |
Example 18, Fit a straight line 10 the data given "’f»'luw‘ :
“t"}g"l".#v‘ﬁ?fl" f“’t(’ "!?it““ Qf }: aft x= 2‘5, ) 3’!1
L G- { ] 2 Js 4
¥ A / /8 33 4. 6-3
Solution. Let the best fit be )"-"“*b (]
The normal equations are )
aXx+5b=1Xy (2
axx® + bLx = Lxy (3
We prepare the table for easy use.
X y X Y
0 1.0 0 0
l 1.8 1 1.8
4 63 16 252
Total 10 16-9 30 AT

Substituting in (2) and (3), we get,
10a + 5b =169
30a+ 10b =471

Solving, we get, a=133, b=072

Hence, the equation is y=1-33x+0-72
y(atx=2-5)=133x25+072=4045

Example 16. Fit a straight line to the following data. Also estimate

N

the value of y at x=70.
- 71 68
y : 69 72 70 70
Solution. Since the values of x and y are larger, we choose the
origins for x and y at 69 and 67 respectively. In other words, we transform

73 69 67 65 66 67
68 67 68 64

x and y.
Let X=x-69, and Y=y-67
Let Y=aX+ b be the best fit. -..(1)
The normal equations are
8¢))

aXX+8b=XY

aZX? + bTX = XY .:(3)
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A \ .
71 6O i y ; .t
6R " 2 . X XY
]
69 70 4 4 | ;
67 OR (), \ ':; p)
05 O7 1 8]
66 OR “9 0 ": ~ 2
67 G4 '): | ‘; 8]
Tl —_— - 3
T . - 6 : i 4 6
Substituting in (2) and (3) 12 54 ~3

= Oe1 - 8D = 12
A S4a — 6b = 17
Solving, we get, a=0-424242, b, - .
Thercfore, Y = 0-4242 4. ()';—x l-8 B1818
L. Yy —067=04242 (x - 69) +-0-1818
= 0-4242x - 37-909
Exampley (l«; = 71;)) = 0:4242 % 70 + 37.909 = 67-6030
y=a-+ bxy to a lin.ear)}or{)n'z‘oclz)rfc; ffrznbformaﬁon' gonmert, e, tgiagan
oo _ Z P tn th; equatiorg to fit the data.
6
10 * 98 [MS. BE 1972)

y .
Solution. Let X=xy .. The i
i - ¢quation b =
The normal equations are ecomes y = a_ bx.

(A)

azX + brX? = =Xy (D)
and 4a + bEX =Xy ...(2)
—4 4 - 16 256 — 64
1 6 6 36 36
2 10 20 400 200
3 8 24 576 192
Total: 28 34 1268 364

Using (1) and (2),
34a + 1268b =364

4a + 34b =128

Solving we get, b=0- 1286, a = 5-9069
Therefore, the equation is y = 5.9069 + 0-1286 X

ie., y= 5-9069 + 0-1286 xy.
Using this equation we get y (1 -0 1286x) = 5-9069
5-9069

bt Y=1201286x
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Wi tabulate the vajuer 10

! 79
i ! :: 678 95 ;
| G ‘.5 ' " _’. we }{C‘ (J (‘0
Note, It we take v e iy '
A ‘Taking this as lincar, we get
(R L A
aw “) ﬂ. [)«: o ﬂ ’3
That is y= 105 = 0-13xy
105
5e,, % oo f:;,(]]“t
Now tabulating, we get | 5
X 3 ;;7 02.92 012 72
y
from the given valyeg. 5
, arc far away Pe,
l o \far’/l:j}:rfm)m not correct. haDs, u
e ting a second degree curve (p, '
8 Flttmg a parabola or fitting Y the e
—aof least squares) h,
N

Let (x, yhi=12..,n be n sets of observationg of ¢
3]
variables x and y. Let y = ax* + bx + ¢ be the equation w

0 ela(
thh flts h %
Now, we have to find the constants a b, c.

M be

: 2
IS ax 4 b,
’ o1 Lhe ang th

y
For any x=x, the expected value of

corresponding observed value is Y-
The residual d;=y, - (ax?+ bx, + c)

Let £ denote the sum of the squares of the residualg.

Thatis,  E=¥[y,— (ax2+ bx; + c)]?
i=1
By the principle of Jeast squares, £'is minimum for peg values g, p, ,
oE o0E oE
da " gp=0 and =<0
D:fferenuatmg E, partially w.r.¢ a, b, ¢ and €quating to zero, y
get,

ZZ[y (ax +bx; + ¢)] (—x,-2)=0
i=]

Z; Ui~ (ax? +bx+c)](_xi)=0
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z Lvi (ax,‘"' I)x,+ A (=1)=0

i=1
simplifying, wc get
ax ,\‘,-4 + I)Zr,-“ -+ ch,2 = )_‘,x.zy
i Yi

arx; + bEx? + cEx; = Txy,
aXx’? + bEx; + nc = Xy,

Dropping the suffices, the normal equations arec

aZx® + br® + cx = 3 K2y (1)
aZx’ + bEa® + c¥x = Xxy 2)

_ 5
a’x”+ bXx + nc =Xy o)

'.I‘he. three equations (1), (2), (3) give the values of a, b, c.
Substituting these values of @, b, ¢ in y =ax?*+ bx+c, we get the result
Note. To obtain theznormal equations, we remember the following :
(’) In y=ax“+ bx +c, take T on both sides.
(i) Multiply by x both sides and then take X on both sides.
(iii) Multiply both sides by x? and then take T on both sides.
Example 18. Fit a.parabola, by the method of least squares, 10 the
wing data; also estimate y at x = 6.

follo
x v / 2 3 4 5
y S 12 26 60 97
Solution. Let y= ax® + bx + ¢ be the best fit.
Then, tHe normal equations are
a>x® + bIZx + 5¢ =Xy ..(1)
a>e + bEx? + cIx = Ixy ...(2)
asxt + bE + cxxt = szy ...(3)
We form the table.
* Y 12_ ,\} x4 Xy 12)’
1 5 1 1 1 5 5
2 12 4 - 8 16 24 48
3 26 - 9 27 81 78 234
4 60 16 64 256 240 960
5 97 25 125 625 485 2425
Total: 15 200 55 225 979 832 3672
Hence the equations (1), (2), (3) become,
55+ 156 +5¢c =200 ...(4)
225a + 55b + 15¢ =832 ...(5)
...(6)

979a + 225b + 55¢ = 3672



Numertcal pg,, h
l‘j'I!'

a0
‘ _ " ‘ ’b
N adr e i v an b | 1OBAR and €= 10400, |
Solving we get, a= 57143, b,r A = HOBSRy -+ 101400
Hence, the parabola is, ,\‘&5'”4““: o5 i |
Example 19, Fit a se‘mnd degree | mmhﬂ"‘l:;j’ 7 (I(;(;;
X 920 et 1991 ’9;‘: 60 361 193
y 1 352 356 357 J 16,
Let  X=x-1932, Y=y-357
Let Y = aX?+ X+ C be the best fit.
The normals cquations are
axxl + bEX +Tc=2Y wly
axx’ +b2:X2+cZX=ZX}; (2
2 i
aZX® + bIX® + ZX = ZXY (3
Calculation Table :
1929 352 -3 -5 ORI ?é 1';: ~ 45
1930 356 -2 -1 4 -8 1 o .~
1931 357 -1 0, syl dyent = (‘) 5 5 0
1932 358 0 1 0 | . 0
1933 360 1 3 1 ! e o 3
1934 361 2 4 g 23 ol " ;6
4 6
Total 1235361 (3) 6 28 0 196 40 e~
— 6
- Hence the normal equations become,
' 28a+7c=6 (4
28b = 40 . (5)
196a +28c =6 (6)

b=1-4286, a=-021429, c=17143 -
The equation is ¥ =—0-21429 X*> + 1-4286 X + 1-7143
Le., Yy —357=—021429 (x — 1932)* + 17143 + 1-4286 (x — 1932)
Le., ¥ =—0-21429 x? + 829-445 x — 80226533

Example 20. Fit a second degree parabola to the following data,

taking y as dependent variable. )
x & 1 2 3 4 b) 6. 7 8 9
y 2 (0] 7 8 10 11 11 10 9

Solution. Let X=x—-X=x-5 and Y=y-7
Let Y=aX?+bX+c be the best fit.

x y X Y x? x3 X4 XYy  x%
1 2 TElgt Tl g 16 —64 256 20 - 80
2 6 B ¢ R 9 _27 81 g, N0
3 7

-2 -0 4 -8 16 0 0
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2 8 -1 H
5 10 0 .' ! « | I 1 1
,‘;‘ :: i . ‘|’ c‘) , c'» 0 (;
% 4‘ & 4 £
3 l:; 3 _«: ;: R 16 # 16
FUL - e Sn. E. 4 5 27 H1 9 27
Tol Rt 0 11 1 A 2560 # 372
el 00 o 08 51 =0
The normal cquations are e . e
708a + 60¢ = — 9
Solving we get, & =085
Hence the equation is 3. 6530042
Y=—0-2673 X + 0-85 X + 30042
y—7=-—0- 2
f,) 2673 (J; — 5)2 4+ 0-85 (x — 5) + 3-:0042
e -~ , y=—02673x"+ 3523 x — 0-9283
1.9-Fitting an exponential curve
lated data

Let (X, Vi) I = :
Let (X; Yl 1, 2, ..., n be the n sets of observations of re

let x_-:;g___‘lz;__.be the best fit for the data. Then taking logarithm on both

—~

and

sides.
log;oy =10g10a + X log,ob

Y =A + Bx where Y =1l1og,qy- A =log,;0a, B = ]oglob
find A, B since x and Y.=log;gy are

is found out.

I. &5
This being linear in x and Y, we can

nown. From A, B, we can get a, b and hence y = ab”

k
form y = ax®
me——

1.10. Fitting a curve of the

log;qy =1ogjoa + b 10810¥

Since y = ax’,
X =log,ox and A =log,0a

y = A + bX where Y =I10g0)
ear fit, we find A, b.

is found out.

find the ‘best values of a

ie.,
Again using this lin
Hence a, b are known. Thus y =ab”
ble given below,

Example 21. From the tab
bx by the method of least squares.

and b in the law % = ae
o 0 | 5 8 | 12 20
y 30 1-5 1-0 055 018
Solution. y = ae’™ '
log,oy = 10g102 t bx log;o€ ,
e., Y=A+Bx ..
are
X2

The normal equations
BSx+5A=Z%2Y



Solving, A =25010, B=—0.2447
Since logipa=A, a=10"=316.9563

| b=10%=0.5692 o
7+ the equation is y = 3169568 (0-5692')"

£ 23 ! "
3.9 J ; J '
iy 4771 {} ‘
‘lf(‘ i} i ;’0' % ‘a, r
j o (] I,,{ fjf\"
{1} L ae ) e
T () 23910 144 ke
4 3 iy =25 () ;44, /‘(’-f) p }) >
" TRL (1411 £G4 .Z/,g',f"f,
i }/ ;{fff
’ L
' Silai1L fﬁ'* "n'i { ') 4
’ l"!”:”] A A4H () 15711
" | 28
LY s 3 AN 17 i
L prey 7, 006173
! 1 4y AU “.‘ f\ ("”"l |
Pasti = — 1) 204
l s
bhlogpt ™ B=- 00612 -~ 01411
)y ot — 006137 log, )0 =~
(0 14)1x
Hence, the curve 18 Y = 3.0304 ¢ S B
Example 22, Fir a curve of the Jorm J:zja o ’ﬁjdala
N - "- . ) ';
X ! 2 . & B
y 151 100 6l 50 20 :
Solution. y=ab'
log, oy = logyed + X logob
1.l Y=A+ Bx k-
The normal equations are :
BXx+4+6A=Z%2Y B
BEx? + AZx = ZxY “
" . . 4 Y % xy
1 151 2-1790 1 ol
2 100 2:0 4 e
3 61 17853 o a0
4 50 1-6990 16 e
5 20 13010 25 e
< ‘ 9-8674 o1 T
. Using (2) and (3), we get |
. 6A+21B=9-8674 -
" 21A+91B=30-2545 5
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A 1.-):4‘.
be 5 ’I 2 3 p 5
» B - ) ’ y “ -
) 1200 , Q00 600 200 110 50
Solution. y =ax d :
Taking logarithm, log,,y=1log,,a+ b log o X
& Y=A+ bX (1)
where Y =logoy, X=logzx, A= log,g a
The normal equations are
bEX +6A =XY -(2)
bEX? + AZX = TXY .-(3)
X y b4 Y X2 XY
;_ 1920%0 0-0 3.0792 0-0 G-0
: . 0-3010 2.9542 0-0906 0-8892
" 3 0 04771 27782 02276 1-3255
. 00 0-6021 2.3010 0-3625 1-3854
p 110 0-6990 2.0414 0-4886 1-4269
50 0-7781 1-6990 0-6054 1-3220
Total 2-8573 14-8530 1-7747 6-3490

(3), we have,
6A + 2-8573b = 14-8530
2.8573A + 1-7747b = 6-3490
A =3-3086, b=-—1-7494
a=10"=2035
- 1.7494

ce, the equation is y =2035x
Jation of the sum of the squares of the residuals in the case

Using (2) and

Solving,

C; Icu
of straight line fit e
" In fitting a straight line, we have seen that the sum of the squares of

the residuals E is given by
E =2y — (ax+ b)]2
=3[y — (ax+ b)] [y — (ax+ b)]

=>{y [y — (ax+ b)] —ax [y — (ax + b)] — b [y — (ax+D)]}

=3y [y — (ax+ b)] —azx [y — (ax+ b)] — bZ[y — (ax + b)]
=Xy [y —(ax+ b)] since the last two sums vanish due to
normal cquations Zx [y — (ax+ b)) =03 Ely — (ax + H]1=0
E= Z_yz — aXxy — bXy
when we fit a straight line by the method of least square

~-ommitted (which is minimum) is given by
E = >y” — axxy — bZy

s, the error
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FI2 Calentation of the sum of the squates of the residuals in the gy
of parabola fit -

In fithihg a parabola, we have seen that the sum of the SQuare,

exiduals 2 s given by

of

&ee By o ('n,r" + Ha4- (")I""
= X[y ~ (ax’ + bx + o)l ly - ((M2 +bx+c)]
=Xy [y~ (ax’ + bx + c)] - a)lrzly — (ax* + bx +¢)]
- bXx [y -~ (ax’ + bx +¢)] — cXly — (ax® + bx 4 )]
Y + ¢)] since the last three summations Va"ish

=Xy [y = (ax’ +b.
due to normal equations.
~ 2 . Y
=Xy~ aer_v ~ bExy — cXy
When we fit a parabola by the method of least squares, the errop
committed (which is minimum) is given by

LE= >y’ — azx’y — bIxy — CZ)’] >

: 2
Note. To remember this formula, multiply y — (ax”+ bx +c) by y and take y \
Example 24. Fit a straight line and a parabola to the following datg

and find our which one. is most appropriate. Reason out for Your '\

~4

conclusion.
X 0 B R 2 3 4
y iz 7 18 1-3 25 6-3

Solution. Stage I : Let y=ax+ b be the best fit.
Then the normal equations are

aXx+5b=2Xy (1)
~and aXx’ + bZx = Zxy -(2)
x y x? x X XY, x2y y?
0 1 0 0 0 0 0 1
A 1-8 1 1 1 1-8 1-8 324
32 13 4 8 16 26 52 1.69.
3 2:5 9gr 27 81 7-5 225 6-25
4 6-3 16 64 . 256 252 100-8 39-69

Total 10 12.9 30 100 354 37-1 1303 51.87

Using (1) and (2), 10a+5b=12-9
‘and 30a + 10b =37-1
Solving, we get, b=032, a=133
‘The best straight line fit is y=133x+0-32
~ Error in this case =E; =3y’ - aSxy - b3y
' . - =51-87-1-33(37-1) - 0-32(12.9)
=-1-60
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Spaye < Lot ¥ =Ax” 4 By 4 ¢ be the parabola it
phe nortmal equations are
AXNT 4 BN S e Xy
' AXvt 4 B 4 eXv = vy
AL e B g exn? = 2Py
30A 4 108 + S5¢ = 12.9 ()
Le 1OOA 4+ 308 - 10c¢ == 371 (4
IS4A - 1008 4- 30¢ = 1303 o (3)
A=0855 B=—1.07 c=142

Q(\l\'in.“"

1l
t

repOr I this case is E, =X
A

o best fitting curve is y = 0-55x* — 1.07x + 142

h = Xy? - AE\‘zy — BXxy — cXy

=51-87 — (0-55)(130-3) + 1-07 (37-1) — 1-42 (12:9)
= 1-584

The error in the case of straight line fit is =1 E, | = 1-60

The error in the case of parabola fit is | E, | = 1-584
lE; 1=1.584<1-60=1E, |

the parabola fit is better.
3ut both errors are more or less equal since 1-584

Hence, we may even say both are of same status. ‘
Though total errors are same, there may be different deviations as

~16

the table below exhibits.

X 0 7 2 3 4
y by data given 1 ‘ 1-8 1-3 2-5 6-3
+ by st. line fit 0-32 1-65 298 4-31 5-64
y by parabola fit 1-42 0-90 1-48 3-16 594

1.

EXERCISE 1.3

Usf: the method of least squares and do the following problems

Fit a straight line to the following data. Hence find y(x = 25).

5 0 5 10 15 20

s 7 - 11 16 20 26

Fit a straight line to the following data :

i 1% 0-0 0.2 04 0-6 0-8 1-0

y % -1-85 —-1-20 -0-55 0-15 0-80 1-35°
The weights of a calf taken at weekly intervals are supplied below. Fit a
straight linme and calculate the average rate of growth per week. y
Age x s 2 3 4 5 *6 7 8 9 10
Weight y 52.5 587 650 702 754 81-1 872 955 102-2 1064
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LT
4 stiadhe Ting 1o the data b!““"‘: o ws A 5 6
2 ¢ ’ I
" | "'m) 000 600 200 0
g A Ang it i
0B A stiaipht Hine o the followingt ¢ 16 I} 20 22 .
\" ‘h‘i \%"}7 ': '(,) 1.0 i4:.) 12 G2 ’ 41
L TR R lm_v to the data, : A 5 : 1
N : ' : 0 1.5 2 ‘ 45
7. Find the best fit of straight line (0 the data g 9 9 T
T SR TN S - 4 3 1
o s s 4 5 A ' 2
8. Obtain a st. line fit to the data below 3 4 5
\\ - ‘} 3 6 7 11
9. .Find the best fitting straight line l?slhc (:’l]w. o - 68 84 2
@y «x 75 80 93 )Ez o1 80 95( 7289 g,
y 82 78 86 7
: | 'M’fl/,
/ 25 30
; 10 15 20 !
ot A 3 4 5 s
@ Lol B g g g 0 g 72)
.)) ¥
4 5 6
( i 1 2 3 : =
d)z » 14 27 41 56 68 75 MS. M.s,. ]
10. Fit a curve of the form y=ax+b to the dala.. :
1 2 3 4
; : 14 27 40 55 68 (MS. BE,
11. A rubber band stretched under a force F is found to increase in length [, The
following observations were got.
F 2 3 4 5 (o 7 8 9 10 11 12
/ .10 17 21 28 36 43 51 60 70 83 93
Fit a straight line. [MS.BE)
12. Fit a straight line to the data.
X 05 1-0 1-5 2-0 25 30
y 0-31 0-82 1-29 1-85 2:51 3.02
13./Fit a parabola to the data. :
Tx: 0001 02 03 - 04 0 06 07 08 09
Y @ 31950 32299 3.2532 32611 3-2516 3-2282 31807 3-1266 3-0594 2.9759
14. /Fit a parabola to the data.
< !
x 1 2 3 4 5
2 3 5 8 10

Y
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15. Fit a st line to the day .
w : 3 n
y ¢ O g >
Y, v g - ) 5
I'he variables v ang v gy ! l{)
) nee s .
re related by 3o AN Find 1) :
3 v g , ‘Ind i curve 'I(”') !“(‘

16.

tollowing data
Xl | A
""i : \ o 27.8 3 4 5
7. Fit a parabola tc 5 021 pe
17, o ll O the datn riven below 1o L
18. The following table gives (e | 390 625 ‘)]S /,'
degree parabola to the daty, cvels of prices in certain years. Fit a second
Year : 1875 76 77 78
pricc : 88 87 g1 bt ;9 80 81 82 83 84 85
4 79 85 84 90 92 100
19. Fit a second degree curve (o the dar; [MS. BIE 1970]
1929 1930 1931 193 o
: 352 356 357 b 2 1933 1934 1935 1936 1937
/Fxt TS N 8 360 361 361 360 359
l L ) ax + bx?* (o the data.
1-8 5.1 3 4 5
| 8.9 14-1 19-8
21. Flt a parabola to the data given below fy. &
x 1 2
3 4 5
: 12
Y 50 1400 1650 1950 2300
22. Fit a parabola to the data.
X = 1'0 15 20 ' 2.5 3.0 _3.5
. g 1-1 1-3 1-6 2:6 2.7 3.4 4.1
'23.) Fit a curve of the form y = ax® + b for-the following data
y 20-9 24-1 28-9 36-1 447
24. Flt a curve of the form y = ax + bx + ¢ given the table.
: e 10 20 30 40 50 60
y 157 . 179 210 252 302 361
25. Fit a law of the type y=aebx to the data. \/
x o 1 2 3
y 1-05 2-10 3-85 , 8-30 B
26. Fit a curve of the form y =ae * o the data given below ~
vi X i ,0 2 4 :
W 5012 10 31/-62 [BE. 1971]
»7. Fit a curve of the form y=aebx to the data. 7
1 2 3 4 _ 5 -6 7 8 ]
7.4 366 491 656 878 1176

X .
y : 15-3 20-5



Numerical Mc”md&“'v

34
wrinin species of f
" oy «tnle oh n cera o
28, The following table gives the pnmber of pe Weyp
Tt an exponentinl cneve to the dat. . : 4 g i
No. ol petals At 3 4 5
No. of tlowers _ , 7y gl
;m‘\-ing_ a ypeattied (O 133 35 2
o, of peials ' Ty
l“.‘; it a curve of the form y = ab® to the data gn\:!c" | 5 6
” 3 1
. l 2 ‘ 50 20 8
v 151 100 61
30. Fit the curve pv¥=k to the follmx;ir;g data. s s Tha
' 3 10 : , 0-52 0.
f, : 1962 1-:00 0-75 0-62 46
v’; 31. Fit a curve of the form y=ab" to the di:il- p . 1
" N 3 . )
: : 134 172-8 207-4 248-8 298.5
S ! . iven below:
/32, Fit the curve of the form y =ae X to the data g " "
2
X : | u. 7.35
Y 165 e 4d?f(:ercnt cutting speeds
33. An experiment on the life of a cutting tool at di are
given below : 500 600
Speed v units _ 350 42060 - 2.6
Life 7 in min. : | 61 [EE
Fit a relation of the form y=al’ 67)

a ship of displacement D tons g ,

i to drive
34. 'The horse power 1, reqnired below. Find a formula of the fory,

ten-knob speed is given by the table

I=aD" to fit the data. .
D 1720 2300 3200 4100
I 655 789 1000 1164

For the following data, fit a straight line and a parabola and show that the

= parabola fits the ‘data significantly better than the straight line
x - 0-00 0-25 0-50 0-75 1-00 .
y 0-00 0-06 0-20 0-60 0-90
36. Given the following data:
% . 0 1 2 3 4
y 1 v 5 10 22 38

find the straight line and the parabola of best fit and calculate the sum of the
squares of the residuals in both cases. Which curve is more appropriate and
why ? :

37. Fit the parabola and the straight line of best fit to the following data and out

of them which is more reliable ? - ' ‘

X -2 1 4 7 10

y 10-8 1.9 292 92 190
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%, §¢ is known that . ¥ are celated by v = a ., g
2y s o vy ] the peperitmental values ar
given below ¢ e experimernitsl yRiues &%
& ' ! ) P A ‘
e ﬁ 5‘1 e _R £y 3
: . i ] e 1032 A B 195
Oain the best values of & ansdl b it -
10, Growth of bacteria (y) in a culr )
growth when a= 7 howirs, culture afer ¥ hours it given below. Estimate the
pioats - 0 { %
Cirowih {Number) v 12 a9 (‘g ‘: 1 5 &
s0. Eit the straight and the parabola of h . ik 92 132 100 275
which is more preferable. ola of best fit to the following data and expiam
o 0 ! 2 3 A g
g = i o 18 22 28 35 19
41. it the straig t line and the parabol ’
. : : rarabola of best fit to th o g data and
explain whith is more reliable. the following data an<
X - 1 2 3 4 T3
y 10 12 8 10 14
42. Find the most plausible values of x, y, z from the equations
- Py m T L S P S. P
3x+2y—5z=5, x—y+2z=3, 4x+y+4z=21 and —x+3y+3z=14
(Hint : Let 5=(3-¥+?—)'—52—5)2+(x—y+2;—3‘)2+(4.r+v+4:—23}3
: +(—x+3y+3z—14)°
35 _o aS o aS 0 o
—=0. 3=V, == ve i = £ 15y +z=7
I 3y 32 g1 respectively 27x+ 6y = 88.6x + 15y +z=70,
y+54z=107
Solving x=2-47, y =3-55, z=1-92 are the most plausible values of x. ¥, Z)-
43. Fit a st. line to the following data showing the production of 2 commodity 1n

different areas in Coimbatore.
xisiz - :1911 1912 1913 1914 1915

Year
10 12 g 10 14

Production in (1000 tons) ¥

1.13. Method of moments

We will see below another method of curve fitting called the method

of moments.
Let (x5 y),i=1,2,...1 be n sets of obse

that the x’s are equally spaced. That is, X; = Xi1
i =2, 3, ..n. For such a set of n points, we define,

the first moment =p, = TyAx = AxZy

rvations of related data so
— Ax = h (constant),

the second moment =H, = TxyAx = AxZXy
the third moment == szyAx = A‘szz)’
values of )

and so on. These are known as the moments of the observed
ich fits the data best.

Let y=f(x) be a curve whi




