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I. G{fwek (Introduction)

j[D sZe n;h_ fJZe sZs (Variable) Bkb ;zpzfXs ;wf;nktK dk nfXn?B ehsk j? go n;bh

fizdrh ftZu ;kB{z d' iK d' s'_ tZX sZsK Bkb ;zpzfXs ;wf;nktK dk ;kjwDk eoBk g?_dk j?. fJ;

fe;w dhnK bVhnK ~ nzeVk Fk;so ftZu d' sZsK (Bivariate) tkbhnK bVhnK fejk iKdk j?.

i/ eo d'BK sZsK ftZu spdhbh fJ; soQK j' ojh j? fe fJZe sZs ftZu spdhbh dk d{i/ sZs ftZu

spdhbh j'D s/ gqGkt g?_dk j? sK fJ; dk noE j? fe d'BK sZsK ftZu ;zpzX j?. T[dkjoD d/

s"o s/ fit/_ gshnK dh T[wo ns/ gsBhnK dh T[wo ftZu, fe;/ t;s{ dh ehws ns/ wzr ftZu

e[ZM ;zpzX j?. fJ; soQK d' sZsK ftZu i' nkg;h ;zpzX j? T[; d/ nfXn?B B{z nzeVk Fk;so ftZu

;fj-;zpzX fejk iKdk j?. ;fj-;zpzX dh nkXko G{s XkoBk dh ftnkfynk ;G s'_ gfjbK coK; d/

yr'b ftfrnkBh po?ft; (Bravais) d[nkok ehsh rJh. ;fj-;zpzX seBhe dh o/yk fuZso okjh_

ftnkfynk ;o coKf;; rkbfNB (Sir Francis Galton) B/ ehsh. ;zB 1896 ftZu ekob ghno;B

(Karl Pearson) B/ ;fj-;zpzX dh rfDfse ftnkfynk ;fj-;zpzX d/ r[DKe d/ o{g ftZu ehsh.
1
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II. gkm dk T[d/F

(i) ;fj-;zpzX pko/ ikDekoh.

(ii) ;fj-;zpzX dhnK fe;wK pko/ ikDekoh.

(iii) ekob ghno;B ;fj-;zpzX r[DKe gsk eoB dh ftXh pko/ ikDekoh.

(iv) ;ghnow?B dk doik ;fj-;zpzX r[DKe gsk eoB dh ftXh pko/ ikDekoh.

(v) ;fj-;zpzX r[DKe dhnK ft;/FsktK pko/ ikDekoh.

III. ;fj-;zpzX ftFb/FD
(i) ;fj-;zpzX dk wsbp
1 H id'_ d' sZs fJZe jh fdFk ftZu spdhb j' oj/ j'D iK T[bN fdFktK ftZu spdhb

j' oj/ j'D ns/ fJZe sZs dh spdhbh d{i/ sZs ftZu spdhbh dk ekoD pD/ sK d'jK sZsK ftZu

;fj-;zpzX fejk iKdk j?.

Croxton ns/ Cowden d/ FpdK ftZu "When the relationship is of quantitative

nature, the appropriate statistical tool for discovering and measuring the relation-

ship and expressing it in a brief formula is known as correlation"

L.R. Conner d/ FpdK ftZu, "If two or more quantities vary in sympathy so that

movements is one tend to be accompanied by corresponding movements in the other

(s) then they are said to be correlated".

fJBQK gqhGkFktK s'_ ;gZFN j? fe ;fj-;zpzX fJZe nfijk ;zfyneh Yzr j? fi; ftZu d'

sZsK dh nkg;h pdbh d/ ;zpzX ~ gqrN ehsk iKdk j?.

2 H ;fj-;zpzX dhnK fe;wK

d' sZsK d/ nkg;h ;zpzX, fdFk ns/ fvroh d/ nkXko s/ ;fj-;zpzX dhnK j/m

fbyhnK fe;wK jBL

(T) ;ekokswe ns/ foDkswe ;fj-;zpzX (Positive correlation and Negative

Correlation)

(n) ;kXkoD, nKfFe ns/ pj[ yzvh ;fj-;zpzX (Simple, Partial and Multiple Correlation)

(J) o/fye ns/ BkB-o/fye ;fj-;zpzX (Linear and non-linear correlation)

(T) ;ekokswe ;fj-;zpzX

fi; ;w/_ d't/_ sZs fJZe jh fdFK tb pdbd/ jB sK ;ekokswe ;fj-;zpzX j[zdk j?.

noEks i/ x s/ y d' sZs jB ns/ x ns/ y d'tK dk w[Zb tZXdk j? iK xZNdk j? sK d'jK sZsK

dk ;ekokswe ;fj-;zpzX j't/rk. g{osh dk fB:w ;ekokswe ;fj-;zpzX dh T[dkjoD j?.

;ekokswe ;fj-;zpzX B{z n;h_ j/m fbyh T[dkjoD okjh_ th ;gZFN eo ;ed/ jK.

X Y iK X Y

3 5 50 25

6 7 40 20

9 9 30 16

12 12 20 12

15 14 10 9
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T[go fdZshnK d'jK T[dkjoDK ftZu x ns/ y sZs fJZe jh fdFk ftZu pdbd/ jB. fJ;

bJh fJBQK d'jK jkbsK ftZu ;ekokswe ;fj-;zpzX j?.

foDkswe ;fj-;zpzX

fi; ;w/_ d't/_ sZs tZy-tZy fdFk ftZu pdbD sK foDkswe ;fj-;zpzX j't/rk noEks i/

x dk w[Zb tZXdk j? ns/ y dk w[Zb xZNdk j? iK T[; d/ T[bN j[zdk j? sK d'jK sZsK dk foDkswe

;fj-;zpzX j't/rk. wzr dk fB:w foDkswe ;fj-;zpzX dh wjZstg{oD T[dkjoD j? fJE/ wzr

ns/ ehws T[bN fdFk ftZu ubd/ jB. foDkswe ;fj-;zpzX B{z n;h_ j/mK fdZsh T[dkjoDK okjh_

th ;gZFN eo ;ed/ jK.

X Y iK X Y

5 2 2 50

4 4 4 45

3 7 6 35

2 9 8 20

1 12 10 10

fJBQK d'jK jkbsK ftZu foDkswe ;fj ;zpzX j?. feT[_fe x ns/ y d't/_ sZs T[bN fdFk

ftZu ub oj/ jB.

(n) ;kXkoD, nKfFe ns/ pj[-yzvh ;fj-;zpzX L

;kXkoD ;fj-;zpzX L

id'_ e/tb d' sZsK dk nfXn?B ehsk iKdk j? noEks d' sZsK dk nkg;h ;zpzX t/fynk

iKdk j? sK T[; B{z ;kXkoD ;fj-;zpzX fejk iKdk j?. T[dkjoD d/ s"o s/ gsh gsBh dh T[wo

dk nfXn?B, wzr dk fB:w ;kXkoD ;fj-;zpzX B{z do;kT[_d/ jB.

nKfFe ;fj-;zpzX

i/ ;kv/ nfXn?B ftZu d' s'_ finkdk sZs j'D go fJZe fB;fus ;w/_ ftZu n;h_ d' sZsK

dk jh ;zpzX t/yhJ/ ns/ pkeh d/ ssK B{z SZv d/JhJ/ sK fJ; ftXh ~ nKfFe ;fj-;zpzX fejk

iKdk j?. T[dkjoD d/ s"o s/ eDe d/ T[sgkdB T[go ykd, phi ns/ f;zukJh dk gqGkt g?_dk

j?. go i/ n;h_ eDe d/ T[sgkdB ns/ f;zukJh dk ;zpzX t/yhJ/ ns/ pkeh sZs ykd ns/ phi

nkfd d/ gqGkt B{z ;fEo oyhJ/ sK nfijh ;fEsh nKfFe ;fj-;zpzX dh j't/rh.

pj[-yzvh ;fj-;zpzX

i/ ;kv/ nfXn?B ftZu d' s"_ finkdk sZs j'D ns/ n;h_ ;ko/ sZsK dk nkg;h fJeZmk ;zpzX

t/yhJ/ sK fJ; ;fEsh B{z pj[-yzvh ;fj-;zpzX fejk iKdk j?. T[dkjoD ti'_ id'_ n;h_ eDe d/

T[sgkdB T[go ykd ns/ f;zukJh dk gqGkt fJeZmk t/yhJ/ sK fJ; nfXn?B B{z pj[-yzvh ;fj-;zpzX

fejk iKdk j?.

(J) o/fye ns/ BkB-o/fye ;fj-;zpzX
o/fye ;fj-;zpzX

id'_ d'_ sZsK x ns/ y ftZu spdhbh ;fEo do s/ j[zdh j? sK o/fye ;fj-;zpzX j't/rk

i/ eo x ns/ y dk w[Zb Goe/ rokc g/go s/ do;kJhJ/ sK ;kB{z fJZe f;ZXh o/yk gqkgs j't/rh.

o/fye ;fj-;zpzX B{z n;h_ j/mK fdZsh T[dkjoD okjh_ ;gFN eo ;ed/ jK.
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ehws (o[g?) 1 2 3 4 5

g{osh (fJekJhnK) 5 10 15 20 25

o/fye ;ekokswe ;fj-;zpzX o/fye foDkswe ;fj-;zpzX

BkB-o/fye ;fj-;zpzX

d' sZsK ftZu BkB-o/fye ;fj-;zpzX j't/rk i/ eo fJZe sZs ftZu spdhbh dh do Bkb

d{i/ sZs dh spdhbh dh do ;fEo Bjh_ j't/rh nfij/ sZsK B{z rokc g/go s/ do;kT[D Bkb

f;ZXh o/yk gqkgs Bjh_ j't/rh. noE Fk;so ftZu nkw s"o s/ fJ; gqeko dk ;fj-;zpzX j[zdk

j?. T[dkjoD d/ s"o s/ i/ fe;/ ftnesh dh nkwdB d[ZrDh j' iKdh j? sK T[;dk youk d[rDk

Bjh_ j't/rk fit/_ L

nkwdB (o[g?) 2000 3000 4000 5000

youk (o[g?) 1400 2000 2500 2800

BkB-o/fye ;fj-;zpzX B{z n;h_ j/m fby/ o/yk fuZso d[nkok gqdofFs eo ;ed/ jK.

BkB-o/fye ;ekokswe ;fj ;zpzX BkB-o/fye foDkswe ;fj-;zpzX

Y

O X

Y

O X
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;fj-;zpzX wkgD d/ Yzr

rokc ftXh phi rfDs ftXh

(Graphic Method) (Algebraic Method)

fybo/ fuzBK dh ftXh rokfce ftXh

(Scatter Diagram Method)

ekob ghno;B ;ghnow?B dk ezBe{o?_N v/thJ/FB ftXh

r[DKe ;fj-;zpzX doik r[DKe (Concurrent

(Karl Pearson Coefficient ;fj-;zpzX Deviation Method)

of Correlation) (Spearman's Rank

Correlation Coefficient)

;fj-;zpzX wkgD d/ T[go fdZs/ tZy-tZy YzrK ftZu'_ n;h_ ekob ghno;B ns/ ;ghnow?B

dk doik r[DKe ;fj-;zpzX dk jh nfXn?B eoKr/.

3 (n) (i) ekob ghno;B ;fj-;zpzX r[DKe

;fj-;zpzX dk wkg eoB bJh nzeVk Fk;sohnK tb'_ fdZs/ tZy-tZy YzrK ftZu'_ n;bh o{g

ftZu ekob ghno;B d[nkok fdZs/ rJ/ ;fj-;zpzX r[DKe d/ ;{so B{z tX/o/ tos'_ ftZu fbnKdk

iKdk j?. fJ; ;{so B{z T[;d/ Bkw ekob ghno;B dk ;fj-;zpzX r[DKe ;{so Bkb jh do;kfJnk

iKdk j?. fJ; ;{so d[nkok ;fj-;zpzX r[DKe B{z r Bkb do;kfJnk iKdk j?. ghno;B ;fj-

;zpzX r[DKe gsk eoB dk ;{so j/m fbfynk j? L

r
xy

N x y





 

fiE/ x X X  , y Y Y 

 x x  sZs dk gohwkg ftubB (S.D.)
 y y  sZs dk gohwkg ftubB (S.D.)

N = fdZs/ j'J/ d' gZdh i'fVnK dh frDsh. ekob ghno;B ;fj-;zpzX r[DKe gsk eoB

d/ T[go fdZs/ ;{so d/ pikJ/ n;h_ j/m fdZsk ;kdk ;{so tosKr/.
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r
xy

x y



 2 2  fiZE/ 

x X X

y Y Y

 

 

T[dkjoD 1 L j/m fdZs/ nzefVnK s'_ ekob ghno;B ;fj-;zpzX r[DKe gsk eo' L

X  : 48 35 17 23 47

Y  : 45 20 40 25 45

jZb L

  (X - 34)    (Y-35)

X Y x y x2 y2 xy

48 45 14 10 196 100 140

35 20 1 -15 1 225 -15

17 40 -17 5 289 25 -85

23 25 -11 -10 121 100 110

47 45 13 10 169 100 130

X =170 Y =175 0 0 776 550 280

X
X

N
  
 170

5
34 Y

Y

N
  
 175

5
35

r
xy

x y



 2 2


280

776 550

 
280

653299
0429

.
.

bx{ ftXh okjh_ ;fj-;zpzX dh rDBk L
(Calculation of coefficient of correlation short cut method Or when deviations are

taken from an assumed mean)

id'_ n;b n";s g{oB nze ftZu Bk j't/ noEks co?eFB ftZu nkJ/ sK ekob ghno;B

dk T[go dZf;nk ;fj-;zpzX ;{so ;fj-;zpzX eZYD bJh w[Ffeb j' iKdk j?. fJ; w[Ffeb dk

jZb eoB bJh ekbgfBe n";s bJ/ iKd/ jB.fJ; ;fEsh ftZu j/m fbfynk ;{so tofsnk iKdk

j?.

r

dx dy
dx dy

N

dx
dx

N
dy

dy

N




 








2

2

2

2( ) ( )
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fiE/ L dx X Ax  Ax x  dk ekbgfBe n";s

dy Y Ay  Ay y  dk ekbgfBe n";s

T[dkjoD 2 L j/m 10 ftfdnkoEhnK d/ nzro/ih ns/ fjzdh ftZu nze fdZs/ jB fJBQK nzeK ftZu

ekob ghno;B dk ;fj-;zpzX r[DKe gsk eo'.

nzro/ih ftZu nze L 10 25 13 25 22 11 12 25 21 20

fjzdh ftZu nze L 12 22 16 15 18 18 17 23 24 17

jZb dx dx2 dy dy2

X X-18 (X-18)2 Y (Y-18) (Y-18)2 dxdy

10 -8 64 12 -6 36 48

25 7 49 22 4 16 28

13 -5 25 16 -2 4 10

25 7 49 15 -3 9 -21

22 4 16 18 0 0 0

11 -7 49 18 0 0 0

12 -6 36 17 -1 1 6

25 7 49 23 5 25 35

21 3 9 24 6 36 18

20 2 4 17 -1 1 -2

dx  4 350 2 128 122

n;h_ x ns/ y bJh 18 ekbgfBe n";s wzB b?_d/ jK

r

dx dy
dx dy

N

dx
dx

N
dy

dy

N






 








2

2

2

2( ) ( )

r 




 

122
4 2

10

350
4

10
128

2

10

2 2( ) ( )

r 


 
122 08

348 4 127 6

1212

210845
0575

.

. .

.

.
.
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T[dkjoD 3 L j/mK fdZs/ nzefVnK s'_ ftfdnkoEhnK dh T[wo ns/ T[BQK dh y/vD dh nkds ftZu

;fj-;zpzX r[DKe gsk eo'.

T[wo L 15 16 17 18 19 20

ftfdnkoEhnK dh frDsh L 250 200 150 120 100 80

o?r{bo fyvkoh L 200 150 90 48 30 12

jZb L fJE/ n;h_ ftfdnkoEhnK dh T[wo ns/ T[BQK dh y/vD dh nkds dk ;fj-;zpzX gsk eoBk

j? ;' n;h_ ftfdnkoEhnK dh y/vD dh nkds pko/ gsk eoB bJh fyvkohnK dh gqshFs gsk

eoKr/.

ftfdnkoEhnK dh frDsh L 250 200 150 120 100 80

o?r{bo fyvkoh L 200 150 90 48 30 12

gqshFs fyvkoh L 80 75 60 40 30 15

T[wo gqshFs

fyvkoh x-17 y-60

(X) Y dx dy dx2 dy2 dxdy

15 80 -2 20 4 400 -40

16 75 -1 15 1 225 -15

17 60 0 0 0 0 0

18 40 1 -20 1 400 -20

19 30 2 -30 4 900 -60

20 15 3 -45 9 2025 -135

3 -60 19 3950 -270

r

dx dy
dx dy

N

dx
dx

N
dy

dy

N






 








2

2

2

2( ) ( )

r 
 



 


270
3 60

6

19
3

6
3950

60

6

2 2

( )

( ) ( )

r


 

 


270 30

19 15 3950 600

240

17 5 3350. .

r 


 
240

242126
0 99

.
.  T[Zso
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T[dkjoD 4 L fJZe ezfgT{No B/ x ns/ y bVh dk ;fj-;zpzX r[DKe eZYd/ ;w/_ j/m dZ;/ ;fEo

w[Zb gqkgs ehs/.

N = 30, X =120, Y  = 90,  X2  = 600, Y 2 = 250, XY  = 356

gVskb eoB ;w/_ fJj gsk bZrk fe ezfgT{No B/ j/m fbfynK wZdK rbs b? bJhnK

X Y

8 10

12 7

id fe ;jh wZdK fJj ;B

X Y

8 12

10 8

mhe ;fj-;zpzX r[DKe gsk eo'.

jZb L fdZsk j?.

X  = 120, X2  = 600, Y  = 90, Y 2  = 250, XY  = 356, N = 30

  rbs wZdK    ;jh wZdK

X Y X Y

8 10 8 12

12 7 10 8

;jh X = 120 - (8+12) + (8+10) = 118

Y  = 90 - (10+7) + (12 + 8) = 93

X
2  = 600 - (8)2 - (12)2 + (8)2 + (10)2 = 556

;jh Y 2  = 250 - (10)2 - (7)2, + (12)2 + (8)2 = 309

XY  = 356 - (8x10) - (12x7) + (8x12) + (10x8) = 368

;fj-;zpzX r[DKe d/ ;{so ftZu mhe w[Zb Go e/

r

XY
X Y

N

X
X

N
Y

Y

N




 





 

2

2

2

2( ) ( )

r 




 

368
118 93

30

556
118

30
309

93

30

2 2( ) ( )
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r 


 

368 3658

556 46413 309 2883

.

. .

 
2 2

9187 20 7

2 2

43608

.

. .

.

.

r  0 05.

;' ;jh ;fj-;_pzX r[DKe = 0.05 j?.
n (ii) ;ghnow?B dk o?_e ;fj-;_pzX r[DKe ftXh L

eJh tko e[ZM sZs nfij/ j[zd/ jB fiBQk dk nkg; ftZu ;zpzX j[zdk j? go T[BQK ~ fe;/
;e/b T[go wkfgnk Bjh_ ik ;edk. fJj ;wZf;nk T[d'_ g?dk j[zdh j? id'_ r[Dkswe gZy
fit/_ fJwkBdkoh, rohph ns/ ;[zdosk nkfd dk nfXn?B eoBk j[zdk j?. nfijh jkbs ftZu d'jK
sZsK dk ;fj-;zpzX ekob ghno;B dh ftXh okjh_ gsk Bjh_ ehsk ik ;edk. ukob; n?vtov
;ghnow?B (Charles Edward Spearman) B/ nfij/ sZsK ftZu ;fj-;zpzX gsk eoB dk sohek
1904 ftZu fdZsk. fJj ftXh wZdK d/ o?_e s/ nkXkfos j?.
;ghnow?B dh ;fj-;zpzX ftXh fBwB gqeko j?.

r
k
 iK  = 1

6

1

2

2




D

N N( )
 iK 1

6 2

3




D

N N

fiZE/ D i'Vhdko gZdK d/ o?_e dk nzso j?. ;ghnow?B ;fj-;zpzX r[DKe ftXh B{z fszB

GkrK ftZu tzfvnk ik ;edk j?.

(a) id'_ o?_e fdZs/ j'D (when ranks are given)

(b) id'_ o?_e Bk fdZs/ j'D (when ranks are not given)

(c) id'_ o?_e pokpo j'D (when ranks are equal)

T[dkjoD 5 L d; ftfdnkoEhnK d/ d' ftF/, U ns/ n ftZu o?_e j/m fby/ nB[;ko jB L
T L 6 5 3 10 2 4 9 7 8 1
n L 3 8 4 9 1 6 10 7 5 2
o?_e ;fj-;zpzX r[DKe gsk eo'.
jZb L

R
1

R
2

D D2

       (R
1
 - R

2
)

6 3 3 9

5 8 -3 9

3 4 -1 1

10 9 1 1

2 1 1 1

4 6 -2 4

9 10 -1 1

7 7 0 0

8 5 3 9

1 2 -1 1

D2 = 36
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r ork  =  1
6

1
1

6 36

10 10 1

2

2 2



 





D

N N( ) ( )

= 1
216

990
1 0218 0 782   . .

(b) id'_ o?_e Bk fdZs/ j'D L

eJh tko nfijk j[zdk j? fe ;k~ n;b nzeV/ jh fdZs/ j[zd/ jB. o?_e ;fj-;zpzX gsk

eoB s'_ gfjbK n;h_ fJBQK gZdK ~ o?_e fdzd/ jK. o?_e d/D ;w/_ iK sK ;G s'_ tZvh ;zfynK ~

fJZe (one) o?_e fdZsk iKdk j? iK ;G s'_ S'Nh ;zfynk ~ fJZe o?_e fdZsk iKdk j?. o?_e d/D

;w/_ n;h_ d'B'_ gZdK ~ fJZe jh sohe/ Bkb o?_e fdzd/ jK.

T[dkjoD 6 L ftfdnkoEhnK d[nkok xo/b{ gqhfynk (x) ns/ ;bkBk gqhfynk (y) ftZu nze

j/m fby/ nB[;ko jB L

o'b Bzpo L 1 2 3 4 5 6 7 8 9

X : 10 15 12 17 13 16 24 14 22

Y : 30 42 45 46 33 34 40 35 39

jZb L ;ghnow?B dk o?_e ;fj-;zpzX r[DKe gsk eo'. ;G s'_ gfjbK bVh x ns/ y d/ gZdK ~

o?_e d/tKr/. ;G s'_ tZX nze ~ gfjbk o?_e fdZsk ikt/rk ns/ c/o eqwtko S'N/ nzeK ~ 2, 3,

4, HHHHHHHHHHHHHHHHH nkfd o?_e fdZs/ ikDr/.

X Y R
1

R
2

D D2

        (R
1
-R

2
)

10 30 9 9 0 0

15 42 5 3 2 4

12 45 8 2 6 36

17 46 3 1 2 4

13 33 7 8 -1 1

16 34 4 7 -3 9

24 40 1 4 -3 9

14 35 6 6 0 0

22 39 2 5 -3 9

D2 72

r ork  = 1
6

1

2

2




D

N N( )

 



 




1

6 72

9 9 1
1

6 72

9 80
2

( )
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  1 0 6 0 4. .

(c) id'_ o?_e pokpo j'D L

eJh tko id'_ nzefVnK ~ o?_e fdZs/ iKd/ jB sK e[ZM wZdK fJZe' fijhnK j[zdhnK jB

fJ; jkbs ftZu fJZe ;wkB wZdK ~ pokpo o?_e fdZs/ iKd/ jB. fJj pokpo o?_e T[BQK o?_eK

dh rfDs n";s j[zdh j?. id'_ o?_e pokpo j'D sK ;ghnow?B d/ T[go dZ;/ ;{so ftZu e[ZM

spdhbh ehsh iKdh j?.nfijh jkbs ftZu ;{so ftZu D2  ftZu 
1

12

3( )m m  i'V fdZsk

iKdk j? fiE/ mT[BQK o?_eK dk Bzpo j? fiBQK d/ o?_e pokpo jB. fJj u/s/ oZyD tkbh rZb

j? fe jo fJZe repeated value bJh jh fJj Gkr i'fVnk iKdk j?. fJ; soQK o?_e ;fj-;zpzX

r[DKe fJ; gqeko eZfYnk ikt/rk.

 = 1

6
1

12

1

12

1

2 3 3

2


     
L
NM

O
QP



 D m m m m

N N

( ) ( )

( )

T[dkjoDk L nZm ftfdnkoEhnK d/ nekT{_N?_;h ns/ nzeVk ftfrnkB d/ nze j/mK fdZs/ rJ/ jB.

o?_e ;fj-;zpzX r[DKe gsk eo'.

nekT{N?_;h ftZu nze L 15 20 28 12 40 60 20 80

nzeVk ftfrnkB ftZu nze L 40 30 50 30 20 10 30 60

jZb L

nekT{N?_;h nzeVk R
1

R
2

D D2

d/ nze   ftfrnkB d/ nze        (R
1
 - R

2
)

x    y

15 40 2 6 -4 16.00

20 30 3.5 4 -0.5 0.25

28 50 5 7 -2 4.00

12 30 1 4 -3 9.00

40 20 6 2 4 16.00

60 10 7 1 6 36.00

20 30 3.5 4 -0.5 0.25

80 60 8 8 0 0

D
2

815 .

X bVh dk nze 20 d' tko nkT[_dk j? ns/ T[BQK dh sh;oh ns/ u"Eh EK nkT[_dh j? fJ;

soQK 
3 4

2
35


 .  d'jK dk pokpo o?_e fbnk ikt/rk feT[_ 20 nze d' tko nkT[_dk j? fJ; bJh

fJE/ m = 2  j't/rk.fJ;/ soQK y bVh dk nze 30 fszB tko nkT[_dk j? fiBQK dh eqwtko EK

---
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sh;oh, u"Eh ns/ gzith_ j?  ;' fJBQK dk pokpo o?_e 
3 4 5

3
4

 
  j't/rk. ns/ m = 3 j't/rk.

= 1 - 

6
1

12

1

12

1

2 3 3

2

D m m m m

N N

   



 ( ) ( )

( )

w[Zb GoB s/

 = 1 - 

6 815
1

12
2 2

1

12
3 3

8 8 1

3 3

2

. ( ) ( )

( )

   
L
NM

O
QP



1 = 
6 815 05 2

504

. . b g

 = 1 - 
6 84

504
1

504

504


 

P = 1  -  1 = 0

T[dkjoD 8 L d; ftfdnkoEhnK d[nkok d' ftfFnK ftZu gqkgs nzeK dk o?_e ;fj-;zpzX 0H5 j?.

pknd ftZu gVskb eoB s/ gsk bZrk fe d' o?_eK dk nzso rbsh Bkb 7 dh EK 3 b? fbnk

frnk j?. mhe o?_e ;fj-;zpzX r[DKe eh j'Dk ukjhdk j?<

jZb L n;h_ ikDd/ jK fe

 = 1
6

1

2

2




D

N N( )

fdZsk j? N = 10,  = 0.5

d' o?_eK dk rbs nzso = 3

d' o?_eK dk mhe nzso = 7

05 1
6

10 10 1

2

2
.

( )
 



D

05 1
6

990

2

.  
D

iK
6

990
1 05 05

2
D

  . .

6 05 990 495
2

D    .

][6
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D2 495

6
82 5  .

mhe D2 = rbs D2  - (rbs nzso)2 + (;jh nzso)2

= 82.5 - (3)2 + (7)2

= 82.5 - 9 + 49 = 122.5

j[D mhe L

 =1
6 1225

10 10 12






.

( )

=1
735

990
1 0742 0 258   . .

4 H ;fj ;zpzX r[DKe dhnK ftF/;sktK L
(Properties of coefficient of correlation)

(i) ekob ghno;B dk ;fj-;zpzX r[DKe - 1 ns/ O 1 ftueko jh j[zdk j? noEks

-1 < r < 1

(ii) ;fj-;zpzX r[DKe e/_do dh spdhbh ns/ g?wkB/ dh spdhbh Bkb gqGkfts Bjh_ j[zdk.

(iii) d' ;[szso sZsK ftZu ;fj-;zpzX Bjh_ j[zdk go fJj io{oh Bjh_ fe i/ sZsK ftZu ;fj-

;zpzX Bk j't/ sK T[j ;[szso sZs jh j'Dr/.

(iv) ;ko L id'_ d' sZs fJZe jh fdFk ftZu spdhb j' oj/ j'D iK T[bN fdFktK ftZu spdhb
j' oj/ j'D ns/ fJZe sZs dh spdhbh d{i/ sZs ftZu spdhbh dk ekoD pD/ sK d'jK sZsK

ftZu ;fj-;zpzX fejk iKdk j?. ;fj-;zpzX dhnK fszB fe;wK - ;ekokswe ns/ foDkswe

;fj-;zpzX, ;kXkoD, nKfFe ns/ pj[-yzvh ;fj-;zpzX, o/fye ns/ BkB-o/fye ;fj-;zpzX

j[zdhnK jB. ;fj-;zpzX r[DKe gsk eoB dk ;G s'_ w[Zy sohek ekob ghno;B d[nkok

fdZsk frnk j? go r[Dkswe gZyK ftZu ;fj-;zpzX ;ghnow?B dh o?_e ftXh okjh_ gsk ehsk

ik ;edk j?.;fj ;zpzX r[DKe jw/Fk - 1 ns/ O1 ftZueko jh j[zdk j?.

(v) wjZstg{oD Fpd

;fj-;zpzX

;ekokswe ;fj - ;zpzX

foDkswe ;fj - ;zpzX

o/fye ;fj - ;zpzX

BkB - o/fye ;fj - ;zpzX

(vi) gq;skfts g[;se ;{uh (Suggested Books)

S.P. Gupta : Statistical Methods

P.S. Grewal : Numerical Methods of Statistical Analysis

S.L. Aggarwal : Quantitative Techniques

and

S.L. Bhardwaj :
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VII. gqFBK dh ;{uh

(i) S'N/ gqFB L

1. What is correlation?

2. Define Karl Pearson's Coefficient of correlation.

3. What is rank correlation.

4. Distinguish between positive and negative correlation.

(ii) tZv/ gqFB L

1. Discuss the different methods of finding out correlation.

2. Find the Karl Pearson's coefficient of correlation from the following data :

X : 64 65 66 67 68 69 70

Y : 66 67 65 68 70 68 72

3. From the following data calculate the rank correlation coefficient :

X : 48 33 40 9 16 16 65 24 16 57

Y  : 13 13 24 6 15 4 20 9 6 19

4. From the following data find the correlation coefficient between age and playing

habit :

Age (years) No. of Students Regular Players

15-16 200 150

16-17 270 162

17-18 340 170

18-19 360 180

19-20 400 180

20-21 200 120



phH J/H Gkr shik noE Fk;so (gouk d{ik)
wksokswe ftXhnK

gkm BzL 2H2 b/ye L vkH ow/F e[wko pK;b

;w-nkFoD ftFb/FD
gkm dh o{g o/yk

I. G{fwek

II. gkm dk T[d/F

III. ;w-nkFoD ftFb/FD

(i) ;w-nkFoD ftFb/FD dk wsbp

(ii) ;fj-;zpzX ftFb/FD ns/ ;w- nkFoD ftFb/FD ftZu nzso

(iii) ;w-nkFoD o/yktK

(iv) ;w-nkFoD ;wheoDK

(v) ftubB ftXh

(vi) ;w-nkFoD r[DKe dhnK ftF/FsktK

IV. ;ko

V. wjZstg{oD Fpd

VI. gq;skfts g[;se ;{uh

VII. gqFBK dh ;{uh

(i) S'N/ gqFB

(ii) tZv/ gqFB

I. G{fwek

;fj-;zpzX ftFb/FD ftZu d' sZsK d/ nkg;h ;zpzX pko/ dZf;nk frnk j?. sZsK dk nkg;h

;zpzX j'D ekoD i/eo fJZe sZs dk w[Zb fdZsk j't/ sK d{i/ sZs d/ w[Zb dk nB[wkB brkfJnk

ik ;edk j?. nzeVk ftfrnkB dk f;XKs fi; okjh_ n;h_ fe;/ fJZe fdZs/ w[Zb s'_ d{i/ sZsK dk

nB[wkB brkT[_d/ jK T[; ~ ;w-nkFoD ftFb/FD fejk iKdk j?. ;w-nkFoD dk ;pd e'Fh

noE tkg;h, fgSKj tZb ;zpzX iK n';s w[Zb tZb M[ekn s'_ j[zdk j?. ;w-nkFoD Fpd dh tos'_

;G s'_ gfjbK ;o coKf;; rkbNB (Sir Francis Galton) B/ ;zB 1877 ftZu pZfunK dh T[ukJh

ns/ T[BQK d/ wksk-fgsk dh T[ukJh dh s[bBk eod/ ;w/_ ehsh. T[;B/ nkgD/ nfXn?B,

"Regression Towards Mediocity in Hereditory Stature" ftZu dZf;nk fe bzp/ wksk fgsk

d/ pZu/ nkw s"o s/ bzp/ j[zd/ jB ns/ S'N/ eZd tkb/ wksk-fgsk d/ pZu/ nkw s"o s/ S'N/ eZd

d/ jh j[zd/ jB. go rkbNB B/ nkgD/ nfXn?B ftZu fJj do;kfJnk fe bzp/ eZd tkb/ pZfunK

dh n";s bzpkJh, bzp/ eZd tkb/ wksk-fgsk dh n';s T[ukJh s'_ xZN j[zdh j? fJ;/ soQK S'N/ eZd

tkb/ pZfunK dh n';s bzpkJh nkgD/ wksk-fgsk d/ n';s eZd s'_ finkdk j[zdh j? fJ; soQK rkbNB

B/ tkg;h iK fgSKj tbQ ikD dh gqftosh ~ dZ;D tkbh o/yk ~ ;w-nkFoD o/yk fejk j?.

16
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II. gkm dk T[d/F

(i) ;w-nkFoD pko/ ikDekoh

(ii) ;fj-;zpzX ns/ ;w-nkFoD ftFb/FD ftZu nzso

(iii) ;w-nkFoD o/yktK pko/ ikDekoh.

(iv) ;w-nkFoD ;wheoDK gsk eoB d/ sohfenK pko/ ikDekoh.

III. ;w-nkFoD ftFb/FD
( i) ;w-nkFoD ftFb/FD dk wsbp

;w-nkFoD fJZe nfijh ftXh j? fi; okjh_ sZsK ftZu nkg;h ;zpzX j'D s/ fe;/ fJZe

sZs d/ fdZs/ w[Zb s'_ d{i/ sZs d/ w[Zb dk nB[wkB brkT[_d/ jK. M.M. Blair d/ FpdK ftZu

"Regression analysis is a mathematical measure of the average relationship between

two or more variables in terms of the original units of data"

Ya-Lun Chou d/ FpdK ftZu, "Regression analysis attempts to establish the

nature of the relationship between variables that is, to study the funcional relationship

between the variables and thereby provide a mechanism for prediction, or forecasting."

(ii) ;fj-;zpzX ftFb/FD ns/ ;w-nkFoD ftFb/FD ftZu nzso

(T) ;fj-;zpzX dk ;kXkoD FpdK ftZu noE d' sZsK dk nkg;h ;zpzX j? idfe ;w-

nkFoD ftZu fJZe wZd dh spdhbh Bkb d{ih wZd s/ g?D tkb/ gqGkt dk wkg

ehsk iKdk j?.

(n) ;fj-;zpzX ftFb/FD ftZu d' sZsK d/ nkg;h ;zpzX dh do s/ ;o{g pko/ nfXn?B

ehsk iKdk j? go ;w-nkFoD ftFb/FD ftZu n;h_ fJZe sZs T[go d{i/ sZs dh

fBoGosk dh iKu eod/ jK.

(J) ;fj-;zpzX d' sZsK d/ nkg;h ekoD ns/ f;ZN/ d/ ;zpzX ~ Bjh_ gqrNkT[_dk idfe

;w-nkFoD d' sZsK d/ ekoD ns/ f;ZN/ d/ ;zpzX ~ gqrNkT[_dk j?.

(;) ;fj-;zpzX r[DKe e/_do fpzd{ ns/ g?wkB/ dh spdhbh s'_ w[es j[zdk j? go ;w-

nkFoD r[DKe e/_do fpzd{ dh spdhbh s'_ w[es j[zdk j? go g?wkB/ dh spdhbh

s'_ w[es Bjh_ j[zdk.

(j) ;fj-;zpzX d' soc/ ;zpzXK ~ gqrNkT[_dk j? ns/ ;fj-;zpzX d' sZsK pko/ ;wo{g

j[zdk j? noEks rxy ryx  idfe ;w-nkFoD ftFb/FD ftZu fJZe sock ;zpzX

j[zdk j? ns/ ;w-nkFoD r[DKe ;wo{g Bjh_ j[zdk  noEks bxy byx

(iii) ;w-nkFoD o/yktK

;w-nkFoD ftFb/FD ftZu fi; o/yk okjh_ n;h_ fBoXkfoe sZsK dk (independent

variables) s/ gqGkfts sZsK (dependent variables) dhnK n";sK d/ ;zpzX ~ ;gZFN eod/ jK

T[; ~ ;w-nkFoD o/yk fejk iKdk j?. J.R. Stockton nB[;ko, "The device used for

estimating the value of one variable from the value of the other consists of a line

through the points drawn in such a manner as to represent the average relationship
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between the two variables such a line is called the line of regression".

i/ eo n;h_ x ns/ y d' sZsK dk nfXn?B eohJ/ sK ;kv/ gk; d' ;w-nkFoD o/yktK

j'DrhnK. fJZe y dh ;w-nkFoD o/yk x T[go s/ d{ih x dh ;w-nkFoD o/yk y T[go. id'_

gqfsrwB o/yk y, x T[go j't/rh sK y gqGkfts sZs j? s/ x fBoXkfoe sZs j?. fJj o/yk x d/

fdZs/ j'J/ w[ZbK s'_ y d/ ;zGkfts w[Zb dZ;/rh. fJ;/ soQK id'_ ;w-nkFoD o/yk x, y T[go j't/rh

sK x gqGkfts sZs j? s/ y fBoXkfoe sZs j?. fJ;/ soQK y d/ fds/ j'J/ w[ZbK s'_ x d/ ;zGkfts w[Zb

gqkgs ehs/ ik ;ed/ jB. fi; ;w/_ x ns/ y d'jK sZsK ftZu g{oD ;fj ;zpzX ( )r   1  j't/

rk sK d't/_ o/yktK fJZe j' ikDrhnK noEks fJZe jh o/yk pD/rh. ;w-nkFoD o/yktK fizBhnK

fJZe d{i/ d/ B/V/ j'DrhnK T[BQK jh d'jK sZsK x ns/ y dk ;fj-;zpzX finkdk j't/rk. fJ; s'_

T[bN fizBhnK fJj o/yktK d{o j'DrhnK T[BQK jh d'jK sZsK ftZu ;fj-;zpzX xZN j't/rk. i/ r  0

sK d't/_ sZs nk}kd j'Dr/ ns/ d'B'_ ;w-nkFoD o/yktK fJZe d{i/ ~ 900 d/ e'D s/ eZNDrhnK.

noEks fJj o/yktK ox ns/ oy d/ ;wkBKso j'DrhnK.

fJj rZb fXnkB:'r j? fe d't/_ o/yktK fJZe d{ih ~ n";s w[Zb s/ eZNdhnK jB. noEks

fi; fpzd{ s/ fJj o/yktK fJZe d{i/ ~ eZNdhnK jB. T[; fpzd{ s'_ x -axis s/ bzp fyfuJ/ sK ;k~

x dh n";s w[Zb gqkgs j't/rh. i/ eo y  - axis s/ bzp fyfuJ/ sK y w[Zb dh n";s gqkgs

j't/rh.

fJE/ fJj rZb yk; fXnkB oZyD :'r j? fe ;w-nkFoD o/yktK fBT{Bsw tor d/ f;XKs

(Method or least squares) dh wkBsk T[go nkXkfos jB fJ; s'_ Gkt fJj j? fe wZdK s'_

n";s d/ nzso dk tor dk i'V xZN s'_ xZN j[zdk j?.

(iv) ;w-nkFoD ;wheoDK

n;h_ T[go nfXn?B ehsk j? fe d' ;w-nkFoD o/yktK jB. fJ; bJh d' jh ;w-nkFoD

;wheoDK j'DrhnK noEks L

y dh x T[go ;w-nkFoD ;wheoD

Y a bX i  ( )

x dh y T[go ;w-nkFoD ;wheoD

X a bY ii  ( )

fJzBQK d'DK ;wheoDK ftZu x ns/ y sZs jB a ns/ b ;fEo jB.

y = a +  bx ftZu x fBoXkfoe sZs j? ns/ y gqGkfts sZs j?. fJ; ;wheoD ftZu a, y

dk w[Zb j? id'_ x = 0 noEks a , y dk T[j w[Zb j? fiE/ ;w-nkFoD o/yk y-axis ~ eZNdh j?.

;wheoD ftZu ;fEo nze b ;w-nkFoD o/yk dh YbkB (slope) j? fi; s'_ Gkt j? fe x

fBoXkfoe sZs ftZu fJZe fJekJh spdhb j'D Bkb gqGkfts sZs y ftZu fezBh spdhbh j[zdh j?.

fJ; ;w-nkFoD ;wheoD ftZu n;h_ d' ;fEo a ns/ b dk w[Zb gsk eoBk j?. d' ;fEo w[Zb

gsk eoB bJh ;k~ d' ;wheoDK dh io{os j?. fBT{Bsw tor d/ Yzr okjh_ d' Bkowb

;wheoDK j/m fbyhnK pDBrhnK.
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Y Na b X i

XY a Y b Y ii

  

    

( )

( )2

fJ;/ soQK i/ eo n;h_ x T[go y dh ;w-nkFoD ;wheoD X a bY   gsk eoBh j?.

sK d' Bkowb ;wheoDK j/m fbyhnK j'DrhnK.

X Na b Y i

XY a Y b Y ii

  

    

( )

( )2

T[go fdZshnK Bkowb ;wheoDK ftZu x ns/ y d/ tZy-tZy w[Zb Go e/ n;h_ a ns/ b dk

w[Zb gsk eo ;ed/ jK.

T[dkjoD 1 L j/m fdZs/ nzefVnK s'_ d' ;w nkFoD ;wheoDK gsk eo'.

X : 1 2 3 4 5 6 7 8 9

Y : 9 8 10 12 11 13 14 16 15

jZb

X Y XY X2 Y2

1 9 9 1 81

2 8 16 4 64

3 10 30 9 100

4 12 48 16 144

5 11 55 25 121

6 13 78 36 169

7 14 98 49 196

8 16 128 64 256

9 15 135 81 225

45 108 597 285 1356

y dh x T[go ;w-nkFoD ;wheoD

Y
c

a b X 

;fEo w[Zb a ns/ b dk gsk eoB bJh j/m fbyhnK d' ;wheoDK ~ jZb eoKr/.

Y Na b X i

XY a X b X ii

  

    

( )

( )2

w[Zb GoB s/
108 9 45

597 45 285

 

 

a b i

a b ii

( )

( )

;wheoD (i) ~ 5 Bkb d'jK gk;/ r[DK eoB s/
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540 45 225

597 45 285

 

 

a b iii

a b ii

( )

( )

;wheoD (iii) ns/ (ii) ~ jZb eoB s/

60 57b  iK b  
57

60
0 95.

b dk ;wheoD (i) ftZu w[Zb GoB s/

108 9 45 0 95 a ( . )

108 9 42 75 a .

9 108 42 75 6525a   . .

a  
65 25

9
7 25

.
.

fJ; soQK ;w-nkFoD ;wheoD y dh x T[go

Yc x 7 25 0 95. .

nB[wkfBs iK ;w-nkFoD ;wheoD x dh y T[go

X
c

a bY 

fJ; bJh j/m fbyhnK d' Bkowb ;wheoDK jZb eoKr/.

X Na b Y i

XY a Y b Y ii

  

    

( )

( )2

w[Zb GoB s/

45 9 108

597 108 1356

 

 

a b i

a b ii

( )

( )

;wheoD (i) ~ 12 Bkb r[Dk eoB s/

540 108 1296

597 108 1356

 

 

a b iii

a b ii

( )

( )

;wheoD (ii) ns/ (iii) ~ jZb eoB s/

60 57b     iK b  
57

60
0 95.

b dk ;wheoD (ii) ftZu w[Zb GoB s/

597 108 1356 0 95 a ( . ) iK

108 597 1288 2 6912a    . .

a    
6912

108
6 4

.
.
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;' X
c

Y  6 4 0 95. .

(v) ftubB ftXh (Deviation Methods)

;w-nkFoD ;wheoDK id'_ x ns/ y d/ rfDs n";sK s'_ ftubB bJ/ ikD (Regression

equations when deviations are taken from the arithmetic means of x and y)

;w-nkFoD ;wheoD y dk x T[go fBowkD

id'_ d'jK sZsK x ns/ y d/ rfDs n";s s'_ ftubB bJ/ iKd/ jB sK ;w-nkFoD ;wheoD

y dk x T[go fBowkD j/m fby/ gqeko j't/rk.

Y Y b
yx

X X  ( )

fiE/ b
yx

, y dk x T[go ;w-nkFoD r[DKe j? fJ; s'_ gsk bZrdk j? fe fBoXkfoe sZs

x ftZu spdhbh nkT[D Bkb gqGkfts sZs y ftZu fezBh spdhbh nkT[_dh j?. b
yx

 dk w[Zb j/mK

fdZsh ftXh okjh_ gsk ehsk ik ;edk j?.

b
yx

xy

x




2 fiE/

x X X

y Y Y

 

 

i/eo r x y, ,   dk w[Zb gsk j't/ sK byx r
y

x






i/ eo x ns/ y wZdK dh rfDs n";s dFwbt ftZu nkJ/ sK T[; ;w/_ ;w-nkFoD r[DKe

dk w[Zb ekbgfBe n";s dh wdd Bkb gsk eo ;ed/ jK ns/

byx
dx dy

dx dy

N

dx
dx

N












( ) ( )

( )2
2

dx X Ax

dy Y Ay

 

 

id'_ x ns/ y d/ rfDs n";s s/ ftubB bJ/ iKd/ jB sK gqfsrwB ;wheoD x dk y

T[go fBowkD j/m fby/ nB[;ko j't/rk.

X X bxy Y Y  ( )

fJE/ b
xy

, x dk y T[go gqfsrwB r[DKe j? ns/ bxy
xy

y




2  fiE/ 

x X X

y Y Y

 

 

i/ eo ;fj-;zpzX r[DKe r, x ns/ y d/ gqwkg ftubB  
x y
, gsk j'D sK

b
xy

r
x

y






i/ eo x ns/ y wZdK dh rfDs n";s dFwbt ftZu nkJ/ sK T[; ;w/_ ;w-nkFoD r[DKe
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b
xy

 dk w[Zb ekbgfBe n";s dh wdd Bkb gsk eo ;ed/ jK.

b
yx

dx dy
dx dy

N

dy
dy

N












( ) ( )

( )2
2 fiE/ 

dx X Ax

dy Y Ay

 

 

Ax = x dh ekbgfBe n";s

Ay = y dh ekbgfBe n";s

(VI) ;w-nkFoD r[DKe b
xy

 ns/ b
yx

 dhnK ftF/FsktK (Properties of regression

co-efficients b
xy

 and b
yx
)

(T) ;w-nkFoD r[DKe (b
xy

 ns/ b
yx
) s'_ nk;kBh Bkb ;fj-;zpzX r[DKe gsk ehsk ik ;edk

j? ns/ fJj r[DKe bxy ns/ byx dh r[DKswe n";s d/ pokpo j[zdk j? noEks r bxy byx  .

bxy r
x

y




  ns/ byx r
y

x






  bxy byx r r rx

y

y

x

. .







2

  r bxy byx.

i/ eo ;w-nkFoD r[DKe ;kekokswe jB sK ;fj-;zpzX r[DKe ;kekokswe j't/rk ns/

i/eo ;w-nkFoD r[DKe foDkswe jB sK ;fj-;zpzX r[DKe th foDkswe j't/rk.

(n) i/eo fJZe ;w-nkFoD r[DKe fJekJh s'_ finkdk j? sK d{ik r[DKe fJekJh s'_ xZN

j't/rk noEks d'BK r[DKe dk r[DBcb fJZe s'_ tZX Bjh_ j' ;edk. feT[_fe d'jK ;w-

nkFoD r[DKeK dk torw{b ;fj-;zpzX r[DKe d/ pokpo j[zdk j? go ;fj-;zpzX r[DKe

jw/Fk fJekJh s'_ xZN iK fJekJh d/ pokpo j[zdk j?.

(J) d'jK ;w-nkFoD r[DKeK d/ fuzB fJZe jh j'Dr/ noEks iK d't/_ ;kekokswe j'Dr/ iK

d't/_ foDkswe j'Dr/.

(;) ;w-nkFoD r[DKe e/_do fpzd{ dh spdhbh s'_ nk}kd j[zd/ jB go g?wkBk spdhbh s/

spdhb j' iKd/ jB.

(j) ;w-nkFoD r[DKe dh rfDfse n";s T[BQK d/ ;fj-;zpzX iK r[DKe n";s s'_ finkdk

j[zdh j?.

noEks 
byx bxy

r



2

H

T[dkjoD 2 L j/mK fdZs/ gshnK ns/ gsBhnK dh T[wo d/ nzefVnK s'_ d' ;w-nkFoD ;wheoDK

gsk eo'. ns/ gsh dh T[wo dk nB[wkB brkU i/ gsBh d/ T[go 16 ;kb j't/ L

gsh dh T[woL 36 23 27 28 28 29 30 31 33 35

gsBh dh T[wo L 29 18 20 22 27 21 29 27 29 28
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jZb L n;h_ wzB b?_d/ jK fe gsh dh T[wo : x

ns/ gsBh dh T[wo : y

X Y ( )X X ( )Y Y x
2 y2 xy

36 29 6 +4 36 16 24

23 18 -7 -7 49 49 49

27 20 -3 -5 9 25 15

28 22 -2 -3 4 9 6

28 27 -2 2 4 4 -4

29 21 -1 -4 1 16 4

30 29 0 4 0 16 0

31 27 1 2 1 4 2

33 29 3 4 9 16 12

35 28 5 3 25 9 15

300 250 0 0 138 164 123

X
X

N



 
300

10
30 N  10

Y  
250

10
25

b
yx

xy

x





 

2

123

138
089.

b
xy

xy

y





 

2

123

164
0 75.

;w-nkFoD o/yk y dh x T[go

Y y byx X x

Y X

Y X

Y X

  

  

  

 

( )

. ( )

. .

. .

25 089 30

25 089 2670

089 17

;w-nkFoD o/yk x dh y T[go

X X b
xy

Y Y

X Y

X Y

X Y

  

  

  

 

( )

. ( )

. .

. .

30 0 75 25

30 0 75 18 75

0 75 1125
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i/ gsBh dh T[wo (Y) = 16 j? sK x dk w[Zb noEks gsh dh T[wo

X  

  

075 16 1125

12 1125 2325

. ( ) .

. .

;' gsh dh T[go 23 ;kb j't/rh.

T[dkjoD 3 L j/m fdZs/ nzefVnK s'_ d'B'_ ;w-nkFoD ;wheoDK gsk eo'.

X Y XY   60 40 1150, ,

X Y N2 4160 2 1720 10   , ,

jZb L ;w-nkFoD r[DKe 
b
yx

XY
X Y

N

X
X

N


 







2

2( )

b
yx








1150
60 40

10

4160
60 2

10

( )






1150 240

4160 360

 
910

3800
024.

b
xy

XY
X Y

N

Y
Y

N


 







2

2( )   







1150
60 40

10

1720
40 2

10

( )






1150 240

1720 160
   

910

1560
058.

ns/ X
X

N
Y

y

N



  


 
60

10
6

40

10
4

;w-nkFoD ;wheoD y dh x T[go

= ,
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Y Y byx X X

Y X

Y X

Y X

  

  

  

 

( )

. ( )

. .

. .

4 0 24 6

4 0 24 144

0 24 2 56

;w-nkFoD o/yk x dh y T[go

X X bxy Y Y

X Y

X Y

X Y

  

  

  

 

( )

. ( )

. .

. .

6 058 4

6 058 2 32

058 368

T[dkjoD 4 L j/m fdZsh ;koBh ftZu 8 ftneshnK dh T[wo (x) ns/ T[BQK d/ y{B d/ dpkn

(Y) d/ nzeV/ fdZs/ jB.

X : 52 63 45 36 72 65 47 25

Y : 62 53 51 25 79 43 60 33

Y dh x T[go ;w-nkFoD ;wheoD gsk eo' ns/ i/ eo fe;/ ftnesh dh T[wo 49

;kb j? sK T[; dk y{B dk dpkn dk nB[wkB brkU.

jZb L

        (x-50)          (y-50)

X Y dx dx2 dy dx dy

52 62 2 4 12 24

63 53 13 169 3 39

45 51 -5 25 1 -5

36 25 -14 196 -25 350

72 79 22 484 29 638

65 43 15 225 -7 -105

47 60 -3 9 10 -30

25 33 -25 625 -17 425

405 406 5 1737 6 1336

X
X

N



 
405

8
50625.

Y
Y

N



 
406

8
50 75.

x ns/ y d/ rfDs n";s dFwbt ftZu jB. fJ; bJh ;w nkFoD r[DKe b
yx

 dk w[Zb

ekbgfBe n";s d/ sohe/ Bkb gsk eoKr/.
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b
yx

dxdy
dx dy

N

dx
dx

N


 

 





2

2( )   







1 3 3 6
5 6

8

1 7 3 7
5 2

8

( )






1336 375

1737 3125

.

.

 
1332 25

1433875
0768

.

.
.

y dh x T[go ;w-nkFoD ;wheoD

Y Y b
yx

X x

Y X

Y X

Y X

  

  

  

 

( )

. . ( . )

. . .

. .

50 75 0 768 50 625

50 75 0 768 38 88

1187 0 768

i/ eo ftnesh dh T[wo (x) = 49 j? sK nB[wkfBs y{B dk dpkn

Y

Y

 

  

1187 0 768 49

1187 37 632 49 502

. . ( )

. . .

T[dkjoD 5 L s[jk~ g[fb;w?BK dh T[ukJh (x) ns/ Gko (Y) pko/ nzeV/ fdZs/ rJ/ jB.

X Y x y r    68 150 2 5 20 0 6, , . , , .   sk (i) fJe g[fb;w?B dh T[ukJh dk

nB[wkB brkU i/ T[; dk Gko Y  200 j't/.

(ii) T[; g[fb;w?B dk Gko d;' fi;dh T[ukJh 60 fJzu j't/.

jZb L gfjbK n;h_ g[fb;w?B dh T[ukJh (x) dk nB[wkB brkT[Dk j? i/eo T[;dk Gko y  200

j? sK n;h_ gfjbK x dh y T[go ;w-nkFoD ;wheoD gsk eoKr/.

X X b
xy

Y y

b
xy

r
x

y

X Y

X Y

X Y

  

  

  

  

 

( )

.
.

.

. ( )

. .

. .




0 6

2 5

20
0 075

68 0 075 150

68 0 075 11 25

56 75 0 075

i/eo Y  200

xc  

  

56 75 0 075 200

5675 15 7175

. . ( )

. .



27phH J/H Gkr shik noE-Fk;so - gouk d{ik

(ii) j[D n;h_ g[fb;w?B dk Gko gsk eoKr/ fi; dh T[ukJh 60 fJzu j? ns/ ;w-nkFoD

;wheoD y dh x T[go fBowkD eoKr/

Y Y b X X

b r
y

x

Y X

Y X X

yx

yx

  

  

  

    

( )

.
.

.

. ( )

. . . .




06

20

25
48

150 48 68

150 48 3264 48 1764

i/ X 60 j't/ sK

Yc     4 8 60 176 4 288 176 4 1116. ( ) . . .

T[dkjoD 6 L fJZe nKfFe o{g ftZu BFN j'Jh gq:'rFkbk s'_ j/mK dZ;/ Bshi/ gqkgs j'J/ jB.

x dk t?ohn?_; = 9

;w nkFoD o/yktK 8 10 66 0X Y    ns/ 40 18 214X Y 

fJBQK nzefVnK d/ nXko s/

(i) x ns/ y dh rfDfse n";s gsk eo'.

(ii) y dk gfowkg ftubB gsk eo'.

(iii) x ns/ y dk ;fj-;zpzX r[DKe eZY'.

jZb L ;k~ fdZsk j?.

x dk t?ohn?_;   x

2 9

iK      x 3

8 10 66 0

40 18 214

X Y

X Y

  

 

n;h_ ikDd/ jK fe fiE/ d' ;w-nkFoD o/yktK eZNdhnK jB T[E/ x ns/ y dh rfDfse

n";s gqkgs j[zdh j?.

8 10 66 0X Y  

iK 8 10 66 0X Y   (i)

    40 18 214X Y  (ii)

;wheoD (i) ns/ (ii) ~ jZb eoB bJh, ;wheoD (i) ~ 5 Bkb r[Dk eoe/ ;wheoD

(ii) ftZu'_ xNkT[D s/

40 18 214

40 50 330

32 544

X Y

X Y

Y

 

 

  



iK Y  
544

32
17

x
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Y dk w[Zb ;wheoD (i) ftZu GoB s/

8 10 17 66

8 170 66 104

104

8
13

X

X

X

 

  

 

( )

fJ; bJh x ns/ y dh rfDfse n";s eqwtko 13 ns/ 17 j't/rh

(ii) ;fj-;zpzX r[DKe gsk eoB bJh d'B' ;w-nkFoD r[DKe gsk eoB/ g?Dr/ feT[_fe

r b byx xy 

fJE/ n;h_ fJj Bjh_ ikDd/ fe d'jK ;w-nkFoD o/yktK ftZu'_ x dh y T[go ns/ y dh x

T[go fejVh j? n;h_ wzB b?_d/ jK fe ;wheoD (i) y dh x  T[go ;w-nkFoD o/yk j?.

8 10 66

10 66 8

X Y

Y X

 

  

iK   10 66 8Y X

Y X 66 08. .

noEks byx 08.  j?.

j[D n;h_ ;wheoD (ii) ~ x dh y T[go ;w-nkFoD o/yk wzB b?_d/ jK

40 18 214X Y 

iK 40 214 18X Y 

X Y 
214

40

18

40

 535 0 45. . Y

 bxy 0 45.

r b byx xy .

  08 0 45 0 6. . .

;' r 0 6.  j?.

(iii) y dk gfowkg ftubB  x  3

bxy  0 45.

go bxy r
x

y






0 45 0 6
3

. .
.


 y

+-

+-

+-
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 y  
18

0 45
4

.

.

IV ;ko
;w-nkFoD fJZe nfijh ftXh j? fi; okjh_ sZsK ftZu nkg;h ;zpzX j'D s/ fe;/ fJZe

sZs d/ fdZs/ w[Zb s'_ d{i/ sZs d/ w[bK dk nB[wkB brkfJnk ik ;edk j?. ;w-nkFoD ;pd

e'Fh noE tkg;h, fgSKj tbQ ;zpzX iK n";s w[Zb tbQ M[ekn s'A j[zdk j?. ;w-nkFoD Fpd

dh tos'_ ;G s'_ gfjbK ;o-coKf;; rkbNB B/ ;zB 1877 ftZu pZfunK dh T[ukJh ns/ T[BQK

d/ wksk-fgsk dh T[ukJh dh s[bBk eod/ ;w/_ ehsh. ;w-nkFoD ft;b/FD ftZu fi; o/yk okjh_

n;h_ fBoXkfoe sZsK s/ gqGkfts sZsK dhnK n";sK d/ ;zpzX ~ ;gFN eod/ jK T[; ~ ;w-nkFoD

o/yk fejk iKdk j? ns/ fJj d'B' o/yktK fJZe d{ih ~ n";s w[b s/ eZNdhnK jB.

V wjZstg{oD Fpd

(i) ;w-nkFoD

(ii) ;w-nkFoD o/yk

(iii) ;w-nkFoD ;wheoD

(iv) ;w-nkFoD r[DKe

VI gq;skfts g[;se ;{uh (Suggested Books)

S.P. Gupta : Statistical Methods

P.S. Grewal : Numerical Methods of Statistical Analysis

S.L. Aggarwal : Quantitative Techniques

and S.L. Bhardwaj

VII gqFBK dh ;{uh
(i) S'N/ gqFB

1. Explain the term regression.

2. Distinguish between correlation and regression.

3. Discuss the properties of regression coefficient.

(ii) tZv/ gqFB

1. Why are there, in general, two regression lines? Under what condi-

tions can there be only one regression line?

2. Find two regression equations for the following data.

X : 23 43 53 63 73 83

Y : 5 6 7 8 9 10

3. Find the most likely price in Bombay corresponding to the price of Rs.

70 at calcutta from the following data

Calcutta Bombay

Average Price     65     67

S.D.     2.5       3

Correlation coefficient (r) = 0.8
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                wksokswe ftXhnK

gkm BzL 2H3 b/ye L vkH ow/F e[wko pK;b

;{ue nze
(Index Number)

gkm dh o{g o/yk

I. G{fwek

II. gkm dk T[d/F

III. ;{ue nze

1H ;{ue nze dk wsbp

2H ;{ue nze d/ fBowkD dhnK ;wZf;nktK

3H ;{ue nzeK d/ bkG

4H ;{ue nze fBowkD dhnK ftXhnK.

(T) Gko ofjs ;{ue nze

(i) ;ob ;kw{fje ftXh

(ii) ;ob ;kg/y n";s ftXh

(n) Gkfos ;{ue nze

(i) bk;g/no} ftXh

(ii) gk;u/} ftXh

(iii) fcFo ftXh

IV. ;ko

V. wjZstg{oD Fpd

VI. gq;skfts g[;se ;{uh

VI. gqFBK dh ;{uh

(i) S'N/ gqFB

(ii) tZv/ gqFB

I. G{fwek L
nzeVk Fk;so ftZu ;{ue nzeK dh tos'_ ;G s'_ gfjbK fJNbh d/ nzeVk ftfrnkBh

ihHnkoHekobh (G.R. Carli) B/ ehsh. T[; B/ ;zB 1500 s'_ b? e/ 1750 sZe ehwsK ftZu nkJh

spdhbh d/ gqGkt ~ wkgD bJh ;{ue nzeK dh tos'_ ehsh. T[; ;w/_ sZe ;{ue nzeK dk

y/so ehwsK d/ gZXo d/ nfXn?B sZe jh ;hws ;h go j[D ;{ue nzeK dh brGr jo fJZe

y/so ftZu tos'_ ehsh ikD bZr gJh j?. T[gG'rsk toskt ftZu spdhbh, y/shpkVh ns/

T[d:'fre g?dktko ftZu spdhbh, okFNoh nkwdB ftZu spdhbh nkfd dk nfXn?B ;{ue nze

d/ y/so ftZu nkT[_dk j?. n;b ftZu ;{ue nze ~ fe;/ th nkofEe feqnk d/ wkg dk :zso

(Barometer) fejk iKdk j?. f;zg;B ns/ ekcek nB[;ko, "Index number are today one of

the most widely used statistical devices. They are used to feel the pulse of the economy
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and they have come to be used as indicators of inflationary or dellationary  tendencies."

II. gkm dk T[d/F

(i) ;{ue nzeK pko/ ikDekoh

(ii) ;{ue nze d/ fBowkD dhnK ;wZf;nktK pko/ ikDekoh

(iii) ;{ue nze fBowkD eoB dhnK ftXhnK pko/ ikDekoh

(iv) uzr/ ;{ue nze bJh e;tZNh

III. ;{ue nze
1 H ;{ue nze dk wsbp

;{ue nze nzeVk Fk;so dh fJZe nfijh XkoBk j? fi; d/ okjh_ ;w/_, ;EkB iK e[ZM

j'o ekoBK eoe/ fJZe sZs iK sZsK d/ ;w{j ftZu ;kg/fye spdbh dk wkg eod/ jK. Croxton

ns/ Cowden nB[;ko, "Index numbers are devices for measuring differences in the

magnitude of a group of related variables".

M.R. Spiegel d/ nB[;ko, " An index number is a statistical measure designed

to show changes in a variable or a group of related variables with respect to time,

geographic location or other charateristics such as income, profession etc.".

2 H ;{ue nze d/ fBowkD dhnK ;wZf;nktK l
(Problems in the construction of Index Numbers)
;{ue nze dk fBowkD eod/ ;w/_ pj[s ;kohnK ;wZf;nktK dk ;kjwDk eoBk g?_dk j?.

i/ ;{ue nzeK dk fBowkD mhe Yzr Bkb ehsk ikt/ sK fJj pj[s bkGdkfJe f;ZX j[zd/ jB

Bjh_ sK pj[s G?V/ f;ZN/ fBebd/ jB.fit/_ fe eoke;NB ns/ ekT{vB d/ nB[;ko "An index

numbers properly designed for the purpose in hand is a most useful and powerful

tool, if not properly compiled and constructed it can be dangerous one".

;{ue nze d/ fBowkD ftZu nkT[D tkbhnK ;wZf;nktK j/m fbyhnK jB.

(T) ;{ue nze dk T[d/F (The purpose of the Index) L
;{ue nze dk fBowkD eoB s'_ gfjbK ;{ue nze d/ T[d/F pko/ ;gFN ftnkfynk eoBk

io{oh j? feT[_fe ;ko/ ;{ue nzeK dk T[d/F fJZe jh Bjh_ j[zdk ns/ Bk jh ;ko/ T[d/FK dh g{osh

bJh fJZe ;{ue nze fsnko ehsk ik ;edk j? fJ; soQK fizBh d/o n;h_ ;{ue nze d/ fBowkD

dk T[d/F ;gFN Bjh_ eod/ T[BQh d/o n;h_ fJj c?;bk Bjh_ eo ;ed/ fe fejVhnK fejVhnK

wZdK dh u'D ehsh ikt/, nkXko ;kb fejVk fbnk ikt/ ns/ ;{ue nze d/ fBowkD bJh fe;

n";s dh tos'_ ehsh ikt/ T[dkjoD d/ s"o s/ id' n;h_ fe;/ ;wki d/ b'eK d/ ofjD ;fjD

d/ gZXo  pko/ nB[wkB brkT[Dk ukj[zd/ jK sK ;k~ fJj ;gFN eoBk gt/rk fe ;wki d/ fe;

tor d/ b'eK d/ ofjD ;fjD pko/ d;Dk j?.

(n) nkXko ;w/_ dh u'D (Selection of a base period) L
;{ue nze dk fBowkD nkXko ;w/_ ~ w[Zy oZy e/ ehsk iKdk j?. nkXko ;wK nfijk

;wK j[zdk j? fi; Bkb ukb{ ;w/_ d/ ;{ue nzeK dh s[bBk ehsh iKdh j?. nkXko ;w/_ dk ;{ue

nze jw/Fk 100 wzB fbnk iKdk j?. nkXko ;w/_ dh u'D eod/ ;w/_ j/m fbyhnK rZbK dk fXnkB

oZyDk ukjhdk j?.
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(i) nkXko ;wK ;kXkoD j'Dk ukjhdk j? (Base period should be a normal

one)L
nkXko ;w/_ dh u'D eod/ ;w/_ fJj fXnkB oZyDk ukjhdk j? fe nkXko ;wK ;kXkoD

;wK j'Dk ukjhdk j? feT[_fe n;h_ pkeh ;ko/ ;'fwnK d/ ;{ue nzeK dh s[bBk fJ; nkXko ;kb

d/ ;{ue nze Bkb eod/ jK. fJE/ ;kXkoD ;w/_ s'_ Gkt j? fe fJ; ;w/_ d"okB bVkJh, jVQ,

G[ukb, wzdhekb iK s/}hekb nkfd dh jkbs Bjh_ j'Dh ukjhdh. eJh tkoh nfijk j[zdk j? fe

;kXkoD ;kb dh u'D, i' jo gZy s'_ ;kXkoD j't/, w[Ffeb j[zdh j?. j' ;edk j? fe fijVk

;kb fe;/ fJZe gZy s'_ ;kXkoD j? d{i/  gZy s'_ ;kXkoD Bk j't/ fJ;  ;wZf;nk ~ jZb eoB

bJh 3 iK 4 ;kb dh n";s ~ nkXko wzB fbnk iKdk j?.

(ii) nkXko ;wK fgSKj tbQ pj[s d{o Bjh_ j'Dk ukjhdk (Base period should

not be too distant in the past)
nkXko ;w/_ dh u'D eod/ ;w/_ fJj fXnkB oZyDk ukjhdk j? fe nkXko ;wK G{sekb

ftZu pj[s finkdk d{o Bjh_ j'Dk ukjhdk feT[_fe i/ nkXko ;wK pj[s d{o j't/rk sK n;h_ ukb{

;{ue nzeK dh nkXko ;{ue nze Bkb s[bBk eoe/ bkj/tzd f;ZfNnK s/ Bjh_ gj[zu ;ed/.

T[dkjoD d/ s"o s/ i/ n;h_ ;kb 1992 d/ ehws ;{ue nze dh s[bBk 1951 d/ ;{ue nze Bkb

eohJ/ sK T[fus BshfinK s/ Bjh_ gj[zfunk ik ;edk.

(iii) ;fEo nkXko iK eVh nkXko (Fixed base or chain base) L
nkXko ;w/_ dh u'D eod/ ;w/_ fJ; rZb dk th fBoDk eoBk g?_dk j? fe ;{ue nze

dk nkXko ;fEo j? iK eVh nkXko. ;fEo nkXko ftZu, nkXko ;wK, fi; Bkb pkeh ;ko/ ;fwnK

dh s[bBk ehsh iKdh j? jw/Fk ;fEo ofjzdk j?. d{i/ gk;/ eVh nkXko ;{ue nze ftZu toswkB

ehwsK ~ T[; s'_ gfjb/ ;w/_ iK ;kb dhnK ehwsK Bkb eVh pZX ehsk iKdk j?.

(J) wZdK dh frDsh dh u'D (Selection of number of items) L
wZdK dh u'D ns/ wZdK dh frDsh ;{ue nze d/ T[d/F T[go fBoGo eodh j?.;{ue

nze dk fBowkD eod/ ;w/_ fJj io{oh Bjh_ j[zdk fe jo fJZe wZd ~ ;{ue nze ftZu fbnk

ikt/. T[dkjoD d/ s"o s/ i/ y/shpkVh ftZu ezw eod/ feoshnK d/ ofjD-;fjD dk ;{ue nze

fsnko eoBk j? sK T[d:'fre y/so ftZu ezw eo oj/ feoshnK pko/ nzeV/ fJeZm eoB dh

io{os Bjh_ j?. ;{ue nze dk fBowkD eod/ ;w/_ fJj th fXnkB oZyDk ukjhdk j? fe i' wZdK

dh u'D ehsh ikt/ T[j ;koh nkpkdh d/ ;[nkd, nkdsK, ohsh fotki dk gqfsfBXst eodhnK

j'D. :'r fwnkoheoD tkbhnK wZdK dh jh u'D eoBh ukjhdh j?. ;{ue nzeK dk fBowkD eod/

;w/_ fJj fXnkB oZfynk ikt/ fe wZdK dh frDsh T[fus j't/. Gkt/_ wZdK dh frDsh pko/ e'Jh

fBFfus fB:w Bjh_ j?. go fizBh wZdK dh frDsh finkdk j't/rh T[BQK jh ;{ue nze finkdk

mhe j't/rk go ;{ue nze d/ fBowkD ftZu ;wK ns/ bkrs finkdk j't/rh. fJ; d/ T[bN

i/ wZdK dh frDsh xZN j't/rh sK ;{ue nze mhe gqshfBXsk Bjh_ eoDr/.

(;) ehwsK dh u'D (Price Selection) L
wZdK dh u'D eoB T[gozs, t;s{nK dh ehws pko/ fBoDk eoBk io{oh j' iKdk j?.

fJj nkw ;ukJh j? fe t;s{nK dhnK ehwsK fJZe EK s'_ d{ih EK, fJZe d[ekB s'_ d{ih d[ekB

ftZu tZy-tZy j[zdhnK jB.jo fJZe EK s'_ ehwsK pko/ gsk eoBk n;zGt j[zdk j?. fJj ;[Mkn
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fdZsk iKdk j? fe gqshfBZX cowK ns/ ;EkBK d/ Bw{B/ bJ/ ikD ns/ c/o ehwsK pko/ gsk ehsk

ikt/. E'e ehwsK iK gqu{B ehwsK dh u'D ;{ue nze d/ T[d/F s/ fBoGo eodh j?. i/eo

T[gG'rh d/ ihtB ;Zso pko/ ;{ue nze fsnko eoBk j? sK E'e ehwsK dh e'Jh io{os Bjh_

j[zdh.

(j) n";s dh u'D (Choice of average) L
;{ue nze fJZe ftF/; fe;w dh n";s j[zd/ jB. ;{ue nzeK dk fBowkD eod/ ;w/_ fJj

fBoDk eoBk g?_dk j? fe rfDs n";s, wkfXnek, G{fJFme iK i[w?Nfoe n";s ftZu'_ fejVh n";s

dh tos'_ ehsh ikt/. wkfXnek ns/ G{fJFme dh ;{ue nze dk fBowkD eoB ;w/_ ed/ th tos'_

Bjh_ ehsh iKdh. fJ; bJh rfDs n";s iK i{w?Nfoe n";s d'jK ftZu'_ fJZe dh u'D eoBh g?_dh

j?. ;{ue nzeK dk fBowkD eoB bJh i{w?Nfoe n";s T[fus n";s j? feT[_fe (i) ;{ue nze

fsnko eod/ ;w/_ n;h_ ;zpzfXs spdhbhnK d/ nB[gks ~ t/yd/ jK ns/ i[w?Nfoe n";s jo fJZe

;pzfXs spdhbh d/ nB[gks ~ pokpo dk Gko fdzdh j? (ii) rfDs n";s dh EK s/ i{w?Nfoe

n";s T[go finkdk iK xZN w[Zb tkbhnK wZdK dk xZN gqGkt g?_dk j? (iii) i{w?Nfoe n";s dh

tos'_ Bkb ;{ue nze dk nkXko spdhb eoBk nk;kB j[zdk j?. go ;{ue nzeK dk fBowkD

eod/ ;w/_ nkw s"o s/ rfDs n";s dh tos'_ jh ehsh iKdh j? feT[_fe rfDs n";s dh tos'_

i{w?Nfoe n";s dh tos'_ Bkb'_ nk;kB j?.fiE/ finkdk ;gZ;Nsk dh io{os j't/ T[E/ i{w?Nfoe

n";s dh jh tos'_ ehsh iKdh j?.

(e ) T[fus Gko dh u'D (Selection of appropriate weights) L
tZy-tZy wZdK ~ Gko d/Dk wjZstg{oB ns/ w[Ffeb ezw j?. ;{ue nze d/ fBowkD ftZu

Gko Fpd s'_ Gkt wZdK d/ s[bBkswe wjZst s'_ j[zdk j? feT[_fe jo/e wZd dk wjZst pokpo

Bjh_ j[zdk fJ; bJh fJZe nfijk sohek bZGD dh io{os j? fi; Bkb wZdK d/ wjZst dk nfXn?B

ehsk ik ;e/. n;h_ w[Zy s"o s/ d' soQK d/ ;{ue nzeK dk fBowkD eod/ jK - Gko ofjs ;{ue

nze ns/ Gkfos ;{ue nze. gfjbh fdFk ftZu wZdK ~ e'Jh yk; Gko Bjh_ fdZsk iKdk, idfe

d{ih jkbs ftZu tZy-tZy wZdK ~ Gko fdZsk iKdk j?.

(y) T[fus ftXh u'D (Selection of appropriate formula) L
;{ue nzeK dk fBowkD eoB bJh pj[s ;kohnK ftXhnK gquZbs jB.;wf;nk g?dk j[zdh

j? fe fe; ftXh dh tos'_ ehsh ikt/. e[ZM ftXhnK nfijhnK jB i' ;ob sK jB go seBheh

Bjh_, idfe e[ZM ftXhnK seBheh jB go r[zMbdko jB.fttjkoe o{g ftZu ;{ue nze dh ftXh

dh u'D ;{ue nze d/ fBowkD d/ T[d/F T[go jh fBoGo Bjh_ eodh, ;r'_ nzefVnK dh T[gbZGsk

s/ th fBoGo eodh j?. gq'L fJoftzr fcFo B/ T[fus ;{ue nze ftXh d/ wkg bJh ;wK gqhtosD

fBohyD (Time Reversal Test) ns/ ;kXB gqhtosB fBohyD (Factor Reversal test) fdZs/

jB. fcFo nB[;ko ;{ue nzeK dh fijVh ftXh fJj d't/_ N";N g{o/ eo/rh T[j T[fus ftXh

j?. fJ; gZy s'_ gq'L fcFo dh ;{ue nze fBowkD ftXh ;G s'_ T[fus ftXh j?.

3 H ;{ue nzeK d/ bkG (Uses of Index Numbers) L
nZi eZb ;{ue nze nzeVk Fk;so dh ;G s'_ tZX tosh ikD tkbh seBhe j?. n;h_

o'ikBk dh f}zdrh d/ jo fJZe y/so ftZu Gkt/_ T[j nkofEe j't/, f;js dk y/so j't/ iK fco

ftfdne y/so j't/, ;{ue nze dh tos'_ ehsh iKdh j?. ;{ue nzeK d/ e[ZM wjZstg{oB bkG

j/m fby/ jB.
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(T) T[fus nkofEe BhshnK dk fBowkD (Helpful in framing suitable economic

policies) L
fe;/ d/F dhnK nkofEe ns/ tgkfoe BhshnK ;{ue nze T[go nkXkfos jz[dhnK jB.

;{ue nzeK dh ;jkfJsk Bkb d/F ftZu uZb ojhnK  gzi ;kbK :'iBktK d/ ;w/_ ftZu d/F dh

nkofEe gqrsh dk nB[wkB brk ;ed/ jK. ;oeko nkgD/ eowukohnK ~ wfjzrkJh GZs/ dh

tkX{ feFs d/D ;w/_ ofjD ;fjD d/ gZXo d/ ;{ue nzeK dh ;jkfJsk b?_dh j?.

(n) ;{ue nze nt;chsh ftZu ;jkfJsk eod/ jB (Index numbers are useful

in deflating) L
;{ue nzeK dh ;jkfJsk Bkb n;h_ nkwdB ftZu'_ ehwsK dh spdhbh dk n;o jNk ;ed/

jK noEks ;fEo ehwsK s/ okFNoh nkwdB dk nB[wkB brk ;ed/ jK. ;{ue nzeK dh tos'_

eoe/ n;h_ w[dok dh yohd Fesh dk nB[wkB brk ;ed/ jK.

w[dok dh yohd Fesh  

(J) GftZypkDh ftZu ;jkfJe (Helpful in forecasting) L
n;h_ ;{ue nzeK dh ;jkfJsk Bkb GftZypkDh eo ;ed/ jK. ;{ue nzeK dh ;jkfJsk

Bkb tgkoh iK T[sgkde GftZy dh wzr dk nB[wkB brk ;ed/ jB. fJ; ;zpzX ftZu gq'L n?wHnkoH

;ghrb B/ fbfynk j?. "Many government and private agencies are engaged in com-

putation of the index number for the purpose of forecasting business and economic

condition providing general information etc.".

4 H ;{ue nze fBowkD eoB dhnK ftXhnK L
;{ue nze fBowkD dhnK ftXhnK ~ d' GkrK ftZu tzfvnk iKdk j?.

(T) Gko ofjs ;{ue nze (Unweighted index numbers) L
Gko ofjs ;{ue nze dk fBowkD eoB ;w/_ jo fJZe wZd ~ fJe' fijk Gko fdZsk iKdk

j?. Gko ofjs ;{ue nze fsnko eoB dhnK j/m fbyhnK ftXhnK jB.

(i) ;ob ;kw{fje ftXh (Simple aggregative method)

(ii) ;ob ;kg/y n";s ftXh (Simple average of relatives method)

(n) Gkfos ;{ue nze (Weighted aggregative method) L
fJ; ftXh ftZu t;s{nK dh wjZssk nB[;ko T[BQK ~ tZy-tZy Gko fdZs/ iKd/ jB. Gkfos

;{ue nzeK dk fBowkD th d' ftXhnK-Gkfos ;kw{fje ftXh ns/ Gkfos ;kg/y n";s ftXh okjh_

ehsk ik ;edk j? go n;h_ fJ; gkm ftZu Gkfos ;w{fje ftXh d/ j/m fJE/ fszB sohfenk dk

jh nfXn?B eoKr/.

(i) bk;g/no} ftXh (Laspeyre's Method)

(ii) gk;u/} ftXh (Paasche's Method)

(iii) fcFo ftXh (Fisher's Method)

=
1

ehws ;{ue nze
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4H (T) Gko ofjs ;{ue nze
(i) ;ob ;kw{fje ftXh L
fJj ;{ue nze fBowkD eoB dh ;G s'_ ;ob ftXh j? fJ; ftXh ftZu ;{ue d/ fBowkD

bJh ;kohnK t;sK dhnK toswkB ehwsK ns/ nkXko ;kb dhnK ehwsK ~ tZy-tZy i'fVnk iKdk

j?. fco toswkB ;kb dhnK ehwsK d/ i'V ~ nkXko ;kb dhnK ehwsK d/ i'V Bkb tzv e/

100 Bkb r[Dk eo fdZsk iKdk j?.

ehws ;{ue nze ( )P
P

P
01

1

0

100 



fJE/ P1   toswkB ;kb dhnK ehwsK dk i'V

P0   nkXko ;kb dhnK ehwsK dk i'V

T[dkjoD 1 L ;ob ;kw{fje ftXh okjh_ j/m dZ;/ nzefVnK dk ;{ue nze gsk eo'.

t;sK 1988 dhnK ehwsK (o{g?) 1992 dhnK ehwsK (o[g?)

A 20 60

B 15 25

C 18 22

D 27 38

E 12 50

jZb L fJE/ 1988 dhnK ehwsK nkXko ehwsK jB ns/ 1992 dhnK ehwsK toswkB ;kb dhnK

ehwsK jB.nkXko ;kb 1988 dhnK ehwsK ~ P0
 ns/ 1992 toswkB ;kb dhnK ehwsK ~

P1 Bkb do;kfJnk ikt/rk.

t;sK P0 P1

A 20 60

B 15 25

C 18 22

D 27 38

E 12 50

P0 92  P1 195 

P
P

P
01

1

0

100
195

92
100 2119    




.

P01 2119 .

(T) (ii) ;ob ;kg/y n";s ftXh L

fJ; ftXh okjh_ ;{ue nze dk fBowkD eoB bJh jo fJZe wZd dh toswkB ehws
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~ nkXko ;kb dh ehws Bkb Gkr d/ e/ 100 Bkb, r[Dk ehsk iKdk j?. fJ; soQK gqkgs j'J/

BshfinK ~ wZdK dh ;kg/y ehws (Price relative) fejk ikdk j?. noEks

;kg/y ehws ( )P
P

P
 1

0

100

;kg/y ehwsK (P) dk gsk eoB wro'_ ;{ue nzeK dk fBowkD d' YzrK Bkb rfDfse

n";s dh tos'_ iK r[DKso n";s dh tos'_ eoe/ ehsk iKdk j?.

id'_ rfDfse n";s (Arithmetic Mean) dh tos'_ ehsh iKdh j? sK ;{ue nze gqkgs

eoB bJh j/m fby/ ;{so dk gq:'r ehsk iKdk j?.

P
P

N
01 


 fJE/ P

P

P
 1

0

100

ns/ N wZdK dh frDsh j?.

id'_ r[DKso n";s (Geometric Mean) dh tos'_ ehsh iKdh j? sK ;{ue nze gqkgs

eoB bJh j/m fby/ ;{so dh tos'_ ehsh iKdh j?.

P Anti
Log P

N
01 


log

T[dkjoD 2 L rfDfse n";s dh tos'_ eoe/ ;ob ;kg/y ftXh okjh_ 2003 bJh 2002 dhnK

ehwsK ~ nkXko wzB e/ ;{ue nze dk fBowkD eo'.

t;sK A B C D E

2002 dhnK ehwsK (o{g?) 50 40 80 110 20

2003 dhnK ehwsK (o{g?) 70 60 90 120 20

jZb L ;ob ;kg/y ftXh okjh_ ;{ue nze dk fBowkD eoB bJh ;G s'_ gfjbK n;h_ ;kg/y ehws

dk gsk P
P

P
 1

0

100 ;{so okjh_ gsk eoKr/.

t;sK 2002 dhnK    2003 dhnK   ;kg/y ehws

ehwsK (o[g?)    ehwsK (o[g?)

 ( )P0   ( )P1  
P

P

1

0

100

A 50 70                              140.0

B 40 60                              150.0

C 80 90                              112.5

D 110 120                            109.1

E 20 20                               100.0

              P  6116.
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P
P

N
01

6116

5
122 32  

 .
.

4H (n) Gkfos ;{ue nze

(i) bk;g/no} ftXh L

fJj ftXh ;zB 1871 ftZu bk;g/no} d[nkok fdZsh rJh fJ; ftXh ftZu nkXko ;kb dh

wksok d/ pokpo Gko fdZs/ iKd/ jB.bk;g/no} d[nkok fdZsh ;{ue nze ftXh fJ; gqeko j?.

P
p q

p q
01

1 0

0 0

100 



(ii) gk;u/} ftXh L

iowB d/ nzeVk Fk;soh gkFu/} B/ fJ; ftXh dh tos'_ ;G s'_ gfjbK ;zB 1874 ftZu ehsh.

fJ; ftXh ftZu toswkB ;kb dhnK wksok ~ Gko d/ s"o s/ tofsnk iKdk j? i' fJ; gqeko j?.

P
p q

p q
01

1 1

0 1

100 



(iii) fcFo dh ftXh L

gq'L fJoftzr fcFo B/ ;{ue nze dk fBowkD eod/ ;w/_ nkXko ;kb ns/ toswkB ;kb

d'BK ;kbK dh wksok dk gq:'r ehsk j?. fcFo dk ;{ue nze, bk;g/no} ns/ gk;u/} d/ ;{ue

nzeK dk r[DKso n";s j[zdk j?.

P L P01    noEks

P
p q

p q

p q

p q
01

1 0

0 0

1 1

0 1

100  






T[dkjoD 3 L j/m fby/ nzefVnK s'_ bk;g/no}, gk;u/} ns/ fcFo d/ ;{so okjh_ ;{ue nze

gsk eo'.

t;s{ ;kb 2002 ;kb 2003

ehws wksok ehws wksok

A 2 8 4 6

B 5 10 6 5

C 4 14 5 10

D 2 19 2 13

jZb L   ;kb 2002 dhnK ehwsK ns/ wksok nkXko ;kb dhnK ehwsK ns/ wksok jB ns/

;kb 2003 dhnK ehwsK ns/ wksok toswkB ;kb dhnK ehwsK ns/ wksok jB.
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t;s{ p0 q0 p1 q1
             p q1 0

         p q0 0
         p q0 1

         p q1 1

A 2 8 4 6 32 16 12 24

B 5 10 6 5 60 50 25 30

C 4 14 5 10 70 56 40 50

D 2 19 2 13 38 38 26 26

200 160 103 130

bk;g/no} ftXh L P
p q

p q
01

1 0

0 0

100
200

160
100 125    




gk;u/} ftXh L P
p q

p q
01

1 1

0 1

100
130

103
100 12621    




.

fcFo ftXh L P
p q

p q

p q

p q
01

1 1

0 1

1 0

0 0

100  






p01

200

160

130

103
100  

  125 1256 100. .

= 126.6

T[dkjoD L 4 j/m fby/ nzefVnK s'_ T[fus ftXh okjh_ ehws ;{ue nze frnks eo'.

nkXko ;kb toswkB ;kb

t;s{ ehws gqsh e[Zb youk ehws gqsh e[Zb youk

 fJekJh   (o[g?)  fJekJh   (o[g?)

A 2 40 5 75

B 4 16 8 40

C 1 10 2 24

D 5 25 10 60

jZb L fJ; gqFB ftZu ;k~ nkXko ;kb ns/ toswkB ;kb dhnK ehwsK ns/ e[Zb youk fdZsk

j'fJnk j? fJ; bJh fcFo ftXh ;G s'_ T[fus j? gfjbK n;h wksok gsk eoKr/.
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t;s{ p0 p q0 0 p1 p q1 1 q0 q1 p q1 0 p q0 1

A 2 40 5 75 20 15 100 30

B 4 16 8 40 4 5 32 20

C 1 10 2 24 10 12 20 12

D 5 25 10 60 5 6 50 30

91 199 202 92

P
p q

p q

p q

p q
01

1 0

0 0

1 1

0 1

100  






  
202

91

199

92
100

  21912 100 21912. .

5 H uzr/ ;{ue nze bJh e;tZNh L (Tests of adequacy of index number) L

T[Zgo n;h_ ;{ue nze fBowkD eoB d/ eJh Yzr dZ;/ jB. go fJBQK tZy-tZy ;{ue

nze fBowkD eoB dhnK ftXhnK ftZu fejVh ftXh finkdk T[fus j?. fJ; dh goy iK fBohyD

eoB bJh gq'L fcFo B/ w[Zy o{g ftZu d' e;tZNhnK dZ;hnK jB.

(T) ;wK gqhtosB e;ZtNh (Time reversal test)

(n) ;kXB gqhtosB e;ZtNh (Factor reversal test)

(T) ;wK gqhtosB e;tZNh L

gq'L fcFo d[nkok dZ;h rJh ;wK gqhtsoB e;tZNh nB[;ko ;{ue nze ftXh nrKj tZb

s/ fgSKj tZb d't/_ gk;/ ezw eoBh ukjhdh j? gq'L fcFo d/ FpdK ftZu L "The formula for

calculating an index number should be such that it gives the same ratio between

one point of comparison and the other, no matter which of the two is taken as the

base".

fJ; e;tZNh nB[;ko id'_ n;h_ fdZs/ j'J/ d' ;kb d/ nzefVnK s'_ nkXko pdb e/ fJe'

ftXh Bkb ;{ue nze pDkT[_d/ jK sK fJj ;{ue nze fJZe d{i/ d/ T[bN j[zd/ jB noEks fJBQK

dh r[Dk fJZe d/ pokpo j[zdh j? noEks L

p p01 10 1 

fJE/ p01
 s'_ Gkt j? fe ;kb "0" ~ nkXko b? e/ toswkB ;kb "1" dk ;{ue nze 1

ns/ p10  s'_ Gkt j? fe ;kb "1" ~  nkXko ;kb b? e/ toswkB ;kb "0" dk ;{ue nze.

i/ p p01 10 1   nkT[_dk j?. sK ;{ue nze ftXh ;wK gqhtosB e;tZNh s/ g{oh T[sodh

j? go i/ p p01 10 1   sK ;{ue nze ;wK gqhtosB e;tZNh s/ g{ok Bjh_ T[sodk. fJj e;tZNh

bk;g/no} ns/ gk;u/} ;{ue nze ftXh okjh_ g{oh Bjh_ ehsh iKdh.
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bk;g/no} ;{ue nze

P
p q

p q
01

1 0

0 0





,  P
p q

p q
10

0 1

1 1





p p
p q

p q

p q

p q
01 10

1 0

0 0

0 1

1 1

1   






;' bk;g/no} ;{ue nze ;{so ;wK gqhtosB e;tZNh s/ g{ok Bjh_ T[sodk.

gk;u/} ;{ue nze ftXh

P
p q

p q
01

1 1

0 1





,  P
p q

p q
10

0 0

1 0





p p
p q

p q

p q

p q
01 10

1 1

0 1

0 0

1 0

1   






gk;u/} ;{ue nze ;{so th ;wK gqhtosB e;ZtNh s/ g{ok Bjh_ T[sodk.

go fcFo ;{ue nze ftXh ;wK gqhtosB e;tZNh s/ g{oh T[sodh j?.

P
p q

p q

p q

p q
01

1 0

0 0

1 1

0 1

 






;wK gqhtosB eoB s/

P
p q

p q

p q

p q
10

0 1

1 1

0 0

1 0

 






P P
p q

p q

p q

p q

p q

p q

p q

p q
01 10

1 0

0 0

1 1

0 1

0 1

1 1

0 0

1 0

    












 1 1

(n) ;kXB gqhtosB e;tZNh L

fJZe uzr/ ;{ue nze dh iKu eoB bJh gq'L fcFo d[nkok ;kXB gqhtosB e;tZNh dk

fBowkD ehsk frnk j? fi; nB[;ko i/ fJZe jh nkXko s/ toswkB ;wK b? e/ ehws ;{ue

nze ns/ wksok ;{ue nzeK dk fBowkD ehsk ikt/ sK T[BQK d'jK ;{ue nzeK dh r[Dk w[Zb ;{ue

nze d/ pokpo j[zdh j? noEks fJBQK d'BK ;{ue neK dh r[Dk n;b w[Zb nB[gks d/ pokpo

j't/rk.

gq'L fcFo d/ ;pdK ftZu, "Just as each formula should permit the inter change of
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the two times without giving inconsistent results, so it ought to permit interchang-

ing the prices and quantities without giving inconsistent result, i.e., the two results

multiplied together should give the true value ratio.

noEks P Q
p q

p q
01 01

1 1

0 0

 



;kXB gqhtosB e;tZNh ~ f;oc fcFo dk ;{ue nze ;{so jh g{ok eodk j?.

P
p q

p q

p q

p q
01

1 0

0 0

1 1

0 1

 






Q
q p

q p

q p

q p
01

1 0

0 0

1 1

0 1

 






P Q
p q

p q

p q

p q

q p

q p

q p

q p
01 01

1 0

0 0

1 1

0 1

1 0

0 0

1 1

0 1

    

















p q

p q

1 1

2

0 0

2

d i

d i
 




p q

p q

1 1

0 0

;' fcFo dk ;{ue nze ;{so ;wK gqhtosB e;tZNh ns/ ;kXB gqhtosB e;tZNh s/ g{ok

T[sodk j? fJ;/ ekoB fcFo d/ ;{ue nze ;{so ~ nkdoF ;{ue nze ;{so fejk iKdk j?.

T[dkjoD 5 L j/m dZ;/ nzefVnK dh tos'_ eod/ j'J/ f;ZX eo' fe fcFo dk nkdoF ;{ue

nze ;wK gqhtosB ns/ ;kXB gqhtosB e;tZNh s/ g{ok T[sodk j?.

nkXko ;kb toswkB ;kb

t;s{  ehws  wksok  ehws   wksok

A 6 50 10 56

B 2 100 2 120

C 4 60 6 60

D 10 30 12 24
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jZb L

t;s{ p0 q0 p1 q1
             p q0 0

         p q0 1
         p q1 0

         p q1 1

A 6 50 10 56 300 336 500 560

B 2 100 2 120 200 240 200 240

C 4 60 6 60 240 240 360 360

D 10 30 12 24 300 240 360 288

1040 1056 1420 1448

fcFo dk nkdoF ;{ue nze

P
p q

p q

p q

p q
01

1 0

0 0

1 1

0 1

100  






  
1420

1040

1448

1056
100

 18722 100.

P01 13683 100 13683  . .

;wK gqhtosB e;tZNh

P
p q

p q

p q

p q
01

1 0

0 0

1 1

0 1

 






  
1420

1040

1448

1056

P
p q

p q

p q

p q
10

0 1

1 1

0 0

1 0

 






  
1056

1448

1040

1420

P P01 10

1420

1040

1448

1056

1056

1448

1040

1420
    

 1 1

;' fcFo dk nkdoF ;{ue nze f;XKs ;wK gqhtosB e;tZNh ~ g{ok eodk j?.

;kXB gqhtosB e;tZNh

P
p q

p q

p q

p q
01

1 0

0 0

1 1

0 1

 






  
1420

1040

1448

1056
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Q
q p

q p

q p

q p
01

1 0

0 0

1 1

0 1

 






  
1056

1040

1448

1420

P Q01 01

1420

1040

1448

1056

1056

1040

1448

1420
    


1448

1040

2

2

b g
b g  

1448

1040
 




p q

p q

1 1

0 0

fcFo dk nkdoF ;{ue nze ;kXB gqhtosB e;tZNh ~ th g{ok eodk j?.

IV. ;ko

nzeVk Fk;so ftZu ;{ue nzeK dh tos'A ;G s'A gfjbK fJNbh d/ nzeVk ftfrnkBh ihHnkoH

ekobh B/ ehsh. T[; B/ ;zB 1500 s'A b? e/ 1750 sZe ehwsK ftZu nkJh spdhbh d/ gqGkt

~ wkgD bJh ;{ue nzeK dh tos'A ehsh. ;{ue nze nzeVk Fk;so dh fJZe nfijh XkoBk

j? fi; d/ okjhA ;w/A ;EkB iK e[ZM j'o ekoBk eoe/ fJZe sZs iK sZsK d/ ;w{j ftZu ;kg/fye

spdhbh dk wkg eod/ jK. ;{ue nzeK d/ fBowkD ftZu eJh ;wZf;nktK dk ;kjwDk eoBk

g?Adk j? fijk fe - ;{ue nze dk T[d/F, nkXko ;w/A dh u'D, wZdK dh frDsh dh u'D, ehwsK

dh u'D, n";s dh u'D, T[fus Gko dh u'D ns/ T[fus ftXh dh u'D nkfd. ;{ue nze d' soQK

d/ j[zd/ jB noEks Gko ofjs ;{ue nze ns/ Gkfos ;{ue nze. fcFo d/ ;{ue nze ~ nkdoF

fejk iKdk j?. feT[Afe fJj ;wK gqhtosB ns/ ;kXB gqhtosB e;tZNh s/ g{ok T[sodk j?.

V. wjZstg{oD Fpd (Key Words)
;{ue nze
nkXko ;kb
toswkB ;kb
;fEo nkXko
eVh nkXko
Gko
;wK gqhtosB e;tZNh
;kXB gqhtosB e;tZNh

VI. gq;skfts g[;se ;{uh (Suggested Books)
S.P. Gupta : Statistical Method

P.S. Grewal : Numerical Methods of Statistical Analysis

S.L. Aggarwal : Quantitative Techniques

and

S.L. Bhardwaj
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VII. gqFBK dh ;{uh
(i) S'N/ gqFB
1. What are index numbers?

2. What are the uses of index numbers?

3. Why Fisher's Index is called ideal?

(ii) tZv/ gqFB
1. Discuss briefly the problems faced in the construction of an index

number of prices.

2. From the following data construct a price index number applying

Laspeyres, Paasche's and Fisher Ideal Index method.

Commodity Base Year     Current Year

Price per Expenditure Price per Expenditure

   Unit        (Rs.)    Unit        (Rs.)

A 2 40 5 75

B 4 16 8 40

C 1 10 2 24

D 5 25 10 60

3. Calculate the Fisher's ideal index from the following data and prove

that it satisfies both the time reversal and factor reversal test.

Commodity    2002                2003

 Price        Qty.  Price        Qty.

A 8 10 10 12

B 10 12 12 8

C 5 8 5 10

D 4 14 3 20

E 20 5 25 6
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(wksokswe ftXhnK)

gkm B`po L 2H4 b/fyek L vkH ftgbk u'gVk

;wK ;koDh ftFb/FD
(Time Series Analysis)

o{g o/yk (Structure)

2H4H0 G{fwek

2H4H1 gkm dk T[d/F

2H4H2 ;wK ;koDh d/ fjZ;/

2H4H2H1 ftuekobh M[ekT[

2H4H2H2 uZeoh spdhbhnK

2H4H2H3 w';wh spdhbhnK

2H4H2H4 nfBozso spdhbhnK

2H4H3 spdhbh dk wkg eoB d/ Yzr

2H4H3H1 rshwkB n";s ftXh

2H4H3H2 fBT{Bsw tor ftXh

2H4H4 ;koKF

2H4H5 gqFB

2H4H6 gVQB :'r g[;seK

2H4H0 G{fwek

;wK ;koDh ftFb/FD dk nZi d/ ;w/_ ftZu pj[s jh wjZst j?. ;wK ;koDh dk fJ;s/wkb BK

e/tb noE Fk;soh, tgkoh, ;kfJz;dkB nkfd eod/ jB ;r'_ jo nkdwh fJ; Bz{ fe;/ Bk fe;/ Feb

ftu gq:'r eodk j?. ;kXkoD FpdK ftZu ;wK ;koDh (Time Series) s'_ Gkt j? "An arrangement

of data according to time is called time series." T[dkjoD ti'_ T[sgkdB, ehwsK, nk:ks-fBo:ks

d/ nzefVnK dk nfXn?B i/eo ;w/_ nB[;ko ehsk ikt/ sK fJj ;wK ;koDh ejbkt/rh.

T[dkjoD 1L

;kb L 1980 1981 1982 1983 1984 1985 1986

T[sgkdB L 15 14 12 13 16 15 14

T[dkjoD 2L

;kb L 1990 1991 1992 1993 1994 1995

ehwsk L 20 22 25 24 23 21

(o[L ftu)

g q hGkFktK

gq'H eoke;NB ns/ ekT[vB (Croxton and Cowden) d/ FpdK ftZu, "A time series

consists of data arranged choronologically."

Ya-Lue-Chou d/ FpdK ftZu, "A time series refers to collection of readings belonging

to different time periods, of some economic variable or composite of variables."

45
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fJ;/ soQK gq'H n/wH nkoH ;ghrb nB[;ko L

"A time series is a set of observations taken at specified times, usually at equal

intervals." Mathematically, a time series is defined by the values y
1
y

2 
....... of a variable y

at time t
1
, t

2 
....... . Thus y is function of t, symbolically  y = f (t)."

;wK ;koDh fe;/ th uo (Variable) dk behaviour bzw/ ;w/_ bJh d;dh j?. noE-FkFsoh

phs/ ;w/_ d/ nzefVnK d/ nkXko s/ GftZy pko/ ehwsK d/ tkX/ dh do, npkdh d/ tkX/ dh do, okFNoh

nkwdB d/ tkX/ dh do, fBt/F, pZusK ns/ fteoh nkfd dk nB[wkB brk ;ed/ jB. ;wK ;koDh

ftFb/FD bJh e[M io{oh rZbK.

(i) ;wK ;koDh ftZu uo fJe' jh ftF/ Bkb ;pzXs j'Dk ukjhdk j?. (All the values in

a time series must relate to the same phenomenon)

(ii) fe;/ th uo d/ nkeV/ bzp/ ;w/_ bJh gqkgs j'D/ ukjhd/ jB.

(iii) uo d/ nbZr nbZr w[bK ftZu pokpo dk nzso j'Dk ukjhdk j?.

2H4H1 gkm dk T[d/F

Hirsh d/ FpdK ftZu, "The main object of analysing time series is to understand,

interpret and evaluate changes in economic phenomenon in the hope of more correctly

anticipating the course of future events."

fJ; gkm dk w[Zy T[d/F ;wK ;koDh dk wsbp, T[;d/ fjZ;/ ns/ M[ekT[ (Trend) Bz{ wkgD d/

nbr nbr YzrK pko/ ikDekoh gqkgs eoBk j?.

2H4H2 ;wK ;koDh d/ fjZ;/

;wK ;koDh d/ fBwB-fbfys uko fjZ;/ jB L

1H ftuekobh M[ekT[ (Secular Trend)

2H uZeoh spdhbhnK (Cyclical Fluctuations)

3H w';wh spdhbhnK (Seasonal Fluctuations)

4H nfBozso spdhbhnK (Irregular Fluctuations)
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2H4H2H1 ftuekobh M[ekT[ (Secular Trend)

Fpd 'Secular' s'_ Gkt bzp/ ;w/_ s'_ j[zdk j? s/ Fpd 'Trend' s'_ noE M[ekn j?. 'Secular

trend' s'_ Gkt j? fe fJe bzp/ ;w/_ ftZu fe;/ bVh dhnK ;wsb s/ brksko spdhbhnK nkT[Dk. npkdh

dk tkXk, seBheh spdhbh, g{zih fBowkD, e[dosh ;kXBK dh f}nkdk tos'_, jVQ, s[ckB nkfd bzw/ ;w/_

ftu j'D tkbhnK spdhbhnK d/ w[Zy ekoB jB. M[ekT[ (Trend) d' soQK d/ j' ;ed/ jB L

(i) Upward Trend

(ii) Downward Trend

j/mK fuZso okjh_ d'B'_ M[ekT[ fdykJ/ rJ/ jB L

2H4H2H2 uZeoh spdhbhnK (Cyclical Variations)

uZeoh spdhbhnK s'_ Gkt fJe ;kb d/ ;w/_ s'_ tZX ;w/_ dhnK spdhbhnK Bz{ gqrN eoBk j[zdk

j?. tgkoe uZeo nkw s"o s/ T[sokn-uVkn dhnK rshnK Bz{ do;kT[_d/ jB. fJBQK rshnK Bz{ uko GkrK

ftZu tzfvnk iKdk j? L

(i) y[Fjkbh (Prosperity)

(ii) T[sokn dk ;wK (Decline)

(iii) wzdhekb (Depression)

(iv) uVQkn dk ;wK (Recovery)



48phHJ/H Gkr shik noE-ftfrnkBL gouk-d{ik

fu

Lincoln L. Chao d/ FpdK ftZu,, "Cyclical variations are characterised by up and

down movements, which are different from the seasonal fluctuations in the sense that

the former extend over longer periods of time-usually two or more years. The time gap

between two successive peaks is called as cyclical period.

2H4H2H3 w";wh spdhbhnK (Seasonal Variations)

tgkoe feqnktK ftu j'D tkbhnK w";wh spdhbhnK jB i' 12 wjhfBnK d/ ;w/_ ftu tkgodhnK

jB. w";wh spdhbhnK Bz{ gqGkfts eoB tkb/ w[Zy d' sZs jB L

(i) w";wh spdhbh ns/ (ii) c?FB, ohsh fotki ns/ nkdsK T[dkjoD d/ s"o s/ rowhnK

ftu po\, e{bo, gZy/ nkfd dh wzr tZX iKdh j? ns/ ;odh d/ w";w ftu fJBQK dh

wzr xZN iKdh j?. d[Ffjok, dhtkbh, b'jVh nkfd fsT[jko s/ wfmnkJhnK dh wzr tZX

iKdh j?.

2H4H2H4 nfBozso spdhbhnK (Irregular Variations)

;wK ;koDh ftFb/FD ftZu id'_ nukBe fpBK T[whd spdhbhnK g?dk j[zdhnK jB fit/_ fe jVQ,

G{ukb, phwkoh sK fJBQK Bz{ nfBozso spdhbhnK fejk iKdk j?. fJj spdhbhnK bzw/ ;w/_ dhnK

spdhbhnK j[zdhnK jB.

2H4H3 spdhbh dk wkg eoB d/ Yzr (Methods of Measurement of Trend)

;wK ;koDh ftFb/FD dhnK spdhbhnK Bz{ j/m fby/ YzrK Bkb wkg ;ed/ jK L

(i) rokc ftXh (Graphic Method)

(ii) noX n";s ftXh (Method of Semi-Averages)

(iii) rshwkB n";s dh ftXh (Method of Moving Averages)

(iv) fBT[Bsw tor ftXh (Method of Least Square)

Prosperity

Depression

Recovery
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fJ; gkm ftZu n;hI (iii) ns/ (iv) ftXh dk ft;Eko g{ote nfXn?B eoKr/.

2H4H3H1 rshwkB n";s ftXh (Method of Moving Average)

rshwkB n";s pj[s n;kB ns/ pj[s ftnkge gq:'r j'D tkbk sohek j?. fJ; ftXh ftZu e[M

;kbK dh n";s b? e? nrbh tko gfjbK ;kb SZv fdZsk iKdk j? ns/ d{;ok ;kb b? fbnk iKdk j?

ns/ n";s gqkgs eo bJh iKdh j?. fJ; gqfeqnk Bz{ d[jok e/ jo tko Bth_ n";s jk;b eo bJh iKdh

j?. jo fJe rshwkB n";s Bz{ ekb nzsokb d/ wZX fpzd{ s/ gbkB eo'. fJBQK fpzd{nK Bz{ i'V e/

Secular Trend gqkgs eo'. fJ; ftXh dh tos'_ eoB s'_ gfjbK fJj io{oh j[zdk j? fe rshwkB n";s

dk ;wK eh j? noEks eh spdhbh uZeo 3 ;kb, 4 ;kb, 5 ;kb, 7 ;kb iK 8 ;kb j?.
(i) Odd Period

wzB bT[ ;wK ;koDh ftFb/FD ftZu wZdK dk w[Zb a, b, c, d, e.......... j't/ sK 3 ;kbk dh

rshwkB n";s fJ; gqeko j't/rh.

3

fed
,

3

edc
,

e

dcb
,

3

cba 
 HHHHHHHHHHHHHHHH

fJ;/ soQK gzik ;kbK dh rshwkB n";s fJ; gqeko j't/rh.

5

gfedc
,

5

fedcb
,

5

edcba 

T[dkjoD 3L

j/m fby/ nzefVnK s'_ fszB ;kbk rshwkB n";s gqkgs eo'.

;kb L 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

;/b (Sale) : 4 8 9 7 11 15 11 13 18 16 20

j ZbL

;kb ;/b (Sale) fszB ;kbk i'V fszB ;kbk rshwkB

(3 Year Moving Total) n";s (3yr's M. Av)

(Trend)

1970 4

1971 8 21 7

1972 9 24 8

1973 7 27 9

1974 11 33 11

1975 15 37 12.33

1976 11 39 13

1977 13 42 14

1978 18 47 15.67

1979 16 54 18

1980 20

3
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Trend w[Zb gsk eoB s'_ pknd n;bh nzeV/ ns/ rshwkB n";s Bz{ rokc okjh_ do;kfJnk

iKdk j?. j/mK fuZso 4 ftZu rshwkB n";s ftZu spdhbhnK d/yhnK ik ;edhnK jB.

T[dkjoD 4L

j/m fby/ nzefVnK s'_ fszB ;kbk rshwkB n";s gqkgs eo'.

;kb L 1 2 3 4 5 6 7 8 9

T[skgdBL 4 5 5 6 7 8 9 8 10

(whH NB)

j ZbL

;kb T[sgkdB fszB ;kb i'V fszB ;kbk rshwkB

n ";s

1 4 - -

2 5 14 4.67

3 5 16 5.33

4 6 18 6.00

5 7 21 7.00

6 8 24 8.00

7 9 25 8.33

8 8 27 9.00

9 10 - -

Original Data
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fuZso 5 ftZu rshwkB n";s ftZu spdhbhnK d/yhnk ik ;edhnK jB.

rok\ T[go X-axis s/ ;kb ns/ Y-axis s/ T[sgkdB do;kfJnk j?.

fi;s ;wK (Even Period)

id'_ rshwkB n";s dk fi;s ;wK (Even Period) j't/ fit/_ uko ;kb, S/ ;kb iK nZm ;kb

sK rshwkB n";s fdZs/ ;w/_ ftZu wZX d/ d' ;kbK d/ wZX fpzd{ s/ bJh iKdh j? iK d{ih ftXh okjh_

rshwkB n";s Bz{ e/_dfos eo fbnk iKdk j? fi; ekoD T[j w"fbe nzefVnK Bkb w/b yk iKdh j?.

wzB bT[ ;wK ;koDh ftFb/FD ftZu wZdK dk w[Zb a, b, c, d, e............ j? sK uko ;kb dk

rshwkB n";s fJ; gqeko j't/rh.

4

fedc
,

4

edcb
,

4

dcba 
.......................

wzB bT[ 321 A
4

fedc
,A

4

edcb
,A

4

dcba










fi;s ;w/_ ftZu rshwkB n";s Bz{ j/m do;kJ/ Yzr Bkb e/_dfos ehsk iKdk j?.

Trend data line
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2

AA
,

2

AA
,

2

AA 433221 
 ....................

gfjbK e/_dfos w[Zb shi/ ;kb nZr/, d{ik e/_dfos w[Zb u"E/ ;kb nZr/ ns/ fJ; soQK pkeh

e/_dfos w[Zb fby/ ikDr/.

T[dkjoD 5L

j/m fby/ nzefVnK s'_ 4 ;kbk rshwkB n";s gqkgs eo'

;kb L 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

T[sgkdB L 464 515 518 467 502 540 557 571 586 612

j ZbL

;kb T[sgkdB uko-;kb 4-yearly 4-yearly

rshwkB i'V   moving average moving average

average centred

1998 464 - - -

1999 515 - - -

2000 518 491.0 -

2001 467 500.5

2002 502 506.75

2003 540 516.50

2004 557 542.50

2005 571 563.50

2006 586 581.50

2007 612 - - -

T[dkjoD 6

j/m fds/ nzefVnK s'_ fszB ;kbk ns/ gzi ;kbk rshwkB n";s gsk eo'.

;kb L 1980 1981 1982 1983 1984 1985 1986 1987 1988

w[Zb L 1 2 4 7 11 16 22 29 37

;kb L 1989 1990

w[Zb L 46 56

1964

2002

2027

2066

2170

2254

2326

495.75

503.63

511.63

529.50

553.00

572.50
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jZb L

;kb w [ Zb 3-yearly 3-yearly 5-yearly 5-yearly

moving moving moving moving

total average total average

1980 1 - - - -

1981 2 7 2.33 - -

1982 4 13 4.33 25 5

1983 7 22 7.33 40 8

1984 11 34 11.33 60 12

1985 16 49 16.33 85 17

1986 22 67 22.33 115 23

1987 29 88 29.33 150 30

1988 37 112 37.33 190 38

1989 46 139 46.33 - -

1990 56 - - - -

rshwkB n";s d/ r[D

1H fJj ftXh fBT{Bsw tor ftXh dh s[bBk f}nkdk nk;kB j?.

2H fJ; ftXh ftu i/ e[M j'o wZdK i'V fdZshnK ikD sK rDBK ftu f}nkdk coe Bjh_

g?_dk.

3H id nzeVk bVhnK f}nkdk bzphnK j'D sK rshwkB n";s ftXh fttjkoe ftXh j?.

4H fJ; ftXh okjh_ Trend Value f}nkdk ;gZFNsk Bkb gqkgs ehsk ik ;edk j?.

rshwkB n";s d/ n"r[D

1H fJj ftXh ;ko/ ;kbK dh rshwkB n";s ftu spdhbh dk wkg Bjh_ eodh.

2H fJ; ftXh okjh_ nfBozso spdhbhnK Bz{ g{oB s"o s/ ysw Bjh_ ehsk ik ;edk.

3H ;w/_ dh T[Zfus u'D pko/ e'Jh ;gFN Yzr Bjh_ fdZsk frnk.

16H3H2 fBT{Bsw tor ftXh (Method of Least Squares)

fBT{Bsw tor ftXh ;wK ;koDh ftFb/FD d/ nzefVnK dk Trend wkgD dk ;G s'_ gqufbs

Yzr j?. fJe coK;h; rfDs ftfrnkBh bhi?_vo (Legender) B/ fJ; ftXh dk Jhikd ehsk.

wzB bT[ Y = a+bx fJe Linear ;wheoB j? fiE/ a ns/ b nfrnks Constants jB fiBQK dk

w[Zb gqkgs eoB bJh d' Bkowb ;wheoDk (Normal Equations) Bz{ jZb eoBk gt/rk.

d' Bkowb ;wheoBk

 xbnay  ........................ (i)


2xbxaxy ................. (ii)

fiE/ n = ;kbK dh frDsh.

yy   wZdK d/ w[Zb dk i'V.
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xx   wZdK d/ w[Zb dk i'V.

xx2   wZdK d/ tor dk i'V.

xxy   ns/ y wZdK dh r[Dk dk i'V.

fdZs/ nzefVnK s'_  
2x,xy,x gqkgs ;wheoDK (i) ns/ (ii) ftZu Go'. fJjBK Bz{ jZb eoe/

a ns/ b d/ w[Zb gqkgs eo'.

fJj w[Zb ;wheoD Y = a+bx ftZu Goe/ b'Vh_dk ;ob o/yk M[ekT[ (Linear Trend) gqkgs eo'.

fJj ftXh j/m d;hnK FosK g{ohnK j'D s/ bkr{ j[zdh j?.

1H    y,oyy c
d/ n;b w[Zb ns/ y d/ rDBk ehs/ w[Zb y

c 
d/ ftubBk dk i'V f;co

j'Dk ukjhdk j?.

2H   
2

cyy  fBT{Bsw j?.

fJ; soQK fJ; ftXh okjh_ gqkgs ehsh o/yk Bz{ Line of Best Fit fejk iKdk j?.

B'N L

fBT{Bsw tor ftXh dh tos'_ eod/ ;w/_ fJj ;gFN j'Dk ukjhdk j? fe fejVk ;kb e/_do

fpzd{ fbnk frnk j?.

T[dkjoD 7L

fBT{Bsw tor ftXh Bkb Trend Line dk fBowkD eo'.

;kb L 2000 2001 2002 2003 2004 2005 2006 2007

;/b (Sale) : 80 90 92 83 94 99 92 94

nzefVnK Bz{ rokc okjh_ do;kT[ ns/ Trend line fdykT[.

jZb L

;kb Sales Deviations Deviations XY X2 Y
C

Y from 2003.5 Multiplied

by 2 X

2000 80 -3.5 -7 -560 49 83.0

2001 90 -2.5 -5 -450 25 85.5

2002 92 -1.5 -3 -276 9 88.0

2003 83 -.5 -1 -83 1 90.5

2004 94 +.5 +1 +94 1 93.0

2005 99 +1.5 +3 +297 9 95.5

2006 92 +2.5 +5 +460 25 98.0

2007 94 +3.5 +7 +728 49 100.5

N=8   734y   210xy  168x2   734yc
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j[D Y = a+bx

 


 ,75.91
8

734

N

Y
a,ox  25.1

168

210

x

xy
b

2







X25.175.91Y 

Y
2000 

= 91.75 + 1.25 (-7) = 91.75 - 8.75 = 83

Trend Values gsk eoB bJh b dk w[Zb d[rDk eo' noEks 1.25×2 = 2.5 ns/ fgSb/ wZ[b

ftu iwK eo'.

Y
2001

 = 83 + 2.5 = 85.5

Sales

;kb Years

fuZso 6

T[go fuZso 6 ftZu Trend fBT{Bsw tor ftXh okjh_ fdykfJnk frnk j?.

T[dkjoD 8

fBT{Bsw tor ftXh okjh_ Trend Line dk fBowkD eo'.

fdB L 1 2 3 4 5 6 7

ftZeoh L 20 30 40 20 50 60 80

2000      2001       2002      2003     2004      2005     2006      2007

110

105

100

95

90

85

80

Trend Line

Actual Data
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j ZbL

fdB fteoh XY X2 Trend Values Deviations of items

X Y Y
C 
= 7.14+8.93X from trend values

(Y-Y
C
)

(1) (2) (3) (4) (5) (6)

1 20 20 1 16.07 3.93

2 30 60 4 25.00 5.00

3 40 120 9 33.93 6.07

4 20 80 16 42.86 -22.86

5 50 250 25 51.79 -1.79

6 60 360 36 60.72 -0.72

7 80 560 49 69.65 10.35

Total 28 300 1450 140 N=7 0.00

Y
c 
= a + b X

Bkowb ;wheoDk

 xbNay  .......................... (i)

 
2xbxaxy ...................... (ii)

b28a7300  ......................... (i)

1450 = 28a + 140 b ....................... (ii)

;wheoD (i) Bz{ 4 Bkb r[Dk eoB s/

28 a + 112 b = 1200

28a + 140 b = 1450

250b28 

iK 93.8
28

250
b 

 b dk w[Zb ;wheoD (i) ftu GoB s/

7a + 28 (8.29) = 300 14.7
7

50
a 

j[D a = 7.14 ns/ b = 8.93

Y
c 
= 7.14 + 8.93 X (Trend Line)

Computation of Trend Values

id'_ X = 1, y
c 
= 7.14 + 8.93 (1) = 16.07
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id'_ X = 2, y
c 
= 7.14 + 8.93 (2) = 25.00

id'_ X = 3, y
c 
= 7.14 + 8.93 (3) = 33.93

id'_ X = 4, y
c 
= 7.14 + 8.93 (4) = 42.86

id'_ X = 5, y
c 
= 7.14 + 8.93 (5) = 51.79

id'_ X = 6, y
c 
= 7.14 + 8.93 (6) = 60.72

id'_ X = 7, y
c 
= 7.14 + 8.93 (7) = 69.65

fBT{Bsw tor ftXh d/ r[D

1H fBT{Bsw tor ftXh Bkb jo fJe ;w/_ dk spdhbh w[Zb (Trend Value) frnks ehsk

ik ;edk j?.

2H fJ; ftXh ftu ftneshrs gqGkt Bjh_ j[zdk.

3H Trend Line dh ;jkfJsk Bkb GftZy dhnK wZdK d/ w[Zb gsk ehs/ ik ;ed/ jB.

fBT{Bsw tor ftXh d/ n"r[D

1H fJj ftXh f}nkdk r[zMbdko j?.

2H fJj ftXh buedko Bjh_ j?.

2H4H4 ;koKF

fJ; gkm ftZu n;h_ ;wK ;koDh s'_ eh Gkt j? ns/ ;wK ;koDh d/ nbZr nbZr fjZf;nK pko/

ikDekoh fdZsh j?. spdhbh (Trend) d/ wkg eoB d/ w[Zy d' Yzr noEks rshwkB n";s ftXh ns/

fBT{Bsw tor ftXh pko/ th T[dkjoDk dh ;jkfJsk Bkb dZf;nk frnk j?.

2H4H5 g qFB

S'N/ gqFB

1H ;wK ;koDh ftFb/FD s'_ eh Gkt j? <

2H ;wK ;koDh d/ fejV/ fejV/ fjZ;/ jB. toDB eo'.

3H uZeoh spdhbhnK s'_ eh Gkt j?.

4H rshwkB n";s Yzr d/ r[D ns/ n"r[D pko/ d;'.

5H fBT{Bsw tor ftXh (Method of Least Square) s'_ eh Gkt j?.

tZv/ gqFB

1H j/m fdZs/ nzefVnK s'_ 4 ;kbk rshwkB n";s gqkgs eo'L

;kb L 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

T[sgkdB L 75 85 98 90 95 108 124 140 150 160

(in tonner)

2H ;wK ;koDh ftFb/FD s'_ eh Gkt j? < fJ;d/ fejV/ fejV/ fjZ;/ jB < toDB eo'.

3H j/m fdZs/ nzefVnK s'_ fBT{Bsw tor ftXh okjh_ Trend Values s'_ Trend Line gsk

eo'.

;kb L 1977 1978 1979 1980 1981 1982 1983

T[sgkdB L 70 75 90 91 95 98 100
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4H j/m fdZs/ nzefVnK s'_ 5 ;kbk Moving Average ftXh okjh_ Trend eZY'.

Year 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960

No. of Students 342 327 367 402 412 415 420 437 415 448

5H j/m fdZs/ nzefVnK s'_ fBT{Bsw tor ftXh okjh_ Trend Value dZ;'.

;kb 1982 1983 1984 1985 1986 1987 1988 1989

No. of Sheep 56 55 51 47 42 38 35 32

(Lakhs)

2H4H6 gVQB :'r g[;seK

1. Gupta S.P : Statistical Methods

2. Elhance D.N. : Fundamentals of Statistics
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