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IN this note the distribution of the ratio of sample standard deviations
in random samples of size N drawn from a bi-variate correlated nor-
mal population has been obtained.

Consider a random sample (x;, yy), (Xg, yg) " (xn, pn) of size
N drawn from a bi-variate correlated normal population. Let
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where 0,2, 0,% are the population variances and S,%, S,% are the sample
variances of the two variables x and y respectively and y is the product
moment correlation coefficient.
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Joint distribution of my,, myy, mg, has the frequency functlon Ix
given by
. o . e N—1 ( - 2)N— 4
: : _ T2 (mggmgy — myy2) T3
fN (n‘l?fo’ mll? /7?0?) = i (1 —pt . 2€N 23) 1 1?. A

X exp [ 3 = a— 2) (mzo 2Pmu + moz)jl

in the domain my, > 0, m02 > 0 and my,® > mygmy,, while fx =0
outside this domain.

Let myy, = wd', my = wé“, My = v A/Mggg, = yw then under
the null hypothesis that ¢;% = ¢,* we have e = gl After trans-
M2
forming the frequency function of the Joint distribution of ¥, ¢ and
w is given by

2 W™ a-— 72) 2_
fN()’,f W) (I_P) 2 (N_3)|
X exp [—1——% (cosh t— P)’)]

in the domain of y = — 1to 4 1, w > 0 and t - — ~ to 4 ~ while
fx =0 outside this domain.

From above the frequency function of 7 will be

04 ()T [ [t
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Watson (1944) has shown that
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and
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if R(a i'ib)>0, R (2n) > 0 it is true even if n = 0
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Hence

210 Nt VN2V (N=2)2 Cosh ¢ df
="—(@1—py 2 VL T
S - (I —p%) 2 N —2 (cosh?t — p?)™2

for
for N=23andf(f) =0 for N =1, 2.

Let P (t,) denote the probablllty that ¢ will lie in the mterval
—~~ and ¢, then

'I‘" " coshtde
"2~ (1 — p? - sinh2p)™2 .-
£) =
P ( ) f cosh £ dt. ;
(1 — p2 - sinh? 7) V2
Zo 42 '
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_ (1 = i) VN f d*dz
A~ d2‘ o N 1 2 N/2
i VD (“r =

(1 + = 1)
where . ‘
, sinh ¢, Z
. V=g yN—1 W
an .

e = S1/Sa .

The value of Zo in the above relation can be obtalned for any
value of P (¢,) as follows:—

\/N/2 F oz
1. — P(t) = ———rrn
‘/N ' Ve ®@=TD 4 (1 - 1)/
_Ph@y '
. 2
where : .
24/N]2 a’z
Pl (ZO) N/2
‘ TVl awen (04 i)
Then

Py (Z) =211 — P (t)]

For any given value of P; (Z,), the value of Z, can be obtained
from the t-table for (N — 1) degrees of freedom. By substituting the
value of Z, in (1) the value of the ratio S;/S, can be obtained. - These
values for different values of P, N and level of significance can be
tabulated.
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TABLE 1
P =80
rq,/ﬁ‘ | 0 1 1 2 ] 3 ' 4 | 5 ‘ 6 7 8 | 9
/
3| 2.00 | 1-99 | 1-97 | 1.94 |1.90 | 1-8¢ | 1-76 | 1-66 | 1.54 | 1-37
4 | 17 | 170 | 1469 | 1-67 | 1.64 | 1.58 | 1.54 | 1.48 | 1-39 | 1.27
5 | 1.57 | 1.7 | 1-56 | 1-54 [1.52|1-48 | 1-44 |1-39 | 1.32 | 1.22
6 | 1.40 | 1.48 | 1.48 | 1-46 | 1-44 |1.41 |1.38 [ 1.33|1.27 | 1.19
7 | 143 | 143 | 142 | 1-41 [1-39|1.37 | 1.3 [ 120 | 1.2¢ | 1.17
8 | 1.30 | 1.80 | 1-38 | 1.37 [1.35|1.33 [ 1.30 | 1.27 1-22 115
9 | 1.36 | 1.36 1-35 | 1.3¢ |1.32 1-30 | 1:28 | 1-24 | 120 | 1-14
10 | 1.33 | 1.33 | 1.32 | 1.31 [1-30|1.28 |1-26 | 1.23 | 1-19 [1-13
1 | 1.31 | 1.31 | 1-80 | 1.20 |1.28|1-26|1.24|1-21 |1.18|1.12
12 | 1.2 1.29 | 1.290 | 1.28 |1.27]1.25 |1.28|1.20 | 1-17 | 1-12 |
13 | 1.28 | 1.28 | 1.27 | 1.26 |1.25|1-24 [1-22|1.19 | 1-16 | 1-11 '
14 | 1.27 | 1.26 | 1.26 | 1.25 |1-24|1.23|1-21|1.18 | 1.15 | 1.11
15 | 125 | 1.25 | 1.25 | 1.24 |1.23|1.22 (1.20 [1-17 | 1.14 | 1.10
16 | 1.24 | 1.24 | 1.24 | 1.23 |1.22|1.21|1-19 [ 1.17 |1-14] 1.10
17 | 1.23 193 | 1.23 | 122 121 |1.20 01418 | 1416 | 1413 | 1-00
18 | 1.23 | 1.22 | 1-22 | 1.22 | 1.21|1.10 [1-18 [1.16 | 1.13 | 1:09 -
19 | 1.22 | 122 | 1.21 | 1.21 |1.20 | 119 | 1.17 115 [ 1-12 | 1.09
20 | 1.21 | 1.201 | 1.21.| 1.20 |1.19 |1-18 |1-17 [1.15 | 1-12 | 1-08
2l | 120 | 120 | 1.20 | 1.20 |1.19 | 1-18 [1.16 [1-14 | 1.12 | 1.08
22 | 120 | 1.20 | 120 | 1.19 |1-18 117 |1.16 | 1-14 | 1.11 | 1.08"
23 | 1.19 | 1.9 | 1.19 | 1.18 |1.18 |1.17 |1-15 | 1-13 111 | 1-08 : ‘;L i}
24 | 119 | 1:19 | 119 |- 1.18 | 117 [-1-16 | 1.15 | 1.13 | 1.11 | 1.08 ‘ .
25 | 1.19 | 1.18 | 1.18- | 1.18 [1.17|1-16 |1.14|1.13 {1.11 | 1.07 - 1
2 | 1.8 | 1.8 | 1.18 | 1.17-|1.16 | 1-15 | 1.14 | 1.12 1.0 | 1.07 ;
27 | 118 | 1-18 | 117 | 117 |1.16 |1.15 | 1.14 1412 [ 1-10 | 1-07 A |
28 | 1.17 | 117 | 117 | 116 |1.161.15 | 114 | 1-12.| 1-10 | 1.07
29 | 117 | 117 | 1.17 | 1.16 |1.15 1-i4"1«13 1-12 | 1-10 | 1.07
30 | 1.7 | 117 | 127 | 1.16 |1.15 (114 | 1413 | 1.1 1;09. | 107
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TABLE II
P =9
rq,/if 0 1 -2 3 | 4| 5| 6| 1| 8| w0
> :
3 | 300 | 297 | 2.95 | 2.88 |2.80|2.68|2-52|2.33 | 2:08 | 1.73
4 | 231 | 231 | 2.29 | 2.24 |2-19 |2-11 | 2-01|1.88 | 1.71.] 1-49
5 | 202 |. 202 | 2.00 | 1.96 |1.92|1.86|1-78 | 1.68 | 156 | 1-38
6 | 1.85 | 1-85 | 1.83 | 1.81 |1.77 | 1.77 | 1-65 | 1.57 | 1-46 | 1.32
70 174 | 17| 173 | 170 | 167 | 1468 1-57 | 150 | 1.41 | 1.9
8 | 166 | 1-66 | 1.65 | 1-63 | 1.60 | 1-56 | 1-51 | 148 | 1:37 | 1.23
9 | 1:60 | 1-60 .| 1.50 | 157 |1.55 | 1-51 | 1-47 | 1.41 | 1-33 | 1.23
10 | 156 |.1-55 | 1.5¢ | 1.58 |1-50 | 1-47 |'1-43 | 1-38 | 1731 | 1.99.
1| 152 | 152 .| 1.51 | 149 | 1e47 | 1-44|1-40 | 1.35 | 1420 | 1490
12 | 149 | 148 .| 1.48 | 146 |1-44 | 141 |1.38 | 1.33 | 1.27 [ 1.19
13 | 1446 | 146 | 145 | 1.44 |1-42 |1-39 [1-35 | 1.31 |1.26 | 1-18
14 | 144 | 143 | 1-43 | 1.41 [1.40|1-371-34|1.30 | 1.24 | 1-17
15 | 142 | 141 | 1.41 | 1:40 | 1.38 [1.35 | 133 | 1.28 | 1-23 | 1.16
16 | 140 | 1.40 | 1.39 | 1-38 |1.36 | 134 | 1.31 | 1.27 | 1.22 1nie
7| 188 | 138 | 187 | 1e36 | ie3s | 1033 | 130 | 1.26 | 1.22 1-15
18 | 1-37 | 1.37 | 1.36 | 1.35 |1.33 |1.31 |1.29 | 1.25 | 1-21 | 1.150
19 | 136 | 135 | 1-35° | 1.3¢ |1.32 | 1.30 |1-28 [ 1.24 | 1.20 | 1-14
20 | 135 | 134 | 1.4 | 1.33-|1.31|1.20{1-27 | 124 | 1.19 | 1.14
21 | 133 |.1-33 | 1.33 | 1.32 |1-30 | 1.20 | 126 | 1.93 | 1.19 | 1.13
22 | 1-32 | 1.2 | 1.32 | 1.31 |1.20 |1.28 | 1.25 | 1.22 | 1.18 1-13
28 | 182 | 1.32 | 1.31 | 1.30 |1.20 ]| 1.27 | 1425 | 1.22 | 1.18 | 1.13
24 | 1:31 | 1:30 .| 1-30 | 1-29 |1.28 |1.26 | 1-24 | 1.21 | 1.17 | 1¢12
25 | 1-30 | . 1:80 | 1.29 | 1.28 | 1.27 | 1.25 128 | 1.21 | 117" 1.12
26 | 120 |.1.29 | 1.29 | 1.28 |.1.27[1.25|1-23 | 1.20 | 1.17 | 1413
27 | 1-29 | .1-28 .| 1.28 | 1.27 [1.26 | 1.24° 1-22 |1.20 | 1.66 | 1.11
28 | 128 |.1.28 | 1.27 | 1.27 |1.25[1.24]1.22 | 1.19 1416 | 1411
20 | 1-27 | .1.27 | 1.27 | 1.26 |1.25|1.23|1.21 | 1.16 | 1-15 | 1.1
80 | 1:27 | .1.27 | 1.26 | 1.25° | 1-24 (123 | 1-21.[1.18 | 1-16 | To11




98

JOURNAL OF THE INDIAN SOCIETY OF AGRICULTUI.{AL STATISTICS

TasLE 11T
P =95
/
N/ 0 1 .2 3 | 4| 5| 6] 7| 8] -9
/

3 | 435 | 432 | 426 | 415 | 4.01 | 3-82 | 3-57 | 3.2 | 282 | 2.2
4 | 3-04 | 308 | 2.99 | 208 |2-84|2.72|2.56 | 2.36 | 2-10 | 1-75
5 | 2:52 | 2:51 | 2.49 | 2.4 |2-37 | 2-28 | 216 |2.01 | 1-82 | 1:56

6 | -2.24 .| 2.23 | 2.21 | 217 |2.12 | 2-04 |1.95 [ 1.83 | 1-67 | 1.46

7 | 2.06 | 2:06 | 2.04 | 2-01 |1:96|1-89 | 1-81 | 1-71 | 1-58 | 140
104 | 1.04 | 1.92 | 1.80 |1.85|1.79 |1.72|1-63 | 151|135

9 | 1.85 | 1-84 | 1.83 -| 1.80 |1.77|1.71 | 1-65 | 1.57 | 146 | 1.32
10 | 179 | 178 | 176 | 1.75 | 1.70 | 1466 | 1-61 | 1-53 | 143 | 1-30
1| 1727 172 | 170 | 168 |1.65|1-61 |1-55 | 1.48 | 1.40 | 1-28
12 | 1.67 | 167 | 166 | 164 |1-61 |1-57 | 1-52 | 1.45 | 137 | 1.26
13 | 163 | 163 | 1-62 | 1-60 | 157 |1-58 | 1.40 | 1.43 | 1-35 | 1.24
14 | 1.60 |-1-60 | 1-50 | 1.57 |1.541.51 |1:46 | 1-41 | 1.33 |1.23
16 | 157 | 1-57 | 156 | 1-54 |1.52 148 | 1-44 | 1-39 | 1.32 | 1.22
16 | 155 | 154 | 153 | 1-52 |1.49 |1.46 | 1-42 [ 1.37 | 1-30 | i-21
17 | 152 | 162 | 1-51 | 1-49 |1.47 | 1-44|1-40|1.35 |1.29 | 1.20
18 | 1.50 | 1-50 | 1.49 | 1.48 |1-45 | 1.42|1-39 | 1-34 | 1.28 |1.20
19 | 149 | 1-48 | 1.47 | 1.46 |1-44 | 1-41]1-37 [1-33 |1-27 |1.19
90 | 147 | 146 | 1.46 | 1.4 |1.42|1.40.|1-36 | 1.32 [1-26 | 118
.91 | 1445 | 145 | 1944 | 1.43 |1.41 | 138 | i35 [1.31 | 1-25 | 1.8
92 | 1.44 | 1.44 | 143 | 1.42 |1.40|1-37 | 1-34|1.30 | 1.24 | 117
93 | 143 | 1.42 | 142 | 1.40 |1.30 |1.36 | 183 |1.20 | 1-24 | 1.17
24 | 1.41 | 1.41 | 1-40 | 1.39 |1.37|1.357|1-32 |1.28 | 1.23 | 1.16
25 | 140 | 1407 | 1-39 | 138 |1.37 | 1.3 |[1:31 | 1.28 | 123 | 1-16
26 | 1-30 | 1.39 | 1:38 | 1.37 |1.36 | 1.33 |1-31 | 1-27 | 1.22 | 1.16
97 | 1.38 | 1.38 | 1.38 | 1.36 |1-35 |1-33 | 130 | 1.26 | 1.22 | 1.15
‘98 | 1.38 | 1.87 | 137 | 1.36 | 1.3¢|1-32 | 1.20 | 1.26 [ 1-21 1.95
99 | 1.37 7| 136 | 1-36 | 1.35 |.1.83 |1.31 |1-28 | 1.25 | 1.21 %1-15
30 | 1.3 | 1.36 | 135 | 1-3¢ | 1.38 |1-30 | 1.28 | 1.25 | 1-20 ;1-14
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TaBLE 1V
P=-99
p:,//; 0 1 .2 3 R N P R S
/ | _

3 | 9.95 | 9-87 | 9-75 | 9-50 | 9:13 | 8-99 | 8-00 | 7-17 | 6+08 | 451

4 | 542 | 539 | 5.26 | 5.19 | 5-00 | 4-74 | 4°42 | 3.00 | 3-43 | 2.66

5 | 3-99 | 3.97 | 3.92 | 3.83 | 3-70 | 3-52 | 3-30 | 3-00 | 2-62 | 2.10

6 | 331 | 3-20 | 3.25 | 3.18 | 3-08 | 2.04 | 2.76 | 2.54 | 2.25 | 1.85

7 | 2.90 | 2-90 | 2.86 | 2.80 | 2-72 | 2.60 | 2-45 | 227 | 2.03 | 1.70

8 | 2.64 | 2463 | 2-60 | 2-55 | 248 | 2.38 | 2.25 | 2-09 | 1-88 | 160

9 | 2045 | 2:44 | 2.42 | 2.37 |2:30 | 2.22|2-11 |1.06 | 1.78 | 1.54
10 | 233 | 2:32 | 2.20 | 225 [2.19 | 2.11 | 2.0L | 1.88 | 1.72 | 1-49
11 | 220 | 219 | 2.17 | 2.13 |2:07 | 201 |1.91 | 1.80 | 1-65 | 1-45
12 | 211 | 2.10 | 2:08 | 2:05 |2:00 |1.93 | 1.85 114 160 | 1-41
13 | 203 | 2.08 [ 201 | 1.98 [1.93 |1-87 | 1-79 | 1-69 | 1.56 | 1-39
14 | 1.97 | 1.97 | 1.93.| 1.92 |1.87 |1.82 | 1.74 |1.65|1.53 | 1.37
16 | 1.92 | 1.91 | 1-90 | 1-87 |1-83 |1.77 | 1.70 | 1.61 | 1-50 | 1-35
16 | 1.87 | 1.87 | 1-85 | 1-82 |1.79 | 1.73 | 1.67 | 1.58 | 1.48 | 1.83
17 | 1.8 | 1.83 | 1.81 | 1.79 | 1.75 | 1.70 | 1-64 | 1.56 | 1-45 | 1.32
18 | 1-80 | 1.79 | 1.78 | 1.75 [1.72 | 1.67 | 1-61 | 1.53 | 1.44 | 1-30
19 | 176 | 1-76 | 175 | 1-72 | 1.69 | 1-64 | 1-59 | 1-51 | 1-42 | 1-29
20 | 178 | 1-713 | 1-72 | 1-69 | 1-66 | 1.62 | 1-56 | 149 | 1-40 | 1-98
21 | 171 | 170 | 1-69 | 167 | 1-64 | 1-60 | 1-54 | 148 | 1.39 | 1.27
22 | 169 | 168 | 1-67 | 165 |1.62 |1.58 | 1.53 | 1.46 | 1.38 | 1-26
23 | 1.66 | 1-66 | 165 | 1-63 | 1-60 | 1-56 | 1.51 | 1-45 | 1.37 | 1.25
24 | 1.64 | 1-64 | 1-63 | 1-61 | 1-58 | 155 | 1-50 | 1-43 | 1-35 | 1.25
25 | 163 | 1.62 | 1-61 | 1.59 | 1.56 | 1.53 | 1.48 | 1.42 | 1.35 | 1-24
2| 1-61 | 1.61 | 1-59 | 1.58 | 1-55 | 1.51 | 1.47 | 1-41 | 1.34 | 1.23
27 | 1.59 | 1.59 | 1.58 | 1+56 | 1.54 | 1.50 | 1.46 | 1.40 | 1.33 | 1.23
28 | 1.58 | 1.58 | 1.56 | 155 |1-52 | 149 | 1.45 | 1-39 | 1-32 | 1.22
20 | 1.56 | 1-56 | 1-55 | 1-53 | 1.51 | 1.48 | 1-43 | 1.38 | 1.31 | 1.2
30| 1-55-|-1-55 |-1:54-| 1.52 |1-50-1.47 [-1.43 |-1:37-| £-81-|[-1.21
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Significant values for the ratio for different values of the correla-
tion coefficient p = 0-1, 0-2, 0-3, 0-4, 0-5, 0-6, 0-7, 0-8, 0-9 and
for all values of N between 3 and 30 and for different levels of significance,
P =0-80, 0-90, 0-95 and 0-99 have been tabulated on the assumption
that both the sample standard deviations are measured in identical
units, i.e., the null hypothesis ¢,2=c,2

SUMMARY

In this note the distribution of the ratio of sample standard devia-
tions in random samples of size N drawn from a bi-variate correlated

normal population has been obtained. The values of this ratio for '

different values of correlation coefficient (from 0-1 to 0-9) and for
N wvarying from 3 to 30 and for different probability- levels, 0:8, 0-9,
0-95 and 0-99 have been tabulated on the assumption of the null
hypothesis 6,2 = o,
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