Jour. Ind. Soc. Ag. Statistics : |
43(1),1991: 16-29

VARIANCE ESTIMATION THROUGH THE MEAN
SQUARE SUCCESSIVE DIFFERENCES AND SAMPLE
VARIANCE USING APRIORI INFORMATION

Housila P. Singh and Narain P. Katyar
J.N. Agricultural University, Jabalpur.
(Received :September, 1987)

Summary

Some estimators for estimating variance are derived using the prior knowledge
of coefficient of Kurtosis by mean square successive differences and sample variance
and their properties are studied.
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Introduction

The uses of the mean square successive.differences in place of the sample
variance as a measure of dispersion in samples from normal population when the
‘sample sequence is in temporal order, have been discussed by various authors
including Von Neumann et al. [11], Moor [6], Kamat [3] and Giesser [1].

Let (%, y;),i=1,2,....,n be n observations with mean  and 0 for x; and -,
¥i, respectively. Then the fadial sample variance (s°) with constant means and
’ (62/2), the radial meansquare successive difference subject to gradual shifts in both
;' the population means are defined as follows:

=(n-1)" "21 (% - XY + g i -y) @y .

and
5 1 n-1 n-1

S =5 |2 G-x)?+ T i- v o
2 22D i=1 | a2
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where X and ¥ are the sample means of x and y, respectively based on n
observations.

n-1
Considering the combination of (n-1)" X (xi - Xis1)® and
i=1

n :
@-1)" '2 (yi-¥)® Nandi 7] proposed the following estimator

i=1
o 1 n-1 2 = 2
— = T X=X, + Z (yi - y)
2 2An-1)y i=1 ‘ (13)
Oy

for the variance o°. For the usefulness of the study of )

Nandi [7]. Morands [5] and Kamat [4] have also discussed some similar
combinations in connection with the study of circular probable error.

the reader is referred to -

The unbiased estimators of o° are

(1.45

Tl = 612\{/4
T,= 8% ) ' s
and
T3 =5 - - (1.6)
The variance of T;, i = 1, 2, 3 are respectively given by
13
VT)=——"-—={AB,-C
( 1) 8n (n _ 1)_ \ 62 ) (17)
2 .
V(T = = [ 2n-3)By+ 1) ] o
4(n-1)" ' T (1.8)

and
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V(T3) = 0 ( )[(n 1)B2~(n-3)]

1.9
where A=@n"-7n+2), C=(2n*-9n+6), B;= M_: and p, and pyare

’ w2 .
second and-fourth central moments.

In this paper wé have proposed three minimum mean squared error
estimators for estlmatmg o exploiting the known value of coefficient of kurtosis
B? as apriori information. The merits of suggested estimators are also examined.

2. The Estimators

We define the following estimators of o’

Ts= 08’ S (22
Tg=a3s’ 23)

where a;’s i=1, 2, 3 are suitably chosen constants to be determined such that mean
~ squared errors (MSE’s) of T}, j=4, 5, 6 are minimum and 6%,1 , & and s aresame
-as'defined.in section 1. ’

Such technique for improving estimates of population parameters has been -

first introduced by Searls [8] and later used by Singh etal. [9]. Hirano [2] and Singh
’[10], among others.

~ The MSE’s of Tj, j = 4, 5, 6 are respectively given by
C2

o)
n(n -1y

[2(13{A(Bz +20-1)+2 (3n-2)} -8n(n - 1)* oy +n(n - 1)%]

MSE(T,) =
' ' . (24)

2 - ' ' .
 MSE(Ts) = ﬁ [4e3{(21 - 3) By + 4(n ~ 1) + 1} ~8na - 1)* 6 + (.~ 1)]
25)

F e
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MSE(T;) =

( ) [2013{(11 1B+ 2n - 3n+3} —4n(n 1) a3+ n(n - 1)]
' (2 6) .
* which are respectively minimized for the following choices of
o (i=1,2,3):
o = 2n(n - 1) .
T [AB; +20-1)+2(3n-2)] | ’ ’ @7
. (n-1y S ,
2T len-3)Pp+d@-17+1] @38)
o m n(n-1) - » ‘
¥ Ba-D+20*-30+3] . (29
These lead to the following minimuin MSE estimators of O :
o Za@-1'8 |
*7 [A(B2 +2n-1) +2(3n-2)] Lo (210)
. _ (n—l)z.ﬁ2 _ o
[(@n-=3)B+d4(-1)"+1] -~ 1) -
and ‘ .
T o ‘n(n-1)s’
S B(m-1+20"-30+3] , , (2.12)

Substituting the values of a;, &, and a3 from (2.7) , (2.8) and (2.9)in (2.4); (2 5)
and (2.6), respectively we obtain the MSE’s of T;, T and T as

uxA B2 - C) R -
MSE(T: )~ AG+2m-D+26a-2) - @r)
MSE(T}) = u3{(2n - 3) B + 1]

[(@a-3)pp+4(@-17+1} - ~(2-_1-4)'
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and
3 -1)-n+3
» MSE(T}) = ua[ B2 (n Z n+3]
[(B2(r-1)+2n°-3(n-1)] (2.15)
The relative efficiency of an estimator T with respect to t is defined by
_ MSE()
RE(T. 9 = sg()
Thus we have
AB,-C
RE(T;,T;) =1+ LZ
‘8n(n-1) (2.16)
2n-3 1
RE(Ty Ty = 1+ LEL=3) B2+ 1)
4(n-1) 2.17)
and

[(-1)By-n+3]

RE(Te,Ts) =1+ = 1) o @18)’

It follows from the above expressions that the derived minimum MSE
estimators T, T5 and Tj are Juniformly better than the corresponding unbiased
estimators Ty, T2 and Ts. To see the performance of the minimum MSE estimators
T4, T5 and T, the relative efficiencies RE(TS, T;), RE(TS, T2) and RE(Ts, Tx) are
computed forvarious vajues of nand $; and shown in Tables 1,2and 3 respectively. i

Table 1 exhibits that the RE(T%, T1) increases as B increases and it decreases

as n increases. For large sample size n and small B, both the estimators

_ T4 and T; are equally efficient. However, there is little gain in RE(T}, T;) when

n is large and B, > 3. Tables 2 and 3 also show a similar pattern of RE ( Ts, T, )
and RE(T, T3), respectively.

. 62
In order to compare the performance of Nandi’s [7] estimator (YM)’ /

with T4 we have

‘ AT
v(2)_2n(n—1)2 (Af2-C)
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Table 1 . Percent relative efficiency of T, with respect to Ty for various values of n and f2
B2 1 2 3 4 5 6 8 10
n
3 120.80  138.54 15625  173.96 - 19167 20938 24479  280.20
5 108.80 11922  129.69 140.16 15063 161.09 182.03  202.97
10 10333 10846 11358 11870 12383 12895 13133  149.44
20 101.45 10398 10651 109.04 11157 11410 119.17 124.23
30 10092  102.60 10428 10596 107.64 109.32 112.68 116.04
40 10067 10193  103.19 10445 10570 10696 109.48 .111.99
50 10053 10154  102.54 103.55 10455 105.56 107.57 109.58 o
60 10044 10127 10211 10295 103.79 10462 10630 10797
100 10026 10076 10126 ~ 10176 _ 102.26  102.76  103.77 _ 147.69
Table 2 . Percent relative efficiency of Ts with respect to Ty for various values of n and B2 "
7] 1 2 3 4 5 6 8 10
! n -
3 12500 14375 16250 181.25 200.00 218.75 25625  293.75
‘ 5 11250 12344 13438 14531  156.25 - 167.19  189.06 '210.94
10 10469  109.11  113.54 117.97 12240 12682 13568 144.53
20 10263 105.11  107.76 11032  112.88 11544 12057 125.69
30 101.72 10342 10469 10625 107.81 109.36 11247 11558
40 10128  102.55 103.81  105.08 10634 10761 110.14  112.67
‘ 50 101.02  102.03 103.04 10405 10506 106.07 108.09 110.11
60 10085 101.69 102.53 103.37 10421 . 10504 10673 108.41
100 10051  101.01  101.51  102.01 10252 103.02 10402 .105.03
Table 3 . Percent relative efficiency of Tg with respect to T for different values of n and B3
B2 1 2 3 4 5 6 8 10
: n
° 3 116.67 13333  150.00 166.67 183.33  200.00 23333 266.67
5 10500 11500 12500 13500 14500 15500 17500 195.00
10 10111 10611 11111 11611 12111 12611  136.11 14611
20 10026  102.76 10526 107.76 11026 " 11276 117.76 122.76
30 100.15 101.76  105.12 106.78 10678 10845 11178 115.12
40 10006 101.31  103.81 10506  105.06 106.64 109.14 111.31
50 10004 101.04 103.04 10404 10404 10504 107.04 109.04
60 10003 100.86 10169 10253 10336 10419 10586 107.53
100 10001 100.51 10101 _ 10151 10201 _ 103.00 10351 _ 104.51
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2\ .
Table 4 : Percent relative efficiency of Ti with respect to Nandi (1968) estimator (5—;-] for various

values of n and B2

B2| 1 2 '3 4 5 6 8 10

w

48333 55417 62500 69583  766.67 837.50 979.17 1120.83,
5 43500 476.88 51875 576.88  602.50 64438  728.13  811.88
" - 10 42543 433.83 45432 42782 50741 51580 55679  609.88
20 40579 41591 42604 44299  453.12 45641 476.67 503.74

30 403.68 41040 41712 42385 43057 43729 450.73  464.18
40 402.69 40772 41276 41634 42282 42775 43791 44799
50 402.08 406.10 41012 41414 218.16 422.18 43316 438.26
60 401.75 40510 40845 411.79 41514 41849 42518  431.88

100 401.03  403.04 405.04 407.05 409.05 211.06  415.07 419.08

2

Thus the relative efficiency of T  with respect to > is given by

RE(T;’@) oy JAG D -Br-2)(n-3)]

2n (n - 1) - (2.19)

2

which clearly demonstrates that the minimum MSE estimator T, is more efficient

& : .
- than Nandi’s estimators (—;—) . This fact can also be seen from Table 4. It follows

O
2
as n increases for all §,. For small samples size n and large values of f,, larger

gains are achieved.

from Table 4 that RE(T;, ) increases as f3, increases for all n and it decreases

3. Robustness of the Estimators T,, T5 and Tg

In this section we study the ‘robustness’ of the estimators
T;,j =4, 5,6 against departure from the true value of coefficient of kurtosis 2.

Sometimes, it is possible that there may not be exact information about f; ,
and only a good guess of the value of B, is available i.e. B2 = o B where B, is the

true value and Ot is any positiﬁc constant indicating departure in true value.

Using P2 in place of B, in T, T5and Tg defined in (2.10), (2.11) and (2.12) .
respectively, we obtain the feasible estimators of o’as
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2n(n - 1) 83

TG +20-D+2G0-2)] ey
A (n-17 &
*T@n-3By+ 4 -1) +1] | 06
and
'II\" B a(n-1) s .
ST [B,(n-1)+20°-3n+3] (3.3)

In order to have MSE (T3) = V(T , MSE (T3) = V(T2) and
MSE (T%) s V(Ts), we should have the following inequality :

, [A B, {8n(n-1)" + B} - BC] c
S Ay 17+C- AR AR
' : L C G4
- C [AB,[8n(n-1)’+B}-BC]
o AB YT Ap8an-1F+C-Ap;]
o< [(20-3) B [4n-1+b}+1]
*=(n-3)p,[(2n-3) (2n- 1) - (2n-3) 2] : (3.5)
and ) ’
. [ (n-1) B2 (40 -5n+3) - (n-3) (2n* -3143) ] (n-3)
cither M-DBCr-n1-3-@-Dp) @-1B
: 3.6)
or (n-3) - [ (n-1) B, (4n’ =5n+3)—(n - 3) (2n*-3n+3)]

@-1) B @-1)B 2 -n-3-(n-1)p)

where A=(4n’-7n+2), B=(8n’-18n*+17n-6), C=(2n’-9n +6) and
b=(4n’-8n+5) . : '

~ We have computed the ranges of a(%) for different Values of nand ﬁgand -
compiled in tables 5,6 and 7. From these tables we observe that the proposed
estimators T3, T5 and T have also smaller mean square errors than the-
correspoitding unbiased estimators Ty, T2 and T3 for some guessed value of a, Sor
we can prefer these estimators in the situations when some guessed value of a



. 24 . JOURNAL OF THE INDfAN SOCIETY OF AGRICULTURAL STATISTICS

. Table 5 : The ranges of O (in percentage) for different values of n and Bz for which T; is better than

T
-n-ﬂ_? 1 .2 .3 4 5 6 8§ 10
. L 0 0o 0 0 0 0 0 0
TP UL 279577 34531 447815 67241 248118 >0 >0 >0
oo| L 142 gar 547 4 328 274 205 o |
U 17769 21071 24591 29117 35454 45L13 98045  >1.642|
o | L 3% 1747 1165 874 699 58 437 349 ||
U 16955 19778 21612 23326 25125 27093 -~ 318.94 385.8 l
L 4276 2141 1427 1071 856 714 535 428
21U 1588 18510 19767 20705 21537 22336 23983 25693
30 | L 4528 2264 1509 1132 906 755 566 453
- U 15573 18149 19250 199.92 20600 21146 22175 23196
4 | L 4649 2324 1550 1162 930 775 581 465
U 15424 17978 190.07 19660 201.68 20606 21391 22134
so | L 4720 2360 1573 1180 944 787 590 472
U 15336 17878 188.66 194.68 199.10 20297 209.50 215.46
0 | L 4768 2384 1580 1192 954 794 596 477
U 15279 17813 18774 19343 197.58 20120 20668 211.73
00 | L 4861 2431 1620 215 972 810 608 486
U 15165 17685 18593 19100 104.46 197.12 20128  204.67

L = Lower range
U = Upper range

(nearer to the true value) is known. Further, to aPprecmte the idea of robustness,
we computed the relative efficiencies of T3,T5 and T6 with respect to
corresponding unbiased estimators T , T, and Ts for various values of n, frand
and presented in tables 8,9 and 10. From tables 1, 2, 3, 8, 9, and 10, when By is
used in place of f,, the loss in efficiency can easily be observed. It is seen from

these tables that the Joss in efficiency is more as the departure is more from the true
* value of o

"~ Rcmark 3. 1 Instead of taking B = & B>, one canalso take f§, = Bzxaor ..
B= cﬁz +d (, ¢, d being suitably chosen scalers) for constructing the estimators
like T' , j=4,5,6.
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Table 6 : The ranges of o (in percentage) for different values of n and B for which Ty is
better than T»
N P2 1 2 3 4 5 6 8 10

3 L 0 0 0 0. 0 0 0 0

0] 32223 398.15 581.48 114723 >0 >0 >0 >0

5 L 0 0 0 0 0 0 0 0

U 246.95 27275 31452 37522 46736 621.67 185949 >0

10 L 0 0 0 0 0 0 .0 0
U 21834 227.88 24095 25639 27430 29511 34834 42544

2 L o 0 0 0 0 0 0 0
U 208.26 212.46 217.87 22384 23027 297.14 25223 269.61
30 L 0 0 0 0 0 0 0 c -
U 205.39 208.02 211.40 215.08 219.00 223.07 231.73 24114

40 L 0 0 0 0 0 0 0 0
U 203.91 20590 20838 211.16 213.83 21671 22275 229.17

50 L -0 0 0 0 0 0 0 0
U 203.13 204.68 206.64 208.72 210.89 213.12 217.63 222.62

60 L 0 0 0 0 0 0 0 0
U 202.58 203.88 205.49 207.20 20897 21079 21455 218.47

100 L 0 0 0 0 0 o 0 0
) U 201.53 202.29 203.24 204.24 20527 20631 20845 210.64

A

Table 7 : The ranges of a (in percentage) for different values of n and B; for which T; is better than

194.14

Ts

> P2y, 1 2 3 4 5 6 F: 10

3 L 0 0 0 0 0 0 0 0
U 24000 30000 400.00 600.00 1200.00 >0 >0 >0
s L 5000 2500 1667 1250 1000 833 625 500
U | 15526 20147 23889 28173 337.27 41574 75625 3805.00
0 L 7778 3889 2593 1944 1556 1296 072 178
U | 12272 169.07 192.59 211.50 229.64 24855 29233 350.05
20 L 8947 4474 2983 2237 1790 1491 1118 895
U | 11058 158.40 177.97 190.70 200.89 209.99 227.18 24472
20 L 93.10 4656 3104 2328 1862 1552 1164 931
U |10691 15542 173.89 18500 19322 20008 211.96 222.99
0 L 9487 4744 3162 2372 1897 1581 1186  9.49
U [10514 15396 17198 18233 189.67 19554 20518 213.61
S0 L 9592 4796 3197 2398 19.18 1599 1199 959
U | 10409 15314 17086 180.79 187.62 192.03 201.34 208.38
60 1 L 96.61 4831 3220 24.15 1932 1610 1208  9.66
- U |10339 15259 17013 17978 18629 19125 198.87 205.05
100 L 9798 4899 3266 2450 1960 1630 1225  9.80
: U .| 1020 177.82 18370 187.98 198.72

151.53

168.71
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Table 8 : Percent relative efficiency of T4 with respect to T for various values of n, f2 &

N B4 1 2 3 4 5 6 8 10 |
n .
0.50 C117.31 13123 - 14541 159.84 174.49 189.36 219.64 250.54
0.75 3 12000 136.89 15380 17099 188.17 20541 24005 274.84
~t1.25 _ | 12011 137.26 15456 17187 189.45 206.98 24212 277.34
150 118.19 134.07 15060 167.48 18458 201.82 236.56 271.52
0.50 105.66 113.74 121.90 13016 13852 146.98 164.17 181.66
0.75 s 108.00 117.93 127.90 137.92 14798 158.08 17836 198.74|
125 108.07 118.13 12828 138.49 14875 150.04 179.70 200.43
1.50 106.19 11531 12478 13450 14438 15437 17459 195.01
0.50 101.37 10539 109.34 11330 117.28 121.28 129.26 137.54
075 10 102.85 10771 112,56 11743 12230 127.19 13699 146.84
125 102.87 107.78 11269 117.63 122.58 127.56 137.55 147.58
1.50 101.55 10591 11032 114.83 119.42 124.09 13359 143.24
0.50 10034 102.38 10432 10626 108.19 110.13 11404 117.96
0.75 20 101.17 103.58 10597 10836 110.76. 113.15 117.95 122.77
125 101.18 103.60 106.01 108.42 110.84 11327 118.14 123.04
1.50 100.40 102.52 104.61 10672 108.86 111.04 11547 119.99
0.50 100.15 101.52 102.81 104.09 10537 106.65 109.22 111.80
0.75 30 100.73 10233 10392 105.50 107.09 108.67 111.85 115.03
1.25 100,73 10234 103.94 10553 107.13 108.73 11194 115.17
1.50 100.18 101.59 102.94° 104.31 105.60 107.09 109.94 112.84
0.50 10000 101.11 102.08 103.04 103.99 10495 106.86 108.78
0.75 40 100.53 10173 10291 10410 10528 106.47 108.84 '111.23
125 10053 10173 10292 10412 10531 10650 108.90 111.30
1.50 10010 101.15 102.16 103.16 104.18 10521 107.20 109.41
0.50 100.05 10088 101.65 10241 10318 103.94 10547 106.99
0.75 S0 100.41 101.37 10232 10327 10421 105.16 107.05 108.95
1.25 100.41 10138 102.33 103.28 10423 10518 107.09 109.00
1.50 100.06 10090 10170 102.50 103.30 104.11 10575 107.42
050 | 100.04 10073 10137 102.00 102.64 10327 104.54 105.81
0.75 60 10034 101.14 101.93 10271 103.50 10429 10587 107.44
1.25 { 10034 101.14. 10193 10272 103.51 10431 10589 107.48
1.50 | 10005 10074 10140 102.06 102.73 103.39 104.75 106.12
0.50 100.01 10043 100.81 101.19 101.57 10195 10271 103.47 |-
0.75 100 10020 10068 10115 10162 10209 10251 10351 104.45
125 10020 100.68 10115 101.62 10210 102.57 103.52 104.46
1.50 10002 10044 10083 101.21 101.60 102.00 102.79 103.58
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Table 9 : Percent relative efficiency of ’i‘§with respect to T for various values of o, B2 & c. |

. Ba| 1 2 3 4 5 6 8 10
n
0.50 | 12180 13672 151.86 16724 182.86. 198.70 230.94 263.83
0.75 , [12425 14217 16020 17833 19654 2143r 25152 28838
125 12435 14253 16087 179.31 197.82 21630 253.61 29091
175 120.00 135.46 15216 169.55 187.33 205.35 241.84 278.68
0.50 11020 118.65 12722 13589 14468 15356 17160 189.96
~- lo7s s | 11194 12232 13274 14322 15374 16429 18550 20680
125 11200 12250 133.00 14376 15447 16522 186.81 208.46
1.75 10849 11659 12562 13519 14510 15524 17595 197.01
0.50 10434 10833 11234 11639 12047 12458 13288 14127
075 o |10526 11020 11517 12014 12514 130.14 14018 15027
1.25 10527 11026 11527 12033 12540 13049 14071 150.99
175 103.16 10647 11020 11422 118.46 12287 13203 14153
0.50 10201 10301 10595 107.84 109.80 11176 11571 119.69
0.75 j0° | 10248 10489 10703 10073 11214 11456 11942 {2430
125 10248 10490 107.33 109.77 11222 11467 119.60 124.55
1.75 10133 10274 10429 10596 10773  109.50 113.51 117.64
0.50 10131 10259 10387 10515 106.44 10773 11032 112.92
0.75 s | 10162 10321 10481 10640 10800 10960 11280 - 11601
125 101.62 10322 10482 10643 108.04 109.65 11289 116.14
75 100.84 10171 10265 103.66 10473 10585 108.21 11071
050 100.97 10192 10288 103.83 - 10479 10575 107.68 109.61
075 .| o |10120. 10239 10358 10477 10596 10716 109.54 11194
125 10121 10240 10359 10479 10599 107.19 109.60 112.01
175 10061 10124 10191 102.62 103.37 10415 105.80 107.55
0.50 100.77 10153 10229 103.05 103.81 10458 10611 107.65
0.75 sp | 10096 10191 10285 10380 10475 10571 107.61 10951
125 |- °° |10096 101.91 102.86 10381 10477 10573 107.64 109.57
175 10047 " 10097 10149 102.03  102.61 103.20 -104.45 105.78
0.50 10064 10127 10190 10254 103.17 10381 10508 106.35
0.75 s |10080 10158 10237 10316 10395 10474 -106.33 10791
125 10080 10150 10238 103.17 10396 10476 10635 107.95
175 10039  100.79 10122 10166 10212 103.09 103.60 104.65
0.50 10038 10076 10114 10189 10227 10227 103.03 103.79
0.75 oo | 10047 10095 10142 10189 10236 10283 10378 10472
125 10047 10095 10142 10L89 10236 10284 10379 104.74
175 10023 10046  100.70. 100.95 101.20 101.47 102.01 102.58
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Table 10 : Percent relative efficiency of Tg with respect to T; for various values of n, B; & a

i B2 1 2 3 4 5 6 8 10
n
o.50 112.67 12564 13889 15238 166.09 180.00 208.33 237.25
-10.98 5 |11666 13332 14999 16665 18332 199.98 23331 266.64
1.02 116.66 13332 149.99 166.65 18331 199.98 23331 260.64
1.50 113.64  128.57 14412 16025 17609 19231 225.17 257:90
0.50 100.50 '108.44 11635 12426 13225 14031 156.66 17331
0.98 s (10499 11499 12499 13499 14499 15498 17498 19498
1.02 10499 11499 12499 13499 14499, 15498 174.98 194.98
1.05 100.83 11020 119.51 128.87 13835 147.93 167.28 186.81
{050 9558  102.03 106.11 11005 11396 117.88 12578 133.75
098 0 |10L10 10611 11110 11610 12110 12610 13610 146.10
1.02 101.10 106.11 11110 11610 12110 126.10 136.10 146.10
1.50 96.08 10271 107.25 11175 11629 12088 '130.18 139.65
0.50 94.54 100.50 10260 10457 106.52 108.45 11232 116.20
0.98 b | 10025 10276 10526 10776 11026 11276 11776 12276
1.02 10025 10276 10526 107.76 11026 11276 11776 12275
1.05 94.80 100.71 10295 10510 107.26 109.43 113.84 118.32
0.50 9433 10022 10164 102.96 10425 10553 108.09 110.66
0.98 0 | 10010 10178 103.45 10511 10678 10844 11178 11511
1.02 100.10 10178 103.45 105.11 10678 108.44 11178 115.11
1.50 94.51 10035 101.80 103.21 10461 10601 108.86 111.75
0.50 9425 100.08- 100.94 101.73 10254 10327 104.80 106.33
0.98 4 |10007 10131 10256 10381 10506 10631 10881 11131
1.02 100.07 10131 10256 103.81 10506 10631 10881 111.31
1.05 9440 100.18 , 101.29 10233 103.36  104.40 106.48 108.60
0.50 9425 100.08 100.94 10173 102:50 10327 10480 106.33
0.98 so |10002 10104 10204 10304 10404 10504 107.04 109.04
1.02 10062 101.04 102.04 103.04 10404 10504 107.04 109.04
1.50 9433 10012 101.00 101.83 102.64 103.46 105.10 106.77
0.50 94.18 100.06 10077 101.43 102.08 10272 103.99 105.26
098 g0 | 10005 10086 10165 10253 10336 10419 10586 107.53
1.02 100.05 100.86 101.69 102.53 10336 104.19 10586 107.53
1.50 9431 '100.81 100.82 101.50 102.85 103.53 '104.81 105.58
0.50 9420 100.02- 10045 100.85 10124 101.62 102.38 103.14
0.98 oo | 10010 10051 10101 10151 10201 10251 10351 10451
1.02 99.90 10051 101.01 10151 10201 10251 10351 104.51
1.50 94.20  100.03 100.87 101.27 101.67 10246 103.26

100.47
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