
TABLES TO FACILITATE THE COMPUTATION OF THE

PROBABLE ERRORS OF THE CHIEF CONSTANTS OF

SKEW FREQUENCY DISTRIBUTIONS.

BY A. RHIND. B.SC., Biometric Laboratory, University College, London.

THE general theory of the probable errors of the constants of skew frequency
distributions was originally given with illustrations by Pearson and Filon, PhU.
Trans. Vol. 191, A (1898), pp. 229—311. The values there deduced depend on
the form of special frequency curve adopted, and involve considerable arithmetical
work for each individual case. In these frequency investigations the fundamental
constants are the well-known ft and ft. Every frequency character expressible in
terms of ft and ft can have its probable error determined, provided we know the
probable errors of ft and ft and the correlation in deviations between ft and ft.
General expressions for the probable errors (or the S.D:'a 2^, 2^) of ft and ft
as well as the correlation -R/j,«, of deviatious in ft and ft, together with the
probable error of the criterion (or its S.D. = 2*) were first given by Pearson, PhU.
Trans. Vol. 198, A (1902). These involve a knowledge of ft, ft, ft and ft*,
further constants of the distribution which can only be found if the numerical
values of /*», y.%, & and /*, have been in some way determined. Now it has been
shown that with the total frequencies usual in practice these high moments are
subject to very large percentage errorsf, rendering their use extremely undesirable,
even if we could overcome our natural repugnance to the great labour of calculating
them.

But we have to bear in mind that the exact value of a probable error is not
usually desired. What we more often require is a rough determination of its

t Feanon: "On the Oeneral Theory of Skew Correlation and Non-Linear Regression," Draper?
Company Beteanh Memoir* (Dulaa ft Co., 1905), p. 8.
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128 Probable Errors of Frequency Constants

magnitude iu order that we may appreciate whether a certain quantity is or is
not really significant Accordingly it had .been the practice of the Biometric
Laboratory, if a frequency was only moderately a-normal, to use the values of the
higher /9*s in determining probable errors, which would flow from the assumption
of normality; if on the other hand the distribution had values of /9, and & — 3
differing a good deal from zero, to assume that the higher moments might be
obtained from a skew distribution of Type III. (i.e. a distribution for which
2/9, — 3/9, — 6 = 0). The justification of such hypotheses lies in the fact that if our
data are to be of much value, the probable errors must themselves be small, hence
in calculating these errors it is legitimate to insert into the formulae for them
values for the /9*s that only differ from their true values by small quantities.
Such insertion can only introduce second order, and therefore for our purposes
usually unimportant, changes in the probable error. This point is emphasised when
we remember the large percentage errors of the high /8*8. For example, it is usual
to take the probable error of a standard deviation a = '67449 a/'/fin, but its true

value = '67449 -^=(1 + %y) , the former really results from assuming the kurtosis,

>7 = /9j— 3, to have the value zero of the normal curve. There are very few argu-
ments made from probable error which would, be seriously affected if the probable
error were altered by 25 per cent, of its value, or if 17 took values from - '875 to
1125, i.e. we might give # , any value between 2*125 and 4*125 to get in practice a
sufficiently close result.

Now the object of the present paper is to extend this idea by applying a method
of determining /9,, /3t, /9, and /?« still more exact than the methods indicated above.
It is well-known that the frequency curves in common use are deduced from the
integral of

1 dy ax + b
y dx

and that this really assumes the condition that the coefficients of higher terms in
the denominator on the right, e.g. c,, c4, etc., are all zero. These conditions involve
a finite difference relation between the successive moments, first published in
1903*, and enable us to determine any higher moment from the first three /x,, /*,
and fit. Such a finite difference momental equation actually exists for all probability
frequency distributions of the hypergeometrical series type, which cover so wide
a range of chance problems.

It is practically impossible to determine in a Urge percentage of cases whether
the higher moments do or do not within their probable errors obey this finite
difference relation, for the reason above stated, Le. the high values of their
probable errors. The present tables assume that they do; in other words 0,, /8«,

* Biometrika, VoL n , p. 281.
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A. RHDTD 129

fit and A are calculated from A and. A , on the assumption that the values of
them obtained from the finite difference momenta! formula are sufficiently accurate
to use in Pearson's formulae for Sp,, 2^,, 22^0, and £«*, etc.

The following are the finite difference ^-formulae used:

where a = (2/9, - 3/8, - 6)/(& - 3). ,

The process of calculation adopted was as follows:

Fundamental values of £,, /S, were adopted; these are indicated in Table VL,
and the resulting values of >9,, /84, /8,, /8« calculated by the above formula were
then found to seven figures. These are tabulated to six figures as they may be of
service for the determination of other constants as occasion arises.

The values of «, for the different values of /3X and /9, being known, it was seen
that a very simple diagram would permit of a statistician ascertaining at once
from his values of /8, and 0, the type of his frequency distribution. In feet this
diagram brings out very suggestively the normal curve "point" (G), the Types EL,
H I , V. and VII.* "lines" and the Types L, IV. and VL "areas" of occurrence.
By aid of this diagram and a reasonable consideration of the probable errors of
his fix and # , the statistician can readily determine within what limits he is justified
in using any special type of frequency curve for given data.

The following values of analytic constants for the fundamental values were then
found V F 2 , , (Table L), > /F2* (Table II) , Rflft (Table III), and intermediate
values deduced by interpolation. It is believed. that these interpolated values
recorded to two places of decimals only are amply sufficient for the practical uses
to which these tables will be put.

From these tables were found, again using interpolation, the probable errors of

the two chief desired physical constants: (i) d, the distance from mean to mode or

the modal divergence, and (ii) 8k, the skewness of the distribution. In Table IV.

we have the values of </Nt,i/<r and in Table V. the values of */Nt* provided.

The actual quantities tabled in Tables L, H , IV. and V. are such that when

multiplied by *67449/V^ we obtain immediately the required probable errors.

The value of this numerical factor can at once, however, be extracted from

Winifred Gibson's Tables for computing probable errorsf.

1 + -j 1 Tjpe TIL, see Bicmetrika, ToL ir., p. 174.

t Biometrika, Vol. IT., p. 885.
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130 Probable JSrrors of Frequency Constants

In the actual construction of the tables fundamental values of ft and ft were
taken covering the usual range of these quantities in actual practice. The tables
are, however, limited by certain considerations, which are not without suggestive-
ness for theoretical frequency discussions. Along a certain line, indicated in our
diagram, ft becomes infinite. But this is statistically impossible. Hence, either
we never get frequency distributions having such values of ft and ft, or if we
do the finite difference moment formula cannot approximate in such cases to the
true state of affairs, and we must introduce an additional coefficient c, into the
denominator of the right-hand side of the fundamental differential equation. The
discussion and classification of such curves are now in band. On the diagram the
areas where they are absolutely needful are marked Heterotypic.

It is believed that the diagrams and tables now published will prove extremely
useful to the biometrician. Having determined his ft and ft, he will be able to
see at a glance whether his frequency distribution may be safely treated by the
usual types or is heterotypic. If it be one of the usual types, he will know at once
how to classify it. Next an examination of Tables I., II., I l l and IV., or such
examination with a short interpolation, will give him with sufficient practical
accuracy the probable errors of ft, ft, the modal divergence (d) and the skewness
(8k). Should other and more elaborate probable errors be required, they will be
deducible from Tables L, II. and III., or by using Table YL, for all the usually
desired constants depend upon the quantities therein tabulated.

The two diagrams represent, (A), a practical working diagram covering the
customary range of ft and ft and, (B), a diagram on a small scale showing the whole
nature of the distribution of the type curves from the theoretical standpoint.

The upper part of either diagram is bounded by the line 4ft — 3ft = 0, because
it has been shown that ft is of necessity > f ft*. The normal curve is represented
by a point ft = 0, ft = 3 marked G on the diagram.

The transition Types TTT and V. are given by values of ft, ft on the line

2ft-3ft-6 = 0,
and on the cubic

ft (A + *Y = * (4A - 3ft) (2ft - 3A - 6),
respectively.

Type II. is a particular case of Type L for ft = 0, and Type VII a particular
case of Type IV. for ft = 0; they are thus represented by portions of the vertical
running through the " normal point" G. While the upper boundary of the diagram
lies in the U-cnrve part of Type L, to be discussed below, the lower boundary is
fixed by the line 8ft - 15ft - 36 =» 0 along which the finite difference moment
formula first fails. This matter needs a little consideration.

* See Pearson: Phil Tratu. Vol. 186, A, pp. 343—114.
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A. RHQTD 131

DIAGRAM A.

1

2

3(J

5

6

7

8

K
r

ft

M

%

r

>

1 -2 •;

i

>̂

Heti

\ •!

r

ro6Yt

i •(.

•

T
1

j

J

I

1 -8 •{

*—^

^ ^

) 1-0 1-1 1

^ \

T
1

^ ^

2 1

* ^ =

V ^

I

IV

3 1

VI

>*

•4 1-

n

5 1-6 17 1-8

•

^ » >

VI

^^

Kv

^̂

 at Y
ork U

niversity L
ibraries on July 26, 2015

http://biom
et.oxfordjournals.org/

D
ow

nloaded from
 

http://biomet.oxfordjournals.org/


132 Probable Errors of Frequency Constants

DlAGBAM B.
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A. RHTND 133

The equation to Type IV. is

with the reduction formula*

where tan£ = i»/r and r=6G8, - f t - l ) / (2&-3y8 , -6 ) . i t ia clear that when
r = n, /*»+., becomes infinite. Now the probable errors of & and /9, require us to
go as far as /ij. Hence r must be greater than 7 if we are to use this formula,
and this gives us at once the limiting line

8&-15/9,-36 = 0.

Of course the difference formula would also fail for /x,, /x, or /*7, if r were equal
to 4, 5 or 6. But all the resulting lines lie outside the above line, which is all we
need take into account. The failure of the difference formula is easily seen if we
remember that

1 dy _ a, + o^x
y da

leads at once for this type to

(
/

•+«• r+<*>

xn(a9 + a1x)ydx=\
-m 1 -<aor Nifl^ih, + (hftn+t) = - Nfan/i^! + c, (n +1) /*„ + c,(n + 2) ^H.,)

+ [y (c,as» + Cjaŝ "1

The difference formula .above follows from supposing the term between brackets
to vanish at the limits.

But this it will not do unless

t
or if a be finite, unless r be > n, or to apply present results r > 7.

Of course for. any real data /t, may become large, but it cannot actually
become infinite. . Fairly good "fits—owing to the agreement of the first four
moments—may be found even near the line 8y9, —15/3! — 36 » 0, but if we want to
get the probable errors of & and /9, in this neighbourhood, it is best to calculate
the higher moments and £„ /9«, /9, and /9, from the actual data. Outside this line

* Sea Biometnko, VoL n., p. 281.
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134 Probable Errors of Frequency Constants

we have marked the area as Ifeterotypic, because theoretically we need to introduce
further terms into the denominator of our expression, Le. to use c,.

We now pass to a consideration of the subtypes of Type L The equation is*

where WH and m, are roots of the quadratic

m ' - m ( r —2)+ e — r + 1 = 0

and T — 6 (/8, — /8j •

r1

Now wi, and m, will either be both positive or both negative if e — r + 1 is
positive, or the curve e — r + 1 = 0 separates the area of /-curves or. modeless
curves from the area of modal curves (/, curves) and the area of anti-modal curves
or i7-curves.

e — r + 1 =» 0 is the biquadratic

A (8/8, - 9ft - 12)/(4/S, - 3/9,) = (10,8, - 12ft - 18y/(A + 3)»

This biquadratic was traced by expressing it in the form:

and then finding A for a series of values of a and determining #, from the equation

Within the loop of the biquadratic all curves are ./-curves, and the term
" skewness " loses its essential meaning. Within this area, it will be noticed, our
tables do not give the probable error of the skewness or of the modal divergence.
Above this loop and up to the line 4/8, — 3f3x = 0, we are in the range of J7-curves
and the skewness signifies the ratio to the standard deviation of the distance from
mean to anti-mode. Below the loop we. are in the customary Type I. area with m,
and m, both positive.

Our second Diagram, B, shows what becomes of the biquadratic limiting the
/-shaped curves. It first meets the Type IIL line, and at this point Type UL
curves become /-curvesf and cease to have a true mode distinct from the
asymptote value. The biquadratic then passes into the Type VI. area and
Type VL curves become /-curves beyond this. It never crosses, however, into

• Pearson: Phil. Tram. Vol. 186, A, pp. 367—371.
t Pearson : Phil. Tram. Vol. 186, A, p. 374 and Plate 9, Fig. 5.

 at Y
ork U

niversity L
ibraries on July 26, 2015

http://biom
et.oxfordjournals.org/

D
ow

nloaded from
 

http://biomet.oxfordjournals.org/


A. RHINE 135

Type IV. area, for the cubic which bounds Type IV. asymptotes to the vertical line
/9, = 32, and the biquadratic asymptotes to the vertical line ft = 50 as shown on
the diagram.

Of course much of Diagram B extends beyond the values of & and & that
we are familiar with in actual frequency distributions. For practical purposes
Diagram A drawn to a much larger scale suffices, and guides the statistician to
the appropriate type and to the probable errors. Nevertheless Diagram B will
indicate many points of much theoretical interest, and serves to show where
failure in curve fitting is likely to arise.
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136 Probable Errors of Frequency Constants

TABLE I.

Values of -SN 2$>i

A

2-0
2-1
2-2
23
2-4
2-5
2-6
2-7
2-8
2-9
SO
3-1
3-2
s-s
3-4
3-5
S-6
S-7
3-8
3-9
4-0
4-1
4-2
4-3
4-4
4*
4-6
4-7
4-8
4-9
5-0
<wiJ X

5-2
53
5-4
5 5
5-6
5-7
5-8
5-9
6-0
6-1
6-2

6-4
6-5
6-6
6-7
6-8
69
7-0

0-00

0-00
OOO
000
0-00
o-oo
0-00
0-00
0-00
0-00
o-oo
o-oo
o-oo
o-oo
o-oo
o-oo
o-oo
o-oo
o-oo
o-oo
o-oo
o-oo

—
—
—

—

—

—

—

_

0-05

0-58
0-59
0-60
0-62
0-64
0-66
0-69
0-73
0-77
0-81
0-87
0-94
1-02
1-12
1-24
137
1-50
164
1-78
1-93
2-10

—
—
—
—
—
—
—

—
—

—

—

_

—

0-10

0-93
0-95
0-97
0 99
102
1-05
1-10
1-15
1-22
1-30
1-40
1-53
1-67
1-82
1-99
2-16
2-33
2-50
2-67
2-86
3-07
3-29
3-53
3-78
4-05
4-33

—

—

—

—

_

0-15

1-15
1-12
113
1-15
1-20
1-26
1-34
1-42
1-51
1-61
1-73
1-86
2-02
2-20
2-38
2-57
2-78
2-99
3-20
3-43
3-69
3-87
4-19
4-52
4-85
5-18

—
_

_

_

—

—

—

0-20

1-37
1-30
1-30
1-32
1-37
1-45
1-54
1-64
1-75
1-87
2-01
2-17
2 33
2-50
2-68
2-89
311
3 36
3 62
3-89
4-17
4-47
4-79
5-13
5-49
5-88
—
—
_

—

_

—

—

__

0-25

1-57
1-50
1-48
1-49
1-54
1-61
1-72
1-83
1-94
2-06
2-20
2 35
2-52
2-71
2-93
317
3*43
3-70
3-97
4 - *
4-55
4-87
5 21
5-58
5-98
6-42

—
_

—

__

—

—

_

_

o-so

1-77
1-70
1-67
1-67
1-70
1-76
1-86
1-96
2-07
2-20
2-34
2-51
2-71
2-92
3-14
3-39
3-65
393
4-23
4-54
4-87
5-21
5-58
5-97
6-40
6-87
7-37
7-90
8-46
9-05
9-66

—

—

_

—

0*5

• 1-97
1-90
1-88
1-84
1-86
1-91
2-00
2-09
2-20
2-33
2-47
2-64
2-84
3-06
3-30
3-56
3-84
4-14
4-46
4-79
5-13
5-49
5-88
6-29
6-74
7-23
7-76
8-31
8-88
9-47

10-08

^_

_

—

—

__

—*

0-40

2-17
2-10
2-05
2-02
2-02
2-05
213
2-22
2-32
2-44
2-57
2-75
2-95
318
3-43
3-69
3-99
4-31
4-64
4-97
5-32
5-69
610
6 54
7-01
7-52
8-07
8-64
9-24
9*86

10-50

—

—

0-45

2-38
2-29
2-22
2 19
2-18
2-19
2-25
2-32
2-41
2-53
2-67
2-85
3-05
3-28
3-53
3-81
4-12
4-44
4-77
511
5-48
5-87
6-30
6-75
7-24
7-75
8-30
8-90
9-54

10-21
10-90

__

_

—

—

_

—

0-50

2-58
2-48
2-41
2-36
2-34
2 33
2-37
2-42
2-50
2-62
2-76
2-94
3-14
3-37
3-63
3-91
4-22
4-54
4-87
5-23
5-62
6-03
6-48
6-93
7-42
7-95
8-51
9-11
9-75

10-42
11-19

_

—

—

-—

0-55

2-80
2-69
2-61
2-55
2-51
2-49
2-50
2-53
2-60
2-70
2-84
300
3-22
3*44
3-70
3-98
4-29
4-61
4-95
5-32
5-72
6-15
6-60
7-07
7-57
8-10
8-66
9-25
9-89

10-58
11-33

_

—

—

_

—

.0-60

3O2
2-91
2-81
2-74
2-68
2-65
2-64
2-65
2-70
2-79
2-92
3-08
3-27
3-50
3-75
4-02
4-33
4-66
5-00
5-38
5-79
6-23
6-69
7-18
7-68
8-21
8-76
9*35
9-99

10-69
11-44
10,90
12 ZO

13-10
13-98
14-91
l von

—

—

—

•^

0-65

3-24
312
3-01
2-93
2-85
2-81
2-78
2-77
2-80
2-89
3-00
315
333
3 55
3-79
4-06
4-37
4-70
5-05
5-43
5-84
6-28
6-75
7*25
7-76
8-29
8-85
9-44

10-08
10-78
11-53

13-26
14-15
1505
1.1-QS
Lit SO

—

_ _

0-70

3-46
3-34
3-22
312
3-03
2-97
2-92
2-90
2-93
2-99
3-09
3-23
3-40
3-60
3-83
4-10
4-40
4-72
5O7
5-46
5-88
6-32
6-80
7-29
7-80
8-34
891
9-50

10-14
10-84
U-60
12 **4

13-29
14-18
15-10
1Q Vw

—

0-75

3-71
3-57
3-44
3-32
3-22
314
3-08
3-05
3-05
3-09
3-18
3-30
3-46
3-66
3-87
4-12
4-41
4-74
5-09
5-48
5-89
6-33
6-81
7-31
7-83
8-37
8-95
9-54

10-18
10-80
11-64
1QMO

13-29
14-18
15-11
1R-O7
IU v 4

—

_
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TABLE I.—(continued).

Values of

0-80

3*96
3 80
3-66
3-52
3-41
3-32
3-25
320
318
3-19
3-27
3 38
3 53
3 70
3-90
4-14
4-42
4-74
5-10
5-49
5-89
6 33
6-80
7-30
7-83
8-38
8-96
9'07

10-20
10-91
11-66
12-45
13-28
14-16
15-09
16O6

—
—
—

• - —

—

—

—

—

—

—

—

—

—

—

0-85

4-21
4-03
3-88
3-74
3-62
3-51
3-42
335
3-32
3-32
338
3-47
3-60
375
3-93
4-17
4-44
4-75
5-10
5-48
5-88
6 32
679 •
7-28
7-80
8-36
8-95
9-57

10-23
10-92
11-65
12-43
13-25
1412
15-06
16-02

—
—

—
—
—

_

0-90

4-47
4-27
4-11
3-96
3-83

. 3-71
3-60
3 51
3-47
3 45
3-49
3-57
3-68
3-81
3-97
4-19
4-45
4-76
5-09
5-46
5-86
6-30
6 76
7-25
7-76
8-32
8-91
9-53

10-16
10-87
11-61
12-38
13-20
14-07
15-00
15-96
17-02
18-14
19-34
20-57
21-86

—

—
—
—
—

095

4-73
4-53
4-36
4-20
4-05
392
3-80
3-69
3-63
3-60
3-61
3-67
3-76
3-88
4-03
4-22
4-47
4-76
5-08
5-44
5-83
6-26
6-71
7-19
7-71
8-28
8-86
9-47

10-10
10-80
11-55
12-32
1313
13-98
14-90
1&-87
16-91
17-99
19-13
20-3H
21-65

—

_
_

—•-

1-00

5-00
4-80
4-63
4-46
4-29

. 4-15
4-01
3-89
3-80
3-76
3-74
3-77
3-84
3-95
4-08-
4-26
4-49
4-77
5-08
5-42
5-80
6-21
6-65
7-13
7-65
8-21
8-79
9-40

10-05
10-74
11-48
12-24
13-04
13-87
14-78
15-76
16-79
17-88
19-02
20-20
21-45

—

—
—

105

5-27
5-07
4-88
4-71
4-54
4-38
4-23
410
4-00
3-92
3-87
3-89
3-93
4 02
4-14
4-30
4-51
4-78
5-07
5-40
5-76
6-16
6-60
7-07
7-58
8-14
8-72
9-33
9-97

10-66
11-39
1214
12-92
13-76
14-65
15 63
16-67
17-75.
18-87
20-03
21-25

.
_

I

—

1-10

5-55
5-34
5-15
4-96
4-78
461
4-45
4-32
4-21
411
403
4-02
4-03
4-10
4-20
4*34
4-54
4-79
5-07.
5-37
5-72
611
6-S4
7-01
7-51
8-07
8-64
9-24
9-88

10-07
11-29
12O3
12-80
13-63
14-51
15-49
16-51
17-58
18-69
19-84
21-03
22-36
23-77
25-33
26-95
28-61

—

1-15

5-83
5-62
5-42
5-22
5-03
4'85
4-68
4-54
4-41

.4-30
4-21
416
4-15
4-19
426
4-39
4-57
481
6-06
5-35
5-69
6-06
6-48
6 93
7-44
7 99
8 55
9-14
977

10-44
11-17
11-91
12-67
13-47
14-36
15-33
16 34
17-40
18-48
19-62
20-79
22-18
23 61
25-09
26-64
28-18

—

1-20

6-12
5-90

. 5-69
5-48
5-28
5 10
4-92
4-76
4-62
4-49
4-39
4-31
4-28
4-28
4-34
4-45
4-62
4-84
5-06
6-33
5-65
6-02
6-42
6-87
7-37
7-90
8-45
904
9-67

10-32
11-04
11-78
12-54
13-35
14-22
15-17
16-18
17-23
18-26
19-39
20-54
21-92
23-32
24-74
26-27
27-73

_

^_
^_
—

1-25

6-41
6-18
5-96
5-75
5-55
6-36
517
5-00
4'64
4-70
4-58
4-48
4-43
4-42
4-45
4-52
4-67
4-87
5-08
5-32
5-62
5-98
6-36
6-80
7-28
7-81
8-35"
8-93
9-55

10-18
10-90
11-64
12-40
13-20
14-05
15-00
15-95
16-94
17-98
19-11
20-29
21-61
23-00
24-38
25-86
27-30

—

ISO

6-71
6-48
6-25
6-02
6-82
5-62
5-43
5-24
5-07
4-91
4-78
4-66
4-59
4-56
4-56
4-60
4-74
4-90
5-09
5-32
5-60
5-94
631
6-74
7-20
7-71
8-24
8-82
9-42

10-04
10-77
11-50
12-24
13-02
1381
14-81
15-70
16-70
17-74
18-84
20-02-
21-31
22 63
24-00
25-43
26-89

„ _

- —

rss

7-01
677
6-54
6-31
610
5-89
5-68
5-48
5-30
512
4-98
4-85
4-75
4-69
4-66
4-68
4-78
4-92
511
5-33
5-58
5-91
6-27
6-67
7-12
7-61
8-13
8-69
9-28
9-90

10-62
11-34
12-07
12-84
13-67
14-61
15-50
16-47
17-50
18-59
19-76
20-97
22-22
23-55
26-00
26-46

__

—

1-Jfi

7 31
7-07
6-84
6-61
6-38
616
5-94
5-73
5-53
5-34
5-19
5-05
4-92
4-84
4-78
4-79
4-81
4-95
514
5-34
5-57
5-88
©•24
6-62
7-05
7-51
800
8-55
9-14
9-76

10-46
11-15
11-88
12-66
1348
14-4Q
15-30
16-26
17-26
1832
19-47
20-61
21-82
2313
24-52
26-06
27 67
29-40
31-15
33-02
34-89

1-45

762
7-37
7-14
6-91
668
6-45
6-22
6-00
5-79
5-59
5-42
5-28
516
5-04
4-97
4-93
4-95
5-04
5-18
5-35
6-57
5-86
6-21
6-57
6-98
7-42
7-90
8-42
9 00
9-63

10-30
10-96
11-72
12-48
13-29
14-18
15-07
I6O4
17-01
18-06
1918
20-30
21-50
22-78
24-12
25-65
27-21
28-90
30-61
32-41
34-16

ISO

7-94
7-69
7-45
7-21
6-97
6-74
6-51
6-28
6-06
5-85
5-68
5-53
5-40
5*28
5-18
5-12
6-09
513
6-22
5-37
5-69
5-86
6-18
6-53
6 92
734
7-80
8-31
8-87
9-50

1014
10-82
11-54
12-30
13*11
13-97
14-84
15-77
16-76
17-78
18-90
2013
21-29
22-50
23-82
25-24
26-75
28-36
29-94
31-72
33-59

2-0
2-1
2-2
2S
2-4
2-5
2-6
2-7
2-8
2-9
3-0
3-1
3-2
SS
3-4
35
3-6
3-7
3-8
39
4-0
4-1
4-2
4-3
4-4
4S
4-6
4-7
4-8
4-9
5-0
5-1
6-2
S3
5-4
55
5-6
51
5-8
5-9
6-0
6-1
6-2
6-3
6-4
6-5
6-6
6-7
6-8
6-9
TO
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A

Probable Errors of Frequency Constants

TABLE II.

Values of */N2^,.

• A

2-0
2-1
2-2
2-3
2-4
2-5
2-6
2-7
2-8
2-9
3-0
3-1
3-2
S3
3-4
3-5
3-6
3-7
3-8
3-9
4-0
4-1
4-2
4*
4-4
4-5
4-6
4-7
4S
4-0
5-0
5-1
5-2
53
S-4
5S
if O
£1
6-8
59
6-0
6-1
6-2
6 3
6-4
6 5
6-6
e-7
6-8
6-9
70

0-00

1-41
1-57
1-75
1-95
2-18
2-46
2-78
317
3-64
4-22
4-90
5-75
6-77
8-00
937

10-85
12-67
14-78
17 50
20-80
24-74

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

—

—

—

—

—

0-05

1-60
1-76
1-94
2-16
2-39
2-68
3-03
3-48
4-02
4-65
5-48
6-41
7-55
8-83

10-28
11-75
13-74
15-98
18-83
22-50
26-83

—

—
—

—
—
—
—
—

—

—

—

—

—

o-io

1-74
1-89
2-07'
2-28
2-53
2-83
3-24
3-71
4-26
4-94
5-76
6-72
7-90
9-22

10-68
12-31
14-40
16-78
19-83
23-68
28-47
35-00
43-3
55-3
72-7
96-5

—

—

—

—

—

—

—

0-15

1-93
2-00
2-16
2-35
2-60
2-97
3-38
3-87
4-42
5-11
5-89
6-88
8-00
9 30

10-76
12-52
14-78
17-09
20 03
23-81
28-05
34-17
41-4
51*6
660
82-7

.
—

—.

—

—

—

—

0-20

2-11
2-10
2-20
2-42
2-72
3O&
3-52
3-98
4-52
5-20
5-95
6-90
7 97
9-22

10-67
12-46
14-53
16-93
19-78
23-34
27-24
32*88
39-2
48-0.
59-7
72-7

—

—.

_

—

—

—

0-25

2-28
2-20
2-28
2-49
2-82
319
3-60
4-03
4-58
6-22
5-93
6-82
7-83
9-02

10-46
12-25
14-21
16-53
19-36
22-67
26-29
3136
37-2
44*6
541
65-3

_

. —
—

—
—

1

—

—

—

—

—

030

2-44
2-35
2-40
2-58
2-90
3-27
3-66
4-08
4-60
518
5-88
6-70
7-63
880

10-20
11-95
13-80
16-05
18-76
21-98
25-25
29-77
35-2
41-2
49-5
598
75-0

101-3
140-0
204-5
325-7

—

—

—

—

—

—

—

0-35

2-60
2-51
2-53
2-67
2-96
3-31
3-69
4-12
4-59
5-13
5-76
6-54
7-42
8-53
9-91

11-60
13-38
15-58
18-22
21-14
24 18
2813
33-2
38-6
45-7
54-7
68-0
87-2

115-2
150-8
206-0

__

—

—

—

—

—

—

0-40

2-77
2-68
2-68
2-78
3-02
3-32
3-69
4-11
4-57
5-07
5-65
6-38
721
8-29
9-62

11-24
12-95
15-09
17-64
20*29
23-03
26-60
31-2
36-2
42-1
50-8
62-2
76-8
96-2

122-3
154-2

—

—

. —

—

—

—

0-45

2:94
2-86
2-85
2-92
3 1 0
3-36
3-70
4-09
4-52
4-99
5-53
6-22
7-03
8-05
9-31

10-86
12-55
14-61
16-98
19-45

•22-02
2612
29-2
33-8
39-2
47-2
56-9
68-3
82-6

102-5
1268

_

—

—'

—

—

—

—

0-50

312
3-05
3:04
3-09
3-22
3 4 7
3-75
41)7
4-44
4-90
5-41
6-07
6-86
7-83
9-01

10-45
1210
14-08
16-25
18-58
2101
23-82
27-4
31-8
36-8
44-0
52-2
62-0
72-7
891

110-1

—

—

—

—

—

0-55

3-29
3-24
3-23
3-27
3-35
3-53
3-78
4-06
4-39
4-80
5-30
5-92
6 70
7-60
8-73

10-03
11-60
13-49
15-30
17-54
20-01
22-64
26-0
30-1
34-8
41-0
48-2
56-9
66-1
80-2
96*9

—

—

—

—_

—

—

0-60

346
3-44
3-43
345
3-50
3-63
3-83
4O6
4-34
4-70
5-20
5-79
6-53
738
8-44
9-63

11-06
12-74
14-42
16-50
19-04
21-S4
247
28-5
32-9
38-5
451
52-7
60-9
72-4
86-6

103-6
130-4
175-2
224-4
340:8

—

—

—

—

—

0-6S

3-65
3-64
3-63
3-64
368
3-75
3-87
4-06
4-32
4-63
512
5-69
6-39
7-20
8-18
9-26

10-54
12-02
13-60
15-54
18-12
2053
234
26-9
31-0
36-2
42-2
491
56-7
66-6
781
94-4

116-4
1448
178-0
246-0

—

—

—

—

—

0-70

3-86
3-84
3-83
3-84
3-86
3-88
3-95
4-07
4-31
4-60
5-05
5-60
6-26
7-02
7-92
8-90

10-02
11-36
12-88
14-77
17-23
19-56
22-3
25-6
29-2
341
39-6
45-9
52-9
61-4
71-2
85-9

104-0
124-4
151-0
195-3

— '

—

—

—

—

0-75

4-05
4-04
4-03
4-03
4-03
4-03
4-07
415
4-34
4-61
5-00
5-53
6-14
6-84
7-66
8-54
9-55

10-80
12-27
14-06
16-36
18-62
21-3
24-3
27-7
32O
37-2
42-8
49-3
56-7
65-6
780
91-0

109-6
132-6
163-2

—

—

—
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TABLE EL—(continued).

Values

139

fix

0-80

4-24
4-23
4-88
4-20
419
4-18
4-20
4-26
440
4-63
4-98
6-47
6-03
6-67
741
8-22
9-14

10-34
1177
13-42
15-68
17-72
20-2
231
26-3
30-1
34-7
40-0
461
52-4
eoo71-2
83-0
98-8

118-4
141-4

_
_
—
_
—_
—
—
—

—
—
—
—
—

0-8S

443
4-41
4-39
4-36
4*36
4-34
4*35
4-38
4-60
4-C7
4-97
5-42
5-92
6-81
7-17.
7-92
8*80
9-94

11-29
12-85
14-84
16-85
19-2-
22-0
25-0
28-4
32*5
374
431
48-8
561
651
76'4
89-6

105-2
124-0

__
__
_

_
_

_

_
_

_
—•

0-90

4-62
4-59
4-56
4-53
4-51
4-50
4-50
4-62
4-60
4-73
4-99
5-38
5-83
6-30
6-95
7-64
8-51
9-58

10-82
12-31
1410
16-01
183
20-9
23-8
26-8
30-5
35-0
40-3
46-8
52-3
60-6
70-5
81-9
960

111-2
131-2
160-0
199-2
266O
3781

_
_
_
_
__
_

_
_
—

0-95

481
4-77
4-74
4-71
4-69
4-67
4-67
4-68
4-72
4-82
503
5-34
5-75
6-22
6-77
7-38
8-23
9-25

10-37
11-79
13-42
15-21
17-3
19-8
22-5
25-3
28-8
32-8
37-7
431
48-8
56-5
65-4
75*
87-6.
99-6

117-4
142-4
175-8
221-6
284-0

_
—

_
__
_

_
_
—

1-00

6-00
4-96
4-93
4-90
4-87
4-85
4-84
4-84
4-86
4-93
510
5*36
5-67
6-09
6-61
7-17
7-98
8-96
9-98

11-30
12-79
14-44
16-4
18-7
21-3
23-9
27-3
30-9
35-3
40-2
45-5
52-fl
60-6
70-8
80-4
91-2

105-2
126-4
154-8
192-8
231-5

_
_
__

_
_

_

V06

5-19
515
512
5-08
5-05
5-03
5-01
5"O1
6-03
5-05
5-18
5-37
5-62
6-00
6-48
6-99
7-70
8-66
9-62

10-86
12-20
13-70
15-5
17-6
201
22-6
25-6
29-2
33-2
37-8
42-6
491
56-3
65-0
74-0
84-0
96-0

113-4
134-2
163-6
198-2

—
_
_

_
_
_

1-10

5-38
5-34
5-31
ft-27
5*23
6-21
5-20
6-18
519
5-20
5-28
5-41
5-60
5-90
6-29
6-84
7-63
8-36
9-31

10-41
11-64
13-00
14-7
167
19O
21-4
24-2
27-6
31*4
36-6
40-0
45-8
62-5
60-2
68-3
77-4
87-3

102-2
119-6
142-8
171-6
206-3
264
350
510
889

_
_

__
—

VIS

5-56
5-53
6-50
5-46
6-42
5-39
5-36
5-34
6-34
'5-35
6-39
5-48
5-62
6-94
6-26
672
7-40
814
903

10-02
1113
12-34
14-0
15-8
18-0
20-3
22-9
261
297
33-6
37-6
431
49-3
56-2
63-4
71-2
793
930

107O
128-0
151-6
186-3
232
297
376
624

—

180

575
572
5-69
5-65
6-61
5-58
6-54
6-51
6-49
5-50
5-52
5-58
5-68
5-92
6-24
6-63
7-22
7-90
873
9-64

10-65
1173
13-3
15O
17-1
19-3
217
247
28-0
31-6
35-4
40-5
46-3
62-5
58-8
657
72-8
84-4
97-2

114-6
136-2
167-5
205
251
308
387

•

—

1-85

. 5-94
.5-90
5-87
5-84
5-80
577
672
5-67
6-65
5-66
5-66
570
5.78
5-95
6-22
6-57
7-09
775
8-51
9-34

10-21
11-17
12-6
14-2
161
18-3
20-6
23-3
26-4
29-8
334
38-0
43-4
48-9
54-7
61-2
67-8
77-3
88-4

104-0
123-8
150-0
280
216
263
313

—_

—

ISO

612
6-08
6-06
6-02
5-99
6-96
5-91
5-85
5-83
5-82
5-82
5-83
5-90
6O1
6-22
.6-54
6-99
7-61
8-29
9-03
9-83

10-67
120
13-6
15-3
17-3
19-5
22O
250
28-1
31-5
35-6
40-4
45-5
61O
569
63-2
7M
80-6
94-6

112-8
134-2
160
188
225
264

_

—

136

6-30
6-27
6-24
6-21
618
615
611
6-05
602
600
4-98
5-97
603
612
6-26
6-53
6-98
7-51
811
877
9-51

10-24
11-5
12-8
14-6
16-4
18-4
200
23-6
26-6
29-8
33-6
380
42-6
477
62-9
58-6
65-6
74-4
860

103-4
121-5
141
164
196
229

—

Vlfi

6-49
6-47
6-44
6-41
638
6-35
6-30
6-25
6-21
618
615
614
6-18
6-25
6-34
6-56
6-95
7-42
7-94
8-62
9-20
9-87

HO
12-3
13-9
15-6
17-5
19-8
22-3
261
281
317
350
39-9
44-5
49-4
54-8
60-8
69-4
79-6
94-8

111O
128
148
172
200
237
286
363
485
747

1-46

667
6-65
6-63
6-61
6-58
6*54
6-49
6-44
6-39
6-36
633
632
634
6-37
6-47
6-61
6-92
7-34
778
8-30
8-92
9-58

10-5
11-8
13-2
14-8
167
18-8
21-2
23-8
26-6
30O
33-6
37-4
41-5
46-2
61-4
67-2
64-9
74-4
87-5

101-8
116
132
152
177
204
249
305
392
510

ISO

6-84
6-83
6-82
6-80
678
674
6-68
6-62
6-58
654
6-51
6-52
6-62
6-63
6-61
671
6-93
723
7-60
8-10
8-67
9-32

10-3
11-3
12-6
141
161
18-1
20-3
227
25-2
28-4
317
35-2
38-9
43-6
48-8
547
61-5
70-2
81-4
92-8

107
122
138
161
184
220
268
333
416

8-0
8-1
s-e83
8-4
8-5
8-6
8-7
8-8
8-9
3-0
S-l
8-2
S3
8-4
8-5
3-6
3-7
3-8
3-9
4-0
4-1
4-8
4-3
4-4
4-5
4-6
4-7
4-8
4-9
5-0
5-1
5-8
5-8
5-4
5-5
5-6
6-7
5-8
5-9
6-0
0-1
6-8
63
6-4
6-5
6-6
G-7
6-8
6'9
70
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TABLE IIL

VcUiies of .Rpj,.

ft

to
2-1
2-2
e-s
2-4
2-5
2-6
2-7
2-8
2-9
SO
S-1
S-2
SS
S-4
S-5
S-6
S-7
S-8
S-9
4-0
41
4-2
4-3
kk
45
4-6
-*-7
4-8
4-9
5-0
51
5-2
5-3
5-4
5-5
5-b
5-7
5-8
69
6-0
61
6-2
as
6-4
65
6-6
6-7
6-8
6-9
70

o-oo

o-oo
0-00
o-oo
o-oo
0-00
0-00
0-00
0-00
o-oo
0-00
0-00
000
0-00
0-00
0-00
0-00
0-00
0-00
0-00
0-00
0-00

—

—

—

0-05

570
557
551
550
5fil
554
657
557
056
550
542
534
524
•512
•501
•490
•477
•462
•450
•438
•422

—

—

—

o:io

•706
•685
672
663
660
659
662
668
674
•630
684

•687
•688.
•688
•686
•681
•676
•670
•662
•654
•645
•630
•608
•580
•540
•481

—

—

—

0-15

770
755
728
719
712
706
706
710
716
724
738
744
•746
•747
•748
•747
•745
•741
•736
•720
•713
•702
•682
•658
•628
•590

• —

—

—

•

0-20

823
798
•771
765
752

•745
•742
•744
•760
•760
•774
•781
•786
•788
•790
•790
•788
•784
•779
•770
•760
•748
•733
•712
•688
•657

—

—

—

0-25

863
•838
•814
•799
•787
•776
•773
•773
•779
•787
•796
•808
•811
•814
•816
•815
•813
•810
•803
•796
•788
•780
•770
•753
•732
•709

—

—

—

o-so

894
870
847
829
814
805
799
•800
•803
•810
•816
•825
•830
•832
•833
•833
•832
•831
•828
•822
•816
•807
•793
•784
•770
•749
•716
•674
•615
•632
•362

—

0-35

917
895
874
859
843
834
825
•825
'826
•830
•835
•840
•842
•846
•848
'849
•850
•848
•843-
•841
•837
•830
•822
•811
•796
•780
•754
•723
•681
•620
'534

—

0-40

•935
914
•896
880

•867
•858
•851
•846
•842
•844
•847
•850
•852
•855
•858
•860
•860
•859
•858
•856
•853
'849
•842
'832
•819
•804
•784
•759
•727
•680
•628

0-45

949
936
•919
900

•886
•878
•871
•863
•868
•857
•857
•858
•860
•863
•865
•867
•867
•867
•866
•866
•865
•862
•857
-848
•837
•824
•808
•788
;761
•728
•687

—

0-50

960
948
•934
919
005
•893
•883
•876
•87 L
•868
•807
•867
•868
•870
•872-
•873
•874
•874
•874
•875
•873
•871
•867
•860
•851
•841
•828
•812
-791
•766
•731

—

0-55

-968
•959
•948
•935
•920
•908
•898
•889
•8S3
•878
•875
•874
•875
•876
•878
•879
•880
•881
•882
•882
•881
•880
•877
•871
•863
•853
•842
•830
•815
•795
•767

—

0-60

•976
'969
•960
"948
•936
'924
913
•902
"893
•887
•883
'882
•882
'882
•883
'884
'886
'887
'888
'889
'888
"887
'884
'878
*872
'865
*856
'846
'834
'818
'798
'768
730
"679
"608
'496

0-65

•983
•977
•968
•957
•945
•933
•921
•911
=901
•895
•890
•889
•889
•888
•889
•890
•891
•892
•893
•894
•894
•892
•890
•885
•880
•874
•868
•860
•849
•835
•822
•799
•768
•729
•686
•601

0-70

•989
•983
•975
•965
'954
•941
•930
•920
•910
•903
-898
•897
•896
•895
•895
'895
•896
•897
•898
•899
•899
•897
•894
•890
•887.
•882
•877
•870
•861
•850
•837
•820
•799
•769
•736
•674

0-75

-992
•986
•980
•971
•962
•949
•938
•928
•919
•912
•906
•903
•902
•901
•900
•900
•900
•901
•901
•903
•903
•901
•899
•897
•894
•890
•886
•879
•872
•862
•851
•837
•820
•799
•774
•724
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A. BHIND

TABLE III.—(continued).

Values of

A

141

080

•993
•989
•983
•976
•968
•958
•947
•937
•928
•921
•915
•909
•907
•906
•905
•904
•904
•905
•905
•906
•906
•905
•905
•903
•900
•897-
•893
•887
•881
•874
•863
•851
•837
•820
•798
•764
__

• _
_

_

—

—
—

085

-995
•991
-986
-980
•973
•965
•956
•947
-939
•932
-923
•915
•912
:909
•908
•907
•907
•907
•908
•909
•909
•908
•907
•906
•904
•902
•898
•894
•8iX)
•884
•875
-864
•852
•839
•818
•792
_
_
__
_

_

—

—
—

0-90

•997
•994
•989
-984
•978
•972
-964
•957
•949
•942
•931
•922
•918
;914
•912
•910
•910
•910
•911
•911
•912
•911
•910
•910
•908
•906
•903
•900
•896
•890
•883
•875
•866
•853
•a37
•817
•789
•7S0
•701
•640
'544
_
_

I —

—
—

005

•999
•996
•992
•988
•983
•977
•970
•963
•955
•947
•937
•929
•924
•919
•916
•914
•914
•914
•914
•914
•914
•914
•913
•913
•912
•910
•908
•905
•901
•895
•889
•882
•875
•865
•853
•837
•815
•786
•748
•700
•639
_
_
_

—
—

l'OO

1-000
•998
•995
-992
•987
-982
•976
•968
•960
•952
•943
•936
•930.
•925
•920
•918
•918
•917
•917
•917
•917
•917
•916
•916
•916
•915
•913
•910
•906
•901
-896

• 890
•884
•876
•867
-854
•835
•811
•783
•748
•703
__
_

—
—

_
—
—

1-05

1-000
-998
•996
•993
•989
•985
•980
•973
•965
•957
•948
•942
•936
-930
•925
•922
•921
•920
'920
•919
•919
•919
•919
•918
•918
•918
•916
•913
•910
•907
•903
•898
•892
•885
•877
•867
•852
•835
•811
•781
•746

—
—
—

_
—
—

V10

1-000
•999
•997
-994
•991
•988
•984
•977
•970
-963
•954
•947
'941
•935
•930
•926
•924
•923
•922
•921
•921
•921
•921
•920
•920
•920
•919
•917
•914
•911
•908
•905
•901
•895
•888
•880
'868
•854
•835
•810
T78
•741
•691
•628
526
•354

—
—

115

1-000
•999
•998
-995
•993
•990
•986
•980
•974
•963
•960
•953
•946
•940
•935
•931
•928
•927
•925
•924
•923
•923
•923
•922
•922
•922
•920
•919
•917
•915
•913
•911
•909
•904
•898
'890
•880
•869
•852
-828
•802
•769
•727
•678
•606
•526

*

—
—

ISO

1-000
•999
•998
•997
•995
•992
•988
•983
•978
•972
•966
•959
•952
•946
•940
•936
•932
•930
•928
•927
•926
•925
•924
•924
•923
•923
-922
•921
•920
•919
•918
•917
•916
•913
•908
•900
•890
•880
-866
•846
•825
•796
•762
•724
•675
•619

_
—
—

1-25

1-000
1-000

•999
•998
•QQA«7«7O

•994
•991
•986
•981
•970
"971
•965
•938
•951
•915
•940
•935
•933
•930
•929
•928
•927
•926
•926
•926
•926
•925
•924
•923
•922
•922
•922
•921
•918
•915
•910
•904
•892
•879

. -861
•842
•820
•792
•761
•724
•680

—
—

ISO

1-000
1-000
1-000

•999
•998
-996
•993
•989
•985
•980
•975
•970
•903
•956
•950
•944
•938
•935
•932
•931
•930
•930
•929
•929
-928
•928
•927
•92(5
•925
•925
•925
•925
•924
•923
•921
•918
•911
•901
•890
•875
•857
•837
•815
•790
•763
•726

—
—

1-35

t-ooo
1000
1-000

•999
•998
•997
•995
•992
•989
•984
•979
•974
•968
•961
•954
•948
•942
•937
•934
•933
•932
•931
•929
•928
•927
•927
•926
•925
•926
•926
•927
•928
•928
•929
•928
•925
•917
•909
•897
•883
•867
•852
•836
-818
•793
•761

1-40

i-ooo
i-ooo
i-ooo

'999
•999
'998
'997
•995
•992
'988
•9S3
•978
973
•966
'958
•952
'946
•S40
936
'935
•934
•932
•930
•928
•927
'926
•925
•925
•926
•927
•928
•931
933
•935
•935
933
•926
•917
•905
•892
•879
'866
'852
•838
'818
•791
"7R\

•721
•670
•600
-468

1-45

1-000
1 0 0 0
1-000
1-000

•999
•999
•998
•997
'994
•990
•986
•981
•977
•971
•964
•958
•952
•946
•941
•939
•936
•933
•930
•927
•925
•923
•923
•923
•925
•927
•930
•933
•937
'940
'941
•940
-935
•927
•915
•901
'886
•872
•858
•845
831
•814
•7on# w
•760•727
"683
•602

1-50

1-000
1-000
1*000

-1-000
i-ooo
i-ooo

'999
•998
'996
'992
'988
•984
•980
•975
•974
"965
'959
953
'948
'944
•940
'934
'929
'924
•922
•920
•920
'922
925

"928
'932
'936
•941
•945
'947
'947
'944
'938
928
913
'893
•873
•856
"842
'834
831
832
•837
'845
•857
•876

2-0
g-1
2-2
2-3
2-A
2-5
2-6
2-7
2-8
2-9
SO
8-1
3-2
8-S
Sk
8-5
$-6
8-7
8-8
8-9
4-0
4-1
4-2
4-8
4-4
4-5
4-0
41
4-8
4-9
5-0
5-1
5-2
5-8
5-4
5-5
5-6
5-7
5'8
5-9
60
61
6-2
6S
6-4
6-5
0 l»

6-7
6-8
69
TO

A
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A. RHIND

TABLE IV.—(continuea).

Values of 2d.

A

143

085

1-20
1-64
2-22
310
—

—
__
—

6*80
5'38
4-21
3-74
3-34
3-00
2-74
2-55
2-42
2-35
2-35
2 39
245
2-52
2*64
2-81
3-02
3-28
3-64
4-04
4-60
S-33
6-21
' _

—
_
__
_

0-90

113
1-49
1-97
2-63
372
_

—
—

6'55
4-95
4-34
3-80
3'35
300
2-77
2-60
2 50
2-48
2'60
2 53
2'60
2'69
2-82
3-03
326
3 55
3-90
4-35
4-98
5-74
669
8-11

10-18
13-53
19-95

__
_
__
'
_

0-95

1-07
1-38
1-80
2-46
3-20
—
—
—
—
—
—
—

6-00
5-12
4-32
3-74
3-32
3-02
2-79
2-G7
2-62
2-61
2-63
2-60
2-77
2-86
3-04
3-25
3-51
3-31
4-18
4-71
5-36
6-27
7-48
9-11

11-44
14-26

_
—

—

1-00

1-02
1-29
1-66
2-15
2-81
3-94

—

7-33
6-03
5-01
4-23
3-66
3-29
3-00
2-86
2-77
2-73
2-74
2-79
2-85
2 93
3-08
3-26
3-49
3-74
41)5
4-52
6-08
5 83
6-82
812

' 9-84
11-92

_

_
__
_

V05

•97
1-21
1-54
1-98
2-56
3-40

936
7-17
5-7B
4-72
4-04
3-60
3-27
3-09
2-96
2-89
2-87
2-89
2-93
3-00
312
3-28
3-47
3 68
3:95
4-37
4-86
5-49
6-32
7-45
8-71

10-48

—

—

1-10

• -92
1-14
1-45
1-85
2-36
3-08
4-32

_

1216
8-80
6-65
5-41
4-50
3-98
3-61
3-38
3-21
310
3-02
3-01
3-02
3-08
316
3-31
3-47
3 65
3 88
4*24
4*66
5-19
5-90
685
7-94
9-38

11-64
14-83
19-65
28-03
47-99

1-15

•87
1-08
1-38
1-75
2-22
2-87
3 82
_

_

^_
11-52
8-28
6-36
5-18
4-50
4-06
3-71
3-49
3-32
3-20
315
313
317
3-22
3-34
3-48
3 63
3-81
4-12
4-48
4-94
5-55
6-35
732
8-55

10-26
12-55
15-85
20-85
28-04

ISO

-83
1-03
1-32
1-67
2-09
2-66
3-48
4-82

_̂ .

11-12
8-00
•616
512
4-61
413
3-82
3-55
3-39
3-31
3-25
3-27
3-30
3 39
3-49
3-62
3-75
4-01
4-32
4-73
5-27
5-95
6-82
7-89
9-31

11-19
13-69
17-09
21-30

1-25

•80
•99

1-26
1-58
1-96
2-47
314
4-20
5-73

10-22
7-43
5-92
5-20
4-60
4-18
3-83
3-61
3-48
3 39
3-38
3-39
3-44
3-52
3-61
3-72
•3-92
4-20
4-56
5-03
5-62
6-45
7-38
6-62

10-24
12-21
14-56
17-44

1*0

•76
•94

1-20
150
1-84
2-29
2-86
366
4-82
6-63

_

—
9-32
6-91
5-90
5-15
4-59
4-16
3-87
3-67
3-55
3-50
3-50
3-51
3-56
3-62
3-70
3-85
4-09
4-42
4-84
5-37
613
6-95
8-03
9-40

11-01
12-84
15-07

1*5

•72
•90

1-14
1-41
1-73
2-12
2-60
318
3-88
4-81
615
__

_
8*00
6-80
5-86
514
460
4-21
3-95
3 78
3 68
3-63
3-61
3-61
3-63
3-69
379
3-99
4-30
4-68
516
5-85
6-62
753
8-64

10-02
11-45
13-20

1-Jfi

•68
•86

1-08
1-32
1-62
1-96
234
2-78
3-28
3-94
4-80
_

__
__
923
7-86
672
5-82
516
466
431
4-10.
3-94
3 81
3-73
3-68
3-65
368
3-75
3-92
4-18
4-54
5-00
5-61
6-33
7-15
8-08
9-19

10 45
11-90
14-2
17-2
L 1 A
Ol.O£1 O

89-4
43 0

1-45

•64
•82

1-02
1-24
1-51
1-80
210
2-46
2-87
331
379
4-29

—

11-08
9-48
7-76
666
5-82
5-18
4-77
4-50
4-26
4-07
3-90
3-77
3-69
3-69
3-73
3-87
411
4-43
4-87
5-43
610
6-87
7-68
8-65
9-69

10-83
12-9
lVft
1Q*R
9fi*O
37-8

1-50

•60
•78
•96

1-16
1-39
1-64
1-91
2*19
2-49
2-80
312
3-48
3*88

__

_
11-58
9 10
7-59
6-60
5-86
5-36
4-99
4-66
4-35
4-09
3-90
3-76
3-70
3-72
3-82
4-04

. 4-35
4-76
5-29
5-90
6-60
7 36
8-22
9-11

10-07
12-4
i* /

1O O

84*1
34-9

2:0
B-l
s-g

* • *

2-5

e-7
S-8
t-9
so3-1
H-9,
3-3
9-4
35
36
3-7
3-8
3-9
4-0
k-1
f2
43
44
4S
4-6
4-7
4-8
4-9
SO
5-1
5-2
53
5-4
5-5
5-6
6-7
6-8
5-9
6-0
6-1
6-2
6-3
6-4
6-5
9 0

0 /
R-SV O
J if
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A1

ProhabU Errors of Frequency Constants

TABLE V.

Values of

A

20
2-1
2-2
2-3
2-4
2-5
2-0
2-7
2-8
2-9
3-0
S-1
3-2
33
3-4
3-5
3-6
3-7
3-8
3-9
4-0

4-1
4-2
43
4-4
4-5
4-6
4-7
4-8
4-9
5-0
5-1
5-2
5-3
5-4
5-5
5-0
5-7
58
5-9
0-0
01
6-2
6 3
6-4
6-5
66
6-7
6-8
6-9
7 0

0 00

3-54
2-15
1-87
1-64
1-4C
1-35
1-28
1-25
1-23
1-22
1-23
1-25
1-27
1-29
1-30
1-31
1-32
1-31
1-30
1-29
1-27

—

—

0-05

4-20
2-63
1-78
1-49
1-41
1-30
1-25
1-22
1-20
1-21
1-22
1-23
1-25
1-27
1-29
1-30
1-31
1-32
1-34
1-36

—

—

0-10

—

9-50
2 88
2-02
1-62
1-43
1-31
1-24
1-20
1-20
1-21
1-22
1-23
1-24
1-25
1-26
1-28
1-30
1-33
1-38
1-46
1-58
1-75
1-UO
2-26

—

- -

0-15

—

—

2-02
1-75
1-52
1-36
1-28
1-25
1-23
1-22
1-21
1-21
1-21
1-22
1-24
1-27
1-30
1-36
1-48
1-57
1-74
1-94
2-19

— •

—

0-20

—

—

2-80
2-18
1-84
1-59
1-43
1-34
1-27
1-23
1-21
1-20
1-20
1-20
1-20
1-23
1-28
1-35
1-45
1-57
1-.73
1-92
213

—

\0-25

1

406
2-82
2-29
189
1-63
1-48
1-36
1-29
1-24
1-23
1-22
1-22
1-23
1-25
1-28
1-35
1-44
1-56
1-71
1-90
2-09

—

j

o-so

—
—

5-08
3-65
2 85
2-21
1-86
1-62
1-50
1-40
1-33
1-29
1-28
1-26
1-27
1-28
1-30
1-36
1-44
1-05
1-70
1-88
2-07
2-48
311
3-78
0-48

1112

—

—

0-35

—

—

]

]
]
]
]
1
]
]
]
1
]
]
]
S
i

<

•

1-96
J-68
2-70
219
•84
•67

L-53
•44

L-38
•35
•32

1-32
L-33
1-34
L-39
L-46
L-56
L-69
•85

i-06
2-42
2-93
J-53
1-66
S-96

•

—

0-40

—

—

4-84
3-36
2-60
2-12
1-88
1-70
1-58
1-49
1-43
1-40
1-39
1-38
1-39
1-43
1-50
1-59
1-70
1-8C
2-05
2-37
2-82
3-35
4-17
5 02

—

—

0-45

—

—

4-36
3 33
2'49
2-16
1-90
1-74
1-61
1-54
1-50
1-47
1-46
1-45
1-48
1-54
1-62
1-72
1-87
2-06
2-35
2-73
3-21
3-87
4-82

—

—

0-50

3-41

—

4-30
3-00
2-50
2-17
1-94
1-78
1-68
1-61
1-56
1-54
1-03
1-56
1-60
1-67
1-70
1-90
2-07
2-33
2-65
3-08
3-63
4-36

0-55

2-80

—

3-7B
3-06
2-58
2-27
2-04
1-87
1-75
1-07
1-63
1-61
1-63
1-67
1-72
1-81
1-93
2-08
2-31
2-60
2-97
3-44
4-02

_ . _

|
i

1
1

0-60

2-43

—

4-62
3 76
3-17
2-73
2-36
2-09
1-91
1-80
1-75
1-71
1-72
1-74
1-78
1-80
1-97
2-11
2-31
2-57
2-89
330
3-77
4-45
5 38
6-84
9-24

14-80

—

i
1

0-65

2-12
3 67

6 02
4-72
3-97
3-28
2-75
2-37
213

.1-98
1-88
1-82
1-81
1-82
1-85
1-92
2-01
2-15
2-32
2-54
2-82
3-17
3-58
416
5-02
6-18
7 76

10-67

—

0-70

1-89
302
5-57

8-12
610
4-87
3-88
3 18
2-68
2-39
219
2-04
1-96
1-92
1-91
1-93
1-98
2-06
2-19
2-33
2-52
2-76
3 07
3-45
4-00
4-72
5-66
6-80
8-87

—

0-75

1-72
2-58
410-

8-08
583
4-53
3-63
2-98
2 65
2-40
2-22
2-12
2 04
2 03
2-02
2-06
2-12
2-23
2-35
2-50
2-71
3 01
3-37
3-87
4-49
5-26
6-22
7-71

—
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TABLE V.—(continued).

Values of

A

145

'0-80

159
2-20
3-22
5-23
—
—
—
—
—
—
—

7-00
5 "30
4*16
3-38
2-95
2-67
2-44
2-29
2-20
2-16
2-14
2-16
220
2-29
2-39
2-52
2-70
2-98
331
3-70
4-28
4-93
5-78
6-94
_

—-

—

0-83

1-48
1-95
2-66
3-80
—
—
—
—
—
—
—

6'24
4-71
3-89
3-38
305
2-75
2-53
2-38
2-31
2-26
2-27
2-30
2-35
2-43
2-54
2'72
2-97
3-25
3-64
4-10
4-69
5-42
6-32

_
__

—_

_

0-90

1-39
1-80

•2-29
3-04
4-29

—
—

5-60
4-59
3-99
3-49
308
2-79
2-58
2-47
2-40
2-38
2-41
2-44
2*48
2-58
2-74
2-96
3-21
3-55
3-96
4-48
5-09
5-82
6-75
815

10-20
13-53
19-96

„

095

1-30
1-68
2-08
2-75
3-64

_
„

5-58
4-66
3-97
3-43
3O7
2-82
2 65
2-55
2-50
2-52
2-53
2-56
2-63
2-78
2-97
3-20
3-49
3-85
4-29
4 80
5-40
6-22
7 30
8-76

10-83
14-30

_

1-00

1-24
1-58
1-98
2-53
3-31
4-77
_

_

6-85
5-50
4-52
3-80
3-38
3O6
2-85
2-71
2-65
2-64
2-63
2-66
2-71
2-83
3-00
3-21
3-45
3-76
4 1 3
4-56
5O7
5-79
6-73
7-98
9-66

12-02

_
_
_
_

1-05

119
1-52
1-91
2-40
3 12
4-27
_

_

__

8-38
6-48
5-22
4-25
3-70
3-33
3-09
2-88
2-80
2-76
2-75
277
2-80
2-89
304
3-22
3-42
3-68
4-02
4-40
4-84
5-46
6-26
7-26
8-71

10-51

_

1-10

1-14
1-47
1-84
2-30
2-94
3-84
5-72
—

11-48
7 65
6-00
4-78
4-15
3-69
3-34
3-10
2-96
2-89
2-88
2-89
2-90
2-97
3-08
3-24
3-41
3-63
3-92
.4-26
4-64
5-19
5-91
6-76
7-90
9-39

11-64
14-83
19-65
28-03
47-99

115

110
1-42
1-78
2-21
2-78
3-55
5-00
—
_
_

9-92
7-36
5-64
4-77
4-14
3-72
3-37
314
3-04
3-02
3-01
3O1
3-06
314
3-26
3-41
3-60
3-84
413
4-46
4-97
5-61
6-34
7-28
8-56

10 26
12-55
15-85
20-85
28-04

1-20

1-06
1-37
1-72
2-12
2-63
3-29
4-39
6-25
__
_

_
9-42
7-08
5-62
4-77
415
3-67
3-37
3-23
3-20
316
314
316
3-21
3 31
3-43
3-57
3-76
4-00
4-30
4-77
5-34
5-99
6-78
7-90
9-31

1119
13-69
17-09
21-30

1-25

1-02
1-32
1-66
2-03
2-49
3-06
3-94
5-20
7-05
_
_

9-02
6-89
5-50
4-61
4-03
3 65
3-48
3-40
3-34
3-29
3-28
3-30
3-36
3-44
3-55
3-68
3-89
4 1 7
4-60
5 1 0
5-68
6-40
7-39
8-56

1013
12-21
14-56
17-44

ISO

•99
1-26
1-59
1-94
2-36
2-85
3-54
4-46
5-68
7-45
_

8-76
6-42
514
4-44
4-01
3-78
3-65
3-55
3-47
3-41
3-40
3-43
3-46
3-53
3-63
3-80
406
4-44
4-90
5-44
6-10
6-96
803
9-30

11-01
12-84
15-07

1-35

•95
1-20
1-52
1-85
2-23
2-66
3-20
3-88
4-78
6-00
7-80

_
7-40
6-84
5-04
4-55
4-22
3-97
3-79
3-67
3-58
3 53
3-51
3-51
3-53
3-60
3-73
3-95
4-30
4-73
5*24
5-84
6-61
753
8-64

10-02
11-45
13-20

1-40.

•91
1-15
1-45
1-76
210
2-49
2-93
3-42
403
4-85
605

—

8-57
6-80
5-94
5-28
4-78
4-40
4-16
3-96
3-80
3-68
3-60
3-57
3-55
3-58
3-68
3-87
4-19
4-59
5-06
5-62
6-33
7-15
8-08
919

10-45
11-90
it ti

17-91 1 *

SI-8
29-4
43-0

•87
110
1-38
1-67
1-98
2-32
2-67
3-08
3-54
4-11
4-77
5'57

_
—
__

1012
8-44
7-12
618
5-44
4-91
4-55
4-28
4-06
3-88
3-73
3-65
3-60
359
3-65
3-80
4 1 0
4-47
4-91
5-44
610
6-82
7-63
8-55
9-60

10-83
12*ft
» « «7
lft-A1U o

19-6
26-0
37-8

i-50

•83
1-05
1-31
1-58
1-86
2-15
2-44
2-74
3-05
3-37
3-70

_
__

_
11-00
8-67
7-21
6-26
5-56
510
4-72
442
416
3-96
3-78
3-67
3-62
3-63
375
4-01
438
4-78
5-28
5-89
6-54
7-24
8O1
8-92

10-07
19-d.
li.-
1* 1

I D «y

241
34-9

2-0
2-1
22
2-3
*4
2-5
2-6
2-7
2-8
2-9
s-o
*•$O 9
* • *
8-4
S-5
3-6
3-7
3-8
3-9
40
41
4-2
43
4-4
4-5
46
4-7
4-8
4-9
5-0
51
5-2
53
54
5-5
56
51
58
5-9
6-0
61
6-2
63
6-4
6-5
fi-fS
O V
O 1

6-8V O

69
TO
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146 Probable Errors of Frequency Constants

A

TABLE VI (i>

Values ef A-

A

0-0
0-1
0-2
0-3
o-4
OS
0-6
0-7
0-8
0-9
10
1-1
1-2
IS
1-4
IS

20

0
0-48493
0-91585
1-29873
1-63902
1-94118
2-20909
2-44615
2-66532
2-83917
3-00000
3-13980
3 26038
3-36330
3-45000
3-52174

2S

0
0-68971
1-32958
1-85270
2-34286
2-78126
3-17350
3-52441
3-83820
4-12064
4-36842
4-59081
4-78812
4-96250
5-11589
5-25000

SO

0
0-94286
1-78182
2-53043
3-20000
3-80000
4-33846
4-82222
5-25714
6-64828
6-00000
6-31613
6-60000
6-85454
7-08235
7-28571

35

0
1-25688
2-37049
3-36094
4-24478
5-03582
5-80178
6-38287
6-95698
7-47438
7-94121
8-36246
8-74286
9-08619
9-39582
9-67501

40

0
1-64906
310000
4-38305
5-52277
6-53846
7-44706
8-26202
8-99462
9-65454

10-24999
10-78796
11-27443
11-71461
12-11304
12-47368

45

2 14375
401176
5-65000
7-09474
8-37500
9-51429

10-53182
11-44375
12-26250
1300000
13-66538
14-26667
14-81071
15-30345
16-75000

5-0

7-2368
9-0462

10*6364
12-0414
13-2885
14-4000
15-3940
16-2857
17-0877
17-8105
18 4633
19-0536
19*5864

55

15 1585
16 6624
17-9932
19-1758
20-2308
21-1750
22-0225
22-7851
23-4727
24-093/

6-0

237791
25 0000
26-0857
270546
27-9217
28-7000
29-4000

6-5

32-0328
33-1082
34-0635
34-9164
35-6786

7-0

42-3613
431538

A

TABLE VI (ii).

Values of A.

A

o-o
0-1
0-2
0-3
0-4
OS
0-6
0-7
0-8
0-9
1-0
VI
1-2
1-3
1-4
15

2-0

5-00000
5-27356
5-44361
5-53293
5-55998
5-53802
5-47791
5-38824
5-87513
5-14437
5-00000
4-84537
4-68319
4-51562
4-34440
4-17097

2S

8-92856
9-41054
9-75086
9-86224
9-91072
9-87751
9-81734
9-63895
9-45991
9-25645
9 02746
8-78075
8-53522
8-27700
8-01454
7-75000

3-0

150000
15-7973
16-2648
16-4907
16-5385
164545
16-2732
16-0200
15-7143
15-3706
15-0000
14-6111
14-2105
13-8032
13-3931
12-9832

SS

23-7288
25-7430
26-4018
26 6520
26-6144
26-3742
26-1077
25-5026
24-9478
24-3462
23-7495
23-0744
22-4107
21-7535
21-1002
20-4546

4-0

31-0000
41-7660
42-3000
42-5613
42-1807
41-5076
40-6453
39-6623
38-6061
37-5099
36-3971
35-2836
34-1811
33-0971
32-0367
31-0037

4S

69-3682
69-4796
68-5776
67-0888
65-2679
63-2707
61 1946
59-1016
57-0279
55-0000
53-0316
511309
49 3447
47-5471
45-9038

5-0

114-4732
109-4534
104*4652
99-6442
950525
90 7143
86*6331
82-8022
79-2091
75-8392
72-6772
69-7076
66-9117

5S

162-125
151-253
141-707
133-240
125-664
118-839
112-653
107-016
101-850
97-112

6-0

210-995
195-000
181-299
169-394
158-930
149-643
141-333

65

286-374
261-436
240-845
223-304
208*129

7-0

343-147
313-704
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A. RBOND 147

fit

TABLE VI (iu).

Values of ft.

o-o
01
OS
OS
0-4
0-5
0-6
0-7
08
0-9
1-0
1-1
1-S
1-S
1-4
1-5

.2-0.

0
1-99086
3-59438
4-86677
5-85929
6-51704
717383
7-56616
7-81963
7-96777
8-00000
7-96281
7-86016
7-70376
7-50368
7-26808

2-5

0
4-38480
803374

10-68765
12-86477
14-51540
15-7892
16-6546
17-2668
17-6667
17-8291
17-8472
17-7503
17-5396
17-2423
16-8768

s-o

0
9-3207

16*5960
22-2196
26-5187
29-7545
321362
33-8306
34-9714
35-6668
36-0000
36-0437
36-8536
35-4754
34-9467
34-2983

3-5

0
19-9714
34-7825
467142
637090
59-4655
63-9266
66-2046
67-8804
687633
69*0644
687730
68-1357
67-2181
66-0678
647210

4-0

0
45-9387
76-6000
97-2263

111-0237
120-0543
126-6629
128-8283
130-2010
130-2687
129-3434
1277158
125-6684
123-0362
120-5142
117-2460

45

128-520
193-361
228-104
246-506
255-295
258-147
257226
253-872
248-937
243-000
236441
229-524
222-562
214-828
207-227

50

668-284
650-398
614-633
581-205
550-107
521-257
495-375
469-637
446-547
426-062
405-663
386347
368-843

55

1618-635
1368-373
1196-612
1068-877
968-318
886-541
818-040
759-486
708-620
663-926

6-0

2769-42
2280-00
1945-69
1700-98
1512-94
1363-20
1240-65

6-5

5313-80
4136-56
338818
2870-08
2488-62

TO

7265-31
5719-68

TABLE VI (iv).

Values of A*

A

0-0
0-1
0-2
OS
0-4
0-5
0-6
0-7
0-8
0-9
10
11
1-2
1-S
1-4
1-5

20

14-0000
16-4616
17-7296
181764
18-0667
J7-6474
16-8660
15-9787
15-0148
14-0113
13-0000
12-0030
11-0354
10-1070
9-2240
8-3899

2-5

39-0649
457741
60-2472
51-0927
50-2458
487896
46-8658
44-3106
417081
390906
36*4119
337916
31-3418
28-9775
267355
24-6268

SO

105000
124-835
132-998
134-215
131337
126-107
ii9-eoi
112-492
105-200
97-984
91-000
84-339
78O47
72146
66-637
61-512

S-5

290-678
355-508
369-894
361-909
344-886
323-447
303-252
277-658
255716
236O72
216137
198-263
181-987
167142
153-682
141-477

40

868O15
1243-832
1190700
1089739
977-506

. 877-884
784-431
701-500
628-450
664-277
607-894
456-575
414-465
375-834
342O57
310-976

4-5

10228-33
620469
4485-38
3471-87
279219
230307
193479
1648-52
1420-51
1235-50
108304
95578
848-97

• 75579
676-32

5-0

107697-95
2541318
13737-63
9048-43
653478
6045-80
4024-45
3286-65
2741-39
232213
1994O5
1726-18
1508-92

6-5

119230-33
4099477
2266009
14836-90
10612-25
8135-91
6314 O6
5108-65
4219-50
3544-82

6-0

1372887
57584-9
33078-5
21891-8
15690-2
11846-9
9281-2

65

797653-2
155693-9
750097
44891-9
30280-3

7 0

565740
180793
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