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he substitution of logarithms by calculating machines
Thas been considerably hampered through the lack of
tables adapted to the new methods of computation, the
absence of even ordinary (non logarithmic) trigonometrical
tables has been and is still partly felt. But even more the
absence of tables has been felt at those domains, where
the calculating machine has demanded new methods of
computation. We have a typical example in the computation
of an ephemeris for a parabolic orbit. Using logarithms
the true anomaly v is found by the aid of Barker’s table,

" and then the coordinates in the plane of the orbit rcoswv
and rsinv are computed; but with the calculating machine
the determinihg of v is completely avoided, and a simpli-

fication of the computation is obtained through the direct

- v t—T
determination of tan§ with M = o asan argument, and -
the subsequent computation of the coordinates in the plane
v
5-
The first table of this kind was computed already in

1927 by B. STrOMeREN (Memoirs of the British Astronom-
ical Association vol. XXVII part 2, and Publ. of the Copen-
hagen Ohservatory No. 58). It gives with the interval 0.1

in. M both tan% %

M = 300 (corresponding to about v = 120°). Two years
later a table by SussoTIN (Publ. of the Tashkent Observatory
1*

of the orbit written .as ¢ <1 —tan® %) and 2 gtan

and tan® - with 5 decimals and goes to
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vol. II) was published, which gives tan% and tanzg with

seven decimals and the same interval in M till M = 144
and with six decimals and an interval 10 times greater
from M = 142 till M = 300. Consequently this table has
got the same extension as the table given by B. STROMGREN.

When ¢ is not appreciably smaller than 1, these tables
will be quite satisfactory, especially the table by B. STrOM-
GREN, which has constant interval through the whole table
 (and a number of decimals suitable for ordinary purposes).
But when g is very small, observations of the comet may
ordinarily be obtained. far beyond the region, which is
covered by these tables. If for instance g = 0.1, the limit
of the tables is reached already 10 days afler perihelion.

The present table gives tan% for values of M between
275 and 4515. For various reasons given below the table
"has not been computed for equidistant values of the ar-
5 M has al-
ways been computed with 5 figures, correspondinkgbto 5

gument M, but for equidistant values of tan

significant figures in g. As the table is only used for small
values of ¢, this usually corresponds to about the practical
obtainable accuracy and will in any case be more than
sufficient for the computation of an ordinary search-ephe-
meris, for which purpose the table mainly is meant.

The -error in the value of tan% found through the table

will occur in the 5™ decimal, and in the main part of the
table it will not exceed 2 units. In a few exceptional cases
immediately after M = 1000 it rises to 4—b5 units. At the
end of the table a higher accuracy is once more reached.

. o v
As mentioned above the quantities ’can;i and 1 —tan® )

appear in the computation of ephemerides multiplied by ¢.
If we assume ¢ to be known to 5 significant figures, an

tan 4 in Parabolic Motion with Argument M = (f — g~ " b

error in the 5™ decimal (6" figure) in tan % is irrelevant.
Accordingly it is permissible that the second difference at
a certain place in the table reaches 5 units in the last
figure of M, in which cases the error through linear inter-
polation may rise to 0.6 units of the last figure. In any case
the table gives a considerable higher accuracy than that
obtained through b5-figure logarithir}ic computation.
Instead of the differences of the M-values the reciprocal
differences have been given to facilitate the interpolation,
so that the otherwise necessary division has been trans-
formed into a multiplication. In this manner the comput-

ation to he performed is the same as in a usual interpol-

. ation in a table with equidistant values of the argument.

To avoid zeroes in front of the significant figures, the

AM

tabulated ;3eciprocél differences are 1—029, so that the result
is obtained in units of the 5 decimal of tan 2. -

Example. M = 2575.0. — The first figures in ,tang
are 4.32. The difference between M and the nearest pre-
ceeding value of M in the table (2564.5) is 10.5, which
multiplied by the reciprocal difference 61.7 gives the three
succeeding decimals of-tan%. Hence tang_= 4.32648

(the exact value is tang = 4.32649).

In the computation of the reciprocal differences has
everywhere been used such an amount of figures that no
further uncertainty has been introduced. From this results
that the reciprocal differences often get one figure (for a
short part of the table even two figures) more than the
differences themselves, i. e. where the first figure of the
latter is‘greater than thal of the reciprocal differences. In

these cases especially there may sometimes occur remark-
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able irregular variation as seen lor instance in the follow-
ing part of the table:

1000 v
i M m tan 5
b
| 13774 | 342
{13878 | 343
| 13984 O | .44
| 14089 . | 345
1419.6 3.46

The tabulated reciprocal differences are as mentioned

———1232, where AM means the difference corresponding to the

tabulated 5-figure values of M. It might seem reasonable

to carry out a smoothing and to replace AM by the cor-

. 1000 .
responding exact value AM* and to tabulate Appe as recl
procal differences. But as is easily seen this means a di-

M

> tan¥

’cau% in Parabolic Motion. with "Argument M = ({ — T) qi—a/g. 7

minished accuracy in the interpolation. In t'he'plate the
errors introduced by the rounding off of the last figure in
two successive values of M are represented by PA and (B.
Hence SQ = RB' = AM* and RB = AM.

If the above mentioned smoothing is performed it means
that the interpolation is carried out along the line AB'. In
the other case the interpolation is done along the line AR,
which evidently gives the best approximation. In both cases
a possibility for errors rising to a unit in the last figure
of M certainly exists (as in all interpolations); but while
in the first case this possibility exists in the whole length
of the interval, it is in the latter instance only found in the

immediate neighbourhood of the ends A and B of the interval.

. " 1 .
Hence the irregular variation of —/(\)—KYO-has been retained.

Through tabulation using equidistant values of the funec-
tion and reciprocal differences various advantages are ob-
tained, the most important being the smaller size of the
table and its greater uniformity. This method makes it pos-
sible to retain the same interval of the function through
the whole table, while a constant interval of argument
would mean an immense increase in the size of the table.

Furthermore the interpolation in a table of this kind
is more simple than an ordinary interpolation, because the

D . - . .
value of tang with its two first decimals may be written

down immediately, the interpolation then directly suppiies
the following decimals, and after the performance of the
interpolation no necessity exists for returning to the table.
This is a common advantage in tables of this kind. It
might be mentioned that in our case the use of an equi-
distant interval of the function has simplified the comput-
ation of the table in a considerable degree.
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If tan?2 was wanted with M as an argument, it would
require a 2special table. No essential advantage would be
gained, because the process of squaring a number carried
out on a calculating machine hardly requires more time,
than the corresponding process of finding tanzg— ina tablg.

Observalory Copenhagen

1981 October 12.
. JENS P. MoLLER.

tan 177 in Parabolic Motion. with Argument M = (t_— T) qf%.
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: 1
1000 v 1000 v | 1000 v . : -
M =— | tan— M -—| tan— I M == | tan— 1000 !
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Frerdig fra Trykiceriet den 8. Februar 1932.
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