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ABACUS FOR THE REDUCTION OF ENGLISH MEASURES TO THE
' METRIC SYSTEM AND VICE VERSA.*

1. Through the constant use of English measures in periodi-
cals and in articles, a comsiderable mumber of which have Tec-
éntly been issued in the various languages of numerous countries.
interested in é.erona.uﬁics, the regdefaécmstomed‘- $0 the metrie
systen is often obliged to make ia‘.boribﬁs aloulations in fedue-
ing the ta‘blefs he. éonsuits, and which are frquaéﬁtly insuffici-
ently cleaz. oo account of the dimensional equations of certain
quantities constantly used in aeronautics (such.aé_density, moment,
preésure, linear tension, the resisj:a,née (X) offered to the mo-
tion in the air on a unit surface, Youné!s _modﬁlus and sometimes
the calculation of powers) suc’rI reduction also freguently bec,;omes
most embar:’[:a,ssing to the reader. .

2. .‘l‘he annexed diagram {see figurej represents an abacus of
reduction which 'comprises all the tables nece'ssa.ry, in a -singl'e _
page, and any others which, as we shall see, might ‘ocour. This
abacus renders it possible for the z’-eqﬁiredl reduction to be rap-

idly made in the course of reading.

* Extracts from the Abstracts of the Italian Aeronautlcal Ins‘bl—
tute, Year VIII Series 2a, No.3, September,”19230.

In the 3rd Annual Report of ’che matlonal Advisory Committee for
Aeronautics, Washington, 1918, Dr. J+ S+« Ames points out the
importance, in Report No.20, of practically facilitating such
reduction and gives a table (pp393 -401) for the redudtion of
measures from one system to another. The abacus drawn by Dr.
Tenani will be of more practical use than the above named table,
sincé it does away with the need for calculation and will
.therefore be 'welcomed by many people accustomed to one of the.
systems, Who will be able to read the other system with ease.
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DESCRIPTION. — The abacus in gquestion comprises three scales:
-the left-hand scale for English measures, the central one for
3meur10 measures, ana the rlghtéhand scale on Whldl the "points:
of redactlon“ are marked. The folloming example w111 give a direct
. explanation of the uée of the diagram.

USE OF THE ABACUS. - Example: It is required that a pres—
sure of 3.5 lbs. per~s§uare foot be reduced to the metric unit.

We commence by éopsulting the annexed table. The table,
headed:. "Pressure" shows that we must refer to.point VII, and that
the result of that reduction will be expressed in kg. per m=.

A straight edge is then applied commecting point VII on the
right-hand side with the number 2.5 read on the left-hand scale
giving the English ﬁeasures; the straight line cuts the central
scale of metriec measures at point 12.2

This signifies that 3.5 lbs. per square foot = 12.2 kg/m=.

The same straight line also serves for the inverse reduction.

If the case were that of reducing a pressure of 250 1lbs. per
' square foot instead of 3.5 1bs. rer square foot, the same straight
line would be applied on condition that if one of the two meas-
ures to be reduced, read on the corresponding scale, were multi-
pliedi or divided. by a power of 10, the result of such reduction -
would always have to be multiplied or divided by that same power
of 10.

The diag;am is particularly cénmenient if a transparent cel-
luloid ruler is used, which leaves the lines of the scale exposed
and avoids the necessity for tracing any sign whatever on the dia-

gram.
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TABLE OF REDUCTION FASTORS. .

Bcduc- uorras—

ttion

:pond-

:Redu¢-:Cor-

stion :res-
:Fao- ‘ting : :Fag- :pond-
‘torao <Point ttors ‘ing
: : : :Point
LENGTH : : : WE IGHT ‘
Feet into dm. ..... 13.048 :  XI :1bs. inbo kg. ....:4.536 : VIIT
Inches " cm. .....: 2.540 : - XIV :oz. R « ¥~ U, 3.835 : XII
Miles " km. .....: 1.609 : XX :cwt. " 10 kg. ..:5.080 Vi
: o (myriag)
Yal‘dS n Me weswes2De 914: M XXIV s
1/16 in. into mm. *1.587 : XXII .
SURF ACE VELOCITY
Ft.2 into dm® ...... :19.298 I1 ;m/sec. into km/h.*zs.SOO ; X
In.® " cm2......:8.453 IV :mi/h. " km/h. :1.609 : XX
:mi/h. " dm/sec:4.470 IX
:knots U km/h. :1.853 : XVI
VOLUME : : PORER
Ft.> ‘into décal. : :
(0.01 m®) 3 832 : XII :
In3 " centil. : : : :
{(0.01 dma) 1.638 : XIX lbs. x mi/h. into : :
0.001 HP :2.70 : XIII
Gal. " liters ...:4. 546, VIII 1bs. x ft/sec. into :
: : 0.001 HP :1.84 : XVII

* In this reduction, which is frequently used and whid does nol
apply to the English unit, the meter/sec. should be eala:lated
the km/h. on the central scale.

on the left-hand scale,
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TABLE_OF REDUCT ION FACTCRS (Contd.)

Reducmibn : Correg-—

ee ae

Factors: : ponding
' : ~: Point.
DENSITY
1bs/ft.® into myriag /m 3 :  1.602 : .XXI
PRESSURE %
1bs/ft2 into kg/m® ...e.v...... - 4.883 : VII
lbs/inZ "odg./em®...... veese . 7.030 @ III
tons/in.2 * 100 kg/em.2® ....... : 1.575  :XXIII
MOMENT :
lbs. x in. into kg. xom, ........ : 11.851 : I
LINEAR TENSION
1bs/in. into kg/ome «vevervnn.... : 1.780  :XVIII

RESISTANCE (K)

1‘:5' per mi/h. into @B—l—afg n/ sec. . 2.433. : XV
f . . .

ibs. oer foot/sec. into @I£§%§— per m/sec. 5.853 v

ft.2
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3.' The reductlon,mentloned 1n the precedlng example may be

_”;applled by multlplylng the English measures (3 5 1bs. per sq.ft )

by the factor correspondlng to that reduction, accordlng to the
precedlng table (4. 88)

‘From thls table, we see that (on account of the necess1ty
for comprlslng the entlre reduction 1n a single dlagram) we Shall
sometlmes have to consider a metrlc system dlfferrng from that
commonly adqpted, as, for 1nstance, in the case .of density’ gen—'
erally expressed in kg/m. s which'can be reduced, by means of the ‘
diagram, to 10 (kg/m.®). There is; hoﬁever; no inconvenience
about this, as all that is needed in the decimal system. of met-
ric measurements is to transpOSe the de01ma1 p01nt of the meas—
ures in question. _ . '

4. The table may eas1ly be completedLby other reductlons,
if the reduction factor be calculated once for all: the ABACUS
CAN AL BE EASILY COMPLETED for such reductions by simply measur-
ing, on the scale of points for such reductions, staxting from
the point marked with a small circle, a.segment‘equal=to thaﬁ
which represents the reduction factor on the 1éft—han&.sdale'
(starting from 1).

If, for instance, such a reduction factor is 3.8§, all we -
need to do is to mark on the scale of points of reduction, in the
samé way as before outlined; a‘segmentngal to that comprised be-
tween 1 and 3.6 on the left-hand scale (Ey doing this, we éhould

obtain a point x).
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5. CONSTRUCTION OF THE ABACUS. - The gbacus is very simply
made: a loga._rithmic scale, marked on the left-hand scale, can be
 copied directly By means of & slide-rule.  Another logarithmie --
scale, half ‘Ehe length of the one above-mentioned, is marked on
the central scale and can also be copied fzy means; of the slide-

. rule. .

Segments representing the logarithm of the reduction factors
are marked, as we said before, on the right-hand straight line
(starting from the point of intersection of the straight line and
the line joining the extreme lower ends of the two scales men-
tioned above) using the same units, or those used for drawing
the left-hand scale.

The scales are parallel, and at equil distances from the cen-~
tral scale. If we draw a transversal line passing through point
X, this line, togethexr with the two lateral scales and the line
Joining the extreme lower ends of those scales, forms a trape-
zoid, the central scale of which is the central line. The latter
therefore determines, on the central scale, a segment eqal to
one-half the sum of the segments r'espectively representing the
logarithm of the produet above ﬁxen‘bioned, and this renders it
an eagy matter to read the product.

A .number of commonly used diagrams are based on this princi-
ple and are special ly utilized in aeronautical ealmla.tions,
which are gener'al'ly explained in a more complicated manner by de-

duction from general nomographie prind ples.*

* GSee, for instance, the abacus shown on pp. 80-94 of these trans-
‘actions, Vol. 3, 1913.




