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“’  This id the twentieth in the series of Yearbooks started in 1926 by
The National Council of Teachers of Mathematics. The titles of
the preceding Yearbooks are as follows: '

e 91O

oo

8.
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10.

1.

2.

13.

. 14
13.

! 16,
17.

18.

19,

A Survey of Frogress in the Past Twenty-Five Years )
Curriculum Problems in Teaching Mathematics
Selected Topics in the Teaching of Mathematics
Significant Changes and Trends in the Teaching of Mdthematjcs
Throughout the World Since 1910 - (/

—

P

The Teaching of Geometry

Mathematics in Modern Life

The Teaching of Algebra

The Teaching of Mathematics in the Secondary School
Relational and Functional Thinking in Mathematics
The Teaching of Aritlimetic '

The Place of Mathematics in Modern Education
Approximate Computation ‘ Tl

The Nature of Proof . - N\
The Training of Mathematics Teachers

The Place of Mathematics in Secondary Education

Arithmetic in General Education - :

A Source Book of Mathematical Applications |,

Multi-Sensory Aids in the Teaching gf Mathematics

Slln'\'v.\‘ing Instruntents: Their History and Classroom Use

The present: Yearbook is a-very important addition to the vol-

_umes

that preceded it and wiJl serve as a companion work to the

Nineteenth Yearbook; which deals with surveying instruments.
Specinl emphasis is put on the value of the metric system in all

activities involving measurement. It is most illuminating to sce in

how manvfields the metrie svstem is already being used.and how

Jllilll_\'

leaders in these fields advocate the general adoption of the

metric system in the schools. It seems certain that such adoption
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would save at loast one wm of school time for tie pupils. More-

" over. it scems most important that the metric svstem be adopted

at once while postwar conditims offer an L‘\(‘L‘"Ollt opportunity .

+ for the ch.mq .

As Editor of the Yearhook series, I wish to express my personal
appreciation to Dr. ] T. Johnson and the other members of his
committee for their interest vnd L.u(\ in seeing the Yearbook

throagh the press. . - '
' } . ~ W., D. REEVE '
' £
] M .
- . '
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' ' Foreword

For a long time the metric system has been popular with: teachers
of mathematics ynd science, but at the present tlme, for a.num-

ber of very good reasons, it seems especxally appropriate to.re-

view and revalue the metric system with a view to adoptmg it of-
ficially in the United States.

In the present highly scientific and technological age, a system?

of weights and measures having the simplicity, convenience, and
scientific interactions that the metric system possesses ¢an no
longer be denied a fair trial.

If we are to achieve that “one world” which oﬁers such hope to
a war-tired world, it seems highly desirable to have a world-wide
system of weights and measures to go along with the almost uni-

versally adopted Hindu-Arabic numerals and musical notation -

and the widely used Latin alphabet. :

At the present time we have millions of Americans who have
spenjt some time in metiic countries and have had a considerable
amgunt of experience in usmq the metric system.

he metric svstem is taught in pmctlc'lllv all classes in high

schqol and mlleqe science and to some extent in mathematics

classes, and it is used by a large number of commercial firms do-
ing an ‘export and import business or manufacturing products for
the almost whollv metric world. If we were to adopt the metric
svstem, we would no longer need to waste the time now spent in
teaching the old imperial system of weights and measures and in
converting values of the imperial system into their metric equiva-
lents and vice versa.

The implications of accuracy in computing with approximate
data make it most nrgent that we aceept without any further de-
lav a simple decimal system of weights and measures.
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vill - , - FOREWORD
*This Yearbook represent. an effort to re-evaluate the metrlc .
. system apd to present testimonies from people in various occupa-
tions with respect to metrie usage.
' ' The Yearbook Committee '
J. T. JOHNSON -
W. D. REEVE _
: * E. W, SCHREIBER "
_ a C. N. SHUSTER _
* L. H. WHITCRAFT .
. | ST
- A Note on the Yearbook
~‘Che invention of the Hindu-Arabic dectmal number system is one :

of man’s outstanding achievements. With it, for the first time in
historv, masses were able to learn the art of computation. Later
Simon Stevin still further simplified the processes of computation
by the introduction of the decimal fraction. Today the decimal
fraction should be called the common fraction, so widely is it used
in commerce and technology.

Still later came the metric svstem of measures, based upon the
units meter, Siter, and g gram, which are also decimal. To appraise o
from an inclusive point of view the merits of this system'is the '
purpose of this Yearbook. As an educator and author of textbooks
in mathematics, I commend Dr. Johnson and The National Coun-
ail of Teachers of Mathematics for this publication If the selec- N
tion of a svstem of measures were optional wit" « ducators, they
wonld unhesitatingly choose a decimal system. They are well
aware of the tremendous effort required to learn, for examnple, the
relationship between the linear units in our system: 1 mch =
1712 foot, 1 foot . 1/3 vard, 1 yard = 2/11 rod, 1'rod - 1/3"() .
mile. In contrast tlw_v appreciate the simplicity and ease with
which the pupil_conld learn: 1 millimeter = 0.1 centimeter, 1
centimeter = 0.01 meter, and 1 meter = 0.001 kilometer.

From the point of view of tcaching and learning, it would not
be easv to design a more diffieuit system than the English system.

In contrast, it wonld scem almost impossible to design a system
more easily learned than the metric system.»
L JOHN R. CLARK
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‘\ﬂ 1. System in Medsiives
THE NEED FOBI CORRELA’I'ED UNITS,

THEIR SCIENTIEIC “DEVELOPMENT,
A\*D THEIR WIDESPREAD ADOPTION

’ °t v
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The System . N
The Metric System: What It Is and Why We Need It -~
C. J. ARNOLD

<

Topay we in the United Spates are faced with a situation that

chonld have our serious at@ntior, *W¢ are using two separate sys-
; tems of + casurement for weight, volume, length, and tempera-
ture when only one is necessary for any and all purposes. We
inhevited one, the English system, which grew up in a haphazard
way and is now becoming obsolete. The other system, the metric
svstem, the product of mathematical and scientific study, is slowly
but surely working its way in. The result of this conflict has been -
confusion and incfficiency. We now have to learn and teach an
use two systeis, a necessity which in itself makes our task twice
as difficnit. We also have to learn equivalents so that we may
change units of one system into those of the other; this makes ouy,
task of measuiement at least four times as difficult as need be

The solution to this problem, it scems to me, is the elimination
of one system, and I hope that you will agree with me after we
talk the matter over that it is the English system that should be
climinated. T would like to stress this point: it is a matter of elim-
ination of the English system rather than of adoption of the met-
ric sy stem, because the Congress f the United States adopted the .,
metric system as fag back as 1866. One of our leading educators
makes this statement: “There is no doubt that if we were starting
afresh we would use the metric system. The difficulty arises in
the process of muking the change from our present system.”
1 .

°
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2 *OTHE METRIC SYSTEM

Exventinallv we will make that change; why not now? \Why should
we wait for the estimated three h"ndwd vears or so that it will .
take for the English svstem to die ont @ .uhmll\ when it could be
eliminated in a few vears if we made up our minds to do it?

You ask, “Why should it take so lond. if the metric system is
as good as vou sav it is?" The answer is the old story of social
inertia plis the fact that we as @ p< ()plc are us yet very unscien-
tlﬁ(,‘ <
. And then vou mav ask, “Why are vou so interested?” Let me
assure von first of all that it is not hecause of the profit motive,
No one is paving me a salary to write this article, nor do T untici-
pate that the Board of Education will increase my salary one ota
for myv interest wnd work on this problem, :

However, T am interested from several other points of view,
First. T wn interested as an eduecator. T hegan to t.ll\(‘ the matter
seriously last fall when T read an editorial which stated that 20
per cent of the average student's time in school was wasted he-
cause of this situation. That to me was shocking ineficiency. The
head of the mathematies de partment of a tm(h( s cnllvtf(' st ited
that two vewrs of elementary arithmetic could be elimin wted from
the gr ade school progran if the United States would eliminate
the English svstem of measnrement. And in checking over the
texthooks of the subject which I teach, high .school physics, 1
found. T believe T am safe in s wing, that 40 per cont of the \\ml\ '
of learning this subject. as now tanght, wonld be eliminated by
nsing exelusively the metrice system of measurement. The time
sived conld e nsed to good ady aAt; e in studving the many new
developments in this field, Then. too. mathenaties and science
are considered by stadents to be “hard™ subi~cts. Thevare “hard”
hecanse of the mathematics involved. and the mathe maties s
“hard™ hecuse of fractions, and the fractions are there hoecanse
they e the inevitable result of the nse of the isnglish sesten of
measirement. When we discird the Fnalisi svstem, we will for
Al practical purposes have climinated fract e from education,
Under onr pu sent clective sastem of education n my students
avoid these “hard”™ subjects. The vesalt is that we are not educat-
ing for the modermn world—the Age of the Machine—as well as
we shoulds This was well branght ont in World War 1T when the
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armed forces appealed to the schools to stress muathematies and
science and reqquested them to put in spcciul pre-induction courses
in these subjects. We were fortunate indeed to win this war, be-
catse we were as unprepared along this line as in many of- the
others, It is encouraging to note that science is being 'given major
attention in our future plans. In that connection, I believe there
is much justification of the indictinent of our present system of
education by those wl » say we are still educating for a world that
used to be rather than for the world as, it is, much less for the
world that is to come. The climination of the English svstem ‘of
measurement, thereby making the subjects of mathematies and
teienee less “hard,” would do much to correct this situation,

I am also interested in' this problem of standardized measure-
ments, from the point of view of a citizen, because the same sim-
plificition and increased efficiency that would occur in education
wounld be carried over into every phase of living. There are many
other reasons, but space does not permit their discussion here.

[ am interestetd in this problem as a scientist. The metric sys-
tem s a scientific system and s used in practically all scientific
work. Our scientists started out using the English system but
soon found it to be altogether too cumbersome and inadequate
and were happy indeed to discard it. 2

Now, sinee most research is carried out in the metric system,
the continued use of the English system stands as a barrier to the
ready assimilation of scientific knowledge by the people. The full
nse of the metric svstem wonld speed up the assimilation of scien-
tific facts and prevent or-shorten the lag between the discovery
and the application of those facts. Consider the housewife—one
of herbig jobs is to feed her family properly. Since practically all
research in nutrition. food, health, vitamins, and so on, is ex-
pressed in the metric svstem, she is foreed to get the new findings -
secondhand: Thev must first be translated into her old units of
weasirement. How much more nieaningful it would be to her if
she conld talk the same language of meagurement and be able to
\isnul‘i{‘v thg trne meanings of such terms as calories, centigrade,
drgms, millicrams. cc's, liters. and so forth. Then she would be
able to read intellizently the resnlts of such rescarch and keep up
with the latest (1(-\'(-1()[)111(‘nts‘und discoveries. And what is true

\
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of the housewife is true of the farmer, the butcher, the baker, the
candlestick maker. and evervone all the way down the line. The
full use of the metrie system would go a long way in removing:
the “mvstery” that now seems to surround science for so many
people and makes it seem a world apart. _
And finally, atter studlv of this problem T am impressed by its
similarity to many other\problems confronting ()Ill*l\l]l/dtl()ll SO
that the solution to this problem, us T sce it, may well serve as a
model for many others. Space does not allow going into this.
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However, I would like to point out several important things in
passing,
First of all, as a people we are very immature scientiﬁcullv, and
_we have by no manner of means reached the ultimate in Ci\’lll/d-
n. It has often perplexed me to understand how we as a peo-
sle could so readily accept some of the products of science and
Still.be so-reluctant to accept seience itstlf. That reluctance is
due, as I see it, to our past history und bringing up. Scientlﬁc
progress consists of two phases: first the dischvery of truth, and
second the assimilation of tluth into our civil¥ation. The dis-
covery of truth is no good to man’ unless he assimifi.tes it into his
.civilization. Much has been said eccently about sdgial progress
lagging behind scientific progress. This, howvvcr, isfnot the case,
»ecause scigntific progres s '11\ read progress. What has hap-
sened is this: science by ore rapid progréss ju certain
fields than jn others, Iy ﬂ
be_readily assimilated

&

gse fic
ve had rapid progress, | but in those
fields where fucts had tdigplace ideas already held by pcoples
the rate of progress has'b¥en considegably slowed. :

This brings nie to the sesgnd point that T wish to emphasize.
Frederick the Great niade a\yvery siguificant statement: “The
greatest pleasure which men can have in this world is to discover
new truths, and the next is to shake off old prejudices.” I would
stress that the biggest joh confronting the world today is the shak-
ing off of old prejudices and that this undertaking should provide
man’ with his greatest pleasure. Few of us will be able to expe-
rience the pleasure of discovering a new truth, but we can all par-
ticipate in the process of casting off old prejudices. I believe that
science has already revealed enough of these new truths so that

_if they could be assimilated into our present civilization we woukd
have today a pence and prosperity far greater than our fondest
dreams. The sitnation is similar in the case of the metric system.
It is here. now. but we cannot realize its many advantages simply
hecanse we have not seen fit to cast off an old way of doing things.
That is why T consider this problem of staud.lrdmng measure-
ments to be Lurge Iv a problem in elimination of the old measures.

I said we were x(u*ntlfu.nl]} immature. Let's see why. In this
respect we are still savages. The savage has many taboos, and

s where scienti wets could .
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the man who defles them pays the penalty. Similarly we in civi-
lized socictiesbigd our minds with prejudices. We form power- [
ful groups and organizations to protect and perpetuate these

, prejudices. We fasten them to a shred of truth, perhaps, and |
wrap themn up with our emotions—even with life and death it-
self, so that we are willing to shed our blood, to wageavar if nec-
eessary, to hold on tu thiose prejudices. What chance has new
truth against such a system?—very little, We take the innocent
and unsuspecting individual at hirth and pour him full of owr pre-
conceived ideas and prejudices under family and social pressure
until he becomes, and probably will remain forever, warped in
ontlook. No child is ever born with prejudices—he has to aequire
them. ' '

That brings me to the third points Prejudice, by and large, is
resistance to change. One fact _thut\h'xé’ric has clearly estab-
lished is that we live in a world of change—a dvnamic, progres-
sive world of chunge. Nature will not tolerate for long our preju- ===~
dices, onr resistances to change. Slie will have her way~Phit is
why the history of so-called civilized man has beerl a stofy of
conflict and war and must continue to be so until man learns to
shake off his prejudices. And that is why science, which arrived
in the last fow seconds of man’s history, comparatively speaking,
has become man's first great hape on earth. Science provides him
with, the means of testing and proving his tdeas to determine
whether they are true or not. Now if he will only nse it, war and
conflict will be a thing of the past. Man does not fight over es-
tablished and proved truth. Thus the rvspo\nsil)ilit_\" is placed di-
rectlv on man himself—and the big job right now is to cast off
prejudice. . - '

Have vou ever been concerned about the next war and the
probability of its destroving our present civilization? Have you
ever thought of putting that question to Nature? She would an-
swer, I am sure. "Present civilization must go—it isn’t good
enongh for future generations—and either you must destroy it
throngh rapid change and by giving up vour man-made preju-
dices, or T will destrov it as 1 have alwavs done in the past. And,”
continues Nature, "I would remind vou that, in some wavs, wars
have heen good for vou. They have served as steppingstones in

]

L



.

Y

SYSTEM IN MEASURES T

vour progress. But now vou have a new tool—sciciice. Use it
eliminate vour pu]u(luc s. and build a new civilization of peace
and prosperity.” In the woids of John Dewey, “The future of our
civilization depends upon the widening splcad and the deepen-
ing hold of the scientific habit of mind.”

There has heen an interesting cornection betweeii war and the
development and spread of the metric system. It was in 1790
following the Revolution in France that the.netrie system got its
start. For this reason it is sometimes called the French system.
Following the Prussian War, in 1871, when Germany, Austria,
and Hungary made the metric system mandatory, the population
using the metric svstem was doubled. The population using the
metric system doubled again at the clpse of World Wai 1, 1920-
1021, when Bussia, China, Japanghd Turkey made its use man-
datory for their people. Todpy”75 per cent of the world's pop-
ulation uses the metric sy, em, ‘and fitty-five out of fifty-seven
so-called civilized states in the world use it. That leaves only two
ot using it. and who do vou suppose those two ae? llw are
the world’s two great democratic groups, the British hmpm. and
the Umted States. That should give us some concern about “de-
mocracies,” but space does not permit discussing that, cither.

The metric svstem is nothing more or less than the dpl)ll(.‘dtlon
of the decimal number system to measurements.  Science and
mathematics go hand in hand. Mgthematics is one of the most
important tools of science; so let's tgke a look at the history of
mathematics to get a little backgr onund. It is said that the use of
mathematics is one of the measures @f a civilization. The savage
corld commt and measure. Later man could do simple computa-
tions. If he had six rows of corn with seven hills in a row, he
conld sav 6 times 7 equals 12 instead of having to connt cach hill
to find the total. Now let’s work a simple problem in computation
as we would have done it five or six hundved vears ago. Lets add:

DCCCCLXXXXVIITI
CcC XX V
MOCC .\' X 11

How would vour like to work problems by this method today?
You wonld not like it: vet that is probably the w av vou would be
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({oing-thcm if*it landnot been for another war, The Romans, like
us,avere pretty well satisfied with their civilization, Then about
Ao, 1300 the Hindu-Arabic system superseded the Roman system.
As a result we work the above problem today in this manner:

999 _ _
1224

You say there is a big difference. . Yes. But I want to say that
there will be a bigger difference in our method of working prob-
lems when we have made full use of measmement units decimally
related than there was :ifter the change to the Hindu-Arabic nu-

. weral system from the Roman numeral system!

The Hindu-Arabic system is a “tens” system, the value of any
digit in a whole number varving with its place in the number,
starting with units at the right and increasing to the left in the
order: units, tens, hundreds, thousands, and so on. Each place
value is ten times the place value to its right; thus 999 means 900
plus 90 plus 9.

The Arabs also brought the Romans a method of dealing with
parts of a whole—fractions. They had learned about fractions
from the Egyptians, who were believed to have developed them
in 1600 B.c. As a result, the Romans became able to work with
mised numbers—a whole nuniber and a fraction, such as 999 3/

Then in 1385 Simon Stevin, a Flemish mathematician, made
one of the greatest inventions of all time. In man’s history it will
rank with the invention of the wheel and the discovery of five. e
took an ordinary dot (). moved it to the right of a number, and
made a decimal point of it. Withont that decimal point L doubt
whether we could luve won World War 11, for without it we
conld not have done much of onr higher mathematics, such as
losarithms, caleulus, and the like, Einstein could not have devel-
oped the equation for the transformation of matter into encrgy,
withont which we counld not have developed the atomic bomb,
nor cpnld Clerk-Mavwell have predicted the radio wave fifteen
veary’ hefore it was actually Hiscovered and made the basis for
present-day radar. , '

The decimal point extended the “tens” system to the right as
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well as to the left. It made it possible to decrease by tens as well
as to increase by tens. Moreover, it made it possible to handle a
whole number and a part as easily as a whole number was han- -
dled before. It also provided for a great increasc in the fineness
of measurements. But most important of all as far as we are con-
cerned here is the fact that it made the use of fractions for most
purposes obsolete. However, since we lave been thinking in
terms of fractions for some 8,500 vears, it will be necessary for us
to make : conscientious effort to get rid of them if they are to
* disappear in actual practice. _
The metric sy'stem, being based on the decimal system, starts
out with a basic unit. The next larger unit is ten times as large,
the next smaller unit one-tenth as large, and so on. As a matter

of fact, we can begin with any unit in the systemn and this same

T

relationship holds. ; . . ,

To illustrate further, let’s take an example of our present use of
the decimal svstém, the United States monetavy systcin, and con-
trast it with a fractions monetary system, that usced by the Brit-
ish. We can make change with comparative ease, whereas the
Briton has to miemorize a rhyme in order to make change. Our-
prices are listed as one number, such as $1.98, but the Briton has
to go to the trouble of stating the number of pounds, shillings,
pence, antl so on, separately. If we were asked to change back
to the English monetary system, we would have none of it; we
would consider it a step backward, as it would be. In this con-
nection, I would call to vour attention the fact that no country
hu\'ing once nd()ptcd the metric svstem has ever returned to its
fortuer svstem. :

The same simplicity that we find in our decimal nionetary sys-
tem is found in the metric svstem of meusurements for weight,
length. volume, and temperature. Let's show this by working two
simple problems, side by side, in the two systems. Our problems
will call for converting smaller units to larger ones.

161 contiméters = 16.1 decimeters == 1.61 meters
161 inches 135 12 feet 1736 vards

Tn the metric svstem the conversion is simply a matter of shifting
the decimal point one place to the left to get the next larger unit.

[4
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But in the, English svstem to change inches to feet it is necessary
to divide by 12, and since I cannot readily is in my mind, I

must set it down as a division problem and work it out. Right
away I am involved in fractions. To change féet to yards T must
divide by 3. a small enough number, but again I run nte difficul-
ties because 1 have to divide a mixed number, that is, a whole
number and a fraction. _ ' .
Let us work a problem in’ figuring costs, starting with cotre-
sponding units and detcmi'ﬁihtg\th& cost for smaller units.

[f.-1 metric ton But if 1 Tong ton.

costs $150.000.00 costs' {E\ $160,000.00
then 1 kilogram costs $160.00 then 1 pound os N $71.43
and 1 gram costs $.16 and I ounce costs $4.46

Since a metric tomwcontains 1,000 kilograms, all T need to do is
shift the decimal point three places to the left to get the cost per
kilograni: and since there are 1,000 grams in 1 kilogram, T again
shift the deciinal point three more places to the left, and 1 have
the cost’ per gram. Contrast this with the work involved when
English units are used, One long ton contains 2,240 pounds,__and
I am forced to work a problem in long division to find the cost
per pound, with the chance that it will never come out integrally.
To change pounds to ounces I am aguin forced to work a long divi-
sion problem to find my cost.

If vou consider the English system of money stupid, what must
vout think of the English svstem of measurement? Let me ask Vol
a question: Which is heavier. a pound of. feathers or a pound of
gold? You will probably reason that gold seems heavier but that
since a pound is a pound, they mmist weigh the same. But vou are
wrong, The pound of feathers is heavier. In fact, it would take
abont - pormnds of gald to equal the weight of 3 pounds of feath-
ers. Yon see. there are two kinds of poinds, the avoirdnpois
and the trov. Yes. and there are two kinds of quarts, drv and
lignid, and fiftv-six kinds of bushels, which vary from state to
state and also according to commodity—apples 50 pounds to the
bushel, wheat 60. oats 32, rve 56, and so on. An official United
States bushel contains 2.150.42 cubic inches but for tariff pur-
poses hecomes a “heaped™ bushel of 2,747.715 cubic inches, an
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" inccease in size of 27.8 per cent; yet in Connecticut it is 2,564 e

cubic inches, whereas Michiygan says it “shall be heaped .as_hig'ﬂ"l
~as mav be without special efforts or design.” - There are nine dif-
ferent kinds of barrels, cight kinds of tons, and so on. In fact, the
U.S. National Bureau of Standards uses over five hundred pages
of fiue type to do the job of defining all the units; Yes, it is both
_ ridiculous and stupid. But you people are responsible—not for
. starting it, of course, but for permitting it to continue. ' .
- Now let us take a problem in computing volume. It will show
niclv the contras@petween a fractions system and a decimal sys-
‘tem. I am taking this problem from an article of mine which was
~~ . published in the Mareh, 1946, issuc of the Minnesota Journal of
' Education enttlnl “Let’s Eliminate Fractions.”* Here we can
compare the space area used in working two-equivalent prob-
lems: finding the volume of the same tank as measured by the .
two svstems. Iere is the problem in English measurements:
Find the volume in cubic feet of a taunk 4 feet 9 7/16 inclies long,
2 feet 35 32 inches wide, and 1 foot 11 3/4 inches deep; In met-
ric measnrements the problem is: Find fhe volume in cubic me-
_ters of a tank 143.89 centimeters long, 68.98 centimeters wide,
and 60.33 centimeters deep. The solution of the English prob- -
lem requires a working arca of nine tinies the area required by
the metric problem. Moreover, the solution of the English prob-
lem involves two separate operations of long division as well as
the difficuit operation of multiplving a fraction times a fraction
times a fraction. The solution of the metrie problem involves only
straight multiplication of three decimal numbers. Then, too, con-
sider the time imvolved—a clock would beneeded to time an
American child in working this problem, while a Russian. child,
for exauple, in working this same problem his way would have
to be tined with a stop watch.
In the drug business it is often necessary to increase or de-
crease a fornmulia as, for example: Inerease six times the formula
6 poinds 11 onnees 137 172 grains.. The answer is 40 pounds 3
omices 387 1 2 arains. The solntion requires fortv-cight figures,
not melnding abbreviations. In the metrie svstem a similar prob-
lein would De: Tuerease six times. the formula ¢ kilograms 977

Set- P 1 1.
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Brams The answer is 41 kilogram+ 862 grams. Only ten figures -

are required. However, in actual practice metric measurements
are usually stated in one unit. Expregsed in this way, our original
forinyla would read 6.977 kilograms. In this case only three fig-
ures ure required to increase the formula, in coatrast with the
forty-eight required in the case of the English. measurements.
The results of using the metric system are & great saving in time
and a grcglt decrcase in the possibilities of making errors. \These
advantagés mean greater eﬁicxbncy >

L

One factory w luch swifched to metric measurement estlmated :

that in one year it saved ten times the cost of new measuring de-
vices. A railroad company estimates that the metric system would
save $50,000 a year in paper work alone. During World War II
the weight of a sack of flour was changed from 48 to 50 pounds
and the weight of a harrel of flour from 192 to 200 pounds Such
a simplificatfon as merely 1oundmg out a number resulted in the
saving of much time and money, as all concerned will testify. All
benehtcd——the producer, the shipper, the merchant, the con-
sumer, and the government. It was much easier to make out bills
of lading, to figure dailv production and costs, to make out sta-
tistical reports, and to carry on all the other processes where fig-
ures and mathematical computation were involved. If results like
these follow so simple a change, what would be the effect if we
went all the wav and changed to_the metric system for all pur-
poses and uses? Truly it wowld be revolutionary, increasing our
efficiency in all walks of life.

The metric svstem, in addition to its simplicity and its decimal-
ization of units, provides a one-to-one correspondence between
weight and measure. It is in reality one all-inclusive system,
whereas E nglish measurements consist of separate, unrelated sys-
tems for weight, length, and volume. For example, 1 cubic cen-
timeter of water \\'C‘lsl]S 1 gram, whereas 1 cubic foot of water
weighs 62.4 pounds. The . result of the correlations within the
metric svstem is that when we find the volume of water in metric
units, we also have the weight. If the volume is 10 cubic meters,
the weight is 10 metrie tons. This is far from the case in the Eng-
lish system. If the latter is used, seventv-one figures and a knowl-
edge of multiplication of mixed numbers are vequired to find the



SYSTEM IN MEASURES 3

weight of & tank filled with water when thg tank measures 4 feet
by 3 feet 6 inches by 2 feet 4 inches. It takes only twenty-one

fisures and no kndtledge of the rather-intricate multiplication of

mixed numbers to find the weight of water in a tank 4 meters by

- 3.6 meters by 2.4 meters. -

. I believe that in a few vears it will be possible to enact the
‘necessyry federal legislation to adopt the metric system and that
in the mecantime an extensive program should be set up to build
a strong public opirion in favor of the elintination of the English
svstein. Now, what about it?" Are you willing to help eliminate
the obsolete English system-in the next five’vears or so, or do you
prefer ;t:?p?thv‘ present state of confusion and inefficiency drag
on for afiother three hundred vears? Are yoti willing to condemn
vour children and your children’s children to waste a great deal
of their time and energy iu school, and then have them turned
out as handicapped persors—persous who ean’t think in decimals
—persons who are ill equipped for scientific work and thinking—
persbns who are not evea qualified for simple jobs in those indus-
tries now using the decimal metrie svstem? This is 'your respon-
sibilitv. What are vou going to do about it? It is time for action
)
AWeights and Measures Through the Ages
' y : JOSE ORTIZ MONASTERIO
Eveny day and in many ways we poor mortals are led to believe
that we-have advanced on the road of civilization.

Vwe.are familiar todav with a great number of contrivances
which would, no doubt, bewilder, perplex, confound, and shame

-~ the men of days gone bys but, dn the midst of our triumph, we

\

\ U the IIH'Ih‘Hf those divs who were the desc

have to humble ourselves when we realize that we are, in some
very important aspects of onr daily lives, as badly ofl as the de-
scendants of Noah.

If we oo hack and read the eleventh chapter of Genesis, we find
the sporv of the building of the famous tower of Babel, crected
1dants of Noah.
According to tlns chapter of Genesis. mankind. Which in those
davs constituted w single. wited body and possessq the same

[
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language, came, in w andermgr around, to a beautiful valley in the
land of Shinar. Men felt, as we do today, that they had made
wonderful advances in the art of constmctmn, and they de-
vised a plan to use, for the first time in the history of mankind,
baked bricks as building material and bitumen as a mortar. They
represented, in fact, the first city builders. Unfortunately, they
were also fired with the ambijtion of crecting a tower so high as
to rcach heaven, a hyperbolic expressicn w hich means that they
were possessed by arroganTe and pride. And on that occasion, as
always happens when men get drunk with pride and imagine that
thev are higher than others, Jehovah decided o check their am-
hitious de signs, He brought about a confusion of tongues so that
those w orkmg together in the crection of the tower could no
“longer understand each other; and-as a result. of this they were
dispersed over the face of the globe.

Since that day men have had difficulty in understandmg one
another, hecause of the div ersity of l.m(ruage Asa consequence ”
of this curse men, when thev found out iu their daily life that they
had to establish units of measurement in order to be able to txans—
act all kinds of business. began to establish units or standards,
which naturally varied from one country to the nexst, thus adding
‘to the existing confusion of the languages.

The diversity of units of measurement, which, as in the case of

language, was the natural result of the conditions of existence of’

the different peoples. had at least one encouraging element: sev-
cral units were based on parts of the human bodv. Notwithstand-
ing this fuct. there was a difference between these units. because
i foot of the Egvptians measured 26 centimeters, while that of
#w thaldeans and Assvrians was a little longer, 324 millimeters.
‘he-Persian foot wis 32 centimeters, but the Greek was 296 milli-
meters and, finallv, the Roman foot was 2957 millimeters.

At the full of the Roman Empire metrology was generally hased
on the svstem of measures of the Romans but later new ones were
introduced in the different Enropean kingdons, with the vesult
that commercial interconrse wmong these conntries was made
difficult. .

Charlemaane was one of the first to trv. during the cighth cen-
turv. by the Capitnlary of Aix-la-Chape e, to (ni. v the units of

-
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~easire. Charles I of France, “the Budd,” lb\ his decree of Pistes,
commanded that all units of mecasure in his kingdom should bc
adjusted to the standards deposited at his palace, but he did Dot
succeed, because the nobility, especially the poor country squue
-found it an advantage to contmug\ dcmmz2 a revenue from the
Jinspection and nnukmu of measures. Later, Philip IV, “the Fair,”
and l’lnllp V, “the Ta]l, tried in vajn to correct the confusion
existing in France with the units of easurémenit in use, which in
fact were different from one prm'incv to the next and even from
one town to the other In the vear 1540 Francis I and in 1575
~Henry TT tried again, but without success. Not until the seven-
teenth century was Franee able.to unify, for the first time, her
svitem of w cwhts and measures, following the ideas of the Abbé
\l&uton.

I have sclected fhe foregoing brief review of mctroloz_,\ in
France because it is tvpical of what was going on in the other
leading nations of modern times and also beegusé we owe to
France the only real serious and scientific app?ach to.a simple
.uul unified s stem of we ights and measurements.

. In his svstem of measures Abbé Gabriel Mouton selected ac
ll.ltl()l)d] unit of length the minute of 1° of are, and he ba\e to
this unit the name of milliare and subdivided it by a decimal sys-
tem into tho centuria, deenria, virga, virgula, decima, centesima
and millesima. U nfortunately the Abb¢é dled without having seen
his ideas adopted; nevertheless lns/dﬁl.s on mct_lolog\ were, in
principle. adopted later on. {__—~

Following this attempt were the attempts of the hngllsh drchi-
tect Wren, of the French astronomer Picard, and of Huygens,
who decided to use as the nnil of length the one correspondine
to the seconds penduluni.

In the year 1790 the great Tallevrand had a law passed by the
National Assembly for the unification in France of the system of
weights and measurements. A committee of the Academy of
Sciences was entrusted with this work, and the members decided
to use the ten-millionth part of dhe fourth of the earth’'s meridian
as the unit of length. Thus the metre. or meter. came into exist-
cnce as the base of a scientific. simple, and decimal svstem of
weights and mcasures.



two leaders jn manpfacturing and exporting, still cling to their

16 . TIHIE METRIC SYSTEM

The new system was.finally adopted by France on April 7, 1795
(18 Germinal, An. II1). Notwithstanding the eventual absolute

« success of the'metric system, it js well worthy of notgghat-at first

its progress was -slow. .Belgium, Luxemburg, and Halland were
the next countries to adopt i;bmd by the end oNthe pine-
teenth century it had become the standard of forty na '
had attained world-wide use in science, .
It is bewildering that the United Stites and the British Empire

unscientific, antiquated svstem of weights and measures. In favor
of the use of the metric system all over the United States, we have
the highly authoritative opirion of Samuel W. Stratton, formerly

* Director of the Burcau of Standards, who writes: “Commerce,

technology, and science have, on account of their international
character, availed themsclves of the advantages of the metric sys-
temn more than manufacturing, which is local, and, unlike export-
ing, not in dircct touch with world markets. Ilence, science and
commerce, with their world-wide otlook, should bie the advisers
of industry, and their conclusion is thatthe first principle is to
supply what the customer needs, and that international business
requires international weights and measures.”

As to the way scientists in England feel about this matter, we
have the following emphatic opinion from the late Lord kelvin:
“I believe 1 am not overstating the trath when I say that half the
time ocenpidd By clerks and dranghtsien in engineers’ and sut-
vevors” offCes—I am sure at least one-half of it—is work entailed
n“)/nn thet by the inconvenience of the present farrago of weights
and measures. The introduction of the world Metrical System
will prochuce an enormous saving in business offices of all kinds—
engineering, conmercial and retail shops.™ !

« Furthermore, when in thg vear 1895 a deputation advocating -

the introdnction of the metde swstem into England consulted the

apinion of Arthur |. Balfour. ie used the following words; "Upou.

the merits of the case T think there can be no deubt whatever that
the judgment of the whole civilized world, not excluding countries
which still adhere to the antiguated systems under which we snf-

CQueted swath permissien from World Metric Standardization, by Aubrey Drury

] oty M ld Mot Stasdaidize tion Couneil, San Franciseo, 192200 p 42,
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fer, bas long decided that the metric system is the only rational

svstem,” # . _ , .
) It is indeed hard to giderstand, after learning of the opinions
of the leaders, how, the United States and the British Empire still
Jhold fast to t‘heir’antiquatcd, unscientific, irrational hodgepodge
of=wveights and measures, when the rest of the civilized world is
already enjoving the advantages of tie metric,system! It looks
to me like another case of pride and artggance similar to the dne-
which brought upon humanity the curse oMNQ2. confusion of lan-
- guages. Today, in the era of air navigation whieh has brought us
a few hours’ time from &he remotest points of thé globe and, as
L consequence, is bringing together the men of all latitudes, it

+ would be a-most fitting contribution to the causé of good udder-  °

standithz among mien, if the great English-speaking nations of the g
British mpife and the United States would make compulsory '
the use of the metric system in their commercial intercourse with
the rest of the world and within their own boundaries. b

1

Is All This Really Necessary?®
s CHANNING POLLOCK

A esieNp in London onee confided in me that he had never spent T
i holiday on the Continent because “they drive on the wrong side
of the street.”™ Not “on the right side, while we drive on the left,” .
mind you, but “on the wrong side.” I've often related this as an
illustration of nstinetive intolerance, but it's even more an in-
stance of how firinly our habits become fixed, and how much we
are tronbled by the need of setting them aside. o >

As a matter of fact. T wonder why old dogs must forever be , .-
learning new tricks? Every time one crosses a border in Europe,
of. to some degree. in the United States. there are strange cur-
rémeics, custons, Lungnageseweights, and measures, and what not, :
which partly expluin why the people with whom they are regula-
tion continue to seem strangers. Few Americans really speak

-

bl poA61. -
® Reprinted from The Rotarian Lov April, 1946, with permission ol the publisher
atd of the author,
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English, and fewer Englishmen speak American—both actually.
as many diffévent tongues as there are Joculities—but all of us
understane one another, and that’s the chief reason for the bond -
between the two nations. A man helongs to your lodge when you
use the same high-sign, and everybody has a weakrgss for mem-
bers of his own lodge. ' .
Homo sapicns, who isn’t always. so sapient, doesn’t want to be
bothered or_confused, and Heaven knows there’s been plenty of
bother and ‘confusion when he began mixing with “foreigners.”
Take money, for example—and most of us are willing to take as
much of it as we can get. But even a seasoned old traveler like

“myself can gd haywire trying to recall how many cents make a

penny, and whether drachmas or tacls make sense, ,

“I shall never forget my first arrival in Hong K(Ebr—from‘ Java.
The poyters refused to accept any of the various currencies in my
pockets, so I camied the lot to a money-changer near the hotel,
w\ho caleulated with an abacus, or bunch of wooden balls sliding
on wires, and I shall never know how I happened to get what I got
for my coin collection. Neither shall T ever know what it was
worth on the home grounds. Anvway, it wasn't worth much when
we entered the neat Proviuee, because every Provinee has its own
curreney and snoots the other fellows™. In my opinion, the Chi-
nese are the most n\'url}' civilized people on carth, and why they
must have as many kinds of money as Americans have accents
complefely baftles me. t

Not that, in anv arca of comparable size, Europe is better off.
Yon can't travel overnight from Paris iti any direction without be-
inming the next day by exchdanging vour hank roll. Mostly, value
is fixed by the decimal s:stem—or, rather, in recent vears, it hasn't
been fixed at all.

When the American Express in Athens begged me to pay my
bill in Ttalv, where money was more stable, T thought, “Thank
Heaven, the American dollar is alwavs a dollar"™—and found it
wasn't before T reached Florence. because, meanwhile, America
had gone off the gold standard. All that. of course, isa question
apart. and it's about to be answered, were told, by agreements in
Bretton Woods. or the Black Forest, or somewhere. What's eatin’

me s why there shouldn't be some sort of a coin or bill that can be
L}
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" expended as casily in London or Bang,kol\ as in New. York, Why

was it ever necessary for the average visitor in England to go
about reciting, “Iwelve pence make a shilling, and 20 shillmgs a
pound, unless it'’s a gmnca, and then it’s 21, but what in heck is
half a crown™?, :

A\Y eights dll(l measures aye a little lcss varied because, in 1799,
de lvtrutes from almost ¢vervwhere got together in Paris and

' adopte(l the metric systefn. From almost ev erywhere, that is, ex-

cept Britain and the United States, which clmgr to different ver-

‘sions of the imperial system, thus compllcatmg life a little bit
more. The metric system has been legalized both in Britain and

in the United States, but, as it isn't commonl\ used in either coun-
try, that doesn’t seem to make much difference.

Don’t ask any Englishman or American what the metric sy stem
is, and, if you begm 10aqu about it, and discover it to be hased

‘on the f fact that the meter, its nnit, is intended to be one ten-mil-
Tionth p art of the carth’s meridian uadrant, and is so very nearly,

vou'll pml)ll)l\ stop right there. Most of us do know that the
metric sV steni is a decnnal system, and ten meters are a decameter

and 1 ,000 a kilometer, or ten liters a decaliter, and a hundredth of

a liter a centiliter. and that’s all to the good, but something snaps
when you try to translate on the basis that a vard is 91410 meters,
a trov ounce 31.1035 grams, and a fluid ounce 2.95623 centiliters.
That sort of figuring, I believe, is what turned Professor Einstein’s
hair white. %t any mtv vou can say, ‘One thousand meters are a
kilometer,” rather than havi ing to remember that 12 inches are a
ffo_ot 3 f(*et a vard, and 1,760 \ards a mile. How many square feet
are in an acre. no one hut survevors has ever l\no“n and only
druggists and lignor dealers trk\ to recall how many gills or fluid
ounces are in a pmt

After all, most of
but. when von have t

s needn't trouble mosc of us very much,
begin tranglating quarts into liters or miles
into Mlometygrs—well, ! andimother used to sav, that's a
gray horse of another color.. The answer to S0 commonplice a
question: us "How far is it to the nest villuge?™ hecomes an exer-
cise in mental arithmetic for any l,nghslmm.l or American. Of
course it vorr can remember it—or even if von can’t —a kilometer
is approximately five-cighths of a mile, but that onlyv makes it more

.
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difficult. The signpost informs you, “Brussels—326 1/2 kilome-
ters.” QUICK; how many miles is that? Einstein, or Joel Kupper-
~man, of the Quiz Kids, might reply promptly, “204.0625 miles,”
but it's dollars to doughnuts you can't. Ninety-uiuoimlt of 100
wandering Englishmen or Americans simply divide the number,of
Kilometers by two und add one-fourth of the result—i.e., 100 kilo-
meters are 50 miles plus one-fourth of 50, 12 1/2, or 62 1/2 miles—
bit even that distracts your attention from driving, and I have
had friends—particularly woman friends—ivho got results not a
bit like those I have given. My own spouse, who is everything to
me but a lightning calculator, once assured me that it was almost
exactly 4,000 miles. from Cherbourg to Paris, thongh neither she
nor I ever discovered how it got that way. At any rate, wouldn't it
be simpe and easier to measure distance by miles everywhere,
or, better still, to use the metric system in England and America
as well as in the rest of the civilized world?

Failing this, the wife aforesaid suggests that a kilometer be
made precisely half a mile, and a stone 10 pounds, instead of 14,
which puts it beyond her mathematical powers. Frankly, I don't
think ecither device would work, or that we could induce the Brit-
ish to tuke ten pence for a shilling and ten shillings for a pound.
No; universal systems would be a lot more practical. Until they
are adopted, I, for one, shall never know whether it’s hot or cold
at 70 degrees Centigrade. The fact that the freezing point o
water is 32 degrees Fahrenheit, and the boiling point 212, while
thev are zero and 100 Centigrade, means nothing in my young
life, aud never has. Onee in Cambodia, after I'd said 20 times,
“I can't stand this heat,” I found the merairy at 50 Centigrade,
and stopped perspiring. One rule for reducing Centigrade tem-

perature to Fahrenheit is: subtract 10, subtract from the remain- -

der one-tenth of itself, double the last remainder, and add 50 to
the product. Is this a procedure to appeal to a man who merely
wants to know whether he's comfortable? Task you!

If vou've ever attempted piloting a ngtorear through the busy
streets of London, you realize it's equal } difficult, when you sud-
denly meet another car rounding a corner, to remember that you
must pass it on the left. A morning of this gives one sympathetic
unc erstanding of my friend who declined holidays on the Con-

i
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" tinent, where, as with Americans, you drive on the right side of
“the highway. There are a dqzcn explanations of this,difference in

custom, most of them based on the idea that 2 man wanted his
sword arm free, but the need of swords in the street went out so

-long betore the automobile came in that you might as well eat

vour food raw because once we didn't know how to make fire. In
America, the legend runs, people got in the habit of turning right
because so many people traveled on, horsébuck and by keeping to
the right of the road, the rng,ht hand was free to draw a weapon.
In Britain, however, the driver of a six-in-hand coach rode a horse ..
on the left side in order to have full scope in swinging his whip.
This is probably poppyeock. and we drive on the right or left
merely hecanse our ancestors preferred one or the other, and we
lacked the initiative to choose which we prefer. Just as the streets
in Boston are said to follow the original cowpaths. (

The same thing is true of writing, spelling, and speech. One
group of sncestors made one set of sounds and another g group an-
other set, and we went on with it. At least 1,000 different lan-
guages are spoken in this world, and each of them with variations
and additions ‘of argot. Small tribes of sav ages, often numbering
only a few hnndud individuals, cannot understand other and
equally: small tribes in villages a few niiles apart. The Swiss use
four different tongues in their one tiny nation, and when I lived
there in 1590, all shop and street signs in Prague were printed in
German and Crech, As my father was, a man may be the master
of ten Lnguages, and vet visit a dozen lands where he can ask for
a boiled egg only by crowing like a rooster. I have a certain’
amount of .s;mp.nth) for an unlettered friend of mine who used
to get very anary because the Parisians couldn’t understand Eng-
lish spoken with what she believed to be a French accent. Cer-
tainly, it does not reflect credit on our civilization that, after cen-
turics of mixing, one population is practically without means of
communicating with the others.

\(lmittull\' the answer isn't easv. Scholars have invented
many “universal bingnages™—chicflv Esperanto—without induc-
ine more than a few hindreds or thousands of people to acquire
theno Eflorts to nake English mniversal, allegedly ])(‘(Jlls(‘ it is
the nather tongne of m.nh 200 million, hut uall\ T suppose,
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because it's our mother tongue, have got nowhere. French is
called “the language of diplomats,” but there have always been
plenty of statesmen who didn't know a word of it. Perhaps in
time, now that we have about conquered distance, and peoples
co-mingle as never before, we shall develop a tongue that is a
mixture of all tongues, and can be spoken by all pepples, but don't
bet on it. You probably would be safe in wagering that such a
development would go a’long way toward universal understand-
ing and friendship. -
Anyway, there seems little doubt that many of the bothersome
differences in money and measurements and suchlike are due to
be climinated. "Generally, I'm agin standardization. I shall never-
torget my disappointment that I could take a trolley car to the
pyramids of Giza, and that, when I got there, I was only in an-
other kind of Goney Island. I've never considered a vacation in
the United States, because fruit cui) is the same in San Francisco
that it is in New York, and equally inevitable in both places and
all points betwein.: I should, or shall greatly dislike a world in
which all people and places are pretty much the same, and you
have to call up the stationmaster to learn whether you're in Can-
ton, Chinu, or Canton, Ohio. Nevertheless, it does seem to me
stupid, and opposed togeneral amity, that I can’t say, “Good

morniug,” to a brother outside of two or three nations without an
interpreter, or find exactly how much beer I've drunk on an after-.

noon in Amsterdam without multiplving by 4.5459631. '

" Development

The Early History of the Metric System
£
EDWIN W. SCHREIBER

[ was down inold Mexico that I had my first real introduction
to the wetric system. "Tis true T had met the meter and her chil-
dren. centimeter, millimeter, and little micron, in a formal way
while busy in the laboratories at the university in Yny undergrad-
nate days—Dhut that was a cold and scientific acquaintance. Un:

der a wann sonthern sky, with the sun doing its full share to -

/

/
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. brighten the picture, I read in no uncertain letters,on a freshly
painted sign which was posted on a little railway station in old
Sonora: ~ L'o Calexico, 33.5 Km.” So here upon a common road’
(not a’roval one) kilometer and I met face to face. From that
friendly 'mecting with a member of the metric system a desire was
kindled w ithin me to know more about the famll) history of the
-meter, and since that time I have picked up some interesting facts’
covering the whole family. some of wlucl it is my purpose to re-
late at tlns time.

Mother Earth is the mother of the mdter. The Frcnch scien-
tists who devised this unit of measurement at the close of the
eighteenth century planned that it should not be dependent upon
any particular méusuring stick of hnman construction but instead
should hear a definite relation to the dimensions of our globe. The
art of measuring the carth and *deter mining its shape, known as
geodesy, had .lhmd\ made much progress, and no other people
had contributed so much to it as the French. It was not: ‘strange,
therefore, that the authors of the metrie svstem should decide to
take as the basis of this svstem a meridian of the earth—a circle
passing through both poles. For greater exactness (since merid-
ians are not all of preciselv the same length) they selected a par-
ticular part of a particular meridian. They decided that a meter
should be the ten-millionth part of the distance from the North

_ Pole to the equator 4r?"a.stuul on the meridian passing through
Puris. ,

In considering the genesis of the modern metric system as a
universal svstem founded on an invariable standard and sym-
metrically and conveniently developed, it is necessary to go back
to, Gabriel Mouton (1618-1694), Viear of St. Paul's Church,
Lyons. who first proposed in 1670 a comprehensive decimal sy's-
temn having as a basis the length of an are of 17 of a great circle of
the earth. One minute.of arce would give the length of a-milliare,
which would be subdivided “decimally into cénturia. decuria,
virga, virgula, decima, centesima, millesima. The virga and cir-
aula would Le the chiof wnits of the svstem correspondings to the
toise and the foot then in use. This geometric foot (virgula geo-
metrica) was further defined by Mouton as corresponding to tlu-
lenath-of a pendulum making 3.939.2 vibrations in a half hour at

k4
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Lyons. -This proposition contidined essentially the gernr of the
modern metric system, and Mouton's suggestion of the pendulum
was soon, repeated by Jean Picard (1620-1682) in 1671, and by
Christial Huvgens (l():?.‘)-lb‘)a) in 1673.

During the cighteenth contury several schemes were. pmposvd
b\ scientists for the xn-rp.;e)\icmont of the wen&,hts and measures,
but although they were broaght to the attention of the French
Government, thev did not meet with such approval as to secure
* their adoption These various schemes were discussed and dis-
carded without\any definite action, and, just as in later times, the
difficulties attenfling the introduction of a new system were antic-
ipated and feared. In fact, Jacques Necker (1{32 1804), in a re- -
port made to Louis XVT in 1778, spoke of the proposed reform of
wcights‘ and measures with considerable diffidence. He wrote:

I have ()c(upled myself in examining the means which might be em-
ploved to render the weights and measiires uniform throughout the
Kingdom, but I doubt vet whether the unity which would result would
be proportionate to the difficulties of all kinds which this operation
would entail on account of the changing of values which would neces-
sarilv be made in a multitude of contracts, of vearly pavinents. of
feudal rights and other acts of all kinds. I }m\o pot vet renounced t}w
project, and I have scen with satisfaction that the Assembly of Haute-
Guyenne have taken ‘it into consideration. It is in cffect a kind of
amelioration which can be undertaken partially, and the cxample of a
happy success in one provinee would essentially influence opinion.

Let us turn back the pages of history to 1878 und discern
this same note of diffidence in the following statement by J. E.
Hilgard, Assistant. United States Coast Survev, and Inspector,
United States Standard Weights and Mceasures, who in re sponse to
a resolution by the House of Representatives submitted a report
dated March 21, 1878, on the obligatory use of the metrie system

for goverument business: “

Not onlv are lunds purchased frem the public domain deseribed in a
simple de cimal svstem of acres measured by square chains aud deci-
mals. but all the most valuable real estate, such as lots and streets in
cities, has been Tuid off in this country in even feet, generallv even tens
of feet, as 30. 60, 0. 100, 130, ete. What .l(l((llldt(‘ motive is'there to
change these eapressions into terms which are necessarily fractional
andd in which these foreign nations whose convenience it is proposed
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to' meet have no conceivable interest? What useful plnpow is sub-
served by designating a building lot 24 by 120 feet iu the fprm of 7.313
by 36.376 meters? 1t is thnﬂnrvg()m" and similar consgder: itions which
lead the undersignéd to-doubt whether theinternitional ,‘unx* of

1 our don¥stic

measures will ever wholly tal«- the place uf all others
transactions.

With the’ ehanges wrought by the French Revolution it was
possible to gain consideration from the public for rational ideas
in science as well.as in government and religion.. It was Talley-
rand (1754-1838), a lm]d aud able leader, then Bishop of Autun,
whe brought a plan for reform to the attention of the National
\swml)]v in %pn] 1790, He appreciated not only the necessity
of a uniform svstem of welghts and measares for France but also

the dcmr.nln]nt\ of a system that-would be truly international
rather than reprcscnt merelv the weights and measures of Paris.

Through the efforts of Talle}rand the National Assembly ren-

dered a decree on May 8 1790, which was sanctioned l)v Louis
XVI on August. 22 of tlw same vear. The decree read in part as
follows: .7 _ .

The National Assembly, desiring that all France shall forever enjov
all the advantages wh sich will result from uniformity of woights and
measures, and \\xshuw that the relation of the old measures to the new
should be clearly d(t( rmined and easilv understood, deerees that His
Majesty shall be asked to give orders to the administrators of the dif-
ferent de partinents of the Kingdom. to the end that they procure and
catise to h( remitted to each nf the municipalitics wmpnscd i each
departinent and that they send to Paris to be remitted to the Secpetary
of the Academy of Sciences perfectly exact model of the (]1*( rent
weiehts and eleme ntary measufes which are in usage.

[tis decreed tnrther that the King shall also heg His Majesty of Brit-
ain to request the Fuglisie Parliiiment to conenr with the N ional As-
semblyin the determination of o naturad nnit of measures and weights:
and in consequence. under the anspices ot the two nations, the com-
niissioners of the Academy of Scienees of Paris shadl unite with an
conal nmnber of members chosen by the Roval Seciets of London, in

v plwe which shall be usputml\ decided as most conyenient. to
(lu termine ot the latitude <5 1535 or any other Lititpede which mav be
areferred. the Tenath of the pe Wl (seconds Y, and to deduce an
mvndhle stodard for tlu/gu.mms and sl the weicelhits: and that
abter this operation i arele wath all the necessany solemmits . His Ny
esto will he ohed to charae the Aeademy of Sciences to fix with pre-
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The black line shows the meridian from Dunkerque to Barcelona,

cision for cach royal municipality the relation ot the old weights and
measures to the new standard. and to compose afterward for the use
of the municipalities the usual books and elementary treatises which
will indicate with clearness all these propositions.

4.

It is decreed further that these elementary hooks shall bé sent at the .

same time to all the municipalities to be distributed; at the same time
there shall be sent to cach of the municipalities a certain number of
new weights and measures which they shall distribute gratuitously to
those who would be caused great expense by this change; and finally,
sivvmonths only after the distribution, the old measures shall be abol-
ished aud repliced by the new.

Finadly. the Academy shall indicate the scale of division which it
believes most convenicut tor all weights, measures and coins.

A committee of the Academy, (_-()nsistilfg of Borda, Lagrange,
Laplice. Monge. and Condoreet, presented a report on March 19,
1791, to the effeet that after an are (of meridian) had been meas-
wred. the length of a quadrant could thv}\ be computed, and one
ten-millionth of its leneth could he taken as the base or funda-
mental nuit of lencth The plon proposed was to measure an are
of meridian betweon | )xml\m;(pu"(m the northern coast of France,
and Bareelonw on the Moditerrancan Sea. These two places were
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chosen because they were situated at sea level in the same merid-
ian: becanse-they offered w suitable intery ening distance of about

¢ 9 3070 the areatest available in Eorope for a meridian measure-

O

ment: beeanse the country so trayersed had in part been surveved
previonsly by [acaille and Gassini in 1739-1710: and furthermore
hecanse such an are eatended on both sides of latitude 43
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On May 29, 1793, in the report of the committee o the Na-
tional Acadenmy the maune metie (meter) was assighed to the
ten-miilliontle part of the quadrant of the cartl’s mgfidian. The
provisional meter was devised from a calenlation of the operations
made by Lacaille in 17400 A standard of the provisional meter
made of hrass was dihyv construeted by Lenoir in Paris and is pre-
O
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_served in the Comservatoire des Arts ot Mctiers at Paris. This

_ prosisional meter varied from the meter finallv determined by the
commission in 1799 by only L 3 millimeter, being that much too
lung. .. ’

The Kin ¢ of France, on. June 10, 1792, issued a proclamation in

which Delambre gnd .\léchu'@, the two engineers chosen to

m

£ Audid Mdéchain €17 #8180, A

sanvey the are l)(-t]\)'vcu Dunkergue and Bareelona, were com-
mended to the good offices of government officials and citizens
" aenerally. And varions rights and privileges were secured to then.
Both scicntists straightway proceeded to their duties. but. owing
to the turbulent revolationary conditions in the conutry, they en-
conntered from the beginning constant embarrassment and diffi-
enltios. In addition to being arrested and deprived of erdinary
facilities to carry on their work, they met with little sympathy
and cooperation on the part of officials and: people and experi-
enced great ditfienlty in ereeting and maintaining their signals.
which were oftentimes helieved to have been built foy military
l’:.'”'l)”“"“' : '

-

.

"Alechain in Spetin had o certain amount of assistancee from the
gor crnment of that conntry, but liere, s in sotthern France, he
was haassed aud interfered with by political tronbles. Tu tact.
these two resolute engineers experienced whnost incredible diffi-
caltios. being arrested by the variouns governing bodies that were

¢ A
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at that time successively administering the affairs of France, de-
prived of liberty and freedom, prevented from working by acci-
dent and discase, and, in short, accomplishing most creditable
results under remarkably adverse civeumistances. Finally, in No-
vemher, 1798, Méchain and Delambre completed their survey and
brought their records to Paris. Several committees were set to
work checking results and compiling reports. On June 22, 1799,
a platinum meter was adopted as the true meter and was depos-
ited in the Archives of the State, where it has come to be known

RS

as the Meter of the Archives. Thus, we see, it took seven long .

and arduous vears to make the first standard meter stick. The
units of mass and capacity were constructed along with the meter,
but there is not space for a detailed zwcg)uyi of the evolution of
these standards. K

After the scientifie determination of the standards, there re-
nained to effect the general adoption of the new weights and
measures. This was a.mnch more difficult task thun was at first
contemplated. After more than a thfrd of a century of confusion

anc chatter among people of all estates with regard to the metric

svstemn the government was forced to act with determination, and
the act whiclt follows. in part. was passed, after much discussion,
by the Chamber of Peers and the Chamber of Deputies and was
announced to the people on Julv -4, 1837, It decreed the ¢general
use of the metrie svstem for all measurements.

After January 1, 1840, all weights and measures, other than the
weights and measures established by the laws of 1795 and 1800, con-
stituting the decimal metric svstem, shall be forbidden under the pen-
alties provided by article 470 of the Penal Code. Those possessing
weights and measures. other than the weights and measures above rec-
ognized, in their warchonses. shops, workshops, places of business, or
in their markets, fairs, or cmporimms, shall be punished in the same
manner as those who nse them, according to article 479 of the Penal
Codeo Beaginning at the same date all denominations of weights and
measines ather thuan those anthorized are forbidden in public acts.
docnments, and annonncements. Thev are likewise forbidden in acts
vocler private seals. commercial acconnts. and other private legal docu-
raents, cte.

I response to aninvitation of *he Freneh Government, the fol-
lowing conntries seut representatives to a conference held in Paris

.
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on August 8, 1870, to consider the advisability of constructing
new metric standards: ' ‘ '

Austria Greece _ " ‘Russia

Colombia o ltaly’ Spain ’
Ecuador Norway Switzerland
France - Peru - Turkeyv = »’
Great- Britain . Portugal- United States

A second c¢onference was held two years later, at which thirty
countrics were represented, the United States again being among
this numper. At this eonference jt was decided that n¢w meters
and new kilograms should be constructed to conform with the
original standards of the Archives, and a perm;‘ncnt committee

was appointed to carry out this decision. The preparation of the

new standards had advanced so far by 1875 that the permanent
committee appointed by the conference of 1872 requested the
French Government to call a diplomatic conference at Paris to
consider whether the means and appfi;ulcos for the ﬁmil verifica-
tion of the new meters and kilograms should be provided, with a
view to penmanence, or whether the work?‘hould be regarded as
a temporary oj.eration. . .

In compliance with this Tequest a conference was held in
March, 1875, at which nincteen countries were represented, the
United States as usual being of this number. '

On May 20, 1875, seventeen of the nincteen countrics repre-

sented signed a convention which provided for the establishment
and maintenance of a permanent International Bureau of Weights
and Measures to be situated nesg Patis and to he wnder the Con-
trol of an international committge clcctcd‘h_\'- the conference, the
committee to consist of fourteen members, all: belonging to dif-
ferent countries. B

In addition to the primary work.of verifving the new metric
standards the International Burcau was charged with certain
duties, the following being the most important:

1. The custody and preservation, when coupleted, of the inter-
national protots pes and aunxiliary instruments.

2. The future periodic comparison of the several national stand-
ards with the international prototypes.
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3. lmu)mp‘u ison of metrie standards with shlll(ldldb of othc'
countries. = ‘

The cxpenses of thc Internationa! Blgcau were to be (fofmwd
by contributions of the contrycting governments, the amount for
¢ wch- -country depending upon the popukation and upon the ex-
tent to which the metrie svstem was in use in the particular couns
try.

In accordance with the t terms of the convention, the I‘rench
Govegnment set aside a plot of g,round in the park of Saint-Cloud

just ontside of Paris, and upon this groynd, which was declared

neutral temtory, the International Burean of Weights and Meas-
ures was established. : .

The construction of the meters and kilograms had been en-
trusted to w special committee, and carlv in 1887 the committee
cofupleted its work and the new meters and kilograms: were
turned over to the International Bureau for comparison, witli the
standards of the Archives and with one another.

It -had been decided as carly as 1873 that the new standards
shonld be made of an alloy of 90 pe cent platinum and 10 per
cent itidium. All fpgether, thirtv-one meters and forty kilograms
were constructed. By 1889 the entire work was u)mplotod, and

in September of thet vear a general conference held at Paris «dp-

proved the work of the international committee,

The meter and kilogram which agreed most closely with the
meter and kilogram of the Archives were declared to be the inter-
miational meter an(L the internationgd kilogram. These two stand-
ards, with certain other meters and kilograms, were deposited in
a subtertancan vanlt under one of the buildings of the Inter-
national Burean, where they are accessible only when three
independent officials with different keys are preqcnt The other
Standards” were distributed by lot to the various govermments
“contributing to the stipport of the International Burcau,

[n closing. Tet us follow the journey of these fundamental stand-
ards from the Old Workd to the New. B, A. Gould. official dele-
aate from the Uhited States to the International Conference of
Weichts and Measures Leld at Paris in Septeriber, 1889, accepted
the staudards from the International Burean. He had them
packed and sealed and then transMsed to the cae of \\'hi?‘luw

2
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Reid, the United States Minister in Raris. From him Meter No.
27 and Kilogram No. 20, together with Meter No. 12 of the alloy

of 1874 were received by George Daviddeny Assistant -in the

United States Coast and Geodetie Survey, by whom they were
“Drought to Washington with great care and deposited in the Office
- of Weights and Measures. On Junuary 2, 1890, Meter No. 27 and

Kilogram No. 20 were carried to the Cabinet room in the Execu-

tive Mansion, where the ceremony of bicaking the scals upon the

hoves wias -performed in the presence of the President of the

United States, Benjamin Harrison, the Scerctary of State, James

G. Blaine, and the Seerctary of the Treasury, William Windon,

tocether with a distinguished company of scientific men. A for-

mal certificate declaring the condition of. these standards at the
opening of the hoxes wigs signed by the President and witnessed

by, the Secretavy-of State and the Seerctart of the Treasury. A

somewhat similar cortificate was signed by the other gentlemen
“present. In conseguence of this official act of ¢he President of the

United States. Meter No. 27 and Kilagram No. 20 will be gnarded

as our Nutional Prototvpe Meter and Kilogram. Thése national

standards are at present kept in o subterrancan vanlt of the Na-
tional Burean of Standards in Wisshington.

Strange as it mav seen. the standard of length in the United
Stites iv not the vard. as is popularly belies ed. In 1893, by act of
Congress, the meter was made the United States standard of
Tength and the vard was defined s 3.600,/3,937 meter.

Later Trends in Metrie Usage
JOSEPIL | URBANCER

Sincr the adoption of the metrie system by France, the merits of
the convenientlv workable relationships hetween length, capac-
itv, aond weight have attracted an ever-inercasing number of na-
tions and people. The countries which have adopted the nretric
svstem and the vear of adoption are shown in the accompanying
araph.

A study of the graph reveals slow initial progress. Nearlv a gen-
*eration passed. tollowing the official establishment of the French

v ,

a



o

‘

34 . | THE METRIGSYSTEM *

meter in 10 J, before the near-neighbors of France wdopted the

svstem. In the forty-year period -between 1860 and 1900 the ad-

vance was quite rapid, and from 1900 to 1925 it continued at .

about the sume rate. Since 1925 nearly one-quarter of a century -

has passed, but the British Empire and.the United States are still
unmoved by the procession of national adoptions, Within the
period from 1820 to 1925, fifty-two nations, over 80 per cent of
the population of the world, changed over to the general use of
metric weights and nteasures, At the present time more than

41,200,000,000 people live where the legal use of the metric systens
bf weights and measures is mandatory :
Although the British Empire has not vet cfficially adopted the

metric system of weights and measures, Progress Iins npt been at
a standstill. In 1862 o British p‘ﬁr]izm'wntury g¢ommittee held ex-
tended hearings on the subject of metric standardization and
unanimously recommended that the British Isles adopt the metrice
system. Despite the esteem felt for the new system and the favor-
able attitude toward it, it reccived little more than academic at-
tention. Decades passed before scientific and other interested
groups succeeded in having the s_\'stx(i;n legalized in 1897, In 1900
ninety-six members of Parliament were in favor of a metrie bill.
A short time later the British House of Commons voted to adopt
the metric svstem exclusively, but the House of Lords rejected it
In 1904 the House of Lords passed a similar bill, but through
political manenvering the Touse of Conmmons killed it by the
close vote of 150 to 126. By 1906 those voting in Parliament for
a metrie bill increased to 414, and by 1907 interest in such a meas-
ure had further increased, so that the bill, when called for pits-
sage, Tacked but a few votes of passing,

Meanwhile, other parts of the Empire were giving expression
to their wishes. The House of Representatives in Anstralia en-

dorsed the reform for decimal weights and measures by @ vote of

thirtv-six to two. The governments of Canada, South Africa, and
New Zealand have taken an active part in the reform by declaring
themselves strongly in favor of it. Activity and agitation for the
official adoption of the new tvpe of measnres has continued.
Some critics point out that the British Isles, in their conserva-
tisni. have lagged too far behind, that they still retain the old
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 undecimalized’ pounds, 'slul}hgs pence. and farthmbs of an anti-

quated and discarded German coinage. New 1doa§\do not often
receive ready acceptance. When George Stephensoy made ajp-
plication to the British Parliament to run the first stedm railway-
in the world, he met much resistance. To show his folly Yie oppo-
sition asked, “What would happen if a cow got in the way\of your
engine?” To the ulfraconservative mind there could be only one
answer! the overturning of the train and the destruction of\life
and prope rty. Shocking was the effect when Stephenson eahi]y
replicd, "It wonld be bad for the cow.” Thus a new idea was bor
Cnanother occasion a prominent English-lord said, “We don’t
want foreign things even thongh better. We have all the best of

~it—we can understand the metrie nhits, but foreigners absolutely

cannot understand ours. We've got ‘em!” On still another ocea-
sion in the British Parliament. Lady Astor said, “Many British
legislators are still in Noal's Ark.” While the conservative atti-
tnde may be strong in some of their people, the British also have
thew guota of progressive-minded citizens who have taken an ac-
tive part in the metric standards movement.

Tt is important to note that the business and commereial inter-
ests of the British Empire have frequently declared their opin-
ions. One of their later meetings vesulted in definite action. The
Niuth Congress of the Chambers of Cominerce of the British Em-
pire. held in Toronto in 19207 adopted resohitions overwhelm-
ingly in favor of a gradual adoption of the svstem of decimal met-
ric weights and measnres thronghont all the Empire. Through
their activities during World War 1 millions of Britons had actnal
eyperience with metvie anits and were inpressed by their sim-
plicity and’ efficienev. This cansed a concerted movement to
aronse the British Parliiment to activity on the issue. The resolu-
tions cited above merddy reflected the sentiment of the time.
Thousands of petitions poured in to the British Prime Minister.
to the British Board of Trade, and to the committees on coinage,
weights, and measures of the houses of Parhament. Ttis estimated
that i the vears from 1914 to 1922 more than 100,000 petitions
were rece ived by Purliiment.

Decimal associations of the British Isles coordinated their of -
forts with the World Standardization Couneil and the American
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Metric Association. The British Decimal Association in London, -

in uoujum-lion'with the World Metric Standardization Council
- zmd_thc World Trade Club, published in 1920 g comprehensive
British edition of the booklet, Who Urges Meter-Liter-Gran?
This ‘British Decimal Association has pulﬂ{shed hundreds of use-
ful leaflets, pumphlct_s, hooklets, and reports. In addition it pub-
lished. for vears a most valuable magazine called The Decimal
Educator. The Association’s collaborators, both numerous and
eminent in British life, were drawn from thousands of concerns,
organizations, and individuals. . -
By the titc the decade of 1920-1929 was reached, the metric
advance was urged by colonial conferences, colonial parliaments,
" chambers. of commerce, trade unions and councils, county coun-
cils and town councils, educational authorities, scientific societies,
professional - organizations, agricultural associations, manufac-
turers’ associations. trade associations, thbusands of commercial
and industrial concerns, the National Union of Teachers, the
Incorporated Society of Inspectors of Weights and Measures, and
influential individuals.
_ The reader may wonder why it was not an easy matter to pass
the necessary legislation in view of such a prodigious effort put
forth in favor of it. Two or three major factors worked against
its passage. Some manufacturers opposed it because of the mis-
taker notion that it would be necessary to scrap their machinery.
_Competitors in other countries, jealous of their own advantages
in world markets, helped to fireace campaigns against the adop-
tion of the necessary legislation in the British Empire and the
United States. Numerous other reasons can be found in the liter-
ature. but the chief difficulty in the British Empire undoubtedly
can be attributed to faultv coordination between the various
legislative and exeeutive departments of the government. At sev-
eral periods of British history. concerted action would have car-
ried the metric units into exclusive use as the sole legal standards,
Following the 1920, however, other problems beset the Britons,
and interest in the wew svstem of weights and measures lugged;
therefore the British Empire is todayv deprived of the efficiency
that wordd be provided by the metric system as the onlv legal
svstem of measurement in business transactions.

.
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The progress of metric measurement in the United States has
many parillels with that in the British Empire. According to'the
Constitution of the United States, only Congress has authority to
fix and establish weights and measures. Most people of this large
and (in many ways) most progressive nation would like to see
Congress exercise that right in adopting the decimal metric sys-
tem for all activities, commercial, industrial, educational, scien-
tific, professional, and non-professional.

Thg decimal system in the United States has a long history,
exten}ing from the very beginnings of our republic to the present
time. Thomas Jefferson’s re-entrance into the Continental Con:
gress in November, 1783, was most fortunate, because our decimal
“coinage system, without exaggeration the most perfect the world
hus ever known. was established through his efforts. “The success-
ful introduction of this system was all the more remarkable be-
cause it was necessary to replace the arbitrary pounds, shillings,
and pence to which the popula.:e had been accustomed as British
subjects. Against the stolid forc: of British habits, Jefferson stood
all his life for a still broader reform; he wished to have the decimal
svstemn applied to all the weights and measures as well as to
money. Had he drawn up a declaration of independence against
the tyranny of obsolete and unfair weights and measures brought
over from Britain at an ecarlier period, he would surely have had
the sionatures of George Washington, John Adams, Beujamin
Franklin, James Mac son, Gouverneur Morris, Alexander Hamil-
ton, John Hancock, Charles Carroll of Carrollton, and other
founders of the Republic, for they all worked to that end. The
details and numerous problems of luunching the new government
doubtless lessened action on securing uniformity of weights and
measures at this time.

Had the United States of America, then a very vonng nation,
been invited along with the European nations to participate in
the world conference on weights and measures in France in 1790,
she might have secured metric standardization at the outset, as
France did.

In his message to the First Congress of the United States of
America, George Washington on Jannary 8, 1790, made the fol-
lowing statement in regard to the standardization of measures:
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- A uniforinity of weights and measures is among the important ob-+ .
jects srmitted to you by the constitution; and if it can be derived from
a standard at once invariable and universal, it must be no less honor-
able to the public council than conducive to the public convenience.

[} M .

Although Congress did not adopt world metric standardization, it
"did proclaim the superiority of the decimal system.
In 1799, the year in which France adopted -the metric system,

the United States was engaged in a “quasi war” with France, and

‘this no doubt deterred us from adopting metric standardization ..
at that time. Observant Americans, however, were ‘constautly
“aware of the advantages of standardization. Congress discussed -

it, and in- his annual message of 1816, President Jumes Madison

urged decimalized uniformity of weights and measures. John

Quincy Adams, Secretary of State, i his Report on Weights and
Measures, in 1821, foresaw world metric standardization. The

topic seldom failed of attention, and in 1847-1848 the Secretary of

the Treasury and the Superintendent of Weights and Mcasures _?
urged world uniformity on the basis of the decimal system. In

1861, Sulmon P. Chase, Sceretary of the Treasury, pleaded that
Congress act promptly in adopting international standards. Then

came the Civil War, and of necessity interest turned to other

things. ' A

On March 8. 1864, an exceptionally fine report by the British

parliamentary committee of 1862 on the world advance of metric
standardization was luid before Congress. Abraham Lincoln was
ifterested in this report. since he regarded metric standardization

as an essential measure of reconstruction. It was undoubtedly in
accordance with Liis views that metrie legislation was introduced
into hoth houses of Congress. As-a result and on the first recom-
mendation of 4 committee of Conigress, hieaded by ]()hn A. Kasson,
-which submitted an elaborate report, Congress passed the follow-
ing act on July 25, 1566: ’ ) v

An Act to authorize the use of the Metrie System of Weights and
Measires, _

Be it encted by the Senate and the Honse of Representatives of the .
Unitedd States in Congress assegbled, that brom and after the passage '
of this act it shadl he Llawful throughout the United States of America
to cploy the weishts and nessnres of the metric systen. and no con-
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tract or dealings, or pleadings in any court, shall be deemed invalid.
or liable to nb]cctum because the weights or measures expressed or
referred to therein are weights or measures of the metric system.

Probably-at no previous time was there more discussion of metric.
standardization in this country or more general acceptance of
metric units as exclusive standards throughout the world. Since
1866 Congressional committees on weights and measures which
have reported ov the subject have urged legislation for the adop-
tion of meter-liter-gram standardization.

The next step was tahen in 1876, when coinage was put on the
metric basis. It had been decimiized nearly a century before.
The new plan established the weight of a coin and it ratio to
other coins. A dollar weighed 25 grams, a 50-cent picce 12.5
grams,. and other silver coing proportionatoly, Coins made of
other metals were also metricized.

The Navy Department adopted tllc metric 9} stem exclusiv ely
for its m(‘dlcal work in 1578, "By 1894 the W Dep.ytment had
tuken the same step. That same vear the metric system was
adopted for all clectrical work. The U. S. Bureau of the Public
Health Service joined the gre ‘ng number of users in 1902
Meanwhile the new measuring cechnique was legalized for con-
tinued use in the Philippine Islands in 1909, and in 1013 it was
recognized and permanently established in Puerto Rico. When
World War I was under wav, our }:.\pc(htlonan Force by the hun-
dreds of thousands used the metric svstem, This no doubt had
much to do with the bringing before Congress, in 1924, of the
Britten-Ladd Metrie Bill. More will be said about the activity of
“that time in later par d‘fldl)]ls

In addition to adopting the metrie svstem in the instances cited
above, the United States helongs to the Internatignal Burcau of
Weights and Measures, the custodian of the world standard meter
and kilogran: to the Intevnational Postal Union, the rates of which
are based on the grani ;ind to the International Institute of Agri-
culture, which gives crop quotations in metric tons. Furthermore,
the United States emploss metric measures in International Air
‘Service Regulations: in the Coast and Geodetic Survev: in the
covernmental agencies ot the U S0 Geological Survey, the UL S
Lake Survey (War Departimenty, the Mississippi River Connnis-
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sion (War Department), the Tennessee Valley Authority, and the
U. S. Hydrographic Offices it the National Bureau of Standards;
and in the Bureau of-Cheniistry. R

Metric weights and measures are used exclusively in some fields
“and almost so it others. Persons familiar with the related areas of
science know of the esteem held for, and the use nade of, scien-
- tific metric measurement in such ficlds as ehemistry, physi‘(-s, and
dictetics. Many hospitals and factories throughout the country
have already adopted the system and in many cases have used it
for vears. The American jewelry trade in 1913 adopted the metric
carat of 200 milligrams and practically overnight began its use.
In the following vear similar action was taken in Great Britain.
The optical industry has found the metric svstem most useful
l)vczmsg lenses can be grmmd to fhe same standard no matter
in what Country” the prescription originated. The international
Olvmpic Games athletic events are now measured, and results are
published. in metric unjts. Radio wave lengths are measured and
recorded in meters and other metrie units. At a conference in
1926 of the International Air Traffic Associatiop, an international
air consignment note for freight was adopted which required the
nse of metric weights and measures. A new Wzl)'fqill was intro-
duced to conform to the adoption. Tt seems apparent that metric
usage is ever on the increase and that sooner or later (and pref-
erably sooner) the British Empire and the United States should
take the final step to use of the metrie system exclusively for all
weights and measurements. :

Following World War I activity reached a peak on behalf of ex-
clusive use in this country of the nietric svstem of weighty and
meastres in all transactions, both national and international\In-
dividuals, associations, educators, clubwomen, bhankers, editors,
raanufacturers, businessmen, professional men and women, con-
eressinen. and legislators by the thousands were actively sapport
ing the anovement. Publications, periodicals, pamphlets, news-
paper articles, and editorials by the hundreds were appearing in
support of the same project. Onlv a glimpse into the extent of
these activities can be afforded here.

The World Metric Standardization Couneil (San Franeisco), in

cooperation with the American Metric Association ( New York),

r
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and the British Decimal Association (London) and other organ-
izations did an immense amount of work in providing publicity
and in attempting to coordinate effort. Much aid came from na-
tional organizations such as the American Association for the
Advancement of Science, the American Chemical Society, the
National Wholesale Grocers Association, the American Pharma-
ceutical Association, the United Commeércial Travelers of Amer-
ity the National Council of Mothers and Parent-Teacliers Asso-

ciation, and the Foreign Trade Club of San Franeisco, which for

several vears participated in the world stundardization movement
under-the broader title of World Trade Cluby, and many others.

So important was the question before the nation that the Cham-
ber of Commerce of the United States, with 1.400 of its member
organizations, appvinted a special committee on the metric svs-
tem. This committee studied and reported upon the proposed
transition to the world standard weights and measures. On the
basis of this committee’s report a nationwide discussion and ref-
erecndum was recommended to crystallize the opinion of Ameri-
can business npon this imp()rt;mt tyvpe of progress. Meanwhile
other organizations and various means of communication were
active, Congress received from organizations, associ~*jons, and
individuals over 103.000 petitions urging enactment of the metric
standardization hill. These were placed on file with the Depart-
ment of Commerce in Washington, D. C. Many of the petitions
were from organizations having hundreds or thousands of mem-
hers. so that all together several million individuals were repre-
sented.

Lt 19210 the states of California. Hlinois, North Dakota. Ten-
nessée, “and - Utah, with combined  pepulation of 20,000,000,
through their state legislatures memornalized Congress to adopt
the metric system. Other states which had previously made their
wiches known were Comecticat, Maine. and New Hampshire.
Since the metric svstemr has been adoptea in the sciences
‘whether we have war or peacel—in medicine, pharmacy, optom-
ctrye photoaraphy. phvsies. chemistry., seismology, astronomy,
(-I(-(-tricit.\. microscopyv. aviation, and similir areas-—it seems nat-
ural that we vo o step farther and inelude these units for busi-
ness. education, and life.
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Seven Congressional committees on coinage, wcights, and
measures in the past have reported in favor of the adoption of
metric standards by the United States. None of the comniittees
has ever reported adverselv. The Stone Metric Standards Bill
‘successfully passed two readings in the House of Representatives
in the Fiftv-fourth Congréss. The bill was recommitted to the
committee after these readings, however, and for this reason failed
of passage. T |

American manufacturers are among those interested in metric
units. The National Association of Manufacturers, with the force
of its membership of more than seven thousand leading concerns
in America, strongly supported metric standardization. Through
its committee, popularlv known as the Carnegie Metric Commit-
tee because of the prominence of one of its members, it distrib-
uted much information and wielded much influence throughout
the world as well as in America. With cumulative force the met-
ric movement grew, and organization after organization entered
into the-activity to secure for the United States of America the
advantages of the logical decimal units and world uniformity of
measures,

Prominent among the organizations which have worked con-
sistently for the same cause is the Nvational Wholesale Grocers As-
sociation. On October 27, 1921, a representative of the association
appeared hefore the United States Senate committee holding
hearings on the metric svstem. He informed the committee that
his organization of 870 of the largest fivms and corporations in the
grocery business in the United States emploved 275,000 people,
did Dusiness in excess of “$3,000,000,000 annually, and for ten
consceutive vears had passed resolutions unanimously in favor of
the immediate adoption of the metric system. :

It should prove interesting to the reader to sce a short list of
the organizations that have given support in one form or another
to the movement for metrie standardization in the United States.
Unfortimately, of the huudreds that might be listed, only a fow
can be cited. These are taken from the book World Metric Stand-
ardization.” in which is compiled a large amount of valuable in-
formation on the metric movement.

! See the Bibliography at the end of this article.
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Some’ of the National Organizations in the United States Urging
Gradual Metric Stanck(rdzzatwn of Weights and Measures

- *

National Research Council .
Associated General Contractors of America
United States Sugar NMamifacturers Association
National Salt Producers Association

National Association of Loose Leaf Manufacturers
National Paper Box Manufacturers Association

National Ornamental Clags Manufacturers Association
National Manufacturers of Soda Water Flavors

National Retrigerator Manufacturers Association

National Tent and Awning Manufaeturers Association
National Sewing \Luhmc Manufacturers Association
National Mirror Manufactirers Association

Association of Flower and Feather Manufaeturers of America
American Walnut Manufacturers Association  °
American Spocmlt\ Manufacturers Association

National \I.muhldmmg Perfumers Association

National Box Board Muanufacturers Association

National Association of Printing Ink Makers

The 4-One Box Makers Association (National)

National Wholesale Grocers Association

Retail Grocers Association of the United States

National Q.’umwrs Association

Natiogal Presery ers and Fruit Products Association
American Institute of Architeets

National Institute of Inventors

Periodical Publishers Association of America

American Association of Foreign Langnage New spapers
National Association of the Motion Picture Industry
Associated Motion Picture Advertisers

Nutional Associvtion of Music Merchants

.
.~

Music Industries Chamber of Commerce of the United States of

America
Nutional Scale Men's Association
National Consumers League
Dational Consumers Co- -operative Association
National Federation of Federal E amplovees
Commercial Union of Ameriea
National Association of Clothicrs
American Wholesale Ganment Association
National Shoe Wholesalers Assoctation of the United States
Millinery Chamber of Commerce of the United States

Millinery Jobbers Association

LY
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National Jewelers’ Board of Trade

American Woods Fxport Aksociation

American Wood Preservers Association

National Associafion of American Wood Pulp hinperters
American Metric Association®

American National Conference ou Weights and Measures

"Common Commercial Language: Committece

United States Section, International High Conuuission
Franco-American Board of Commerce and Industry
Alliance Frangaise

National Federation of French Alliances

Norwegian American Chamber of Commerce
Swedish Chamber of Commerce of U.S. America,
Hollund American Chamber of Commerce

American Society of Equity (Agricultural)

National Efficiency. Society

American Society for Testing Materials

Railroad Yardmasters of America

American Warchousemen’s Association

Agassiz Association {National scientific organization)
Association of Amateur Scientists '
American Association of Anatomists /
American Entomological Association

\Mathematical Association of America

American Numismatic Society

American Genetic Association

" American Physical Society

American Federation of Human Rights

American National Food and Dairy Association
National Conference of Food. Dairy and Drug Officials
National Wholesale Druggists Association .
National Association of Retail Druggists

" American Pharmaceutical Association

National Pharmacentical Service Association
National Drug Trade Conference

American Drmg Manufacturers Association
National Association of Drug Clerks
American Nutses Associatiofi

American Medical Trade Association
American Surgical Trade Association
American Academy of Medicine

American Medical Association

American Association of Pathologists and Bacteriologists
Anerican Optometric Association

3 Now named the Metric Association.

45
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Independent Order of Foresters - .
Knights of the Golden Eagle
Modern Brotherhood of America
United Commercial Travelers of America
Travelers’ Protective Association of Amerjca .
- National Congress of Mothers and Parent-Teachers Association
National Child Welfare Association _
National Kindergarten Association -
ational Women Lawyers Association
War Mothers of America ,
National Council of Catholic Women .
National Catholic Welfare Council _ :
Rainbow Division Veterans '
National Association of Naval Veterans
Electrical Manufacturers Export Assuciation
American Institute of. Electrical Enginecrs o
National Association of Electrical Contractors and Dealers
Institute of Radio Engineers
American Institute of Chemical Engincers '
Institute of Makers of Explosives
American Association of Pharmaceutical Chemists
American Electrochemical Society
Society of Chemical Industry .
American Chemical Society
~ Association of Offic# Agricultural Chemists
~Association of American Agricultural Colleges and Experiment Sta-
tions . ) ’
National Academy of Sciences
American Association for the Advancement of Science

The foregoing national organizations are themsclves composed
of many local and state organizations: hence the combined weight
of their influence represents many millions of members. Follow-
ing are some international organizations that have also officially ex-
pressed a desire for metrie standardization. '

World Organizations Among Those Urging Gradual Metric
Standardization of Weights and Measures®

League of Nations
International Red Cross
Pan-American Financial Conference
Pan-American Federation of Labor
P World Marie Standardization. See the Bibliography at the end of this article.
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Pan-American ‘Commercial Confererce”

. Pan-American Scientific_Cofigress
Inter-Ameritan High Commission \
Customs' Congress of the American Republics
International Postal Congress
International Electrical Gongress
International Institute of Agriculture
.Ingernational Brotherhood of Electrical Workers
International Metallwggical and Chemical Society :
International Geneva Society of Hotel and Restaurant Employees
Inter-Allied Scientific Food Commission \

Inter-Racial Council ‘
International Correspondence Schools

- International Map Committee
Babson'~ World Statistical Organization
World Bureau of Weights and Measures
World Metric Standardization Council-
World’s Sunday School Association :
International Esperanto Associition .
International 10007 Club (United States of America and Canada)
Northern White Cedar Association (United States of America and

Canada)
International Association for Exports

The American Metrie Association was organized December 27,
1916, at Columbia University. The first organizaticns to becone
members, offer financial aid, and otherwise lend their support
were the Nationak Wholesale Grocers, National Canners, Ameri-
can Chemical Society, National Wholesale Druggists and Nu~
tional Retail Drusaists, American Pharmacentical Association,
American Drug Manufacturers, and the American Association for
the Advancement of Seience. As the movement grew, individuals
from practically every profession and corporation joined in in-
creasing numbers. Through annual conventions and publications
in the 1920%s education and inflence were on a high plane. Met-
rie leaflets, charts, rulers, crossword puzzles, and so on, were dis-
tributed at meetings and com entions and mailed to inquirers.
Over 30.000 copics of the bovklet Metric Weights and Measures
were sold by 1925, and a fourth edition was issubd, revised and
enlarged. Fxhibits were promoted at scientifie and professional
conventions. Lectires were given to all kinds of groups. More
than fifty writers of arithmetic textbooks were asked to cooper-
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ate by supplving metric materials in the hooks they wrote. Prizes
for debates on the subject of metric measures were offéred to more
than six hundred colleges. The Metrie Association also had tech-
nical staffs to aid manufacturers who wished to make the change
to metric units. > ‘ _

It would appear that nothing stood in the way of placing the
United States on a metrie standards basis, but history l.ms shown
otherwise. The opponents of the metric svstem were relatively
few—onlv about | per cent in the case of the petitions, number-
ing more taan 100,000, received by Congress in this connection.

“T'he chief deterrent in the United States during the 1920's appears

to have been a lack of appreciation and understanding of the true
nierits of the metric system. Prejudice, Indifference, and adverse
lobbying doubtless had much to do with our failure to secure the
neede legislation during this period. The 1929 crash and pro-
longed depression, followed by preparation for war and partici-
pation in World War I, later forced «ffention in other direetions.

Nevertheless, education in the metiYe system of weights and
measures has continued through the vears, and increased interest
on the part of various individnals, groups, and or®anizations has
become apparent. Tn 1932 the Amateur Athletic Unionr of the
United States adopted the metrie svstenn, This action was taken
Lurgely as-aresult of the Olvinpic Games, which were held in Los
Angeles in that vear and which are alwavs condnceted in metric
terms, and throngh the work of A. C. Gilbert of New Haven, Con-
nectient. @ member of the Olvipic committee.” All outdoor na-
tional track championships are now conducted in metrie dis-
tances. ~In 1944 the Conneil on Pharmaey and Chemistry of the
American Medical Association decided to adopt the metric svs-
tem exclusively mits publications. The United States Pharma-
copociit will he rewritten in metrie terms. §0 a recent survey of
fonr preseription pharmacists in Chicagn, one reported that 23 per
cent of the preseriptions were written in the metric svstem, asec-
ond reported 40 per cent, a third 70 per cent, and a fonrth 75 per
cent. A nnmber of phyvsicians used hoth the metrie and apothe-
caries” units in preseriptions. The American Druggist has said,?

< Reprivted from the Mardhy T9FE isane of Amcrican Digevist by special per-

“iission of the publislpers.
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“The end of confusion is near because the recent action of the,
AMA opens the way for unjversal adoption of this system.” Let
us hope that the Congress of the United States and the President
will soon enact into law a metric standardization bill. .

It is interesting to note the connection between wars hnd the
metric system. : War hastens trends and precipitates change. First,
the French Revolution brought about the advent of the metric
svstem in 1799, After the Prussian War in Eﬁrope in 1871, Ger-
many, Austria, Hungary, and their dependent colonies adopted
the metric system, almost doubling the population using metric
measurements. In 1866, after the Civil War in this country, the
system was made legal by act of Congress. In 1920-1921 after

Vorld War I the metric system was adopted for official use by
Russia, China, Turkey, and Japan—thus the populz't'iou'which
was on'a metric basis was more than doubled. It is to be hoped
that the experiences of World War II will bring about further ad-
vances in the metric standardization of measures.
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2. The System at Work

LVALUATIONS  AND ENDORSEMENTS
\ ' OF THE METRIC SYSTEN BY USERS 1N
WIDELY VARIFD FIELDS OF ACTIVITY

I'Idu'cation
Slmll \\ ¢ Educate Our (Jlul(lwn tfor Efficiency?

JOY ELMER MORGAN

Cue.orex cannot be taught to be efficient by using clumsy tools
and processes in the schools. When the schools take two h(mls to
present what should be taught in one, the loss is greater than the
mere time involved, for the chances are that the child will go on
through life taking two hours for what could be better done in
oue. Hewill be satisfied to be a second-rater when the power is
his to be a first-rater. Aritlietic is one of the foundation stones
of the common school curriculum. The power to measure easily
and acenratelv and to make caleulations about the materials he
uses is important to the success of any mdnldual Without that
power to measure and compare values he is a slave to what others
tell him—the victim of an incomplete edncation.

Jnst now a mastery of measnrement is vspvciu"_\' important be-
cause human relations have been greatly extended and accurate
measurements are used at nany p()ints' where ZUOSSEeS Were s sutis-
- factory in a simpler period of life. There is no Sd(l(l(l spectacle in
America than the effort to teach more than 20.000.000 school ¢hil-
dren to inderstand and nse units of measarement which adults
do not and cannot remember. sltis one of the first Taws of the psy-
chology of learning that fucts are best remembered i association.
Our mnddle of English units totallv ignores this Taw. The metric
units, on the other hand. are built npon natiral associations. The
child is simply taught the meter and its subdivisions. He is taught

1 .

ot
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that a cubic measure one-tenth of a meter each w a) is the world
quart and that this world .quart filed with water weighs 1 kilo-
gram. With these easily remembered relationships and a few pre-
fixes and suffixes he can solve any problem in length, volume, or
w (‘I‘Tht accuratelv and ¢uickly.

Sofe people have derived a wrong impression of the mvtn(-
svstem from the practice in certain older school arithmetics’ of
teaching each metric unit with an cequivalent in English units. '
This keeps the child’s mind on words and not on the actual task
of measuring things. Give hima metric reler, a world quart meas-
ure, and a set of scales marked with metric units and*set him to
work on concrete objects and anv child will learn to use the met-
ric svstem in an hour, as hundreds of thousands of students are
doing in high school and college every vear when they take up
the stud\ of the sciences where the metric svstem is the recog-
nized standard. .

There is another important pedagogical problem in measure-
ment. Arithmetics used to abound in what were called compound
denominate numbers. Children added, maltiplied. divided, and
subtracted uantities expresserd in such series of units as barrels,
gallons, quarts, pints, and gills. For cach set of measures the child
had to learn how to cary over totals to the next higher units. The
task became so deadiy as a school pmhl( m that calculations of
this kind, which are rmll\ valuable in life, are being banished
from school texthooks. Qur top-heavy measuring tables have al-
readv broken down in the schools. On the other hand, the metr
svstem recognizes that the mathematical caleulations of the’civi-
lized world are based on a svstem of tens, each of which is given
a place value when it is written. Take, for example, the figure
1,926. The first place at the right is given to units, and cach place
to the left multiplices the v alue by 10 up through tens, hundreds,
thousands, and so on. Every child in ev erv conmtry learns these
relationships and uses them casily.

Few people seem to appreciate or realize what « tremendous
amount of simplification would be effected (hoth for onrvselves
and our children) if operations in common fractions and denomi-
nate mnnbers conld be carried out under the same rules as those
voverning whole nuwbers. If the child works out the following
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problem in addition, he adds the four 6's, gets 24 as the sum, and
carries the 2 over to the tens place.

1926
1926

@

1926
1926

In metric measurements these relatlonslnps remain the same, a
fact which means that if a child is adding or subtractlﬁg\these

decimal units he carries over just as he .would in ordinary num- -

bers. If, on the other hand, this sum of 24 represents inches, the
child must divide by 12 before carrying over. If it represents
ounces, he must divide by 18. If it represents quarts, he must di-
vide by 4 to reduce to gallons, and so on through a whole series of
unrelated ynits, No wonder that the lack of sense in the arrange-
"ment often so discourages the child with his arithmetic that his
entire schooling is made a bugbear and he enters adult life with
a seuse of depression and inferiority! '

To get a simple basis of comparison, take a problem from a

French textbook showing what the Frenck child learns and com-.

pare it with what an American child learns. :
We ask an American school child to calculate the volume of a
cubical tank 6 feet 9 1/2 inches each way, filled with water. We
ask the French school child to calculate the volume in meters and
the weight in kilograms of a cubical tank 2.07 meters each way,
filled with water. The French child puts that down as a purely
decimal proposition. He works it out by using forty-four charac-
ters and manipulating those decimels. The English or American
child, in order to get the answer, has to write down and add up
and divide and work out 243 characters, multiplying by that plan
the possibility of error in writing the wrong characters and add-
ing that much to his labor. The first child calculates the volume
in cubic meters and then knows that a cubic meter contains 1,000
liters. He simplv moves his decimal point over three places,
which he has alreadv learned to do in the decimal system.
Exhibit A. What the French Child Lecrns. Given a cubical
tank 2.07 meters cach way, filled with water. To find: 1. Volume
in cubic meters. 2. Volume in liters. 3. Weight of water in kilo-
grams.




~

54 THE METRIC'SYSTEM .~ « |
L. Multiplying width by l'ongth by heightythe child gets: ‘l
20 0 T L
_, 1449 .
De 44
12549 : ' ‘
2.07
) T agy943
' S3698

C8.869743 cubic meters

. Since there arve 1,000 Titers in-1 cubic met er, the child multi- .
'plus by 1,000, by merely moving the deciinal point three places,
gcttm(r the second result’s. 869,743 liters (world quarts ),

3. Since a liter of water by definition weighs 1 kilogram, the
(lnld merely changes the name, writing 8,869.743 kilograms.
1t should be noted that the child can reduce anv of these re-
sults to farger or smaller nnits merely My moving the decimal point
to the left or right vespe: ctiv e v, The child thus understands eisily
not only the units of “cach table, but relationships between the
units in the ditferent tables, -

Exhibit B. What the American Child Learns. Given, a cubical
tank 6 fet 9 1 2 inches cach wayv, filled with water. To find:
L. Volindyin cubic feet. 2. Volume in gatlons. 3. Weight of water
in poinds, '

The child first retluces 6 feet 9 1 2 inches to 81.3 inches. tIl(,ll
nltiplies width by lengii by height:

* S15
S1.3
4073
§15
(520
6(-42.25
515
3321125
664223
3313500
341343375 cubic inches

L. The child then divides by the number of ¢nbic inches in
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1 cubic foot ¢ 1,728, a figure which is not easy to remeiber) to got
the first resull—the sohume in cnl)ig‘ foet:
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313.277 (plus) cubic feet
1725 1 541343.375 ' d
3184
224.4
1728
5663
3154
4793
3436
13377
12096
125153
12096
CTI ,

2. To vet the volume in gallons, the ¢hild divides the total nume-
bher ot cubicinel v in the tunk (341.343.375) ])_\' the ntnuber of
cubic inches i T aallon 231, another figure not easy to retem-
ber i,

(plus) gailons

Gv3
1001
924
T OS03
643 ¢
IS
9o
1797
1617
15053
1617
188

To aot the weicht in pounds. the child mudtiplies the nom-

-
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ber of cubic feet by 62 1/2, the pounds in 1 cubic foot of water.

313277 (plus) cubxc feet
62.5

1566385

626554
1879662
19579.8123 pounds

Note that if the child wishes to rednee any of these results to
larger or snmllcr umts he must multiply or divide by such clumsy
equivalents as 27,.1, 728, 4, 8, and 16. There is also an inaccuracy
of about 11 poundq owing to the dropping of clumsy fractions.

This is but one type of problem. There are many others which
must be taught if the child is to he able to calculate in various
kinds of measures. These other types involve addition, subtrac-
tion, multiplication, division, and reduction to larger and smalier
units in cach of the different and unrelated tables of measure:
length, area. and volume, capacity, weight, liquid, and dry.

The result is that the American child learns less and takes
longer to do it than his I‘unch or German cousin, Because of
poor tools he is not able to deve’ >p the skill in handlhlg nicasures
that is enjoved by children in countries using the metric system.
Comparatively fow grown men and women in Anierica can give
easily the various tables of measures used in our daily life.

These are not iheorics. They are plin facts that anyone can

inderstand. I have learned both systems. I have taught both Sys- -

tems. “When T began studying science in high school, we learned
all about the metrice svstem in fortv minutes and used it thereafter
in onr calculations. Teachers who know these things should make
their influence felt. Every adult owes a debt to the children: to
make their path easier by applving what his experience has taught
him. Meany of the patriots of one hundred and fifty years ago who
worked to give this country political freedor . advoeated the use
of the metric svstem. As th('\ strove for political freedom, let
every teacher, ev ery parent, ‘md every statesman work to free the
American school child from antiquated weights and measures that
now hold more than 20,000,000 cager learners in a form of intel-
lectual slavery.

I

/
I
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Comments and Resolutions on the Metric System
JOUKNAL OF THE NATIONAL EDUCATION ASSOCIATION

I ay thoroly in favor of the widest possible use of the metric
svstem in education, industry, and everyday life. It is scientific,
logical, and easy to use and furnishes a necessary base for inter-
national cooperation in science and industry. The use of the niet-
ric system thruout our life based on a thoro teaching of the sys-
tem in our schools would be & great advantage. It would simplify
the work of education. Children are confused and delayed in
their learning by the miscellaneous and clumsy tables that have
grown up in our English and American usage. If we will substi-
tute the metric system children must be brought to understand
not only the systeru itself which is relatively simple, but also the
diffienlties of nuking the change from present measures over to
the metric scheme, and the great advantage of making that
change. '

Jov Elmer Morgan

Editor
Jrne 13, 1916 )

U, S COMMISSIONER OF EDUCATION

Tu universal adoption of the metrie systen of weights and meas-
ures would pose no great difficultics for the schools. Tudeed, if
the schools were to teach ouly the relatively simple metric sys-
tenn, the tash of teachers and of students would be inmeasurably
lichtened.®

J. W, Studebuker

FHE NATIONAL SCIENCE TEACHERS ASSOCIATION

Ar Prossercron July A, 194, the National Science Teachers As-

sociation made the following resolution its fivst picce of business.
'y

* Koprivtedd fre s Thiy Week NMoazvzine, Apnl 16, T9HEL Cops vicht, 104 Iy the

Frnted Newspope s Moetane Gorporation, By pornnssion of This Weok Maasne
anel ot _I Wostnde bk
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Metric 1(-\()lutmn adopted by the Association nnaniniously .

Wiikneas, the present practice in the United Stites involves the
use of many and varions methods of measnrements which in total
are a u)n(flmm ration which is enmbersome to learn and unwicldy
to use, and ¢

Wikkeas, the metrie svstem furishes the most simple, self-
related and convenient anits which mav he handled in decimals
—just av iy o monetary .s‘\.\tun—au(l

Wikgkas, practicady every country in the world, except the
United States and Great Britain, has, long since converted to the
metrie system l)i')tlu-intc.-nmll_\ and internationally, and

Whikgeas, in the Uidted States many indnstries (e.g.. electriead.

Americar Medical Association, United States \nm———dl)mu 90 )
have already adopte (l the metric svstem. and

Wieneas, the majority of inen in service and wany of those in
lll(]ll\ll\ are already familiae with the metric svsten, and

Witkreas, at the time of retooling after the war it will he mnch
Jess expensive for industey which is not already using the metric
ssstem to miahe such comersion. and
- Wi i international relationships, especially trade, it will
be of obvions value to nse the swne systen nsed by other wtions
{enee pt Coreat Britadny for p(nnd\ ranging from over twe nt\'
vears to over i centuryg

Therefore be il resolved. By the National Science Teachers As-
sociation. central oroanization of aronps of pmpl(- interested in
seicnee and inedncation in these Cnited States, that this orgun-
ization hereby orees Congressional action for post-wir uational
acoption of the metrie system of measnrements,

Farthermore. the Association is hereby empowered to tidhe any
Il(‘('('\\.ll'.\. action to promote the purpose of this resolution.

! Draow ap sand lm-\(-lm-(l |))
Havold W, Baker

Reprosentatives of the Westinehonse orcanization. present
this wctions were guick o evpress hearty approval. Alsoo the
Bovrd of Divectons of the Nationad Fducation Association. when
l'Hf‘Hl'Hl-('(l ot this action of the National Science Feachors Associa:

tion, v e then support,

-

e e
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THE CENTRAL ASSOCIATION _
OF SCIENCGE AND MATHENMATICS TEACHERS

AT A GENERAL session of the meeting of the Central Association of
Science and Mathematies Teachers held at C hicago on Novem-
ber 941, the following resolution was presented and unani-
= mously adopted by the members present.
~ This Association. now nearly a half century old, comprises np-
ward of 1000 active members. Through its otficial journal, School
Scignee and Mathematies, it has contacts with many times that
number in all p\f‘ts of the United States and in several foreign
conntries. This jowrnal has in the past published many agticles
fav oring a more universal use of decimals and the metrie svstem.

Wikkeas, the advantages ot the metric svstem, well known to
scientists and mathematicians.- would be in harmony with the
simplification_procedures which will he a part of the post-war re-
constrnction program, and

WhEREAS, the metric sV stem reduces all ne cessary c()mputatl(m
in measurement to the operations of whole numbers, thereby
greatly simplifving the learning of arithmetic by children, and

Wikrkas, there has been a 1(mg, steady trend in metric adop?

“tion by 33 of the 37 countries of the \\mld. and

Wihkreas, there is no probability: among the nations now on i
metric basis of going back to the Fnglish svstem, thus necessitat-
ing the use of two systems with the accompanying inconvenient
and time-consuming inter-conversions instead of one siniple sys-
tem. and

Wieneas, the close of this war will furnish an opportunity
never hefore presented. when enstois and habits have been torn
loose from their ruts:

Therefore be it resolved. That the Central Association of Sci-
ence and Mathematios Teachers go”on record as favoring some
form of Tegislation for immediate metrie wsage in those Tines most
feasible for metric adoption,

l)mx\n up and presented by
. T Johmson
Ve mlu r. Board of Dircctors

Contral Association of Scienee
and Mathematios Teachers

RIC
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The resolutions b}" t,eucl?ers" associations given here are repre-
sentative of the general interest among such bodies in the promo-
tion of a wider use of the metric system in the United States. This
supports the idea held by many that the movemént for metric re-
form should start in our schodols.
2 CONNECTICUT VALLEY SECTION.
ASSOCIATION OF TEACHERS OF
MATHEMATICS IN NEW ENGLAND

C. H. Sedgewick, President Elizabeth Speirs, Treasurer
Helen Wright, Vice-President  George E. Frost, Sccretary
Tue following resolutions were unanimously passed at the Spring
Meeting of the Connecticat Valley Section of the Association of
Teachers of Mathematics in New England, April 18, 1946, held at

Northampton High' School, Northampton, Massachusetts.

WiikRreas, The present systems of measurement in the United
Siates are cumbersome to learn and unwieldy to use, and _

Whugereas, The metric system reduces all necessary computa-
tions in measurement to the operations of whole numbers, thereby
simplifying the learning of arithmetic and the use of arithmetic in
computation, and ‘

Wigegeas, The clectrical, radio, jewelry and optical industries,
the American Medical Association, the national and international
sports organizations, and the United States Army are now using
the metric system in whole or in part, and

Wiiegeas, The metric system has been adopted by 53 of the 57
countries in the world:

Be it resolued, That this association go on record as favoring
legislation by both the federal government and the various states
tor immediate adoption of the metric svstem throughout the
United States, and

Be it furtheg resolved, That this association is hereby empow-
ered to take necessary action to promote the purpose of this reso-
lution.

EFliot P. Dodge, Chairman

Wallace R. Bartlett
Alfred K. Mitchell
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. Science

Let’s Be Scrupulous About Our “Scruples”

R. W. MATTOON

In 1821 John Quincy Adams prophesied that “the meter will sur-
round the globe in use as well as in multiplied extension; and one
language of weights and measures will be spoken from the equa-
tor to the poles.” Now, over one hundred years later, the metric
system is used in common practice by all major countries of the
world except the English-speaking ones. ,

All physical measurements can be expressed with appropriate
combinations of the fundamental concepts: mass (m), length (1),
time (t), and temperature. For example, acceleration has the di-
mensions 1/t%; force is ml/t?; and electric current ( in the electro-
static system) is m'/21*/*/t*, The quantitative specification of a
measurement is expressed as the product of a number and the
units of measurement. Thus 5 centimeters per second is the same
speed as 3 meters per minute, '

Because nature seems to behave consistently everywhere, the

science of phvsics is universal. With the acceptance and use of
the single metric system of units, the language of physics has been
made international. One of the very few exceptions is the follow-
ing: in dealing with ruled diffraction gratings, English-speaking
physicists usually refer to the number of lines per inch, instead of
per centimeter, because their gratings probably were made with
an integral number of lines per inch. But in practice the number
of lines per centimeter is demanded. Spectroscopic wave lengths
are never expressed as fractions of an inch.
* The metric units are aghitrary but standard. Larger or smaller
secondary units vary as powers of 10. The prefix milli- stands for
0.001, centi- for 0.01, and kilo- for 1,000. The kilogram is defined
as the mass of a certain picce of platinum-iridium. The meter is
defined. as the distance between two lines on a certain bar of
platinum-iridium at the temperature of melting ice. The second
is defined as 1/86,400 of the mean solar day.

In the English-speaking countries, there are many special units
of measurement, and their terminology is confusing. As an exam-
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ple, druggists have their own units of niass, one of which, still
- used oceasionally, is the “seruple.” The following table, in which

are listed the equivalents of some other English units of mass.

‘ " shows a hodgepodge of ratios.
. 0.05 apQtheearies” scruple = 1 grain
0.15432356  apsthecaries” seruple = 1 carat
1.2 apothecaries” seruples == 1trov pennyweight
L367I5T  apothecaries’ seruples -- Lavoirdupois (common) dram
(mass)
3. apothecaries” seruples - - Lapothecaries” dram (mass)
- 21875 apothecaries” sernples - 1 avoirdupois (common) ounce
: (mass)
24, apothecaries” seruples - Tapothecaries” (or trov) ounce
(inass)
2588, - apothecaries’ scrupl(-.s - Tapothecaries™ (or trov) pound
350, apothecaries” seruples 1 avoirdupois ( common) pound

» This table heeomes very imnch sinlplvr if one converts to grams
by using

Fapothecaries” seruple - 1.2939784 grams
or Lavoirdupois Ccommon) pound - 433.5924 grams

and then merely uses the metrie units:

LOOO milligrams - 1 gram '
1000 grams I kilogram
. - The apothecaries and in fact the members of the entire medical

profession, are now rapidly converting to metric units.
T vegard to Tengths, the inehvis equal to 254 centimeters for
all practical purposes. In the metric svstem:
Fomillimeters 1 eentimete

100 centimeters Fmeter .
1.OOO nieters I Kilometer,

When dealing with volumes in the Fnglish svstem, one munst
remember that £200942 Cuited States gallons 1 British impe-
riad vallon. The relations between gallons, quants, pints, gills, and
Hidd onnees wre confusing, Then too, there are fluid onnees for
voluine, avoirdnpois ounees tor mass. and trov onnces for mass. all
HECOtnn practices Tt is mach casier to remember nnl_\' that

FOOO cubie centimeters ¢or milliliters) I diter

O
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Fortunately, the whole world accepts the second as the upit of
time. However, the international custom of naming the hours up
:R)' 24 instead of denoting aast and-pat would be a “timesaver.”
Aho. endless confusion would he minimized by the adoption in
1950 of the world calendar-proposed by Flisabeth Achelis of The
World Calendar Association, Inc!!

The centigrade temperatnre scale, suggested by Celsius in
1742, is rational. The temperature at which water froezes means
much in our living. for helow that point inland shipping ceases,
drinking water freezes, precipitation chianges to snow, and walks
and streets become slippery. It is most appropriate to call this
temperature zero: then o negative temperature denotes freez-
ing, whereas a positive one does not. Likewise. the temperature
at which water boils s important. and it is convenient to denote
this temperature as 100, Fahrenheit in 1714 chose zero as the
lowest temperature obtainable with a salt-ice misture (but it
wisti't quite V. and 96 as the normal Innman temperature (we'd all
be sich! 1. There's nothing unique abont 32 or 212 Falrenheit,
soletsuse 0 for the temperature at which water freezes and 100
for the temperature at which water hoils.

The United States and Canada have a decimal monetary sye-
tem. The cadorie is replacing the British thermal unit. Labels on
camed goods and hoxes are being marked also - in grinns and
liters. The world is steadily: growing sialler. Let's ¢o metric,
step by step.and be serupulons about onr ".s'crllph‘s."

The Metrie Svstem in Chemistry

HEAROL D W BARER

To sayone workine in the field of chiemistiy, a change to exclu-
sive s of the metrice sostem wonld heavers sinple matter—and
wore than welcome. Elimintion of non-metric units would facil-
date l)l'.l('ti(';l”_\ eVery um)li(-;ltiun of measurements in relation to
(']1('mi~.tl'_\.

The size or type of nnit of measnrement s amatter of indif-
ference to the prodieer of raw nterials. The railroads or other

Pt oo Boddioe, 650 Fiith Avonme, New York 200 N YL
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common carriers either are using metric measurements or could
make the conversion with a minimum of difficulty. N

Cheinical manufacturers are already using metric measure-
ments to a lurge degree. All their forcwn trade cxcept that with
British countries re¢juires metric units, and now that the medical
- profession demands standardization on a metric basis, there is
little field left for use of other measurements for chemicals. All
of the metric units are convenient in size, and conversion seales or
factors are a simple solution for making the change to complete
use of the metric system. Specific gravity is itself a metric unit;
the old use of density is rapidly fading from the picture.

Any sllght amount of equipment which the manufacturers
would have to replace or recalibrate would be fairly well worn
out within the suggested ten-year conversion perlod In many
cases there would be no groater need than a replacement scale of
metric units.

Merchandising of chemicals to the average purchaser would ac-
tually be facilitated bv the use of metric units, because of the’
51mphC1ty of the decimal multiples. In school laboratories it
would be extremely desirable to eliminate the confusion cansed
by other than metric units. The writer cannot recall a single in-
stance in over thirty vears of chemical work wherein anv other
units would be as convenient as those of the metric sv sten.

In caleulations dealing with gas volumes, the metric svstem s
standard. In computation of percentages for any purpose, the
decimal svstem saves work and possible confusion. Volumetric
and gravimetric measurements_are all metric. >

We could dispense entirely with the Fahrenheit temperature
scale. Tf necessarv, a conversion table or equivalent scale could
be used until all vestiges of Fahrenheit use have disappeared. In
this field, as in all ()thels standardization npon metric units would
mean simpler and more exact calibration of instruments: such in-
struments could thus save time and ¢ give more trustw 01t]1\ results.
Then. too, there wonld be no problem of conversion of units as i
an unwieldy, unscientific English svstem,

Mentioned elsewhere is the definite double saving of time and
effort that weuld result if the metrice svstem were the only one
tanght in our schools Fractions wonld l)owmc /ds they are in .
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chemical problems—merely indicative of divisions or proportions.

It is interesting to note that clectricity, radio, and medicine use
metric nwasurmnents exclusively. If the various industries which
have already converted to the metric system have found it a finan-
cial saving within a short time, cclt‘nuly other industries would
similarly proﬁt by the change. The U. S. Coast and Geodetic Sur-
vev used metric measurements for its recent job covering the
cmmtr\ We even have to pay our’taxes on the decimal sy stem!

Onl\ the British melrc and the United States have been back-
ward in this matter. Are we going to be blind enough and stub-
horn enough to forfeit our share of world trade to the countries
which are smart enough—yves, almost every other country in thc
world—to see the adv.mt.lges inherent in metric mcasurcment"
Science l(’a(ls, the way. N

The Metric System in Meteorology
CHARLES F. BROOKS

-

ArruovcH meteorologists in theiv everyday work for the public
must talk in terms of mchc and feet and miles when referring to -
rainfall, snowfall, or wind velocity, in their scientific work thev
can employv the meuric units, which in many respects are more
convenient. In the measurement of plcclpltatum the standard in
use in most conntries is the millimeter. Tt is possible to measure
light rainfalls down to 0.1 millimeter, but climatic tables are nor-
Illd]]\ published in whole millfineters, which is certainly close
«*nough for practical use, in view of the yucertainties of measure-
ment. Whole millimeters require less sp;z.-lc for printing, and since
they have no decimal point to get misplaced, there is less chance
for error. _

VMeasturement of snowfall in centimeters, and, in the case of
light falls. in millimeters, is, for the same reasons, more satisfac-
tory than in inchese Owing to the greater uncertainties of snowfall
than of rainfall medurenients and to the fact that the water
cqrivalent of snow s approximatelv onc-tenth its depth, snowfall
data are normally published only in whole centimeters.

In wind measnrement it is anomalons to employ miles per hour
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ese (-pt’ln connection with flying or knots except in conmection
With navigation or naval ay fation, Only then does the mileage of
the wind have s 1tr|||hc.u|u' Much more to the point is the desig-
nation ot speed in terms of meters per second. Here, too, the
metric unit is more reasonable than the non-metri ic miles per hour,
One meter per second is ronghly: equivalent to 2 14 miles per
hour or 2 knots. An accuracy of measurement to 1 meter per see-
ond is about as good as anemometers can e expected to give.

In aerological work the metrie units of height, namely, mcters
and Kilometers. are mueh more convenient than feet and miles.
In fact. we have the somewhat inconsistent fashion of talking
about acrologicul heights in kilometers and horizontal distances
in miles. A balloon is weighed and its free lift determined in
grams. Its dimmeter is measured in meters. A nalloon containing
Eoenbic meter of hvelrogen can Tift approximately 1 kilpgram,
This fact is very convenient in making caleulations. The Galloon
when released ascends at so many meters per minute,

In theoretical meteorology there s a re lationship between tem-
pevatice and change in he l"]lt of a mass of air, which in metric
units is the verv conyvenient value of 1 centigrade per 100 meters.
This is the rate at which air is cooled by the work it does in ex-
panding as it rises—the rate observed normally helow cumulus
clouds onasunny dav. Ttis called the dry adiabatic lapse rate.

In the measarement of atimospherie pressure. millibars, which
are pressure units, have replaced inches or even millimeters,
which are Hinear units, in the weather services of the world, Be-
fore this change. pressure was easureed as temperature wonld
Iy e been had we nsed o raler to measure the length of the mer-
cory column on a thermometer in inches or millimeters instead of
reading dearees direet. The millibar is a dvianic mnit and is de-
fined as o pressure of | Kilodyne on T square centimeter. The bar,
or I negadyne pressure on 1 square centimeter. is the megadyne
atmosphere of meteorologists. 1t is a little less than the standard
atimospheres which is L0133 millibars: buat, sinee it represents the
average pressure at only 106 meters above sea level the mega-
dvne hase s the standk wd in pressive computations by meteorolo-
aists. Untortnnately imeteorologists, when they apl)h(d the term
bar to 1 e "ll]\lu' Per sequae centineter, did not realize that
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onlv a few vears carlier physicists and chemists had used thisterm

for a unit of pressure a million times smaller, only 1 dyne. per

m contimeter. The Lite Alexander MceAdie hm(fht lllhl\dll
ingly for decades to get meteorologists to abandon their new bar
in favor of the old and to use the kll()bal rather than the millibar,
for the couvenient unit of pressure for tables and weather maps.

By use of millibars instead of inches meteorologists carry refine-
ment in bharometer reading to the nearest tenth of a millibar, in-
stead of to the mmnnurlvssl\ refined thousandth of an inch (one-
third as great) or Tmndredth of a millimeter (one- m‘ghth as
great). Pyblication is facilitated by ofuitting the hundreds, for
the pressuare at see level. mul\ goes below 930 or above 1,050
millibars. .

4 have .not mentioned, thermometer scales, since thev are not
strvetly in the metric svstem. but here 1should like to deseribe theé
Kelvin-Kilograd scale do vised by the Tate Alexander MeAdie! This
scale calls for 1000 bhetween absolute zero and the me Iting point
of pure ice. The miits of this scale are couveniently small. They
are abont half the Falhrenheit degree -and therefore abont the
vight size far meteorological purposes. There is no need for tem-
peratires in tenths of Kilograds except in psyelwometyic work.
And. as on all absolnte scales, there are no negative temperatures.
I ordinary meteorological work Fahrenheit is p'r('f('rzll)l(- to cen-
ti”ru(l(' Lt the kilograd is still better. For hnman purposes, How-
ever! the Fahrenheit scale, with its range from zero to 100, from
the “extremely cold™ to the “extreihe l\ hot.” is almost perteet,
cven thongh inethe strict physical or the rmody namic sense these
mmbers are withoit significance.

Radiation is measired by meteorologists in terms of gram ealo-
ries per Srhre centimeter p(';' minute: or. rather. the measare-
ment is made in ternis of the deflection of a galvanometer in mi-
croamperes or millivolts and then converted to calories, When it
comes to apphing solar radiation values to the needs of architects
in plnning house heating in ditferent elimates. the values must
he comverted to British thermal anits per squire foot. thus f_{i\ing
nnnecessarily Lirge wanbers to deal with, For instantaneons val-
nes, the inte nsities are stated in cadories and handredths: bt for
daiiv values: they are stated in \\'lu,)lv calories. '
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These are a few of the. uses to which metric units are put in _
meteorology and in which thev ure definitely superior to the Eng-
lish units now in popular use from the standpoints both of con-
veniencee in nse and of ceonomy in pub}\ication.

Resolution in Favor of the Metric Sys"tem .

AMERICAN ASSO( IATION I‘OR
7 THE ADVANCEMENT OF SCIENCE

AN

Whereas, The metric svsten of weights and measures has not yet -
been bronght into ge meral use in the United’ States, and _

Wieneas, The American Association for the Advancement of
Scienee has already adopted and published resolutions fa\ormg,
the adoption of the metric svstem of weights aud measures in the
Uunited States; therefore, be it '

Resolved, That the American Association for the Advancement
of Science reaffirms its belief in the desirability of the adoption of
the metric svstem of weights and measures for the United States,
and recommends that the unids of that system be used by scien-
“tific men in all their puh]uatmns either exclusively or clse with*
the customiary nou- -metric nuits in pmenthoscs. ‘

Adopted by the Council
(vct-m}u'r 29, 1922

The Metric System in Electrical Engineering
A. E. KENNELLY

Toeer are at present four main divisions of engineering (exclud-
ing nnht wy engineering), namely, civil, eleetrical, mechanical,
and mining engineering, Each of these subdivides into various
recognized branches so that there are in all nearly forty different
branches of engineering. Thev all rest upon the sume fundamen-
tal sciences: chemistry, economices, mathematics, and physics,
using these lutter terms in their broad meanings. .
Electrical engineering may be described as that division of en-
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gineering in which emphasis is laid upon the dppli ations of elec-
tricity and magnetism. Irom this point of view, electrical engi-
neering is merely one division of the entire field and very much
vounger than the other divi isions.

\ltllougll electrical engineering is relativ cly young, it s
(_g‘uned great importance all-over the world. It is not on]y~ 'lssum-
ing a prominent role in the general fie Id of engineering, but it is
also entering into the ﬁpecmh/vd work of the other divisions of
the science. It has made (*\tm(ndumnl\ rapid strides in the last
forty years, both in'this country and 1nt('nmt1mmll\'

Various reasons might be offered for the relative l\ rapid growth
of clectrical engineering science. As will be generally admitted,
one reason 1s that the electrical units emplm ed in clectrical en-
gineering ave the same all over the world and are associated
with the international metric svstem of weights and measures.
Whereos the units emploved by civil, mechanical, and mining en-
gineering, such as the foot- pmmd the gallen, the inch, or the acre,
are dlffcx ent in the English-speaking countries fromt these in other
countries, the clectrival unit. have evervwhere the same mean-
ings and values, Intervationud use of standard units is of great
advantage to the progress” of .an applied science. Tdeas spread
rapidly and transplant themselves -<adilv ander such conditions.

The internationally adopted elecsrical wnits are: the volt (after
Volta . ohm. ampere, watt, joo o0 conlomb, henry, ganss. and

“manwell Onevof these (henry) s nuned after an American elece-

O
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trician: three (jonle, watt, and maxwell), after Englishmen: two

campere and coulomb)Y . after Frenchmen: two {gavss and ohm),
adter Gernmans; and one (volt), after an ltalian. All these units
are defined as decinal derivatives of the met@e svetem. Their
standiinds gre maintained in the varions national Taboratories ac-
cording to international specifications hy which the units may he
preciselv reprodnced. Thns, i the U nited States. the standard
interncdional volt ol ampere. and so on, are maintained at the
N.tional Bureant of Standards in Washincton, D G0 An interna-
tion ohim. as thoas determined in the United States. is the same
v aninternpbionad ohm determined in ondon. Pavis, or Rome to
a very high degree of precision. There are certain minnte dis-
crepancies hetween the above-named iuternational electrical units

-~
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thus standardized and the theoretical metrie values on which they
are hased. owing to the m-(-(-ss;n".\' iuperfections of - physical
hunowledae and measirement at the time { 19080 when the stand-
ard specifications were adopted. Thas there is a certain minute
ditterenee hetween the theoretical metrie ohm and the actual in-
ternaationad ol bat the diff erence hetween them is so small that
it hus not vet heen agreed upon mt( rnationallv. If the difference
~should be agrecd ulmn it is not fike Iv that the international olun
ould be chunged. A small numerical correetion would probably
be applied in the special cases where the highest scientific acen-
racy was needed, The fivst standard ohm was issiied in Englaud
L. the British Association for the Advancement of Scienee about
15657 It was called the “British Association olun.™ With it were
associated o British Association volt and other standards. The
British Association ohim was fonnd to be too small in relation to
the true theoretical ohme by more than lper cent. A new stand-
ard ol wasissued internationadly Jine 18920 called the “legal
ol “and was more elosely adjnsted to the theoretical valne, 'l'h(‘
presentinternational ol was agreed upon internationally
1593, agd ade wostill closer adjnstment to the theoretical” \Ahw
Itis likeh te remain unchanged for some time, sinee the out-
standineg error is velativelv very small.

[tis nat to he supposed that the use of these metrie units is ex-
clisively electrical. The joule as aounit of work or energy, and the
watt s aomit of activity - rate of working. ov pewer, are indeed
clectrical imits: it they are abso and eqnally mechanical or che-
ical units, Tis both acenrate and convenient to measire mechan-
icad power either in jondes or i watt-hours, Moreover, to give an
idew ot the present widespread use of these metrie nnits in Amer-
i it will snffice o ramenther that clectrical energyis sold
nnnversallv i tenns of the Kilowatt-honr, or 1000 watt-hours,
wWhether the ectrie energy has been ntilized to drive motors,
Beat tonaces, o operate Lanps. Every amonth lumdieds of thoun-
sasds of hills for clectrie cueray are presented and paid. all on the
hlow ot t-hione huasis,

Do the stady of the principles of eleetrical engineering, = knowl-
cduc of the nnderlvine metrie system-——the metor, liter, lll(l grin
sustenn - l('(llll]('(l. It is l)ln]) l])]\ correct to s that all the col-



<t

THE SYSTEM AT WORK Tl

leges in tlu- United States whieh teach ¢he ‘mistry, phy sicss or elve-

trical enginecrin g cither call for, or © still. knm\lvd"v of the
metrie system anmong their students.

The rapidly estending wse of radio telegraphyv—the so-called
“wireless telearaphy "—has also . oty developed the nse in this
conntry of the international meter: becanse all international wave
le n”ths are in meters, and the new hroadeastipg stations pnblish
the lenaths of their waves in meters i the ([}ul\ papers for the
benefit of wnatenr reeciving stations. Is it any \u)n(lm. therefore,
that the metvic system s steadily infiltrating our daily press, onr
magazines, and general literature, sinee electrical engineering s
so active an advertising agent?

While this article was heing written, an interesting ook came
into the writer's hands which serves aptlyv as an illustration of the
way in which the munmtmn U metrie svstem is coming into gen-
eral literatures. The hook is called Wind and Weather, and was
written by the meteorologist Alexander MeAdie, Ttis a charming
exposition of the wavs of the winds, written for the public and not
for specialists. Tt nses metrie nnits without apology and withont
pretense. Abont one-thivd of these metrie expressions e aceom-
panied by corresponding parenthetical non-anetric expressions.

At the present rate of advance, even these parenthetical non-
maetric: couivalents will probably become supertluons in the not
fur distant fntore, We ng noreadily remember that the meter s
ronghly wvard. not so mneh as 10 per cent fonger than o vard: so

that wee nn-rlnt deseribe o meter as the international v ard. Simi-

O

Lol ponnd is ronshiv i hadf Kilogram. and the halt Kilogranm s
i eneess of o ponnd avoirdm ois also by approsimately 10 per
cent. \We miaht (has deseribe the half kl\u”mm as the interna-
tional pomd. Tn France today the word Gere cponnd v s nsed to
nican the halt kilocran eveept in historical veferences to the old
Frenelr poand. Neains the liter is vonghls eqgnal to a United States
]i({llitl quiart, aned the liter exceeds om !i(‘lli(l (uart l)} about 6 per
cent. We micht this deseribe the Tieer as the international guoart.
We aheady Tove the antemmationad carat <200 millivransy for
dealing with divmonds caed other precions stones. This has been

awlopted by the U0 S Burear of Costorns with sreat saecess, Todin

eNePvahie ol H‘.l(“l\ Hlll]('l\i.lll(l \\Il;lt is teant })\ L fnderie-
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tional carat; “lwle.ls a few )ems ago, before the mietric value was
adopied, there was much confusion associated with the word
carat in international trade.

In view of the fuct that electrical engineering has already in-
troduced the units of the metric system into widespread public
use, there is 1o question as to whether the system will be gener-
allv adopted in the United States: The only qucstl(m is how soon
it will hecome generally adopted. There are various opinions as
to the answer to that questnon, but if we compare the general lit-
erature of the present duy with that of 4 gcncrution ago, we cian
realize how rapidly the change is coming. More than fifty coun-
tries have alveady made a change from their local measurement -
svstems to the metrice system, and not one has expressed a desire
to go hack.

The Metrie System in Mechanical Engineering
. ' LOUIS ELLIOTT

Practicarty all the countries in the world except the English-
spex ll\lll”—\\'hl(‘ll indeed, contribute most heavily to volume of
manufactures and of commerce—have legally adopt( 'd the metric
sustem of weights and measures and use it in all sorts of transac-
tions. As a consequence there is ap undesirable dlscupdnu be-
tween the practice of the United State.s and British countries and
that of the vest of the world, paralleling the differences in lan-
anace and enstom and, like them, contributing to general diffi-
(-nlt\' in international interconrse.

Grave difference of opinion prevails in this country hetween
opponents and advocates of the metric svstem as to ‘the adyis-
ability ot adopting it in manufacturing and trade, This change
niicht he accomplished sooner or later through education, thr()u_gh
action by varions public or private bodies, or through legislation.
\No t]unnn«rl\ stdy has vet been made by governmental agencies
or others of the advis, 1lnht\ and cost of .uluptmg metricmeasures
in plwe of the so-called Foglish hodgepodge.” While some of
the objictions to the metrie ssstem have resulted from study of
the sitiation and represent sincere opinion, many. on the other
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hand, have been the result of prejudice and of shortsighted selfish
interest. and have had no factual basis. There have been state-
ments of doubtful validity to the efféct, for instance, that the
inch, the foot, and the pound are inherently more convenient in
magnitude than the centimeter, meter, and kilogram, or that dif-
ferences in convenience vary with the uses to which these units
are put but are negligible, given conal familiarity with both.

[t is quite natural, as a resnlt of inertia and conservatism, that
a radical change of this character in enrrent practice should be

opposed by those who are reasonably satisfied with existing |

weights and measures and who wonld incur a substantial expense
Iy conversion for a futnre henefit that caunot definitelv be eval-
nated. T most Jines of work relatively fow weights and measures
are required. and familiarity with these and their subdivisions
mahes then appedy simple and easy to, use,

Scientists and dducitors in general favor the metrie svstem,
There is a considerable group of sincere metrie advocates who
have no dollar stake in corversion. On the other hand, many
manufactirers are opposed to métrie measures and state that con-
version, gradnal or rapid. would entail great cost and that the
Fnglish sustemn of weights and measures is better than the metric.
The prevailing inflnence to date has natarally heen that of the
aronps advocating the statps quo. who have a substantial mone-
tary stahe in the matter, Tyis recounized that conservatism on the
part of engineers and others in this commtry, attachment to the
Enelish svstem of measures, and Tong familiarity with its nse—
which means ability to get definite coneeptions of values ex-
pressed i that system—nmiilitate acainst thoronchgoing adoption
of the metric system i the United States.

USE OF NMETRIC NIEASURES IN ENGINEFRING FROJEC lS‘

A nber of envineering firms were ashed some time ago abont
their practice and ceneral opinion in regard to using uetric meas-
nres inoanavzing problems and preparing plans. especially for
forcien clicnts. It was found that engineering fivms freguently
ntilize metric weichts and measures in work on foreion projects,
I practically adl cases, howevercitappears necessaryor advisable
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to nithe ce lt tin, drawings to both English and nietric e ASUres or
to English icasures ()nl\ partienlarly for material or couipment
mantfactired in=the United States . For constriction plans of
work to he undertihon in the forer S field—such as those show-
ing huilding and _equipment founglations and those covering gen-
eral plant wrrangements—metric me ASUTeS re more freely nsed.
with loss | lmlnh admiztire. s Indeed, some Latin American coun-
tries require the filing of plans showing pu)]ut ontline and.impor-
tant details in the ](‘(‘.l“\ adopted sy sten of measare s Yhat is. the
metric. llu- testimony with re \p((l to introduction of metric
meastres in American drvatting rooms is that litthe or no difficulty
is (\puunu(l

Over the past thirts vears the enginee ring finn with which ¢he
writer is comnectéd s preparid to the etric measures designs

T4

Hor eleetric power stations aggregating 200,000 kilowatts in e

pacity, and to the English meusures desians for stations of several
million Kilowatty' capacity, Properts dimensions and elesations
it metric desigons arerviven inone unit onlv—the meter—and
endineering plans of power or industrial pl.ml\ or of cquipiment
also tse one mit—the millimeter., Dimensioning on any one
drawing is therefore of the ntigost simiplicity, avoiding the nsual
multipghe ginits, sieh as feet and inchesand the aw kward fractions
of the latter. Conpare, for instance the design ot @ steant turhine
drawn to Enclish measives with one in metrice nnits. ‘The sim-
plicitv ot the Lutter is evident.

It is found that engineers and draftsmen who are unfamiliar
with metrie nnits cantsoon earn to use them ceonomicallvin de-
sivn work. Tnowork for foreien clients there is. at present, the dit- -
ficults arising from disparitios hetween Minerican and forejgn
stindirds, Reconciliation of sneh stundards swonld he of ureat
benelit to those encaved in encineering work for forcien conn-
tries aud wonld inprove the position of the Enited States in this
field.

Delavad Separator Company Tis been using the metrice sustenm
for cont thirty vears tor alb s desicns, The manaaciment of that
companis convineed that the cost ol conversion I an incastry
Bom the Fuolish to the metrie sasten wonld e reimboesed

within o few vews by the resnltant coonomies. There ae wide
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ditferences n the cost and complication of converting varvious
topes of machinery, Parts of serew-catting machines, universal
millers and automatic gear-cutters, for instance, wonld have to be

modified or I'(‘L)l;l(‘(‘(l. Other types of machinery, such as pluncrs,

production millers, drills. and horing mills. conld be used withont
mnch, it any . modificaaon, Theve would he substantial extra ex-
penditires for new scales, micrometers, and gages, and for jigs,
terplates. and patters if these were converted to the metric svs-
tem hefore they were worn out or otherwise obsolete.

American manufactirers, sales concerns, and engineers who
supply cgniprment or service to- Latin American and other metrvice
conntries wonld certaindy find an advantage inadopting the metric
swstem for such work, i conformity with loeal Tegalized and ap-
proved practice with respeet to weights and measures. One of
the advantages that Gernan and other Enropean competition has
had dining past decades’in South America is that goods, engineer-
ing cquipment. and strnctires, as well as services, have been sup-
plicd on the hasis Known and desived by customers. Onee Amer-
ican firins discovered that these are” profitable practices, the

devised standards conld be ;ulnl)tv(l without dgreat diffienlty, This

is indicated by the ability of American manunfacturers to ln'()(lll('('
onns and other war materiel to metrie measures, as well as by
peacetime ntilization of metric stundards by nany industrial con-
cerns in this conutry,f ) . .
The ontlook for keen competition witlh Furope for Latin Amer-
ican trade indicates that Urited States mannfacturers, techni-
Gians, Lol covermmental othoritios shonld make early plans for

©plaing this comtey ina favorable position to trade, Widespread

O

ise ob the metrie sosten of weizhts and measores wonld he a po-
tent Lactor in this coming strneele. 1t would contribute to good
nncderstindineg with clicnts cd costomers and would he o t;ulgil)l('
contribitione o good-neighhor™ policies,

L

WHAL CAN BE Doe? 2T
s, <

Wit Sendd be done, and what can be (S‘ilﬁ.

J mited States standards of measarement, in in(hlxh"\ and trade.
with those ob thy 1est ot the world?

to reconcile the
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The country already has a decimal series of numbers and a

- decimal curreney. There is important utilization of metric meas-

ures in this country in laboratory -and other scientific work, in
pharmaceuticul practice, in clectrical measurements, by the U, S.
Coast and Géodetic Surv ey in basic triangulation, by the U. S.
Army in certain armament, and by important firms in manufac-
turing . processes.  Many manufacturers have ‘designed and fabri-
ated to metric measurey, including Baldwin Locomotive, Crane,
General Electrie, Delaval Se p.lmtol. and makers of automotive
ball hearings—especially during World War 11 Somie important
firms, though thev may not che ampion metrie measures, are will-
ing to vo, .1l(mtr with a movement toward gradual conversion, be-
lw\m(f that in the end this will bring to American mdustlv the
areatest efficiency and oppmtumt\ for foreign budiness. Some

" companies hive estalilished in metrie (.ountllm factories in which

that svsten is naturally used.

One possible course for engineering, industry, and commerce
in the United States is to “sit tight,” effecting no wide change in
the measuring svstem but making certain detailed changes in

“practice. The inch nu v be decimalized for machine and other

work. as has been done by the Society of Antomotiv 5 Engineers
for airplane engine design. Cat: l]()(rnm nay be plclmlod to metric
measnres, and metrie labels and dlmenslons may b( cpplied to
export goods, as is now done to some degree. T his course of mini-

num action micht mean mdvﬁntol\’ extended use of the English

svstem in this country, with niodest’ compromises in foreigu trade.

A reported propos: al that metric measures he (l()\\dod out by
forcing the English svstem on all purchasers of equipment made
in Eneland and the United States, is most ill advised; its success
would be improbable, and it would tend to separate the world
into English-speaking and non-English-speaking groups.

Another conrse is to finance and carry on propaganda for in-
fiencing ghe people and Gongress. This might result in radical
action. However, mandatory Jegislation unless supported hy a
majority of intellicent men in the ficlds affected, is seldom advis-
able,

A thivd and n ritional conrse of action would involve a can-
vass. by the appropriate armn of the United States Government

-
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and })\ cach important industrial, husiness, and general group in
the umntn to determine costs and advantages of clmni_,c to met-
Tie nse., stud) of this kind might well develop opinion favoring
conversion over a term of five, ten, or twenty years.

Minor steps conld be taken promptly, such as adopting the cen-
tigrade thenmometer scale in place of the Fahrenheit, using the
gram in place of the ounce as the basis of United States postal
rates, standardizing army and navy munitions on metric measures,
printing gov ermuental and other data in metrie Rs well as Eng-
lish measures, and improving metric lllStlll(thll\\l the schools.
Metric units could be further adopted in marking equipment and
materials shipped to countries utilizing that system. Luter, the
liter, the kilogram, and the metric ton could be introduced in do-
aiestic and fmm(m trade, superseding the quart and gallon, the
pound. and the two English tons. Manufacturers might be left
free to adopt metric messures in shop usage when and if they
cousidered the change profitable.

WHY ACTION SHOULD BE TAKEN NOW

Throngh most of the industrial history of this country, technical
contacts \wth foreign peoples have been somewhat limited and
exports have not constitnted a large proportion of our ploductl(m.
Now, however, it is hoped that there will be more nearly “one
world™ and that industrial contacts with all other important coun-
tries will multiply. Export trade, particularly during the next few
vears, shonld be great, and, assuming reduction in tarift. imports
will be laree.

The difficultics caused by differences in ]lll“’lld“’(‘ and in cur-
rencies. and—particnfarly (]mnw World War Il—b\ disparities
in mechanical dimensioning, are well known. A fabulons valne
vas wssicned to the loss cansed doring the war by the confusion
Wlm ad standards. Ronnnel's rapid advance across North
Africt has been reported as resnlting from i ahility of the Allies
to restore dimaged equipment by repliacement puts hecanse of
conflict in standards. These are results, in the main, of disparitics
Letween Fnolish and United States standards: how nuch greater
loss o-cirs fromn the wider difference bhetween Euslish and metric
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measures! Practically all comntries except our own and those of
the British Emprre have adopted metrie measnres, Differences
between the metric and the English svstems, and indeed the in-
consistencies hetween the 1 n‘fhsh and our own, constitute one of
the bars to simplicity of -intercourse and to casy Hlow of goods.

In rebuilding the world, peace and trade are necessary, The
age of narrow nationalism should he over, Not all barriers ean
he removed, ot the United States shonld mointain an interest in
the welfire of those willing to join in creating a freer world. /z\sldo
from this hroad consideration. the profit motive must raise (ues-
tious as to whether or not. after general reconstrnction, this coun-
try can compete effectively with nations that produce goods to
the measurements and standards of the vast major'ty of customers
in Sonth America, Furope, and Asia,

The Metrie System in Mining Fngineering

STANLEY KING WALLS

Faoizveerine is defined as “the science and art of atilizing the
forces and materials of native.” Mining and metallurgical engi-
necring, in particnlar, is concerned with finding and extracting
raw naterials, nsing all of the forces of nature in the search for,
evploitation of - wnd heneficiation of, mineral ores metadlic or non-
metallic, and fuels, solid or lignid.

The value ot aomineral deposit is affected by location, cost of
extraction, processes of concentration and refining, sind transpor-
tation o its market. The possibilits of competitive conditions in
that market dencds the masinnun of efficieney in cach stage of
processing, and the mining engineer mnst s, m\h first himself, and
then his principal. that the revenne will he anflicient to offset all
costs i vield woveturn over and above the eost commensuvate
with the riskh imvolved,

Sotcone has said that "o issomeasoring anial,” and womin-
e encineer’s reports—preliminey ov operating —are little more
tHhiar a (-nmpil.ltiun of cotnparittive measurements,

And theres vieht there, is the rab. For I)II].\ cne ol the mceasure-
ments is aniversadhy indenstood wnd visnadized. with no possibil-

Pl
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ity of ¢quivocation—the dolkirs and cents at'the foot of the table.

For the banker, the trustee, the speculator, or
“The widow and the orphan

Who pray for ten per cont™!
may be hard put to answer offhand how many sqnare feet there
are inan acre. or thMweight of a gallon of water: but, one and
all, they know esactly how many cents there are in a dollar and
whether a re turn of 15 per cent, or 13 cents on the dollar, is suffi-
ciently attractive, S _

A mining engincer’s preliminary veport might sum up somewhat
as follows: "A capital imvestiment of $56,000, plus operating ex-
penses of STLOO0O mntil revenue begins to come in, that is, a total
ontlay of $70.000, should, in my opinion, vield $21.000 per an-
nion,” Spltn(lld—-\\ ¢ can all imderstand thatm\\h\ that means
30 per cont—let’s go!

But to prove that his opinion is a thoroughly wa{mc(l one, and
to wvoid difficulties with the” Seenrities [\clmngv Commission

( shonld this development go ahead and pay only 25 per cent) our
cngineer supports this finding with fifty pages of additional meus-
urements, and there is no re Iutum.slup between any of them!

First of all. presumably, he bas taken samples and made an
assav. The report includes a sworn or notarized statement from

the assayer that the samples ran "4 onuees to the cubie vard.” (If

this is «rnl(l we are after, those onnces will, of course, be trov
OLees. ) R

The enbic vards have to he comerted into poimds for caleula-
tion ot the power necessany to raise them to the surface. Under-
aronnd. however, we seldonm measure in vards. We use feet and
inches and every engineer uses decimals of w foot when he comes
to calenlating.

ieshort. adl iining operations involve moving a certain weight
and volume a cortain distance hovizontally and verticallv. The
faet that there is no refationship between \uhunv and we l"llt and
distance onlv adds to the arthimetic that the engineer mnst do
and multiplies the possibility of crror,

When we consider the details, such as pumping ont the water

oy ad Rapheees " The Beoken Now™ Ruedyard Kaplins Verse Ine husiee Fadi
tiene, 1SS 191N Coanlien Ciy . I)-»nl-:ul.(_\ Chage A Company, 149260, p. Pl
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which seeps tlnimgh the earth, we have to dodge back and forth
from cubic feet to gallons, to pounds, to feet (of lift), to square
inches (the cross section of the pipe), to cubic inches (the cross

section arca multiplied by the stroke of the pumps). And to put

in mine timbers, we have to caleulate in square inches (for -

strength), in feet and inches (for height and length) ,nd in board
feet to purchase them. .- '
A “board foot”™ is a coinpound of square feet multiplied by
inches, but when we extend this compounding to enable us to cal-
culate the bending moinent in inch-pounds, foot-pounds, and

foot-tous, and water storage in-acre-f.et, we really are, if we
would stop to think a moment, making oursclves a little ridiculous. .
Calenlating a water supply in acre-feet and the consumption of -

that water in gallons per capita per diem ought to bring us right
up short: Look here, are we deliberately trying to do this the hard
way? : T '
Most of us cun remember what the area of an acre is: 43,560
square feet. However, for anyvthing over or under 1 acre, we have
to sit down and nmltiply. To pump.away an acre-foot of water,
we sav: 712 gallons to the cubic foot, for 43,560 cubic feet,
amonnts to 326.700 gallons. (Actually it is not 7 1/2 gallons to the
cubic foot. hut 74503, which mak.s a difference of about 1.000
gallons.) If we require the weight of that much water, we have
first to mnltiply to get ponnds and then to divide to get tons.

A hectare, on the contrary, measnres 100 meters by 100 meters,
an area of 10,000 s(puare meters. A water source with an area of
1 hectare which was 1 meter doep would therefore contain 10,000
enbic meters: that is to say, it would hold water amounting to
10,000 tons. if we wonld know its weight, and 10,000,000 liters, if
we are dealing with quantity.

A curious fact about this unrelated series of weights and meas-
ares which we must cither memorize or refer to continnally, is
that actualdly it is illegal. The metrie system, the use of which is
still far from veneral in these United States, is the only system
cver legalized by Congress. After the International Conference of
Weinhts and Measures in which the United States took part in
£SS4, this conntry was presented with an exact copy of the French
standiod tmeter, aud in 15930 by aet of Congress, this meter vas

[
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e t.lu standard unit of length in the United State The yard’

was then defined as 3,600 3.937 of that_ meter, but an enormous
number of otherwise well-¢cducated pvople continue to believe
that the British vard-is our standard. Aetually, it was not so long
ago, in IS7S, that the British vard itself was defnntol\ standard-
“ized. The vard, the gallon, the bushel, the barrel, and the various
other umul ated British weights and measures which have been
widely adopted in American practice have ev olved from primitive
times by completely unregulated protesses of development,

Let us consider Tinear measurement alone. The Bible gives the
meastwements of Noali's Ark and of Solomon's Temple in cubits.
The Great Pyramid of Giza was laid out in “royal Egvptian cli-
bits.” The cubit was the distanee from the clbow to the tip of
the middle finger. A study of ‘Egvptian building would indicate
that the roval Egv ptmn cubit equaled 20.7 inches. We do nat
- hnow what subdivisions of the cubit were in use in Egypt. Asthe
Favptian civilization withered, however, and the Greek Howered
- we find vecords that the Olvmpic cubit, equivalent to 18 14 of
our present-day inches, was divided into the span, 1/2 ubit: tho
palm, 1 6 cubit: and the digit, 1 2% cubit, or roughly 3/4 inch.

As the Roman civilization arose,the cubit began to be known '.

as the foot and shrank in length, It was divided into 12 “uncige,”
 Latin for fw lfth.ov thumbnail ), from which we get both ounces
and inches.

The Romans left this “ineh™ in Britain as one of their standards,
Dt it was not until 1324 that its length was defined there. In that
ver the inel was determined to he “the combined length of three
Darle wocorns set end to end.” The vard had come into being in
Fugland about the middle of the twelfth century as an outgrowth
of the archery for which the English veomen were then famous.
It was the do (dlv acenracy of the Tn(rhsh archers that lost the
Scots the Battle of Flodden. The S(nts, it appears, instead of
practicing at the “hottes™ in the stummer evenings, had taken up
i disrepntable e called “gowt.” The wonder is that a race
that has given the world logarithms did not establish the putter

ay the lecal vard. No, the vard s ascribed to Henry I and was-

Sppose dl\ the di~t:mee from his nose to the end of his thumb, or
the le n:th of his arrows, Tt was not intil 1338 that Goad Queen

e
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" Bess ;lvuu d-that the longth of-a branze rod should be the stand-
ard: vard. “In the sn\tumth century some effart was also made to
standidrdize the foot and relate it to other mcasurements. The
Crown decreed that “on a certain-Sunday, as they come out;or
church, 16 nwn shall- stand in line with the left foot touchmg_,, one
behind the atfier.” The distance they covered, foot ta foot, was -
to be the legal rod, and one-sizteentls of it the l%dl' foot. Prior to
that, the foot had varied (.u feet will) from 9'to 19 inches.

Queen Elizibeth’s prototype-vard was. supcucded in 1824 by
.. anothv which was lost by fire affer ten vears. In 1878 the
Wei 'fhts and Measures Act defined the vard in use today in (rl(‘dt
Britain. It was a4 bronze rod, which had been cast some fmt\ \c s
carlier, on which the standard vard was measured ofl between
cold studs. By 1878 accuricey had progressed to the.point where
the temperature of the rod was specified, the temperature chosen
being 62 Fahrenheit. which in those davs was considered “room
temperature” in Britain, The foot is standardized as 1.3 vard, and
the inch as 112 foot. _ R

The metric svstem developed in a different wayv, The Frerch
revolutionaries cut off their king’s head and then in pursuance of /
their wotto, “Nous avons chdnﬂv tout ¢a (we have changed -all/~
that+.” decided to be rid of every reminder of kings, not the least
being a syvstem of measurements based on some l\nnr s hands, feet,
fingernails. or arms. The new era was hailed as the age of science,
so the French scientists took the carth as their prototvpe and
divided its weridian guadrant into 10,000,000 parts, one of which
thev termed the meter. Not being able to reach the North or
South Pole. they shot the sun smmltmumlsl\ at- Dunkerque in
Frante and Bawceelona in Spain and compute 1 the difference to
be 9307 of are. Tt took seven vears to survey the Dunkerque,
Barcelona line. and we now know that srrory crept into the calen-
Litions. The compntations were revised in 1927, dll(l the standard
meter was then defined thus:

'

The it of Tenath is the meter. defu. d by the distance at the tem:
perature of melting ice between the centers of two lines traced on the
plitinn-iridinm bar deposited at the International Bureau of Weights
and Measnressanil declared prototype of the meter by the first general
conterenee on weishts and measures. this bar being suh]t «cted. to nor-
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mil atmospheric préstyre, and supported by two rolers at least ope
centimeter in diametey situated in- the same horizontal plane and at a
distance of 572 millimeters from each other. :

An alternative definition was latof provxded whlch sets the
length of the meter at “1,553,164.13 wave lengths of the red.light’
emitted by a cadmipm vapor lamp” excited under certain specified
conditions. ‘This gpts the méter down to an uccumcv_of one part _
in 10,000,000. \

But the greatfst service render ed by the French scientists was

' the abolition of the relationships 3, 12, 36, 220, 1,760, and 5,280;
“the decimalization, /gpwurds and downwards, of th;e meter; and,
next, the-establishnient of a ro ationship bétween linear measure-
ment and the measures of volume and weight, which are also

“decimalized. Defining the weight of-1 cubic centimeter of water
as'lg é,ram, and the volume of: 1,000 cubnc centineters—a cube,
‘that is to sav,’10 by 10 by 10 ce \timeters—as 1 liter, ties the whole
svstem of mensuration. together|and gives us an easy way to calcu‘- '
late specitic gravity: .

Since its- mceptum in France in 1799, the metric system’ has
been legalized and adopted by practically every cmmtrv in the
world except those of the United States and the British Empire.
True, one still “ﬁnds in some of the South American countries the
Spanish vard or “vara” of 42 inches in occasianal use, just as one
finds Spamsh names for the coinage still used, altTiough they have
been proscribed for over a hundred years. In Venezucla it is con-
.ftmmc, to have the uarter of a bolivar called a “media,” but that
is becatise thev still call half a holivar by the old proscribed name
of “real.” .

When American mining engineers go to Venezncla—and pmc~
t'l(all\ all mining graduates from “the United States spend at least
one two-year contrict in South or Central America—they remark
om; this little bit of evidenee of the ingrained conser vatism of the
human_race and think of it & a pm(]\ Latin idiosvnerasy; but
th(\ “ail to notice the mote in our own eve. Snml.ul\ we think
the British method of stating @ man’s w owht as 9 stone 3” ¢um-
bersome in comparison with our “129 p()unds. and vet wey con-

* tinne to give our height as ™3 feet 8.7 We have changed thd defi-

nitions, of many of the British measuresswhile retaining the names.

\
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¢ Making a hundredweight 180-pounds instead of 112 is at least a
movd toward simplification, but why#e have changed the gallon
N from-275 to 231 _cul)icgléhea or set the bushekat 2,150.42 cubic

' inches for internal trade, 2,747.715 cubic inches for expart and
. import, and 2,564 cubic inches in Connecticyt only, are mnatters’

not eveq wéntioned in the laws establishing those standards. -
. For %lﬂ'eg years the meter has been our legal standard in . -
~ these United States. It has been adopted £&-all scientific and

technical nreasurements. Isn't it about time that we broke with

“the sprong right arm of King Henry I and adopted a universal

% metric system? . -
The Metric System in Civil Engineering
. MANUEL ZENO

" Up 10 the year 1898 the only official system of weights and meas-
ures it the island of Puerto Rico was the metric. In that year the
islandt became a possession of the United States a5 a result of the

Spanish-American War. ‘ S
, *The American aufhurities promptly put into tse the English
5. system, and by 1913 it was made legal by an act of our degislature
. which provided that “the metricssystem of weights and measures

and the imperial system commonly used in the United States . . .
are hereby recognized and establisl:od as official in Puerto Rico.
. ..7 As a result everybody, from government officials through
factory technicians down to the common citizen, makes indis-

criminate use of both systemst .+ *
P Now we have in Puerto Rico a “mixture” system of weights and
- measures. For instance, building lots ave bought by the square
meter, but houses are planned by the squaze foot; roads are meas-
ured in Kilometers, while heights of our mountiins are given in
) feet; water storage tanks are computed in.gallons, but water is
sold te the consumers by the cubic meter;” temperature of the
atmosphere is measuged In degrees Fahrenheit, but the centigrade
scale is used for bodyrfemperature. There are many more similar

incong uities of this kind.

The Institute of Engineers of Puerto Rico has under considera-
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tion a pmpmdl to organize a campaign in favor of general adop-

- tion of the metric system.- The field is being canvassed in order to.
determine what inconveniences or obstacles would be encoun-

tered. While at this writing it is too early to reach aity definite
conclusions, it may be said that so far the consensus. ‘of opinion is
.in.favor of the metric system,

Some authorities are quite emphatic. For example, the Com-

missioner, of Health, Dr. Antonio Fernos Isern says: “My ‘opinion -

is clearly and slmpl\' that the metric svstem is one of the conquests
of civilization and c@mequently Puerto Rieo, which adopted it
officiallyhany vears ago but hus been substithting for it in mahy
sppts antiquated, incony enient and unscientific units, should
cleanse its svstem of welé,hts and measures and defintitely accept.
~ the metric exchusiv elv.” s

l‘ngmvel Orlando B Mendw, Commissioner of the'Interior,
;1&01 t\pl‘\\ung that the mcom eniences in metric adoptlon aris-
ing*from o close relations w vith the Unitgd States are more ap-
])dl‘()llt than real, ends up by saving: “I decidedly favor the adop-
tion of the metrie system in Puerto Rico.” Méndez, emphasizes
the fact that all Latin American countries use the metric system
and have no trouble i dealing with North ‘American manufic
turers because thev are car ('tul to convert English units mto
métric in their transactions.

The Institute of Engineers of Puerte Rico will be able to make
proper 1ecm-nmvndatmm in due comse of time, after it has {md
the opportunity to obtain opinions from all affected sectors, The
writer is all for metrie. Ie believes that we ought to slmke off as

*soon as possible thv weird, h\hnd svstem that hannts our minds

when we niake mmpntdtums in this island of the Caribbean Sea.
I

| ‘ '
l,lw Me tnc S\ stem in Automotive Engineering
.' SOCIETY Q1 NUTOMOTIVE ENCINEERS

Drcivat (lnmnsmmnrr affording 1w ajor benefits of the metric
svstem without sinmltancously creating wholesale distaptive con-
nersion headaches, mumsmni\ is" being used by the American

acrovantical induostiy.
. <

.~ " THE SYSTEM AT WORK- * : g5

.

[ 4

? -

-



N

3

. of expressing limited measurements in decimals

‘s ~ 'THE METRIC SYbTE\I L

Survey by the Aeronautical Dmftmg, Committee of the Society

of Automotive Engincers, made amonj, airlines operators and
manufacturers of planes, powerplonts, propellers, and accessories,
discloses that 80 per-cent now employs decinal dimgensioning or
contemplates its early adoption. Users explaiy that the practice
cather than frac-
tions of inches contsibutes to speed and to accurac™Npoth in design
and in manufacture. Decimal: are car ried to two, three, or more, .
places to satnsfy vary mg, tolérance requirements.
The survey reveals that 76 per cent of the acronaiticabindus- .
try has considered the use of decimal (lnnonsmmng that 63 per
cent tises it already, and that 37 per'cent is using it for some pur-
poses. In the propellcr branch of- the industry, 80 per. Qent “of
manufacturers uses the decimal dimensioning system exclusively
The practice is characterized as making the' dimensianing of
drawings much «asier and.more rapid and as heing especially
helpful in eliminating the: time-consumthg, error-producing oper-
ations of converting decimals to fractions and back to fractions
again, Furthermord, tolerances may be indicated merely by ex-
tending digits after the decimal point. '

'Y — e T

.

Manufacturing and Merchundising . N

The Metric System in Metalworking = . |
' ' THEODORE 1. NILLER *
T metalworking industries in particular in this country have
ot made so much progress toward the use of the metric system
as have some other ficlds, largely, T think, because of the mis-
tken idea that the changeover would be very costly. Tlere is a
constantly increased use of mietric units in the chemical and diug
industries, in electrical prodnction, and in astronomy and almost
all other scientific work. Besides this. a great many food products
are put up in metric nnits or have the metric equn alent shown
on-the containers. All these activities have quickly shown the
heneft of doing awavwith conumon fractions iin favor of a deci-
mal -astenm, This has been trae also in a few of the metalworking
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o eqtablishments of the conmtry, where it has generally heen found

*“that,the curreht saving is enough to pay for the cost of change-
.. oter and that the.change usually hag been very much casier than
\ anticipated. .
3 / ~ I'was taugi)t. and for man) years used, the English system ex-
« clusively, but having now had almost forty years offdesigning and
o manufacturm;, complicated mec¢hanical eqmpment ou a rather
large scale, T-can testify that the cost of a chengeoyer will be-very
slight compared with the.eventual savings and that the expected
difficulties of training help. and so on, will vanigh into thin air on
~trial. In the plant where I have hagl this experience, many thou-
sands of #ew mechanics_and unskilled persons have had no diffi- .
culty whatever in mastering the metric. system insofar as they
. needed to go so. ‘Anyone capable of handling owr money system
can grasp the idea of metric measures within « few minntes; and

from that point on, the change results ini pure gain:
I feel quite certain there is no possibility that any of the conn-
tries now using the metric svstem will ever go back to the com-
.. mon fractions and complications of the English systeni. It would
seem to me the part of wisdom for us to get in line as quickly
as pos‘sll)]v if we wish to trade with thes> countrics. Certainly
, now is tlw time to make a decisive mme '

- . ~ Y
.« .

The Internatlonal System in Research

.and Dev elopment Engmem mg
ARTHUR BESSEY SMITH

4

Insteap of the term metiic system T am using the term interna- .
‘ tional system of weights and medsures, hecause T include in, that
' category the ((‘lltlgldd(‘ thermometer.

My work has"been in the tele phmw indnstry frem about. 1892
to tha present time. My experience includes most phases of plant
constrnction, plant operation, manufacture, teaching. rescarch -
(pure and applicd). and ordinary development. For the past

< thirtv-eight vears T have been w ith the Antomatic Electric Com-
piny of € lnm‘gn. well known for work in antomatic telephony.

~
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' It was in 1911 that 1 startcd to use the international measures
v in all my work, It was in the-design.of apparatus that I noticed
o the greatest change. Use of international units produced a feél-

ing of relief, a sens: of freedom which must be exper jenced to he .
appreciated. This experience forever settled the matter for me.

- The natural thing to-do'is to use the international system. Daily .

use is the real fest. The few basic measures in the métric. system
will be eatily leamed. Millimeters, centimeters, meters, kilo-"
“nieters follow each other in casy decimal relatiops. Granjs, kilo-
grams, and metric tons ‘are equally easy, as are the millihter,
liter, and' cubic meter. "Forget conversion tahles and factors and .
use the metric system wherever you can.

. Take the mental posxtion of a person hving in a metric-using

> " country. Camry a metric scale, estimate distances, verify them, *

Lift 500-gramn and kilograin weights, and so on, and remember
how they feel. . Use 1-liter and 500-milliliter measuring cps.
: As you progress in the use of the system in your technical work
_ and around your home, you will appreciate the one uniformnota-
. tior. which expresses the smallest to the largest dimensions, There
is no mixture of units. The decimal nature of the metric system
is not the only one of its advantages which faéilitates all work.
Just as lmpOltdIlt is the logxcal unity which prevails among all
units in all branches of science and engineering.

Though vou do not memorize entire tables of conversion fac-
tors, before long vou will begin to notice some recurring numbers,
One millimeter turns out to be nealy 0.040 inch, Four hundred
and fifty-four grams equal 1 pound avoirdupois. The metric ton

—is about the same as an English lang ton. Three hundred and five

millimeters make about 1 foot. The board 20 millimeters thick
turns out to,be an inch board dressed on both sides.

As to temperatures, it is well to memorize a few landmarks of
centigrade readings. They are few and casy. At zero water
treezes. The standard tcmp(‘n ature. for houses’in winter is 20 to
212, The standard temperature of the human bady is 87 . Fifty-
five degrees is about as hot as coffee should be. At 100 water
boils. Five hundred degrees is a dull ved heat. Fifteen hundred
degrees is the temper: wtnre of molten iron. :

Four systems of drills arc in use in this country: the numbere od

2

-.
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- series, the lettered series; common fraction inch, and metric. 1

prepared a few tables of the diameters of all drills except the
metric. Every mechanic, tspecially if he is a machinist, has tabes -
converting all the diameters into thousandths of an inch. 1 have
just as much justification for having conversion tables expressed
in millimeters. Several g gauge systems are in use. The Brown &.
,Sharpe, Birminghum wire, new British' standard, and United -
States standard gauges are about all that the usual worker needs.
I prepared tables of these in terms of millimeters. The regular
svstem of iron- pipes with Briggs threads uses common fraction
“inch names. But the dimensions are not always true, and we need
" exactness. The inside diameter of the so-oullad 1/4-inch pipe is
not 6.33 millimeters, but 9.14 millimeters. 'Even the so-called
1-inch pipe has an inside diameter of 25.52 (instead of 25.4) milli-
meters. So I prepared tables of the precise sizes of tliese pipes in
metric units. For laying out mechanical designs to scale 1 found
that the Keuftel & Esser No. 1655 triangnlar boxwood scale is very
he.lpful with its six scale ratios.

. Itpaid me to set up a mental bound;ny at the edge ‘of my labo-
ratory or.shop. When data came in from the outside in English
measures, I converted them to metric. Inside my domain all work
was done with the international units. Then when my results
went out, dimensions were converted to English units. For some
of this converting the Lufkin No. 8624 folding rule works very
well. 1t has inches on one side and millimeters on the other,

There is another rule, the Vicror zig-zag Ne. 304-M, with the
same scales. When I go oyt into the plant or into my own home
to take measnrements, 1 always take them in millimeters. When
voit do some woodworking azound vour home, like putting up a
shelf or repairing the steps, the millimeter is the smallest unie
which it pevs to use. You can hardly saw a board any closer than
to the nearest millimeter, Thus there are no tractions. Even in
metal work on small parts, such as are used in telephony, the
huadredth of a millimeter is the smallest unit needed, and it is
decimal. As von work with millimeters, vou will notice thie fre-
(quent oceurrence of snch nnmbers as 6. 35,8, 9.5, 12,7, 16, 19, and
so on, which we only equivalents of certain fractions of an inch
which vou will memorize just as vou did the familiar fractions.
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For tle cross-feed" screw af a lathe, graduated'to thousandths
- of an inch, I have prepared a table.’ : |

o

LA~ uE REpUCTION "TABLE '
e .. Mm - Scale
, 7 oo

e 010
. '0.'15 L

, 020 .

- 025
o . ete. .

O CO DD

|

I regard the gréduatioi.& merely as numbers. If my calipéring of .

the diameter of a piece indicates that-I need to reduce’it-0.15
millimeter, I merely ttrn the-cross-feed three scale divisions, and
thus I proceed for any reduction of digmeter. :
I handle the tail stock in a similar way. I can turn it to quarter
turns with fair accuracy. g - '

TaIL STOCK
Mm _ Turns
. 0.25
79 20.5
7 0.10 - 075
109 1.0
1.98 125
2.38 1.5
3L75 . 209

If [ am drilling a picce of work held by a chuck in the spindle, I
can drill the hole to any reasonable depth by turning the tail
stock the indicated number of turns. I have made out the table
for tail stock as far as 31.75 millimeters, which is the equivalent
of twenty turns. - '
" Commercial tolerunces are casily memorized. Our rough toler-
ance is 0.010 inch, which is 0.25 millimeter. The finer tolerance is
0.002 inch, which is 0.05 nu.limeter. .
The end of my thesis is the same as the beginning. Use is the
test: use will prove the werth of the system. Theorizing does little
good. In the case of any carnest worker who can control his tools,
and of anv of us in working around our homes, & little careful
thought will overcome zul'\"appurmlt difficulties. The rewards
are for those who look for opportunity and venture to improve.
a

L

.
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. ' o o ]‘ E. HANSEN.
IN THE porcelain enamel industry, with which this writer is most
intimately familiar, we acknowledge the advantages of the metric
system—and at the same time cling'to remnants of the avoirdu-
pois-feet system.

Raw materi Is are pur chased by the ton or pound formulatmg_
ingredients are supplied by the pound and are packaged in units
of 50 or 100 pounds. Processing formulation. is usually on a basis

“of 100 parts of basig material (frit) plus varipus percentages of
"added ingredients. This works very well until we get down to
> .additiaps of less than 1 per cent, when we encounter fractions of
ounces and thus fall back on metric weights'to solve the short-
comings of a counter scale or balance calibrated in pounds and
ounces. An example hardly needs elaborate explanation: -

. . Mill Formula . Weight
100 pounds #ABC frit 100 pounds
7 per cen’: Enamel clay S . 7 pounds
2'per cen* Opacifier * ' 2 pounds
0.25 per cent Magnesium carbonate - 4 ounces
0.20 per cent Sodium nitrate = 3.2 ounces 91 grams

- 0.02 per cent Tetra sodium pyrophosphate = 0.32 ounces 9 grams,

Obviously, much less calculation and a smaller charce for
error would be involved if we “went metric all the way.”

In the porcelain ename]ing branch of the ceramic industry we
have “ gone metric” to the extent of expressing specific gravities
of slips in metric units (for exampl sﬂmﬁc gravity 1.82) rather
than in ounces per pint, but since ountces and the usual fractions
thereof do not accurately enough express weights of application
in processing specifications, we revert to g,r}ms per square foot.

Imagine the c: #a]atlom required on the part of an accountant
in checking the theoretical cost of the eniamel on a part 17 inches
wide and 23 58 inches long if the material is applied at 38 grams
weight per square foot and costs $0.0837 per pound avoirdupois!

Need we say more to support th e adayantages of a metric system .
in porcelain enameling practice!
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The Metric System in Merchandising |
: , R M. I KLEINHAUS -

" WHEN most .peoplé use the term lmerchandlsirig they generally re- -

fer to the series of human endeavors which culminate in consumer
purchases. The great mass of consumer purchasing is done by

" women, Almost all consumer pprchasing—even the selection of

the homie, the family car, and clothes for men—is greatly influ®
enced by women’s gpinions. . S

“Most women seem to detesi anything which is related to mathe-
‘matics.” ‘They usually take the, butcher’s word when he says,
“Fifty-six the pound, That’s 2 3/8 pounds—$1.33, ma’am”; and
when they have returned home they despair of checking the
butcher’s computations because of the “frightening fraction.” Qn
the other hand, had the butcher said, “One kilé and eighty at
$1.23—that's $1.33,” there would be no, “frightening .fraction”
but a simple problem in multiplication. In fact, a cash register-
computing machine might throw out a receipt which would shqw
1.080 at $1.23—$1.33, and there wotld be no homework shop-
ping audit at all.

The decimal system has been employed for years at the gas -
station, automatic cost figures based on galldns and tenths being
clearly indicated to the purchaser. '

In the department store field -there are countless transactions
made daily on the ‘basis of linear measure. | Yards and yards of
dress materials, sheecings, shirtings, linings, and towelings are
sold daily in many individual transactions’ involving fractional
yards. Similarly in the notions department, in floor coverings, in
ribhons both sales people and customers have the fraction to con-
tend with. In more than half the cases the transaction requires,
besides the ordinary multiplication of whole units and price, a,
division of price by the denominator, then another multiplication
of the quotient by the numerator, and finally an addition of the
two products previously obtained. The use of the metric system
.would obviate all the calculations save one multiplication of the
amount, expressed in wholé numbers and decimals, by the price.

*  Aside from'these advantages of the metric system to customer
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"myriads of calculations involving fractional pounds and fractional

t vards which fust be performed daily in a mercantile establish-

ment, either wholesale or retail: Most of these transactions are

accomplished by reducing the fractional parts of the unit to deci-.
" mals, thus going through an additional Step. Usually this step .
~ consists of glancing at a_convérsidn table, which indicates’ the

nearest decimal equivaleiit.” But in this very step there exists a
considerable chance for error, Only after the conversion is made
can the computation be continued with the aid of a calculating
machine. , ' '

The . use of the metric system, however, provides a'deﬁnite _
short cut in calcujations involving fractional units of weight, size,
r converting ounces to decimal parts of a

and capacity. Ta

" THE SYSTEM AT WORK.. -~ ° 6§
“ and sales perSon there arq'othérs which produce direct econ’ .nies,
. i merchandising operating ‘costs. This statement refers to the

pomid, pounds to decimal i)au;ts of a ton, inches to yards, and so |

on, are no longer necessary. *The size or the weight e;(‘Bressed in
the metric system—meters and decimeters, kilometers'and grams
—could Be set directly into a calculating michine, saving time
Jthrough the elimination of a step and throu\gh that elimination
also minimizing the chance of error. \

i

-

¥

~

- From Letters to the Metric Association

THE. NATIONAL ASSOCIATION
OF RETAIL DRUGGISTS

Tite National: Association of Retail Druggists, one. of the many
organizations in the United States which for over a quarter of a
century have favored a change in the system of weights and meas-
ures to obtain metrice standardization, says in a~letter written to
the Metric ASS()("l'ilti()il‘: )

4
Iu so far as the cost of changing to the metric system is con-.

cerned. will sav, that it would not be expeusive. o
J. W. Dargave :
Executive Secretary

-




RO T el A R e T AR
A f e e ‘
L q e, 8 e oy L L o . ,‘
el T THE METRI‘C SYSTEM . ..
:QL(\ . co HARDWAR!-, \IER(‘HANT -

'_'.' . Ask anyone vou know who sclls twist dl‘l“S, ﬁles, hammers, ham- e

- yr Itandles, hack saw’ blades, paint brushes, ‘rlmofit any hard- ;
‘ are items tlrt are packed and priced “per dozen’ -i-evén shoes, -

“y shirts, gloves, hosiery, etc. what a nuisance it always is to divide

the invojced price by:12 and ‘at inyentory timé to reverse the _proc-

ess by¥counting per package then multxplymg by izlon so_many,
many items.

o : - L H. thgraph L

Tampa, Florida ’ : B

X [ -‘D.
e March 25, 1946~ 7, . / oo o
- . . . b . N . o . ~ )

* K

L 00 - N
g LIRS CENERAL P,LP.Crxi}(“’hchM-

¢ PERSONALLY, I am very much i in favor of the changq,[to the n}gtnc
) system], ev cm though it may involve considerable time, ¢xpense,
» and posslblx some confusion. Vlmtever it costs will.certainly be
. . worthwhile,= < ’ : ‘
« [ might add that this movement-is far-reaching in-that wo aré
~ simplifving measurements for future generations. It may mean -
. ~ more work for -oursclves, it We-can consider it a con;nbutmn to *
- the welfare of mankind. No doubt there will be some, ‘immediate
beneﬁt but tlns is secondary int 1mportance ]

H. F. Hathaway )
- " Apparatus Depgrtment
: .. Washington Office o

June 28, 1946 °

_ - ." HART SCHAFFNER &"MARX

. g v . v :
W veen that universal use: af the metric system would be bene-
ficial to dll. It is the writer's personal belief, howe\er that this
should be approached by starting with our publlc school system.

- Those educating the vounger genetation to this line of tnought .
would save a great deal of djfficulty in future vears of edycating
the older head.

Comptroller
July 24, 1946
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Reply to a Questjpnnaire on the Metric System

‘ ‘.c o _ . MERCK & COMPANY, INC.

.
.

< of public opinion on the uise of the Metric §ystem. [See page 156.]

. No one is better acquainted with the Ynnecessary difficulties -
that are constantly met with due to lack of uniformity-in systems .

of weights apd measures than a company engaged in stientific:
~ -and 'commeryiii} endeavors that are_international in scope. The
- business of Merck & Co,, Inic,, at the present time necessitatgs the

use offone set of weights and measures for ordinary domestic us- .

age, i.e., Ametican pound, gallon, etc.; another set, the apothecary

- systern for pharmaceutical-usage and a third set of the Metric sysi\’/

A

" tem for. its scientific work. In addition to this, the internationa
‘o chdracter .of the business requires a knowledge of English and
" Cdntigental weights and measures, ~A
L | a#n convinced that it would be of the utmost advantage to the’
_United States to use Metric weights and measures in manufactur-
“ { ing, buying, and selling, in trade and in all éducational endeavors.
Itis probable that the adjustment required could be made within
ten years without any-great inconvenience and it might seem best
to effect the change by legislation. s
‘ ' C. R. Addinall, Ph.D.

N Director, Technical Information Department
January 28, 1937 , !

] . . :—-\'
Medicine and Pharmacy

The Metric System in Medicine :
t . ~AUSTIN SMITH

* Tur practice of medicine consists essentially of preventing and
‘diagnosing illness and.treating the sick. The administration of
potent druys is an important part of the treatment, and'the use of

« . ameasilv and universally understood standard of measurement
fucilitates the administering of drugs and minimizes the possibility
of error. The metric system provides such a standard.

L . o © h‘(
i* 7.+« . . THE SYSTEM AT WORK X

I HAVE been asked toreply to you inquiky regarding your survey

)
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~ Y¥he Council_on | I’MMQEQ;(] Chemistry of the Americaii &
Medical Association has advotnted the adoption of .the metric

system an(%n several occasions has published statements explain- ..,

~-ing why it believed that this system is “the logical ‘one to use in

Ll
.

medicine. For several years the Council has used only the metric
svstem 'in its publications, including New gnd Nonofficial Reme- - -
dies. Tt also has encouraged this method of standardization by: ‘
participating in conferences with other groups interested in this
problem, and from one of the conferences there has come aNoint
recommendation byrthe Council on Pharmaev and Chemistry, the -
Office of the United States Pharniacopoeia, and the Office of the
National Formulary calling for the exclusive use of the metric sys- * ...
tem by the medical, pharmacal, and allied professions, and by -.. =
the drug and pharmaceutical industries. As a vesult of this con- .~ .-
sideration the United States Pharmacopoeia and National Formu---

*lary will list dosiges inf the metric system, followed, at least for

the present, by equivalent apothecaries’ dosages, which will be-
set in parentheses and will be only approximate. Thus the de- ™
clared amounts en the drug labels, can be stated e;&actly in the - ..
metric, svstem and can be used as the basis for control tests. This ="
procedure is quite acceptable to the Food and Drug Administra-
tion.

The advantages of universal adoption of the getric system are
many. In medicine the advantages include acdate manufactur-
ing, accurate prescription writing, accurate compounding, and
acenrate administration of drugs. The control departments and
research departmients in the dpug and pharmaceutical industries
much prefer to nse metric measurements; the physician and phar-
st can write apd interpret directions with mutual confidence;
and the physician can determine the dosage for the individual pa-
tient with much greater ease. For example, he can use whole
nnmbers when determining the amount of drug needed on the
basis of the hody weight of the individual, and he can obtain a
better appreciation of the distribution of the drugs thronghont
the body when he examines metric reports on concentrations of
the drug in the wrine and blood. The sulfonamides used for in- -
fections and thioevanates used for hypertension are just two ex-
;unplvs of the drngs that are followed closely in this manner.
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Over a long period of time, members of the House of Delegates -
“of the American Med@al-Association have repeatedly recom-
mended the use of the metric system by the medical profession.
In fact, in 1878 a resolution was introduced and passed in the
House which recognized the value.of this systein and “ .. rec-
ommends to all physicians the use of the same in their practice
and in their meetings and teachings.” It is’unfortunaté that not
all physicians lm\'v)fn!-l_\' adopted this system, but with the pass-
ing of cach year more pliysicians are using it. This is especially
true of the younger men. N : ' .
The Conneil on Phidrmacy and Chémistry adopted tife metric
system because of the oceurrence of seridus accidents i adminis-
tering preseribed doses vf dmgs which resulted from confusion
between the metric and apothecaries’ systems. It would have
eventually taken this actionusithout such practical stimulus. The
Council recognizes that the universal adoption ‘(}f the metric sys-
tem would be o mbnifes dion of rationality and of interpro-
fessional and international cqoperation of high practical utility,
When the* Council antounced its intention of exclusively using
the metric system in its publications, including books, a member
of the engineéring profession enthusiastically endorsed this ac-
tion. e wrote, in part: “The metric system represents a standard
which can be used and anderstood in every ciyilized country by
every profession. It is one of the few scientific things that prac-
tically all professbons can have in common. . . . The engincering
profession stands to gain as much as the medical profession from
the general adoption of the metric system.”

Similar support is needed from other professions {f the metric
svstem is to be adopted for general use in this country and if in
respect to health we are to be on common ground in the scientific
and business fields with other nations, Tf all kinds of service and

Cindustry adopt the metric system, confusion and misunderstand-
ing-will be lessened. '

[Editor’s note: The medical profession has now made a move which
conld and shonld be followed by the grocers” and canners’ associations:
the placing on canned goods of metric labels with the English equiva-
lents in parentheses. At present there ave donble Tabels, but the metric
amounts are subordinate.] ' .
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Universal Use of the Metric System in Medicine
o MARTIN 1L FISCHER

Mutuat understanding arises among men when like sounds come

to convey like meanings. This is why music is the most univer- .

sally understood medium of communication, and why a common
language is the next best. _

In science the common bond among weights and measures is
the metric system. Tbis is now the only Inguage of measurement
spoken in the largest portions of this: ea¥th aud by the largest
number of its people. Metric standards prevail everywhere in the
world except where Britain or the United States holds sway, and
even jn these countries advocates of the metric system have long
been active on its behalf, What scientifi¢ worker in these coun-
tries has dared perpetuate the jargon of vards,-quarts, and ounces,
unless he lacked the tiue scientist’s desive for precision? The
British Empire and the United States lave injured themselves by
persistence in their ways. Perhaps it is too much to charge that
British biological discoveries were not more quickly known to
other countries merely because they were expressed in measures
no longer familiar to the rest of the world, but it is legitimate to
say that much international trade has been lost to both the British
Empire and the United States through discrepancies in measure-
ments of manufactured goods. Although buyvers in South Amer-

ica and Russia, for example, ma.\}s not subscribe to political phi- .

losophies pleasing to us, they are good potential customers, and
thev do business in metric terms.! On this account they have long
preferred to turn to Germany, Austria, Switzerland, Sweden, ITol-
Lnd, France, or Spain instead of to the United States in placing
their orders. :

Six vears of war have not changed this fundamental psvel logi-
cal factor. These wartime experiences, however, mayv be thanked
tor having compelled the British Empire and the United States to

' Recently an Ttalian priest asked his sister in the United States to sond him a fow
Roman collurs (size 89 centimeters) with vokes (size 47 centimeters), The local
mathematicians had to work out these valnes to mean 13.354 inches for the for-
mer and 18.50 for the latter. The materials were then dispatehed in the United
States standard sizes 15 1/2 and 18 1/2,

A\
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- give fuller considera}}on to the almost universal metric system.

For our joint military eﬂ)\rts in Europe and the Pacific, makers of.
1

equipment saw the job through the metric way in designation of
gun bores, toolings, railroad parts, pnd elevations. But even this
gain, it may be feared, will not endure in peacetime. As a ma-
ching tool manufacturer said bt vesterday, “The toolers work on
hundredths of an inch, with the British inch two-thousandths
longer-than onr own. Inch hundredths reduce, all metric denomi-
nations to bastard sizes, with the conversion equivalents fiever on
the line.” This situation may continue despite the facts that for
Vaviation thé Internatioit skv is today laid out (even for us) both
up and across in Kilometers, that the earth’s surface is laid out in

. hectares, and that the working of the flying thing itself is meas-
"\ ured in terms of ergs. '

.\ "Compulsion of the doctor in the United States to think in met-.

rie terms mav be cited as another bit of good extractable from

six vears of war, *The cabalistic notations of the American doctor

began to blur even to.his eves fifty years ago; the physicians,
pharmacists, and drug manufacturers stfrted toawrite the metric
equivalents opposite thelt minims, grains, scruples, and drams.
Why the better designations did not at once displace the poorgr
can be expliined in several ways, but only two points need be
noted.- (1) The apothecaries’ systemn was the one taught in the
schools; (2) the graduates und practitioners could not be trusted
to convert into terms of this svstem orders given in the ‘interna-
tional metric units. There were constant opportunities for error.

- “A pint is a pound the world around,” but how about an ounce?
Manvpeople (especially those verseddn Latin) know that ounce
meins “the twelith part"—but of what? To the drugstore clerk
it is the twelfth part of the troy pound (480 grains or 31.08
gramifes), but when he buyvs wholesale it is in avoirdupois
pounds cach of which contains 16 ounces (437.5 grains or 28.349
gramhes). : ,

'l‘lmt&épvll;'ng of gramme is a carrvover from the last century,
when it was insisted upon by the seientific doctors, physiologists,
and plarmacists of the day so that errors which would make med-
ical horror tales might be avoided. If the i in grain is not dotted,
the word looks like grani, \\"li(;‘ll ’i;l conversion multiplies the

.
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amount by 15—a zesult which js rather -bad if morphine. atro-
phine, or “bichloride” is the mdterial ordered. And what have
sometimes been the consequences when an attempt has been
made to translate simple percentage solutions intended for injec-
tion or wound treatment into_the weird multiples of grains to the
punce? . T

Itis a pleasure to report that within this decade the former ra-
tio of apothecaries’ to metric megsures, in written prescriptions
has been increasingly reversed. T e desired dose is more and
more called for fivst in metric terms; 1d then in the terms of Brit-
ain and her dominiouns and of the mted.Statc"und her terri-

‘tories. .

There is still better news. 1 have before me the catalogues

.

of several American chemical and pluumuceuhcal manufacturers -

who list their products in metric fems’ only! '
The homegrown standards: of " the British E mpire and the

United States (along with theii trade practices that make impes
rial, standard, and’ other gallons all ‘different units, and pints,
pounds, and ounces highly variuble) scem to be on the wayv out,
as thev o}\;,ht to be. Our medical officers dmmg, the war were
first surprised, then batHed when they met ‘forcigners, whether
friends or ‘fk\*s who spoke in metric. terins; but they learned.
Those who returned from service overseas now speak only of
cubic centimeters of blood, milligrams of drugs, alkaloids, and
vitamins, and grams of protein. They do not wish to return, and
it is to be hoped’ that they will not retum, t( variable quanrts,
pints, or ounces,Refore the war they could arglie that they dared
not use the nétrie svstam because our pharmaceutical manufac-
turers, pharmacists, nutrition experts, and farmers did not know
what it stood for. Now. however, a new generation is‘ rising.
Governmental, professional, and agricultural leaders séem in-
(r(ulsnwlv inclined to ae cept metrie units, A recent government
report (onv of & hundred on nutrition) argues the relative merits
of standard, enrviched, and whole wheat flour by printing the mil-
ligram amounts of their several vitamins upon tl'le outline of a

sack.

The swing is evident. Those in authority are asked to hasten -

what is inevitable.
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Metric and Avoirdupois in the Drug Industry”
_— - : ' EDWARD V. MEITH

Evenyonr, I believe, is well Rcﬁ«ainted with the fact that all sci-
entific labpratory instruments, such as pipettes, burettes, flasks,
beakers, and graduated cylipders, arel marked and identified by
metric sizes. The foundation of pharmageutical and biological -
manufacturing is research carried on by the use of such instru-
ments in the laboratory. Here diugs and future medicinal prod-
. atots. are’ conceived and tested fo \possible- toxig reactions, phys-
. iological action, and potency. Usually the .research ghemist is
dealing with relatively small amounts of material;at times, even, .
these amounts are really minute; dlmost microscopjc. To work
precisely and within the scope ofithe apparatus available, the
_ chemist must measure these small dmounts-in units of the metric -
system. I-believe I can say with, positive assurance that every-
thing concerned with the research chemist’s work is measured by
the metric System. All of his graduated glassware is metric; his
fine balagces, scales, and weights are metric. '
One o?cour first steps in pharmaceutical manufacturing is to
write up the formula for any given product, Incloded in this for-
< mula are the exact amounts of each ingredient, plu&all steps re-
quired for manufacture of the completed item. Thejaforemen-
" tioned amounts are, with very few exceptions, recorded entirely
in tgrms of the avuirdupois system: pounds, dunces, fractions of
o) s, and grains. After the product has been mapufacture_d, it
goes to the filling department.. Here we encounter filled weights
- which are'a mixture of avoirdupois and metric units. The ma-
jority of these weights, such as those of powders and powdered
extracts aud ointments, are expressed in pounds and ounces.
However, a considerable number of special items and ophthalmic
ofutmerts are filled jn units of the metric system. _ .
Let us go back to the steps immediately preceding manufacture.
Raw materials used in large-scale manufacture of pharmacey--
tical products come from many faraway places on the globe.
Among these are ergot from Spain, parsley and caraway seeds
from South America, geuntian from southern Europe, rhubarb fro\m
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China angd Russia, licorice from Turl\ey, and vanilla beans from
Madagascar. Besides the foreign imports, a very large percentage -
of raw material used cames from domestic markets. Here, to my:

mind, exists the greatest paradox of all. We order uite a number -

of fine (.\l@lmcals from companies ught here in our own “avoir-
sis country” which are handled in units of thié®metric svstem.

. of these we order in kilograms. On some oceasions when

we nave placed an order for a material for use in a new product,
we have been fuced with this complication: We ordered so many
pounds of a given item. Upon checking the shipment, we find it
supplied to us in kilos. The goods will be invoiced to us at so
much per kilo. In order to check our cost records, the invoice

“must be converted to price per pound, and the reeeiving depart-,

ment must ¢ither convert the actual package weight from kiles to
“pounds or have scales available to weigh by both systems.
After having been received, crude drugs und chemicals are as-

+ signed to one depmtmont known as a drug and chemical stores. -
-, The newly arrived items, after being carefully dlccl\ev‘l and as-

saved. are then entered upon the records of this department. If
the items were ordered and received in units of the metric sys-
tem, here again they must be converted to pounds and onnces.

For cach lot of any product manufacwred, a copy of the origi-
nal formula is issued. Arrivi ing at the cortect proportion of all
ingredients can’be quite a complicated problem. Each ingredient
must account for a specified percentage of the finished product.
Figuring all these percentages in units of the metrig svstenm would
be much easier and would allow less chance for error than the,
‘complications which arise from use of the avoirdupois svstem. As
an example of this, T would cite tablot munufacture. Since raw
materials are stocked and recorded in pounds and onnces, as we
have seen, the ingredients in the formula are figured in avoirdu-
pois units. If a lot of 5 5-gain tablets is to be manufactured, the
formula-is made up for some multiple of 7,000, such as 33,000,
70,000, 140,000, and so on. Two and one-half grain tablets would
be figured in lots of 17,500, 85,000, 52,500, and so ou. This pro-
cednre is practically a nccessity in the figuring of large lots of in-
gredients in avoirdupois w cights. It is very easy to see how much
simpler all this would be if the metric system were universal,

]
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. In-1921 Dr. Fredevick Banting, a pioneer in odern medicine -
then twenty-cight vears old, Began experimental work at the
University of Toronto to develop a treatment for diabetics. The
result was insulin. This product is an outstanding example of a
fliid item which is ' made up by weight in units of the metric sys-
tem. Thé highlv concentrated solution of the active cxtract from
‘beef and pork pancreas glands is delivered to a dilution depart-
ment as an amount weighing so many grams. Here the extragts
are prepared and diluted with suitable solvents and precipitants
" for therapeutic use. This process-is carried on in large tanks
monnted on scales weighing by the metric system. All the weights
of the aforementioned solvents and precipitants are written on
“the formula ticket as so many pounds, ounces, and fractions of
“ounces. Following these figures, in parentheses, are the metric
equivalents, The ingredients added to the pancereas extract are
ordéred from outside sources and stocked in 1mits of the avoirdu-
pois svstent. The metric equivalents must appear also, because
the basic extract is supplied in grams, and the entire process is
completed in the metric svstem. The finished insulin is finally
filled and marketed in ampoules of—usually—35 und 10 cubic cen-
timeters. :

Nearly all medicinal products sold which are labeled as weigh-
ing so many grains or ounces also bear the metric equivalents.
Licuids usnally bear ounce or pint labels with cubic centimeter
. equivalents.

Even the marketing of pharmacdutical and biological products
runs afonl of the avoirdupois-metNge situation. Domestic ship-
ments gt be marked with gross, taregnd net weights in pounds.
But foreign shipments. particularly to § outh American countries,
must be declared to customs officials in kilos. The net weights on
these shipments mean just that: the weight of the material only,
not of the small glass ampoule or tiny: carton, any number of which
micht be packed in a shipping box. From final inspection checks
of tablets, we can get the weight of 100 tablets in grains. All the
previons manntacturing steps have been made in avoirdupois
weights: so. of conrse, mst the final inspection checks. This
weight then must he converted to kilos for each size of tablet bot-
tle, of which there may be five or six. Now. as vou can see, it the
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metric system had been followed tllroubhouf the entire manufac-
turing process, all this conv erting of figures and weights at the
end of the line would be totally unnecessary as far as foreign ship-
ments are concerned. However, if the drug trade alone switched
. to metric weights entirely, then domestic shipping weights would
have to be converted from metric to avoirdupois. Unless—and
until—pur country, and even the world as a whole, establishes a

universal weighing system, some conversion of weight readings

" "cannot possibly be avoided. .
Doctors with whom I have talked do not have any great criti-
cism for either system of weights. The one interesting fact I have
uncovered about prescriptions is coneerned chielly with the sulfa
drugs and their derivatives. Medical research. and cxpm'iencv
have indicated that the optimum dose of the sulfa drugs is gov-
erned by bodv wm@,ht, and so it follows that the dosage of the
drug prescribed will, iu so far as posslble amount to a predeter-
mined percentage of the patient’s weight. If this weight were

measured in the meaic svstem, the amount of drug to be admin- .

istered could be arrived at much more easily and quickly.
Certainly a great- many manufacturing difficulties in the drug

industry would be resolved by the exclusive use of the metric s'ys‘- .

tem. Howev er, until either the metric or avoirdupois .method is
used exclusivelv tlumwhout this country ind the world, commer-
cial relations must recognize, and cope with, the problems arising
from the nse of both systems.

Universal Adoption of the Metrie System®

The End of Coufusion Is Near Because the
Recent Action of the ANMA Opens the Way
for Universal Adoption of This Svstem
AN EDITORIAL in a recent Jonrnal of the American Medical Asso-
ciatien pointed ont the Tgreat practical utility™ of the universal
adoption of the metric syste . The medical profession, and its

° Reprinted from the March, 194 issue of American Druggist by special per-
wission ot the publishers,

3
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auxiliary. health professions, ineluding pharmacists, shonld care-
‘fully observe this growing trend. o S
Invention is frequently born of fecessity. Individuals and
tribes needed somé meuns of appraisal of weight, and-many mind¢
contributed to the original invention. The traditional or natural
systems of weights were based on various parts of the human
andtomy or articles of common use. Lick of uniformity was prev-
."alent; ‘confusion common. ‘ . o
The origin of the metric system is relatively modern and com-
pletely rational. The meter, the unit of the metric system, is one
ten-millionth part of the distance between the equator and the
pole. It is imaterial what is adopted as the unit of a system,
provided this unit is afterwards defined to become of fixed and
absolute value. The standard meter is (or was!) kept in Paris.
* Other countries have prepared standard meters from the original,
“so.if Hitler’s hordes have destroyed it there are others available.
The distance from the equator to the pole could be calculated
again at.any time, should this be necessary: '
If pharmacists were asked what percentdge of their prescrip-
tions are written in the metric system, the answers would vary
from fifteen or twenty per cent to well over fifty per cent. But the
per cent has been slowly increasing with thé younger medical
practitioners, who are more inclined to use the metric system.
The universal use of the metric system in scientific works and
its adoption for other uses appear to be good reasons for its use
in medicine and pharmacy. In spite of the emphasis o the value
of adopting a uniform method of presenting quantities and doses,
the universal acceptance of the metric system has been slow. In
1799, France was the first nation to make the metric system ob-
ligatory. Many other nations followed. The United States, Great
Britain, and Russia' are among the last important nations to placé
the metric svstem in use. Its use is legalized but not made oblig-
atory by law in these nations, and in Egypt, Japan, and Turkey.
If physicians are to use the metric system in prescribing, they
must be taught to think in metric terms because conversion of
quantities into metric units may be compared to writing in a for-

tEditor's note: The ase of the metrie system was made obligatory in Russia in
1921 and in Japan in 1922,

s




18 . THE METRIC SYSTEM '

eign language, and then laboriously “translating it into Enghsh .
The récent action of the Council on Pharmacy and Chémistry; of
the American Medical Association, in deciding to adopt the met-
ric system exclusively in its publications-should hasten. what
seemns to be the predcstmed universal use of this system of weights
angl measures. It should mean the employment of the metric sys-
tem in medical teaching centers and in the preparatlon of papers
for publication in medical journals. -

Many wmanufacturers label their products exclusxvely in the
metric system, or in this svstem with an accompanying equiva-
lent. Manufacturers of vitamins, hormones, sulfonamides, etc.,
have contributed to the universal adoption of this system by us-
ing it in labeling produets, thus causing the medical and the aux-
fliary health pxofessmns to think more and more in metric quan-
tities. Now, with the action of the A.M.A.,, it may not be a far
step to the universal adoption of the metric system. .

v,

The Metric System Exclusively?® .

Tue Council on Pharmac and Chémistry of the American Medl-
cal Association has 1econt1y announced that henceforth New and
Nonofficial Remedies, Useful Druss the Epltomc of the U. S.
Pharmacopoeia and National Formulary, and Interns- Manual
(publications of the American Medical Associaflon) will give
uantities and doses only in the Metric System. It is 110 ed that
this action will hasten the day when the Metric System alone will
be used in pharmacy and medicine. The decimal system of frac-
tions, together with the fact that every unit of weight, volume, or

- length bears a simple relation to the initial unit (the meter),

makes the svstenveasy to understand and manipulate. It has been
used in thescientific ficld for vears. The present practice of using
two svstems leads to confusion and, in some instances, to serious
errors in prescribing and compounding. In a recent survey of four
preseription pharmacies in Chicago, one reported that 75% of the
prescriptions were written in the metric svstem, a second re-

® Reprinted with permission from the Southern Pharmaceutical Journal, Janu-
ary, 1944,
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ported'70%, a third 40% and a fourth 25%, A number of physicians
used both the metric and apothecaries’ system on the same pre-

. .
. . 1

- Hemispheric Solidarity and-World Trade .

Metric Standardization in Pan-American Trade
AUBREY DRURY

Ix THIs Atomic Age, .in the face of the keenest commercial com-
petition the world has ever’known, our people—otherwise-so truly
efficient—cannot afford to hang on in Stong Age tools of trade, an
obsolete jumble of weights and mecasures which the rest of the
world will not tolerate. Particularly. is this true of Pan-American

“trade, which ought to He unified forthwith if we are not to im-

ede progress and embarrass our people’s welfare. The countr
g

- in which the héadquarters of the United Nations and of the Pan

Amenican Union are established is not likely much longer to lag
behind in this vital sphere of interest. Measurement is indeed the
master art. _

It is axiomatic that when commodities are offered for sale, they
should be offered in terms which the buying public will under-
stand. Tn marketing our products throughout Latin America,
therefore, we shall be following the best merchandising methods
when we quote in “the world language of quantity”—the decimal
metric units.- In all commercial transactions, the basic guestion is,
“How much®’ The answer should be clear and unequivocal.

These metric measures, uniform everywhere, enable the world’s
people to live, work, and trade together, understanding one an-
other’s quantity laingunage. The dollarlike units are divided into
cents and mills. There is nothing to misunderstand. Tt is little
wonder that virtually all peoples have eagerly accepted these
units as standard for world trade transactions. -

The First Pan-American Congress, held in 1890 it Washington,
D. C., laid the foundation for lasting friendship and trade be-
tween the Americas. One of the most important agreements,
adopted unanimously, with the full concurrence of the United
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States . of America, declared, “The confererice recommends the
decimal’ metnc system to the - natums which have not already
adopted it.” ~ :

" \"As a result of that conclusion, Me\wo‘!‘md(g}ll republ s of Cen-
- tral America, South (\menca, and the West Iidies by legal enact- -

meut confirmed the adoption of the metric units. Our great Sec-
wtar\ of State, ]ames G.:Blaine—sponsor of 'the Pan-American
couference plan, reviving the projeetof Sinfon Boliv; 1r—-—urged

- favorable action-in .the United States: hkew1se' met egis-

lation was blocked hy a narrow margin in (‘ongress, apd=in s
vital advance the United States lagged behind all the other Affier-
ican republies. Metric legislation, however, was never Hefeated
in u general clear-cut vote in the Congress of the United States.

As a result of the movement then inaugurated, progressive
commercial elements throughout the Americas have unified to
secure e ady antages of the decimal metric units for all. In ac-
cord with this program, the First Pan-American Standardization
Conference (which met in Lima, Peru, in December, 1924, and
January, 1923) took -action favorable to metri¢ standardization.
By resolution it was urged “that the units of weights and meas--
nres m the various cotntries tend toward the decimal metric sys-
tem.” The United States of America, represented at the conference - .
by an official delegation, was included in the recommendation. I ;
am glad to have had a part in attaining that progressive action.

New specifications, and chilges in those now cxisting, are to .
be in terms of the metric units throughout. the Western Hemi-
sphere as soon as the program of the several Pan-American Stand-
ardization Conferences is carried into effect. In the meantime, it
is recommended that metric equivalents be used in catalogues and
other commercial literature to aid transition to world-uniformity.

An appendix to the resolutions passed at the Lima conferente ——
specially urged the petroleum industry throughout the Americas
to advance to the metrie basis, using s the cubic meter for measure-
ment of crude oil and the liter or “world quart” for gasoline and
lubricants. °

Guillermo A. Sherwell, eminent Secretary of the Inter-Ameri-
can High Commission and official delegate from the United States
to the First Pan-American Standardization Conference at Lima,
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' urg,ed the victorious metric action. Aglvoc ating adoptlon of met-

riceumits by the United States, he "testified; “Usc of the metric sys-
tem wonld facilitate ‘international commerce, and consequently
favor the development of our national industries.”
W ith strlklng mmnumtv Pan American confcrcnces'wluch lla\c
“considgred the metric topic. haveedeclared that all American re-
publics should-stindardize on the metric basfs in merchandising,
Among these may be cited the Pan-American.Financial Congress,
the Pan-American Commercial Congress, the Pan-Americah Sci-
entific Con ress, . and the Ciistoms Cong.,wss of the American Re-
_ publics. Bepr resentatives of the Inter-American Iigh Commission
have ufipeared before the Congress of the United Statgs and have
attested their advocacy of the metric advance for the promotion
of understanding and commerce throughot:t the Americas, and
officials of the Pan American Union likewise have endorsed met-
ric standardization. .

AS that eminent leade#, the late Leo S. Rowe, Director General
of the Pan Américan Union, said, “The United States loses busi-

ness in Latin America because of perswtencc in usmg, cnstonmrv .

weights dind measures in exports which are not understood and
*do not fit in with the industrial economics of the Latin Americans.
- In effect, we are trving to sell left-handed tools to people who arc
right: “hinded s ‘

On -unother occasion, Rowe wrote me, “I have emmmed at one
time or another all the contentions of those who opposed the

- adoptioh of the metric system for general use in the United States

N\

.
¢

of America, and I find no valid ground for the allegation some-
times made that the change will involve widespread loss and
confusion. The change need not be.made ov ernight; there will be
time for adjustment: of appliances in the industtial world gener-
allv: and time for the schools and the press to familiarvize tho pub-
lic with the units and terminology of the metric sy stem.”

With Rowe’s predecessor, John Barrett, T discussed metric
b andardixation on several occasions. e, also, was a strong ad-

ocate of general use of the world-uniform units in the Umtcd '

States of America and in Pan-American trade.
In order to ascertain the valie of the metric units of weights
and measures in incrcasing the external trade of the United

-
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States, as the dxreetor of the All-America Standards Council I ad-
dressed an inquiry to United States consular officers throughout

the world. Qut of more than one hundred replies received, it is

notable that not one Tonsular officer has reported adversely to the
world metric standards. Virtually all are strong in their declara-

tion that gradual adoption of the metric-weights and measures
will greatly promote our trade abroad.. This unanimous opimon e

of world-trade experts is indeed eloquent “proof by authority.”
The testimony coming from United States consulat officers in
~-Latin America is_of particular value. That metric.weights amd

. RO EEERE .- ; o -t “ [ - \ T b
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measures are inv aluablesin g gaining and holding the trade of eoun-

trics on the metric basis is attested by this virtuallv ubanimags
opnmon of the consular officials and commercial attachés of the
United States abroad. They are trained ol)sm\ers, in a posltmn

to note the true value of the metric units in /evervdav transac--

tions, and their strong approval of the metri¢ measures indicates |
that these are truly successful in the countries whcrc they are in-_

-

stituted and work well in practical affairs, .

Further testlmonv as to the value of the metric umits,in the
countries where the} are used comes from the American cham-
bers of commerce established there. Virtually ever® American
chamber of commerce in other lands has urgcd that the United
States likewise adopt the metric units to promote cur export
trade. The United States Chamber. of Commerce in the Argen-
tine Republic and the American Chanber of Commerce of Brazil
are aznong the many organizations which urged the United States

-,

o

to get in line with ‘the comnwrcml practice of the world and to '

adopt the metric units for merchandising:

These chambers of commerce are made up mainly of American
businessmen who are able to view the use of metric measures in
actual trade transactions, and their unbiased testimony is some of
the hest that could be offered. -

The Mexican Chamber ot Cemmerce of the United States, Inc.,

with headquarters in New York City, some vears ago declared:

that the use of metric weights and measures is of even more im-
portance than the nse of the Spanish language in ‘'securing trade,
not oulv in Mexico, bat throughout Spanish America.

[)((ldllll& that the most pressing problems Lonfxontmg human-
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‘ kmd are econoic and not pdhtlcal George Prescott Blaw, as
Chairman of the Standardization Commniittee of the International

Chamber of Commerce, made this s1gmficant statement: “I con-

sider the topic of world metric standardization the most impor-

", tant question before the world toddy. Adoption of the deciinal

metrfc vhits by the United States oﬁ America will be the greatest
commercial advance of the century.”

This authoritative declaration was that of a man who made a
lifelong study of standards in commerce and industry. As Presi-
dent, and later as Chairman of the Board, of the Western Clock
Company (well known as'manufacturers of the “Big Ben” family
of ¢ ocl\s) he became recognized as one of the foremost leaders

in Afficrican industry. Hegserved as a member of the Board of .

Directors of the Chamber of Commerce of the United States and
was influential in orbamzmv the International Chamber of Com-
merce in 1920,

The memorable survev of the. Pan-American trade figld made
by George Prescott Blow is thus recorded: “In 1914, just before
the first World War began, I mude a voyage down the eastern
coast of South America, passing tlnoug’h the Straits of Mhgellan,
“up the western coast, and then home via Panama. I took pains to
study the trude conditions on both the Atlantic and Pacifie coasts,
and Teturned convinced-that the principal (if not only) reasons
why the Germans were driving out American and British goods,
of a better quality than those_they supplied, was because the Ger-
mans and South America both bouglt and sold, advertiséd and
talked in the same trade Linguage, ‘metrics’; while we had to
translate into a system’ they had long ago folgotten I wag called
before the (theit new) F ederal Trade Commmlon, in Chicago,
and gave my opinjon and conviction to this effect.” !

World War 11 tuught incscapable lessons as to the drgent need
for world unification of standards in commerce and industry, as
well as in warfare. Closely allied with mannfacture and indus-
trial efficiency is invention. As was so well pointed out by Samuel
W. Stratton, metric standards, being exclusively used by those en-
aaged i scientific rescarch and invention, should likewise be em-

YAnbrey Drury and others, World Metric Standuardization (World Metric Stand-
ardization Counal, San Francisee, 1922), p. 506.
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i)lO}'(Bd threaghout industry in order that the results obtained may
be quicklitransmitted into fgctory production. It hygheen proved

that without the metric measures the devglopment of such indus- .

tries as the electrical, radio, abd aircraft industrids would, have

been virtually impossible, beeatise progress came only through

the accumulation of data in the metric units by researchers in yar-
jous countties and tho‘mpid.trz'msmissi(m of the results ofs this
research in understandablé form to collaborators elsewhere.
Our industry owes an pnpnynhlc debt to American inventive
genius and should heed the advice of the inventors who have so
strongly pleaded for the adoptien of the metrie standards. Alex-
ander Graham Béll, inventor of the telephone; George Westing-
house, inventor of the air brake; and Elwood Haynes, prominent
in the development of the automobile, personally appeared before

-Congress and urged adoption of the metric measures. Thomas A.

Edison, the world’s greatest inventor, was an advocate of the pas-
sage of metric l(l{isluti(m. From him I received many letters urg-
ing this progress. His noted sous share lus interest in this cause.

That there has now come an awakened public recognition of
our duty, to ourselves, to Pan-America, and to the world, is indi-
cated by the widespread public interest in the metric standardiza-
tion movement thronghout the United States. Tt is.expected that
a liberal metrice standards bill will be introduced in Congress pro-
viding for a gradual transition to the metric units in merchandis-
ing. $tates with a total population of 20,000,000—Tlinois, Ten-
nessee, California, North Dakota, and Utah—are on record o this
(estiprthrongh their legislatures, which memorialized Congress
to pz&: such a law. For some vears, more than 100,000 individual
petitions have been pending before our national legislators urg-
ing the advance, and altogether these represent millions of voters,
for many petitions are froms organizations having thousands of
members. : : y .

Let it e emphasized that the proposedanetric legislation will
apply to merchandising enly—manufacturers are to continue to
use whatever weights and measures they desire in produtetion,
bt after g transition period they are to buy and sell on the decei-
mal metric basis. This will not change the vize of anything, but
will merely be a modification in the terms of description. Recog-

P
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' nizing the. caberand facility which this will give to the distribution
of manufactured produets, thousands of manufacturing concerns
~ are among those fZ{VDFmg the passage of metric legislation.
_ As Albert Herbert, manufacturer and world . trader,-leader in
\.S the metric cause, so well said, “It is surprising that metric stand-

ardlzatlon was not brought about long agd. No one. ob]ects to it .
.etcepba microscopic mmorlty o ' ;
As a peace move, this metric advance will be of utmost value. -

No step could so greatly promote amity and understanding be-
tween the United States g#d all the other American republics. It
. _would be a vital factor in fliiter-American defense; and above all it.
would develop trade, “that calm health of nations.” R .
Andrew Carnegie, foremost industrial leader of America,-de-
clared: “The present weights and measures of the United States
of America are unworthy an intelligent nation today.” Andrew
Carnegie strongly urged metric standardization. . Benefactor of <
worl } ~ace, he was the main dogor of the beautiful building of
“the Pan Anierican Union in W ashmgton D. C. .
By removing the toll bars that hinder free transmission of ldcas
by hcllltatmg interchange of cummodities in world trade, the .
. metric progress will confer manifold benefits.

' To conclude in the oloquent words of Charles Sumner before _

the United States Senate: “Here is a new element of civilization  * .

which will be felt in all the concerns of life at home and abroad. '

Tt wiil be hardly less important than the Arabic numerals by

which the operations of arithretic are rendered common "to all

nations. It will help undo that plane\ al confusion ‘of which the

‘Tower of Babel was the representative.”

.

The Metric System from the Pan-American Standpoint® .
WILLIAM C. WELLS ,

\ Tre Pan American Union was created by a resolution adopted in ‘
the First Iuternational Conference of the American Republies:
Leld in Washington in 1889, All the 21 independent republics of

® Reprinted from Scientific .\Iunlhlj, Val. l March, 1917, pp. 196-202, by per-©
mission of the publishers.
l/ he
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North and South America join tobether in the ’support and main-
tenauce of the institution, which is governed by a board consist-
ing of the O S. Scerétary of State, ex, officio, and the diplomatic *
representatives in Washington of the 20 Latin Angerican repub-
lics. Its generdl purpose is to create andfoster-a larger commer-
cml and intellectual intercourse betwewn the republics of the
American continents. It is an all:American institution interested
in every gnestion which does, or. lmght colcern the two Amer-
icas, among which the question of weights Jnd measures is not
the least 1mport‘mt.. : .

If there is one thing in the future that can be predicated as a

‘truth with more certainty than another, it is the clmng,mg position ,

of the United States in
change, while acceleratg
thereof 71t is due en

respect to -its foreign commerce. This
by the World War, is in wo way a result
rely to our own development, consequently

ereviting a changed international commercial status for the United -

States. It is industrial evolution in its comparative relations.

Formerly onr exports were of raw materials, primary food
products. slightlv wrought commodiies—in fact, of those things
wherein the Lurger commercial values were represented by the
work of nature and the lesser values by the work of man. We
were selling prinarily the minerals from our hills, the trees {rom
our forests. and in olir cotton and our grain the fertilizing ele-
ments of our soils. We were selling for the most part the handi-
work of natnre and not of man. We were depleting our capital
resources—bhut on the whole not at a loss. We were following the
natimal highwav of evolution from the forest and mining indus-
tries to the pastoml to the agri-ultural, and on to the mechanical.
In a sense we were converting a part of our static capital into
lignid capital.

In the last decade or two the character of our exports has begun
to chauge. Measured by values, we are selling less of the prod-
ucts of our mines, of -our forests, and of our fields, and more of the
products of our lubor and skill. Where we sold lumber, we are
selling chairs, tables, aud desks: where we sold pig-iron, we are
s llmtr knives, plows, and machinery.

It is not necessary to elaborate this idea Tt must be apparent
to evervone that we are coming to the point where our growing

k4
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.population will consume all our own food products, where our
' mills and factories w ill use all our own.raw materials, and where
our only: surpluses for export will he-the* finished and -highly
wroirght products of these mills and factories. This is as it should
he. for thus we shull be selling for the most what man creates and
for the least what nature creates. What has all this to do with the
metric svstem? Much, very much.

Broadl\ speaking, all e\(ponts may be classed under two heads:
first. such as sell themselves, that is, where the buying and selling
machinery is for the most part put into operation by the buver; and,
second., such as must be sold; that is, where the nmchmery is op-
crated ahriost entirely by the seller. These two classes correspond
almost exactly with the two other classes first indicated dbove,

viz., raw materials and primarv food products, on the one hand;

and finished and highly wrought commodities, on the other.

Cotton, wheat, flour, lumber, unwrought netals, oils, hides,
wool, meat, and the like, sell themselves. Wherever in the world
these things are needed and there is the price to pay, the buyer
sets in opomtlon the machinery to secure them. The farmer does
not have to send out commercial travelers to sell his cotton. He
does not have to advertise it in the papers. He delivers it to the
railwav. and there jt is caught up by a machine in no wise hi
ation, which finally dumps it down at some factory door—
the farmer never knows, it may be in Massachusete and it 1ay be
in Italv. But for the factory that spins the cotton into varn and
weaves the varn into cloth, it is another matter. This cloth does
not sell itself. It must be sold, and its maker must find a market
for it. The impulse begins at the factory; it follows throngh the bro-
ker. the wholesaler, the retuiler down to the sultimate consumer.
Cloth. knives. plows. and desks must be pushed from behind.
Thev are notpulled from in front as are cotton, wheat, and pig
iron. 7

It is here that we coge to the point where weights and meas-
ures are important .

Owr changing foreign trade demands a change in our custom-
ArV INeAsures. So long as we cling to vur inches, vards, pmmds
and callons. we ¢ ey a weight, a useless weight. that of itself is
anfficient to hold ns back from that first place as an exporter of
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terprise, and resources.

The importance of the metric scale in foreign cammerce even
-now préesses hard upon vs, and it will press harder and yet harder

in the future.. We must adopt the metric scale, because nearly all

the rest of the world, save.the British Empire, has adopted it, and -

- this world is the market.in"which we rust buy and sell.

Furthermore, we should adopt if beeause of its inherent merits,
its vast superiority even for domestic use over our present syste
[ think I may say without fear of successful chﬂlenge that, whgle
any intelligent child can learn and carry in his-mind the whole
metric svstem in’three lessons, and any ‘adult can master the same
in one hour or less of serious study, o man ever has, and probably
No man ever will, master the United States system of weights and

measures. Personally, I would rather undertake to commit to .

memory the multiplication table up fo the factor of 100 than un-
der

syres upon which millions upon millions in values of products
wre bought and sold: there are scores upon scores of different
ushels and hundreds upon lyindreds of different barrels—cus-
tomary, standard, and legal—Mw\use in the United States.

The metric svstem is mmphuty itself. I. has many merits in
nomencluture and in mterclmngeablhty from lengths to weight to
volumes, but the chief merit to my mind is that it has the same

base ratio thruout. Measures should have the same base ratio.”

That they have not is one of the principal inherent weaknesses of
our anhsh svstem as compared with the metric system . . .

All the civilized world counts by tens, and most of the w\(l
measures its money l)} tens. Compare our monev values—10
cents to a dime, 10 dimes to a dollar—with English money having
no constant ratio—4 farthings to a penny, 12 pence a shilling, 20
shillings a pound, not to mention 5 and 21 as the ratios of crowns
and guineas—and one immegiately sees the great advantage of
ours over the English system. The child has to learn only one
thing, viz. the progression of values; the ratio is constant. ‘He is
not in any danger of making the mistake often made by the Eng-
lish'child of ¢ gettmY his twelves and twenties mixed. But the real
difficulty comes vlien the English child begins to put his values

ake siich a task as this. Take the case of bushels and barrels, .
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down ofi ‘paper, when he begins to add, subtract, multiply and
. divide English money values. This difficulty lasts him thruout
life. How many American® offhand can give the correct answer
in pounds, shillings, and pence to the simple problem of 100 units
at 7 1/2d. per unit? (£32s.6d.) Yet every American can answer
immediutely the problem in dollars and cents—bf 100 unit's__.at
71720 7 ' I "
One must be a little on the* outside in order to get the right
view. The fucility with which the Englishman handles his twelves
and his twenties does not detract from our wonder that he is able
to do it, nor change our judgment that this facility represents an
encrmous waste of effort. So to the Frenchman or German our
apparent ease in handling twos, fours, twelves, sixteens and
thirty-twos, in pints, quarts, inches, ounces, and bushels is a sub-
ject of wonder, but not of envy. _ ~
A mile has 8 furlongs, a furlong 40 rods, a rod 2 8/4 fatHoms, a
- fathom 2 vards, a vard 8 feet, a foot 12 inches and au inch 3 bar-
leveorns. A ton has 20 cwt., a hundredweight has 100 Ihs.—un-
less it be.a long ton and then it has 112 Ths.—a pound has 16
. onnces—unless it be a troy pound—an olince has 16 drams, and
a dvam has 27 11,32 grains. This is all as wonderful as a cubist
painting. :

Nevertheless, we can be of good cheer. There is worse to come.
A Frencliman, a German, or a Brazilian has one quart—he calls
it a4 liter. and it is the same in France, in Germany, or in Brazil.
We have two (uarts, the wet and the drv. One of them is smaller
“than the liter. and the other is larger. Our housewives must meas-
wre their molasses and vinegar in one and. their flour and beans in
the other: otherwise the domestic economy goes all awry.

Pints. qquarts. gallons, and bushels are an inheritance from Brit-
ain. the British wine gallon being the basis of our wet measures
and the Winchester bushel of our dry. But the British have dis-
carded both, and adopted a ncw-;md larger standard gallon and
bushel. So 30 wallons doesn’t séem to mean much of anything
unless one knows whether it is whiskev or walnuts, American or
Enalish. /

But the term bushel is used commercially in tivo senses: as a
meastre of solume and as a conventional weight. The two are

~
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supposed to be interchangeable and are so considered, but they
are not. The farmer measures his grain by volume, the buyer, by
weight. The volume is standard, the same in every State, but the
weight bushel, the bushel of larger commerce, is not. Wheat is
60 pounds everywhere, Rye is 56 pounds in most States: but is 54
in California and 50 in Maine, Barlev is 48 pounds in the larger

number of States but is 45 in Arizona, 46 in Oregon, 47 in Pgnn-

»svlvania, Kentucky, Georgia, and Alabama, and 50 in Califdrnia.
Buckwheat is 40 pounds in Califorhia, 42 in North Dakota South

Dakota, Oregon, and Washington, 48 in nine states, 40 in seven,
52 in eleven, and 56 in Kentucky. Shelled corn may be anywhere

from 30 to 38 pounds, and corn in the ear may vary by law ac-

- cording to the month in which it is v'veighcd. One of the most. .

familiar units of commercial measure is the barrel, Apples, po-

 tatoes, vegetables generally, flour, lime, crude oil, cement, and
dozens of other commoditics.are customarily bought and sold by
the barrel. For farm produce the measure is ordinarily one of
volume; for flour, lime, and so on: it is of weight based on volume.
[t is jmportant to know what is theé size of the base Barrel. There
is no such thing. A bushel by size is standard, but there is no
standard barrel—or rather there are hundreds of standards. The
result is that we have all ¢he difficulties of the bushel multiplied
scores of times over, '

One could pursue this vein thru many channels, and every-
where the same condition is met—confusion and uncertainty, en-
tailing commiercial loss and inefficiency., Applied to foreign com-
meree, the whole mass of incongruities known as the American
system of weights and measures is impossible. But we are told
that we cannot change it, that it is too firmlv fixed. T doubt this.

There are certain mafiufacturing industries whose tool equip-
ment, upon the inch and foot gauge. cannot be adjusted to the
meter gange: but those are very few., Most tools can be adjusted
at but little cost. For the rest, the change here would ])c:czlsy, as
it has proved casy in every country which has adoptéd the metriy
svstem. This statement is sometimes denied. The denial, how-
“ver, is hased npon a confusion of ideas. Tt has heen found some-
what difficuli in comntries adopting {he metrie scale to do awiv

with the nunwtlw most used measires, such as vards, (uarts,

l
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pounds and so on. or rather of the equivi -flents of these English
words in the language of the country adopting the new system.
‘Pound libra, livre, pfund, was an almost universal meusure. Not
alwavs the sameé, of course, but'in most cases very nearly the
same. Now in substituting “kilogram” for “pound,” it has heen
“found that people were slow to substitute the new word. Take all
the various pounds of France, the German states (all different);
Austria, Hungary, Scandinavia, ltu]),ISpain ete, in general, the
kilogram was 2 pounds or a little oyer. What happened? The
people kept the word, but applwd it to a half l\nlubram—-SOO
grams. So we have.at present the pfund in Germany, which is not
at all the old Hanoverian, Saxon or Bavarian pfund but is 500
grams. So likewise we have the libra in many Latin-American
cuuntries, but it is not the ao}d Spanish libra; it is, as in Ccrmany,
the half kilo—500 grams.

It has been found very easy to substitute the thing, altho some--
times difficult to substitute the word. It is the thing that we who
advocate the metrie system desire, the word is of less importance.
Tt matters but little if, having the meter, we continue to use the
tvord vard. The important thing is that it be of mcter length and
divided decimally . . .

Scarcely a vestige of the old standard is left in any country that
has adopted the metric svstem. Now and then in Latin American
countries one will hmr the old words, but almost always with a
meaning adapted to the new scale . . | .

That we (of the United States of America) must, and further-
more that we shall, come to the metrie system is to myv mind be-
vond question. First, becanse the exigencies of onr foreign trade
make it impossible for us to do otherwise: and, second, because
the present svstem is too cumbersome, too uncertain, too compli-
cated, and too difficult to tearn even for our domestie uses.

International Business Conference Resolution

Dunine a ten-dav International Business Conference held in Rye,
New York, in November, 194, the five hundred businessmen at-
tending from fifty-two nations passed the following resolution:
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.There should be adopted, for use in International Trade, a sin-
- gle svstem of Weights and Measures, preferably the Metric Sys-
“tem‘and a standaréhzatmn of containers with reasonable tolerance.

. /s

The Armed Forces \\ ) o
— |
The Metric System and the Armed Forces :

CAPTAIN GEORGE 8. MARTIN, JR., T.C.

Ewtir hundred million dollars! It is interesting to qbserve that
this is’a conservative estimate of possible yearly savi
ernment expenditures alone, should we convert to the
tem of weights and measures. During the normal lifetime of an
+individual this figure would reach astronomical proportions.

It is hardly conceivable that a government consisting of man-
agement experts, scientists, economists, professors, and solid busi-
nessmen would knowingly not take advaritage of this pecuniary

saving. Standing dlone, the saving would fully justify the change.
There are, however, other reasons for the change more cogent,
logical, and fund: amental than the saving of dollars and cents.

Billions of American dollars have been loaned to other nations
in order to increase and stabilize world trade. Perhaps overshad-
owing the monetary and physical advantages of the loan is the
mt.mgll)l(' bhenefit of establishing good will. While governments
jealously strive to attain this concealed factor in many way- and
for varions reasons, to us as individuals it is by far the most im-
portant of all factors. Good will, regardless of its scope, has a
marked tendeney to deerease eriticism, to promote harmonious

relations, to preclude and minimize misunderstandings, to serve |

as a punching bag and absorb blows which might well lead to acts
of violenge. This latter point is our personal. inherently selfish
viewpoint.

Regardless of how infinitesimal a (*()ntnl)utmn mav be in ob-
taining good will, providing the result is commensurate with ex-
pended effort, the heneficiul cffect is felt mdlrcctl\' on everv
hearthstone, in every home. .

Speaking a common language has a decided advantage in any

e il
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transaction, whether it be in diplomacy or sound business prac-

~tice. It alleviates the possibility of error in the interpretation of

‘the precise meanings of given words or of an entire basic doc-
trine. On this premise, the use of a basic common system of

of ‘misinterpretation, and, in addition, promotes and establishes
easily definable and understandable approaches to a common

. weights and measures also precludes the possibility of error dnd’

“problem. Surely, archaic weights and measures as perpetuated in

. the imperial system, whiclr is not fully understood even by its

users, are not conducive to harmonious relations or the establish-

and measures to metric is time-consuming and unjustifiable.
In-the early part of the twentieth century it was recognized

-_ment of-good will. The problem of converting imperial weights .

that the organizational and procedural pattern of private enter-

prise and government, with the exception of the human element,

~totld be scientifically determined. Through the years this prem-

ise has been carefully upplicd by o growing profcssion of indus--

trial and management engineers, We are purticulnrly-concched
with a relatively important phase of the scientific evolution of
govermment, namely, the proposed merger of the :11';11_\' anid mavy.
While this is a very controversial suhject, the basic. theories are
logical and its aiscussion is timelv. One advantage alone is suf-
ficient to warrant consolidation—the savings to our fighting men
in terms of life itself. :

Teamwork, close supervision, cureful plunning, coordination,
and clear. concise defineation of command authority are prereq-
aisites to success in any mutual undertaking. A few-of the at-
tendant advantages are: maximum utilization of persomnel, inte-
grated intelligence, coordinated logistical problems, climination
of iaterseryvice trunsportation difficulties, specialization. reduction
in service jealousies, uniform terminology.

At what better time in our history could we have applied and
derived the benefits of the metric system than concurrently with
the army and navy merger? Fven it our chief legislative body
had dotermined that for varions reasons the merger was not prac-
tical. the application of the metric system wonld still be advis-
able.

‘The Tudicrons nd uscientific measures applied to ars of the
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various services are ceftainly’a det terrent fo optlmum productlon
fromtour wrsenals and private manufacturers during tinies of war
Ot _peace. Ouce it is manufactured, the ammunition is restricted
to use within predeterminedgweapons, True, thdse to which the
weapon is to be put determines such f}mtors as_trajectory and
muzzle velocity, but these could be controlled By type and quan-
tity of pow dJer and still be interchangeable w1t11 weapons of an-
other branch of service.

122 w TI

Thete are various units of measurement commonly utilized by -
_our armed foreds, such as inches and millimeters, gauges, calibers,

and so on. It 1s\not conceivable that every soldier understands
and is competentinstantly to convert forelg.,n measurements to
imperial inches. lt\(s fundmécntul to assume that familiarity with
every aspect of one Xtools has the advaatage of per nuttmz, their

fullest and most vffec l‘ gud. s
The change to the m\tnc sV stem \\uuld pnondc other bencflts.
such as: : ,

.a. Instruction: \J’)pm\mmtvl\ two vears of a child’s tmw new
-spent in studying aisthmetic would be saved.

b. Comprehensiont Depending on the adult, only from vae to
three hours are required to become familiar with the simple deci-
anal gystem of computing weights and measures. :

¢ 1Savi ings: Only names and scales are changed, not machinery,

\ Imtml ¢osts of conversion would be anuntved within a year.

d. (,m\u nience: The difficult conversion problems now met in
Ahe exclusive use of the imperial system would not arise in normal
business transactions. Any incony enience ocenrring as a result of
conversion woutld he more than compensated for within a vear.

c. General: No nution having converted to the metrie svstem
and having realized the full advantages has then gone back to the
imperial. Artificial.harviers now created as a result of the imperial
svstemn wonld be removed.

An orientation progran is essential. Teachers of mathiematics
are concerned with simple svstems asavellas with casy and effec-
tive methods of instruction.”

PMéiscellimeons Pablication N 2 dated September 21, 1922, The Inte rnational
Metro sptore of Woizls and AMeasnres, ontliving in_detadl the simplicity of the
e e syt s i et the Governament Printing Ollice. Washington, 1. C. for

i lllQll‘ll-ll fir- . ’
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The-Metric System Appr_ow:ed‘ -

. QUARTERMASTER GENERAL, ‘U. S. ARMY.

Tuere can be no doubt that the metric system is greatly superior
to the one now in use. Is the change worth the trouble? I think
it is. o : '

~ More cofﬁplefe international understanding would definitely be
promoted by the adoption of common standards.

Major General E. B. Gregory

IS
L]

Athletics

f

The Metric System in-the Olympic Games
.a AVERY BRUNDAGE

Tue Olympic Games and, as a matter of fact, nearly all other
amateur sport events of an international character are conducted
by the metri¢ system of measurément, which is used officially by

most of the f{reat international amateur sport federations. This, .

of course, is logical enough, since the great majority of the coun-
tries of the world use the metric system exclusively. Only the

i N a
United States and the British Empire continue to use the com+

plicated English system of measurements. This means that most

gofficial world’grecords are tabulated in meters, although it is trme

that for comparison-records are also listed in English units.

Because of its simplified character, because it is used in the
great majority of other countries, and because the principal ama-
teur sport events in the vx:orld, as was stated above, use it, the
metric system was adopted by the Amateur Athletic Union of the
Upited States ten or fifteen years ago for its championships.
Shortly after that, the Intercollegiate Association of Amateur Ath-
“letes of America, commonly known as the I.C.A.A.A.A., decided
to follow suit. (Later it had to retum to the English units, as the
Amatenr Athletic Unior has for all but outdoor track-events.)

° Rf‘print('.d from This Week Magazine, April 16, 1944, Copyright, 1944, by the

United Newspapers Magavine Corporation. By permission of This Week Magazin:
and of Lieutenant General E. B. Gregory, Retired.

I,
e



124 THE METRIC SYSTEM

. In track and field’sports the use of metric units does not alter

- the character of the events except in one instance, that of the
1,500-meter race, which is somewhat shorter than the mile run.
The half mile and the 800 meters, and the quarter mile and the
400 meters are substantially the same distance. In the field
events, of course, there is no difference whatsoever. It is true
that in distances above the mile the standard events vary con-
siderably, but a 5,000-meter race is just as important as a 3-mile,
and the 10,000-meter race has as much merit as a contest at 5
miles. There is enough difference between the 1,500 meters and

a mile to change the character of the race somewhat, and an

athlete who is good at one distance is not necessarily just as good
at the other. This, however, is not very important, although it
has resulted in much argument..

Many swimming pools have already been built to Olympic
measurements in meters, and considerable progress has been
made in this sport toward the adoption of the international metric
svstem. One commonly hears reference to the l-meter, the
3-meter, and the lu-meter boards among the diving fraternity,
and records are quoted almost as often in meters as in yards.

In vachting and quite a few other sports, meters are used com-
monly by the participants.

The qugstion of simplified procedure is so important in our .

complex civilization that the yovernment has established a de-
partinent to standardize processes. This was essential during the
war and is equallv essential in times of peace. The advantages

of the metric system are obvious. However, despite the fact that
in the scientific world, meters, liters, and graimns are used almost
universally, it will be some time before the United States adopts
the metric sy stem for: gencml use unless our educaiional practice

is changed or unless the government takes a hand, and this is un-
likelv-.

Despite the fact that the Amateur Athletic Union and the
LCAAAA adopted the metric system to conform to interna-
tional practice, there was considerable public resistance. In fact,
the .C.A.A.AA. already has returned to the English svstem, This
i~ Lirgely due to the fact that the participants in, and spectators
of. these events had been trained to think in terms of feet, yards,

AR
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arid miles. Until the elementary schools adopt the metric system

and. our children are taught to think in meters, liters, and- grams,
it will be difficult to change over and take advantage. of this sim-

plified procedure.

We of the sport world can help, but we cannot decide the
issue of whether the metric system is to be adopted genegally b)

the United States even in our owit Tield of athletics. Zoo -many

" people are involved. Not until our educa.ors decide td make the

Argenting Czechoslovakia  Haiti . Luxemburg Y Rumania
Austria Denmark Hungary  Mexico ~Spain
Belgium  Egvpt Iceland Netherlands  Sweden &
Bolivia- Esthonia . India Norway Switzerland

© Prazil Finland ¢ Italy Peru Turkey

* Bulgaria  France - Japan Philippine United
Chile Germany ~ Latvia Islands States?
China - Greece Lithuania /%ok}nd Uruguay-,
Cuba . «~~Portugale Yugoslavia

boys and girls in our schoolrooms use the meter stick as readily
as the yard stick will public resistance be overcome..
Pan-American games, planned before the war but pestponed

because of hostilities, are scheduled for 1950. This will give fur-

ther impetuis to the usc of the metric system. The amateur sports-

men of the. United States are-generally favorable to the-ehange;

they hope that the simplified system based on the meter will

come into use, but they alone cannot overcomg,the resistance of-

fered by a public which is notseducated to that egd.
-

4

Adoption of the International Standard
for Track Athletics in the United States _
- - ' A. C.-GILBERT

Conntries Using the International Standard
( (.511 Members of the International Amateur Athletic Federation)

Countries Using the English Standard
(All Members of theslnternational Amateur Athletic Federation)
British Empire; )
Australia " Great Britam - New Zealand
Canada Ireland South Africa

’
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Wit is the international standard? The 'lin't'emationul standard

is the metric system of measuring distance for running events:
100 meters instead of 100 yards B
200 meters instead of 220 yards

400 meters instead of 440 yards Lo
800 meterrs instead of 880 yards, and so on '

Why do we call it the international standard? It is so named

because it is the standard of distance adopted.by the Interna-
tional Amateur Athletic Federation. (See lists above for countries
which are members of the International Federation. )

What is the English standard? “The English standard is the
svstem of measuring distance in terms df 100 yards, 220 yards,
140 vards, 880 vards, 1 mile, and so 911 (Sce the list above of
countries using the English standard,)

Why do we call it the English stiéndard? We do so because it
is the standard we inherited from }ile British Empire. It is some-

times called the imperial standifd. y,
S _

7

FACTS FAVORING THE USE OF THE INTERNATIONAL STANDARD

L. It has been adopted by the International Amateur Athletic

Federation; therefore the Olvmpic Games, even when held in

English-speaking countries. must be run under the international
standard. The Olvmpic Games held in London in 1908 used the
international standard, not the English standard; the Olvmpic
Games held in the United States in 1932 used the international
standard, not the English standard.

2. Its\use would make possible recognition of America’s lead-
ership it running evets. In field events the International Fed-
Tation records are tpanslated from the English standard to the
international standard: that is, from feet and inches to the corre-
sponding metric measurements. In running events récords are not
so translated. Records made in the English standard are recorded
in the archives of the International Federation but receive no
recognition; t.hc'\' do not appear on the programs in countries
using the international standard. The result is p ~fectly obvious—
lack of recounition of the leadership that we feel we possess in
many running events,

/
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, 3. Its use would give an opportunity to individual American
“rthlctes to establish internationally recognized world's records.
Prior to the adoption of the internationial standard by the Ama-

teur Athletic Union of the United States; only once in four years, *

at the Olyvmpic Games, were American athletes given an oppor-
tunity to establish internationally recognized world’s records at
metric distances, and then sometimes they were deprived of this
opportunity by tiack and weather-conditions prevailing at that
time. Thercfore it was hopeless for American athletes to expect
their international records_to measure up to the records of foreign
athletes who competed regularly at metrie-distances.

4. Its use in this conntry wonld better familiarize, prepare, and
train American athletes for competition at distances measured hy
the international standard. Although the differences between the
racing distances measured by the international standard and by
the English standard are not great, it wonld be an advantage to

* « . . . - o .
“onr athletes'to be familiar with the nietrie distahces. Familiarity

Q

certainly is an advantage in judging pace and in giving pace
information per lap so it is 1ot confusing to the runners.

- : o 4 . e . 1

5. Tts use wonld provide greatér familiarity with the track per-

Sformances_in other conntries. which would better prepare Ameri-

can athletes for international competition. At the present time
Americans are not kept familigg with achievements T forcign
conntries; as result, t}l(.‘)' un(fi'rr_utv f()rciglfcmnpotitm's'. This
accomnts for the adverse criticism American athletes have re-
ceived from the public.press many times as a resnlt of their shaw-
ings at the Olvmpic Games, criticisms arisinyg wholly trom lack of
imformation regarding the achievements of: foreign competitors.

6. Its use in this comntry wauld inerease ivternational publicity
and the exchange of information. Becauseiofthe fact that the
American public is more or less unfamilicw with t}u_; world’s record
times in the international sgundm'(l. NOWSPAPCTS are HOW relnctant
to publish resnlts of great- meets in foreign comntries, Further-
more. in the running events it is now diffienlt to make inter-
national comparisons, owing to the uge of the #wo different
stundards. Tn general, we need a greater exchange of information;
it shonld and will increase pnblic interest in track athlctics.

7. Tts nse wonld have the advantage of simplification. No one

ERIC
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can deny the fact that it would be more simplé if all st‘mdards.

of measurement througlout the world were exactly aliken

8. Its use woul(’make mLthematlcal calcuhtlon casier. The
international st: adard of measurement is metric, The metric sys-
tem is acknowledged by everyone acquainted with facts fo be the
simplest system. Its advantages are so apparent as a method of

. measurement that everi in countries where the imperial system
is ysed, many professions haic atlopted the metri¢ system for con-
~N venicncee, simplicity, and saving of time. In fact, metric measure-

-ment is becoming more and more prevalent. Everyone today is
buying films in the metric system, rather than in the imperial
system. The imperial or English standard is a hodgepodge of
yards, feet, inches, miles, rods, hands, furlongs, dozens, grosses,
aZreat grosses, stones, pounds, ounces, and so on. These units are
art Anglo-Saxon inheritance, and unfortunately we have clung_, to

them merely for the sake of tradition.
~+ Most poo_ple are unaware that the metric system was legalized
‘ in this country in 1866 und has now be¢n legalized in every coun-
. trv’in the world. Tt is used in chemistry, surveving, and various
branches of our gpvernment work, i§ the weights and measure-
ments- of our coins, and in writinz prescriptions by the modern
v .. medical profession. Even in thc British Empire, the standard
aﬂstnc‘k is now cliecked back to the meter for absolute accuracy
mathematicully. “Scientifically the metric system is a vast im-
S prov ement over,our old methods of cmnputatmn "Were it not
for sentiment andssclf shness, the change would have heen made
. - long ago. v .

j. Fundamcntal]\ and theoretically the metric svstem is the sim-
plest, most 10‘1(111\ learned and understood. and most vasll\ ap-
. . “plied of all systems. Manv do not realize tlldt even our unporml

is constantly-changing. Most of the measurements of our fore-

fathers were made in terms of, chains and links and rods. Prob-
. ably as many steel tapes todaX are divided into tenths of inches
or into tenths of feot instead o into inches as are divided ‘inito
cuarters dnd eighths of inches. AlNafas who have judged jumping
events have sworn at such (lcucos when they have been handed
to us to measure the distance of the broad jump, high jump, and

D |

"o svstem hecause of it mcfﬁcnonc and confusion, has changed and’
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so on, and the only reason we have done so % because we are
unfamiliar witli them, not because Aliey sre.niot accurate. Even
England and the United States, both using the imperial system,
differ materially on some fundnm.eilt'als. You seldom, if ever, hear
an Englishman weighing 140 pounds do other than say he weighs
10 stone. Ijl point of facty if you take up any racing program,
-such as that of the'Grand National, you will find the weights put
down d¢here in stones and fractions thereof. These are merely
some instances showing that even in England and the United
States there is no one uniform svstem of weights and medsure-
ments, and that therefore quite frequently in ordinary life,sas well
as on the athletic field, we have to go through some mental gym-
nastics to pictuee in our minds just what such-and-such a weight
'

or "performaneg' mean, EoL .
2d N - - "

N
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POINTS POSSIBLY UNFAVORABLE TO THE INTERNATIONAL STANDARD

"1. Some objections are sentimental or patriotic. The majority
vote taken at the A. A. U. Championships in 193:?.(1‘id not support
these objections. Spme of the questions and replies were:

Do vou -disapprove of track races in the United States being
num in metric distances? 2,400 answered, “No”; 1,900 answered,
*Yes.”

Has your enjoyment of these games been lessened by the fact
that the races were run in metric distances? 2,800 answered,
“No"; 1,700 answered, “Yes.” ) '

2. Change to the international standard is claimed by some to
be unfair to old record holders. Those who-feel it is unfair to
the old record holders should ask themselves this question: Are
old record holders remembered by their records or by their
achievements? Will Eddie Tolan's records be remembered in
the English standard or the international standard? Will not his
achievement as the outstanding sprinter in 1932 be remembered
whether his records are broken or not? Such athletes as Bernie
Wefers, Charlic Paddock, Maxy Long. Johuny IHays, John Paul
Jones. Kraenzlein, and others down the line are going to be re-
membered for their outstanding achievements, even though their
records may have long since been broken.

L/
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. Pr()b")h some of you who will read ‘this are record hounds - .
who know and remember records, times, and performances in,all
the standard events. Frankly, I remember few, but I do reniem-
ber that Bernie Wefers whs the outstanding sprinter of his day
and was tne most graceful and probably one of the fastest run-
ners of all time. I do not remember whether Meredith’s great
achievement was measured by the international or E ug,hsh stand-
ard, but I hrve alwavs felt he was one of the fastest runners the
world has ever seen. For the life of mée I cannot remember how
fast Mel Sheppard ran a ‘mile, or what his tinie was in winning
the 1,500 meters at the Olvmplc Games in London in 1908—but
we will remember Mel Sheppard as the outstanding performer of
his day. -

What reallv counts and will linger in our memory is not what
the record was, or what the svstem of measur ement was, or what

the rules were that gov erned the sport-at “hat time, but the out-

standing performers of thestime. Thev will alwa\s be remem-
bered and will go down in history as the champxons of their day.
Probably the writer is mowe famﬂiar with pole vaulting than with
any’ other event on the program, iind what is true of pole vaulting
is true of many other events in which improvements, not only in
technique, but in the equipment used for the performance, have
been made. Would anvone want to go hack to the old absolete
equipmént—hazardous wooden poles and various kinds of dirt
holes? It miight in all fairness bhe said that improved methods
make comparisons of records unfair to the old athlete, and vet all
of us remember Hugh Baxter, one of the fathers of pole ‘mltmg,
whose outstanding performances in his time and under condi-
tions prev ailing then will be remembered indefinitely.

I ain reminded of the fact that when the great Mike Murphy
pretested the use of hamboo vaulting poles at the Intercollegifté®
Gaed in Philadelphia in 1908, one of the arguments raised in
discussing the matter was that it.was unfair to old record hold-
ersy and vet Jim Sullivan ruled, as he should have, that the bam-
hoo pr)lv was not only perfectly legal, but a step forward. The
mere fuct that it was adt)pt(d as an improvement, a step forward
in athletics, has not deprived anyv of the old record holders of

any of their great achicvements, or chunged the fact that they
P

-
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such misconception
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were 011fstan\l\ing éham’pimxs of their day. Who, Qfﬂmnd, carni re-
- member whenthe ‘distance from the curb to the edge of the

* . standard track Was chanqed from 18,inches to 12 ‘nches? Who

can remember cotyparing records for races run w.th spiked shoes
+and without them?" I do. not want to gonvey the idea that I.do
not believe in records or the recording of them. Comparisons of
time are important, but the main point is that they will be of in-

. finitelv: more valye if tllc_\"cml be made among performances

throughout the world. , :
3. It is claitned by some that the change to metric measure-

ments would be. confusing to spectators. Ask youtself, “Is the

marathon race confusing?” Noy it is not; vet the name of the race

_does not specify any particular distance. The public knows only

that'the raée is long, Unprejudiced minds realize that in a com-
paratively short time any confusion, if it does exist at first, will be
entirely eliminated. + - )
4. Some objections to the metric system are the vesults of mis-
information as to what the international standard means. One
‘gs sllown i#*the mistaken statement that the
ficld events will be announced to the audience in®metric units.
Another attributes political motives to the exponents of the inter-
national standard. A third appears in statenients co the eficct that
all coaches disapprove the change. A foprth consists of the belief
that the athletic clubs and universities fye opposed to the metric
.svstem.  Consider, however, the folloWgg facts: The A. A. U.
Track and Ficld Committee adopted the international standard
unanimously in 1932, The A. A. U. Convention in 1932 adopted
it unanimously. Many prominent athletic coaches have approved
it. Prominent sportsmen in every state in the Union approved
and recommended its,adoption. All the outdoor A. A. U, National

Championships are run in the international standard distances.

5. Some who object to adopting the international standard
neasirements.ask why the United States should give way to re-
(uests -of other nations when we could make them look pitiful in
anyv meet. The answer to that is that in the running events at the
Olvinpic Games in Los Angeles in 1932, the United States won

1 f . f\t}- -]\ ) EWPIPET }l . e -'-‘ Q) f“')
only four of the eleven races on the program, excinsive ot the
relay races and the 50,000 meter walk. '“'\]
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The Metric System and Latin American Friendship® .
' ' : OTTO E. KRAFT

~ On OcroBER 15, 1942, the Brazilian Government changed its mon:
etary system importantly. .

Previoudly the monetary unit was the milreis (one thousand
reis). This small unit, equivalent to roughly five cents U. S. cur-
rengy, was expressed in figures as: 13000. The conto or 1,0Q0
milreis, equivalent to about $50 U. S. currency, was written
1:000$000. .

Statements of even medium-sized Brazilian houses showed as-
sets running into ten figures (Brazilian currency). For instance,
1,000 contos or one million milreis were written 1,000:000$000,
and this was equivalent to but $50,000 U. S. currency. For really
large enterprises, in the million-dollar category, the Brazilian fig-
ures were asironomical. For example, five million dollars were
100,000:0003000.

The Brazilians, like ourselves and our British cousins, are fond
of their traditions and slow to change thein; and yet the old sys-
tem was thrown out of the window and a decimal system of
currency was adopted. The “cruzeiro” takes the place of the mil-
reis, and, while the unit itself is a small one, accounting is greatly
simplified, as one cruzeiro (Cr.$) is now written “Cr.$1,00,” while
1,000 cruzeiros (one conto) are Cr.$1.000,00.

°® Reprinted with permission from the January, 1943, issue of Dun’s Review,
published by Dun & Bradstreet, Inc.
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So, practically overnight, our great southern friend and ally has
discarded its cumbersome system and adopted one better fitted
to modern conditions. - o -’

We hear a great deal about Hemispheric Solidarity, yet bur
systeps of weights and measures js totally at variance with that
of the ten South American Republics, the six Central American
Republics, and our next-door neighbor and ally to the south, Mex-
ico. In every one of these, as well as in the independent nations
of the West Indies and in some of the colonies of foreign pow-
ers, the metric system is in use.

Of the large countries in our hemisphere, only Canada andthe
United States still cling to the archaic and cumbersome system
of weights and measures represented by ounces, pounds, tons;
gills, pints, quarts, and gallons; inches, fect, yards, rods, and miles.
Aside from this we have trov weight and avoirdupois, the short
ton and the long ton, and many other units which mean abso-
lutely nothing to the other countries of this hemisphere and often
dre not thoroughly known to our own people.

We have all heard the riddle, “What weighs more, a pound of
gold or a pound of feathers?” Sounds silly, doesn’t it? A pound
of gold, for which troy measure is used, is equivalent to 5,760
grains; while a pound of feathers, for which avoirdupois measure
is used, is equivalent to 7,000 grains. So a pound of feathers
weighs 1,240 grains more than a pound of gold!

Unless you are a farmer or a survevor, the chances are you do
not know offhand how many square feet or square yards or square
rods there are in an acre, or how many acres in a square mile.

Is not this the time to start thinking of throwing our anticjuated
svstem into the discard and of adopting the metric system?

13

-

IMPLEMENTING A SLOGAN

That would be one way of proving to our Latin-American
neighbors, friends, and many actudl allies in the war. that we
really mean “solidarity” with then, instead of regarding the word
merely as a slogan,

Think of the advantages to the Brazilian exporter of essential
raw materials if he can gnote prices in kilograms without fignring
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- out the equivalent m pounds; to the Colombianimporter who
needs so many meters of goods and does not lave to convert them
" into vards: to the Mexican. manufacturer who has so many square
meters of Hoor space for machinery he requires and does not have
to convert them into square feet. . '

After the war we shall, sooner, or later, face European com-
petition again. I have: repeatedl\ heard the statement made in
Latin America that it is easier to handle European ‘than United
States merchandise because the Germans, the French,-the Span-
iards, the.Italians use the metric system and we do not. If we
can eliminate that compldint; it will undoubtedly swing scme
business to the United States and tie us-more closely.

Shortlv after the fire on the Normandie many stories were heard
about whv it was possible for that- magnificent liner, reputed to
have had the finest fire-fighting equipment available, to hav qbeen
so severely damaged by fire in such a short tinw. One was that the
hose had deteriorated and that the hydrants had the French met-
ric threading, while the hose couplmbs availuble in the United
States had American threads; and the delay in changing the hy-
drants mude it impossible to use the hose when it was so badly
needed. No one can beicld to blame for this, if it is true; but
if ¥he threadihg had been uniform, the Normandie might already
have ferried thousands of our boys across the scas to points where
thev are so vitally needed.

Many of our large factories are 10w working solelv on war
orders. When the war is over they will have to start anew on com-
mercial business. Already methods of packaging and types of
containers have been changed. Changes of dimensions and of
weights are the next logical step. \

It mav be admitted freely that changing our whole svstem of
weizhts and measures, especially land measures, would present
a great many difficult problems; bhut they are nut insurmountable.
We have seen some of these changes in our own lifetime. In
Mexico, for instance, within the past decade the time-recording
svstem was officially changed. From the twelve-hour clock a
(han"o was made to the twintv-four hour clock. There was a
lot of ¢rimhling at the outset; the measure was “radical” and
“new-fangled.”
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-+ - However, all official time is now on. the twentv-four hou\ S

- schedule, and all rdilrads use it, It was not necessaryto change
the dials of the clock: numbers from 13 to 24 were p]d(‘(‘d under
or over *tuee from 1to 12, All doubt as to whether vour train
leave: 7532 a0 or 6:32 par is done away with. The tinietable
says  caves at 18:32, so you know vou lm\c the whole day be-
fore vou roll out of the Buenavista Station in the early evening,

Inwidentall\, our army and navy have been using the twenty-

four hour schedule. If vou are in a fox-hole' on“Guadalcanal and
are notified by field telephone that the zero hour is 4: 02, you do
not have to ask *a. M. or PAM.DY

_ TIME FQR CHANGE .
\WIMSMhlge brought about by the war and we may see
it in more general use before the war is over. "
The war has alié:idy caused radical changes in.our whole mode
of lite. You are driviug more slowly and driving less. You can-
not say “fill "er up” when vou go around to gét gas. You cannot get .
the sugar vou used to, nor the meat, nor the coffee, nor the golf L
balls, nor the tires. A vear ago, we would have considered those . ..
changes “radical.” Yet we have taken them in our stride and we
shall take many more. )
Our whole system of living is changing and it will surely change
even more.
Is this not the time to adopt the metrie system, or. at least those | o
w mghts and measures used in our dealings with foreign countries?
Let's Go-Metric®
J. . RATCLIFF .

v

Ask vour neichbor w define a troy ounce, a gill. « furlong, or a
drachmi His failnre to answer correctly is-no reflection on him,
It is a reflection on the absurdity of our system of weights and
measures, _

It is a perfeetly safe bet that no one in the United States can

? Reprted trome This Moo A Masasnwe, Apnd 160 T9HL with penmission of the

anthor Land ot the publisher. Copyright, I‘)H by the United Newspapers Maga-
zine Carporation
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accuratelv define all the units in the system: the grains, scruples,
»ennvweights, the three kinds of tons, the 56 kinds of bushels.
he Burcau of Standards uses over 500 finetype pages to do the -
« iob. s . . ,
] The ancient Chinese had an “uphill” mile and a “downhill™
mile. They logirally contended that it was harder to walk up a
Lill than down; and that the uphill mile should be shorter. Smile
if you will. But look at our system, Ask the old question: which
is hyeavier, a'pound of gold or a pound of feathers?
Silly, vob may sav. But wait a moment. Feathers are weighed
by avoirdupois, gold by troy. The avoirdupois pound is 7,000
grains, the troy, 5,760 grains. Therefore, unless you define terms,
carefully, a pound of feathers weighs more than a pound of gold.
There is one way out of this horse-and-buggy system of weights
and measures: join the world parade and adopt the metric sys-.

- tem. It is the only scientific system. It has been adopted by
. @ every country in the world except Great Britain and ,ourselves.
‘ Every country south of the Rio Grande uses it. So does all of Eu-

rope and the Orient—including “backward” China. After once

trving out metric, no country has ever gone *.xck to its old sys-

tem. Metric is the decimal system we use i ur money applied
* to weights and measures. Everything #s in units of 10; hence
o there is no need for fractions.

This is, perhaps, the critical time in our national history to muke
such a switch. There will be big jobs to be done in the postwar
world. The change to metric is one of the smaller jobs which
should get top priority. Millions of soldiers will be returning from
mverseas. where they have become accustomed to kilometers,
meters. liters. Thousands of factories will have to be retooled for
peace—they may as well be retooled in metric, '

. WE'RE BORN ON METRIC

OFf their own volition, a great many industries have already
switched over. Almost the entire chemical industry is based_on
‘metric measurements. Because of the great saving of time, and of
wear and tear on brains, many rachinery companies and manu-

\\f;u-tnrvrs‘ nse metric exclusivelv. We buy vitamins by metric
\ N . .




weight, turte our radios to meter waves and follow sports events
where metric measurements are used. For the sake of simplicity,
safety, ind convenience, physicians write prescriptions in metric.
We even ‘enter the world on the metric system—nearly all hos-
pitals weigh newborn infants.in terms of grams. \
. “Qur decimal monetary'system is the ‘essence of simplicity.

We recognize the contrasting awkwardness of the British mone--
tary svstem—yet we cling to a system of weights and measures

which is even more archaic. To appreciate the beautiful simplic-

ity of metric' measurements, consult your child’s arithmetic book.
Look at this sample problem: find the number of cubic yards

in u rooin which measures 7 vards 14 iuches, by 12 yards 23

inches, by 4 vards 3 inches. :
Contrast this with the same problem in a French, Chilean, or
Russian textbook. Find the number of cubic meters in a room

“which measures 11,42 meters by 5.25 meters by 3.9 meters. A

_vlock would be needed to measure the amount of time consumed
with the first pr(')blem'; a stop watch with thesecond.

Take another problém: Convert 11 pints, 2 gills into gallons.
That takes time. But to convert 6,479 cubic centimetérs into liters*
on¢ needs only to place a decimal point—6.479 liters: This speed
and accuracy endear metric to all scientific men and engineers.
Without exception, they are for the changeover—and the sooner
the better.

Educators estimate th: t the metric svstem, by eliminating frac-
tions, would save at leas\ a vear of time spent by children learn-
ing arithmetic. For industry, the suvings in dollars would be even
more dramatic. One factory which switched to metric estimated
in one vear it saved 10 times the cost of new measuring devices.
A railroad estimates metric would save it $50,000 a year in paper
work. B

;\doptin{n of metric would put everything on one standard, and
eliminate confusion that exists in many pluces——the Army, for ex-
ample The Army uses four measures of gun size: inches for coast
artillerv: millimeters for field guns, calibers for rifles and machine
guns: sauges for shotguns.

To a lurge estent. we cling to onr present system purely be-
canse of inertia. Examine some of its absurditics. The foot, for

] @

OF PUBLIC INTEREST ST

haeg 4



138

THE METRIC SYSTEM

METRIC SYSTEM

O TO CONVERT UNITS
JUST MOVE
THE DECIMAL POINT

OUR SYSTEM

TO CONVERT UNITS
YOU MUST
MULTIPLY OR DIVIDE,

161 CENTIMETERS = 181 INCHES =
16.1 DECIMETERS = 13 5/12 FEET =
1.61 METERS 4 17/36 YARDS

—

PROBLEM: o cosr | PROBLEM: neum cos

-
N\
if 1 METRIC TON" if 1 LONG TON

"G N1OGRAMS: COSTS $160,000 cosis . . $160,000

| then 1 xiocram costs then  rouns costs
ONE*THOUSANDTH . . . $160 . 120TH . " $71.43

and  Geam cosrs and 1 ounce cosrs
16¢ 1 16TH AGAIN . . $4.46

ONE THOUSANDTH AGAIN

..

example, was originally anvone’s foot—without regard to shoe
size. Edwurd I decreed th: ut three barleveorns made an inch;
and Henry Ispecified the vard as the distauee from the tip of the
roval nose to the tip of the roval right thub. The rod wus the
sum of 16 left feet placed heel to toe, the left feet bei ing supplied

I)\ the first 16 men who cruerged from church on .‘aun(la\ Thus,
our hopeless patchwork of measnrements sprang up.

WOLLD END CONFUSION

The metric sestem was devised to end all this confusion—Dby

ariving at o minimnm uumoer of anits. and placing all these



OF PUBLIC INTEREST 139

: . units on the decimal system. Durmg the French Revolution the
~ National Assembly appointed a eemmission of scientists to do the
\ job. The French scientists ar bitrarily decided.-that the basic unit
of measurement should be the meter,- which was one ten-nil-
lionth of the distance from the Equator to the North Pole. The
aeter turned out to be the rough eqmvalent of our yard—39.37
inches,, Like our dollar, the meter was_ divided into 100 equal
» parts—ccnt:metcrs. It was multiplicd by 1,000 to make th kilo- -
meter—which is about three-fifths of our mile. Thus, instead of
saving that it is so many miles, so many feet, and so many inches
from one pomt to another, the metric system expresses the dis-
tance in decimals—+4.56 kilometers. The metric measure of land
area is the hectare—10,000 square meters, roughly two and a half
acres.

- The weight of one cubic centimeter of pure water became thc
basic measure of weight—one gram. One thousand’ grams com-
posed a hilogram—2.2 pounds. One thousand cubic centimeters
became the liter—slightly more than onr quart. Thus, metric has
but three basic units: liter, gram. meter. Evervthing else is either v
a subdivision or a nmltlplc of these units. They are convertible,
one to the other, Thus, 1,000 cubic centimeters make a liter; a
liter of pure water weighs a kilogram.

One prominent educator declares” that he can teach metrice to
any reasonably intelligent person in less than an hour.

¢

! \
ENGINEERS ARE CONVINCED '

More and more our engineers are going to foreign countries to
huild railroads. power plants, bridges. Often, when they aceept
these jobs, they fear they will have diffieulty in dealing with new.
units of measurement. To a man, they report no difficulty what-
soever. Their calealations are snnpllh(d munydsnmhl), and they
come home ardent metric fans.

Adoption of the metric system wounld give this country a tre-
mendons advantage in world trade. Our salestuen wouald go into
forcign countries speaking - familiar Llng\lgv of \\(qfhts and
LHHCUSEHITOS. ’

Japan and Germans . both onome trie, had a trade advantage in

'
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» South Anerica in prew@r days and walked away with' a large
share of the market. If we ¥iscard our clumsy system and get ift
step with the rest of the world, this ady: antd@,e will be owrs.

What about Gre:it Britain? It has long been obvious that if we
were to switch, Britain would have to—it couldn’t remain isolated
in the world. Similarly, if Britain changed to metric, we would
have to follow. So 1ts a question us to who will make the first
move.

Exactly how difficult would®the changeowr be? Since there
are but three basic units in the metric system, the average per-
son should be able to adjust himself in a few days. time. We
would have to learn to think of auto speeds in terms of kilometers
per hour, instead of 60 miles per hour. But the general similarity
of other units would ease the task. The liter is close to our quart.

: Half a kilogram is near to our pound.
‘Why, then, haven't we changed—long ago? Congress legalized
the metric system in 1866. But this act only made its use permis-

_ sible. We l(mv‘ ago decided that metric should be used in Hawaii,

/ the Phlhppmo , “and Puerto Rico—but have resisted cfforts to
avail ourselves of its advantages at home. Several times Congress
has considered bills which would niake the use of nietric com-

1 pulsory. The last time wgg in 1926.
A small but vocal mjrority opposed the bill. It gave voice to

a widespread misconcg?tion—that all machinery would have to

be scrapped. This, of course, isn’t true. Only the names of things

are changed. '

Rouad signs, railway mile posts, scales, rulers, calipers would

have to he changed. The bill of 1926 proposed thz a 10-vear

period be allowed for such changes. Other countrie$ have done

this without suffering hardship. In this time large amounts of old

equipment would have to be scrapped—uand could be replaced

with the new metrice.

" NOW'S THE TIME

The urge to change is becoming more und more widespread.
As we have noted, a number of manufacturing plants have al-
—ready gone over to metrie. Henry Ford and other industrialists
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are ardent advocates. Nearly all scientific and engineering soci-
cties are heartily in favor of it, and so are physicians. Phar-
maceutical houses, jewelers, optical-goods manufacturers have
changed already. _ :

A survey of educators, manufacturers, engineers, and physi-
cians several years ago showed 80 per cent for the change to met-
ric. Manufacturers—wheré miost opposition is supposed to lie—.
favored it two to onel

Even the most voluble critics agree that we will eventually
switch to metric. It isn’t likely that history wil ever. present, us
with a chance as favorable as the present. ’

3

“Turning the Table” of Pecimal Equivalents®
- ], T. JOHNSON

AN INTERESTING but entirely overlooked situation is presentel by
the table of decimal equivalents which is so familiar to everyone
in the metal manufacturing field. The table, so often presented as
a chart and frequently seen about the shop and drafting room,
contains sixty-four items running from 1/64 to 64/64 and from
one to six places of decimals [see page 142].

It will be noticed that more than half of the items contain six-
place decimals. _

This table does a great injustice to the decimal system. Most
of the users are grossly misled as to the real nature of the systen:,
XFor instance, the impression prevails that it takes a five-place
decimal to express a fraction as large as 1/32, and a decimal of six
places—0.015625—to express a fraction as large as 1/64. Thus
the tendency is for the user to think that the decimal is a very
clumsy and unwieldy fraction, whercas the opposite is true.

Not until the advent of the automobile in 1900 did the decimal
begin to come into its own. This was due to its simplicity and
advantages for close fits. The finer parts of the automobile re-
quired measurements closer than the sisty-fourths which in many
shops had heen the closest unit of measurement up to that time.

° Reprinted £ Modern Machine Shop, June, 1943, by permission of the pub-
lishiers, ’




T P I . . :
e soamin S — - SR i

142 THE METRIC SYSTEM

. 1. TaBLE oF DeciMaL EQuivaLENTS
1/64 = .015625 23/64 == .359375 45/64 = .708125 .
1/32 = .03125 3/8 = .3750 23/32 = .71875
3/64 = 046875 25/64 = .390625 47/64 = 734375 -
- 1/16 = 0625 13/32 = .40625 3/4 = 7500
5/64 = 078123 = 27/64 = .421875 . 49/64 = ,765625
3/32 = .09375 7/16 = 4875 25/32 == ,78125
. 7/64 = .100375 29/64 — 453125 - 51/84 = 796875

1/8 = .1250 15/32 = .46875 13/16 = .8125 -
9/64 = 140625 - 81/64 = 484375 = 53/64 = .828125
5/32 = .15625 1/2 = .5000 27/32 = 84375
11/64 = .171875 33/64 = .515625 - 55/64 = .859875 .
3/16 = .1875 17/32 = .53125 . 7/8 = .8750
13/64 = .203125 35/64 = .546875 57/64 = .890625
7/82 = 21875 9/16 = .5625 . 29/32 = .90625
15/64 = 234375 =~ 37/64 = .578125 + 59764 = .921875
1/4 = .2500 19/32 = .59375 - 15/16 = .9375
17/64 =" 265625 39/64 = .609375 61/64 = .953125
9/32 = .28125 5/8 = .6250 31/82 = .96875
19/64 = 206875 41/64 = .640625 63/64 = .984375
5/16 = .3125 21/82 = .B65625 -1 =1.0000
21/64= 328125 = 43/61= .671875

11/832 = .34375 . 11/16 = .6875

{

To make the common fraction small enough for close work by
successive halvmg, as the table does, it would be necessary to
continue as follows: 1/2, 1/4, 1/8, 1/186, 1/32, 1/64, 1/128, 1/256,
1/512, 1/1,024, 1/2,048, 1/4,096, 1/8,192. And still we haven’t

"~ arrived dat a fraction'as small as the ten-thousandths of an inch

The decimal, on the other hand, arrives at{a fraction as small as
110,000 in four steps, as follows: 0.1, 0.01,Q.001, 0.0001.

The ffaction 1/8,192 converted to a decimal equivalent would
he written thus: 0.0001220703125—a monster of thirtcen decimal

which is in common use in automobile desigcnd other fine work.

places. To the person not familiar with the basis of the decimal

svstem it might appear that in order to use a decimal as small as
178,192 inch one would have to use this thirteen-place decimal.
Here is where the old table of decimal equivalents is misleading,

becavse-it mav be difficult to see that a fraction smaller than !

1/8,192 can he expressed by the simplo decimal 0.0001 and that
0.0001 is smaller than 0.0001220703125.

feom mmme e v

st
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. II Twu- or Couuo\ Fracmion FQUIVALENTS

= 1,.’1() 01 = l/l()O ()()1 = 1/1,000 0001 = -1/10,000
2=1/5 02 = 2/100 00" = 2/L000 .0002 = 2/10,000
3=8/10 ° etc. ‘ ete. ete.
4=2/3 . , ' '
S=1/2 . : N
6=3/5 . ,
TA=T7/10 -
8=4/5

9=9/10  .99==99/100 .999 = 999/1,000 .9999 = §.999,10,000

- Let us turn the table and make some comparisons.

Where the first fmct}on 1/10, shown in Table II above, requires
four characters (three figures and a line), its decimal equivalent
requires but two characters (one figure and one point). Like-
wisc it is seen that the last degémal, 0.9999, requiring five char-
arters, uses ten characters ‘in its common fraction cqunalent
9,99%.'10, 00() .

It is not the piirpose of the writer to compare the advautag,es irr
addition and subtraction and other processes posscssed by the
two svstems; this would require another article. The writer
merelyv wishes tee correct the erroncous notion for which the table
of decinw! equndlents may be responsible; namely, that a six-
place decinaal s necessary to express a fraction as large as 1/64.

In a-tedhwological and strcamlined age, with simplification a
necessary ()1)]( ctive, is it not time to turn the tables .md let the
decimal come fully into its own? : :

In Favor of the Metrie System®

Dear Sir: In a letter published in the July issue, Leonard C.
Jordan offers objection to a change to the metric system of meas-
urement. However, he does not advance a smi,lo logical wrgu-
ment against the suggested change.

In his first paragraph, Mr. Jordan makes the amazing deduction
that advocates of the metric svstem recommend that its use be
made compulsory. To my knowledge, no specific plan has been

° Reprinted from the October, 1943, issue o Civil Engincering by permission of
the publishers.

i,

v

R

- Az



. +
- L

BT THE METRIC SYSTEM

outlined for achicving universal adoption of the system. A start-
ing point might be an agreement among engineering societies to
use it exclusively in publications nnder their jurisdiction. Gov-
ernment agencies might be induced to do likewise. Tts general
adoption by industry wonld be more difficult. At any rate, com-
pulsion does not appear to me to even enter into the question,
Mr. Jordan {ollows the above deduction with the statement
that the established system (English system) is “now preferred by
those-who use dimersions and do the mathematical work con-
nected with them.” T wonder where Mr. Jordan has been living
during the past tem years. During that period, at least, T have
heard countless engineers and other proféssionals lament the
cliumsiness of the English svstem, ahd I\Ir.‘,‘{[?:rdun is the first one
Ishave run across who prefers it. 1 don't doubt that there arc
others who prefer the retention of the English system, but if they
*are in a majority or cvena sizable minority, they have remained
“strangely inarticulate. ot '
In his sccond paragraph, Mr. Jordan indicates that he does
have an inkling of the principal incentive for mniversal adoption

of the metric svstem—the advantages, from the standpoint of ins

ternational trade, of a common syvstem of measurement. He states
however, that “the United States and Great Britain have done
more with feet and inches than the rest of the world has doné
with meters.” and for some mysterious reason proposes this debat-
able clain as evidence that the rest of the world could change to
the English system more casily than we conld change to the met-
ric svstenm. His boast about the progress of the United States and
Great Britain is patriotic, but does he expect us to believe that
that progress is attributable to the use of feet and inches? The
metric svstem is already in considerable use in hoth the United
States and England, and is more familiar to us than is the English
svstem to most-others. That the metric system is simpler is too
evident for discussion. : Co

“True, the Englishtsystem could he converted into a decimal sys-
tem to a areater extent than the present tenthi-of-a-foot usage in

supveving. but would such an abortion be more practical than the
adaption ofa ready-made svstem already in use in most pags of

the civilizéd world? M. Jordan scems concerned chiefly with
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linear dimensions. Docs he contemplate setting up weight; area,
and volume systems, including tenths of pounds, tenths of ¢ gallons,
tenths of cubic feet, and others?

He informs us that the metric svstem is “no cure for all ills” anrl
“no guarantee against mistakes.” I have never read any claims,

" by proponents of the system, that it is, and I cannot conceive: of

any system that would offer such a Utgpia. Mr. Jor dan suggests
tlm,t tho metric system involves increased oppontunltv for errors

in locat1n5 dccnnal points. Perhaps he considers fractions not .

susceptible to error. The fact that the metric system eliminates
the use of fractions is a leading advantage of the system, and
¢£00d engineers ddf not get gray determining the location of their
decimal poingye”-

In his last paragraph Mr. Tordan states that the penod ahead

-

will be too “trying and uncertain” to permit the distirbance of

present standards. The future is always uncertain and is always
trving to dcfeatists, and a-meritorious change should not have to
await the pleasure of “those who do the work that would be most
sesiously disrupted by the change.” As has already been pointed
out by many, the 1(-toolnm,r necessary in the reconversion of war

plants to civilian production offers an unusual opportunity for

(hangv-m er to the nwtuc svstem with minimum cost and con-
fusion.
Maurice N. Amster

Associate Member, American
: ‘Society of Civil Ergineers
Chattanonga, Tennesyee
Metric System Widely Used®
\
EBASCO SERVICES. INC.

To 1nE Evrror: T was pleased to sce, in the October 1945 issue,

the three letters on the metrie system. This correspondence evi--

dences the interest of engineers in the subject. As’is well said in
one of the letters, discussion of this important matter should be
calm, avoiding pre]ndlc and bitterness.

° Reprinted from the February, 1948, issue nE Civil Lagincering by permission
of the publishers. '

.
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Our company has for many years used metric units in drawing
plans for construction’ in Latin America and other countries that
have adopted the metric system. Engineets and draftsmen, who

"had heretofore used English measures only, soon learned to use

the metric svstem efficiently. 'We are thercfore interested.in the
. ’ . . ’ - . . .l 3
progressive use of metric measures in this country; .inefficiency

_results front the continual necessity of converting from one system

to +he othe?. Personally, I believe it will be desirable to work out
over a term of vears, a method of adopting the metric system in
this country and ggadually superseding-the English, :

I was glad to note in L. M. Winsor's article, “F lood Control and
Diversion Works in Persia,” also in the October nutmber, that he
made u.:'z of metric meatures, trustfx'lg'w the intelligence of rcad-
erd of Cicil Engineering to understand the units used. -

Whether or not our.country wili eventually adopt the anetric
svstem of weights and measures, it would appear intelligént for
our engineers and writers to recognize that practically the entire
world, except the United States and Great Britain, utilizes the
metric svstem. Civil Engineering doubtless has readers through-
out the non-English-speaking world, and it would cem wise to
cater to them in some dcgrcc, rather than to use English units
exclusively in articles.

Ty

Among the letters in the October numbev is one from Paul - Van—

Buskirk. suggesting the use of “uncial parts™ in expressing meas-
urements of length. T have also read recently of a number of sys-
tems incorporating glccinml subdivisions of a basic unit; one of
these. the so-called “Macroblox Decimal System,” adopts a.basic
nuit equivalent to 40 in. '

It appears that advocates of adherence to English measures go
through strange contortions in the attempt to make these meas-
ures convenient for evervday use, and to avoid the awkward
ratios of conversion hv/L\.\'vvn differeut units and-the use of vulgar
fractions. The wav to obtain full advantage of decimal measures
is by gradual adoption of the metric system, with its relatively
simple units and relations bhetween units, and with its uniformity
with the practice of over fitty countries throughout the world.

Louis Elliott T
Consulting Mechanical Engineer
ow York”
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Let’s Go Metric® . | 1o\

| Lo %

How much longer will the English-speaking peoples, who pride
themselves on their contributions to human progress, lag behind
the rest of the world by accepting an antiquated, time-wasting
and cumbersome system .of weights and measures?

English weights and measures have come down from primitive
times by a.process of unregulated development, resulting in trou-
blesome inconsistency as between various units and groups of
units. In the Enghsh svstem there is no one common relation be-

tween the units of weight, size or capacity. This lack of relation- B

. ship adds much labor to numberless calculations, particularly as
‘quantltles are frequently expressed in terms of two or more units;
“such as feet and inches, or pounds and ounces. Only during the
‘present century did the decimal come into its own. The Table of
Decimgl Equivalents, though essential in many engineering cal-
culations, has been a pain in the neck to many a busy man.

The metric system, first adopted in France in 1799, has since
heen adopted by all nations except the United States and the
British. Empire. It has abundantly proved its superiority and
time-saving qualities in all fields, including those of industry and
engineering, _

The Metric Association has inaugurated an aggressive cam-
paign to place the United States on a metric basis. Dr. J. T. John-
son, the association’s president, states that a flood of inquiries and
comments on the metric system has been coming from business,
enginecring, and industrial groups which in the past have been
more or less indifferent to a switch to metric weights and imeasures
because thev feared the cost of such a change.

In a chaxm over from English units to metric, some confusion
would donbtless result. There would be a period during which
both svstems would he used: until the mvtnc in general practice
snpcrwd(s the English. However, the period of disadvautage
would be only' temporarv—a nmttvl of a fow vears—while the
henefits of the metrie svstem would be -permanent. Not to be
overlooked among these is simplifieation of many: matters in con-

® Reprinted from Industrial Improvement, July, 1946, by peguission.

“ik.
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‘nection with commerce with nations where the metric system pre--

vails. _ , .
If a change to metric practice is ever to take place in the United
States and in British lands, this immediate postwar period ap-
pears to be most favorable. A large number of Americans, in in-
~ dustry as well as the armed .forces, have perforce become familiar
with metric measures. :

We quite agree that “now is the time.” /\)

L]
Proposal for Adoption of the Metric System®
OHIO VALLEY HARDWARE AND RODFING COMPANY

Your editorial in the July 1946 issue-of Industrial Improvement,
entitled “Let’s Go Metric” is certainly deserving of praise. It
scems to the writer that it is high time that weldiscard our anti-
quated stardards of weights of measures, and the writer would
Jalso like to sec the adoption of the centigrade thermometer and
‘the twentv-four hour clock, to further coincide with thz rest of
the world. :

As the metric. system has been legal in the United States for
many vears we wonder if the problem is not wargely one of devel-
oping a program for the abandonment of the old English stand-
ard. For example, a program such as the following might tend to

reduce the shock of such a turnover, and result in much less ob- .

jection on the part of those who fear the cost of such a change.

Step 1. At a given date, announced months in advance to re-
duce confusion, the old English standards become illegal on phar-
maceutical, scientific and allied items. This step would involve
but little confusion.

Step II. Ata second given date the old English standards can
hecome illegal on all items of groceries, food stuffs and allied lines
of consumer goods.

Step II1. Ata third given date the old English standards could
become illegal on items of basic raw materials. This would in-
clude such items as steel, lumber, coal, oil and similar lines.

° Letter to S. J. Borchers, Editor of Industrial Improvement. Quoted by permis-
sivn of Roger K. Becker.
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Step IV. Most diffiqult step will be the changing over of real -
_estate  transactions to the metric system. This can come last.
This step will probably require some time, but if after a certain
deadline dakg all deeds and documents of record are required to
use metric descriptions, confusion should be reduced to a mini-

mum. .. _ C
W quite agree that now s the time to get started. ' -

.~

) Roger K. Becker
Evansville, Ingdiana ' .
Juls 31, 1946
. 14 4
l.et’s Eliminate Fractions® RN . -
| - _ C. J. ARNOLD

WE ARE"nOW using two separate systems of measurements for
‘weight, length, volume, wiid temperature, when one system is all
“that is necessary for, arrving on any or all of our activities. Why

should we be burdened with working with, and learning and
* teaching, two systems instead of only one? -

This sitnation has existed for a long time and will continue to
exist so loug as those who oceupy positions of leadership in the
fteld of edugation fgil to act.

The explanation for this lack of action is in all probability due

to the fact that we have grown up with it and, therefore, have ae-
coptgd it without ¢uestioning. We inherited one system, the
English svstem, and the other, the metric system, has come in by
slow degrees. We will have to admit that somzone with the
proper vision along the way coulds have. prevented the present <
situation. Thomas Jefferson did it for us with our money system.
Why conldn’t there have been someone to give us a simple and
modern svstem of measurements? Think of all the difficulties it
would have saved us todav. But there wasn't anyone, and so it
is up to us tqd;ly to correct the situation.

We find ourselves using two svstems of measurements when
one is all .vbody needs. We should get rid of one or the other.

b

° Reponted teoan the Minpesotu Jorrnal of Fducation, March, 1946, by penimis-
s ol e publebiens . *

.
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Pruhlc::i [ English Measurements. Find the volume in cubic feet of a tank _
Heet 9716 inches long, 2 feet 35732 inches wide, and 1 foot 11 3/4 inches
b deep. : -

By simple mathematics we can figure that it will take twice as
long to learn {or to teach) two systems of measurements as it
does to learn one, assuming of course that they are both equally
difficidt. But that is not all, for in addition to learning two sys-
tems we must learn equivalents in order to be able to change the
uniits of each svstem into the units of the other. This means that

we have made this part of schooling at Teast four times as difficult -

as it need be, to say nothing of the added confusion to the learncr.

-
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Cﬁ-tn,c messurements To "’"‘”J

/! meter = 1 0000 melers

y5 cm > . ' Y5 t
: T9 mm o _s009y .
'D ‘If” L4 3 FAL'Y 4 »
6Fcm 2 68  meters
8 ™ + 0099 “ .
" "'” hd = ’ " ”m 7 S
60 cam & o640 ma Vers
I3 wmwm = ~:4 343 | 6 -
. 6038 z
/.46 m :
I—J'—/"’A Check: /) cutt: 02T ey
’ ”» '*ph‘ - 21. :
274 ) or agm (3 s e r)_’T‘L’L«.ﬂ. .
raxYr’ 4 31».: '.“ ."‘ 731 A
"% 0L eu m vol PY 4]
E XY S
bl cum velume 608V 69 cu.m
Fnd (1-.;..1(: *p'a‘/ﬂn.l) o/ Cu-m

Problem 1. Metric Measurements. Find the volume in cubic mefers ol a

tank 1 meter 45 centimeters 89 millimeters Jong, 68 centimeters 98 milli- __

meters. wide, and 60 centimeters 33 millineters deep.” The authot shows
how much more time is involved in using English measurements than in
nsing the metric system.’ Note the-clieck section above, proving the equiv-
alency in the answers. In actual practice, metric measurements would usu-
ally be taken in only one unit: Find the volume in cubic meters of a tank
143.89 centimeters long, 68.98 centimeters wide, and 60.33 centimeters deep.
In this case. the solution would be still shorter and would involve only the
computotion shown directly to the left of the check above.

Efficiency in Education and in Living demands that we get rid of
one system orsthe other.

It has been estimated that appre.imately twenty per cent of
the time of the average student is wasted because of this situa-
tion. How can such needless waste of the student’s time and
energy be justified in this so-called progressive day and age? How
can we justify the wasting of the teacher’s time in such needless
duplication?

If there are any doubts in anyone’s mind, let him consider the
case of High School Physics. When one goes through the text-
hooks. it will be discovered that approximately forty per cent of
the work of learning this subject, as now taught, would be elimi-

ERIC

Aruitoxt provided by Eic: - i
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Tiite d by using onl\ one svstem of measurements. Cheek over tllo

pmhlum the stud(ut is asked ‘to wofk, and the percentage will )

be found to be even higher. In every unit the student studies he
is confronted witly the same dual SV steta—he has to le: arn the ac-
celeration of gravity in-feet per second: as well as in centimeters
per second—he has to deal with density in pouuds per cubic foot
as well as in grams per cubic centimeter—he must know how to
change F Fahrenheit te mperature readings to centlgradc readings
and vice versa—he must use BTU’s as well as calories, watts as
well as Horse Power, and so on ad infinitum. All this duplication

of work would be eliminated, and the time saved could be used

to much better advantage in studying the many new develop-
ments in 4§ field. W hat is true in high school ph\ sics is true in

M n'\/ng degree for all the sciences, and for any subject thit has
anvthing to do with measurement.

The first step in the solution of this problem scems self-cvident.
We must decide to keep one of the svstems of measurements now
in use and discard the other. Our solution is not the dd()[)tl()ll of
tlle mietrie system, as some have said. We have already donc this.

(m&rcss le ralized the metrice system as far back \is 1866. In fact,
it is our b.lsw standard, and mterestlngl_v enongh most of the

© English units are defined in terms of the metric-standards. We

must get rid of one of these systems, and after we have weighed
the ad\ antages and disadvantages of cach system there seems to
be but one correct course of act10n~—thc climination of the obso-
lete and complicated English system.

Morcover, the climination of the English svstem would sim-
plifv our teaching of mathematies as nch, if not more, than it
would the teaching of science. This is hecanse-the English svs-
tem is a “fractions” svstem while the wmetrie svstem is a decimal
svsten. When we discard the English system we will for all prac-
tical purposes have celiminated “fractions.” as such, from duca-
tion. True, we will still use fractions to express relationships in
formulae and to indicate division problems, but otherwise fld(,‘
tions will pretty much disappear.

Faen those who follow market quotations will find the “tenth”
in decimal form more adaptable to their aeeds than the fractions
nosw used. And the nchinist will find it casicr to use the decimal
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svstem than his present measurements in 1/16, 1/32, ete., of an”
inch. Even now the machinist is forced to turn to the metric
method when he wishes to muke fipe measur ements.

The abolition of the English svstem of measur ements of weight,
length, volume, and tvmpomtule caii be justified in many OtllCl‘
wavs, but as far as the ediicator is concerned the resulting sim-
plification of cducation which it would bring about is ample jus-
_ tification. Coming generations of children should not be con-
demmed to waste precious hows of time and energy working with
an obsolete and dual s\stem of moasuwnwnts.

Shall We Cling to the Inch?®
FRED H. COLVIN

After a lifetime on the 6thcr side, Mr. Colvin

is changing ‘his mind. He plcsvnts some of

the arguments for the metric sy stém and some
of the prol)lcms

Wrrn all the commendable work that has been done in simplify-
ing as well as stundardizing machine parts, we may be approach-
ing the time when we must seriously consider a very controversial
phase of the subject—the basis of our measuring units. Only men
past middle age probably recall the bitter battles attendmg, carlier
“attempts to have the metric system made the measurement
ancd to compel its use in all- goxcrnment s s Frederick A,
Halsev, backed b y/ﬁ entire machine-tool itglustify, fought, both
i the colmmms of American Machinist and in Cov uwsq for reten-
tion of the English standards, Pwed J. Miller, Bf. Stratton of the
Bircan of Standards, and others argued the advantages of the
metrie svstem, but weore decisively defeated. A second attempt,
in the carly part of the century, also fuiled,

But in spite of all omr logic as to the advantages of the English
inch as the basis of measurement in machine building (and it is a
most cons enient unit when subdivided into fine decimal parts).,

® Reprinted from the Nbrch 13 T9470 issue o American Machinist by permission
af the publishers and of Fred T Golvin,
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the metric units have or olzlt into our shops as wdl s into many of
our laboratories. For this kind of work, the inter-related units gf
“the metrie svstem have many advantages, even though it is a for-
“eign langnage to many in strictly mechanical fields. ®
Great Britain, the home of the English svstem of measurement,
long ago began to use millimeter sizes for its British Association
. serew thread, both for diameter and pitch. (This should properly
be called “lead™ because it is the distance between threads instead
of the number of threaes per unit of measurement, as in the Eng-
lish svstem.) In additign, this thread has the unusual angle of
471 2, this being developed by Prof. Thurg of Geneva for the
Swiss watch mdustlv, and has also been used to some extent in
this country by watch¥actorics.
\\'atch and instrument makers in the United States are also
using, and standardizing. a svstem of screw threads with diame-

. ters. threads and tolerances in millimete s, with translations into
inches. Motor-car and airplane-engine builders are using spark:

plugs with metric threads, new standards_ now being announced
by the SAE. Some British automotive builders are also using
metric dimensions in other parts of their engines and possibly
clsewhere, this presumably in the interest of Continental aid
other trade. And look at our ball-bearing dimensions!

We formerly boasted that as long as Britain and the United
States adhered to the English inch as a basic measurement, it mat-
tered-litthe what the rest of the world used, as our two countries
built the great majority of machine tools and other machine equip-
ment. With hoth Great Britain and ourselves using more and
more of the metric units, our arguments as to the superiority of
inch mcastrgments are beginning to fall rather flat.

WORLD PREFERENCE

" ) : N\

We are still the world's Targest builders of production imachin-
ery and are likely to remain so. But with the unmistakable trend
toward metric measurements. it may he wise to give the matter far
more careful consideration than we have done in the past. There
are few countries on the globe which are not, theoretically at
least. on a n‘u-tric hasis. '

/
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There seems to be no vital reason whv we should have adopted
metric spark plugs in our internal- combustion engines. It would
have been easy to make a similar plug of almost the same dimen-
sions to inch measurcmcut; By adapting the metric we gave the

ates of that svstem one of the best arguments for its general
use. Thev can say, and with logic, "Why not use the same svs-
tem on the other parts and avoid the confusion due to having
two. standards of measurement?” Perhaps the greatest argument
would be that of making it casier for us to capture a larger share

" of foreign markets. The smaller manufacturers of other countries

RIC

Aruitoxt provided by Eic:

now find it eusier to secure orders from abroad than do ours—
because other countries use their standards of measurement.

This is a problem that requires long and painstaking study; it
is a serious undertaking to change fl()m one svstem to another. It
is not a mere matter of tmnsldtm(f from inches to millimeters by
multiplving by 25.4, the accoptcd conwversion relationship. The
actual ratio runs into a Tong decimal which cannot be dropped if
acgrate tolerances are to be maintained. In fact, many consider
the acceptance of the 25.4 ratio as altering the standard.

NEW DRAWINGS

Should it be decided to take the drastic step of abandoning the
inch for the metne svstem, most manufacturers will doubtless
prepare new (lruwings. giving dimensions in even millimeters in-
stead of trving to handle dimensions with a long string of deci-
mals. The new drawings need not be materially different from
those now in use and can maintain ll(‘ill‘]}' the same proportions,
but it will mean new drawings, new fixtures, tools and gages and
run into millions. Whether it will be worth the cost or not de-
pends on how much new business miy result, or even how much

i of their old business can be retained without it. )

It is not a guestion of the relative merits of cither system. That
lguds to endless and Jargely futile argunment. The problem is
rather whether it will payv to have a aniform svstem of measure-
ment not ouly for its effect on trade. but also to prevent loss and
confusion due to e aving two svstems inuse,

Nor can we rely too much on logic. We have a perfectly good

AN

~.
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decimal currency, coupled with a system of weights and measures
that is illogical and confusing. Britain-is using the metric or deci- -
mal systemn more largely than we are, but clings to a currency as |
illogical as our pints, rods and chains. ) "

, |
In Favor of the Metric System
JOUN-KIERAN

I uave long been furiously in favor of abolishing yards, feet,
inches, gills, hogsheads and th¢ whole hodge-podge and clap-trap
collection of clumsy units and improper fractions thereof that we
call our “svstem” of weights and measures. I'm all for the sensible
~decimal or “metri¢” system.! '

M answer to a letter of June 27, 1946; from J. T. Johnson, Presi-
dent of the Metric Asgsociation, Mr. Kieran said further:

I'm sure we will have to come to the metric system before long,
but I hate to see us trailing where we should be leading.

Reports
A Survey on the Use of Metrie Measures®
' . ] T. JOHNSON

Tuk question of using metric measwges in this country has been
up for consideration from time to timNn our history. At different
periods it has been debated pro and cothjn various newspapers of
the country. Metric bills have been beforg Congress, the last one
appearing in 1926. At that time over 108,000 petitions urging
metric adoption had been sent to the Congress of the United
States.

! Reprinted from This Week Magazine, April 16, 1944. Copyright, 1944, by the
United Newspapers Magazine Corporation. By permission of the publishers and
of John Kicran, '

° Reprinted from Official Report, 1936 Meeting of American Educutional Re-
scarch Association, St. Louis, February, 1936.
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THE QUESTIONNAIRE

To get more recent information as to current public opinion on
this question the writer prepared the following questionnaire,
which was sent to some 650 manufacturers, cngineers, doctors,
and educators during 1936: '

L.

Lo

3.

Do you believe it would be of ultimate advantage to the United
States to use metric weights and measures

a. in manufacturing? Yes No

b. in buying and selling? Yes No

¢. in trade with other metric countrics? Yes No :

d. in the elementary schools of the United States? Yes No

Do vou believe that if the United States were given ten years in
which to make the change, the adjustment could be made with-
out any great inconvenience

a. to the manufacturer? Yes No

b. to the buying and selling industry? Yes N

¢. to-foreign trade? Yes No -

d. to the elementary schools? Yes No -

If vou are favorable to making the change, do you think the best
“wav to effect the change is

a. through government legislation? Yes No s

b. threnigh education and use in the schools? Yes No

¢. through both ¢ and b above? Yes No

It will be.noticed in Table I that the highest percentage (94
per cent) of thre favorable votes in any column is under 3 b, which
deals with the question of education and use in the schools. That
this is not due to the influence of the educator-group is brought

out

by the fact that when the manufacturing groups alone are

considered the total vote on this same item, 3 b, is: yes, 91 per
cent; and no. 9 per cent,

It should be remembered that Question 3 was supposedly to
have been answered by only those who favored the cause, hut
what actually happened was that many who had answered nega-
tively on the other items under Questions 1 and 2 expressed their
opinion by answering also items under Question 3.

When the four items under 1 are taken together, the vote is:

\OS,

D]

S0 per cent: and no, 20 per cent. When the four items nnder

3 are tihen together, the vote is: ves. 73 per cent: and no, 25 per

cent. The itens imder Question 3 cannot very well bhe taken to-

A
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gether. The sunmary by groups (Table. II) shows a more inter-
esting result, ' e .
.Taking the above group as a whole and also the responses of
several individuals who revlied favorably by letters, the ratio of
the ves to no vote is about four to one. Among the manufacturers
alone the ratio is about two to one. Among the educators it is

about ten to oge. Among the doctors-and engineers it is unani-

mously in favor. .

It is not contended that ‘the above results tell the complete
storv of public opinion on the metric question. Because of lack
of tacilities to canvass all groups, representative groups were se- -
lected. For fear of not getting a true random sampling the follow-
ing groups who may have been unduly weighted towards favor-
able reaction were purposely left out: the mathematicians, the
physicists, the chemists, the various science groups, the pharma-
cists, the druggists, and the physical education groups—all of
which groups are almost universally i favor of metric measures.

That the 391 mamifacturers circularized represent a random

sampling of manufacturers is quite certain in that the 189 mis-

cellaneous group of manufacturers who were circularized in the

“spring of 1936 gave yetyrns similar to those of 202 manufacturers

who were canvassed later in the fall of 1936. The results from the
former group were: ycs? 69 per cent; no, 31 per cent. The results
of the latter group were: ves, 64 per cent; no, 36 per cent. It is felt
that the manufacturing group is the most important group as it
gave the most opposition to the metric movémenrt when the last
bill was up before Congress. The greater nummber of question-
naires was sent to that grou¥

It is interesting to note from the table that the unidentified
gronp whose individual names could not be identified from the

“firm names which were canvassed gave about the same result as

the group as a whole: ves, 77 per cent; no, 23 per cent; whereas
the whole droup gave: ves, 7.6 per cent; and no, 22.4 per cent.

PEDACOGICAL IMPLICATIONS

By and large it may be said that current opinion js in favor of
metric usage. Since some fifty-five countiies of the world are on
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¢ S TabLe I. ToTaL Yes AND No RESPONSES ON '
Facu ITEM IN QUESTIONNAIRE
k - a . b c d
No Yes No Yes No Yes No  Yes
" Number of responses, 82 105 83 103 15 116 29 105
* . Per cent of total T .
. responses t... .. .. 28 77 24 76 11 89 22 78
: 9 '
a b c d

No  Yes No Yes No  Yes No  Yes
Number of responses = 46 78 41 8 17 107 20 108

Per cent of total - :
responses ...... ... 87 63 32 68 14 86 16 84

~No  Yes No Yes No Yes
Number of responses .. 16 46 3 51 .9 84

Per cent of total —
responses ........ .26 T4 6 94 10 90

TasLe II. DistiusutioN oF YES AND No VOTES ON QUESTIONNAIRE
vy Groups ~

Number of Number of Per Cent of
Questionnaires Replies Replies
. Sent  Receiv ed Yes No Yes No
“Manufacturers
Die and foum‘lry ...... 29 11 25. 49 34 66
Can . U & 12 48 40 55 45
Electrical B .. 54 - 19 69 46 60 40
’ Miscellaneous o 189 38 209 95 69 31
Automobile - . .28 7 30 11- G A
Chemical . . 56 14 101 7 94 .6
Total manufacturers 391 101 482 248 66 34
Educators
Superintendents of
schools 100 26 185 24 88 X -
University presidents 100 32 273 19 94 6 ey
Total educators 200 58 458 43 92 8
Dactors 12 6 34 0 100 0
Engineers 16 4 37 0 100 0°
An unidentified group 10 7 21 77 23

Grand total 6l 179  108T 812 = 716 224
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w metrie basis, this being true of all of the iniportaut countries ex-
~cept those of the United States and the British hmpno‘ and since
the standard -of lengtli in the United States is the meter, it is
- thought advisable to acquaint the young student in our schools
with at least the meter and centinieter. This will éause no hard-
ship on the school as these measures can be put into.every class-
room if they are not already there.

An illustration may strengthen the reason for this belief.

In a report recently given by Charles F, Brooks, professor of
-meteorology at’ Harvard University, it was stated that in an avia-
tion school in the East the students were given the heights of
their ceilings in meters and. speeds in kilowneters. The stidents
reported back that they could not think in terms of meters-and-
kilometers. As a rcsult the heights and speeds had to be givens
in vards and miles. Because these men had not been given the
smlplo information about the metric svstem they had to tuke a
backward step to the old svstem when the simpler system could
have been adopted by them.

Someone may ask, “What are the advantages of the metric sys-
tem over the present system in use in this country today?”

There are three distinet t advantages of the metric S\ stent. For
the sake of completeness they will be reviewed h('}e’l)rleﬂy

1. Simplicity. When we compare our fiftv-three concepts and
terms with which we have to become familiar in the English svs-
tem of weights and measures to the three simple terms, meter,
liter. and gram. which constitnte the metric system, this ad\an-
t.uf(‘ is at once evident.

. Decimal division of its units. This advantage is so great that
it lms to a certain extent, been adopted by the Ln&hsh system.
The fact that mechanics has decimalized the mc%u/engm( ering
has decimalized the foot, and ayiation has decimalized the nnlo
is evidence. We read in the daily paper that the average rainfall
wits 3.6 inches. that Cairo has a 39.7 foot tide bt refuses to WOorry,
and that the average speed of a trip by air was 189.43 miles per
hour, .

The udvantage of this principle inherent in the metrie svstem
was broweht out in an actual experience recently in a seventh
grade room of w Chicago school. The class \yns studving arcas,

L33
.

..'..
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and in order to get firsthand experience it was, measuring the |

length and width of the blackboard, The dimensions came out:

1 12 feet § inches, and w == 3 feet 11 inches. The teacher did

not know whether it was better to change all dimensions to inches
or to feet and fractions. Either shecould use 47 X 152 and call
the answer square inches and then change back to square feét, or
she could use 311:712 % 122/3 and get the answer directly ‘in

~square feet. The writer has seén many teachers use the latter

method in this form, 47/12 X 3873, getting the awful.fraction
Cimproper!) 1.786-36, then dividing to get the final result.

Either method is clumsy and never used by an intelligent adult.
The teacher in question had some l\nowlcdg_,o of approximations
in measurement and got around a.big difficulty by writing each
dimensione in feet and tenths as 3.9 X 12.7 and obtained a close
enough approximation for all practical purposes.

Had the students in this class been mmhloﬁ
dithensions dncctl\ in ynits and tenths, they would have av oided
another operation in this problem, that of changmu the fractions
to ((lm\ah nt decimals. This very facility is offered by the metrie

‘svstem in that all of its units are (h\ ided into tenths rng,ht on the

instrnment with which one measures.

All measurements are approximate, and the ‘1pp10\mmt10ns
depend upon the degree of accuwracy with which one wishes to
measure. Degrees of accurady ave measured in terms of signifi-
cant fivures, and sl(fmﬁ(dm fufm(s can be ascertained in terms
of decimals only. There ATe My Teasons w hv decimals should
he used in pre ference to common fractmm

3. The interselation hetween the units of length, capacity, and
weight—The third advant: e, that a unit of capacity shall have

nit dimensions and shall have a corresponding unit of weight, is

ilhistrated by the cubic centimeter of water, which weighs exactly
1 oram. There is no snch corvespondence in the Fn(fhsh system.
One cubic foot of water does not have a concsponqu unit of
weight: the best we can sav is 62.4 pounds. This causes much
(umput.mmn{\ hen oue finds w cights of tanks or boxes filled with
certain commodities when dimensions are given in the English
SV stent,

The writer is nl the opinion that the student in our schools has

"

to measure the
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the right to find out that there is such a system as the metric sys-
tem and what the advantages of it are. He has this right just ds
much as he has the right to hear.beautiful symphony music, al-
though that is not the music of the stage or screen.. He has this
right just as much as he has the right to character training that is
sanctioned by the best society, although manv uc' of adults do
nat carry out what that training teaches.

The student in the sixth grade can he made centimeter-con-
scious without any eftort. In fact, he enjovs it. All he has to do
is to look at the other edge of his ruler and use it a few times. It

-

is much easier to measure to the nearest centimeter than to the
nearest half inch. In_the seventh grade he can become conscious |

of the meter and use it in measuring distances and his own height.
In the eighth grade he may be made kilometer-conscious. .'each-
ers will have to become metric-conscious first.

A word of caution is apropos here, since the method of teaching
the metric svstem in the past missed its mark éntirelv. The stu-
dent should never be asked to convert ‘a metric nieasure to an
English one or vice versa. This will never show him the advan-
tages of the metric system. That was the mistake of the past. He
should do tho computations dnot tly in the metric svstem itself
and thus learn its simple computdtlons of merely b]uftlng the
decimal point to the right or left. This has the same benefits as
learning a language by the direct method. It is much better to
learn to think in French than to first translate the French into

~English and then think in English. Likewise it is better to think

in terms of centimeters and® meters than to first translate these
into inches and vards. :

Whether vou ho]n('w that the metric svstem should be taught
in the schools or not de ‘pends upon the assumptions upon which
von base vour belief, Your.assumptions depend upon vour philos-
()ph\ H vour philosophy is that of the status quo perpetuator
then vou will not want the metric svstem i the schools  If vour
p]n]()sup]n is that of bettering the status quo vou will want the
children to know about the metric svstem. Your philosophy is
vour own private affair. This article me relv sets forth a pmnt of
view of a believer in the philosophy of improving the status quo.
And simplification is a method of improvement at the present time.

- e
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_ Uniform Weights and Measures® = T,

N

Tue Council considers it desirable to promote unification of
weights ind measures throughout the Hemisphere on the basis of
the metro-decimal system. It has not been possible to obtain such
standardization up to the present because of the hold of the gid.
> Spanish, English and Portuguese units, in spite of the official
adoption of the metro-decimal system in the ¢Latin-American
. countries. ‘ ’
The Council therefore recommends:
That National Sections proceed to publish or have published
the eqquivalents of the weights and measures of the metro-decimal -
“system with the traditional opes of their respective countries, as
a means of facilitating the progressive application of the former. -

1l ’

. Newspapers

Metric System Urged for p S.t ‘
;o T i
. Chicaco, March 23, T/wo years of elementary arithmetic could

(be eliminated from the grade-school program if the United States
. would adopt the metric system of measurement, ‘according to/
Dr. J. T. Johnson, president of the Metric Association. /-
Dr. Johnson, who is chairman of the mathematics department
of Chicago Teachers College, pointed out that textbooks now
. spend_ three times as much space on common fractions as they
do on decimals. . : '
“Fractions could be almost completely disregarded as a factor
in arithmetic if the metric system were adopted,” he said.
“Instead of the present system of pounds, feet, inches, rods,

® Reprinted from “Policies Adopted by the Second Plenary Meeting of the
Permanent Council of American Associations of Commerce and Production,” Wash-
ington, . C. May, 1944, by permission of the ‘United States Inter-American
Council. :

t Reprinted from the Seattle Times, March 24, 1946, by pemission. of the
publishers. '
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acres, and thé various other unit designations now in use, we
would have only; three uaits to’ worryv about. Every thing in" the
svstem is based o:. the meter, the liter and the gran, The whole -
thing can be taught in a few hours to an eighth-grade pupil.”

Dr, Johnson saic that nearlv evervone is in favor of adoption
of the system after he finds out how simple it is. :

“In the measurement of length, fov instance, the smallest unit, "
the millimeter, and the largest, - the-kilometer, are based on the
standard meter. To convert from one to the other, all you have

-

*

‘to do is move the decimal point. ; .

“It’s a different ‘story, though, when vou try to convert inches
into miles or rods.”

Ylore than 75 per cent of the world’s population uses the metric
svstem now, Dr. Johnson said, and many American business men
who carry on trade with South America or any other country in
the world outside the British Empire have to use metrics.

“The American Medical Association and most pharmacists use
the svstem because it is much more convenient,” he went on,
he issue is not between use of the English svstem as opposed
» the metrie. We use bogh svstems now.

“The question is whether we e going to continue using hoth*
or adopt the, one snnplv svstem.” - :

\

1 t
’

War and the Metric System® : -~

Tins fisu't precisely a new editorial, so far as this paper ds con-
cerned. We've run substantially the swme editorial once or twice
before; maybe oftener. But it's alwavs o true editorial, and if
enough other papers and private citizens all over America would
up(‘at its substance often enongh and loudly enongli we might
achieve some iinpnrt:mt progress.

L

RECKONING BY DECIMALS

This one is ubout the metrie svstem of weights and iecasures
and how serionshy we need to adopt it. at the same tine tyving the

® Comrtesy of The News, New York's Picture Newspaper, Decernber .':26, 14941,
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canto our present mismesh.of feet. pounds, quarts, statute milcs,
nantical miles, acres, short tons, long tons, and at least three kinds®
of ounces. z ) <

As several millions of us find every time we get into zw& and
run into the .metric system used by many other ceifntries, the
metric system is far superior to tlie system to which we ard the
British cling with such pride and tenacity.

In the metric. conception of weights and measures, everything
goes up or down by tens—a true decima) system. All measure-’
wents of length and area, and all volumes expressed in line meas-
urements are bhised on the meter; all measurements of mass, on
the kilogram. ' . :

We all know how simple it is to count U. S. raoney. This is be-
cause we reckon our money by a decimal system. We could meas-
ure everything else—distances, areas, weights, volumes, of all
Rinds—with equal vase and simplicity if we would adopt the
metric svstem. )

A beginning was made toward U. S. adoption of metrics in
World War I. Many American fighting men in France were im-
pressed with the metric syster’s scientific si npl»ity, and learned
how to read mavs with metric scales. -

Since then we have adopted metric measui- ..t for some of
our Anmny guns—33-millimeter, 105 mm, 155 nu.i, ~~d so on—and
that is all to the good. The Navy, however, clings to its A-inch,
S-inch, 16-inch, etc., guns. Metric and inch ammunition not heing’
interchangeable, it is interesting in a grisly sort of way to imagine
what might happen some day if Aymy and Navy units were co-
operating in some serious fracas and one or the other happened
to run ont of ammunition, '

LET'S GO METRIC

Why not grab this opportunity for change and improvement
which this war presents, ard get the United States well started
during the war toward general adoption of the metric system for
hoth civil and military activities?

‘e Government could contribute a husky push by requiring
that a1l specifications in war supply contructs be stated metrically;
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and another bv using the metric system generally in tlw trapnng
camps. It could alto require that all its blueprints for big public
works praejects after the war bt staged in mctncs

“With 10 or 12 million of our most \\l}:,OI‘()llb young men ac-
uainted with the metric system and its advantages over the old
one, the whole country’s conversion to metrics ought to follow,
fairly fast and we'd have gained one advantage, at least, out of
a war which dc s not vet promise to v ielTus many advantages.

In measuring temporatnrc, we are behind tlsc times. too, so
long as we clir to the Fahrenheit thermometer, with its placing
of the frccnnc_r, point of water at 32 degrees, ‘of normal human
body mperature at 98.6, and the boiling point of water at 212.

\ -

SCIENTIFIC CENTIGRADE
. -

Not th:  old Dr. Gabriel Daniel Fahrenheit (1686-1736) of
Danzig w.. wta true scientist when he invented his thermometer;
he was. He put his zero femperature at the lowest degree of cold
obtainable with a freezing misture of ice and salt, then divided
the difference between this temperature and human body tem-
perature by 12, and later by 98, That made freezing temperature
comé out at 32 and bmlmg at 212: and the whole performance was
good scientific procedure for ¥Fahrenleit’s time.

His time was a long time ago though. Now we have th(j/.nm-
ple. coldly scientific decimal thermometer that goes by the'name
of co ntwmdv Tt culls water's free2ing point zero, and its boiling
point “100. 1. iving in an era of science and priding oursclves daily
on same. it seems passing peenliar that we don't adopt this scien-
tific thermometer along with the rest of the metric system.

We Could and Should Adopt the Metrie System®

Wi covrn and shonld adopt THIE METRIC SYSTEM of weights
and measnures as standard for the United States, and we sh(ml(l
throw out the foot-ponnd-quart system os fast as feasible.

® Courtesy of The News, New York's Picture Newspaper, Junuary 1, 1946.

.
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Our present jumble, uberitéd from England, of nches, feet,
vards, miles, ounces (troy and avoirdupois), pounds, tons (short

. and long), pints; quarts, fifths, magnums, ]Cl()l)OdlllS cubic inches,

cubic \ards yecks, bushels, ete. is just that—.. ¢ ntastic and un-
1 ) .

- scientifie jumble. . o

In opposition to that jumble since the vear 1790 has been the
metric svstem, worked out by F rench l{c\olutlmmrv scientists,

and now in use throughout most of the world except the United.

States and the British Empire. Even in the English-speaking

. countries. the metric svstem is widely used by scientists and in

certain industries. and to some (1(‘1.,1(‘(‘ l)\ mlhtar\ and naval
meti.

MEASURING BY TENS
. ¥

The mietric svstem is a decinal system, meaning that it proceeds
up and down by 10's. just as onr money does. This simplicit{ex-
tends through all kinds of measurenment—distance, length, vol-
nme, weight. There is no guesswork about it. Ten for some rea-
son—perhaps becanse normal persons have 10 fingers—is the
easiest figure for most people to use in multiplyving or in divid-

. v,
\lll'

O

\ To round out this reform, we shonld also udnpf the ccntigrude

thermometer. which is a tiue metrie thermometer, It starts at

zery as the freezing point of water and proceeds to 100-as water’s

l)mhn(r poiut, rather than from 32 to 212 as on the old-fashioned
Fahrenheit,

President Troman could start the New Year right by gatheving
together a commussion of scientists, teachers, lllllltdl_\ men and
mival men to study the varions aspects of a general United States
changeover to the metrie svstem. and make recomaaendations
within w reasonable time. Congress and the assorted Government
departments—especially the Navy and War departme nts—counld
then staot the metric hall rolling in a concerted and determined
Wil

By engincering suchoaoretform, the President wonld do this gen-
cration a ureat service and sneceeding generations of Americans
dneven dreater one.

RIC

[
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To Press Adoption of the Metric System®

Croups in Science, :Education, Business and
Industry Back Cainpaign for America

Criicaco, February 16, Supported by scientific, educational, busi-
ness and industrial groups, a nationwide campaign is contem-
plated to put the United States on the metric system of weights
and measures.

Dr..John T. Johnson, president of the Metnc Association and
head of the mathematics department of Chicago Teachers Col-
lege, said today that plans to extend the system not only to this
country. but also to Great Britain would be discussed at a special
session of the association here next summer.

As at the end of every major war since France adopted the
system at the end of the Freuch Rev olution, he said, a flood of
inquiries about it had come. He recalled that Turkey, Japan,
China and Russia accepted it in 1920-21 and pointed to its present
use over the world except in the United States and Britain,

. QUESTION OF STEPS TO TAKE

Members of the association are divided as to the best method
for getting the metrie system adopted in the United States. Many
advocate Congr essional action, but. hecanse of the defeat of 1(‘!_,18—
lation in 1922 and 192€. others favor taking the canse to educa-
tion executives of the States. ,

Pointing out that the metric svstem was legalized by Congress
in 1866 and that in 1893 the meter was made the standard of
Jlength for the United States, but that the country as @ whele had

never adopted it. Dr. Johnson said: y

“The Government has done its part. and it has ng'direct control
over education. Itis up to the States to put it over.”

° Reprinted from the New York Tames, Felnnary 17, 1946, by pertiission of the
publishers.
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. 1t legislation were dvf(-'utcd_a{guin, he warned, it might take
a generation tu educate the people on the values of metric weights

and measures, Regarding current’ interest, he noted that many
of the inquiries came from business and industrial 01gzunfzati9ns
which had previously been averse to the changezbecause of. its .
cost.

. APPLICATION OF THE SYSTEM

‘Adoption of the system, he said, would eliminate two years of - .
instruction in arithmetic and qualify school gradudtes for jobs in '
business angd industry which apply it where decimals are used
‘nstead of fragtions. :

Ou this pointy Dr. William H. Johnson, superintendent of Chi-
cawo schools, ddelared that the metrie system was better than the’
Faglish because it was easier to teach and to learn, it simplified
mathematics with all figures in units of ten and contained a direct
relation between weight and volume.

The metric system is taught in the cighth grade in Chicago and
is nsed in high school and college science courses, but it is learned
as an additional svstem of mathematics. - )

The snperintendent suggested that its wesld-wide use would be
“a long step in world eqoperation toward peace.”

-

VIEWS OF LEADING SCIENTISTS L
_ Dr. Harold €. Urey, the discoverer of heavy water, and Dr.
Enrico Fermi, a pioncer in the atomic chain reaction, who worked
" on the atonic bomb rescarely at the University of Chicago, agreed
that nse of both the English and the mietric systems “complicated”
the project. o

Arthur Jaffev, acting chairman of the atomic scientists of Chi- oo
cago, said that his group was 100 per cent for adoption of the .
metric svstem.

On the other hand, Dr. Ovid W, Eshback. dean of Northwest-
ern University s Technological Tnstitnte. maintained  that both ™
the Fnalish and the metrie svstems were needed for the conven-
icnce of Mnericans as each had its merits.

“«
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Thls Is the iear \ICMXIJ‘V“

THE ancient R'omuns had a lot of sound ideas and efficient prac-
- tices, especially in fighting by land or sea and then governing the
territories they conquered. v

Whken it came to numbers, thoug,ll, their system left a lot to
be desired. It was about as cumbersome an affair as could-be
imagined. -

It was a complex of I's, V's, X’s, L’s, C's,-and so on, so that every
“number you wrote called for a confusmg, juggle.of these symbols
—except that by drawing a straight line over a numeral ygu coild
mdlcate that it was multlphed by 1,000. .

According to Roman numbcrmg,, this year of 1945 is MCMXLV
fnd a pretty short and snappy dewgnatxon compared with some -
numbers that can be doped out in Roman numerals. The year
1899, for example, in Roman numbers was MDCCCXCIX. The
Civil War ended in MDCCCLXYV, or 1865; we declared our inde- ..
pendence of Great Britain in MDCCLXXVI, or 1776, ‘ '

The EBncvelopedia Britannica .assures us that adding numbers
the Roman Wav wis slmplcr thamn our way, giving the following

example:. .
DCCCCLXXXXVILII - 999 -
cC XXy . 225
MCC XX IIII 1224 s

We'll take the Britannica's word for it that that isa simple oper-
ation: uess we're just too dumb to follow it. We note, though,
that the esteemed reference work is mare than vague—in fact, it
doesn't ntter—on how the Ronins multiplied and divided in their
mathematical sign language.

Came the 10th Century an. and sthe Arabic numerals were

" introduced into Europe. These are the numerals we use today.
Their Arabic inventors had had the brilliant inspiration, too, to
devise a muieral to swmf\ nothmv——/el()——\\luch had never oc-
curred to the Romans. _

The advantages of Arabic notation over Roman are obvious.

L2 Reprinted fromn the Times-Herald, Washington, D0 G May 31, 19453, by per
mission of the New York News Syndicate Co., Inc.
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These numerals furnish a vehicle for swift, clear reckoning of all
kinds. It is believed by some thinkers that the prehistoric inven-
tion of the wheel was the greatest single invention in man’s his-
torv. We thiuk the inv cntmn of Arabic numerals was also of pri-
mary nnpmtmu' o : >
Thore is another invention which in the ﬁdld of measurements
has a vogne comparable to that of Arabic numerals in the field of
wd\'()nm(r
.o ‘We're talking about the metrie system, in contmst to the foot-
¢ pound-gnart system in use today in the United Statvs, the British
Empire. and nowhere else that matters much, Most f the rest
of the western world long ago adopted the metric sy stcm (lc\ ised
by F rench scientists in 1790,
The metric svstem moves up and down by 10s; it is a de; ~1m'll
method for measnring length, area, volume ¢ and weight.
In World War I, a lot ofnr fichting men ran into the metyic
sV stemn in operaton in lmko, and saw how simple it is. Aft 531
tlmt war, metries lnm(r on to some extent in our mmod scl\lOC\
especially as regards u-(l\()nmg r Armyv gun sizes. The Annv nowa-
davs has its 20- nu]lnm't(‘x guns, 34—nun s, 57-mm’s, 105-mm’s, and
SO un——t]mu(rh curionsly om)ntrh its artillery fire control mech: 1-\
nisms N un]\ operate on the fect-inchies systen, )
The I\d\\ on the ather hand! sticks to gun calibers measured
= by inche s—6-inchers. &-inchers; Hm(hms, ete. Why can't the
boys get together® There anust be oceasions Where it would be
most convenient if Army and Navy mutﬂ in joint oper ;Ltmns could
swap annunnition, :

. One foree that could do a lot to bring the boys together is Pres-
ident Harey SO Troman, Mr, Troman in World War T was ¢ ptain

¢ of Battery D, 129th Field Artillery. 35th Division, a division which
saw considerable activity in France. Inthat capacity, Capt. Tru-
man had ample opportunity to see the adyantages of the metric
svstem over any nther. .

As Connnander in Chief. Mr, Truman could give the cmultr\'
many i ndge toward complete adoption of the metric svstem,
both wilit: v and civil life. He could start the Navy tow -ard mct-
ric ann sizessat s lh- speed: conld press for the dr: awing of all
our militay . aps and war cobitract specifications in metric tcmls

“ERIC | R ~

Aruitoxt provided by Eic:
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and so on. Once the armed forces went all metric, the civil popu-
lation would be’likelv to do the same . ., and thus President
Truman would have performed a great service to all Americans.

. N N

Britain Going Metri¢?®
- ' ' ) . . R

Tue Association of British Chambers of Commerce have adopted

. resolution urging the metric system for Great Britain and rec-

()nnnendm(f ¢ppomtnwnt of a government committeé to consider, s
.the khang's They have ulso advocated a change in British coin-
age to a decimal S\stem Britain is the only Europeaii country
\nthout a decimal svstem of coinage and measurement. \We all
know how simple and casy it is to count U. S. money. That is be-
cause we reckon our money by a decimal system.

We have long advocated the metrie system for this eountry in
contrast- to our present foot-pound—quart system, which is in use
today in the United States and Britain and nowhere else in the
worlthat matters much. The metric system moves up and down
in 10's. Ttis a decimal method for measuring length, area, volume

“and weight, After World War I, we adopted/metrie measure-

ments fm some of our Army guns, such as 153-miillimeter, 103 mm,
and so on. The Nawvv still chnt*s to its 6-inch, 8-inch, 16-inch, ete.
gins,

The metric is indeed a good idea. We ought to adopt it, not
only for money, hut for thermometers, weights and measures,
cte,

« The resolution which follows was inwroduced by Harry Alleock,
Chairman of the Conneil of the Decimal Association of England.

“Having regard to the vital national importance of export trade
expansion and to the consegnential need for the improvement of
our trading methods by all available means, the Association of
British Chambers of Commegee considers it essentina that British
,traders should employ a decimal system of coinage and the metric
svstem of weights and meas of which the }ngh( r efficiency, as

° Beprinted from the Cimes-Herald, Washington, DL Co October, 1945, by peg-
tarston ob the New York Nows .‘ﬂ.\lu]i('.th' Coo, T
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compared with the British systems, has been demonstrated in so
. many countries for so many years. In view of the technical nature
of these proposals, it is suggested that the Government should set
up an appropriate committee (or committees) to recoinmend the
most convenient means of sceuring the desired objeets.” ]

Metrice System?®

Tuar caption is old, and boring, no doubt, to some people; and it

seems a safe bet that some of the customers will stop reading

“these remarks at this point.

Nevertheless, the metric system of weights and measures is as
great an improvement over the foot-pound-qquart system as Ara-
bic numerals were over Roman. If you don’t realize what an im-
provement Arabic numeigls were, try multiplying X1V by XL,
and then do it in Arabic—IM X 40.

Further, we already have a metrie system for measuring our
monev—cents, dimes, dollars, -with the in-between nickels and
quarters entirely logieal and understandable. We wouldn’t think
of going hack to the British reckoning of penee, six pence, shilling,
florins, pounds, and guineas, with which our colonial ancestors
. struggled.,

But the great majority of us were horn and drng up under the
foot-pound-guart svstem, and human inertia is such, even in the
dvnamic and generally progressive United Stutes, that the agita-
tion for adoption of the metric system in this country makes only
the slowest headway. Tt has penetrated into the electrical and
optical businesses, to some extent into the Army, and to a lesser
extent into the Navy: hut that's about the best news that can be
offered up to now. thongh the metrie system itself was devised by
French scientists in the vear 1790.

If President Troman wants to do something constractive for

his conntry, and even more so for onr children and theirs, he can
appoint 4 commission to look into the pr()l)l(‘ms connmected with a

° Ro printe ol trom the 'l'in:r'v-'lh'ml:l. Wishington, D. . December 17, 19453, by

permission of the New . Kk News S}'H(li('-lt(‘ Co., Inc. . \\.//

»
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!

.

general changeayer to metrics On this commission could be vari-

_ous scientists, _milit;u'y men, business men, professors. hncoumged

by the report such a commission would be likely to turn in, Con-
aress might grease. the wheels for a change to metries. 1f it
should. it svonld do all Americans a service of the first m.tgmtudc

.

The Metric -S_\'stel'i1° o /

WAR BRINGS US NEW LIVING AIDS

Tue war has brought a lot of new substances and devices into
what is often called the American way of living. There are life-
saving penicillin, malaria-fighting atabrine, synthetic rubber, ny-
lon, radar (which evervbody savs is going to revolutionize com:
merce, industry and ev m\tlnm,r else when the war is over), faster
and more powerful planes. improved methods of surgery and
psvehiatry and countless other items on the credit side of the war
ledger. :

We might have had a lot of these things eventually anyway, but
the needs of a nation at war have speeded up their dev el()pmcnt
so that we can hope to enjoy them to the full tvhen the hostilities
are over.

But there is one tlmw the war nnlrht have done for us which it
has not. The war has not brought abont the national use of the
metricsyvstem of weights and measnres.

Big (llttl()ll.ll‘l(‘s contain a table of weights and measures that
has some wonderful names in it. There are ten poods in a berko-
witz in Rossia, and 23 miskals in an abbas in Persia. There are 12
inches ina foot in thie United States. And while that may not look
funny to us. we do have some others that are peculiar, to s v the
least. Pecks. hnmdredweights, pennvweights, hands. hogshc.lds '
and so on. all arbitrarily set mavhbe hundreds of vears ago.

Our Aimy has 153- millimeter auns and our Navy has 6-inch
cuns. We have 755 and 3111(lys We have 50-caliber machine

® Courtesy of The News, New York's Pictare Newspaper, July 24, 1944,

N
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_ iy
guns, based on inch measurement, and 37 mm guwis based on
metric measurement. The British are not much better off than we
are, with their stones, imperial quarts, clls and so on.

But there has heen a perfectly good system of weights and
measures lving around for 150 years, since it was adopted:-in 1795
by the French. Tt tdok a rev olution to change the French; at that.

Thie metric system is based on the meter, which is taken to be
one ten-millionth of a quadrant of the earth; the liter, which is
the volume of a cube one-tenth of a meter on each side; ar : the
gram, which is the weight of one-thousandth of a liter of water at
1 degrees centigrade.

SYSTEM ADOPTED BY SCORE OF ,NATIONS

The metric or decimal sy stem has been formally ddopted by a
score of countries. It has been tolerated in Fll!_,ldn(l Japan, Rus-
sia, Turkev.and the United States. In England a battle raged for

vears as orderlv-minded people agitated for its adoption. It

wasn't until 1897, in fact, that the law against possession of a set
of metric weights and measures was repealed in England.

In this country we nearly adopted a decimal system of weights .
and measures thmwht up by Thomas ]cffvrson, but something
happened to it and we merely took over the English methods, al-
though somebody was smart vnouwh to set up our money system
which is the easiest in the world to count and handle bccuuse of
its simplicity.

In the last war American soldiers in France found the metric
svstem comvenient and workable, That is why we now have, in
addition to guns measured by inches, caliber or gauge, others
which are designated by their ‘millimeter size,

Our soldiers are back in France and more of them will be intro-
duced to the simple French svstem as they march for kilometers,
drink liters of wine and buy kllntrmn(s of flour.

SCIENTISTS KNOW VALUE OF THE METRIC SYSTEM

At home Liere. while industrial measurements are still on the
inch basis. more and more precision instrments are calibrated
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wietrically and a tr()od many “scientific laboratories use the metric.
system, Workers in those lines are used to precision and grder”
and know the value of modernizing their procedure.

‘Our Bureau of Standards possesses master metric measurements
as well as masters of the inch and pound svstem. A gosd many of
our large cities also arve supplied with master measures of l)oth
kinds. .

There is no really good reason why the changeover to the met-
ric svstem could not be made tlll()llgh()llt our whole -domestic
scene. All the things we make and wear and eat, machine work,
vard goods, coal, oil, butter, prescriptions, potatc s, could be
l)murht and sold under the metric sy stem. At least one confusion
could be eliminated from our economy iNwe were to reduce our
weights and measures to the modern siniplicity of our monetary
svstem. . '

Metric System’s Universal Use
Urged as Step to World Peace®
JOUN ], O'NEILL

A conmnmon language throughout the world would be one of the
most cffective auls in ‘ulnv\mq and maintaining peace and maxi-
nin cooperation among nations.  Scientists have a Kitl of uni-
versal langnage, .lctlmll\ two such languages, mathematics and
thehetric system, their l.uwu.ufo of measurement.

It is casxl\ possiBle, and hi fhl\ desirable, for the entire world
to adopt the metric svstem. It provides the simplest, most adapt-
able. most casily nsed nng\hmhl\ coordinated and most univer- -
sal svstem of measurement,

\ | . )
MONEY CONTRASTED :

In order to grasp quickly the advantages prov ided by the met- "

ric svsteni, it is necessary ()nl\ to corapare the money svstem of

% Kee prml wl from the New Yook Herald- 'u’mn- Newembor 30 1946, by per-
tisston i the [m]»]l\}u Is.
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the United States with its dollars, dimes and cents with the Eng-
lish svstem using pounds, shillings and pence, plus variants, such
as giineas and crowns. Ten cents equal one dime, ten dimes equal
on¢ dollar and ten dollars one cagle. In English money twelve
pence equal oné shilling and twenty shillings equal one pound

/ The millions of American soldiers w passed through Englandl
duri ing the war were confused by the pouuds, shillings and pence
of that country, and enthusiastically chided the English for con-
tinuing to use such an archaic .s) stem. They were unmindful,
howcver, that our system of weights and measuves is just as ar-.

chaic. .md dates back to the length of the roval nose, or fx)ot of

Perev the Unteenth, or other unscientific standards.

The number svstem in use throughout the world is dedimal.
that is, it uses 10 as its base. Our moncy svstem is decimal and
s0 is the metric-svstem in all of its units of length, volume,|area
and mass, or w m(rht All of the metrie units are derived fram a
single unit, the meter, the unit of length. T - \

USES NATURAL STANDARDS ’ \
\

This miit of length is tied to rmtnml standards in two ways. B\
original definition the standard meter is one ten- millionth part lof
thc didtance between the equatpr and the pole measurcd al()ng a
meridian. Later calenlations indicate the adopted standard is in-
accurate by an extremely small amount. By a more recent defm\l

¢ meter is a multlplv of the wave le n(rth of a particular rec
¢ in the spectron,
The meter corresponds closely to our vard. It is almost 10 per \

tion

li

cent longer. One meter equals 1.094 \luds and one yard equals’
0.914 meter. Onr vard is divided into thirtv-six mches, a relic of \

the sexagesimal svstem of coimting used in Sumeria more than

£.000 vears ago. ‘The meter is dmd(‘d into 100 units called centi-

meters, just as onr doltlar is divided into 100 units called cents.
A common division of our inch is into cighths. The centimeter is
divided into tenths called millimeteys, which are thonsandth parts
of a meter. The larger miigof lenath is the Rilometer and contains
1.000 meters, The Kilometer is a little more than a half (0.621)
mile, and a mile equals 1.61 Kilometers. -

-

i

|
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« -+ The ceuhmcter is the'base of the unit of volume and of welght
' __One thousand cubic centimeters make one liter, which closely
approximates the standard United States liquid quart. A liter of
water weighs one l\llog,ram s0 one CUblC centlmctcl weighs one

gram . - : ’ - ‘¢ - . !

i 4
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~ SYSEEM WIDELY USED
#;ngtwall\ all of the continental European coﬁntrles “and the
South American countries use the decimal metric system in all
commercial transactions and its-use is lcg:,dli\ permissible else-
where throughout the world, including the United States., A
standardization of containers and measurements on metric units
+ would greatly facilitate world trade. There is always a sense of
mistrust when a diversity of units ot measurements is used, anda -
sense of understanding when all talk the sane Luu_,uagc of ‘meas- .
urcment. *

Now is the ideal time for making such a shift, when the world
is tryving to reach a new basis for internatioqal abwcmcnts. Uni-
\(l'sdl use of the svstem in this country wou breat aid tor '
nnderstanding and doing business with the metric u)untl iey of
Europe and also those in South America.

An even greater advance in laving a solid foundation for peaco
and good will among nations, and mere particularly for mutual
undmst\mdnw among the pcoplu of the earth would be a uni-
versal metric svstem of coinage with a standardized unit of value.
Throuch this international money operations could be reduced to
a basis that would permit the average man to understand what
was being done much more easily tlnm by figuring the exchange
rates among a great many different currencies.

STEPS BEING TAKEN

Steps Teading to a system of international standards are being
tihen at a meeting in London being attended by delegates from
the American Standards Association and the Britishb Standards
Association and delegates from nmL\ other countries. P. G. Ag-
new . vice-president and seeretary of the AS.AL and E. C. QOritten-

.
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den, assistant direct'or‘of the National Bureau of Standards, are
- representing the United States at the conference. .
The American Standards Association, of which many hundreds
‘of industrial corporations are members, takes no stand in the mat-
ter of setting up standards, but provides the méchanism by which

there can be defined and set up for use any system or standard,

desired by. its members. Some members requested an inquiry ‘be

made into the desirability of adopting.the metric system for de-,

scribing adoptéd standards in conjunction with the common Eng-

lish units. A/committee appointed a year ago is now investigat-

ing the problem. ~ S .

. y ‘-
The Metric System and the Postwar World ® ,
<
- e J. T..JOHNSON

-

War hastens trends and, precipitates change!,

World War I brought‘Jabout many changes in science, industry,
and niedicine. As a result of the tremendous development of the
airpline, this war will make our world much’smaller, socially and
commercially. International trade will be stepped up. This will
call for simplified practice in international business transactions.
We cannot afford to have three number systenis in each of which
the principles of operations vary. ' ka

Our children are now forced to learn three different systems:
the whole number system where the decimal principle of place
vahue applies, the common fraction system where different opera-
tional principles apply, and the denominate number system where
still different principles apply. .

What is the present trend of simplification? Everyone willagree
that it is toward ‘ecimalization of our number system. This is
attested by the fact that mechdnics has decimalized the inch.
Parts of automobiles are made to the ten-thousandths of an inch.
. Engineering has decimalized the foot. Survevors measure in fect

—iid tenths, not in feet and inches. Aviation has decimalized the

mile. We read of the tremendous spcvd of a bomber as 350.486
miles per honr. Why is this? The answer is that in d;‘cinmls‘tlw

® Reprinted from Tempo, Chicago Teachers College, November, 1944,

~
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same principleof plate value applies as in whole numbers. When v &
Simon Stevin inventad the deeimal in 1585 he simply extended" e
s the principle of place valueginherent in our whole numbers to
«numbers smallgf than 1. w
' We comnt and we measure! These are the two great primitive .
uses of numbers. Would it not simplifv matters if we could use
- the same principle when measuring as when connting? I there a
. _-\tmld in this dircction? Yes, there is. Eyer since France, in 1799,
invented the metric system, gromips"?rnd countries at different
“tinies have adopted this system of measurement, '

y . After the Prussian War in Europe in 1871, Germany, Austria,
Hungary and suborjlinate colonies adopged the metric system,
almost doubling the fpopulation theh on a metric basis. In 1866, ]
right after the CivilAVar in this country, the metric system was
made legal by act of Congress. Later, in 1893, it was myde the .- ..
standard in the United §ates. In 1920-1921 after World War 1
the metric svstem was adopted for official use by Russia, China,

o Turkey, and Japan—thus more than doubling the population that
was at that time on the metric basis. It is now officiallv used by

/ + fiftv-five of the fiftv-seven countries of the world and by more .
than 75-per cent of the world's population. :

: " "\What is thie reason for this trend? The hnswer can only be, sim-
plified practice. Any one who knows the metrie system knows its
simplicity. The fact that it lines up everything that is measured
in a onc-to-one correspondence with our wiole number system.
where the decimal principic of place value applies, accounts for
its simplicity. : oo '

< There can e no stopping 6of this trend! Workd War IT is bound
to give it a hoost. 0
Thivk of the time and energy that would he saved our boys and
. irls in school—-not to mention the teachers—if the metrie system
were the official svstem in this coantry!

The issue now is not between the English svstem and the met-
ric system. but it is between two s’\’stvms now in use with the
time-consuming, incomwmensurable “error-produeing” conversions,
on the one hand, and one simple “like-onr-whole-number”™ system,

the metrice, on the other.
Which shall it he?

v
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When Size 9 Is $ize 10° .~ . =N K

.% , - VALE WEBER

Working Out the Differences in British and
American Weights and Measures Is Costly -
—and §o Confusmg >

o
\ AR 3

Nor long ago an altruistic lady living in’the Bronf posfod.a pack-
age of clothing to a married sister and her family. in England, .o
. The parcel cqgtained a pair of shoes, a pair of stockings, a child’s
~ dress and u woman's suit. When it arrived, nothing'in it fitted,
Ghe shoes pinched and the stockmgs’ were too short. *The child’s
" dress was too big and the suit.was too small. The senders g‘ood B
intentions were completely wasted. o ¢
Multiply the Bronx woman’s misadventure by a few hundred ‘
thousand when postwar transatlantic business -really gets under . -
way, express her case iy exporters’ terms and you get an idea of _
th millions that aré being lostpevery year in Arglo-American ,
trade because the Unlited States and Britain have not,yet thought -
it worth while to make a serious effort to get together on the be-
wildering business of interhational weights and measures,
Almost nothing has the same measmement in New York as in N
London, Harassed shipping clerls and salesmen spend a large
part of their time trying to figure out what sort of man i America
could wear a size 6 En qllsh suit, how long an American inch is in.
Mancliester, just what an'imperial gallon means when poured into
an American tank or an imperial pint into an American decanter.
The complications are endless. For instayce, the gallon used
today in the United States is still the same Queen Anne gallon
that the English ll),td-——dll(l\(llstdl(l(‘d long ago. Sometimes it
measures a pint'and a half more than the prescnt English impe-
rial gallon, sometimes less than this. ‘It depends on what is con-
‘i‘uned in the gallon. : '
The hottle of whisky known te Britons as a “quart” becanse it
containsg one-quarter of their gallon, equals only one-fifta of the
American gallon. Whisky pr()ofs' in the two countries diffcr too

0
-

® Reprinted from the New York Time s, Se ptember 22, 1946, by pernussion o
the New York Times and of Vale Weber.
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British proof equals 114.2 per cent of United States proof—and
contains 57 per cent alcohol.  United States proof is 12.3: per cent
underBritish proof—6.15 per cent lgss alcoholic content to a gal- .
lon. This may be one r2.son for, the stcadv demand for Scotch
whiskey everywhere.

Discrepancies are not confined te luxuries and alcoholic stimu-

*lants. When Ameriean farmers send England a quacter of wheat

{ cight bushels in England) they have to send eight and one-fifth
bushels by American standards—because the American quarter is
a fifth of a bushel less than the English quarter, Price adjust-
ments in both countries have to be made. #

Congress has never officially decided just How long an Ameri-

can inch is. Qur inch has become standardized by use, but. it still
differs very slightly from the English inch. (A meter equals
39.37011 British inches, or 39.37 United States inches.) Moreover,
American mariufacturers do not always make their merchandise
the same size as that of their competitors. Two manufacturers’
sizes 9's or 125 or 20’s do not measure the same, and if they did,
thev would not be’the same as the English measurements.

Discrepancies in American and British shoe sizes range from
one full size to a size and a half. The British size 5 shoe for
women 1s vqunalont to an American 6 1/2. Shoe widths are cor-
respondingly wide—in most instances far too wide for the Ameri-

can foot. Stockings for women and socks for men differ too. The
9-inch English stocking would be anything from 9.1/2 to 10 in the
United States, dependmg upon the manufacturer. In some cases
it has equaled size 11.

The story is the same in gloves, in underwear, in hats—in prac-
tically evervthing to wear. Sales clerks shake their heads at the
possihility that sizes may not be the same in England. English
shop assistants are just as perplexed when told that sizes may not
be the same in America.

The war showed clearly how vital it is that there should be
some standardization between the two nations. In a machine- -age
ceconomy, literally held together by screws, -the threads of vital
serews in the United States and Britain are still different.

Half-wav through the war William L. Batt, vice chairman for
international supply of the War Production Board, told America

/ , ‘
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. that $100,000,000 had Been unnecessarily added to the cost of . ) )
. production ‘and repair of machinery up to that time by the sim- .o

+ " ple fact that British and American screws have different numbers
. ~of threads per millimeter. In most cases British and American
‘gua parts were not, interchangeable, according to Mr. Batt, even
" though the .completed products were of }dentical design—out- -
watdly. _‘ . )
+  Tons of paper are wasted by exporters on both sides of the At-
+ - lantic in working out differences affectingshipping space, money
and time. Yet America and Britain are growing closer together on
the business level—especially since the loan—while Whitehall .
and Washington remain content with shoes that won’t fit, gallons -
tHat overflow, inches that differ, neckbands that strangle, ‘'stock-
ings that are too long or too short. Isn't it tite they got together?

@ . : .
_ AN |
Air Metric System Is Adopted by ICAO®
N . N JOHN STUART
Britain and U. S. Lose 'Fi-ght for Own . K

»Measuring Terms as World Standard

. ~ . s

MoxrreAL, May 26. Countries using the metric system today won
a long fight to recommend that system of measurement in_air-
ground communications. Countries of the British Empire, the
United States and Mexico, which use the foot and pound units of
measure, bitterly opposed the plan in the Assembly of the Inter-
national Civil Aviation Organization. .

Rack of the fight lay the wish of the metric countries to get into .
the manufacture of acronautical instruments. Since the war this '
profitable business has been almost exclusively in the hands of the
United States and the United Kingdom, the big aircraft manu- A
facturing countries. '

! y _
The proposal precipitated a debate lasting Yhree and a half

? Reprinted from the New York Times, May 27, 1947, by permission of the New
p Y v ;
York Times. ‘
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hours. Resolutions and _'reporfs from five other commissions of the

assembly lay an inch deep, or 25.4 millimeters, on the delegates™

desks. They numbered about 250 pages.: By disposing of the one
page covering the metric systemn recommendation, the u_ssvmhl}'
got through one millimeter, or one 25.4 of its work. o

The resolution -recommends thit the Council adopt as rapidly

“as possible as an TCAO standards a system of units in ground-air

communications and related publications that perhits only long

(] ' [ a [ s . .
.distances to be measured in nantical miles and vertical speeds in

knots. ;

Altitudes, elevations, dimensions of airports, vertical speeds,
wind velocities, cloud heights, visibilities, altimeter settings, tem-.

peratures and weights are to. be expressed in the metric system.

The Council will soon adopt this vecommendation. Unless a
large number of member states object to it. it will become:-stand-
ard. The Council s permitted to provide alternatives in pounds,
feet and statute miles for countries where such alternatives are
required in the interest of safety.

It is recognized, however, that adoption of the system in the
vital field of air-ground communications will have an important
offect on the future use of the metrie system in all aeronautical
dimensions. - -

W

Why Not Go Metrie?® .
) ' . -

Tk presence of hernie elements of the U S, Nuvy in New York

and other ports renmnds u$ of @ crusade which las been making

only slow headway in this country. We refer to the battle to sell

Americans on the metrice svstem, the only truly scientific systein

of measurement. S

ARMAMENT CONFUSION

Here are some essentially ridiculons facts about the weapons
with which onr sei, landpind air forees fonght the war:

® Courtesy of The News, Z\'('\\\ank's Pictur: Newspaper, October 22, 1915,

.
e

-



’

’

-

. "

’ * . -
[ ' . .

L OF PUBLIC INTEREST 185
The fighting ships of the Navy used hig rifles whose calibers
were measured in inches—six to 16. Their smaller guns, though,
“were in millimeters. The army artillery’s favorite big weapons
were described metrically—155-millimeter, 105-mm, 90-mm, 75-
mm. But another favorite army weapon, the deadly “goon gun”
or small mortar, used 4.2-inch shells. | ot

" Rockets, of which our forces made such effective use in many |
" a bloody beach assault, were of sevén main types—and all of these

" were sized in. inches, from 2.25 to 5, and so on.

Our airplane bombs were described in the old-fashioned way
—>300-pounders, 1,000-pounders, 12,000-pounders, etc.—instead
of i the scientific metric way by kilograms. Or they were desig-
nated in tons; and when our airmen und the British airmen were
plastering Germany together, there was the added confusion of
the differing U. $: ton and British ton.

The bazooka, our déadly and extremely modern anti-tank
rocket gun, was officially known as the 2.46-inch rocket launcher.
Our airplanes were as modem as anybody’s and more §o than
most: but one of their hest weapons throughout, the war was the
30-caliber machine gun, meaning the half-inch machine gun.

According to Gen. Marshall, our supe-iority in infantry fire
power was never overcome thronghout the German war, and it
stemmed from the use of the Garand semi-automatic rifle; and
this:superb weapon, the last word to date in such arms, is sized in
the old way, being a 30-caliber job. The Browning automatic
Yifle is no slouch, either: and it, too, is .30-caliber.

We even mixed old and new measurements on one and the
same picce of armament. Gen. Marshall in his recent widely
hailed report speaks, for example, of two tanks, “the T-29 and
T-30. which weighed 64 tons, one mounting a high-veiocity
105-mm rifle, the other a 1535-mm rifle.” ¢

~

This confusion onght to be cleared away as fast as may be. We

ought to scrap foot-pound measures in the armed services, at

The metric svstem, with its up-and-down progression by 10s,
is as simple as UL S. dolars and dimes when vou get the hang ot it,
which vou can do in short order.

least. and put all measurements on a metric basis.

[P ‘I£
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' " PETRICS IN THE SERVICES - .

-, -

Large numbérs of our men have been fighting in countries us-

ing the metric System. They raust have learned a lot about it and .

_how to use it. |

If the armed serVices would- take to writing all their specifica- -

tions in metrics, the industries supplying them would have to ex-
tend their own knowledge and use of metric measurements, and
the reform would gradually spread through the civil population:

Now is the time to get this reform under way. Army and Navy '

units to-our best knowledge were not caught with non-inter-
changeable ammunition in any ciucial engagement of World War

II; but such a thing might happen in World War III Why not -

- insure against it while we're at peace? _

While we are about it, we should also do something drastic to
the Fahrenheit thermometer, the thermometer most used in the
United States and Great Britain. :

This curio was invéhted early in the 18th €entury by Dr. Ga-
briel Fahrenheit of Danzig, and on principles that were scientific
at that time. Fahrenheit started with the lowest temperature he
could get with a free'mg mixture of salt and ice, and called it
zero. He divided the difference hetweer. this.temperature and
the human body temperature by 96, v-hich made the freezing

point of water 32 and its boiling point 212, s
: . !
SCRAP FAHRENHEIT* ADOPT CENTIGRADE \\
: ~

The centigrade thermotheter, however, is completely scientific,
whereas the Fuhrenheit is only relatively so. On the centigrade,
water’s freezing pcint is-zero, and its hoiling point is 100, and that
is all there i to it. The centigrade thermometer goes logically
with the metric systera, and these two aids to accuracy and speed
in all weighing and n.easuring should become standard through-
out the United States.

We pride ourselves on heing the world's most scientifically ad-
vanced nation, which indeed we are. Why, then, the hesitation—
the generations of hesitation-—to go completely and sensibly met-
ric?

\

/
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Let’s Use the Metric System!*
- C. ]. ARNOLD

-

GIVEN over Ladio Station KYSM, Mankato, Minnesota, on Tues- -

day, February 5, 1943, 8:45-9:00 .M. on the Mankato.Schools.on
the Air Program. . L a

SR
Sound: SCHOOLBELL RINGING ( FADE-IN ).

A .
'ANNOUNCER: }ovgn.nn_x_.x..) MANKATO 3CHOOLS ... ONTHE -

AIR! S .
Sound: SCHOOLBELL . . . FADE UNDER AND OUT DURING SPEECH

ANNOUNCER: Good morning, everyone. Welcome again to Man-
kato High School, for the third in a series of twenty public
service broadcasts, telling of education in Mankato’s schools.

. Our host once again is the professor, who takes us to rooms
in the school where we may look in on classes in action, lis-

i
ten in to extra-curricular activities, and hear special presen-

tations. The professor is waiting for us already, so let’s.go in.
(rause) Good morning, Professor.

PROFESSOR: (FADE IN) Good morhing, Bob, and good morning,
© everyone.

-

ANNOUNCER: We're ready once again, Professor, to visit another
room, or whatever you have in store\for us.

'prorEssoR: On the docket for today is a very important issue.
ANNOUNCER: What'’s that?

PROFESSOR: Today ofgwvisit takes us to the Mankato High School
Auditorium, where the students are assembled to witness this

broadcast. On stage, a grmip of boys are waiting to begin a”

story.

" anNouNcer: Well . . . what sort of story?

® Quoted by permission of C. J. Arnold,

\
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188, THE METRIC SYSTEM * .
. . PROFESSOR: A story that is presented as a means of calling to the
. attention of ‘the general public a bad situationahat exists in -
| present-day Afnerican education. It's presented in the hope
that it will bring about an enlightened public opinion that -
will eventually lead to its correction. It calls for a simplifica-
“tion.of education. Particularly in the subjects of science and
mathematics—two subjects which often cause great difficulty
to students and are commonly referred to as “hard” subjects.
These subjects are much more-difficult than they need to be.
Millions of hours of work are demanded of students that -
. could be put to more profitablé use. Efficiency, the keynote
of our'day and age, demands that something be done about
it. Right now in the auditorium, the boys are ready to tell
our story: So . . . let’s look in on Bill Jones . . . busy wyith. .
_ his home wo;k He is confronted with a problem in high
a - .s¢hool physics. : '

BiLL: What is the weight of a'block of wood 4 feet 9 inches long, = ™
2 feet 3 inches wide and 1 foot 11 mches thlck'ﬁfl‘he specific -

gravity of wood is .6.
( WHISTLES )
Holy cow! That’s another humdinger.

Sound: DOORBELL RINGS
BILL: Come in.

Sound: DOOR OPEN AND CLOSE. ENTER IARRY, BOB, AND JOE.
" BiLL: Oh hello, there, Harry, Bob, and Joe.
Harry: What are you doing, Bill?

sicL: Oh, I'm working some physics problems for tomorrow. ]
Gotta find the weight of a block of wood. '

Bos: Say, talking about weight, I've got a problem for youse guys.
Wann' hear it?

~ Jor: You? You've got a problem for us? ha! You never took phys-
ics, you're one of those guys that’s always taking snap courses.
What do you know about problems?
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" " Bos: Well, stupid, I heard this one on the radio. May".e you smiart :°
" guys can answer it for me. e RN
sns: OK. shoot! . *° L : .
JoE: Yeah. Go ahead! ’ |

BOB: Well, here it is. Let’s }é’ar- you scratch your brains on this ‘j R
one. Which is heyie’r,'-_a"p%und of - feathers or a pound of
gold? . .- R o :

piL: Why, that's simple, anybody knows that gold is heavier than - :
feathers. S -

B Y

Bon: Ah, I knew you’d get caugi®on thaf.‘Lisién, dummy, I said; e
which is heavier a pound of feather or a pound of gold? See, -
there’s a pound of each. So . . .-they weigh the same. Why -

~ don’t you wake up? '
joE: Oh, I'see, Sure, a pound is a pound, so, I guess that’s that.

HARRY: Wait a minute, smart guy, »irai; a minute! I ju§t happen to
know you're wrong. ? . O

sos: How can I be wrong? A pound i¥ a pound, isn’t it? -

HARRY: Now take-it easy and I'lk gxplai‘n it to you. First of all you
_ must realize that you are living in a country that has a pretty
screwy system of weights and measures.-

joE: What do you mean? .You mean to say that our good old
United States of America is screwy, or rather that it has a
screwy system Of weights and measures? . . . Well . ..
I've heard it said that we are the most efficient nation o the
face of the easth. - '

uARRY: Listen . . . dummy . . . you've; been believing every-
thing that the newspapers and politicians have been telling
you. But did you ever take the time to look into the situa-
tion? Did you ever take the time to study the stupid, ridicu-
lous . . . and obsolete setup that we have? :

BiLL: Go easy on those big words there, Harry, remember we
haven’t been to college yet.
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~* ¢ mARRy: Well, thén ... to- get down' to your level . ... I'll sa
o0 it’s just plain , . ., sillyl. ‘ N .
SEPVARS -.:']os: OK.... OK."... Now “Professor” gxplain thp.correét *- - -
*. answer to_the problem! Y ;o
HARRY: Well, firstgoff ... . the pound-of feathers. is the heavier,
., q . . / -
¥ Ialso say haw.. . . ha¥%! . T o e
. _ [ o . . coe ‘., L .

s Mgeav: Listen . ., let me finish . . . it so happens that ther¢ -
- ' are two'kinds of pounds-in the English system of measure-' ~ *
ments with which this country. is still dfflicted. Did you ever .

jhappen to hear about troy, or apothecaries’ weight, and avoii-

q
JOE. Haw + . + haw, ") -’ ‘

B ane ISR ¥Y

’

.

dupois? * '

o

- BoB: Well . .. well . « « this is confusin’l . . . but amsin’ ;. |

el

HARRY: No, it isn't a$sing . ... it's tragicl Listen, one ofthese

s . pounds lus twel¥e ounces ifit, while the other has sixteen.
Now to get down to brass Yecks—a pound of gold contains
only 5,760 grains, while a pound of feathers contains 7,000
grains.' Some difference, isn't it? ‘ '

siLL: Well /.. T'll be .darn,ed.‘

JoE: Do you mean to say that we've got to put up with that kind

.of thing? Why a “pound” doesn’t mean anything-unless you

' know whether you're supposed to weigh something with a

\ cértain kind of pound. You always haye to stop and decide
what Rind of “pound” to use:

HARRY: That’s right.

L]

BoB:.Yeah . . . but how are you going to know which is which?

HARRY: Well . . . you cun always write to the U. S. Bureau. of

- Standards in Washington, und theyll probably send you a
book of some 500 pages of fine type,.and you may if you are

_ lucky enough find what you are looking for in there. Do you

‘ * know that there are probably not more than ten Americans

who can define half of the uuits used in the English system?

4

AN
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- bid you ever liear abolit 'such things as scruples, penny-
' * ‘eights, drams . .. short tons, long tons, *and hundred-
weights" ' ' e

‘ Joe! Yes, ves . . . do tell us more. (ASIDE To oTHEksS) The boy is

-+ really gettmg warmed up), isn’t he?

HARRY : Whv, there’s no rhyme or reason to it . . . take the units
of length, thev're just a hodge-podge. The foot came from
" the length of a king’s foot, the inch . . . the thickness of a
man s thumb, the vard . . . the dlstunce £rom nose tip to the

tlp of the "}humb : and soon .. . and so on.

.HoB:' So what? What dlfference does it make how they, origi-
nated? - : K ¢

HARRY: Simply tlns . . . that there is no easy way tg get from one
-unit to the next larger or smaller one. Take this problem that
Blll has started to juork—orie of the dimensions that he has
* is “one foot and Aleven inches.” Change that into feet and
“what do you ggf? . . . one and 11/12 feet. You see, right
away you gotta start working with fractions . . ~and who
likes to work with fractions?

BoB: ‘Not me, not me . . . take 'em away . .. take ‘em away

" Fractions were nearly my downfall in math . . . why . . .
I'll'bet I've spent . . . in fact, I know I've spent 20 per ceh
of my school time just battlmg with fractions. . X

aarny: Well, brother, vou'd better sit down in a chair, "cause I'm
going to tell vou something that may cause you to faint. Now
take the metric svstem . .

siL: You take it . . . one system is enough for me, . s

HaRRY: You're right . .. vou're absolutely right . . . one sys-
tem is enough for anyone. But when vou decide on that one
svstem, you want the best, don’t you? . . . you want it to
be the best’ . . . the most modern . . . the most up-to-date

. and the most scientific system therc is . . . don’t you?
A,

BILL: Sure™.™7 . sure.
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wuuw. Y&s .+ + and don’t forget to throw ‘the old one away .
" betause it will mean just a whole lot more work for you to
try and use BtﬂuaLbem at the same time, ' ¢

‘soB: Say . . . that’s just the mess we're in today, isn't it . .. .

right here in these United States? We're trying to use two

systems, one a new one .. . 4nd the other an old one which
we inherited . . . and which has turned out now to be
pretty obsolete too. Why . . . that makes just twice as much
work for us in school without being able to accomplish any-
thing whxch we couldn’t accomplish with just one system!

piLL: Twice as much work, did you say . . . why it’s more than
that . . . it’s at least four times as much work . . . because

not only do you have to learn two systems, but )ou have to -

Searn to change readmgs from gue system to the other, and
vice versa.

]6E: You tell 'em . . . that changing from one system to another
and back and forth is a lot of work . . . SeemsHKe we have
to do that all the time in Physics.

HARRY: Well boys .. . Youre coming around to my way of
thinking. Listen . . . if we would adopt the metric system
all the way down the line, like the scientists do, for measur-
ing weight, length, volume and temperature, etc., we would
just about throw fractions clear out the Window . . . and
vou will all appreciate how much easicr that would make the

work of everybddy from the youngsters down in the grades, -

all the way through school . . . in business . . . commerce
. manufacturing . . . in the kitchen . . . in fact, every-
where . . . and for everybody.

jor: How come?

HARRY: Because in the metric system allgnits are in multiples of
ten . . . one unit is ten times Yarge¥ than the next smaller,
and one-tenth as big as the next larger . . . so we can do
most of our work with decimals. If we want to change from
one unit to the next one it is simply a matter of shifting the
decimal point one way or the other depending on whether
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we are Egm& to a larger or smaller one. Tuke this problem of
B;lls hdre . . . if those measurements had beeir given in the
metric svstem he co d work the problem in less than one-
tenth of the time that it will take him with the measurements
as they are given there now in the English system.

sos: Well \ . . I'll say Ave’ve heen gyppetl .". . we've been some
pretty big suckers | ., Y and by “we,” I mean all Americans
who have been handed such @ condition - . . wh) we've
been made to&v-hours of work i in school that weren’t neces-
sary atall ... Haven‘t we? :

BILL: That's very true! ~

joE: Well, why den’t we do something about it? rd say we'd be
even more stupid unless we did! Why, may I ask, hasn’t
somebody done something about this before . . . and saved
us all tlm work? )

HARRY': Well . . vou know héw people are . . . ‘you remember
that stafement “a the 1eclaration of Indopondence where it
says . . . All experience has shown, that mankind are more
disposed to suffer, while evils are sufferable, than to right
themselves by abolishing the forms to which they are accus-
tomed

joe: ... Will you say Yhat again please . . . and sy it slow
. so evervbody will get it.

narry: Sure . . . All experience has shown, that mankind are

- more disposed to suffer, while evils are sufferable, than to
right themselves by abolishing the forms to which they are
acenstomed.

2

sos: Well, if von ask me, it looks like there’s some abolishing to be
done around here. Looks like education could be simplified
a great deal . . . doesn’t it? Guess I'll have to write to my
(‘(mm essman and see if I can’t get him to pass a law.

pik: Sav L L that's a good idea . . . and we'll have to do what
we.can to wake up the public to the situation . . . scems
like thev've been sleeping fora long, l(mg, time. Theyll have
to be educated too . . . to our present needs!
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Ox: Yes . . . and think of the childien just starting to schoo}

. wouldn'’t it be fine if we could save them from going
through all the unnecessary work that we have had to_do

. think of our own children . . ."and of our children’ 8.
(lnldren far generations 4o come . . . unless we do some-

thing, theyv will be condenmed to use the same senscless stu-
pid system as we have.

Harry: Well, bovs . . » I'm glad to find that you are wide awake,

now. And in behalf of the high school physics classes at Man-
kato High School I want to invite you to join them in their
efforts to, get the ball rolling on this problem—talk it up
whenever vou get the chancea. . . sell your parents on the
need . . . begin at-home! If every hoy and girl in this school
would scll their parents on the need for this reform, we would
soon have the necessary public opinion to bring about the
change . . . because if you can just get people to stop long
on(mgh to thmk the matter thrqugh . . . vou could trust to
their good judgment to bring the clmnge about in short or-
der. ( AUDIENCE APPLAUSE )

ANNOUNCER: From the stage of the Mankato High School Andi-

torium, Mankato Schools on the Air, a KYSM public serv-
ice program, has presented members of the High School
Physics classes in a special seript written by C. J. Arnold,
Hwh School Physics Instructor. Heard in the drama were
jnn Tschol as j()v Conrad Faber as Bob. Joe Kieninger as

" Bill. and Jim Carlson as Harry. The production was under

the direction of Miss Luev Jovee, sponsor of the Hu,h School
Radio Workshop. The members of this g oup would appre-
ciate yvour reaction to todav’s program. Drop a card to them

. addressed to this station or to the High School, letting

them kuow whether voir are for or against the changes which *

they propose. It vou know of anv club or socie tv which

,\wnl(l he interoste (1 in hearing more about thi I (])l(‘m the

class will be ¢lad to send .spcal\( rs whenever possibie. If vou
have any questions, feel free to send thern in. Now here is
Bob Swanson, the Mankato High School Radio Reporter with
todav’s high school news.

¥
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STUDENT: '(NE\\'S AS TIME PERMITS)

anxovncer: Thank you, Bob Swanson. Tomorrow morning at
8:45, Mankato Schools on the Air will present “Wealth and
Health,” a visit to two important departments of every high
school . . .'the Victory Sales Department and the Health
Department So, join us tomorrow mor mng at 8 :45 wlien you
hear the sound of the school bell .

SO!U!(I.. SCHOOLBELL RINGING . . . under

ANNOUNCER: [t's then you hear . . . MANKATO SCHbOLS ON

~. THE AIR.

SU!H!(I SCHOOL BELL RING I\C . + + UP¥OR FILL

P ‘
(,irls Are for Metric, Too®

»
C. ]. ARNOLD

N

_ Tue second in a series of radio scripts for promotion of the metric

1

svstem by the Director of Audio-Visual Education of the public
schools of Mankato. Minnesota.

Characters: 5 gnls——Bmerlv, Mauon, Doloxes, Mar]orle and
Donna.s

poNNa: Say, girls, did you hear that radio program awlile back
that some of the boys from the high school physics class put
on about the metric svstem?

MARJORIE: You mean that one where they said how we would be
saved 20 of our school work if we discarded the English sys-
tem of measurements and used the metric system for every-
thmg

\

DONNA: Yeuh! ,I hat’s the one. WhatAdid you think of it?

poLogey: W vll I thonght they used some pretty strong language
when they said our puscnt Systenm was serewy, ond let's see

—what else did thev call it—oh, ves, tho\ said that the Enyg-
A% ]

$ Quoted by perission of G. J. Arnold.

s
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lish system wus obsolete, stupid, silly, ridiculous, and a few
.. other things.

sarion: Well, if vou ask me, they weren’t very tactful.
BEVERLY: Why not?

a .
MarioN: Well, because they were cri}icizing the ways of our eld-
ers in no uncertain terms and I'm-ifraid they won't like it.

BEVERLY: I know, but what they said was the truth, wasn’tit?

ManioN: Granted, but you know how adults are, don’t you? They
cant be quite difficilt at times. You have to know how to han-
dle them, don't you know? You've gotfgo be very careful you
don’t maké them “mad” and more set in their ways than ever.

_ You knowthow some of them fecl—as they would say, “Well,

" ¥ we lived through the English system; so can you.” And be-
. sides they would say, ‘Look how well we turned out”, and .
V'Look at what a great country we magle the United States.”
‘Huh, vou would think to hear them talk that we are what w

- are today because of our having nsed the Eunglish system in-
stead of in spife of our having used it. Some of them are in-
clined to be forever wanting to preserve the “status quo” and
dgainst all progressive change.

poNNA: Yes, that seems Joo hard to understand at times. As we say
in physics they see n to have inertia—continuing to go in the
same straight line’ until acted upon by some outside force to
change their direction of motion. We sure need some force
to act on the general public today fo\change their direction.

4

aanjone: If we could just get the public to think about the prob-
lem, T think thev could themselves supply a force of sufficient
intelligence to nkke the change, don’t yeu? .

neviERLY: Snure. When' people buy new cars, they have to choose
between going on with theiv old cars and learning to use the
new ones. That’s all they have to do now—choose between
an 0{1_(1 model and a new o'ilv.

stanion: Sell this situation is a little different because right now
as far as measurements are ‘concerned we are using two sys-
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tems at one time. Our problem is to discard the old one and
apply the new one for all uses. That; I know would save us a
lot of confusion and a lot of work. - ;

poxNa: But some say we should stick with the Eugli:h system he-
* cause we started qut with that one first—and keep awgy from
this new-fangled system. They believe we should be loyal to
" the ways of our ancestorg—they hold that what was good

- enough for our fithers is good enough tor us now.

.vorores: The only diffidulty with that is that times change and

progress i!gmade. The ‘metric system is a scientific systens; a

* lot of study und)wqu hns‘l*een,put in on it to make it as near
an-ideal systemfas it is R‘o_ssible to-make it.

MARION? It seems tgf have be¢n just what the scientists wanted be-«
cause it is thessystem nged in practically all scientific work.

MARJORIE: Not only is it used by the scientists, but most all'of the
new industries have adopted it, and many of the old indus-
tries are gr_\'ing to put it into use too. Radio. .for examp]e, is

- -all metric., This station ——— Dbroadcasts on ——— kilo-
cveles, and dts wave length is given in meter., Motion pic-
ture filn is rated as &, 16, or 35 millimeters. We buy our
electricity in kilowatts instead of horse power.

sevierLY: And gidls, did you know that in most hospitals they
weigh gewborn babies in the metric system, but announce
the wo’ght to the parents in the old units to avoid misunder- -
standing and confusion. ’

posna: Yes, and hospital patients arc as a generak thing fed by
the metric system. Thev are supposed to have so many grams
of this and so many grams of that—and so many cc.’s of
various liquids. Of course, as you well know, whenever the

~ doctor gives an inoculation, it’s always so many cc.’s of vac-
cine, o whatever it is that they shoot into you.

aaRrJORIE: And did vou know that when they tgke X-rays, all the
measurements are made in metric, usua]ly centimeters?

sEviErLy: The fact is that the metric system is crowding in all

3
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around us, so that it is just a question of how long’it will take -
before it replaces the English system for every use. As the
. saying goes, “Eventually, why not now?”

vorones: A change always takes time, so maybe we should say,
"Eventually, why not pretty soon?”

MARJORIE: Seems to me an effort should be made to speed things
‘up, pa yrr arly the discarding or outlawmg of the old Eng-

lish system

MARION: Gee, I'll sure be ¢ 5lad whcn we use the metric system in
our kitchens. Can you imagine anything that will contribute
more to success in bakmg than havmg a scientific system of
measurements. Imagine how much better it will be to meas-,
ure in cc’s instead of spoonfuls and cupfuls. You know how
that works out, Beverly, because you have done it.

sEVERLY: Yes, I've'worked out quite a number of metric recipes,
and what's more I've tried them olt on my famlly——-and

thev're still very much alive. You know, I think it’s going to -

be very nice for us girls when we can get rid of that double
standard English svstem—with its two kinds of pints—the
dry pint and the hqmd pint. It’s all very confusing because
the dry pint is bigger than the liquid pint and lots of times
it's hard to tell which one it is supposed to be. The liquid
pint is only about 47 cc.’s, while the dry pint is around 55
ce.’s. That is quite a difterence.

LV\ poLores: It's'the same way with bughels—the farmers sure have
' a hard .time keeping thqr bushels straight, usually have to
c.rrr\ a little book around with them. One kind of bushel has
32 pounds, another 48 and so on and on, to make about a
hundred different sized bushels. And it's pretty much the

same for the other English units.

MARION: Yes. it’s a lmd situation—bnt getting back to the kitchen.
Evervone Jas accepted the metric system when it comes to
dieting. We have figured out how many calories there are in

all the Alifferent foods—so we need to get used to weighing
food gortions in grams and computing the calories per gram.
. Y 1Y

~
-
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And when it comes to other essential ingredients in our diet
such as minerals, we find them weighed in the smaller metric
units such as the milligram.

Manjorie: But I think that one of the nicest things will be that

when we adopt the metric system in our kitchens we will do
away with fmctlons—no more 1/2 teaspoons—or 1/4 cups—
or 1/8—-—or some similar measurement. Instead it will be 5,
10, 15, 20 or so cc.’s, just as they do it in the research labora-
tories.

aey: It seems to me that we girls should use the metric sys-
tem so that we will be better able to understand and visual-
ize scientific magazine articles about food studies. Then we
would be speaking the same language as the technicians use
in their laboratories. We would be able to visualize the
- amounts referred to, and so we would be better able to do
our all important jub of preparing the food for our families.
We've got to prepare balanced meals. You know, I don't like
it the way it is now. It seems to me it is a reflection on the
intelligence of the housewife. The experiments in food nu-
trition are all worked with the metric system, but when the
results are published they are all changed to the old system
because they are afraid we couldn’t understand them. How
dumb do they think we are anyway? We studied the'metric
svstem in school and what's more we like it—'cause it makes
good sense. Why look at some of the silly and unscientific
things they publlsh for our supposed benefit. Here for exam-
ple is a smnplc— "'One slice of bread contains 100 calories.
How bigis a disg of bread, I ask you? Why it can be any
size. \\ln don't thev say exactly how much bread and be
scientifie about it?

Marjorik: Yes, that's just like some of the recipes, I've seen, where

~they say, “Tuke the juice from one orange.” There certaindy

is no exactness about that. It's hard to find oranges of’the

same size and even if you dld some would have more ]uluc
than others. Why not sav, “take 10 ce's of omnvc juice™
Let's do away mth such unexact measurements as, “one egg, )
or “one. putato or “one tomato.” Let's spcul) the exact
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amount and say for example, “5 grams of potato.” When
housewives start using exact measuremerits like that they can
expect to get uniform results in baking, just as the scientists
do, and just as they do in the large bakeries. They know that
if they always use the same projottions in making a cdke
they will always get the same results. ‘

"MaRION: You know, we-should follow the example of the scien-

tists, because our work in the kitchen is becoming an exact
science too. When they started they were using exactly the
sume measurements that we use in the kitchen now—tea-

.spoons, cups, and what have you. I move that we throw the

old system out and put the metric system in for everything
from “soup to nuts” so to speak. '

, — .
poxna: Well, I do too, but what can we do to speed the day

along?

porores: We will have to do our part in educating the public so-

as to buld a strong public opinion to help bring the nctes-

sary legislation about. Jn fact, I've prepared a statement
which I would like to read into the “records” as it were—

ponNA: O.X. Let’s have it.

nor.ores: Whern the women of America are convinced of their re-

sponsibility in bringing about the change from the old obso-
lete units of measurement to the more modern and scientific
ones, there are several avenues of action open to her:
FIRST. She can talk the matter up with her neighbors, in
her clubs and other organizations to which she belongs—al-
ways insisting on action. She should have her organizations
¢o on record for such a change.” | )
SECOND. She can exert great pressure because she
spends the greater part of the family income—by asking for
things in metric units—she can express a desirc that things

" be offered for sale in these units. If enough women do this,

the enterpriging rerchant and mauufacturer will quickly re-
spond to satisfy her requests. Competition will cause him to
lahel his goods. at first, in both units as some do already.
Some will begin to feature recipes in the metric system.

1
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Eventually, the old system will disappear. If the women of
. America said the word the change will come in short order.
THIRD. She can write to her legislative representatives
and let them know her wishes. Laws will have to be passed,
and they will be passed when enough women ask for them.
FOURTH. .She can insist that the Federal Government set
i - < an example for the.rest of the nation. Since the metric sys-
, tem has already been made legal by Congress she can ask
*  her governmer tal representatives to insist that all govern-
. ment business and transactions of all kinds, wherever possi-

" - ble, be in the metric system.

BEVERLY: I agree with you 100%.

aanion: [ belftve that those who come after us will appreciate
“our cfforts to give them a modern and scientific system of
measurement just as they should appreciate the efforts of
Thomas Jefferson in giving us a similar system for money.

porores: And [ believe that they will appreciate just as much the

removal of the present English units in common usage as we

should wppreciate the fact that we don’t have to labor under

s the cumbersome English system of money with its pounds,
shillings, pence, ¢te. Don'’t you?

BEVERLY: Yes, I believe you are absolutely right. And I think it is
_Detter to have one good simple system like the metric and use
it for everything than to have to learn two different systems.
To use two systems is bound to cause unnecessary confusion
in changing units from one system to the other. This is fool-
ish especially when one of the systems is already obsolete
from the international point of view. Did you knowFthat 75
per cent of the entire world’s population is now using the
metric system and that 33 out of the 57 so-called civilized
nations in the world have madé its use mandatory? I'm
ashamed that we arve one of the two backward nations still
hanging on to our old ways simply becanse we haven't
enongh individual initiative and enterprise to cast off our old
methods and take full advantage of benefits to be derived .
from the complete use of the newer scientific method.
-

Y
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MARION: Bfavol L ' -

co ' MARJoREE: What do yoﬁ say we go to work on it! ' \
DONNA: And see if we can’t help in bringing about the change.

DOLORES: You can count on me.

*

BEVERLY: I'm all for it, too. -

Clubs _ ' *
The Metric System®
ELEONORE F. HAHN

The adoption of the Metric System by the United States of America
would greatly reduce labor in trades because of the thorough decimal -
quality of the system, and would facilitate teaching of mathematics
and applied sciences in school, : -
' ' Charles W. Eliot
\ Late President Emeritus
Harvard University

k)

f ‘('DISADVANTAGES OF THE PRESENT SYSTEM

WE kNow ‘h‘]‘ere is no royal road to learning,” but we can find a
method which will relieve the burden and ease the path, and that
is to “turh the tables.” Let: the simple decimal system, the metric
system, be removed from its place in the background, and the old
heterogeneous mixture be relegated to oblivion. :

> ' Educitors state that one year in the arithmetic school-life of
every American child could he saved if the metric system re-
placed our present complicated tables of measurement, arithme-
tics in metric countries being ong-half as large as ours. Since there
are over 25,000,000 public school childrén in our country, the sav-
ing in time and money would be considerable. Even more im-
portant is the relief granted to. the children from the dreary
drudgery of committing to. memory illogical and unconnected

® This article was circulated in mimeographed form among clubwomen in the
United States by the General Federation of Women's Clubs in 1944.
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terms. In addition to the great variety of units, there are numer- )
.ous meaningless figures which the ‘child-mind must acquire and
retain: for example, 5,760 grains in a pound troy or apothecaries’
weight; 7,000 grains in a pound avoirdupois; 5,280 feet inl & mile;
231 ecubic inches in a gallon; 2450 cubic inches in a bushel; 1,728
cubic inches in a cubic-foot. These cumbrous figures must be
used in different calculations. How easy to make an error in com-
putation even if the mind held the different figures! .

- .

SIMPLICITY OF THE METRIC SYSTEM

Our English system has a vast number of unjts; the metric sys-
tem his but three—the meter for length, the liter for capacity,
and the gram for weight. While our system involves the use of
unwieldy common fractions; the metric calculations are al} deci-
-mal, the tables planned like.our currency; the main unit has sub-
divisions of thopsandths and hundredths, known by the Latin
prefixes mill- and cent- (already familiar te us through our cur- |
rency). While there is nd relation between our units of length,’
capacity, and weight—for example, the yard, the quart; the pound
—the metric units of capacity and weight are formed from the
measures of length: the meter, which is 10 per cent longer than a
vard, is the standard unit from which all others are derived; the
liter, which replaces the dry and liquid quarts, fills a container
measuring 1,000 cubic centimeters; and the gram is the weight of
1 milliliter of water.

‘$ix statements comprise the whole system. They are as follows:

Lexcin . :
10 millimeters {mm) =1 centimeter (cm)
100 centimeters (em) =1 meter (m)
1,000 meters (m) — 1 kilometer (km)

CapraciTy

1.000 milliliters (ml) =1 liter (1)

Wrienr

1.000 grams () = 1 kilogram (kg)
1.000 kilograms (kg) == ] metric ton (t)
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THE METRIC SYSTEM IN THE UM'TED s_TATg:‘:S

o

.“ In 1792, the United States. di_scard,“:ed\the éumbréus' English :

currency of irregularly divided pounds, shillings, and pence, and
adopted the metric decimal dollar; but the legislators ymfortu-
- nately failed to adopt the three metric uinits of weights and meas-
ures, meter, liter, and gram. In’1868, Congress legalized the met-
ric system, but missgd the opportfmit‘y for complete simplification
+ by not making it the exdlusive standard. '

/ - 4

THE METRIC SYSTEM IN USE

The application of the decimal to weights.and measures origi-
nated in 1783 with the British inventor, James Watt, who thought
out and suggested the decimal system as the way out. of the in-
tolerable ¢anfusion caused by-the lack of a world language for the .
expression of ‘quantity:’, = . .

Fifty-five nations, one after the other, discarded their local
measures and adopted the metric system. Of all the civilized
world only the two great English-speaking nations cling to out-
grown, unwicldy methods. Uncle "am and Cousin John Bull must
realize that certain important units of measure used in the United
States and Great Britain which bear the same name are not ac-
tually the same, thereby causing confusion and loss of efficiency.
‘The change to the decimal system of weights and measures in
place of the customary irregular and complicated so-called Eng-

lish units would simplify’ everyday dealings, both commercial and
other transactions. The calculations made essential by the trans-
fer of one system of weights and measures to the other in import-
ing and exporting goods canse a great loss both of time and of
money. )

The pfetric system is now used in the United States by the U. S, ,
Coast and Geodetic Survey in basic triangulation survey of the
country and by the army in design and armament; exclusively in
clectrical measurements; generally in laboratory and other scien-
tific practice; by many physicians in prescribing medicines, and

- hence by pharmacists; and in international athletic events.
A recent survey of metric usage in the United States shows that
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educators are nine to one, and manufacturers are two to one, m
favor of metric usage. : -

The magufacturers who are opposed to the adoption of metru.
measurements fear the initial expense in convertmg or replacing
measurmg apparatus, tools, and machinery in general; but expe-
rience has shown that the change can be gradual and pays for
itself in improved trade relations. Those factories that have made

.the change testify-that the expense was outbalanced almost im-
. mediately by the savings incident to the use in commerce of the

easily computed decimal system. World War I proved the facil-
ity with which the United States coyld change to metric medsure-
ments. Im-World War II the manufacturers have had to make

new machines and new machine tools to turn out the new prod-

ucts required by the war. Here was a great opportunity to switch
from feet aud inchegto millimeters. .As a matter of fact, they did
make some switchovers, to which they paid little attention under
pressure of war. Right at this time many plants are producing

37-millimeter cannon, 75-millimeter field pieces, 90-millimeter-

guns, 103-millingter howitzers, and 155-millimeter “long Toms”;

" and they make ammunition to fit. This requires nmclnéles and

nmchme tools built to metric measurements.
“The full adoption of the metric system by the Umted States

* would be of great benefit to this country in postwar reconstruc-

tion; in promoting commercial relations, particilarly with the
conntries of South America, Continental Europe, and Asia; and
in providing for the opcratlons of world trade an international
Ik langnage.

Resolutions in Favor of the Metrice System
[
THE GENFRAL FEDERATION
OF WOMEN'S CLUBS

Arcrie Aunual Convention of the General Federation of Wom-
en’s Clubs held April 23-28, 19:44, in St. Louis, the following reso-
Intion was introduced and adopted nnanimonsly by the delegates.
Thig organization represents 16,500 clubs and 2 )()0 000 individ-
ual members.

OF FUBLIC INTEREST : 205
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WhEREss, the irregular, numerous, unwieldy, and complicated
units of weights and measures used in the United States and
Great Britain are a hindrance to the teaching of arithmetic, every-
day commercial transactions, and world trade, and

"WHEREss, the metric system of weights and measures has only
three units; meter, liter, and gram, interyelated ‘and decimally di-
vided like our dollar, and ' ;o '

Wiengas, the metric system is now used in the United States in
science, some factories, jewelrys and optical industries, all elec-

trical and radio measurements, athletic events, some hospitals and

government departments, and especially at present in the manu-
facture of ammunition, and ‘ :

WuEREAS, the Council on Pharmacy and Chemistry of the
American Medical Association has recently decided that hence-
forth it will use only the metric system, and

WuEREss, the gradual introduction of the metric system in this
country (exactly as it has been introduced in 55 other countries)
is feasible, and o

"Wukrkeas, the fill adoption of the metric system by the United
States would be of great benefit to this country in post-war recon-

struction, in. promoting international commercial relations, par-

ticularly with the countries of Latin America, Continental Europe
and Asia, therefore be it
Resolved, that the General Federation of Women's Clubs in

Convention assembled, April, 1944, endorses legislation #in Con: )

gress for the nation-wide adoption of the metric system of weights
and measures.
~ The foregoing resolution was drawn up and presented by

Eleonore ¥, Hahn (Mrs. Otto Hahn')
Member of the Board of Directors

THE fOTARY CL.UB
MANKATO, MINNESOTA

4 .
Mistnie Resorurion: The Rotary Club of Mankato, Minnesota,
having disenssed the merits of the metric system of measurements

and believing the replacement of the English system by the met-

ric system to be highly desirable in order to bring about a sim-

>

&
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. plification in Education urges the q:onsxderatlon of the adoption
of the metrlc svstem- l)\ all Rot.m ( lubs in the U.’S,;

of our old umts of measurcment with the more modern \nd sci- -

«entific metric units as shown by their use in most of the npw in-
- dustries,.such as electrical, radio, metion pictures, pharmgceuti-
cal houses, jewelers, and optical goods manufacturers; and
'WHEREAS, the metric system is used for practically all scientific
work, and it might be desirable for the general public to use the

* same measurements in order that they might become more scien-

tific and be better able to assimilate easilv and readily and under-
star.d new scientific-facts and research; and

WueReas, the {ull use of the metric system, which is a decimal

\S\ stem, will eliminate for all practical purposes cumbersome and
unwieldy “fractions” in mathematical computationg, thus greatly
simplifving Education as well as Business and Commercml trans-
actions and Living in general; and ~ .

WHEREAS, our school children are at present handicapped by
our dual svstem of measurements which necessitates their learn-
ing two sep.uate svstems of measurements as well as'the equiva-
Yents necessary for conv erting units of each system into the othei
thus making this part of their education much more difficult than
it need be; and + : .

Whereas, in a world where 75% of its total population and 55
of its 57 civilized countries have already converted to metric us-
age. with no probability of any of these ‘countries adoptmg the
Fnglish svstem; thercfore be it . .

Rcsolurl, that the Rotary Club of Mankato urge congressional
action at the earliest possible time to.bring about the feplacement
of the obsolete English svstem of measurements with the far more
siniple and easy to learn metric system; and be it further

Resolved. that t}llb organization invite the consideration by all
Rotary clubs iu the U. S. of this resolution and urge their .ldop-
tion of this or similar resolutions.

Drawn up and presented by C. J. Arnold. Reviewed by its
Board of Directors. Adopted. '

« Juohn .o Meagher

" President
June 13, 1946
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i THE MWANIS CLUB.
\ - MANKATO, MINNESOTA

MeTric ResoLution. At a meeting of the Board of Directors of
the Mankato Kiwanis Club held at Mankato on June 11, 1946, the
following resolution was presented and unanimously adopted:

\WiEREAs, the advantages of the metric system, well known to |
scientists and mathematicians, would ‘be in harfhony with' the
simplification procedures which will be-a part of the post-war re-
construction program, and .

WHEREss, the metric svstem reduces all necessary computation
in measurement to the operations of whole numbers, thereby
greatly simplifying the learning of arithmetic by children, and

Waeneas, there has been a long steady trend in metric adop-
tion hy 50\)f the 57 countries of the world, and

WHEREAs, there is no probability among the nations npw on a
metric basis of going back to the English system, thus ndcessitat-

» ing the use of two systems with the accompanying incoavenient

i

/

and time- comummg inter-conversions mstcad of one snmple sys-

tem, and
WhEREAs, the close of this w 11 will furnish an opportumty
ney er before pwscntc(l when cnstoms and habits have l¢0n torn °

lnose from their ruts,

Therefore Be It Resolved that the Kiwanis' Club of \Izmk'lto go
on'record as favoring some form of legislation for immediate met-

.ric nsage in those lmcs most feasible for metric adoption.

Drawn up and presente d by
A. P. Krost

Secretary p
. Lt THE LIONS CLUB
NEW CANAAN. CONNECTICUT

¢ . ® P
The Lions Club of New Canaan, Connecticut, having studied the
merits of the Metric Svstem amd believe it to be of great henefit
to ont nation. the followi ing resolution was ‘therefore unanimously
adopted with the recommendation that every cffort be put forth
toward its adoption by the Congress of the United States of

America.
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. RESOLUTION
Wiikreas: All of the nations of the world ekcept Great Britain
and the United States of America now use the Metric Syvitem,
which is not only far more simple and easier to learn but climi-
nates fractions and puzzling measirendents, and ‘ 3
Waeneas: Some of the possessions of the United States do now
nse the Metric Svstem with snecess, dnd .
_ Wieneas: Most of the mien it the arméd forces have beeome
} '7 familiar with and G How using the Metrie Svstem,und
- Wieneas: Most of the machinery yow used for war work will
of necessity lhive4o be changed for post Wiy, and .

Waenkas: In dealing with pther nations with which we hope
to trade, they will demand of ns the same measurements thiat they
now use, and ) ..

Whenreas: Many manufacturing plants alieady use the Metric
System, likewise, pharmaceutical louses, .jc\\'vlm‘§ and' bptical-
goods mannfagturers, dinc _ .

Wikkeas: Many of the noted industrialists, world tradesmen
and educators are ardent supporters of the Metrie Svstem, there-
fore he it : ,

Resolved: That the Lions Club of New Canaan, Connecticut,
recommends the adoption of the Metric Svstem to be aised in the
. Uunited States of America, and be it further '

Resoleed: That every effort be put forth toward the establish-
unt of the Metric System by (f()ngrvss. :
Wilbur J. Dixon
International Counsellor
¢ w. L . Planten

Committee
Moy, 191

N

CHANGE 1O METRIC AND OUR CHI DREN WILL RISE UP
AND C AL US BLESSED

The Lions Club of New Cooan. Conmecticnt are pleased to
submit the following in conjunctrn v i its resolution regarding

. the metric systen, . '
Weoe Americans consider ovimelves to e quite as progressive and

»
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efficient as any nation on earth. We are impatient with outmoded

methods z\ul are-continually striving to outdo the other fellow.

We have streamlined our trains, we have built airplanes to carry
- great louds, yet our airplanes of today will be obsolete tomorrow,
and even now we are building rockets with the hope that we will
soon be’ mal\mg contact with the moon. \

How we would resent an accusation that we were in any way
one of the most backward nations of the earth, and in this one

: tlnmr we are, that of opr svstem of weights and measures. Allof
ptlon of ourselves and Great Britain have.

the world with the exe
long since gome metricYand-England 4s now in a state of transi-
tion, which will mean thjat soon we will stand alone with the same
outworn svsfem that w used in the dn_\'s of the tallow candle and
the fintlock musket.

We have degid tlmt metrics shall be used i Ilawan Puerto
Rico and” the Philippines, and if we think it should be used there
why should we not use it here at home? We in the continental

United States are indeed a divided nation in that many of owr’

leading indnstries have already adoptcd the metrie system in the
interest of simplicity. d(‘(llhlc and true economy. In a single
vear they liave saved ten times the cost of the new me: mmng
(lvnws Tuit the rest of us, on our,farms, in our business, in our
offices ana sdels mmst wrestle with trov and avoirdupois, grains,
scruples and pennyweight, the three kinds of tons, the great nuni-
her.of kinds of bushels, and all kinds of fractions and, complex
problems when it could be made as simple and casy as our system
of money.

We can only imagine the impatient exasperation of the other
nations with whom we attempt to do business when they attempt
to comprehend onr complex and unfamiliar standards. How often
now, and how mnch more in the future will they prefer to trade
with the other countries whose standards of weight and measure
are like their own. We can not afford to lose the markets of the
world just beeause of our unwillingness to get in step with all df
the nations of the world except (,udt Britain.

During the war we accomplished the impossible to the astonish-
ment of the world. Under the spur of necessity we devised new
methods and acquired new skills. ’ .
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. Naw that th» war is over we are conyverting our whole economy
to the art of peace. Shall we, who in war made so great an ad-

Aancement, ,conééss ourselves unwilling to bring into our schools

and business thiit short and accurate method of metric which wil}

‘cause our future generation to rise up and call us blessed?

Let us riot plat off until tomorrow what can and should be done
todayv but put all of our energy into making this. world a little
better because we have lived in it. Let us make history now.

: Wilbur J. Dixon '
Chairman of Activities Cdmmittee
and Treasurcr

»
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' METHODS OF MAKING THE CHANGE
i 10 1iE METRIC S\'S'I'ER'.I BOTH IN
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General
The Metric System: An Anglo-American Opportunity

' o HARRY ALLCOCK

P [

Tur intensive development of aerial transport and wireless com-
munication is rapidly bringing the peopleg of the world into closer
contact, and it is accordinfgly not surp'risié\g that various attempts
are being made to secure the adoption of a universal ayxiliary
language for common use in internitional business. It will be
recalled that Roosevelt and Churchill suggested what was known
as Basic English for that purpose, but, as there are so many other
projmsals with the same objective, it must be admitted that at
hvgé'mne vears must elapse' before general agreement can be
reached and applied. : ,

Meanwhile the establishment of a single system of uniform
units of weights and measures for the common use of the pro-
ducers. distributors, and consumers of all products in all coun-
tries is an ideal which, owing to the progress made in other
countries, is now within the range of practical politics. Tt may
not be generally realized that, while there are scores of languages
of description, there are now, in effect, onlv two languages of
guantity in international commercial use, namely, the British im-
perial svstem (includingﬁrtuin American modifications) and the
international metric system of weights and measures.

A comparison of the merits and claimms of these two svstems
indicates that the world has already made its choice and justifies
the confident belief that the metric system is destined to become

212
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1. In support of that view it may be noted that the
ber of Cormhmerce has oiﬁcmlly recommended
“that all svstems of g s and measures, other than the metric
‘svstem, be abandoned,” .md sipilarly, that the International Busi-
ness Conference at Rye, New \orl\, attended by representatives’
of fifty-two nations, resolved: “There should be adopted for use
in international trade a smL,lc svstem of weights and ‘measures,
preferably the metric system.”

Smcc its introduction by France at the end of the eighteenth
century, more than fifty other countries have establishgd the met-
ric as their sole legal svstem of weights and- measures. The ac-
companving list is arranged in order of the twenty-year periods
during which the several parliaments adopted legislation making 7
C(nnpnls(n} the use of the metric svstem in their territories. '

the sole sv8
“International €

Prrind ' "Country
Before 1820 France (
1520-1%40  Belginm, Luxemburg, Holland : _
1S40-1560 . Spain, Colombia, Panama -
1560-1550 Mevico. Portugal, Umnguay, Ttaly, Brazil, Chile, Ecua-
Co « dor. Perng Germany, Serbia, Aunstria, Hungary, Czecho-
slovakia., Switzerland  ~ )
1550-1900 Norway, Argentina, Yugoslavia, Rumania, Costa Rica.
' Salvador, S\wdm Bulgaria, Egypt (partial), Finland,”
lioh\m Nicaragna, Guatemala, Tunisia, Honduras, Haiti,
" Paraguav
19001920 Philippines, De unuuk Iceland, Veneznela, Turkey
Sinc¢e 1920 Poland. Malta, Greeee, China (partial), Russia, jdpdn
Morocco, Persia, Afghanistan .

o

The colonies and dependencies of the comtries listed have also 1
naturally followed the metric flag. The decisions of the goverr-
ments of Russia, Japan, and China’are especially noteworthy in
that they represent a large portion of the world's population. Crit-
ics of the metrie svstem nsed to sav that it could never cfggm to
he an international, system so l()m, as the Far East held aloof.
That reservation is no longer valid.

The further claims of the metrie svstem include the following:

1. In addition to being reguired l)\ Liaw i the above countries,
its 1ve is now legally pe amitted in all other countries thronghout
the commercal world.
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~ 2.. Eviery country, when discarding its own national system, has

selected the metric system; and no couwtty, havmg once adopted '

it, has.ever abandoned it. o

SCIENCE AND INDUSTRY

3. The Report on the Position of Natutal Science in the Edu- ‘.

‘cational System of Great Britain (Cmd. 9011).states: “The pres-
ent chaos of imperial weights and measures causes waste of time
and confusion of thought, and that-there are strang educational
reasons for the adoption of the metric system.’

4, Scientists throughout the' world, including those resident in

countries where there is no legal compulsion to employ the met- .
ric system, have already adopted it as the basis of their work. The,

desired intimacy of contact between scientists and industrialists

“would be promoted by their use of « common language _'Il -

NEW INDUSTRIES

5. The newer industries in all countries, such as wireless teleg-
raphy and telephoﬂmy, broadcasting, and manufacturing of -air-
craft, sc1ent1jc instruments, parts of motor cars, lenses, and so on,
express their principal dimensions in metric terms.

Manufacttrers contemplating the establishment of further new
indnstries or of new standards in old industries should be encour-
aged to'base their new designs on the metric system at the outset.

EXISTING PLANT

6. There would be no need to scrap existing plant and equip-
ment used in productlon if the metric system was adopted. The
description for sale in metric terms of goods made to non-metric
dimensions is already the common practice of manufacturers
whose products are exported to “metric” countries. Metric equiv-
alents expressed even so approximately as to the nearest'awhole
millimeter—thus dispensing entirely withsthe decimal point—
could not differ from the original imperial dimensions by more
than one fifticth part of an inchy which is sufficiently near for ‘most

R
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classes of goods. For dimensions of closer precision, for example,
for running machinery, the metric equivalent to the nearest hun-
"dredth part of « millimeter—involving two figures after the deci-
mal point—represents even greater refinement of accuracy than
is obtainable in modern factories where such work is now com-

monlv measured in thousandths of an inch, requiring the use of -

three figures aftér the decimal point. (Purists sometimes attempt
to increase the apparent difficulty of stating metric equivalents of
inch ‘dimensions bv emploving six figures after the decimal point,
notwithstanding the fact that the last four of those figures have
© no practical significance and may therefore be ignored.) [See
pages 233-259.]

ANGLO-AMERICAN OPPOR'I'UNI'I'Y_' )

7. A study of the above list of “metric” countries reveals that
it now lies within the power of the governments of the United
States of America and of the United Kingdom to establish the de-
sired uniformity of use throughout the entire world. The ex-
pression’ United Kingdom is deliberately used here instead of Brit-
ish Empire because the attitude of the British Dominions was
clearly stated in the Dominions Royal Commission Report of 1917
in the following words: “There is clearly in the Dominions a con-
siderable body of opinion in favour of the change [to the metric
svstem]. So far, however, all efforts to induce the commumity of
the Mother Country to agree to the change have proved unavail-
.
ing.

8. The use of the metric svstem is already legalized in both the
United States of America and the British Commonwealth of Na-
tions, and the time has arrived for them to advarce from passive
permission to active encouragement, leading ultimately to legal
u)mpu!xmn It neither the American Government nor tho British
Covernment desires to take the initiative, the possibility of their
joint action should be mutually examined. If joint action cannot
be arranged. the lead of either wonld be followed by the other to
avoid its isolation from the rest of the world. ,

9. Ttis no longer a case of the imperial svstem versus the metric
system, but rather of the use of one svstem only—the metrice sys-

»
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tem—as against the contiied use of two umihctmvr svstems and
the consequent waste of time and risk of error in mal\mg ever-

_increasing mnnl)ms of u%u ersions to and fl()m the metric system.

No trader in qnv-nation (whether "metric™ or otherwise) can now
csmpv the ul)hgatmn to use the metric system more and more

ar by vear in order to Llnn and retain the good will of his actual
and potvntml customers in “metric” countriés. This being the
casc, steps should be taken to hasten the abandonment of all other
svstems i order to shorten the period in which mixed svstems
must still be used to the progressively growing disadvantage of all
concerned. An announcement by the American and British gov-
ernments—vcither jointly or separately—that their policy is- ulti-

mately to establish the use of the metric svstem for all purposes

would do much to shorten the transition period.

This urgent reform ought not to be set aside on the grounds
that _there is insufficient public . demand for it. There never can
be a popular demand for such a technical objective, but govern-
ment inaction cannot be justified on’that account. Weights and
mcasures may be regarded as tools of trade which the government

—and the government alone—can provide. The American and

British trading comnumitics are entitled to demand that these
government-provided “tools™ are at least as efficient as those em-
ploved by their foreign competitors and customers.  Appropriate
action at this time of reconversion from war to peace would he
interpreted as a significant gesture thiat onr governments are pre-
pared to play their part in improving the efficiency of all our trad-
ing operatives at home as well as abroad.

THE TRANSITION PERIOL

The tollowing steps nnﬂht usefully be taken by the govern-
menty of America and the British Commonwealth of Nations to
facilitate the gradual abandonment of ontdated and local systems
in favor of the international metric system:

. Procliim that, as of a given date, the alre adv legalized metric

svatenn shall he the sole fe t'a] svstem in the slll( of voods and serv-
ices, without necessarily altering their (\Mmtf dimensions.

2. Spull) the recuiretnents of government de ‘partments in

—
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, imetric terms and encourage other large buyers to @dopt similar
. procedure.

3. Encourage manufacturers and. merchants to express all di-
mensions in metric terms in advertisements, c.lt.l]oz,uv.s, prlcc h.st.s,
and other trade literatuve. -

4. Delete redundant denomnmtmns of non-metric w elghts and
measures ‘so as to facilitate the u]tmmte ch.mbvm cr to metric

- units. For ex.unplc. ‘

a. Apothecaries’ weights. Abolish the entire table of these
we ights, which are falling into disuse, and 'so eliminate the risk
«of confusing grains and grams in medical prescriptions. This step
has alrcady been taken in South Africa, and a simifir trend is now
being followed by the American Medical Association,

- bh. Troy twmhts Abolish the entire table of these w eights and
employ only metric weights. In ithe \mr 1913, on the urgent rep-
resentation of the wholesale ]cwclms the Byitish Deputy Warden
of Standards secured the issue of an order in Council thaking all
the then existing varietics of carat weights illegal and proclaim-
ing a new standard carat of 200 milligrams.

¢. Avoirdupois weights. Abslish the stone, quarter, hundred-
weight, and ton, expressing their weights in pounds only. At pres.
ent the stone may be regarded as either § or 14 pounds; the “hun-
dred” weight is ll’ pmm(ls*, and the' world ton may be interpreted
as 2240, 2,000 or 2204 pounds, or 40 cubic feet, according as the
long ton, short tnn. metric ton, or .shlppmg, ton is indicated. In
South Africa, railway freight charges are quoted in pence per 100
ponnds. Compare this with tons, hundredweights, quarters, and
ponnds at pounds, shillings, and pence per ton or other unit!

d. Mcasures of length. Abolish the fathom, pole. chain, and
furlong. expressing their lengths in vards onlyv, ready tor the direct
comversion trom vards to meters after these rednndant denomina-
tions live heen eliminated,

e Measure of capacity. Abolish the gill and bushel and estab-
lish o new @llon of 4 liters or metrie quarts. The eaisting impe-
rial and American gallons differ from each other by about 20 per
cent.and the proposed new metric: gallon wounld represent an
intermediate volume Targer than the American gallon and smaller
than the imperial allon.

W\ T
-‘\.' =
3
2
]
]



s
=

\_Agnew Suggests(l{enewcd Condideration’

. C g
218 ' . - THE METRIC SYSTEM . ¢
_ _ . . . e

of Metric System for America®

;-
IN ‘A LETTER of May 18 to the members of the [American] Stand-
ards Association, the secretary P. G. Agnew, outlined the present
situation on the use of metric units and suggested that a council
discussion of the subject might be constructive. His letter, giving
past history <nd possible moves by American industry, follows:

“1. Durlng the last few years the ‘ASA staff has been ap-
proached more\and more frequently regarding the use of metric
units.

“2. Recent]y th Electrlc Bond and Share. Company has pro-
posed that ASA tf% up with the United Nations Standards Co-
ordinating Committee the question -of what can be done to miti-
gate the difficulties which arise from the usk of the two systems of

weights and measures. The Electric Bondland Share Company

has bnilt power houses in metric countries aggregati.:g 200,000

, kilowutts, and so has continually faced these difficulties.

3. The Advisorv Committee on UNSCC Work has considered
this requcst and has decided that it would be'well to have a dis-
umum of the whole qucstlon in the Standards Council.

“4, The Committee also asked me to prepare the ground for
tlu discussion by the circulation of this memorandum.

"5. For many vears the metric question was the subject of acute
controversy, in this country. The controversy threw much heat
but verv ]1tt1e light on the subject. Practically all of the leaders
on both sides of the controv ersv have now passed from the seene.

"6. Anv attempt either to force the adoption f the metric sys-
tem by mandator\ legislation, or to force the exclusive use of the
I mfhsh units would (mI\ end in frtiitless controversy.

Yet the guestion is of great-and growing importance. It is

of sp{'('inl importance to our foreign trade.
8. The use of the metrie system is steadily growing in this
countrv. ASA committees use it shghtly: more year by vear. While

" ° Re prnm(l troan the Nugust, 1943, issne of Refrigerator Engineering Ly per-
nission nf Refrigerator Engineering wnd of P G Agnew.

iy
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it has been edging in chicfly from ‘the scientific side, some indus-
trics have used it much more during the war. Among these are
the aircraft, electric wire and cable, and the chemical industries.
The U. S. Pharmacopoeia has dropped the apothocarles units and
is using the metric units only. :

“9.. Furthermore, in modern mass production methods the unit
of length has bécome less and less important ‘in comparison with
the acdual size of the product. The scale and cdhpors are htt]c
used by the modern inspector who relies on “go” and Yno-go”
gagos. Furthermore, with the advance of manufacturing methods
and the use of tolerances and allowances, even inches, halves,
quarters, etc., are becoming less and less important. This is espe-
cially true as more and more use is being made of the technique

of prondmé for the wear of tools and gages, dlld the consequent

use of unilateral tolerances.

10, Tt seems extremely probable that regardless of what sys-
tem is ev entually adopted we shall have to live with both E u!ﬂhsh
and metric units for at least a generation. Would it, therefore, be
the constfuctive thing for industry to adopt a poliey of studving .
the whole question from the point of view of minimizing the dif-
flutltws of having to live with both syvstéms for \(nusD . '

“IL T hmus_{hout all of the controversies of the past no thorough
stnd\ has been made of what could be done to alleviate the con-
fusion which results from the use of two svstems or to determine
precisely: what difficulties would be cncount_ered if there was a
progressive change to metric units.

“12. There is rcason to believe that the old controversics have
died down sufficiently so that a constructive job could be done.
Pussible action xmg_,ht he taken along the following lines:

(a) A stight step has already been taken in all the industrial
countries in agreeing upon the conversion ratio of 25.4 mm to the
inch.

(h) Different countries could agree to the proposal that has
been made by the various national laboratories to go over to the
wave lenath Dasis for the legal d(‘fnntmn ()f the inch and the milli-
meter.

() Each country might well give consideration to recognizing

‘both the poand and the kilogram in setting impost duties. This

.
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cuuld readily be done in suclva wa W as to facilitate trade hetween.

“pound” countries and “kilogram™ countrices.

() National and international agreements could be: made for
industry to take a leaf out of experience in scientific work by using
fewer metric units; e.g.. concentrate on use of the micron, milli-
meter, weter, kilometer: micvogram, willigram, gram, kilogram,
metric toin, ete., ete. Some small steps could doubtless be taken

fractions. There is a strong tendeney in this country in this direc-
tion, ¢.g., vulgar fractions are l)vms_, climinated, in drawings for
airplane engines, most dimensions being given in decimals of an
inch.

(f) The tendeney to mark measuring mstmmcnts in both svs-
tems could be (ncour.wvd

(¢) Improvement in educational methods in primary, techni-
cal and enginecring schools.

"13. Another basic approach would be for cach one of the
major industries to make a thoroughgoing study of its particular
problems, and if possible determine a poliey toward the metric
svstem which it might follow for the nest fifteen or twenty vears.

“11 One Ill(lll\tl\ might decide- that it would have to stick
strictly to the inch and the pound in all of its operations. Another
industry might decide definitely toward the exclusive use of the
metric units. Still another industry might decide to move in the
direction of @ divided use as between domestic and export—or
might stick by the inch for certain purposes, such as serew
threads. but <o over to the kilogram for weights,

“13. 1 believe that there is much to gain ])} a thorough discus-
sion of the whole guestion at this time.”

Simplificd Practice and Standardization
THEO. AL SERAPHIN
St b praciicr is simply the application or use of common

sense inan unselfish effort to do things most economically and
practically and to accomplish the greatest good with the full use

4
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of ”sfau|(!urdi'/.ution'fm',tho i;cucrul welfare of the Puhlic. It will
greatly reduce waste of niaterial, time, and moneyv; it will increase
production and lower our cost of living; and it can greatly help
i stabilizing our moral and economid”structure,

There is an almost wulimited field for simplified practice, for it

"is upplicul)lv to every.phase of our life, including all branches of

onr’ government, national, state, and local, from the highest to the
lowest: every tvpe of business, from mannfacturing to farming:
every profession, including medicine, law, dentistry, and so ou;
every brancleof engineering: building: contracting: banking; the
activities of trust companies: laborg housekeeping: education; and
even religion. The potential monetyry benefits alone, througl its
general application, can be measured only in hillions of dollars per
vear : : 1+

Simplified practice and standardization were first introduced
into onr American life back in 1792 wheyour decimal monetary
svstem was set up. Practically nothing further was done by the
government autil shortly after World War B when a special de-
partment was ereated inghie Bureau of Standards, called the Divi-

“sion of Simplified Practice. This is eredited with aecmniplishing a

vast amount of good: vet jts achievements are negligible when

compared to the vast field to be covered, for its activity is limited

to the means provided by the govermment for this purpose. .
The ereation of departinents of weights and measures through--

L}
ontothe various stetes and-eities in the past quarter-century or

o S ! <, ‘e . . .
more is only one phase of simplified practice and standardization.
The activities of these deparfiments are chiefly confinesd to assur-

- ing honest weisht and measare to the pnl)li:'in the purchasesof

food. fuel, and other commodities and to regulating the manufac-

ture of honest weighing and measuring devices. This activity also

protects the houest merchant from unfair competition by dis-
honest merchants. The savings to the purchasing public from this
activity adone amounts to well over $100,000.000 each vear. In
1914 when the Philadelphiie Department of Weights and Meas-
nres was created. o survey showed that in that city alone the
vearly loss arising trom dishonest mevelants and fanlty weiching
and mcastiring devices was estimated at $50.0006.000. .

The efficiency of the varions departinents of weights and meas-

¢ . .
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ures throughout the United States could be greatly increased if
this country' would use the simplified metric system of weights
arld measures in place of the antiquated English system. The use
of Y metrie svstem would not only save time and money for all
but aso shorten by at least a year the public school education -of
our childrems ' ‘ _

It was in 1792 that our forefathers undertook to simplify both
our confused system of coinage and our system of weights and
measures. They adopted a decimal system for our money, base
on the dollar as the unit of standard: but they failed to adopt the
same swstem for weights and measures, and to this day this short-
sightedness hasdaeen frequently condenmed.

By an act of Congress in 1866, th('\/nsc of the metric system was
made legal hut not compulsory. JFor a number of vears efforts
have been niade by private groups to help bring about its final
adoption, but there have alwayvs heen some groups in opposition,
some actuated by selfish interests and using paid agents to oppose
adoption cfforts. B .

Our present system of cfinage is an example of simplification
in measnrement. It is based strictly upon the decimal svstem of
ten. It combivies simplification and practicability in the highest
degree. in that ten or a multiple of ten of one denomination equals
one unit of another. It is so simple that it is one of the first things
in arithmetic with which little children become thoroughly
familiar. The same thing is possible with the metric svstem of
weights and measures. Today both the old system and the metric
svstem are used throughout the United States by nearly all gov-
ernment agencies and private industries, both large and small.
There remains only one element of our nation to accept or use the
metric system in order to make its use complete—the purchasing
public. including both the honsewife and the general storeheeper.

Iwill ventare to sav that not more than one-half of 1 per cent
of Wl the people jn this conntry hecome thoroughly familiar with
our present svstém of \\'vights and measures dm'ing their entire
lifetime, ol T know that not one person in our entire nation
would considegy for a moment the exchanging of onr metric sys-
tem of coinage tor that of England or.any other nation whose
coinage svstem resembles that of oar ola weights and measures.

¢
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I will say further that the public never inquires how ﬁm‘uny cents

there are in a dime or how many dimes in a dollar, but inquiries °
are freguently made as to the number of

Cubic inches in a gallon (231)

Fluid ounces in a pint (16) : o, X
Cubic feet in a cord of wood (128) )

Cubic inches in a bushel (2,150.42) : L
Square feet in an acre (43,560) '
Cubic feet in a-perch of stone (24.75) .

Then one may ask, what is a firkin (9 gallons), a tierce (42 gak
lons), a token (10 1/2 quires or-232 sheets), and various other
units of weights and measures, such as periyweights, scruples,
drams, and what not; and these inquiries are most frequeritly
made by quite intellectual persons. We also have two kinds of
quarts,and pints, dry and wet; two kinds of tons, short and long

. A
“(sogne are at times extra-short); two kinds of pounds, one having

5,760 grains and the other 7,000 grats; two k 1ds of bushels,
heaped and struck. Then again we have 3 barleveorns, 1 inch;
2 1/4 inches, 1 nail; 4 nails, 1 quarter; 3 inches, 1 palm; 4 inches,
1 hand; 36 busheis, 1 chaldron; 14 pounds, 1 stone; 21 1/2 stones,
1 pig; 8 pigs, 1 fosher; and many mote too numerous to mention
and most confusing to remember.

-'As a further illustration of the simplicity of the metric system, 1
would like to recall a small problem in measurement, worked out
both in pur oldpresgut svstem and.in the metrie system. This
problem was p"rescntc(g a few vears ago in the Washington Herald.
[ might suggest that it would he well to make a note of the prob-
lem and at vour leisure try' it and note the saving of time and its
complete simplicity. This is the problem: Find the weight of con-
tuined water, the volume. and the capacity of a 6-foot 9,1/2-inch
cubic-tank. Bv the old method 243 ficures are required for the
calculution, which takes approximitely ten minutes’ time. The
following are the three answers? E

Weight = 19.579.8125 pounds
Volume == 341.343.373 cubic inches
Capacity -z 2343477 galigns

The same preblem in the metric system (each dimension of the

-

)
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tzmlg\is 2.07 meters) reguires mnly thil’t}“llill(‘ figures and takes
¢

one ko two minutes’ time. The three answers all have the same
figures: .Y . o .
We lg.,ht 2 8.869.743 kilograms
L. Volume * - 8.889.743 cubic decimetoers

Capacity == §,869.743 liters

-

With such a vast difference in favor of the metrie svsten, one

naturally: wonders why it has not been definitely ad()pt( d long
ago. The following facts may provide the c\planatmn.
- Wedo not present the system to the general public in its sim-
plest form; we rather coufuse the minds of many people by adher-
dng to the use of compound names such as “milli-liter,” “kilo-
gram,” and “deci-meter,” instead of using a fow of our present
Familiar Anerican terms and temporarily using the word metric
in front of cach until the old sv stvm dis: appears entirely.from our
evervday usage, ..

As an illustration of this, we nu v use our present coinage sts-
tem. If vou were to recite our table of coinage using the full met-
ric plcfr\( s, it would run as follows:

. 10 milli-dollars = 1 centi-dollar
y 10 centi-dollars =z 1+ deci-dollar
10 deci-dollers = 1 dollar” :
10 dolars o b deka-dollar
, A 10 deka-dollars 2 1 hecto-dollar
10 hecto-dollars = 1 kilo-dollar

Bnt onr fore Ltth( s, when they d(]()pt( «d our metric svstem of “coin-
age. streamlined the varions tems so that the aver: age person can
tihe to the new system more réadily, and the table to this day is
as follows:

10 mills 1 eent
lg conts bdime
dimes 1 «lollar
) 10 dollars I cagle
10 eagles I century
10 centuries P oarand

Further to sinoplify the coinage svstem. we all nse just two of the
t( rms. (lnll‘.ux and cents: no matter what the amonnt may be, from
p( nnies to bhillions of dollars, in all transactions of acconnts in

e ."
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A

every business and walk of life, we use just dollars and cents, This.
Cis the way we should present to the people the metrie system 02 .

weights and measnres—as simply asgogsible, in tevms of one unt
and its hundredth part for each tvpe of measurement.

Now. as an illusteation, let us furtheér simplify the use of fhe
metric svstem of wejght. volume, and lincar measurement by us-
ing (m)_\'._lhv two necessary units as we do in our system of coin-
age wld temporarily substituting onr old names in place of the
metric terms. We then have, including our coinage system, the
Following: T

, 100 conts . 1 dollar .
100 ounces - 1 ponnd s
1000 drams 1 ¢uart :
R 1.000 inches I vard
i

Believe it'.nr not’ it r('qn'in's,mnl'\' sixteen wordsto express onr
metric svstem of foinage, weight, volimie, and linear measure-
ment. gll of which can he written on your thnmbnail. When this
svstem comes into nse. we can pmndly sayv that our \\"vights and
measures svstem, like onr system of coinage. has also advanced to
“the height of simplified practice.”

.

An Awxiliary Svstem for the Measurement of Time
FRANK |. MOLES

Wi the simplicity and utility of the metrie or decimal systeny
of measirement of length and weight are considered, it seems
strange that there is no equivalent svstem for the measnrement of
time. While the convenient metrie nnits. are used for length and
weicht and related measurements. the climsy and incouvenient
24-honr day s vetained with its A and pat, 60 minntes per
hour, and 60 seconds per minnte,

It is necessary only to compute the exact time difference be-
tween the arrival of @ morning train and the departure of an after-
noon trin to et an idea of the maltiple transformations involved
and to realize the chanees of ervor in sueh atime svstem, In ternns
of decinad time. howeyer, the time difference wonld be found by
simply subtrgeting the carlier from the later time,

RIC .
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Suppose you gr into New York's Grand Central Terminal at
10:48 a.x. anid have to get a train oiit of the Fennsylvania Station
at 2:24 p.ar. How mmnch time do you have to change statjons, eat .
lunch, and get your train? First, because 2:24 is p.ar., you must
add 12 hours, making it 14:24; then you must subtract 10:48. But
here special rules.have to be used—you cannet subtract 48 frora
24, so you must borrow an hour, remembering that it is 60 min-
utes (not 10 or 100), and set it down thus:- ° ‘

14:24 = 13:84 (84 = 24 -+ 60) ' .
10:48. ’ :
-3:36 or 3 hours 36 minntes

Now for the decimal System;
2:24 pad'would be 0.60 day

10:48 A, would be 045 day :
15 day (the interval)

By simple subtraction we have the answer immediately without
any mathematical gymnastics. Furthermore, thc computation
would be just as simple for any interval, such as

! 0.723 day

0.209 day

0314 day
Timetables could be printed all in one kind of type, and that
confusion between light and dark numbers could be forgotten
forever. The same ease of calculation would apply to workers’
clock card time records, to payvroll hookkeeping, and to similor

tasks.

Incidentallv, the decimal intervals can be thought of as per

.cents of the day or can be read like baseball plavers’ batting aver-

ages, which seem easv enough for mast sports fans tef follow.
Thus 0.333 day (which is approximately 8 Aar) can he thought
of as 33 per cent of the dav. /

It an accuracy is desired approximately the same as that given
when seconds are shown in conventional time, it is merely neces-
sary to use more decimal places to the right. For example. 0.49999
dav is very nearly the same as 39 minutes and 59 seconds after
1T Ao
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Some -strunge events in history led to the curious discrepancy .
betwegn the measurement of length and weight and the measure-
ment of time. The French leaders a scientists of the last part of
the cighteenth centt:ry appear to have been among the first to

-appreciate the\possible benefits of the decimal system as applied
" to mcasurement. Although the system of numbers based on mul-
tiples and powers of 10 had been invented long befere by sonie
«unknown thinker, little actual use had been made of the idea
except by mathematicians. The French, however, decided to do
something about it and proceeded to establish. the metric system
in'that terrible and troubled decade from 1790 to 1800. The scien-
tists planned and measured und calculated and finally decided
upon the meter as the unit of length (it is intended to be one ten-
millionth part of the distance on the carth’s surface from the Pole
to the equator) and upon the gram (the weight of 1 cubic centi-
metor of water) as the unit of mass or wejght. Decimal multiples
and submultiples of these units serve agfe hasis for the metric
system. The possibility of dividing time ttecimally was not over-
looked. The moths gvere renamed and divided into ten-day inter-
vals; the davs were divided’into ten equal parts which were fur-
ther subdivided decimally. In the heat of those stirring times of
the French Revolution, the world was made voung again, and
September 21, 1792, became the first day of the year L of Liberty.
This calendar and division of time lasted twelve vears, a duration
which was surprising enough, since most people undoubtedly
used the old calendar and time in secret, if not in public. Certain -
it is that watches and clocks were made with both old and new
time divisions. At least one sample exists today in the United
States. This is a watch in the collection of the:Smithsonian Insti-
tution in Washington D. C., which has both metric and standard
dials. Tt is: very fine example of French skill and workmanship.
(See page 228.) - .

There probably were many reasons why the decimal division
of time did not survive aloig with the meter and the kilogram.
First was the fact that time was less important then than now.
Length and weight were essential in dealing at the market place.
but exact measurement of time was uncommuon, and few people
thought much about it. The group of ten days in a working period
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Decimel watch No. h‘hl from Smithsonian Ill\tltlltl(m. t. S, \.mun.ll
( T Museum, Washington, D. C.

was too long without a rest dav and thus mide that palt of the
svstem exhausting and insufferable, particularly in those days of
lonu working hours. Then, too, the tén-day periods were aimed at
elimin: wting Sundavs and Sa'uts” davs inthe hope of weakening
the Church, so this nrade the whole plan unpopular. -

For these reasons, and possibly others, the decimal time svstem
did not come into genvrail use. Between 1791 and 1840, however,
there were many laws pus'sv(l in France to establish the metric
mits of length and w eight. In 1840 the laws imposed penalties
for the use ot other than metric units, and the new decimal svstem

came into general use in France. As the practical utility of }he
new svstem became evident. it was lld()ptc(l by more and nfore
pouplv until todayv it is universally used for scientific measire-
ments and is the ' standard svstem of evervday measurement for
many conntries of the world. It might he used for ev ervday meas-
urements in the English-speaking countries, also. if it were not for
the inertia of habit and the supposed cost of converting tools and
((1Illl)lll( nt to the metric system.
The possibilities of various types of decimal time systems have
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been considered for many vears. A decimal system could be de-
vised in such a way that it could be based on the length of the
vear, the length of the sidereal day, the length of the mean solar
dav, or even one of the present smaller time intervals sudh as the
second. OFf these possible schemes the most logical and useful

“appears to be that based on the present mean solar day. This plan

would provide units as follows:
0.1 dayv or deciday (dee)
0.01 day or centiday (cee) .
0.001 day or milliday (cm)
0.0001 dav or decimilliday (dee-cm) .

0,00001 day or centimilliday (cee-em)

In use the names of these intervals might not be very important,
since the part of the day would be read as a decimal, that is, -
76521, The first two digits thus may be used to show what per
cent of the day has clapsed. However, if names ure needed, the
abbreviations indicated above ¢ould be used, or other brief, dis-
tinctive names could be ill\'(‘!lt(‘d.

Comparative values for the new gnd old units are shown below:

0.1 dav or 1 deciday == 2 hours 24 minntes
0.01 day or 1 centiday = 14 minutes 24 seconds
0.001 day or 1 milliday == 1 minute 264 seconds
0.0001 day or 1 decimilliday <= 8.64 seconds
0.00001 day or 1 centimilliday == 0.864 seconds

Thus it may be seen that the milliday i< of a similar order of mag-
nitude to the minnte and the centimillidav is of a similar order
of magnitude to the second.

Since these are decimal intervals, the part of the dav which has
clapsed can be indicated direcetly by a standard decimal counting
anit attached by suitable gears to a standard clock motor. The
simplest method is to put twvnty-fiw-to()th gear on the 1-revolu-
tion-per-minute shaft of a clock motor and a thirty-six-tnoth geas
on the shaft of a stundard five-digit counter. The first two digits
at the left may then he nseed to indicate dave of the m mth and
the nest three divits to indicate tenths, hundredths. gnd thou-
vndths of the dav respectivelve A dial with 100 equal disions on
ihe same shaft as the thirtvesix-tooth gear then showstten-thou-




Decimal L‘(IL]\ front view. The first two ﬁg,nros indicate the second day- of
the month, Almost 92 per cent uf the duy (0.91691 day) has elapsed.

Decimal clock, rear view,

sandths and hundfed-thousandths of the (Lu Unless sonie special

device is arrunged for the left-end digit dial, the indicator would
have to be reset at the end of each month. Failure to reset would
not affect the accuracy of the figures to the right of the decimal
point.

A sample clock has heen constructed using this decimal division
of the day. It is arranged to be driven by a standard 60-cycle
clock and can be operated on commercial 60- -evele systems dr on
precision 60-cvele standard frequency sources. A similar clock
with different gearing could be constructed to run on a precision,
LO00-cvele stundard frequeney source. A elock can also be con-
structed with two scts of dials or numbers operated by the same
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FRONT VIEW,.
0.1256. DAY = 3 HR. 00 MIN. 51 SEC.

1-RPM SHAFT A
36-TOOTH GEAR oF cLOCK MOTOR 25-TOOTH GEAR

DECIMAL CONVENTIONAL
CLOCK CLOCK

motor, to show both conventional time and decimal time. This

would simplifv comparisons between systems when necessary.

A clock which wonld provide both decimal time and conven-
tional time is shown in the accompanving sketch. It is made es-
sentially as follows: A twenty-five-tooth gear is fustened on the
{-revolution-per-minute shaft of a synchronous clock motor (such
as a Telechron motor). Another gear with thirtv-six tecth which
mesh with the twentv-five-tooth gear is connected to a shaft and
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hand mov m& around a dial with 100 divisions. Each of thffse

divisions th(}wwpwwnts one hundred-thousandth pdlt of a day.

This shatt is then geared through a 100-to-1 g gear train to another

hand ‘moving over a 100-divisior dial. (This can be ju$t another

Aand of different length or color, moving over the same dial as
before.¥ These divisions represent one thousandth part ot a day.
Then the shaft of this hand is connected thropgh a ten-to-one

_gear train to a hand on a dial with ten divisions. Each of these
divisions represents one tenth part of a day. This hand also can
be a different length or color moving over thie same dial. Two ad-
ditional ten-to-one gears and hands or numf)els can be provided
to give the davs of the month if desired. ‘Fhis assemblv is the
dccmml time part of the clock. To get conventional time the
motor shaft is simply extended and connected to a regular clock
movement. Since both svstems are geared together, the oqm\‘l-
lent of one time svstem in terms of the ‘other is autonmtlcuill}'
given by the readings of the hands.

A conventional numeral clock showing digits such as 8:31:2
could also he a driving motor with a dccmml clock like the one
shown in the photogr aph. Then'be.v time readings would be
shown divectly in figures as below:

)
»

S:00:00 (ane) and 033333 dav
9:36:00 (an) and 040000 (ld)
12:00:00 (noon) and 0.30000 dav
2:24:00 (o) and 0.60000 dav. and so on

\n\mw who is required to measure time differences greater
than a few seconds should find the decimal svstem much faster,
simpler to nse, and less likely to canse errors, Decanse it climinates
the troublesome multiplications by 60, the additions, and so on,
It would seent that the decimal division of time would be of ¢ great
advantage in astronomical and navigational work. . Railroad and
other trunsportation tables could be'much less contusing if deci-

mal time were used. Sinee there are then 1o A, ‘uld P.M., thiv

dithiculty: conld he retived to oblivion,

It is interessing to note th at Smithsovian tables have for vears
contained tables tor the com ersion of hours, minntes. dll(] seconds’
to decimal parts ofa day, and vice versa. '

3
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In view of past experiences with attempts to change sy stvms
of measnrement,” calendars. spelling. “and other long- ('stdl)led
practices, it seems unlll\(l\ that there will be any widespread use
of the decimal time svstem. However, the idea is intrigning and
mity be of some s value for special uses, pamull.ul\ siniee it is so
casv to provide decimal clocks operating on available 60-cycle
power sources. .

Decimal division of angle is also an interesting possll)lht\ Now
we have the chinmsy 360 607 607 system, which is not only awk-
ward in itselt bhut msll\ u)niusvd with time units. For a decinal
svstem the natural unit of JH“’](‘ is 1 revolution. which may be di- .
vided into teiiths, huudwdths and so on. of a revolution. Thus
90 equals 0.23 revolution, 180 equals 0.30 revolution, and so on.
Triconcmetric tables can be revised ¢ wilv to take care of such a
svstem. i fact, there are already many trigonometric tubles using
snch hyvbrid schemes as degrees and tenths of a dvlm ¢, or degrees
minutes, and teuths of a minute. and the like.”

It is inte nshgw to note that it such a svstem were used and
fonsitude were measnred in it then decimal- time and decimal
longitude conld coincide exacthy. Computations involving tine
and Tongitude wonld be much smlphfu 'd. There would ng ]()ngv
be anv need of converting hours, minutes. and seconds of tinwe to

“degrees, minates, and seconds of longitnde, or viee versa.

Fducation
Decimalization of Fnalish Measures
and Computation with Approximate Data

CARL N SHUSTER

Dows throngh the aves computation with fractions has been a
dlfhmlt lnedle for a Lrge portion of the himan race. A mnber
“of interesting devices have heen nsed to help Tessen the difficulty
ef compnting with fractions. The Egvptians restricted their frac-
tions almost eutively to those having nnit nmmerators: the Romans
triced to s oid fractions by subdividing their measuring units, thus
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- giving us the topic of “denominate numbers” or “compound num-

bers”; and other earlv peoples made extensive use of sexagesimal
fractions. -~ : ' ' s
‘Sexagesimal fractions were so satisfactory that they were em-
ploved for a large part of the work in science. The term common
fraction was used to differentiate fractions of the form a/b from
sexagesimal fractions, —
Our decimal place value number system was developed in Ir dia
about a.n. 600. By a.p. 1200 or carlier this system reached Spain
and very gradually hegan to displace the cumbersome Roman
notation. By the time of Columbus, the Hindu-Arabic decimal

-notation was in use in southern Europe and from this time on the

use of the Roman notation gradually but steadily declined.
It seems strange to us now that it should have taken so long for
it number system so obviously superior to displace the Roman

_systems but the force of mental inertia is perhaps the most. for-

midable of all oBstacles-to progress. Even a people who, in the
span of a single lifetime, have gone from oxcart to jet plane and
from the power of the muscles of a sweating slave to the promise
of atomic power, and who demand the very latest gadget on their
automobiles,or radios, will show the stupidity of ignorant taboo-
cursed South Sea islanders when asked to change some process
or habit to which thev have become accustomed. Dozens of ex-
amples of the curse of mental inertia may be found in past history,
and nmerons cases remain to plague us. Decimal fractions, deci-
mal measuring, the metric svstem, new methods of subtraction,

-und the reform movement in mathematics are a few examples of

spperior devices, techuiques, or movements held up or impeded
by mental inertia. Decimal federal currency was established by
w in 1792, As late, however, as 1868, wlhon the Brvant and
Stratton Commercial Arithmetic was published, the authors con-
sidered it necessary to give the currencey of all but nine states in
termis of Fnglish or other colonial monies. Thus in New York the

Jollar was equal to S shillings. In New Jersev. Pennsvlvania,
. | <

Delaware, and Marvland the dollar was equal to 7 shillings 6
pence. In Maine and the other New England states, and in Vir-
ginia, Tennessee. Kentnekv, and Missonri the dollar was equal to
6 shfllings. In North Carolina the dollar was worth 10 shillings,

o
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whereus in South Carolina the dollar was worth only: 4 shillings
S pence. In Mississippi the dollar was equal to 8 bits, and in New
Orleans the dollur was equal to' 16 plcayunvs. At the turn of the
century it was a fairly common experience to find old people who
still talked about slnllmg,s, and even today the Fulton Fish Mar-
ket in,New -York uses shillings .in its quotations. "The awkward
178, 1/4, 3.8, 1:2, 5.8, 34, and 7,8 used in stock-market quota-
tions are relics of the dav when the dollar was worth 8 shillings
and the shillihg was 1. 8 dollar vr~12 1/2 cents. Perhaps in an-
other hundred vears the stock-market quotations will be given
in dollars and dimes instead of in dollars and shillings. The
penny, like the shilling. is an old English coin, and it is not equiv-
alent to the cent, The cent, coined since 1792, has never had the
word penny on it. Calling the-cent a penny spoils, the metric
relationship: milli-, centi-, deci- of the mill; cent; and dime. The
5-cent picce is never called the 3-penny piece. The newer arith-
metics tend to drop the penny or to minimize its use and write
2 cents, 3 cents, 5 cents, 12 cents, instead of 2 pennies, 3 pennies,
and so on. This is a thoroughly desirable trend.

. It has been pointed out b\ ()pp()nonts of the metric svstem that
in metric countries the old measuring units tended to SUTVIVe.
This is not an argument against the metrie system, but an illus-
tration of mental inertia. No sane person would suggest that we
should go back to the use of the cimbersome English svstem of
money hecanse of the fact that the shilling and penny had sur-
vived for more than one hundred and fifty vears.

[t is difficult to say when decimal fractions were invented, but
Rudolff ¢ 1330) and Simon Stevin (1383) are entitled to most of
the credit for bringing decimal fractions to the attention of the

world. Both Rndolff and Stevin had awkwurd technigues tor

writing decimal fractions. hut Stevin, at least, fully understood
decimal fractions and thoronghly appreciated their advantages
over common fractions. In addition he suggested a full set of
decimal measwres. In La Dismge Stevin savs, "All measures—Iin-
ear, liguid. dry. and monetary—may be divided decin v (1T

It is sad to contemplate the millions of vears of time that have

“Numbers i brackets reter toitems in the Bibliography at the end of this
arhie e,

I
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been wastetl by individuals because of the mental inertia that
prevented. for so Tong a time, the adoption of Stevin's suggested
decimal fractions ..u.ld measures. For two handred yearg the use
of decinial fractions was confined largelv to l()z_,.lrlthms and to-

other tabulated data. In 1792 d(‘(lllhll fractions increased ¢ greatly

inimportance when the Enited States abandoned the English
monctary system and adoptedia decimal system of coinage in its
place. In 1799 the decimal movement received further impetus
when the French Government adopted  the metric svstem. In
I566 the metric systemgwas made legal'in the United States, and
later. in 1893, the meter was adopted as the official standard of
length in this country, the vard being defined in terms of the
meter. b _

Very soon after the legalizing of the metric svstem, various
trades awid professions hegan to divide our old Lngllsh units deci-
mallv. The National Burcau of Standards reports: “Level rods
with decimal graduations of a foot were in general use at least
GO vears ago.” Micrometer calipers with decimal graduations of
the inch have been nse 'd for fifty: vears or more, and stecl tapes
aradiated in feet. 0.1 foot. and 0.01 foot have been in general nse
for at least twentv-five vears. The wile, the pound, .md the hour
are other micasaring units that have for a long time been decimal-
ized, and averages are almost alw avs given as decimals,

ftis hard to veulize the extent to \\lmh decimalization of our
measures has progressed. Tu avecent issue of the Country Gen-
Heman there were 179 decimal fractions aside from United States
money. Among thv decimal fractions Hppe aring in this issuce were
the fnllm\mu 2.25 cal. 175 grams. 8.75 in., 49.9 1h., 2.9 m. pl.,
FLoFo water, 504 oz milk test 13240 2406 drawhar horse power,
339.5 million bushels, Y9.7 calorvies per ounce, Other decimal
fractions found in recent farnn publications wre: 2.8 mm., 246 oz,
ST.S acres, 3086 gal., 0000023 in.. 186 mi.. 3.67 ct. per kaw .
LL3S miiles per gallon. water low of 373 ft. per see., 27.83 points
cedor contestr, 9.9 Cpeony rating). There were also statements
that “at four months an Aveshire shonld weigh 2.66 times its birth
weight a Gnernsey 2724 H()l\t( in 275, and a Jersev 3.047 "miilk
weiths 205 1he per guart”™s “the milk test was -4, 247 and “this
ister cultivator is 6.7 feet wide and at « .sp(-('(l of 3.3 miles per
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hour will cultivate 2.7 acres per honr.” Recent farm bulletins con-
tain thousands of decimal fractious in a wide variety of units.

" Another trend toward decimals is the growing tendeney to sell
bulbs and other things by tens, hundreds. and thonsands, in place
of the dozen. gross, and great gross, and to sell produce by the
100 pounds in place of thie bushel. ‘

In engineering and in many other phases of industry, decimali-
zation of measnres is taking place even more rapidly than i agri-
cnlture, The numerous illustrations from agricuTture were se-
lected to show the decimal nsage-in-ii area where it has been
widely believed there was little need for Geeimal fractions,

Unfortunately. some colleges still grant degrees to students who
make a cursory study of the usage in certain fields of trade and
industry and then in the light of their findings reconmmend the
elimination or curtailment of this nsage as a topic of study in the
schools, If this were our sole criterion for subject matter, there
would be little growth o improvement in education. Very often
the important question is what should be used instead of what is
used. This is especially true in connection with the topics of dedi-
ma! measuring and the metrie svstem.

The gdoption of decimal fractions and decimal measuring units
has heen hield up to a considerable degree by the stupid examples
formierly fonnd in our early testhooks, In an arithmetic published
in 1593 and used well futo the present centiey [3] the following
wre given:

1. Reduce to a comnion fraction: 194505 13,17

20 Multiply LOSO96 - 357020 Ans, 3539243392, [The Tast five digits

are not significant.]

3. Reduce 113 236 to a decimal traction, Ans. 00140625,

4 Divide 2732579658 by 6.072, Ans, 45.0079,

In arithmeties published in the nincteenth centiry, examples
in decimal tractions can be fornd with answers containing from
sivteen to sisty digits, Panils expesed to suel examples could not
e (-\p('('t('(l to see the advantace of decimal fractions.

If. in place of the examples cited above, pupils had been ashed
to swork w series of paived problems like those helow, it is safe to

“asstime that decimal fractions and decinal measaring wonld hive

heen adopted many vears aco,

O
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L. a. A building lot is 248 ft. 78/8 in. by 84 ft. 57/8 in. What
is its area?

b. A building lot is 248.61 ft. by 84.49 ft. What is its area?
Round vour answers in a and b so that all the digits re-
tained will be significarit. .

: 2. a. A turkey weighs 17 1b. 5 0z. What will it cost at 47 1/2¢
a pound? . '

b. A turkey weighs 17.3 Ib. What will it cost at 47.5¢ a
pound?

3. a. A man begins work on a job at 8:45 a.x. and quits at 11:09
A.M. What should he receive at 87 1/2¢ an hour?

b. A man begins work on a job at 8.75 a.at. and quits at 11.15
A.M. What should he receive at 87.5¢ an hour? [Note: a
decimal time clock is used in b; 8.75 means 8 and .75

. hours.] . . '

Far too many abstract decimal:fractions are found in current
texts. These are relativelv rare in life. If decimal fractions are
to be real ahd have meaning, they should grow out of measuring
experience with instruments graduated decimally.

When decimal measuring units are used, it is very casv to apply
the necessary rules for computing with approximate data. This
is one of the best reasons for adopting decimal measuring units.
With our old units it is difficult to apply the rules for computation
of this kind. '

These rules are just as necessary: when data are'given in our
old units as when data are given in decimal units, but unfortu- -
pately, as the result of ignoring them, from 40 per cent to 90 per
&ent of the answers to the practical problems found in many
mathematics and science texts are wyong. Ignorance may be
bligs, but it has no place in mathematics and science texts.

COMPUTATION WITH APPROXIMATE DATA

Computation with approximate data is needed in a large pro-
poriion of the problems of life, since these problems contain ap-
proximate data secured from measurements or taken from various
handbook tables. The table on thé propertics of saturated steam




in the Handbook of Physics and Chemistry [9] contains 3,591
approximate factors, and there are hundreds of similar tables in
the numerous handbooks. ,In solving problems containing ap-
proximate data, one should alwa)s follow the laws for computing
with approximate data.

Approximate data are used in manry phases of the mathematics
and science taught in theaglementary and secondary schools. It
is not at all difficult to teach the rules for computing with approx-
imate data in the seventh, eighth, and ninth grades, In fact, it is
easier to teach-the fundamental facts of this topic in these grades
than it is to change the computational habits and concepts of
graduate students who have always used “exact’qcomputation.
The rules for computing with approximate data should be taught
at the earliest opportunity and then constantly used in all subse-
" (uent work in mathematics and science.

Fuuils can theasure to the nearest foot, to the pearest 0.1 foot,
or t; the nearest 0.01 feot, according to the graduations on their
tape and the care with whicl. it is used, but they cannot measure
any length exactly, There are at least ten sources of error in meas-
uring so simple a thing as the distance between two points sev-
eral hundred feet apart. Pupils should learn'that no one in the
whole history of the world has ever made an exactly accurate
measurement of any 'lem_,th The same is true of measurements of
time, weight, volume, area, temperature, rotation, latitude, longi-
tude, and the like. The most aceurate measurements ever made
do not have more than cight significant dagits, and most of the
measurements used in industry have from thiree to five significant
digits.

Figure A shows how slight is the relative value of the last digit
of a fonr-digit nnmber. If this number had been rounded to 8,890,
the change in the third bar would have been too small to notice.

&3
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Figure B shows how small is the relative valie of the last three .
digits of a six-digit number. Three- and four-digit results are
highly satisfactory for most purposes. The astonishing popularity
of the lide rule 'n industry and engineering is due to this fact.
Fundamental Concepts. Pupils should be taught the meaning
of unit of measurement and significant digits and how to round
numbers and when and why ,}'{5 necessary, The unit of meas-
urement is the smallest unit used in a measurement. The unit of
measurement in the following measurements is given inSthe pa-
rentheses: 64.32 feet (0.01 foot); 43.8 feet (0.1 foot); 34.3 pounds
(0.1 p()nnd); l()"p(mnds 12 ounces (1 ounce); 34 24716 (17);

16 3 S inches (18 inch): 6,843 miles (1 mile):,10.2 seconds (0.1

sccond); 2.1034 inches (0.0001 inch).

If a distance has been measnred so accurately tlmt Jt is known
to be nearer to 986.3 feet than it is either to 986.2 or to 986.4 feet,
the measurement has fonr significant digits. For all digits of a
number to be significant, cvery digit except the last must be cor-
rect. and the ervor in the last ([th must not b(’ greater than one-
half the unit of measurement. -

It the measnrement 26.8 inches tus three significant dlg:ts it
nst be between 26.73 inches and 26.85 inches. If the measure-
ment 16337 feet has five significant digits, it nuist be between
163.363 feet and 163.373 feet. Zeros that are the resnlt of correct
measurernent are signficant. If the measurement 300 fteet is cor-
rect to the nearest foot. or lies hetween 299.5 feet and 300.3 feet,

the measurement has three significant digats mnd the two zeros |

are both sivnificant, Zeros should not e written dfter o decimal
point in a mixgd decimal nuless they are .slgmhmnt. One can be
sire that the mcastrement 26.00 feet has four significant. digits
and that the measarement 3.0000 inches has five significant digits.

Zeros used to give the correct place value ina r()nnd(“sl nimmber
are ugt sienificant. Tt 156251 is rommded to 156,000, the three
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© zeros are not significant. Zeros are also used before significant

- digits in a decimal fraction to give correct place value. Zeros used
in this way are never significant. If the three-digit measurement
86.3 millimeters is changed to 0.0000863 kilometers, it is evident
that the deros are not sig’niﬁcaht.

Varioug devices have been suggested to indicate when zeros are-
significanf, but in most cases special devices are not necessary. In
a set of measurements one can usmﬁlv tell which zeros are signifi-
cant.

In the set of measurements below it is safe to assume that the
zeros are significant.

. ~ 3000 feet . - .
4128 ¢
1300 *

__2£77_ ‘t_ o
_ 10600 fteet .
Like people. zeros-may be judged by the company they keep, If
one sees such measnrements as 6,000,000,000,000 wiles or 186,000
miles, one mayv usnallv assume that these are 1()undcd numbenrs
and that the zeros are not significant,

Pupils who sccure their own data through measuring will al-
wavs know which zeros are significant. No author should ever
give a ronnded nnmber in a problem without telling the number
of significant digits: for example: The speed of light, correct to
three digits, is 186.000 miles per second. How long will it take
licht to go 7927 1ailes? Or the speed of light is 186,300 miles per
sccond (4 significant digits), or, using scientific notation, 1.863
» 10* miles per second.

To find how many significant digits there are in a measnrement
when decimal measures are not used, express the measurement in
terins of the smallest unit of measurement used. Thus, 46 has
two significant digits: 9 inches has one significant digit, but 9 0/64
inches or 376 64 inches has three: 68 pounds 4 onnees or 1,092
onnces has four significant digits; 9 feet has one significant digit.
but 9 feet 0 inches or 108 inches has three significant digits, and
9 feet 0 32 inches.or 3.436 32 inches has fonr significant digits.

When changing measurements containing common fractions to
decimals, retaine only the same munber of significant digits as

s
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there are in the onbmal data. Thus 63/8- mchcs or 51/8 inches
(2 significant dlbltb) is not equivalent to 6. 375 inches (4 signifi-
cant dlglts) and 2 2/3 inches or 8/3 inches (1 significant digit)
is most certainly not equal to 2.667 inches (4 significant dlgits)
There may. be an error of one-half the unit of-measurement in
63/8 inches. Since the unit .of measurcment is.178 inch the error
.may he as much as°1/16 inch or 0.06 inch. With the possibility of
an crgor this large, no careful or honest computer would change
63 S inchés to 6.375 inches.- It must be remembered, however,

that abstract hypothetically cxact fractions may be carried™6ut to .

_as many dlg't's as is desired. The 1,3 that app ars in the formula
for the volume of a edne may be carried out to ten or more digits
it t}ns accuracy is desirable. Zctually it should be carried out to

# one more (llglt than the number of digits in the least accurate
measured data with which it is used. Also, all the fractions in the
series, 172, 48 32/64, 64/128,0.5, and 0.3000000 are oqmvalent
provided they ave exact, abstract fructions. If the above fractions
are mcasmcnwnts the\ are not equl\alent

Common fractious are very unsatisfactory in real life computi-
tion because of the dlfflcult\ of finding the 1+ aber of significant

digits when they are used and because of the tact that they can-

not be used conveniently \\lth slide rules, computing machines,
or logavithims, in tables, or for the very precise measurements
common today. They are also less convenient to tvpe and print
than decimial fractions and are more difficult to use in pencil com-
putation.  Computation with decimal fractions can be taught
much carlier than computatign with common fractions. . For lhcw
and a number of other reasqns glecimal fractions are mpldl\ re-
plicing the old-fashioned common fractions. In fact, the time is
rapidly approaching when any extended computation with coni-
mon tractions may well be held over for algebra,

Arithmeties in which all computation was done with decimal
fractions were written more than one hundred vears ago [14]. At
that time there were no decimal measuring mstrumvnts the use
of decimal menev was still far from lwmg mniversal, and there
was no demand from science and industry for exceedingly precise
measurements. Because of these fuacts there was mo p()ssxl)lllt\
that wholly decimal arithmeties could suceeed. Todav. however,

-

)
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such arithmetics would be thoroughly practical dnd distinct im-
provements over existing arithmetic texts. ! :

Rounding Numbers. All elementary texts teach pupils how to
round numbers; but they usually do’ not teach them' the really
.important concepts and pmctlces. when to round numbers or why
the answers to certain problems must be rounded, and how to
determine the number of digits to retain when rounding data or
answers. ‘Some situations in which it is desirable or necessary to
rodnd numbers follow: (a) In constructing graphs, it is usual to
round data to two, three, or, in very large graphs, four significant

~ digits. (b) Dataobtained from handbooks may'he more accurate

than-are needed to work a problem. Thus, the value of = to six
digits is 3.14159. To find the circumference of a circle 8.6 feet in
diameter, = should be rounded to 3.14, or to one digit more than
the dgta. All conversion factors and similar data are rounded in
this manner. (¢) Data to be learned ave usually rounded. Thus
the speed of light is usually rounded from 186,284 miles per sec-
Nond to 186,000 nules per second; the diameter of the carth at the
equator is usuall\ rounded from 7,926.8 miles to 8,000. miles; the
acceleration due to gravity at sea level (thltude 45°) is usually
rounded from 32.172 feot per second to 32 or 32.2 feet per second;
“and the length of the light vear is usually ronnded from 5,875,-
156,800,000 to 6 X 10" (d) Computation usually introduces
digits that are not significant. Such spurious digits must he
rounded off. (e) If an answer aceurate to only n dlglts is desired,
it is customary to round all data to (n - 1) digits before com-
puting. Some authorities round to (n - 2) digits. Later in this
article rules are given to determine the mumber of digits to be
retained in ronnded answers.
The following rules mav be used for rounding numbers:
1. If a nnmber. correct to a certain number of significant digits.
is to be ronnded to a smaller number of significant digits, the
Cdigits that are dropped shonld be replaced by zeros. When the
digits that are dropped are located to the right of the decimal
point, thev should not-be replaced by zevos. lhns the polar radius
of the carth. 3.949 miles. ronmded to two digits is 3,900 miles: hut
I of latitude at the poles, 69,41 miles, rounded to two digits is
69 miles.
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If the first of the digits thyt are to be dropped is 5, 6.7, 8, or
9, tho last digit retained should be inereased by 1. Fhe mean dis-
tance from the carth to the moon, 238,854 miles, rowided to three
significant digits is 239,000 miles; and 17 of latifude at the pqua-
tor, 68.71 miles, rounded te two significant digits is 69 miles.
Some tests sav that when 5 is dmppod the preceding digit should
be itfereased by 1 if it is odd but left unchanged if it is even.
About the only advantage of this rule, if used, is that all students
will round in the same w av. Since there are as many even as odd
digits. when a large unmber of addends are summed, the errors
will tend to compensate.- If this rule is used, it should be used
only for limited cases of 3, 50, 500, 5,000, and so on. If some
number such as 234,312 is to be rounded to three digits, the third
digit should be incresed by 1 whether it is odd or even.

Adding and, Subtracting Approximate Numbers. In a set of
measurements like those shown in a. cach measurement should
be given to the same unit; in this case the tenth of a foot is the
nnit ot met tsulvmvnt since each measurement is made to the
nearest tenth of a foot.

-

a. 426 fect b, 2621 fect c. 9 8/16 mdu'
500 ¢ 30.00 4 3/16
\76.-‘3 - 1636 ° 531/16
50 ¢ 4130 * 30/16
206.9 feot, © 11390 feet 21 12/16 inches

[u set a. the zeros are significant and must be written as shown.,
In set b, sinee the unit of measurement is 0.01 foot, the zeros are
significant and cannot be omitted. In set ¢, the unit of measure-
ment, 116 inch.is clearly indicated. The 8/16 inch should not be
redinced to 1 2 inch. The 0-16 is necessary to show the same unit
has l)un used for cach measnirement. The 30°16 in ¢ is just as
neeessary to show that this measurement is accurate to the nearest
1 16 inch as is the S.0 feet in @ to show that this measurement is
accuriate to the nearest 0.1 foot. There is a vast difference be-
tween exact. abstract fractions and the concrete fractions ob-
tained by measnring. The fractions obtained by measuring are
never exact and must be treated as all approximate data are
treated. The last digit of cach measurement in ¢ and b is a nearest
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digit und may be sllz.,htl\ too large or- slightly too small, For rea-
sons given above, the last digit of the answers to a, b, and ¢ may

not be significant, but in pr.lctlcal work the best rule is to retain

the full answer. If the 12/16 in the answer to ¢ is reduced to 3/4
inch, the indicated accuracy of the answer will be reduced from
three significant digits to two significant digits, the precision of
the measurements will be lessened, and an important part of the
original data. the unit of measurement, will be lost. )

In subtracting approximate numbers it is better to retain the
full answer, as shown in d._Quantities to be added or subtracted
should be measured to the same unit. Sometimes it is necessary
to add measurements made by different people or measurements

and results obtained from computation. In these cases it may be
niccessary to round the data to the same unit before adding.

d.., 5624 mdw/ e. 251 feet f. 8 inches
2341 . 32641 ¢ 1.8762  “
62.53 inches 437 " - '

120.5 v

) .

Unfortunatelv, examples in addition and snbtraction like ¢ aud
f paay still be found in certain textbooks and in examinations con-
taining obsole ‘te processes. The pupil is usnally mstm( ted to “fill
the enipty places with zeros and then add or subtract.” Examples
of this tvpe do not occur in real life, and they should not appear
in np-to-date hooks. Reeve says, “Not ouly is an example like
12,7 —10396 a non-essential, but it is an evidence of edncational
ignorance” [ 13].

Writing abont similar examples found on so-called standard
tests (9.4 — L000S3 and 9.2 3.00061), Uptou savs, "How is a
teacher to keep her balanee when presnmably anthoritative tests
uiv e l)l()l)l( ms like the above?” [15]. Brueckner and Gro¥snickle
say in conmection with similar examples, “The teacher w ‘ho gives
examples of this type is defeating one of the purposes of teaching
decimals. Neither business nor science nses such procedures.”
And. wgain. “Ragged decinls never ocenr in social nsage™ [6].

It should be noted that it the zeros in an example like the fol-
lowing are not significant. the exauple violates the rule that all
meastrenents to be added or subtracted shonld be measured, or
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rounded, to the jame unit, 'I‘lus is another case of “tagged deci- :

mals.”

46 feet
. - - 210 T
N ' ‘3,400 * !
v 163,000 ¢

— .

Exanples ¢ and, f violate the fundamental rule that all measure-
ments to be added or subtracted should be measured to *be same
wnit. Certainly no experienced person would think of usiag four
different units inff one sét of measurements. No one uses g ya):xl '
stick for part of a set of nwasuremonts and a micrometer for the
balance. . . ‘

Computation never increases the accuracy of the data. Culli-
more says, “The freqiient labit of carrying results to a greater
number of significant figures than the data warrants comes peril-
ously near to lving w1th figures” [7]. The teacher who annexes
z¢tos in examples like ¢ and f and thus makes people believe that
rough data are verv accurate data is no longer perllously near h
he has arrived. -1t is never permissible to annex zeros in examples- '
like ¢ and f. The measurement 251 feet in ¢ may be any thing be- -
tween 230,500 feet and 251.500 feet; therefore 251.000 feet is only ’
one of u thousand possible values, each of which would produce a
different answer. .

A measurement like 3 inches (f) is a \erv rough measurement,
whereas 3.0000 inches is a very precise (Sllld" unit) and accurate
(five significant digits) measurerrent.. In no sense are' 3 inches
and 3.0000 inches equivalent. If the 3.0000 inches has been meas-
ured correctly to the nearest 0.0001 inch the zeros are SIgmﬁc'mt
and no pmctu-.xl measurer would omit then. Zcros should never
be anne xee in addition or suln‘ra(hon

Criteria for Accuracy. The measurements 4,832 feet, 48.32 feet,
and 04832 feet are all equally accurate, since they have the same
numiber of significant digits; but the last medsurement is the most
precise. since it has a much smaller or more precise unit of nicas-
urement. An instrument of precision was needed to make the last
measurement. A measurement or the answer to a problem must
have ghe decimal point correctlv located. but the location of the

' (l((lllhl| [)()]l]t (1()( 'S not lll(il(.lt(‘ ”l(‘ .lLL‘lll‘lL) ()f 4 measurcment
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or the accuracy of an answer. Muany tests instruct pupils to cagry

out answers in division to a stated number of decimal places. This

is not a satisfactory criterion and often leads to serious errors.
The two examples helow are taken from a set of examples hav-

e ing the instructions, “(Ju‘?'ry vour answers out to the nearest hun-
. dredth”: . ' '
3,865.74 .02 ' o
a. 216 783507 b. 83.61 [17489" ~

In a the answer should be carried out to four digits and rounded |
hack to three: 3.870. is the best answer. In b the answer should
be carried out to five digite and rounded back to four; 0.01713is .+
the best answer. The ridiculous answers obtained by carrving out -
the instructions show how unsatisfactory such instructions are.
It is trite that a careful textbook writer will aveid such absurd
extremes, but his examples will be highly artificial, since he must
jnggle all his data to make them fit the instractions. '

The only safe critevion is, carry the answer put to, or round the
answer to. the number of significant digits justified by the data.

The criterion for accuracy that is casiest to apply in the ordi’ ¢
nary computation used in elemenfary schools and in hight schocls,
is the nuniher of significant digits. This criteriontis satisfactorv
for all but the most refined scintific computation. (“hangmg the
three-digit measurement 86.3 millimeters: to 0.0000863 kilometer
does not change the accuracy of the measurement. Since 86.3
millimeters and 0.0000863 kilometer cach have three mgmﬁcant
digits. thev are of the same degree of accuracy. A measurement
h(lllHU three significant digits, or three-digit accuracy, is more
accurate than a measurement having two significant digits, or
two-digit accuracy. An approximate number having four signifi-
cant digits. or four-digit accn acy, is more acenrvate than one hav-
ing three sivnificunt digits, or thwo-dlmt accuracey. An approxi-
mate munber having (1 = 1) § mificant digits is more accurate
than one having only (n) siggficant digits.

If two measnrements hive the same nmmber of significant
digits, the one that bhegins with the arger digit is the more accu-
rate. Thus 8.76 foot is more accrate than 342, feet, $.37 feet,
0.133 feet. or 635 feet. The measurement 99.9 feet is very near to

.

~

”

ERIC

Aruitoxt provided by Eic:



248 O THE METRIC SYSTEM
four-digit accuracy (99.9 4 0.1 -= 100.0), whereas the measure-

ment 10.0 féet has just got into th(* three-digit ‘class (9.9 + 0. l)

I there is an crror of 0.03 feet in cach of the last two measure-
ments, the error in the first 1s 0.05 in 99.9 or 1 in 1,998, whereas
the error in the second is 0.03 in 10.0 or 1 in only 200. 1t is easily

seen that the error in the second measurement is far more serious

thaw the error in the first. The ratio of the error in the measure-
ment to the measurement itsélf is called the relatice error. Where
a rigorons criterion for accuracy is needed, the relatiye error
should be used. o .

The smallest whole number with two digits is 10, and the latg-
est 1% 99, Since the mit.of measurement is 1, the maximum error
to allow two significant digits in cach of the above numbers is
0.5. The relative crrors will be roughly 0.5/10 = 0.05 == 5 per
cent and 0.5.99  0.005 = 0.5 per cent. That is, in a number
with two significant digits the error will range from 5 per cent
down to 0.3 per cent. Iho location ot the decimial p()mt will not
affect the range of the crror. The numbers 99, 9.9, 0.99, and
0.00099 will {11 have the same relative ervor,

The range of error for numbers with more than two significant
digits may be found in the sanie way. The table below shows the
range of errors for numbers of two to five significant digits.

Number of Signifi- Range of Error

©ocant Digits in Per Cent

2 3 to 0.5

3 05  to 0.05
( 4 0.05 to 0.005
5 (.005 to 0.0005

The measurement 10 16 inches or 64 16 inch mav have an

“error of one-half the init of measurement. or an error of 132 inch. .

Sinee 132 0 6416 0.0078 or 078 per cent, this falls in the
two-divit rance and checks the approximate rule given carlier in

this article for finding the number of significant dicits when deci- -

mal units were not used. Again, an error of 0.3 ounce 1 the meas-
urenient 12 pounds -+ ounces or 196 onnees will be 0.5 in 196.
Since 0.3 1 196 0.0023 or 0.23 per cent. the measurement has
an error between 0.3 per cent and 0.05 per cent and s in the
three-digit cluss,
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“The expert alwayvs writes the full dimension. No designer, .

draftsman. or engineer would write 2 inches when he intended a

dimension to be 2.0000, inches.- Tt addition to this, the tolerance

(the amonnt of variation: permitted in the size of a part) is usually

given. If a shaft is to fit ina lml( the dimensions might be given
as follows: -

o L 0.000 inch
. 1874 hoe T
0.000 inch Shaft 1999 inches 0.001 inch

Hole 2.000 inchies 7 0.001 inch

That is. the hole can vary from 2.000 inches to 2.001 inches, and
the shaft can vary: from 1998 inches to 1.999 inches. An engineer
would never write 46 for 46 07 or 46 007 00 (either form is
permissiblei. The UL S, Coast and Geodetie Survey goes so far as
to weite 100 007 00.0” when a position has heen located to the
nearest 0.1 second of latitnde or longitude,

In contrast to the correct and scicntific practice followed by the
teclinicians, the average person very often gives only part of the
measurement. Thus @oman wanting a table ()f a certain size, such
as LG feet by 6.00 feet or 1000 teet by 6.000 feet, or 4 feet 08,
inch In 6 feet 08 inch, or 4 feet 064 ineh by 6 feet 0,64 inch,
will usu.lll\ write the dintensions +f feet by 6 feet. Tt is, of course,
impossible to build a table “exactly™ 4 foet by 6 feet, but since it
is relutively casy to measure to three- or four -digit accuracy, a
carpenter lnul(luw the table will most certainly not have an error
of 0.3 foot in cither dimension. It is reasonable to assume that
the ervor will not be greater than 116 inch in such a picee of work
by an experienced craftsnn,

It the rules for computing with approximate data are followed.
the area of . table § feet by 6 feet would have to be rounded to
one-digit acenracy. The answer 24 squure feet would be rounded
to 20 sgnare teet. Tis obvions, however, that since the intended
acenraey is at least that indicated by dimensions of 4.0 feet by 6.0
feet and donbtless by dimensions of 400 feet by 6.00 feet. the
answer 2h squuare feet or even 200 squre feet is a better answer
than 20 sgnare feet. The trouble is not with the rules for com-
puting with approvimate data hut with the carcless way in which
the data were given.

\ carpenter wishes to by door “evacth 7 b feet by T feet. 1
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the 'door is 1,16 inch short, he will doubtless have no objection,
and if it is 116 inch to 1°8 inch too ldug’for his opening, Le will
plane it off and be happy: . | . '

When our clementary textbooks begin to give thq{ data cor- -
rectly and to teach pupils how to use these data correctly, we will
have far better mathematics in the elementary schools and far
better preparation for high school mathematics and science and
for veal life applications. T /

Rules for Multiplyivg and l)icjding Approximate Numbers.

When two approxinate numbers are to be multiplied or divided, : /
the following rules should be used: 7
. L If two approximate numbers hace the same number of sig-
nificant digits, multiply the numbers and round off the product

to the same number of digits as there are in cach factor. The last
digit of the answer will not always be significant, but this rule is
satisfactory for all clementary work and is usually- followed in
scientific work, For example, 26.3 % 9.25 == 243.275. This result
should be romnded to 243. '

2. If one.of two approximate numbers has more significant
digits than the other, fust round off the more accurate approxi-
mate number so that it contains one more significant digit than <"
the less accurate approximate number, Then multiply the num-
bers and round off the product to the same humber of digits as
there are in the less accurate factor. A product can never have
more significant digits than therfe are in the least accurate of the
factors used in the computation. and in some cases it may have
one less significant digit; but for elementary work the rules given
above shonld be used, For example, 3435 X 421555 - 2 should
be worked as 343 3 4216 1.456320. This result should De
rounded to 1430, The zero is not significant.

3. 1f two approximate numbers in dicision have the same num-
her of significant digits. carry the quotient out to one more digit
than is contained in cach of the given numbers, Then round off
the quoticnt so that it contains the same nwmher . f disits as there
arc in cach of the gicen numbers. For exawple, 153 1 62.3
22815 This result should he ronnded to 243

boAf the dividend and divisor are such that one of them has
more signéficant dicits than the other, first round off the more
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accurate number so that it contains one more significant digit than
the less accurate number. Then divide and carry the quotient out
to one more digit than is contained in the less accurate of the two
numbers. Finally round off the quotient to the same number of
digits us are found in the less accurate number. Thus in the
example 884 - 2,150.42, round to 884 - 2,150 -~ 0.4111; then
round the answer to 0.411. Note: 884 —- 2,150?2 = (.41108,
which also rounds to 0411, .

When the above rules for dividing approsimate numbers are
used, the last digit of the quotjent will not alwavs be significant,

but these rules are satisfactory for all elementary work and afe

nsnally followed in work in science. .

. The four rules given above may be combined into a single rule,
In multiplication and division the answer can wever have more
significant digits than there are in the least accurate factor. An-
swers should be rounded to the same number of digits as there are
in the least accurate factor\

Rales 2 and 4 may save considerable immecessary computation,
especially in texts where the author has not used consistent data,
but they are not essential and consequently may be omitted if
desired. . A ‘

A rongh demonstration like the one below will help to show
the reasonableness of the laws for multiplication. The uncertain
digits are in boldfuce. All digits obtained by using these uncertain
dirrits are also shown in boldface. &cept those combined with
digits carried from the boldface digits. The problem is: What is
the arca of a rectanale 5,63 feet by 7.43 feet?

8.65
713

2595
5160
Hions
£ 1.2695 st answer 61,3

It is evident that itwould be deceptive to retain more than one
nueertain digit, This device mav be used for multiplication or
division. Pupils may use red peneil for the nncertain digits. "A
weond demonstration is to take the produet of the two lower
limits - $.615 2 7.423) and the two upper limits (8.655 X 7.435)

S
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and round the answers to three digits. If all the 1{()5511)1(' com-
l)m.ttl(ms hetween these limits are taken, there will be 11 117
- 121 different answers. Any one of these may be the answer.
lf‘ however, Rules 1 and 2 are followed, the best answer will be,
obtained in a very large per cent of the cases, and in most of the
other cases the ervor in the last digit of the rounded answer will
seldom be more than L Ina very few cases it may be 2 or even
3. Itis far bottcr to run the risk of a small error in the last digit
in a very small per cent of the cases than to follow the present
lan of rvt‘unmi, two. three, four, or more digits that are not sig-
nificant or the equally serious error of dropping digits that arce
significant, '

5. In the actual work of dividing two approximate nunibers, it
is sometimes necessary to annex seros to the dividend in order to
secure in the quotient the number of digits warranted by the orig-
inal data. 1n the example 86.2 -:- 9.43 the answer should be car-
ricd out to four digits and rounded back to three (the answer is
9.14). To seenre tlns answer it is necessary to annex several
zeros. If the dividend in such cases is more accurate than the
divisor, the original digits mav be retained instead of folowing
Rule 4. The zeros annexed in dicision do not affect the accuracy
of the digits retained by following Rules 3 and 4. Four zeros were
annexed to get the answer 9.141, which was ronnded to 9. 14, The
same answer may be obtained by rounding to three digits the
gnotient. obtaine d by dividing any of the following nmbews by
9.43: $6.20000, 8621111, §6.2123.4, $6.23333, 8§6.21987, 8().18&86\
$6.19999. or anyv one of several hundred other numbers obtained
by annexing digits other than zero. Inanv of the above cases the
annexed digits enable the computer to get the number’of digits
to which he is entitled by the rules that have heen given, but they
do not change the first three digits of the answer. In actual prac-
tice the only digit ceer annexed is zero. 1 this sume test is made
in addition or subtraction. a large arrav of different answers will

be obtained. It is never permnissible to annex zeros in acddition or.

subtraction.

The answer in square roof should contain the same number
of sienificant digits as there are in the approximate mmber whose
root is sought. The square root of 64 is 8.0, and the square root of



v .

TOWARD WIDER USE . 233
64.00 is S.000. It is better to carry the answer out one digit farther
than warranted and then round back as was done in dicision.
Both the 64 and the 64.00 used above were assumed to he approx-
imate numbers, The square root of an exact number may be car-
ried out to as many digits as desired. In practical work this will
usually be determined by the other data in the problem. If the
root is to be used with data of n significant digits, it should be .
ronnded to (n + 1) significant digits.

w When used in multiplication, dicision, and square root, the
rules for computing with approximaté data should be applicd only
to the approximate factors. The 4, 3, 1,2, 6, and 4 in the follow-
ing formulas are exact unmbers:

Vo433 = A 1 2ab V =R (B44m 4 T). _‘

Pupils nimst be trained to differentiate between exact and ap-
prosimate mumbers, 7
Exact Numbers. "1, Numbers obtained by counting are consic-
ered exact. This is especially true when the elements counted are
practicallv identical. such as six nickels, eight L-inch steel balls,
twelve standard eggs of the same grade. When the elements
counted are not identical, the “measurement”™ may he wildly ap-
proximate for some purposes. I a new development contains
* cightvasiy houses all huilt from the same set of plans and costing
$T.600 cach, the 56 may be considered an exact number. How-
ever, if there are ina town cightv-six houses ranging in vahie from
L mansion costing $93.000 down to a shack costing $800, the 36
istevact only ina eensus” sense.
arge nnmbers obtained by counting should he carefully
cheched to see that conmting produced no error. If we read that a
certain city has 2,276,555 inhabitants, we may be sure, tor a num-
her of good reasons. that little confidence can be placed in the
[ast two or three digits.
2. Siall whole wumbers in various formulas are almost always
vt : :
3. Hypothctical measurements may be considered exact, If the
sides of aAgnare were exactly 2 inches, the perimeter wonld be
exaethe S inches, the area would be evaetly 4 sguare inchies, and

the diceonad 24 2 ineh. The \ 2 in this case could be carried out

ERIC-
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to any desired number of significant digits. It might be well to ,
note, however, that no-one could construct such a square or meas?
ure its sides exactly if it did exist. A hyvpothetical square foot 12
inches by 12 inches contains 144 square inches, and a hypotheti-
cal cubic foot 12 inches by 12 inches by 12 inches contains 1,728
cubic inches. ’

Approximate Numbers. 1. All measurements of all kinds are
approyimdie.

2. Ratios of measured results arce approximate.

3. Many numbers,,or ratios, such as 2/3, =, ¢, \/3, tan v, and so
on, cannot be expressed exactly by an ordinary mixed decimal or
decimal fraction. When ‘the first n digits of such a number aré
takchfw-ﬂ-catisfactory approximation, the number thus obtained
is approximate.

4. All rounded numbers are approximate. The answer to anv
problem in which approximate data are used is approxinate and
must be correctly rounded.

5. Practically all the numbers taken from varvious handbook ta-
bles are approximate. There are hundreds of such tables, some of
which contain thousands of approximate numbers.

6. It is fuirly sufe to assume that practically all mixed decimals
and decimal fractions are approximate.

Miscellancous Rules and Suggestions. When such approximate
numbers.as = 0.7634 1732 (the \/3). e, or anv of the thousands
of physical constants. ratios. and reduction or conversion factors
found in the various handbook tables are used in a fornmla or
problem, round off the value found in the table to one more sig-
nificant digit than is contained in the least accurate of the other
approximate numbers in the formnla or problen. This agrees
with the rules for multiphiner and dividing approximate numbers
and for partial products. A test should never say = - 3,14, or =

3. 146, or the like. The only satisfactory procedure is to round
to cicht significant digits, making = - 3.1413927. The punil
shonld then be tanght to round this value to one figure more than
his dita. Ficht significant digits were chosen because un cight-
significant-digit measurement is the most acenrate measurement
that has been made up to the present time. The value of =-could
be given. of course. to six, seven. cight, or as many digits as are

/ .
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desired. The value given should contain more digits than any of
the data given in the text. The same thiug should be done with
conversion factors, that is, 1 kilometer == 0.62136995 mile, 1 liter

= 10366818 hqmd (uarts, 1- kllogmn == 2.2046223 pounds, and
so on. The value given snoulJ always be suffielently aceurate for
apy measurement that will ever be needed in the text. Note:
Technically it would' be l:ctter to say 1.0000000 kilometer =
0.62136995 mile; that is. hath sides should be given the same num-
ber of significant digitss Ll‘mdl)uokq however, never do this.

When finding the pm(}\wts of three or more approximate num-
bers or when squaring or cubing an approximate number, follow
the rules for multiplication. If possible use the more accurate fac-
tors first. Somewhat better results will be obtained if one more
digit is retained in the partial products than will be retained in
the final answer. A similar rule mayv be used in division or an ex-
ample in which both multiplication and division are needed,

In this vital matter of cmnputint with approximate data in the
elementary schools and the high schools we need simple consist-
ent rules that can be casily applied. Statistical and other vefine-
wents are matters for the college and graduate school. The rules
given in this article form a safe foundation on which the graduate
school may build. It is true that when the rules given in this arti-
cle are nsed. now and then a final digit that is not significunt will
be retained. This is not serions and \nu not conflict with work in
science where it is common practice to retain a final figure that is
ou the “rageed edge”

Many of onr modern texthooks wre 'highl.\' inconsistent in their
treatment of computation with approximate data. Duane Roller
savs. “Most testhooks disenss the concept of significant figures
digits? hut fail to take it into account in stating problems of a
uianntitative nature. thns imaking it abmost nnp()ssll)lc for the stu-
dent to nse the idea of wrmf"c.mt ficures in solving problems”
[T0]. N few modern texts give a {.uxly ¢ood treatiment of compu-
tation with approximate data, but in succeeding chupters and in
their answer hooks they fail to follow the rules that they have de-
veloped. T other tests the chapter treating approximate data is
placed at the end of the test.

The data in any given problem in mathematics or science
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should be consistent and should clearly indicate llu accuragy de-
sired.in the answer. No answer book should give, and no teacher
should allow, more (llyts in a final answer in maltiplication, divi-
sion, or-scquare root than therve are in the least accurate item. The
term approximate computation should not be nsed. The.data in a
problem may be approximate but the computation is not. Com-
_putation w ith approximate data is not rongh, carcless, or slipshod
work. Tt is careful, intelligent computation that pm(luc es honest
answers. The answers obtained are the best answers that can be
secured from the given data. '

The words precise, accurate; and correct should not be con-
fused. Precision and accuracy ave relative. The measurements
0.60064 inch and 243126 inch are equally precise (ap equally
small unit has been used), but the second measurement is far
mor¢ acenrate (it has more significant digits). If an answer is
correct, no mistakes in computation have been made and finally
it has been correctly rounded.

Computation with approximate numbers should be tanght in
grades seven. eight, and nine for the following reasons:

L. Ttis the ouly “real life™ computation for practical or applied
problems in which either measurements or any tvpe or approxi-
mate numbers are part of the data.

2. It gives pupils a definite criterion for rounding answers in
multiplication.  That is, it gives the why, when, aud how for
ronnding. '

3. It gives pupils a criterion for telling at a glance how far to
carry ont any problew in division. '

4 It gives pupils a critevion for determining the munber of
its to retain when using numbers such as 3.1.4139, 0.7585398, or
3183095; metric conversion or reduction factors, 1 kilometer
0.6213699 mile: approximate values, such as 1.25 cubic feet
1.00 hushel: specifie gravities, such as 1134 for lead: tangents;
and the like. -

5. It gives pupils a criterion for telling how far to carry out
the answer to any example iQ square root.

6. It gives pupils a critetfon for correctly nsing in problews
datwof differing degrees of accuracy. '

7. It gives papils a criterion for telling how far to carey
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out the answer to an equation and how to check this answér.
8. It gives the pupils a criterion for telling how far to carry
ont the answer to any written problem in applicd mathematics or
science. '
g, It prepares pupils for snch approximate methods of com-
putation as the use of logarithms, the slide rule, graphic solutions,

‘s(quare-root tuhi's, compound-interest tables, and the like.

10. It enables pupils to use our old measuring amits either
alone or along with decimal factors and to retain the proper num-
ber of significant digits in the answer. .

11. Tt climinates ragged decimals in addition and subtraction.

12. It enables pupils to tell when they may annex zeros—ronly
in division and roots—and how many zeros they may annex., )

'3, Tt gives pnp'Lls a criterion for working with fractional meas-

arements and compound numbers. The: will never make the mis-
take of assuming that 4 172 inches alwavs equals 4 32/64 inches,
and they will know that it they reduce 4 32/64 ipches to 4 1/2
inches. they reduce the indicated aceuracy of the measurement
from three significant digits to one significant digit and also re-
duce the precision of the, measurenment. They will know that 4
inches has only one’ significant digit, whereas 4 0764 inches has
three. ' : . '

14, Tt saves a consideralle amount of time spent in useless cal-
culation and gives batter results. This is especially true’ when
abrideed mnltiplicutinn’ or division is used. ‘

15. It eliminates the incorrect rules and the large per cent of
WTONYE answers found in many clementary texts. Pupils will not
be tanght mies. coneepts, and techniques that are wrong and that

must fater e changed. '
. ] _ b

* ENXFRCISES

{ Answers Given in Parenthtses)

1. Romd to tFree significant digits: 8746 (87.5), 92.54
(92,533, 1416 13,10 29565 (2.960).

2" Ronnd to four significant digits: 3.14159 (3. 142): 0.78539
(075310 215352 (218.100); 218,252 (218,300).

[4
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3

’

3. Round to one significant digit: 3,956.5 (4,000); 5986 (60).

4. Multiply and round to three siguificant digits: 8.64 X 7.26 -

(62.7); 1436 X 18.29°(262.6); 429 X 86.5 (3,710, zero not sig-

.- nificant); 28.56 x 8.23 (233.).

5. Multiply: 8.7 ft. X 3.1416 (8.7 X 8.14 .= 27 ft.); 424.86 %

8.43 (424.9 X 843 -= 3,580, zero not significant).

6. Divide: 576 -:- 3.62 (159); 43.86 - 18.23 (2.406): 29.8 ;.
314159 (29.8 - 3.142 =: 9.48); 63.1 — 89.73 (0.703).

47 Find the & v of o trupezofd with by — 26.34 ft., b = 18.96
ft., and @ == 8.34 ft. (189 ft.).

8. Find the arey of a triangle with b~ 2478 ft. and a = 19.26
ft. (238.6 sq..ft.). ‘ . : .

9. Give the value of = that should he used and the circum-
ferences of the circles having the following diame. 1s: 2.4 ft,
(3.14, 7.5 ft.); 2281 ft. (3.1416, T1.66 ft.): 23.6 in. (3.142, 74.2
ire. ) 183.59 ft. (3.14159; D76.76:ft.). e

10. Find the square root of 81.00 (9.000); 62500 (2.5000);
3.000 (1.732); 64 (8.0). :

11. What is the volume o.f};i) conical pile 32.76 ft. in diameter
and 4941 ft. high® (Solution: V = 1/3 % 3.1416 X (16.38)* X
1941 = 1,388 cu. ft.) '

12. The side of an equilaferal triangle is 12.00 ft. What is its *
area? A = §*4\/3. (Solution: (12.00)% -2 1440. 144.0 X 1/4
> 17321 ¢ 62.36. Nate: Since 12.00 has four significant djgits,
it is necessary to retain five figures in \/3.) -

13. Multiply 437.64 ft. by 03241 and add 1643 ft. (437.64 X
03241 141.839124). Round this to 141.8 and add (164.3 4
1418 - 306.1 ft. ). -

I+ Find the cube root of 498.0 (7.926). Find the cube root of
K930 (75998 = 7.900, zeros significant ),

13. Find the nnmber of significant digits in the tollowing: 4
CLveet 07 (5, sinee it is 1L4007): 9§, (1) 91t 0 S.in. (3. since
iisS6ES imo: 12 76" (6): 4 VAL 2R 61 S e (D) 12470 fr

(5321281183 Sin. (5).

<

Do vou see why practical people prefer decimal measnres?
Thev have so wany advantages that scientists and others have
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changed to the metric system or have divided ur vld units deci-
mally, So divided. the old units have many advantages of the
metric svstem but lack the relebtipnships so valuable for scientific
waork. « Note that 1.8 inch equals zll)pl‘().\'illlaltcly 0.01 foot.)

/

.
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The Metric System in Scia.Edu ation

. PHILIP G. JOHNSON -

Turnre is wide variation in the stress given to the metric system

-

in the teathing of science at secandary school levels, In_ many

general science and biology dlasses very little attention is given to

such instruction, wherecas in some chemistry and physics classes

there will be substantial amounts of measurements, and almost

all of them will be in metric units with decimal fractions. There s

have been some evidences of change during the war vears from

general exercises in measurement to the applications of measure-

ments to actual materials, such as specifications of an engine [4].!

Such evidence is too limited to indicate a trend in teaching prac-

tice. There is a need for some careful research concerning status,

trends, and possibilities it the use of the metric svstem and deci-

mal fractions in science instruction. -
If we were toask science teachers to state whether or not they .

tanght the metric system, I am quite certain that the great ma-

jurity. would respond affirmativelv. .Certainly the senior high

school teachers of physics and chemistry would state an omphatic, B
"Yes.” On further questioning, I think that~science teachers at
secondary school levels would admit using the English svstem in .

most illustrations, but again many physics and chemistry teachers ~
would probably hesitate to give the impression that thev useetthe
English system very much either in illustrations or problems.
General science and biology teachers would be less certain that
they give stress to the metrie svstem and decimal fractions, .

In his study Investigations of Vocabulary in Texthooks of Sci-
cnee for Secondary Schools [3], Curtis included the following
measurement words for general science: centigrade, foot-pound,
horsepower, kilowatt-hour, watt, ampere, and ohm. There were
no measurement words in the lists for biology, but the chemistry
lists incloded: centigrade, liter, eentimeter, gram. Fahrenheit.
ounce, and micron. Authors and certain professors ot chemistry:
suggested inaddition the following: angstrom unit, kilogram,

" Numnbers in brachets reter to the References at the end of this article,
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. Thousmdth - Tlum.s-rmdfh\'\‘
Type of Units English Un't in Which Metric Unit in Which
“Commonest Commonest °
Time e Second 1 . Second 1
Weight .~ . Dram 10 Gram 12
Ounce 3 , Ce nhg,m))/ 18
Powid 1.’ l\ll()}_,rz(n 10
“Volume . ..., Pint . 4 the 14
"Quart 3 '
Length © o, Inch ) -1 Centimeter, 9
. cow Foot 1 Meter 4
Yard 1 Decameter 20 plus
_ Fathom 6
T Rod 2
Mile 1 Kilometer T
Furlong 12
Energy Horsepower " 12 Kilowatt 14
British thei- Watt 10
ma) unit 20 plus - Caloiie 9
Temperature Fahrenheit 9 Centigrade 13

O
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® For instance the word: second is among e fiist thonsand of the most com-
monhy used terms, whereas- the word gram is cnenuntered in the tweltth thonsand

or is ameng the 12,000 most widely uwd vor Is.
o

milliliter, millimeter, and meter. The s cdv did not include a
word list for physies. _

When we examine a general listing or w.o s [6] as encpuntered
in reading 10,000,000 words from materials considered suitable
and characteristic of what high school students read, we find that
amone the first 1,000 most (mnmonl\ used words only six deal
with meastwement. These ares foot, inch, mile, pmuu/ seeond,
and gard. Tt is necessary to consider the 000 most conmuouly
nsed words before a dlstlnctl\ metric term will be ~ncountere .
This term is meter. The table given above shows the frequency
o wecurrenere of certain words, and tnerefore gives aeindex to
cheir ceneral iiportance, Based onhows often some selected incas-
vrement terms ange encountered o the reading material of high
school stndents.

The table indicates that, as teachers, we have adjusted our
teaching very wll to the use of measurement terms as found in
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sencral reading. Fhe i;mrimiuuting, questions are: Have we done,
and are we (lumu enough to encourage an accelerated rate of ac-

ceptance of the metric system, which we feel is the onl\ truly
scientific sysiem? Have we been, and are we now, sufﬁclcntl\ di-
rect and elear in our teaching to prepare the way for the abandon-
ment of a svstem which scientists hiyve long since elin "aated from
their work® When fathom is more widely used than kilometer,
and dram is more often enconntered in genera] reading than liter,

teachers of twenty to forty vears ago seen to have bccn rather lax
in laving .. foun(latmn for the general use of the metric svstem by
their future writers. "Are we (lmnt.f, any better todav?

Since eneral science is constant in m()s.t sccon(hu\'»sch(mls we
find in this course our most favorable opportunity to help our
onth and future adults to understand the adv: antages of the met-
veosystem. Only a minority of these same stn(l(ﬁts will take
chemistry or physics conrses, in which the system will again be
aiven stress by sciencee teachers. We will have to teach general
sciers - inosuc h ways that the metric system will come to he known
and understood thumtfh its utilization by students and teachers.
if we desire to reach all the students. It should be (‘llll)]hlSl/C(I
that our instruction should concern not so much the metric sys-
tem as the actual use of the metric SV stent. We can help students
to understand that the metiic s\stcm is casily used and globally

tnderstood.

Many scienee teachers will argne that such teaching would be
Lugely useless and impractical hecanse the metric svstem is sel-
ddom (llt()llxlt(tt(l in evervday life. They will contend that most

of the students will not beconie scientists and that those who do
o can learn the svstem fater. In order to sense the possible sig-

nificance of the metrie system in the lives of their present general
science stndents. science teachers will have to consider the needs
of pupils as citizens of a world which operates more and more 1m-
der the metric svstem. There is a need for experimentation in the
arerr of metric instraction. Through o pooling of experiences a
Sy of tested practices conld be assembled for the gnidance
of weneral scicuee teachers who wish to aid students in deve lop-
ing an understanding of the metrie systen

Biolooy represents the second-hest opportunity to enconrage
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our tuture adults in (l;cx cloping a svipathetic appreciation of the
metrie systenn In 1933- 1934 move than 33 per cent of -the poten-
tial registrants were tahingg the subject. Wh botany und zool-
ogv were included, the percentage rose above 39 [7]. What are
hlol()(rlcll scicnee teachers doing al)()ut the metrie system? Here
again we nmst coufess that llttlc ornv sawormation is available.
L( rtainly there are many opportunities to stress the use of a-sei-
entific svstem of measurements, Among these may he mantioned

- the descriptions of specimens, the energy equivalents of varions

O
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foods, the temperature seales, the micron and millimicron as units
for measuring and describing microscopic forms, blood counts,
blood pressure, formulae for nutrient sulutunls uscd for hydro-
ponics, composition of patent medicines, pwsuxptmns records
for track and ficld events, solution strengths and dilutions, and w
lurge nmnmber of related: topics. What biology teuchers have done
with these opportuntities should be studied and reported so that
the best practices may be made more generally known.

By the time pupils are sufficiently advanced for studics at the
vleventh and twelfth grades, many will have dropped ont of
school, and the special values of chemistry and physics will be un-
availuble to them. Tor this reason the postponement of cmphasis
on the metric svstem until pupils have reached the senior high
school will gre .1t1\ reduce the effectiveness of metric instruction.
ey el tlmu«'h the natire of the subject matter may on the whole be
more appropriate to the development of move advanced measure-
mcut concepts by the students,

It secmns rather trite to sav that chemistry and physics instruc-
tion is naturadly metrics vet many chemistry and physies teachers
do very Tittle ahont trioning stadents to use and appreciate the
vabies of the systenm Teatbooks tor physicos nsually give a portion
of @ chapter to measorements, Thiere are disenssions of connmon
nnits, conversion factors or (-(]ui\;llvnts. voerniers, micrometers,
stndardss constintss wd the likes Some teachers [1] give as
mch as aoweek to the study of mensuration as such, bt more
tine s st Tt st be meationed that mneh additional in-
strnction is <iven inrelation to the \tml\ ot other topics so that al
the cud of the conrse the students nuy ne arvived at aorather
satistactony ndesstanding of inetrie me astrenents. Whether or

N\
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not more attention should be given to direct instruction for un-

derstunding, sf—the metric svstem is not known, but there appears
to be a tendencey to minimize the direct instruction and o give

v

‘thv instruction as the need is met in the study of other plmws"()f

the courses The particular value of direct instruction lies in the
fuct that it can he well organized so as to form a progressive de-
velopment. A view of the entire svstem can be conveved. Stu-
dents can be tanght to read scales pf virious types and to express
their findings in numbers as well ay units. The lack of interest
which is enconntered may he due to the practice of teaching inen-
suration as an end i itself rather than as @ means to an end.
Teachers have had stadents measure wooden blocks, sheets of pa-
per, and metal evlinders when they might have had them meass
ure the specifications of an engine, such as bore, stroke, displace-

ment, erunkshaft throw, and the like [4]. I teachers were to set

hetore students @ number of items of interest to the students,
there would heran incentive to de termine the ph\'\'i('?ll dinnensions
of the materials. Physics teachers may wish to improve the gen-
cral effectiveness of their direct ‘lppl(mch(s by laving students
measnre something which they would like to examine. In this
way teachers can develop plans for direct teaching of the metric
sustenn which will he both effective and intecesting.

Teachers of chemistry have many opportunities to stress e
metric sastem. Againgawe must conclude from a survey of conrses
of studv that the extent to which the metrie systen is used varies
widely in classroom practice. Some chemistry teachers have no
SURE? d time for lehoratory work, and they may make their conrse
Lurgely wre sacd-ahont-talk-about course, l)lunuf World War 11 the
rlu'mi\tr\ teachers were wrged to re-c mph INiZze (lnmtlt tive re-
Iltmmlnps and to extend their stidy ot neatralization hoth from
the classroonm and Laboratory st.m(lpmnts [2]. While the metric
swstent may be anderstood in generall it is in the development of
quantitative relationships that the valoes of this system come to
be appreciated. T the quantitative rel, 1t|m|\|ups/‘uv learned as a
part of Liboratory work with common wiaterials, there is a likeli-
hood that students will appreciate the vadues of the sestem. It
wontld seenn that highisehool chemistey teachers wonld have niany
special opportunitios to develop the understanding of the metric
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svstem, especially as these relate to weight and volume relation-
ships. There is very; little in the professional literature to indicate
that teachers have developed a clear and progressive plan for
helping their students understand and use the wmetric system. »

“The need for greater techmical proficiency on the part of voung
men who were inducted into military units or who weré needed
in strategic industries cansed a greatly inereased emphasis on an
understanding of mensuration during the. war period. Ont of this
need came suggestions [2] that schools put more stress on quan-
titative relationships. Suggestions included proposals for general
science, biology, physies, and chemistry teachers; and several of
the proposals had direet reference to the metrie systen. These
suggestions were made the basis for more local suggestions, and
a re-emphasis on mensuration and the metrie svstem was wrged
Hpon sc%m' teachers. ‘

An()tlu-r?mv:ms of improving instruction related to mensuration
was to ntilize films and other visual aids. An appreciation of the
value of motion pictures in training workers resulted in the pro-
duction of a number of  titles: such as The Steel Rule, The Mi-
crometer, Fixed Gages. Verniers, Height Gages and Test Indica-
tors, Precision Gage Blocks, Gage Blocks and Aceessories, The
Bevil Protractor. Mceasurement with Light Waves, These were
produced under the direction of the UL S. Office of Education [§]
wnd represent filmé which are technically aceurate, photographi-
callv goud. and clucationally sound. Together with an accom-
panving film strip and a teacher’s nanual they represent apotent
means for carrying forward an aspect of science instruction which
has been in need of expert visnalization. Science and mathe-
natics teachers should try these new educational tools and re-
port their resnlts to others,

It is possible that seienee teachers should give more careful
thought to the development of -caretully organized instructional
materials reliting to the use of the metrie svstem. Teachers might
well wather together snggestions for developing an nuiderstanding
of and appreciation for the metric swstem. In such aseries of sug-
gestions thev might well inelude the following: introductory ap-
proaches. illustrations from evervday life, possible experimental
demonstrations. opportunities {or individuals or groups ot sta-
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dents to experiment, plans for homemade gadgets, useful library
sources, desirable films, film slides, lantern slides, 'eluirts, and
other visual aids. authorifative discussions of néw or especially
important phases, teaching and study out’ ..es, project proposals
for students, test materials, and other suggrstions which would
indicate-in considerabledetail just what a science teacher might
do to develop interest in and guide efforts toward effective learn-
ing in relation to the metric svstem. When several teachers have
attempted to prepare such learning guides, their guides might %e
compared, and a pooling of the better suggestions might lead to
a resource unit which would be of great value to teachers all over
the country. If anything like thiis has Been.done, there is no ma-
teral readily available to reveal what was accomplished. ™« '

As has been mentioned before, there are numerous indirect
methods for developing the metric svstem through the sciences.
Sanie of 'thesg may involve the organization of new courses, such
s one in luhoratory techniques. Others may be limited to phases
of other courses; such as is possible in several sections of general
science, biology, chemistry, and.physics. Instruction toward .the
same general objective may be made a part of unit courses or core
courses. Again, a sharing of experiences should lead to proce-
dures and techniques which jre more generally effective than the
casual plans which are in common use by science teachers.

In conclusion, it may be said that science teachers have not
been very active proponents of the metrie system. They have
often heen careless in their selection and use of methods for in-
troducing and teaching the svsteni. Many of them have depended
upon the hope that students would learn the merits of the svstem
when they studied the more exact sciences,  Many opportunities
for calling attention to the advaiitages of the system have been
lost. hecause there has been a vagueness concerning the objec-
tives to he attained. Pupils have often heen bored by a presenti-
tion in science which overlooked previous instruction in mathe-
ntics {310 Ow the wholes we have not heen very scientifie in our
development ot the metrie syvstem. 1t s highlv desivable that we
should stredy present-day necds and opportunities. We shonld
connsel with teachers. scientists. and general woskers. We shonld
formmlate plns which will ke it possible for science teachers
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to enconrage the advancement of science and the growth of in-
ternational understanding through the more general use of the
metric svstem. It is to be hoped that this Yearbook may be the'
beginning of carcful planning and intelligent action on the part of
all who are now active participants in the teaching profession.
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The Metric System: ’
A Teaching Unit for Junior High School
| T. JUIINSON

Prerequisites _
L. The fundamentals of decimals.
I Approvimate measurenient.
A Mesnrement to nearest foot and nearest inch.
B. Bomnding off to nearest tenth, Lundredth. and thousandth.
IE Knowledse of how to find arcas of rectangles,
[V, Knowledee of how to do simpli: examples in percentage.
(Cases Tand T
Materials
. Eicht meter stichs, Two vardsticks,
1. Fach stodent should base foot rile marked in millimeters
cton and sinteent! o ineh,
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!S:pv('ific Objectives
I Estimation of mctric lengths—within 10 per, cent error.
I Actual measurement of objects in metric- units—to nearest
centimeter (em).
A. To find lengths and learn the relations between the dif-
ferent y units ot length. :
B. To find arcas and learn the relations between thc different
inits of arca. -
I Comparative (omput ition within the metric and English svs-
tews involving the ‘above plmscs of measurement.

Brirr Hisrory
! . i

Have vou ever thonght of how people lived before there were
anv measures? AVhat was the first measuring instrument? Where
did it come from® Who first used the vard? How did the meter

- come into use, and where and when? The storv of measnrement

is u fuscinating story and one which vou ouqht to read. Some of
the interesting tlumrs abont how ‘we got our vard and meter will
Le told here, If vou are interested vou can read more abont it.!

Long, long ago, when man had no number system and nsed s
fingerdfor counting, he also used parts of his /bod\ for measnring,
His fiugevs. hands. avms, and feet were the most convenient for
this. The first known measure was the cubit, It was the distance
from the elbow to the end of the middle finger. The width of the
hand was wsed for measuring heights. A horse was 14 hands high.
Man nsed his feet in stepping off small distances. Our foot meas-
ure came from the length of the human foot. The step or pace
used in longer distances is used today by Bov Scouts.

Other meastres based on the buman h()d\ were the ell, which
wins the lengath of the arm, and the fathom. which was the length
of both arms outstretched from finger tip to finger tip.

The length of the arm, or the ell, was later called the vard.
was defined in England as the Tength of the wrm of King He nry l
trom the tip of his nose to the end of his fingd . The foot then
becanme one-third of the vard.

These approvimate o sures were used i, Enrope for w long

e Sty of Woiehts e Jeasires. The Ancncan Conmald v Fdueation,
Woalbnen o, Do 12
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time, up to as late as 1790, At-one time there were as many as 282

O

different lengths of the foot in Europe. Each little country and
even city had its own foot measure. There was the Rhineland
foot of 12.35 inches, the Roman foot of 11.67 inches, and the Am-
sterdam’ foot of 1114 inches. You can imagine the confusion
caused by having so many different lengths of foot measures,

In 1790. hecause of this confusion, the- King of France issued
an invitation to the other countries to meet to discuss a new sys-
tem of measurement. Delegatés from the principal countries
came to this convention and discussed and debated for a long
time over the problem. They finally decided to, use as the unit of
length a part of the carth’s circumference. To have it conven-
icatly small, it had to be one ten-millionth part of the carths”

‘quadrant, that is, of the distance from the equator to the North

Pole. This length was to be called a meter (metre). In order to
make the first exact meter, this ten-millionth part of the carth’s
quadrant had to be measured. The meridian, or line of circum-
ference, passing through Paris was chosen, hut not all of this
(uadrant could be measured, for much of it was over the water.
A portion was selected between Dunkerque on the northern coast
of France and Barcelona on tzw southern coast of Spain. Two
French engineers, Delunbre and Méchain, were chosen to do the
surveving. They began this work in 1792 and finished in 1799, Tt
was a long and arduous task, for it was during the .time of the
French Revolution, and the surveyors had much trouble with the
people of the land in which thv\ were surveving, It thus took
seven vears to make the first meter stick. Tt was made of platinim-
iridinin, and is now he ptin an underground vault near Paris.
The meter stichs that we nse have been made from copies of the
orivinal one just desceibed. This is a meter stick. 1t is a little

longer than the vard, as vou see.

PRESENTATION
I LSTIMATION OF METRIC LENGTIS
EXERCISE A

[Vl fist ~tep in hecoming familiar with the metric system
is to hecone conscions of ity units of Tength. You have all scen

RIC

Aruitoxt provided by Eic:



270 .+ THE METRIC SYSTEM RN
the meter stick now and how it js divided. You may take out your
metric ruler and study tae markings on jt. Try to visualize a line
10 em long, then hide your ruler and draw from memory on your
paper a line 10 em long.  Mark the ends of it like this so that it
will be casy to measure: '
| ' -
: .

2. Exchange papers (odd rows: with even rows) and measure
with rulers and mark the proper length on your n¢ighbor’s paper,
and return papers to owners. Did any of you get a line exictly
or almost exactly 10 cm long? Your error should not be more than
10 per cent of 10 em. How many were less than 1 cin off? The
rest of vou need more practice. ‘

3. Let us try this again.” Put away your paper and on a fresh
paper draw from estimate a line 10 cm long.

1. Exchange and measure and mark as before.

5. How many improved upon vour first estimate?

6. How many were less than 10 per cent off?

7..Next visualize a centimeter. The thickness of \1‘9& of
bread is about 1 em. Ttis a little less than 1/2 in. °

S. Draw from memory a line on vour paper which you think
is I cm long, '

9. Exchange papers again and measure and mark as before
and return papers to owners. _

10. What is 10 per cent of 1 em? Did anvone have a line less
than I mm off? One millimeter is difficult to measure. Mark the
cnds of rour centimeter line and it will be casier to measure.

L. Did anvone get better results this time than on the 10-¢m
line? Do von think vou can do better a sceond time?

FEXFRCOISE B, AN ESTIMATE CONTEST BY ROWS

I. Now we shall find ont how good vgu are at estimating long
lines. It is the whole meter this time. Tt is a little longer than
the vard as vou see. You canmot draw it on vour paper, so we
shadl do this by rows on the blackboard. Take a cood look at the
meter stick. Each one in Row 1 may pass to the board and draw
from estimate a line 1 meter long.

2. Those in Row 2. each with a meter stick. may pass to the

14
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(drawn estimate of mctcr)' error = 9 cm
board and measure and mark and designate error as'shown above.
[Note: If there is only one meter stick, the teagher and a student

'may do the measuring,]
If we are trving to find out which row has the hest estimate,
" how arc‘ we going to find out liow well the whole row did?
4. Find the av erage of the errors made by Row 1.
. 5. Row 8 (or 6) may; next pass to the hoard an. draw from
estimate a line a meter long.
6. Row 7 (or 3) may go'to bourd and measure and find. error
us before.
"7 7. Find the average error of Row 8 (or 6).
8.- The remaining rows mayv continue with the exercise until
the average error of cach row has been computed. N
9. The row having the best estimate, that is, lowest av erage
error, wins the « contest. The individual studerit who had the best
estimate among all the rows should receive honorable mention,
10. All of you should now have a pretty good idea of the length
of a millimeter . w eentime ter, and a mieter. You should have a bet-
ter understanding of average and per cent of ervor than before.
We shall nest d() some actual measuring aud computing in the
metric svstem itself.

T NEASUREMENT IN METRIC UNITS

A, MEASUREMENT TO FIND LENGTIHS

As an evercise to give vou further acquaintainee with the meter
(m), vou are ashed to measure the length of vour schoolroom
with a meter stick. Use the zero end of the meter stick as the for-
ward end when von measure and count the number of whole
nieters until there is less than a whole meter left. Mark the spot
where the Lact whole meter was counted and measure from the
corner to that spot and then right there read vour answer from the
meter stick in meters and nearest centimeter, Yon may watch as
I measure the width of the roon.

[Note: The instructor shouid show how to nse and read the
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meter stick in measuring the width of the lrom.beforc the class.
Several volunteers may then measure the length, working in pairs,
one to handle the meter stick and the other to mark and check on
the counting. The.instructor should know previously the leng,th
of room correct to nearest centimeter g ) '

The answer may be written as one number with one twmne; for
example, the result may be 7.84 m. When vou get your{answer,
announce it and write it on the board. Another pair may~olun-
teer to measure length to check on the first measure. '

You may now, copy the dimensions of the floor of this room in
vour notehooks for future reference. Write them in meters and
hundredths. Measure next the length and width of your school-
* room with a -vardstick in the same manner and write the result
in feet and inches. Did vou, hotice any difference in the measur-
g or the writing of vour results? What caused the difference?
Keep these dimensions also for future use.”

Measure with the meter stick to the nearest cvntlmctm [differ-
ent students mayv be called upon]. c

1. The length of a table top. .

The width of a table top.

The height of a table.

The width of the blackboard.

The height ot chalk chqc,from floor,
The mdth of a door.

7. Measure vour height in contmwtvls [Note: 1{ there, is only
one teter stick in tho room, a pupil may place the f llo\\mg
markings on a door post: 1.m, 110 ¢m, 120, 13() 140, 150,/160, 17(
150 ¢, Then each pupil as he steps up to be measured will noed'
only his own ruler to measure his height above any of "these
m.ul\s.] s

Record vour own heights in centimeters for futine use.

Learn this casv table of lengths in the metric systenr:

e 1

~

10 millinieters (mm), 1 centimeter (e®)
100 centimeters (em) - 1 meter ()
1.000 meters (m) t kitometer (km) -~

The above casy relations are all that vou need to know in the
tetric systeny of lengths.
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8. Using the above table, change

¢. 3 cm to mm. " f. 4,000 mm_to cin, to m. _
-h. 6m to em. ¢. 5,000,000 mnN\}o cm, to m, to
‘c. 12kmtom,tocem,to - km,
mm. ' Ji. 12.345 km to m, to ¢m, to mm
d. 20 mm to cm. (sameé as ¢ above).
¢. 300 mum to ci. i. 6,792,576 mm_to cm, to m, to
o . . km (see g above).

9. From the interrelations among millimeters, centimeters, me-
ters, and kilometers now known, fxll in the blanks ‘)elow with
proper numbers:

mm cm m ~ km \
a. 60 @ — —_— —_—
- b. — 40 —_— —_—
c. .8 —_—
i = L =
e. — 750 \
f 4692 — o — |
g —_ 5.6 —_— :
h. ’ 13 — \
S A S 48.
ji —_ N— 10.695 =+ ——
. . \
B. MEASUHENENT TO FIND AREAS !

1. How do you find the area of a rectangle from its djmen-
sions? The floor of i classroom is 8.1 m by 7.7 m. What is its hrea?

To find its area multiply 871, the number «of meters in lcpgth,.-

by 7.7, the number of meters in width, and obtain the answer in
square meters. Then round your product to the nearest whulc
squ ire micter. i
. Use the dimensions for length and width of your school-
room floor and {ind the area the sume wav. Measure to the ndar-
est tenth of a meter. Round vour prodnct to the nearest teith
of a whole square meter.
3. Next, find the area of the floor in square feet. Either vse
feet and fractions of a foot or change all dimensions to inches first,
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4 If vou, use tce and fractions tm dlmenslons what will be

" the name of.vour answer? . : s

5. 1f vou use inches in wch dimension, whatwill be the name
of the area? = - - /
-8. Which method seemed to vou to*be tlie easier, using feet

and.inches or meters and centimeters? Can you tell why’?’ ‘

7. You will remember from your e: lrlwr work in grade 7° in "

areas, that the answers were expressed;in square units, as square -
inclies, square feet, and square vards. As you are now workmb in

metric units, what will' be the name of the square umts in the
areas?, :

8. Here is a squ.ne ccntnnetm. Note- that it is 1 crh in each
dimension. . :

1

9. Here [page 275] is a square, 10 cm on a side.’-How many
square centimeters are there in its area?

10. Let us find how many square centimeters tllele arg’ in a
square meter. You cannot dra\\ a square metdr on yvoutr paper,
but vou can do so on the board. Who can draw a sqquare meter on
the boara using the meter stick?

11. How could we find how many square centimneters there are
in this square meter without drawing them? It would take too
long to draw and count them. :

12. Ilmv many square centimeters are there in 2 sq. m? in 4
s m? in 24 s m? 4

13. In changing squite meters to square centimeters, then,
vou multiply by 10.000, and that is casily done by simply adding
four zeros or moving the decimal point four places to the right,

]
a. Change 36 sq. m to sq. cn, )
h. 214 sq. mequal ? sq. em.
¢. 649 sq. m equal ? sq. e
d. 5345 s moequal ? sq. e,
e 34096 sq.m equal 2 s, em. :
f. 6095 s mequals P sq.en,

N

Py

'
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14, In changing the reverse way, square centimeters to square
meters, you would, of course, divide by 10,000- In dlv1dmg by
10,000 you do the reverse of multlplymg by 10,000; that is, you
cut off four zeros or move the decimal point to the left four places. -
* a. How many sq. m are there in 60,000 sq. cm? (
bh. Change 40,000 sq. cm to. sq. m.
C. " 63,000sq.cm = Psq.m.
d / 45,300 sq. em = ? sq. m.
— e. 34,690 sq. cm = P sq. m.
f. 45965 sq. cm = ?sq m, . :
L. 3,496 sq. em == P s m. :
h. 892 sq. em =: P sq. m. '
i. 25 s em : P s
/. 3 sq. cm = R.sq. m.

e 24
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15. Fill'in the blanks with proper numbers:
sq.m . sqicm
a. —_— . 4,561
¢ bn - 8 r ——— v e
c. — 32,490
d. 45.69  — .
e. —_— 608
f. - .083 — \
. & , 0005  — :

" .o

111, (‘OMPARATIVE MEASUREMENT AND) COMPUTATION IN
METRIC AND ENGLISH UNITS .

1. Measure the length and width of one blackbeard in centi-
meters and find the area in square centlmeters. Write the answer
in square meters.®

Measure the-léngtl and width of the same board in feet
au'l inches and find the area in square feet.?

8. Measure the length' and width of one window pane and

find its area in square centimeters.

4, Find the area of the same pane in square inches. .

5. Compute the area of all the window panes in the room in

square centimeters. Round the answer to the nearest tenth of a
square meter.

6. Do the same in square inches. Write the answer in square

fe et dnd square inches.
. Which problem seemed easier to you, No. 5 or No. 67
. Where and how was {Peasier?

9. The total area of the window space in a schoolroom should
be one-sixth of the area of the floor space. Find what part the
total arca of the window space is of the floor spaee in your school-
room.

10. Check this by doing Jthe same using arcas in square feet
and square inches. (There are 114 sq. in. in 1 sq. ft.)
*In cases of this kind where one olg’ect is to be measured by the whole class, it

is better to let two reliable volunteers do the measuring before the class as a matter
of expediency.
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- nearest tenth of a square meter.
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' PracticE EXERCISES ey

< »

EXERQJSE I :

14

1. Write the table of length for the metric systedh'. .

"mm=1lem Pem=lm ?xh.:ilkin s

2. Without a rulér draw a line by estimate 6 cm long on your -

paper.

s .
4.. Estimate to nearest centimeter the length of your teacher’s

desk\ : .

5. Express 000875 km in meters, in centimeters, in milli-

meters. R

6. \Write 750 mm in?centimeter}', in meters, in kilometers.

.7 \Vrité\B,?’QS §q. cm in square meters and then round to the

. ’

8. Find the area of this rectangle in square centimeters.

\u

-
»

©. Write the ansveer in square millimeters and then check by
measuring in millimeters and finding the area.
10. Draw a rectangle that will contain 12 sq. cm. -

4
-

FXERCISE N .

; 1. Write the table of length for the metric system.

'3, By estimation ‘without-ruler draw a line on your paper 8
¢in long. '

3. Moeasnre to-the nearest centimieter the width of this paper.

4. Fstimate to nearest meter the height of your room.

5. Write 6 ki in meters and theu in centimeters, and then in
millimeters. '

6. Change 469.560 sq. in to square centimeters.

7o Write T896 sq. min square centimeters.

8. Measure the width of a board in the floor to nearest centt- .
" meter, b T ' ' )
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1
" 8. Measure the rectangle above Jn millimeters and find the ?
area in square millimeters, then round the answer to square centi--
meters.

9. Check your answer in No. 8 by measuring directly in centi-
“meters and finding the area in square centimeters. .

10. Draw a rectuugle so that its area will be 16 sq. cm,

*  TESTS
TEST I

1. Write the table for length in the metric system.

2, Measure the length of the outside cover of your book to the -
hearest centimeter. ' a
. How manv millimetérs are there in 6.7 cm?
. Write 67.95 m in centimeters.
. Change 410 m to kilometers. :
. Change 5,945 sq. cm to square meters, ) \
. Write 16.005 sq. m in square centimeters,
+ The floor of a schoolroom measures 8.17 m by 7.25 m. Find
the area and round to nearesty.. ath of a square meter, *

9. Estimate the height ofthe top of the blackboard from the
floor in centimeters. (Allow for -error of 10 per cent or less.)

10. Find the area in square centimeters of the fignre below.

Write the answer alsa in square millimeters.

[l Jer IR B N )

.

]
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TEST I - ' ’
1. Write the metrlc system table }or length. :
- 2. Measure the width of the outside cover of your textbook -
_ to the nearest centimeter. (Measure to the greove.)

N 3. Change 495 mm te centimeters. o
. 4. Write 6.9 cm in meters.

7 5. Change 6.31 km to meters,

6. Write .3455 sq. m in square centimeters.

~7. Change 39,458 sq: cm' to square meters

8. A floor measures 6.8 m by 5.6 m. What is its arg:
nearest, whole square meter?

9. Estimate tlie height of a bookcase or similar o
room in cefifimeters. (Allow for 10 per cent error or less.)

10. Find the arca of the rectangle below in square centimeters
and express the answer in square millimeters.

>

in your

TEST 111

1. Write the table for length in the metric system.

2. Measure the length of a page of your textbook to the near- | .
est centimeter. T

' 3. How many centimeters are there in 4.6 mm?

4. Change 878 ¢m to meters.
How many kilometers are there i 350 m?
. Write 46,945 s¢, em in square meters.
Change 7.8969 sq. m to square centimeters.

8. A table top measures 1.3 m by 28 m. Find the arca and
round the answer to the nearest fenth square meter.

-9, Esti-nate in &dutimeters the height of a door in vour room.
crror ov less.) }i '

S o

=1
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: ~ 10. Find the area of the rectangle above in square centimeters. .

ENRICHMENT EXERCISES
SETB . E

(For those who have mastcred the requirement in one or more
" of the tests.) '

1, Measure the figure below in metric units and express the -
areca in square millimeters,

2. Express the area in square centimeters.

3. Express the area in squarc meters.

4. Express the area in square kilometers.

5. What decimal part of a square meter is the area of the above
rectangle?

6. Look at your foot ruler, which is also marked in millimeter -
Express its length in centimeters and tenths of centimeters.

7. Express the length of the ruler in millimeters.

8. Estimate the height of your teacher in centimeters,
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9. (‘hange 67,954,321 mm to meters.
10: ‘Change 67,954,321 sq. mm to square meters.

SET A

.(For the faster students who have mastered the minimum re-
quirement in the tests and have done what-they, could in Set B.)

The army uses guns calibrr ted in metric dimensions. By the
use of two rulers side by side find how many inches (to nearest
eighth) the following gun calibers are: . '

. 1. 75-mm anti-aircraft gun.™) 8. 90-mm German tank gun.
2. 88-mm German tank . 4. 105-mm howitzer.
5. 155-mm howitzer.

If you are an A student, you should be able to do some fine meas-
uring. -

6. Find the difference in millimeters between the diameters
" of a penny and a-dime. ’

7. How are you cn large numbers? Measure the length of a
dollar bill. Use the neares: w"xole centimeter, since a new bill
may be a little longer than the used one you are measuring.

8. How many of these bills would it take, laid end to end, to
reach around the earth at the equator? (You know from the his-
tory section in this unit that L m is one ten-millionth part of the
earth’s quadrant—a quarter ‘of the earth’s civ mference—and
vou can change the length of a dollar bill from centimeters to
meters.)

9. If the cost of World War II was $3r0, 000,000,000, Low*
wany times would that amount go around the earth in dolLu bills
- Taid end to end?

10. If the $1 bills in No. 8 had heen $1.000 bills (san.e length)
would they have paid for the war? If not, wonld they have paid
" for one-fifth of it?

Finan Practick EXERCISES FOR MAINTENANCE N

As an ontcome and permanent achievement from this unit, vou
should be able to do one of the following two exercises withont
a mistake,

N
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'EXERCISE 1 ' ' ot :

1. Estimate the line belo_w to the nearest centimeter with 20

per cent error or less.

..

L ) L . N

2

3
4
)
6

7

centimeters. .

8
9
10

EXER
1

-

M)

. ‘Measure this line to the néarest millimeter. )

. Express the length of the line in No; 2 in centimeters.
. Express the length of the same line in meters.

5. Express the length of the same line in kilometers.

. Change 57.94 m to millimetess.

. Find the area of the figure below and express it in square

o

. Express the «ame area in square millimeters,

. Round 6.795 s¢g. m to the nearest tenth of a square meter. '

. Write the table of length in the metric system,

ISE 11

. Write the table for linear measure in metric units.
. Futimate the length of this line to the nearest centimeter.

5. Measure the line below to the nearest millimeter.

. Express the length of the line in No. 3 in centimeters.
. Express the length of the same line in meters.

-
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+ 8. Write its length in kilometers.
7. Find the area of the rectangle below in square centimeters.

. .

’

~
. /
8. Find the area of the same rectangle in square millimeters.
9. Round to the nearest whole meter: 16.5793 m.
10. Change 5,794 mm to meters.

Teaching the Metric System to Prospective Teachers
o L. H. WHITCRAFT

{.

NQ PERSON questions the importance of being familiar with the
common units of measurement or of teaching such units to the
children in the public and private schools of the United States,
since one or more of these units have some part in the daily life
-of practically everyone. Units of time, rate, distance, weights,
capacity, area, volume, and money are included in the list of
units that are most used in any system of measurement. They are
the units that are supposedly Familiar to the general public when
given in the system known as the English system of measurement.
The\ arc not generaily familiar units when given in the system
known as the metric system. _

The metric system i3 important, since it is the adopted system
of measurement for all countries of the world except the British
Empire and tie United States of America. More than 73 per cent
of the world population use it as the standard of their measure-
ments. Tts units are simple ones, and they are clearly defined.
They are designed to meet all needs far measuring, vecording,
and caleviating phvsical quantities with convenience, simlicity,
and cousistency. The ratio between any two of its (.OllS(‘Llltl\C
units is 10 or some multiple of 10, ®
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BRIEF HISTORY AND GROWTH

Although the history of the metric system is given in detail in
another section of this book, it will be to the reader’s 'ldv'mhg&
to have some of it briefly reviewed here.

The early units of measure were rather crude and mdeﬁmte
This.may well be understood when one recalls that those units of
measure, represented the length or width of various parts. of the
human body. To illustrate, the width of the finger, the breadth

of the hand, the length of the foot, the length of the forearm, and

the length of a step were widely used as standards of nieasure-
ment. The great variation in the size of these units for different

individuals within a community was™ quite confusing and very '
-~ unsatisfactory. Communities, therefore, set up standards for
themiselves by defining the units ag those belonging Yo a particu-

lar individual within the community, usually the leader or king.
At the time when trade between communities was undertaken,

-+ there were many of these independent systems of measurement.

We are told that in the year 1790 there were more than two hun-
dred different lengths for the linear unit, “the foot,” on the con-
tinent of Europe. Such a large.number of different stardards for
the same unit made commerce bgtween localiti¢s or nations very
difficult, so difficult that finally attention was given to finding an
object in nature which could be used as a standard, one th~t
would be definite, convenient, and unchangeable. .

In 1790 the National Assembly of France requested Louis XVI
to open correspondence rclatue to the question of measurement
with the other powers of western Europe. The outcome of this
correspondence was the international commission which met soon

after in Paris. This commission recommended that the standard

unit of linear measure be made a convenient part of the earth’s
circumference. This convenient part was intended to be, a length
cqual to one ten-millionth part of the distance from the equator
to the Pole. To determine this length two engincers, Delambre
and Méchain were appointed to make the survey. Approximately
seven vears were spent in making and checking the survey. This
unit is now defined as the distance between two engraved lines
on a bar of platinum-iridium alloy, approximately one ten-mil-
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lionth part of a’quadrant of a meridian. The standard meter stick v
fs preserved in the archives of the International Metric Commis- - '
sion-at Sévres near Paris. L L. T
‘The unit of weight, the gram, was intended to be a mass of puse o
:\ " water, whose voleme at 4° centigradg would be equivalent to d ,
cube with jts edge equal to 0.0L:n/ete’n, or 1 centimeter. Since this J
. .unit is comparatively small, a, ger unit, having a mass of 1,000 ‘
, grams, er 1 kilogran, was set up as the standard unit of mass. .
The unit of capacity, the liter, is defined as the volume of 1
kilogram of water at its greatest density. ' .
All units are theoreticallv based on the meter, the unit of length,
and the tables are built on the decimal plan. The¥hree principal
units are the meter, the liter, and the gram.., ' o v

LeNeTH = -
10 millimeters (mm) = 1. centimeter (em)
100 centimeters (cm) =1 meter (nh) .
1.000 meters (m) = 1 kilometer 3(km)
Caraciry * " . ol
1,000 milliliters (ml) =1 liter (1) '

} : WEIGHT o

1,000 grams (g) - =1 kilogram (kg) ' .
1,000 kilograms (kg) =1 metric ton (t) '
Since the establishment c¢f the metric system, its’ usage has
spread until at presert more than 75 per cent of the world popu-
lation and fiftyv-five of fifty-seven countries have it as their stand-
ard of measurement. Between 1800 and 1860 very few countries
adopted it as their standard, in fact, not more than seven. For the
most part they werg the countries that border France. From 1860
to 1900, thirty-three additional. countries made it their standard
of measurement. Since' 1900 fifteen of the renmuining countries
hay e adopted it, leaving the British Empire and the United States
alone having sy steis other than the metric in common usage.

‘TRENDS TOWARD THE ADOPTION OF THE METRIC SYSTEM
IN THE UNITED STATES

A glance at the history of the United States relative to standard
- units of measure gives evidence that it has moved in the direction
’

&
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of adopting the metric’system. From thé very beginning.as a na’ ™

tion this cpuntry has been interested in uniform units of measpre.
Georgé Washiington's first "message to Congressy ig, 1790, cgn-

_tained the following statement: “Uni@rmity in the currgficy,

.. weights, and measures of the, United States is an object of freat o

3"

vy

4

-

importance and, will, I &fn persuaded; be duly atti?;dq‘d'-to.”‘ '
Congress in the same’ yeur responded by reqp
Jefferson, Secretary™of State, to do something toward making

standards of measure wniform, Jefferson, therefore,, submitted ’

. ~ . ]
plans. one of which was to reduce every hranch of the principal

affairs of life within the arithmetic of every man who can multiply "

and divide glain numbers. , _
Washington's second message” to Congress contained a state-

ment relative to the need for uniform standards. No legislatioy), ’
however. followed. ¢ ‘ N

In 1821, John,Quincy Adams, Secretary of State, reported that
he would consult with foreign nations for the future and ultimate
establishment of amiversal and permanent uniformity in weights
and measures; vel no action followed. -By this time there was
some evidence that the people of the United States were dissatis-
fied with the confusion that resulted’in the use of English ynits
of measure at home and metric units of measure abroad. This dis-
satisfaction brought an extensive report by: Congress.

Congress. in july, 1866, passed the following act, which author--
ized the use of the metric system of weights and measures:*

Be it enacted by the Sente and House of Representatives of the
United States in Congress assembled, That from and after the passage
of this act it shall be lawful throughout the United States of America
to employ the weights and measure of the metric system, and no con-
tract or dealings. or pleadings in any court, shall be deemed invalid or
liable to objection because the weights or measures expressed or re-
ferred to therein are weights and measures of the metrie system.

- In 1675 the United States and sixteea other countries sent rep-
resentatives to a metric convention held in Paris. The purpose
of this com ention was to establish and maintain a permanent
scientific International Bureau of Weights and Measures at Sévres

*The Mathematics Teacher, Vol. XXII, November, 1929, p- 380.
*1bid., p. 350

ting Thomas™
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c ) tional QPr'oto‘tyi)e Meter and Kilogram, which are duplicates of the
.+ standard meter and kilogram kept inf Frauce. The prototypes are
’ kept in a subterranean vault of the‘National Bureauw. of Standards
_ .at Wuéhington, D. €. o o K S
- ~ In 1893 the meter and the kilogram weve made standard units
of measure in the United States. The yard was defined as 3,600/
3,937 gff the meter, and the pound avoirdupois as 17/2.2046223
* kilogram. The[follgwing yedr, 1894, the War Department adopted

the metric system for medical work, and during that same year it-

was made-the basis for all electrical measurements. Eight years
later, in 1902, it was adopted by the United States-Bealth Depart-
ment. In 1932 the Amateur Athletic Union adopted-the metric
system. ' SR '

Iy 1926 a bill was introduced in Congress to*change from the
English system of measures to the metric system, but it failed to-

pass by a few votes. This bill proposed ten years for making the
change over to metric units. Since that time there have begn no

further attempts by Congress to adopt the metric system. -
A number of organizations have rather recently passed resolu-
. tions le\'oral)WWic svstem. At the annual convention of
the General Eederation of Women's Clubs, meeting in St. Louis
in April, 1944, a resolution was introduced and adopted-unani-
mously by thé delegates to endorse legislation in Congress for the
nationwide adoption of the metric system of weights and meas-
. ures. This body represents 16,500 women's clubs and 2,500,000
_indi\‘iduul:! members. The Central - Association of Science and
Mathematics Teachers at its annual meeting, November, 1944,
. in Chicagn went on record as favoring some form of. legislation
for immediate metric usage in those lines most feasible for metric
adoption. During this same vear the Council on Pharmacy and
‘Ghemistry of the American Medieal Association announced that
it would use metric units only in pubtications for which it is re-

sponsible. -
AThe Kiwanis Club and the Rotary Club of Mankato, Minnesota,
Zad the Lious Club of New Canaan, Connecticut, have drawn up
/ and passed metric resolutions favoring Longressional action for
/ metric usage. The Mankato Rotary Club has invited consideia-
. - .
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near Paris. Frqm this bureau the UnitedrStates recelved her Nas .
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tion by all Rotary Clulés in the United States to pass similat reso-

lutions. The Liens Club above mentioned has approached the
Lions International Comnittee, who have .s'\)okvn in favor of the
metric system. N 8
In 1936 J. T. Johnson, President of the Metric Association, Chi-
cago, sought additional information relative to public opinion on
the use of metric units. e nuiled i questionnaire to some 650
individuals, including manufacturers, engincers, doctors, and
~etlucators. From the returns of his questionnaire he found that
80 per gent of those answering believed that it would be of ulti-
mate advantage to the United States to.usc metric weights and
.measures, that as many as 75 per cent believed that the adjust-
ment froni English to metric units could he made in a period of
ten vears without any serious inc¢onvenience, and that of those
favoring a change to metric units 74 per cent helieved one of the
best ways to effect the change would be through government leg-
islution, 94 per ¢ent through education and use in the schools, and
" as many as 90 per cent throngh both government legislution and
use in the schools. ' '

From the preceding statements one realizes that the metric

system is gaining ground in the United States. Tt has gained in
mmber of individuals friendly to it and in the numbervising it.
The trend then is toward wider use pointing toward final adop-
tion of the system.

METRIC UNITS TAUCHT IN' ELEMENTARY SCHOOL

The children in the elementary sehool have had an opportunity
to learn something of the metrie system. A survey of ten series of
widely used arithmetics. published before 1940, revealed that
practicadly all the material having to do with metric units was
imclnded in the tests for grades seven and eight. Two series, how-
cever. included certain metric units in grade six.  Fighth grade
tests examined contained slightly more than five pages of material
on the metrie system. Considerable attention was given to con-
verting units of the English svstem to those of the metrie and
tlms(-})f the metric into English units. with less attention to meas-
nring ;nﬁul compnting with metric units,

T e
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‘ WHAT FIFTY FIVE COLLEGE STUDENTS KNEW ABOUT THE
2 .. METRIC SYSTEM /

L4

During the fall and spring quarters, 1945-1946, the writer ob-
tained from fifty-five college studeénts in general mathematics
sowe information relative to their knowledge of the metric system.,
The larger number of these students were preparing to teach
elementary grades. Seven of the gfbup were returned veterans,
and five other students were taking courses for the prepara-
tion of nurses. No uttom'pt was made to compare the three groups
of students. The list of ql'lestio_ns submitted to them was:

1. What is the metric system? ‘
" 2. What per cent of the nations of the world use it as their standard
. of measurement? * ' , 5 ' ¢
. 3. What groyp or groups of people in.the United States use this
' . ostem widely? -
With what units of the metric svstem are you familiar?
How did you come to know these units?
To what extent have vou studied the metric system?

Express in metric units (a) your height, (b) your weight.

S P

The answers to the above questions were somewhat vevealing,

Approximatyly one dut of three gave a good definition of the

. metric svstem. Seven of the fifty-five students were unable to
_define it. : '

Question 2 was not a very good question. It was too definite;

+ vet three students came within 5 per cent of it. Five of the group

did not list the per cent; instead, they made the statement that all

countries except the United States and Great Britain had adopted *

it. Another student stated that most all countries use it, while

one other said that all countrics except the United States use it.

The varioyg groups mentioned in answer to Question 3, with

the number of stut{phts listing the group shown in the parentheses,

L ————

were: ot 3
Scientists (40) Traders, buyers, businessmen (2)
Fvervone (6) Contractors (2)

Engineers (3) Bureau of Standards (1)
Survevors (3) . Mathematicians (1)
Doctors (2) Laboratory technicians (2)

Assessors (1)

i

N

*



290 THE METRIC SYSTEM

The metric units with which thev claimed to be familiar were:

Units of Length . .
Millimeter (21)  Meter (3'3) Hectometer (2)
Centimeter (24) : Decametér (4)  Kilometer (10)
Decimeter (12)-

- ' Units of éupacity‘ ' :
4 L’i"ilit(‘r (2) Litel‘ (15) . Y

~ Units of Weight
Milligram (6) Decigramx (2)
. Centigram (1) Gram (21)
Kilogram (12)
Twelve of the group stated that they were not familiar with any
of the metric units. .
The manner in whl,ch these units were learned was reported as
follows:

Study of science (39) Mathematics classes (5) Medical school (1)
Public school (18)  Practical expenence (4) Dental work (navy) (1)
Read about them (4) .

The approximate amount of time spent in study of metric sys-
tem as stated by these students was:

Very little (20) . .One year in chemistry (3)
Few days (6) Large extent in science (1)
Not at all (4) Enough to recognize units
Occasional remarks (3) but not to use them (1)
Just enough to do Just méntioned it (1)
scienee (3) Just compared meter stick

vith yardstick (1)

Twenty-cight of the students were 2sked to express their
heights and weights in metric units. Six of them gave their
heights in English units and then ec verted them into metric
units. Eighteen made no attempt to arswe:. while four gave their
heights as 6.2 decimeters, less than 1.5 meters, 2 meters, and
6.600 meters respectively. Just three of thetwentv-eight students
gave their weights in metric units, Two of the three expressed
their weights in pounds and then multiplied that by 2.2, while
the third gave 140 liters as her weight.

When the students were asked to go to the board and draw,

<
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frechand, a line one meter long they were unable to do it very

accurately; vet the relative error in their work was approxitnately
the saume as when thev drew, froelug\d, a line 1 yard long. They

had not had much practice in this type of work and were not good

at estimating lengths or distances.

4

COMPARISON OF THE METRIC SYSTEM WITII THE ENGLISH SYSTEM

’ ,‘Olre of the first differences an individual finds when comparing

the metric svstent with the English svstem of weights and meas-
urey is in the definjtion of the unitss The basic metric unit, the
meter, is defined as a part of @ natural unit, 8ther the quadrant

‘of 4 mevidian or the spectrum of a cadmium ray; therefore it

could be determined again if all measuring. units were destroyed.
Fr‘(’glrthis unit all gther units of the metric svstem could be re-
established. In the English system of measurement this, would
be practically impossible. For this reason there appedys to be a
feeling of security in the use of metric units not found in the use
of English units. ' .
The second difference noted in the two systems is the relation
between consecutive uhits. The metric svstem has the decimal
division within its units, a fact which makes for economy in learn-
ing as well as in computation. Changing from one unit to any
other unit in the metric system is really a matter of moving the
decimal polnt to the right or left, a process which involves multi-
‘plication or division by 10 or some power of 10. One illustration
will he sufficient to convince the ordinary individual that the
metric units operate with greater ease than English units.

~N
137 centimeters == 13.7 decimeters = 1.37 meters

137 inches == 11 5/12 feet == 3 29736 yards

The third diffefence observed between the two svstems of
measurement will be the terminology. In the metric system the
three words. meter, liter, and gram ave the bigge terms. In addi-
tion there wre six prefixes, three for multiples and three for deci-
mal parts. The three multipls ave the Greek terms deka, hecto,
and kilo, meaning “ten,” “one hundred,” and “one thousand” re-
spectively. The three prefives for decimal parts are deci- (one-

-
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tenth), centi- (one-hundredth), and milli- (one-thousandth).
The English system is lacking in this xespect. For instance, the
¥ linear umts—the inch, foot, yard, rod, and mile—do not indicate
“the part that one it is of any other unit. The terminology is

difficult.
" The fowth difference is the mtcnclatmn between the units. In
the metrie system the basic units are related to each other, a fact
which makes for economy in u)mpntatmn In the English system
there is no such relationship. Economy of computation is illus-
trated by the following example: ' S |

English system=-What is the weight of an iron har 4 inches by

4 inches by 8 feet? The specific gravity of iron is 7.86,
- 4x4x8x65x7w
0 N N A N A o
.Solutl\c\{. 8% 12 ._436 2/8 pounds

Metric svatcm—-Wlmt is the weight of wn ivon bar 4 centimeters

by 4 cuntnnetcns by 8 meters? The spocific gravity of iron is 7.86.
\ 434 X 8 3¢ 100 X 7.86

Solutions,

' - == 100,608 kilograms
| \ X 1,2)()0

1
STEPS IN TEACHING THE METRIC SYSTEM

Teaching the metiic system to prospective teachers involves
the following steps: ¢«

L Securing aninventory of the knowledge, coneepts, and skills
the students have. This makes for economy in both teaching and
learning, since it indicates what needs to be taught as well as what
is sufficic ntly: well known.

o 2. Gaining a knowledge of the carly history of nicasvrement,
In this conncction. a delinite need for a uniform svstem of meas-
urement between those conmtries hound together b\ conunercial
interests \}dl be understood and appreciated.

3. Becoming familiar with the metrie svstem of measurement,
its development and growth. Clear coneepts of the basic units
shonld be obtained by hringing these nnits to the class for study
and e,

i l'mh-mt‘nuling the ecase of operation with metric units and
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the economy effected hy their use. This cconomy has previously
been illustrated. _ S

4. Developing sufficient ékill in the use of metric units to serve
one’s needs. This skill is best obtained by using metric units in’
estimating and measuring distances, .reas, volumes, weights, and
capacities. Problems to be solved should be given in metric units,
and computations should be kept within the metric system.

-

- -
SUGGESTED EXERCISES FOR STUDE.JTS

Purpose: To become meter- and gram-conscious.
' |

EXFRCISE I )

1. Estimate.the length of the classroom in meters and hun-
~dredths. - ' : :
2. Measure the length to the nearest centimeter. -
. 3. Write this length in -neters. ' .
4: Estimate the width of the classroom. (Better results should
be obtained than.for No. 1.)
5. Measure the width to the nearest centimeter.
6. Express this width in meters.
7. Compute the area of the floor. (Round the answer to the
nearest tenth of a square meter. ) '
S. Estimate the height of the classroom to the nearest centi-
meter.
9. Express this in meters. _
10. Find the volume of the room. (Round the result to the
nearest whole cubic meter.)

FXERCISE I1

1. THe better to become centimeter-conscious, estimate your
height directly in centimeters. Do not convert inches to
cen%?ﬁwtcrs. Write your estimate on paper.

. 2. With meter stick and chalk at a dporpos®heasure your

height in centimeters. '

3. Compute vour per cent of error.

1. Tmprove upon this per cent of error by estimating the
height of vour instructor in centimeters. :
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EXERCISE m

& 1. Handle and pass a large book between you and estimate
' its weight in grams. Do.,not announce your estimate, but’

C write it down.

e the book weighed on a metric scale.

ompute your per cent ol error. Compare it with the per

cent of error in the centimeter estimates.

4. Improve upon your per cent of error by handling and esti-

mating the weight of another book or object.

o

% EXERCISE 1V ’

Study a teaching unit on the metric system for the elementary
school, such as the preceding article, pagss 267-283. Work all the
examples there, including sets B and A.

Y A .
OUTCOMES OF A STUDY OF THFE. METRIC SYSTEM

<

1. A better understanding of this system of measurement.
Ability to measure and to compute with metric units.
Appreciation of the nged for a uniform system of measure-
ment throughout the world. _ L\
4. Appreciation of the relationship between units of measure
in the metric system, making operations in the metric sys- '
tem easier than operations in the English system.
“ 5. Appreciation of the economy effected through thc use of
. metric units. ‘
- 6. Greater skill in the use of metric units.

© 1o ;
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Appendix

. . ’ RELATIONSIIPS BETWEEN
THE ENGLISH AND METRIC

WEIGHTS AND MEASURES .

4

1. Relationship Between the Inch and Millimeter
‘ ’ R F. HANSEN
AumericaN industry has generally followed the English system of

weights and measures, including adoption of the inch, foot, and yard
as units of length. In 1866 an act of Congress legalized the use of the

" meter, thus giving recognition'to the growing importance of the met-

ric system all over the world. This act of 1866 defined the relationship
between the two systems on the basis of 1 meter’s equaling 39.37
inches. This ratio was probably not intended to be more accurate than
the number of figures given, though it was later considered as defin-
ing the United States inch. :

In 1889 the International Bureau of Weights and Measures prepared
a number of platinum-iridium meter bars and determined with great
exactness the length of each. One bar, No. 6, was adopted as the In-
ternational Prototype,” its length being considered exactly 1 meter.
Other bars, calibrated in terms of the International Prototype, were
distributed to a number of countries, two being sent-to Washington.
Congress in 1893 therefore accepted the International Prototype as the
primary standard and one of the two similar bars in Washington as the
National Standard, retaining the relationship of 39.87 inches to 1 meter.
The National Standard has been sent to Paris since”1889 for compari-
son with the International Prototype, and no change in relative lengths
has been detected. . ,

Meanwhile Great Britain has employed a bronze bar as a national
standard for the yard. The bar was made in 1845; comparison with
the meter bar in 1893 gave its length as 914.3992 millimeters. This
value was adopted as official by an acg of Parltament.- Later compari-
sons showed a change in the ratio to 914.3984 millimeters; the official
com ersion value, however, has not been changed. )

297
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Developments in spectroscopy make it possible to define length in
terms of wave lengths of light. This has the advantage of providing a
primary standard simultaneously available in many different places
and not subject to destruction or alteration. One meter equal to
1.533,164.13 wave lengths of red cadmium radiation has gained wide

recognition an'l is used by the International Astronomical Union, The

present United States vard is equal to 1.420,216.12 wave lengths, and
the British vard is equal to 1.420.212.03 wave lengths.

A proposal to adopt a conversion factor of 23.4 millimeters as equal
to 1 inch was made in 1926 by a conference of representatives of stand-
ardizing bodies of eighteen countries, including the American Stand-
ards Association and the British Empire Standards Association. The
practice had already been widely adopted on the Continent by engi-
neers, and in the United States by manufacturers of mechanical screw-
thread cutting devices and ruling scales. .,

In 1930 the British Standards Institute adopted 25.4 as a national
standaid conversion ratio. Two vears later, at a conference of eighteen
industrial bodies arranged at the request of the Ford Motor Company.
it was recommended that the same standard be adopted for the United
States. Those present included P. G.- Agnew of ‘the American Stand-
ards Association, L. J. Briggs and H. W. Bearce of the National Bu-
rean of Standards, répresentatives of General Electric, American Tele-
phone and Telegraph, Bell Telephone Laboratories, Browne & Sharpe,
Bausch & Lomb. Western Electric. American Institute of Electrical En-
gineers. American Society of Mechanical Engineers, American Society
of Swedish Engineers, Gage Manufacturers' Association, Metal Cut-

ting Institute. National Electrical Manufacturers’ Association, National |
Machine Tool Builder's Association, Society of Automotive Engineers,

Mannfacturers’ Stapdardization Society of Valve and Fittings Industry,
and the Navy Department’s Bureau of Construction and Repair. The
proposal was taken up and adopted by the American Standards As-
sociution on March 13, 1933, The standard so adopted, however, is
mrely i conversion factor and does not state what the primary stand-
ard shall be. '

A bill drawn np and submitted to Congress in 1937 contained the
following provisions:’ Nl A

I. The meter. defined as the distance between two Iines on ®he In-
ternational Prototype Meter bar under specified conditions (tempera-
ture, pressure. and means of support). shall be a legal unit of length.

2. The United States inch, defined as 0.0234 meters, shall be a legal
unit of length.

3. The United States primary standard shall be Meter No. 27, whose
length shall be aceepted as certified by the International Bureau of

CEditer’s note s This bill seas not passed.
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Weights and Measures; an alternative standard shall be the wave
length of red radiation from cadmmm, which may be converted to
other units as below:
. 1 wave length of red radxatlon from cadmium equals 6,438.4696
X 10 10 1meter.
b. 1 meter equals 1,553,164.13 wave lengths.
¢. 1 inch equals 39,450.369 wave lengths

Inches in Millimeters Wace Lengthy of Cadmium '

Sy&'tenr- ' 1 Meter Inch “Yard * Per Inch Per Yard

Present U. S, 39.37C0 25.40005 914.40183 39,450,448 1,420.216.12
Proposed U, $.° 39.37008 2540000 914:40000 3¢,450.369 1,420,213.28
Receut British  39.37015 25.39996 914.3984 39,450.303 1,420,210. 93

® National Bureau of Standards.
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2. Convenient Ways to Use Equivalent Tables®

A ouantrry can usually be expressed as a whole number jf the right
métric weight or measure is selected. Even when a fraction is needed
to express the wetrie equivalent of another weight or measure, one or
two figures to the right of the decimal point ggqnerally give sufficient
accuracy, Equivalents such as those in the tables heregiven should be
used only to the required degree of accuracy. For example, as may be
seen on page 302, 4 inches equal about 10 centimeters; if gieater ac-

-curacy is desired, 10.2 centimeters cr 102 millimeters may be taken.

The ~juivalent for a quantity greater or less than those given in the
tables mu: be found in the following ways:

1. By multiplying or’ di'\;idiug by 10 or a multiple of 10. This may be
done by merely chajging the position of the decimal point (refer-"

ring to page 302, the equivalent of 7 yards is 6.40 meters, so the
equivalent of 700 vards is 640 meters).

2. By using the equivalents of its component parts (from page 302,

-5 feet 8 1/2 inches == 152.4 centimeters - 20.3 centimeters - 1.3

centimeters == 174 céntimeters),

3. By multiplving bv the conversion factor required, which is oppo-
site figure 1 in each column (from page 303, 65 kilograms X 2.2 =
143 avoirdupois pounds).

- o
The tables in this section are based upon the United States equiva-

Tents. which, except for measures of .capacity, are practically the same

as the British. These exact figures are given below:

39370000 United States inches == 1 meter
39.370113 British inches =1 meter
(02641776 United States gallon =1 liter
0.2199753 British imperial gallon =1 liter
1 Umited States avoirdupois pound = 0.4535924277 kilogram
1 British avoirdupois pound === 0.4535924300 kilogram

*

° Reprinted from Metric Weights and Measuresy Third Edition, the Metric As-
sactation, New York, 1919, by permission ot the Association.

free |
* had=/ 4
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WHIGHT , .
; : 4 S
" . L. s. s U.N. ’ .S .
. . Ut N, e T Arour- . o Kilo- Avoir- | Metric g -
f Grams Grains Grams | dupuis Grams Troy grama diwois. Toys Short .
/ - o R Quiices Ounces - " Pounds Tons -
' o= B2 1 = 003827 1 = 003205 1 = 230462 1 = 11020 .
9 = O RBIT 3w QOTON | 2 = 0OG130 ] 2 = 440024 2 = 2204862 . o
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, . .
== T e e » Cd
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