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able workers to visit libraries, to inspect manu- 
5 ~ t u r i n gprocesses, kind to atrtend the meetings 
of scientific societies. 

There is  one thing which a research board 
should avoid. Iit is, I am con~inced, a mistake 
for a governing body to call f o r  a n  annual list 
of publications from research laborarories. 
Wothing could be more injurious to the true 
atmosphere of research than the feeling of 
pressure that papers must be published or ihe 
clepai*tn~ent will be discredited. 

K h a t  I hare said so f a r  mag seem largely 
a recital of nex\- clifficnlties, but they are not 
insurmouptable, and lo overcome them adds a 
zest to life. I t  would have taken too long to 
go more fully inlto details, and I have tried to 
avoid malting my adtlress a research syllabus, 
meiely giving in general t e ~ m s  the impressions 
gainecl during the twenty years in  which the St. 
ilndrews Research Laboratories haye been in 
ex'ialence, 

I have confirlcil myself to the first stage i n  
the rejearch development of 'the chemist. His  
f u i ~ u e  path may lead him either to the factory 
o? to the lecture-room, and in the end the ex- 
ceptional man will he fonnd in the direo?or7s 
laboratoiy or in  the professor's chair. How-
evey difficult these roads may prove, I feel that 
wit11 the financial aid nou- available, supportecl 
by the self-sacrificing labors of those who de- 
vote themselves )to fullthering this work, he has 
the opportunity. to reach the goa!. It is the 
beginning of a new scientific age, and me may 
look forward confidently to the time when there 
will be no lack of ltrained scientific intellects 
to lead our policy and direct our efforts in  all 
that concern3 the welfare of the connlry. 

J. C. Im-IXE 
_ 

THE UNITED STATES FUNDAMEN-
TAL S T ~ D A R D SOF LENGTH

AND MASS 
Tr-ri? recently p~~blislleed voluine containing 

t l ~ e  testitnony suhlni,ttecI to the Senale Colll-
rnittee on BIannfactures, in favor of and 
against 'die passage of Senate Bill 2267 ('To fix 
the Metric System of Weights and Measu~.es as 
the Single Standard of Weights ancl Measures 
fox* Certain Usea," contains a mass of infopma- 
tion and misinformation of great interest to 
students of metrology. 

The oppoi~ents of the metric system were 
very active in marshalling their full strength 
a t  the numerous "hearings" before the sub-
committee, a b u t  half of the volume $being de- 
voted to the evidence which they fr~rnisliecl, 
either. in" writing or  in the form of personal 
testimony. 

These are the pages which the u~ell informec? 
reader will centainly find most interesting, be- 
cause of the remarkably illogical argumenrs 
ir~trodnccil, the total disregard of historic facts 
i~11d the nl)llai'elltly complete ignorance of the 
fundamental principles of the science of 
metrology. 

This is especially itrue of the testimony of 
Xr. C. C. Stutz who, born in  I ta ly of Swiss 
parents, seems to have been t,hought paytien- 
larly fit to be chosen as the representativ~ of 
the opposition, thing lrhe secretary of the 
~ I n ~ e r i c a nInstitute of Weights and Xeasures, 
nn organization created, as the secretary cle- 
clares, "for the purpose of defending the esist- 
ing American s ~ s t e n l  of weighis and measures 
againsit pro-metric propaganda,"-and also foi* 
the i~nprovement of the same, though evidence 
of the latter objective seems yet to be fortli-
coming. 

BIr. Stutz is especially agitated because, as  
he says, "the impression has been s p ~ e a d  
tllrougilaut the Unitecl States and abroad that 
the meter aurl not the vasd is the legal st~.ndarcl 
hereu-discussing that question a t .  great length 
on pages 173-4-5-6 and again pages 318-19-20 
of the Iieport of the Hearings. E e  creates 
an inlaginary American "inrh,'? contending 
hat it  is exactly t l ~ e  same a, ti,e English inc.11 

and hence tIie English p i ' d  an:! !he Ainerican 
yard are identical. 

111rei'el.ence to thib particillal* part of ?&I,. 

Stutz's voluminous testimony !he iilatement of 
a few facts that  are well Irnoyn to lnmt me-
trologists may be useful. 

The constitution of the 'C'nitecl State., (1.-
clases that Congress shxll hare p o r e r  " to  A\: 
the s t a n d a d  of weights and measures," bn:: 
Congress has never escsci3ed that pourer, ex-
cept in  a few isolatetl instances, the most im- 
portant being tile adoption of the tlecilnal 
.:gstein for  thc coinago and currancy of the 
United States i n  1785-with the suhsoqnent 
adoption in 1828 of a materiel standard "troy 



pound" for the regulation of the coinage, and 
the "act to d e b  a d  establish the units of 
electrical mesure," which became a law on 
July 12, 1894. 

The failure of Congress to act when the 
importance of aotion was especially urged by 
Washington in a message to the first Congress, 
as it u.as later by JeKerson, Bladison and 
Adams, was due to the general recognition of 
the unscientific character of the clumsy and 
burdensome system or systems then in use in 
the colonies (ms t ly  derived from the then 
very imperfect English system) and a strong 
desire on the part of the "early fathers" (who 
wezn at +h& d&ance to  have ilmn as wise as 
they were early) to pa t  irvto our weights and 
measures the same simplicity of decimal ratio 
that has mado our system of currency the best 
in the world. 
Ln the absence of oongressional action many 

of the htates acted separately, establishing their 
o r n  standards, thus creating mwh confu-
sion. Some states took no action at all, the 
busines~ of exchange of commodities by weight 
and measure being based upon units that had 
no authority except tradition snd continued 
use. 

I n  the mean t h e  important work was to be 
done by the governmat itself, in which stand- 
ar& of authority and precision were required. 
By far  the greater part of this, the collection 
of revenue and the survey of the coasts and ithe 
country as a whole, was under the jurisdidion 
of the Treasury Department, and to a bureau 
of this depantment, the Coast and Geodetic 
Survey, was assigned the duty of obtaining and 
caring for such standards of precision as could 
be c l b t a i ~ d  in Europe. 

Among them was a ,brass bar, eighty-two 
inches in length, made by Troughton, of Lon- 
don, which was graduated in inches and tenths 
with a degree of accuracy probably as high as 
was ah that time aetainable. A careful exam-
ination of ithe divisions, hovrever, revealed a 
considerable degree of irregularity, bat it was 
finally decided (1830) that when the tempera- 
ture of this bar was sixty-two degrees Fahren- 
heit the distance between the twenty-seventh 
and the sixty-third inch lines shoulcl be re-

garded as the standard yard by all of the vari- 
ous governnleut bureaus in which measarm of 
length were used. 

It is important to ncvte that thew was no 
congressional action, no law p a s ~ d ,  the Axing 
of this standard being done by the secl-etary of 
the treasury, on the recommendation of the 
snpriatendent of the coast survey, mting in 
the capacity of superintendent of weights a<nd 
measures. 

Its authoritative nse, therefore, was resbict- 
ed to operations in which the Uni,tecl States 
government was concerned. At the same time, 
as ,the result of the discovery of great discrep- 
ancies among the weights and measurev actu- 
ally in use s t  the principal custom houses, 
standards of mass a.nd volurne were estab-
lished, the validity of which was restricted in 
the same way. 

I n  order to reduce the confasion of standards 
in and among the several states, in 1836 the 
secretary of the treasury cau,sed a complete set 
of all weight* and measures adopted for use 
in the' collection of revenue to be delivered to 
the governor of each state, hoping that through 
their adoption by state legislatures a good de-
gree of unifoi~nity might be secured. I n  many 
cases Yhis followed and in some instances the 
treasury sta,ndards were accepted without legis-
lation. 

To recur now to the standard yard as repla- 
sented on the Troughton scale, and its relation 
to the English standard: It xras doubtless a 
copy, though not an exact copy, of ?at had 
,been adopted by the English parliament in 
1826 as  the imperial' yard of Great Britain. 
This was a bar on which the pard was en-
graved, made in 1760 by a mechanician named 
Bird and kept in the custody of the clerk of 
the House of Commons. 

I n  1834 the bnrning of the Parliament 
House destroyed this and other imperial stand- 
ards stored therein, and thus the immediate an- 
cestor of the Troughton scale disappeereit. 

It was found impossible to reproduce it with 
any degree of accuracy ibp finding the period 
of vibration of a pendnlum as had been 
originally provided and recourse ww had to 
sevel-al col-tie.3 of it uvhicll had been made and 



deposited elsewhere. In this way was created 
the imperial yard which is a t  present the stand- 
ard of length in Great Britain. 

Here, therefore, are two outstanding facts: 
First, assunling for the moment that the 
Tr~ughton scale has some legal standing as a 
standard yard of the United States, it is wt a 
copy of the standard yard of &eat Britain and 
i t  is well known that it is not in agreement 
with that standard. Hence our inch can not 
be the same as the English inch. 

Second, the Troughton scale has not and 
never had legal standing as a ttandard of 
length, anthoritative over the whole country, 
and fnnthermore, it  may be well to repeat that 
Congress has never passed an act to establish 
a standard yard or a standard inch, except 
indirectly, as will be explained later. 

Thus the claim made by Mr. Stutz and his 
followere that the inch of the Unirted States 
is identical with that of Great Britain has no 
foundation whatever in fact. 

The use of the metric system of weights and 
me'wures throughout the 'kited States was 
legalize& by act of Congress .n 1866 and it is 
an interesting fact that it is thus far the only 
general system of weights and measures that 
h*ds h l i  legal (though not compulsory) stand- 
ing throughout the whole country. 

The history of the so-called "MendenhaH 
Order" whic1.1 seems to be so disturbing to ihe 
peace of mind of Mr. Stutz and others opposed 
to metrological reform is briefly as follows : 
a copy of what is k n o d  as the "Metre of the 
Ar~hives"and also a copy of the kilogramme, 
both of platinum, came i n k  the possession of 
the Coast Survey in 1821, tbroagh the interest 
of ,\fl-ert Gallatin, and as years passed other 
atrsndard measures were added to the collec-
tion, including copies of the imperial yarcl. 
The inferior character of the earlier standards 
as cmpared with those of later date led 'to the 
practical abandonment of their use wherever 
work of the highest degree of precision was 
rtitt~rnpted, Every metrologist knows that a 
material standard may have the backing of 
legal authority and at the same time be so 
m d e  and imperfect as to be useless for re-
fined work. 

Without going into the history of the In-
ternational Bureau of Weights and Measures 

rand the produetimi of beautiful copies of tho 
inte~nationd standards, it  is suficient to say 
thah on the iweipt of the two wpiw allotted 
to the United States it was resolved to form-
ally abandon the Troughton scale as a stand-
ard of length and adopt the international 
metre as the final standard of refeyenee, for 
only in this way eould work of high precision 
then thing done in the United States (this 
included not only the operations of the Coast 
and Geodetic Survey and other bureat18 of the 
government but practically all research work 
done at colleges and universities or by inde- 
pendent scientific workers) be "tied up" with 
that done in Europe, for even in England the 
metric system was and still is in universal use 
among scientific men. 

I n  recognition of the really great import- 
ance of the event, it  was arranged to have the 
seals (which had #been put upon the containers 
of these dandards befoiw they left Paris) 
broken $by the President of the United States. 

This was done in the cabinet room of the 
executive mansion on the second of January, 
1890, in the presence, also, of the Secretary 
of State and the Secretary of the Treasury, 
together with a number of invited guests, 
~wpresentatives of engineering and soientifie 
societies and others especially interested in the 
science of metrology. 

Thus Metre No. 27 and Kilogramme No, 20 
were formally adopted as the aat,ional proto- 
type metre and kilogramme. 

I n  connection with the World's Fair in Ghi- 
cago in 1893 there waa held an International 
Electric Congress, associated with whioh wm R 

"Chamber of Delegates" officially organized 
for the purpose of coming to an international 
agreement upon the defini,tions of units for 
electrical measure. 

Ln view of the probable success of this move- 
ment and of the certainty that such defini-
tions would $be built upon a metric foundation, 
it was deemed wise to have definite recognition 
of the? national prototypes as  the fundament- 
al standards of reference in all metrological 
operatiom in which the United States Oovem- 
ment was concerned. 

This was accomplished by the preparation 
and publication of Bulletin No. 26 of the Coast 
and Geodetic Survey, which became authori- 
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tative on the approval of .the Secretary of the 
Tr&sury which it received on April 3, 1893. 

The 'ibull's eye" of that a,nnouncenlent is 
foulld in She 5ollomi~~g sentence: "In view of 
these fa,cts and tho absence of any material 
nornlizl standards of customary \-+-eights and 
measures, the office of weights and measures, 
wiith the a.pprovai of the SecreCary of the 
Treasury, will in the fdture, regard the inter- 
national prototype metre and kilogramnlc as 
fundamental standalds, a~zd the cz~stoma~ry 
urEits, dize ya,rd u~sdthe pound, will be derived 
therefronz. in accordance with the Act of Jnly 
28, 1866.'' 

Nr. Stutz in his testimony before tlie com-
mittee quotes this sentence several times, re-
ferring ,totoe last phrase, "in accordance with 
the Act of July 28, 1866," as evidence t11a.t the 
metre m d  kilogralame are not thus made fun- 
damental units hut are to be considered as de- 
pendent upon the inch and t h e  pound, accord- 
ing to his personal interpretation of the Act 
of 1866. But by some unhappy chance, b~ 
accicle~t or otherruise, lie has j6variably omit-
tecl the worck italicised above, "the cnstomary 
units, the yard and pound, will 'be cleriverl 
therefrom," which nullify and completely re-
verse his argument. 

lIiv quotations are apparently made ft*onl a 
ci?.cnlar, Xo. 47 of the Bu-ceau of Standarcls 
in vhich, accorcling to his own word:;, it was 
liot intended to repiwiiuce the order as a whole. 
It is possible, tlierek'ore, that these very im-
portant worcls were omitted in that circ~xlar 
arid Xi. Stutz shall have the benefit of the 
doubt, but; if he llad consulted the original 
order he ~vould have found .them. 

Tliere can 13r no cionbt of their meaning and 
it is a fortunate thing that the legal relations 
established by the Act of 1866 are so very 
nearly correct that for all ordinary purposes 
of conlgarison (and there can be no other) they 
aye sufficiently accurate. 

1t.eealling the fact that when tfiis -4ct was 
passed Congress had nerer defined the yarcl or 
the ponnd (except the Troy pound for use in 
the mint) ;that these words had, throughout the 
country as a rhole, no definite meaning; and 
the further fact that a t  that tirne the metric sys- 
tem of x-eights ancl measure6 was in almost 

univey%al use, except in Great Britain and the 
United states, and that i t w a s  represenkd by 
precise material standards, it seems more 
probable than otherwise that the Act of 1866 
itself put the country npon a metric basis, 
snpplenlented and completed as it tvaa by the 
receipt and adoption in 1890 of the national 
prototypes. 

I n  any event there can be no possible doubt 
as lo the effec;t of the issue of Bulletin KO.26 
in nlaking them the fnndament.al standards 
for all metrological operation8 ibl ~ h i c h  the 
national government is in any way concerned. 

The opponents of the metric system are 
s'trangely silent 'egarding another Act of 
Congress, muell Inore far-reaching and pr~stly 
tnorc effective in putting the courrtry upoil a 
meirie basis than anything which preceded it. 

It is the Act of J u l y  12, 1894 which defines 
the units of measure by means of which trans- 
actions amounting to mnnj- hundreds oP mil-
lions of dollars annually are acljusted, frwnish- 
ing the sole method of measuring output and 
consumption of one of the very la~ges tsnci 
most important industries of the present day. 
No one has had the courage to suggest a re-
vision or repeal of that Act, so M to ppnt into 
it the sacrosanct inch ancl one of the nnmeroLla 
pounds, in piace of the celltimetre and the 
gramme. Watt, kilowatt, ~ o l t  and ampere are 
now familiar teims. The great mar produceil 
an allnost universal interest in metric nnits 
and causecl many manufneturers to regret that 
their llse had not been rnacte compnlso~o long 
ago. 

ilncl now .;pace above and around us is al-
mo;i con~ta~it ly the lengt!i ciisturlred by wa~~es ,  
of which, ineasured only in nietres, is of vital 
interezt to tens of thousands of people, old 
and young, rich and poor, who are finding 
ont what a inetre is and what goes mith it, so 
!hat, take i t  all in all, it seems certain thai the 
opponents of metro!ogical rci'oxn are engaged 
in a hope!ess task. 

I n  their ovn mords, "'they $lave belzten ii 
once," and perhaps they may beat it again? 
but shot  m a . ~ y?noye tipnes. 

T.C. !&EXDE~YEALI, 


