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GENERAL CORFERRNOR W&IM‘W AND MEASURES
INTERNATIONAL COMMITTRE OF WEIOHTS AND MRASURES

Propossls regarding definition snd relation of units and
standards of length submitted in bebalf of the Nationsl
Barenu of Standards of the United States of America.

uﬂ of the red rediation from oadmium wepor, as deteruined | -
oit, Pabry and Perot, as the fundemental standard for

. 1. It is reconmended that the Conference adopt the wave
\ the
: wave length of light.

) at & of of mercury, with g eoual
zma.zr .:‘:J’ !a" He The 14ght shall be pre by
s - vol slootrie ourrent in a vecuum tube ha internal
\/ electrodes. The lamp shall be maintained at a tempersture not
hi than 320°0, and shall huve = volume not lese than 2§
cuble centinmeters, The effective walue of the exeiting current
shall not exceed 0,05 smperes. At room temperature the tube

shall be non-luminous when connected to the ususl high voltage
olrouit. { .

\/&L\A,L «;*} E'!Nj
Thies shall loliuo the me 1 neter = }g:.mb\.ls wave
1 (-‘T the xmzr&“m- fum, under standard

V  gonditions speeified.

In support of the reliability of the red radiation
from oadmium as s permanent fundsmental unit of length whieh
ean be produced in sany laboratory, at sny time, with the
maximum preeision obtainable in opticn]l measurements, the
following theoretieal considerations are submitted.

The structures of cedmium lines have been investigated
‘rkuiﬂhil.ﬂlg ¥a and Perot, E‘.’. Janieki, Wali-No
Takamine, wood, air, and others. The red line . 9&1.
hae always been observed to be vingle, narrow, and symmetricsl.

The speotral series notation for this 1 is 2 -3‘»;.
Hyperfine struoture analysis of Od lines in which 21p, p

a Wz; shown that this _term is single; its absolute welue
is «60, The walue of 3D, is 13319.2% but 1t has not been
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postively established that this term is uuclui in ,f‘“ is
should be found to be vomplex, the fact that &Py-3°Dg
always been observed as a single line means that a rigi
selootion rule limits the emission to one component.

The, normal state of the cadmium atom is represented
by the term 115)»72538.81 which is_43692.21 units (nearly 6 volts)
lower in the enérgy diagram than 2Py, the final state for the
radiation of the 045884 line., This relation between final

states is favorable to the Ketunon of the primary standard

&8 an unreversed emisesion line; only atoms which have been
energized by 6 volt elgetrons are in condition o absord this
readiation, and since is not & metastable state, only under
exceptional conditions is self reversal of this line observable.

On account of the faet that the atomie energy states
inveolved in the production of Cd 64384 lie in the upper
of the C4Y energy dingram this line is likely to be displaced
by pressure; it has indeed been obuserved broadened and shifted
redwards in quartz lamps containing alloys when the vapor
{roum was » but such effects are ppreciable when the
ine is prod in a Michelson tube containing pure Cd at 320°C.

The theoretical half-width of this 1 ine, assuming that
the width is due entirely %o Doppler-Fizeau motion of the atoms,
is 0,0004, which agrees closely with 0.006A measured by Michelson,

: From the practical side it may be emphasized that this
line was adopted in 1907 as the fundamental standard for

speciroscopio measurements, it is the definition of the internaiion~

angstrom unit, and is the basis of the system of secondary
standards throughout the spectrum, All of this has been sanctioned
by the International Astronomical Union and is actually the
internntional usage.

\ An enormous number of gauge blocks( end stancards)
have come ianto use for precision measurements, All of these
have been either direc calibrated by means of light waves,

or compared with s derived from these, Dur the

past ten years over 40,000 sush @s have been galibrated at
the Bureau of Standards., These uie end standards for the
Bureaw, standards for the manufacturers of precision m blocks
m.fwtarnn in the shop. The resultis on a one gage
(Table 2, p. 699, Seientifie Paper of the Buresu of Standards
Ho. 436) are typical of thowe for all the other gages tosted,
For single measurementis of the optical path, on seven different
wave lengths, the

Haximum difference in the length from two wave lengths is

Maximum difference from the mean is 7
70,000,000

Average difference from the mean is a
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Experience shows thet the standard wave lengths
will, in generanl, give the distance between the two plates
lﬂhh 0.005 mieron. In transferring this length to the guge
the error made mamnomltycfmg:. The best
mﬂ that could selected in 1919 from mome ty sets of

blocks had parallelism and planeness errore of from
0.07 to 0.2 mioron, These errors made uncertainties of the
order of 0,07 mieron in the length of these gages se standarde.
Since lﬁ 9 the Buresu's end standards have been kept utxn
that ¢ nee. This year Johansson submitted = set of :
w blooks, almost of which are plane and parallel within

« mioron and eorreet in 1 h within 0,05 mieron. wWith

gagen of that quality the results from two single meapuremonts
should agree within 0,02 migron. It was found, however, that
gages one to two inches in leagth at room tempersture of 23°C
when put in & constant chamber held at 20° wi «01° continued
to ohange in length for 100 mimutes. It was therefore found
mumg.» hold them at the standsard temperature for two
hours before making the measurements,

Agourate line-ruled scnles have been construeted
stepping off, with a Wichelson interferometer, intervals whieh
have been mensured in terma of %tﬂ:'nwn. Thug, the Brown
and Sharpe Company uses twelve b line senles made at this
Puresu from light waves in their ealidrating machines. Milli-
meter soales subdivided by mesns of light waves into 10-mieron
interwale have been gonstructed for the enlibration of mierometer
microseopes., The error in an interwal between any two lines s

not over 0,02 mieron. All the ha oneters tested st thie
Burenu sre oul ibrated relative to o rd produced from
light waves. :

2, It is recommended that the conference adopt the
following relation between the ynrd and the meter

1 yard = 91 meter
and 1 inch = , netor

From thie may be dorived the relation
39.370078 inches = 1 meter.

The present officisl relation of the United States
: 39437 inches = 1 meter
differs from the Pritish legal relation

2 39.370113 inches = 1 meter

by about 2.5 # in o million. With lengths even as smsll as
1 ineh this difference 18 o measursble quantity; therefore the
need for uniformity in all eountries ie app .
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The advantages ot ﬂu proposed relation over the twe
oned m that: greatly reduses the number of

iual places in the uhum between the yard and meter and
"'i&?.:."" millimeter, It lies between the present official

of the Great Britain and the United States,

A farther reason for the adoption of the above
re¢ommendation is that in ell mechenical transitions from
one system of umits to the other, that is, from inches te
millimeters, or vice versa, through the medium of gear trains
and lead serews, the pn)on( relation is already universel

8, It is recommended that the Uomference adopt 20°C (68°r)
88 the standard rature at which industrisl standards of

le shaell have their sorrect W It e

tha um.mmum the length @ hall be held for
two hours 2t the standard temperature within ,01°C before making
the messurements,

Two important nm m the adoption of 20°0
for the .wn m‘ou are: s tha is & convenient and
practical rature for tho uo o! umtm standards, and

second, that it is alre in practigally universal use uth
United States and in n::’ vm’:u in Ruropean »mmu.

::R‘a"s-u..a&':.:.."o. I g “'3""

m.
adoption,

roatures are both believed to be teo ln for utiduhq :

heir use too restristed to warrsat their umiversal

In the case of industrial standards the use of &

tenperature which differs widely from that at whieh

the standaris are mm‘ mll is partieularly ebjecticnsble

in that sueh use uires

¢lent of ¢

ar u“a" in the £ precision gage blosks, this

are required, os case o on oe

moﬂ:u is im:u to lead to confusiomn, errors, and isek
ty of measured parts,

1

4o
desirability

Burean of

trary assumption of a coeffi-
hermal .3-“‘ for both the standard end eny meterial
the stendard, Where precise dimengions

of
t is recommended that the Conference consider the

of having all eertificates issued by the International
fleights and leasures contain all relevant un htu to-

permit conditions of comparison to be known end

order that redustion to such other standerd conditions ss ﬂ.
be required by Fational Standardising Laboratories may be
with m highest possible ascuragy.

should ine

In the case of standards of length these test date
lude the temperatures of on, the uml

coofficient of thermsl expemsion, the method ot

me thod of

i1luminstion of the stendard certified, -{uun
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with whigh mmﬂ:&m equation e sserting ite
conditions wh lmmmgw

¥Y B¢ In view of the ever inereasing demands for & Ikmowledge
\c;{ .gm‘,wumnmmmmw,
\'\. | ‘-

|

s

t is ree that the Conference the | :
muu tml‘zanuth mﬁﬂ#u-&n‘m
engths coefficients of tund-omzm °
cortificates may be suthorised by the mm"wm
The need for such revision is shown by the following
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