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Mr George K Burgess Director
Buresau of Standards
.ashington D C

Dear 3Sir:

Your interesting letters of April 13 'and June 25th N
regarding "the question of interrational agreement on the standard

temperature for intercomparison of industrial standards of lemgth",

have been duly received and 1 herewith hzve the pleasure to send you §
my opinion in the question, explaining my experience in using different é
"normal temperatures™ for standards of length, in my pioneer work in \

Eskilstuna, Sweden, making gage-blocks and accessories thereto, which at Vi
the present time, excluding those made in Dearborn, Michigan, (Ford-Johan-
son Blocks) smount to about one million gage-blocks in metric and inch /

systems,

After having designed and made my first set of block
gages in the yesar 1896 I commenced to investigate different mskes of gages
as micrometers andi end standards of imerican and European make: for
instance, from Brown & Sharp Mfg. Co., U.3.A+3 Ludwig Lowe, Berlin, snd
Reineczer, Chemnitz; and also from the State lndustrial VWorks in France,
for the purpose of obtaining the right measuring values for millimeters
and inches, From this investigation I found that nearly all of these
concerns used different adjusting temperatures (standard-temperature) for
their gages; that is Brown & Sharp Company, U.3.A, used +52°?-: Ludwig

Lowe, Berlin 4 25° C; Reinecker, Chemnitz, Germany, 4 14° C; and in the

State Torks of france 0° C or its equivalent § 22° F. were used.
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In my experimentsl work and during the time I made up the
first thousand sets of my combination block gages for the market from 1899
to 1914, I found that the average and middle temperature in laboratories
and shops in which end gages were used, was about 20° ¢ or 68o P and 1

therefore always tried to keep the temperature in my laboratory constant at

that temperature (4 20° C) and only when the customers expressed their wishes
to have the block-gages adjusted to hold the measuring value at another
certain temperature did I do so, for instance: for France (in mm) st 0° C.

- 22° F., and for England (in inches) at & 62° P., and in some cases, &al-

though only a few sets, at & 66° 7.

Nevertheless and although my customers in France requested
to have the block-gages hold their measuring valne at Ooc, 1 made the adjus-
ting and checking at 20° . (68° F.)(at wrich temperature the block-gages
would be used) thereby using a "standard block"™ 100 mm oalibrated at nearly
20° C. at the Burean International des Poids et Mesures, Peris, and by tonem
calculated to its measuring value at 0° Centigrade.

An exception from the adjusting and measuring of the block-
gages at the temperature of definition (Standard Temperature) of 20° ¢ (68° ?)
has been the Master Standard Combination Blocks made for Engl and, which
blocks I adjusted and measured at 62° P,  For Japsn I also made the ocombi
nation block sets at 62° F. until that country in 1926 adopted the metric
system. The block sets in metric for Japan are now adjusted at 20° ¢ (680 F)
as standard temperature,

Adjusting dlock gages at 52° P. however, I founl it more diffi-

cult to make the adjusting und calidbrating at that lower temperature than

at 20° ¢ (e8° P).



The radiation of the warmth from the body of the operator

had a quicker influence on the blook gages at 62° F. than at 68° F. Con-
sequently the gage blocks during the adjusting and measuring operations at

62° P, were inoreasing quicker and more in length, due to the expansion
of the steel, than they were when the adJjusting and rs asuring operations
were made at 20o c.

Apnother advantageous oircumstence in using 20° Ce (68° F.) as
standard temperature is that in reductions from Centigrade to Fahrenheit
the figures 20 and 68 go evenly up ad the calculations are more simple anl
easy to hsndle.

The Johansson gage blocks have been delivered during the yoars
16899 to 1928 inolusive to all industrial countries of the world, about
1,000,000 gage blocks having been produced and sold at Eskilstuna, Sweden,
and approximately 100,000 by the Ford Motor Company at Dearborn, Michigan.
Eost of these gage blocks (which are used ss standard blocks) are adjusted
and calidrated at 20°C. (68° F.) snd the industries of sll countries except
England and the State %orks in Prance have found this temperature practical
snd good from every standpoint. Even in Englend some manufacturers have

expressed thelr desire to adopt 68° F. (20° C.) as standard temperature.

The writer will herewith present the fundsmental rules and
principles regarding temperature, wnioh have been used since 1903, when
determining the measuring values of Master Standards used in adjusting and

calibrating block gages made in Eskilstuna, Sweden, and in Dearborn, 4ichigsn.

l. For the MYetric System:

In 1902 I made one 100 mm end-rod marked "B", at 20° C. with

flat and parallel measuring surfaces and sent it to the International Buresu



at Faris for calibration, with the request that they wuld measure it

snd glve me the temperature at which it held its length, 100 mm, exactly.

On April 29th, 1903, the International Burean issued a certificate, with

a desoription of its work, vhen detemining the length in comparison with

the Prototype Meter, and the temperature given in sald certificate was

20°.63 Centigrade at which temperature the 100 mm (B) held its right measure-

value of 100 zm,
I therefore had to inoreasse the length of tne 100 mm (B)

about 0007 mm to glive me the "absolute™ messuring.value of 100 mm &t 20%.
I proceeded with the work of the block gages and 1 sent in

new Blooks to the International Bureau for calibration and in a sertificate

dated April 22, 1912, 1 received the following figures:

‘a 0o ‘a 20°
u -]
100 100 mm -23. & 100 mm 30, 1
a
50 50 mm 11, 8 50 mn 0.0
u "
25, 26 mm - 6, © 26 me 0. 1
u
2544 25mm -5, 9 25 mm O.0

These same measuring values have been the laster-Standard
measuring values for all metric Johansson block gages made and distributed
during the period 1912-1928, and are also equivalent to the measuring

values during the years 1903-1911,

2, For the Inch stems

A, English Inch

In the year 1904, I received from Monsicur Rene Benoit, Direc-
tor of the Intermational Buresu, Paris, the equivalent between the English

Inch and the millimeter as beings 1 inch s 25.3999772 mm and thess figures



wore confirmed in 1908 by Dr R J Glasebrook, then Director of the National
Physical Lsboratory, London.

Using this equivalent 25.3999772 and the measuring value of
the "100 ma B" calibrated at the International Bureau in 1903 (Certificate
of April 29, 1903) I made the first set of combination block-gages in inches

for the National Physical Laboratory in sccordanse with their standards

tor 62° 7.
In the year 1908 I made & set of bloock gages, containing 81

end gages for the English Admiralty at 62° FP.and sent this set to the Kational
Pnysiocal Laboratory for calibration. On September 23, 1908, I received a
e

certificate of exemination, which shows ‘the Fational Physical Laboratory found th
size and parallelism of all blook-gages in the set to be within .000,01 part
of one inch.

For investigating the measuring-values from time to time,
block gagea were sent to the National Physicsal lLaboratory and Buresu Interna-
tional for calibration. The Certificate of October 23, 1922, shows two
4" block geges to correspond with the Hational Physical Leboratory's Standards

o
at 62 F. within respectively .000001" and ,000,002"%,

B, Americsn Inch
The lLegal Equivalent adopted by 4ot of Congress, July 28, 1866,

viz: ) Ueter = 39,37 inches gives us the value of the American inch as
25.400’050.8(00'1) m.
In the year 1906 one 3-inch block gage (Marked "F") of my make

was inspected by the Bureau of Standards, Washington, and & certiflcate was
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issued whioch gives the folloving values:
°
Gage F = 3.00020 inches at 27 5 C.
= 2.99994 inches at 62° Fanr.

based upon the use 0f the temperature.coefficient 0.000,011 per degree

Centigrade, and using the seme temperature coefficient I got the mes-

suring value of 3,000,052" at 20° ¢ (368° F.).

Based upon the temperature coefficient ,000,011" per
inch, per degree Centigrade, I found the measuring-value of "Gage F"

at 66° £. = 16.9° C. to be: 3.000016 inches.

Therefare, &soording to the Burcem of Standards mes-
suring result, Test Fo. 1604 and Certificate of August 19, 1905, I
considered said "Gage F" to be nesrly correct, to give the measuring-

value of the American inch within the limit at that time.

Consequently &around the year 1908 I marked some sets
of the Dlock gages thus: "at 660 F* ard made other blooks in the
block-gage set subdivisions of said "Gage F", the messuring-value of
whioch I, for some Jedrs, used for comparison of the measuring-value

for the Amsrican inch.

Bat &as i had since the year 1903 made all metrioc block gage
sets (except a few for the French State Torks) for a standard temperature,

tsmperature of definition, of 20° C. and as I had in 1912 received the Inter-
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national Bureau's Certificate dated April 22, 1912, which testified to the
high accurasy in my block gages in mm at that temps rature, my next step was
now to make un a block gege set in inches, which would correspond with the
metrioc measuring value at 20° C. (¢ 680 P} and sinoe that time (1912) I
adjusted all for the American industry ordered block-gages at and for the

o
temperature 20 ¢, (6803'.) to correspond with the equivalent: 1 inoh o

25.40000 mm inoreased by a positive, progressive tolerance of 4 0.000051 mm
(4.000,002*) per inch, and in that way making efforts to keep the legal

measuring-value of the American inch = 26,400,050,8 mm with following result:

October 1, 1928, The Bureau of Standards, Washington, gave the
absolute measuring-values at & 20° ¢, = $ 68° F, of 7 block-gages (5 only one
inch blocks and 2 only four inch blocks). 411 were well within the given
tolerance of accuracy of .000,002" per inch. These blocks were all adjusted
in the Johansson Gage Department of Ford Motor Company, Dearborn, Michigan,
and out of them 4 only one inoh blocks handed to Buresu of Standards 1926,
where they were calibrated, were sent further to all of the following authori-
ties for comparison with their gtandards and for obtaining their result of
calibrations for absolute measuring-values:

Kational Physical Laboratory, England,

Physicalisch-Technishe Reichanstalt, Germany,

Bureau Internationsal dei Polds et Mesures, France,
and these Institutes in addition to

The Bureau of Standards, 'uuhington, DeCoy UeSah,

° (4]
have found said 4 only one inch block-gages at ¢ 20 C. = § 68 P. t0 be as follows:

1 inch Gage Block, marked Bl. 1.000,001,7 inch.

1,000,000,1 ineh,

1 inoh Gsge Block, marked Bls

1 inch G&ge Block. marked B.% 1.000’001 ’4 inch,

1.000,001,6 inch.

1 inch Gsge Blook, marked Bli:
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The measuring-values I used sdjusting these Gage blocks
vere the same &s given in above mentioned OCertificate of ipril 22, 1912,
from Buresu International des Poids et Mesures Prance, aud the equivalents

1l inch = 25.400,050,8 mm, corresponding with the legal equi-
valent for tne American inch,

Having thus during my experimenting and mamufacturing of more
than 1,000,000 Blook-gages distributed in all industrial countries, cov erdng
& period of over 30 years, investigated and worked out rules and principles
for temperatures &nd measuring-values of End standards for lengths, 1 have
found it important %0 waetch the following temperatures:

I JFoundation Temperature Qog, =3 g"go Fa

Corresponding with the temperature of the Prototype meter (ie-
ter des irchives)y This temperature to be used as a dasis from which the
other temperatures are calculated.

I1 Standard Temperature & 20°0. 5 & 68°F.

At vhioch temparature the gage blocks and end standards, eto.,

are chosen to hold their nominal (sbsolute) measuring-value.
111 Adjusting Temoerature & 20°0. = & 68" ¥,

I.E, the temperature at which gage blocks and end standards,
etoc., sre to be adjusted to their size must correspond with the standard
temperature ¢ 20°. - ¢ 68° P,

IV Inspecting Tempersture 4 20° ¢ = § 68°F.

1.E. the temperature at which gage blocks and end standards,
otc.. are t0 be calidbrated must correspord with the standard and adjust ing

temperature & 20° ¢. = $ 68’ r.
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Vv Xork Temperatur
&, Gage York The temperature in the working.room, the work pleces
and the gages should correspond with esch other, and in acsurate worik, i.s.
manufacturing, adjusting snd ocalibrating of high precision gages and the
l1ike, the standard temperature ¢ 20° C. = & 68° P. must be msld.
b. Produgtion :ork, the ideal oondition for producing and measuring
of interchangesble maghine parts and the like would be to 4o all work and
inspestion at & 20°C = 4 68°F., then all severe trouble would be eliminated
what measuring-values a&re conserned.

But when this can not be dome, the next best and more possible
vay is to use 600ling plates or other means for bringing toe work and the
gages to the sane tempearature. In this case the difference 1n coefficient
of expansion only would change the measuring.value, and in most csses it
would be found to be well within the given tolerance and thus a cheap and

good interchangeable prodwt can be obtained.

Trusting that above description of my work and exnerience
will help to enlignten the subject and serve to make the question clear

when choosing the international Standard Temperature, I beg to remain

Yours very truly

I Coxa Lo

Peoreen RFZHES P2 ..



