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ABSTRACT 

The international ohm is now maintained at the National Bureau of Standards 
by means of double-walled manganin resistors. It is assumed that the average 
resistance of a group of 10 standards, selected from a group of 24 constructed in 
1933, remains constant with time. No one of the 10 standards has changed in 
resistance with reference to their average by more than 1 part in a million in 12 
years. 
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I. INTRODUCTION 

Although the international ohm is defined in terms of the resistance 
of a column of mercury, wire-wound standards are used at national 
standardizing laboratories for maintenance of the unit of r esistance. 
At the National Bureau of Standards the international ohm is main­
tained by means of a group of I-ohm resistors. From this group 10 
standards have been selected, and the assumption is made that the 
average of their resistances remains constant with time. If there is 
a relatively large change in the resistance of one standard with refer­
ence to the average, it is replaced with one that has remained constant. 
In this way standards are eliminated from the r eference group when 
they become defective. 

Values of resistance were originally assigned to standards of the 
reference group in terms of mercury-ohm determinations made in 
England and in Germany before 1910. M ercury-ohm determinations 
were made at this Bureau in 1911 and 1912, and the results were con~ 
sistent with the English and German results to 15 or 20 parts in a 
million. l In 1910 the reference group consisted of I-ohm standards 
of the type developed by Rosa,2 and resistors of that group were used 
for over 25 years. Starting in 1931 the standards of the Rosa type 
were gradually replaced by standards of the double-walled type.3 

Since 1939, maintenance of the international ohm has been entirely 
by means of a new group of double-walled resistors constructed in 
1933 . Resistors of the later group have been far superior to any 
others made at this Bureau, and, judged on the basis of r elative 
stability, are about one order better than well-aged standards of the 
Rosa type. It is the purpose of this paper to describe the new stand­
ards and give a report of their performance to date. 

1 F. A. W olf!, M . P. Shoemaker, and C. A. Briggs, Construction of p rimary mercurial resistance stand-
ards, B S Sci. Pap. 12,375 (1915) S256. , 

, E. B. Rosa, A n ow form of standard resistance, BS Sci. Pap. 5 , 413 (1908-9) S107. 
3 J . L. 'fhomas, A n ew design of precision resistance standard, BS J. Research 5,295 (1930) RP201. 
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II. DESCRIPTION OF NEW RESISTORS 

The standards constructed in 1933 consisted of a group of 24 of the 
double-walled type, and the same technic was used for annealing and 
mounting as that described in Research Paper RP201. The con­
tainers, however, were larger than those of the original double-walled 
group, and were similar in size and general appearance to O. Wolff's 
model IV. 

The increase in the size of the containers made possible the use of 
larger resistance wire, thus decreasing the ratio of area to volume and 
thereby reducing possible changes in resistance from surface changes. 
The resistance coils were made of 28 turns of No. 12 A WG manganin 
wire (2.05 mm=O.081 in.) from two lots of specially selected wire,4 
wound on 8-cm mandrils and spaced with copper wire. Before the 
wire was annealed, it had a slightly negative temperature coefficient 
of resistance at 25° 0, and after being annealed, the coefficients were 
very small, averaging 1 part in a million per degree centigrade for the 
24 standards, the maximum coefficient being 3.05 ppm per degree 
centigrade. 

For annealing the resistance coils, a special furnace was constructed, 
using a fuzed-quartz tube about 10 cm in diameter and 75 cm in 
length. This tube was sealed at one end, and the other end was 
covered with a ground-glass plate through which were sealed thermo­
couple leads and an exhaust tube. Several parallel aluminum plates 
were placed in front of the glass cover plate to protect it from radiant 
heat from inside the furnace. The heating coil around the tube was 
nowhere nearer than 6 inches to the cover plate, and a good seal was 
maintained by the use of ordinary stopcock grease. 

The resistance coils mounted on the steel mandrils were annealed 
in the quartz furnace. An oil-sealed pump was used to evacuate the 
furnace, maintaining a pressure of the order of 0.001 mm of mercury. 
About an hour was required to bring the furnace to the annealing 
temperature of 550° 0, at which it was maintained for half an hour, 
after which the power supply was disconnected and the furnace 
allowed to cool fairly rapidly. 

After the annealed resistance coils had been adjusted to the correct 
lengths, manganin terminal plates were silver-soldered to the ends. 
Manganin rather than copper plates were used in order to keep the 
temperature coefficient of resistance as low as possible. 

The mounted resistance coils were spaced with many turns of linen 
thread wound between the turns of wire. All but two of the coils 
were then impregnated with shellac varnish and baked at 120° ° 
before sealing them in dry air in the containers. In the 2 months 
immediately after sealing, each resistor, except the two which were 
not shellacked, decreased in resistance by from 1 to 5 parts in a 
million, after which the resistance appeared to be stabilized. No 
change was obtained even during the initial period for the coils that 
were not shellacked, which suggests that the initial change was from 
dimensional changes in the shellac. 

One of the completed standards is shown in figure 1. The outside 
diameter of the container is 9 cm and its length 13 cm. The series of 
holes near the top are just above the double-walled part and are 
intended to increase the facilities for cooling, and the containers are 

• Chemical analysis of one lot: Cn 82.2, Mn 13,2, Ni 4,2, Fe 0.3; of second lot, Cn 82,7, Mn 12.1, Ni 4.0, 
Fe 0.5. 
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F JGUlm I. - Double-walled standard l'esislor. 
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left open at the bottom for the same purpose. The terminal posts are 
enti.J:ely of nickel-plated copper, mounted on a hard-rubber top; the 
distance between the amalgamated current t erminals being 16 em. 

tIl. STABILITY OF RESISTANCE 
W ' 

In the fall of 1933, after all standards had been on hand for at least 
2 months, the group of 24 was intercompared, resistance measurements 
being made to parts in 10 million. Three of the standards were then 
sent to the International Bureau of Weights and Measures, and since 
that time four more have been sent to other national laboratories. 
The remaining 17 standards have been intercompared to parts in 10 
million nearly every year since their completion. Two of the stand­
ards have changed in resistance by 4 and 8 parts in a million, in the 
12 years since their construction and are considered to be of inferior 
quality. The remaining 15 resistors comprise the group now used 
for maintenance of the international ohm. The average value of 10 
standards is assumed to remain constant with time, and 5 are kept in 
reserve to replace standards in the group of 10 if any of them should 
become defective and change in resistance by an unusual amount. 

TABLE I. - Stability of double-walled resistors in maintenance group 

Change in resistance, in microhms, from 1933 untll-
Standard 

No. 
1933 1934 1936 1937 1938 1939 1940 1941 1943 1944 1945 

---------------------------
68 __ ___ ____ 0 0.1 0.8 0. 6 0.7 0.6 0. 1 0.2 0.0 0.0 0.1 70 ____ ____ _ 0 .0 -.1 -.7 - .2 -.2 - .4 - .4 -.6 +-2 . 3 74 __ ____ ___ 0 - .2 ' - .1 .0 -.2 -.4 -.6 -.6 .0 -.4 - . 7 77 __ _______ 0 - .6 -. 8 -1. 2 - . 8 -1.0 -.9 -1.0 - . 7 -1.1 - 1.0 
78 ___ ______ 0 . 0 .2 0. 1 . 4 0.6 .9 0.8 . 9 1.0 1.0 

81.. ____ __ _ 0 .0 -.4 -.9 -1.0 -1.2 - .9 -.9 - .9 -1.0 -0.9 
82 ____ _____ 0 -.1 -.1 . 0 -0.1 - 0. 2 -.1 +.0 -.2 -0.2 -.4 84 ____ _____ 0 .5 . 0 .3 .0 . 8 .8 . 8 .5 .8 .6 89 _______ __ 0 . 0 .5 .0 .1 .1 .0 .0 .1 -. 3 +- 1 90 _________ 0 -. 2 - .3 1. 3 .8 .8 .6 .7 .7 . 5 .5 

Average of numerical values without regard to sign _______________________________ ___ _______ 0.56 

Table 1 shows how exactly standards in the maintenance group of 
10 have kept their relative values during the last 12 years. This 
table shows the total change, in parts per million, since 1933, calcu­
lated on the assumption that their average value has remained con­
stant. Table 2 gives similar data for the 5 reserve standards, meas­
ured in terms of the average of the group of 10. Data for the 5 are 
somewhat incomplete. 

TABLE 2.-Stability of double-walled resistors in reserve group 

Change in resistance, in microhms, from 1933 until-
Standard 1---;---.,.-----;----,-----,-----;------;----.,.------;--.--­

No. 
1933 1934 1936 1937 1938 1939 1940 1941 1943 1944 1945 

67 _________ 0 1.1 0.6 - 0. 1 -0.2 -0.4 -0. 5 -0.6 -0.9 -1. 5 
69 _________ 0 -0. 1 .1 .1 .7 1.0 1. 2 1.5 1.9 2.0 1.9 
72 _________ 0 2 -- ---- -- ------ -- -------- -------- -------- ------ -- ----- --- O. 6 0. 4 73 _________ 0 .0 .3 .0 -------- -------- -------- ----_.-. -------- - .8 -.9 83 _________ 0 . 2 .4 .2 -.2 -------- -------- -1.0 -1. 5 -1.9 -2. 1. 
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For the 10 resistors now being used in maintaining the international 
ohm, the maximum net change in 12 years has been 1.0 part per 
million. The average net change without r egard to sign has been 
0.56 part per million in 12 years, or at the average yearly rate of 
about 5 parts in 100 million. 

The bridge which has been used for the intercomparison of these 
resistors has dials that can be set to parts in a million, the next place 
being obtained from galvanometer deflections. The method of 
measurement is such that the bridge is relied upon to measure differ­
ences in resistance only. The facilities for cooling and the low­
temperature coefficients of resistance make possible measurements 
to 1 or 2 parts in 10 million, when the standards are measured in a 
well-stirred, thetmostatically controlled, oil bath. 

With double-walled containers having the resistance coils mounted 
tightly in contact with one wall, variations in atmospheric pressure 
tend to expand or compress the walls and thus apply stresses to the 
coils. To test the change in resistance so produced, three of the 
double-walled resistors were placed in a closed chamber and measured 
at about normal and half-normal pressures. The decrease in resist­
ance as the pressure changed from normal to half-normal was found 
to be from 2 to 4 parts in a million. Assuming the change to be 
linear, changes in barometric pressure can therefore be expected to 
produce uncertainties in the resistances of the standards of only 1 or 2 
parts in 10 million, which is about the limit of measurement. 

On the basis of relative values, standards of this group are about 
one order better than well-aged standards of the Rosa type. It does 
not necessarily follow that their average value is more stable. Un­
fortunately, there has been no satisfactory method of judging the 
quality of resistors used in maintaining the unit except their ability 
to maintain relative values. A group that keeps the same relative 
values could all be changing, but at the same rate. 

Before the war, some preliminary results had been obtained from a 
commutating method of measuring resistance in terms of inductance, 
which in turn could be calculated from the measured dimensions of a 
mutual inductor. By this method it was found possible to duplicate 
measurements of a I-ohm r esistor to 1 part in a million in terms of 
the calculated mutual inductance. It is expected that such measure­
ment will in the future give data on the stability of groups of resistors 
over long periods of time. The stability of the inductor can be 
checked from time to time from its measured dimensions, and it is 
believed that this can be done to 1 part in a million. Measurements 
of the resistors in terms of the inductance would then disclose changes 
as large as 1 or 2 parts in a million in the resistance of the group 
being used to maintain the unit. It is not expected that resistance 
can be measured in absolute units to 1 part in a million by this method. 
It does appear, however, that systematic errors will be sufficiently 
constant to permit checks of the stability of the unit of resistance 
to 1 or 2 parts in a million. 

WASHINGTON, September 24, 1945. 
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