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FOREWCAD

In the USSR at present, there are four different standards which define the
syuteme of mechaalca. unitse in use snd the units themselves: (OST 169, 0ST VKS
5858, 0ST VK3 6052, and OST VKS 6053. The new GOST (State All-Union Standerds)
Project being examined here was introduced by *“2 Committee on Measurements and
Measuring Inectruments and was accepted by the All-Urion Committee of Standards
on 10 April 1947 ss & project. MNoting <hat the project is aimed at a unifice-
tion of mechanical, thermal, and electromagnetic units, based on the new MKS
system, the article emphasizes the rather irresolute changeover to the new sys-
vem, and recommends within a short time, the complete abolition of the technicsl
MEfS systenm, and the retenticn of the CGS syste as an awxiliery one. The range
of the units of the MKS system can be considershly expanded by employing metric
prefixes, but the pretixes should not be included in the names of the tasic units.
The article also recommends changing the neme for the unit ¢f ~tss, the kilogran.
Like the GOST project the article contain verious controversiel wmeuters which
should te discussed.

The abundavce of existing systems of units complicates their use in prac-
tice. The OST 169 of 198 (Absolute System of Mechanical Units, MTS) embraces
units of force, work ana ene.gy, power and mechenical tension, correlates the
MIS and CGS units, and gives a table for converting the mechanical units of a
technical system into units of the absolute system for exact and approximate
computations. The OST VKS 5858 of 1933 (mass, weight, density) establishes he
alphabetical designations and dimensions, &nd also defines weight, the acceler-
atlon of free fall, density, and srecific volume. Thne OST VKS 8052 of 153k
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establishes the names, designation, deflﬁitions, and relationships for units of
force, work and energy, power &nd mechanical tension. The 0ST VKS 6053 of 193k,
iricludes a definition of the system, the classificetion of established ctandards
of the £G3, MIS, and MKS sret=ms, the range of application of each system, and
the units of measurement of the system. Thus, in these multiple stendards, the
same duta 15 repeated frequently and is full of crntradictlons and ineccuracies.
A unification of the gyetems of units and regions of mechanical, thermael, and
electromagnetic phanomensa-is urgently needed. )

The path of unification lies in the introduction’of MKS units (meter, kile-:
gram-nass, second) in the new GOST project. co . : ’

General Outline of Project

: "he most esgential part of the project is the MKS system." The name for the
unit of force in this system 1s defined as the newton which equals 105 dynes.
The wunit of energy, the joule, opens the possibility of extending this system
to thermal wnd electromagnetic phenomena.

The new proJject is not burdened with multiple or fractiopel units, in con-
trast to the former standards but tolerates necessary metric prefixes in.a sep-
arate supplement consisting of four sections, making possible a wide diversity
of the scales of units. .

These {eatures repredsent important achievements of the project end make it
stand out as a veluable contribution toward orderliness in the mechanical units
and ip the unification of units generally. In accordence witkh the motives for

unification, the MTS system is rightfully excluded from the project, but it is i

serseless to standardize three systems instead of one -- thz MKS.

Thus, the project repeats two principal shortcomings which the previous
standards contained, nsazely, a surplus of stariardized systeme and & double
connotation of the term kilogram. This double connotation is an absurdity in
the metrology of the 19th and 20th centuries.

The nroject introduces, somewlat hesitently, the rew MKS system and does
not emphasize its unification advantages over the other two systems, when, in
fact, the next GOST should indicate «<learly thet the MKS system is a basis for
the unification of unit systems in all fields of phys.cs and m.s%t, therefore,
replace Bll former umit systems, including the CGS system.

Classification of Unit Systems

_ __How, then is the new system related to the formar cystems? K. M. Polivanov
é 1_7 roints out four independent clessification criteria for unit systems:

1) number of besic units, (2) systems ¢f relationships, (3) dimensione whose
units are accepted as basic, and (4) basic units. Folivanov calls the unit sys-
tems which .ave the same system of relationships holomorphic. The converiion
between similar systems is not difficulc. This is illustratel in individual
cases, as well a¢ in literature L 2 and other_sj. All mechanical systems of units
(cGs, MIS, MXS, technical, British) are holomCrphic among themselves, slnce the
relationships Jv mechanics are settled firmly and maintain an unchangesble form
in all these systems. They alsc have the same number of basic units. Possible
variatioas between systems of mechanical units result from criteria 3 and 4 men-
tioned above.
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Selection of Basic Values . - : : : : ' .

Two dimensions -- length (L) and time (T} -- are accepted in all basic o
physical unit systems. The *hivd dimension -- mass (M) or force (®) -- is de- St

vatable. Consequently, there are two possible varistions, IMT, or IFT. Great
disputes arose in comnection with the selection of ore of these variations.

The first variation is represented in the project by two unit systems:
CGS and MKS; and the second, the so-called technical system, by MKF3, i.e.,
neter, kilogram-for.e, second. . .

The former standards, as well as the new project, £ind the {echnical sys-
ten the least acceptable and give preference to the IMT variations. .But the
Tormer stendards were more cousistent:  thus, 0ST/VKS 6052 tolerates only lim-
ited use of the technical system for computations of low accuracy and recommends
the use of the CGS or MTS system in basic cases.' The new project, electrically,
admite both the IMT and LFT vaviastions.

The unificetion of the unit systems, however, makes it obligatory for us
to limit our selection to one of these two variations. The complex problem
shouid be solved by taking into considereticn the metrological date as well as
the poseibility of extending ¢he wnificetion 4o thermel and cloctromngnetic '
‘phenomena .

Metrologically, tie unit of mass is undoubiedly more suitable, since the
standard of mass is easier to establish by means of & definite weight. It is
mich more difficult to prepere and preserve a standard of force, due to this
standard's dependency on secondary conditions, namely, on flexible constants of
atandard dynamometers, or on the gravity parameters of the given locality.

The energy upit of the MKS system -- the Joule -- is already stendardized,
as 1s the unit of thermnl and electrical energy [ 3:,.7 Thus, the LMT system,
l.e., the system of meter, kilogram-mass, second, reveals prospects for unifica-
tiou of the urits in nbysics.

The selection of a dimensiocn for the characteristic of the "quantity cf a
substaince” is just as jiportant. Quaniities uf identical chemical substances,
at a constant temperature, can be compared Ly their volumes. However, the quan-
tity of a substance is usually specified by weight. By *he weight of a body
changes according to gravity cunditions; therefore, it is not an unalierable
characteristic of the hody. The change in w2ight of a body car reach 0.5 per-
cent on the surface »f the earth. A more reliable constancy at velocities well
below the speed of light is vossessed by the mass of bodies.

The mass of bodies is measured by one of the besic physicocherical instru-
ments, the beam balance. Actuelly, trensfer of the entire imstrument ints new
gravitational conditions would change proportionally the weight of the balance
and the rmeasured body; therefore, the reading on the scale will not change. Thus
the word "weight" does not reflect any physical designation of the ipstrument.
1% snculd rather te called 2 "mmssorete. .

>

TGRS M A A ORI 0 S

Pegardless of the unit systew selected, the quantity of substance in a body
should be specified neither by weight, nor by units uf force, bt by units of
mass, l.e., in kilograms or grams. Such procedures are used, for example, in -
studying heat capacity.

It 1s true that the project introduces a new unit of mass for the techni-
cal system, the "inerta," which fills in the gaps of former standards not hav-
ing a special neme for tne unit of mass in that system. The irtroduction of
this unit discloses an important opportunity for specifying the quantity of a
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‘substance in inertas, the density ill LREr Les/ CUDLC MELEY, Lile  LUelmdl Capuciuy
in kilogrevometerc,'inerte degree and so on. However, these units are 50 unusual
that they will hardly be favored. The technical system is entirely unmsuitable
for other divisions of physics. One can imagine hwo unsuitable the coefficiencs
would be in electrotechnical equations, if kilogravometer instead of joule beceme
the unit of energy. The technical MKfS system cannot be generalized for allied
sclences and has to be left as is.

Transition Pericd

It 1s posaible that the sudden abolition of the technical system would not )
be edvisable. 4 would be necessary then to point out in & future GOSY the tem-" -
porary nature of this system, 3 period of about 5 years. All new books and man-
uals would have to be published according to the new MKS system and the techni-
cal system would cease to exist altogether in 3 to 5 years. '

However, here again we run into the previously mentioned double connotation
of the term kilogram. This should not be tolerated even for a shert time. The
project, trying to eliminate thie difficulty, tekes the right course and intro-
duces the ‘term "kilograv' (kG) to replace the term kilogram-force. But no re-
sult has been achieved vet  and the double-connctation terminclogy may continue

o exist.

Thus, kilogrem-force is given as a basic term on the title page of the GOST
project, and the footnote statea the* the word "force" can be omitted. Kilo- .
grav is listed only as a second term, in parentheses. This way the term kilogram
stands for the reasurement of force. The symbol kgf emph~sizes this even more,
since the letter "f," the first letter of the word "force" of the term kilogram-
force, cannot in any way denote & pari o7 the word kilograv.

The symbol kG is much better, since it can be related to the word kilcgrav.
Besidas, the s;mbol kG is already used and differs from the symbol kg.

Subsequent pages of the project also 1ist the units, kilogram per square
neter and kilogrammomerner. As can be seer; nothing is left of kilograv; even
tie word "force" is omitted. Trus, the project brings us back to kilogram,
the 0ld double-connotation term.

‘the terus kilcgram and kilogram-forc~ should bz elimirated from the techni-
cal system und the single term kilograv and its symbol kG (tn Russian and Roman
letters) should be edopted. Accordingly, the derived units should be named kilo-
grav per square meter, kilogravometer, etc.

Multiple Systeme of Units

Under the avove term / L.4/ we shall consider unit systems in which the
c dimersions ﬁoinc!ﬁe, ‘but the scales of one or several basic units ere
ted from different sy: eme (CGS and MIS). The derived units of multiple
w5 also differ (erg and kilojoule), whict caused frequent criticism: one
g3} ,.oauced micro units, and the other the macrc units. The previous struc-
:iple systems excluded their Joint utilization and necessitated tedi-
«iong in working out problems.

The MKS systems is much simpler. The project specifies that most of its
units shall have simple names without arny metric prefixes. Thus the basic sys-
tem can be used in any multiple variaticns. This can be done by inserting,
when substituting numerical values in the formula, powers of ten which serve as
metric prefixes.
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Semn . coblem: Lo estimste the wWirk Ol 'eapdbBlod Ui gaB uluel Cudslali
pressure P 2quals 20 newtons per squere centimeter, if the increase in volume
"V equals 5 cubic decimeters. ' :

According to the general formula .= paV, we have A = 20 hewtons
(0.01 meter?

=4 e
5{(0.1 meter)” = 5 5 %-8—_-% newtononeters = 17C0 joules & 1 kilojoule.

In both the statement and solution we use unlts considered cutside the
system relative to MKS. The only exiception in this orderly system is the kilo-
gram itscelf -- the basic mass unit. It would be advisable to chunge its name
in such & way that the metric prefix would disappear entirely. A long time ago,’
I recommended as a syvonym for kilogram, the old word funt (pound) L, 5_7. But
M. F. Malikov was opposed to it, poirting out historical instances where the
combining of the two definitions for the old and new units brought only confusion °

’ é 27 Consegnently, an entirely new word should be found. The well-estabiished
nsme kilo could be changed slightly, perhaps into kil, or kilon. I think, in
practice, such a change could take place painlessly, and would greatly simplify
calculations. Obviously, 1 gram equals 1 millikilo; 1 ton equals 1 kilekilo.

In view of these considerations,it wouid also be wise to change kilogram-
force to grav, and not kilograv, assuming: 1 grav equals 9.8 newtons; 1 gravo-
meter equels 9.8 joules, etc.

Remsirks on the Project

1. It vould ve useful to adopt individual names for the majority of the
derived units of the basic system, as 1s done for elactromegnetic units. For ex-
emple:

v = meter3 * "ster" (cld metric term)
S - meter2 = "plan" (analogous to preceding)

a = meterd2= "gal" (excluding this term from CGS cystem)
secont

D = kil = "archimed"
meter3

P = newuon = "lomon"
meter<

The reme of the unit of pressure, "lomon," is recommended in honer of
M. V. Lomonosov, who devoted much of his time to studies of atmospheric phenomens
on the planet Venus, and who was the first to disclose the concept of the kinetic

tneory of gases.

2. The GOST should, at the same time, indicate the letter symbols for the
given dimensions as well as the equations which determine their values. This
is done by L. A. Sers [ 67 and, in comnectior with electrical dimensions, by
M. F. Malikow [77 and S. F. Malikov 87 The project for corresponding GOST
forms was proposed by this writer [ 5/.

3. The Roman titles of the MKS, CGS, and MkGS uunit systems should cortinue
to be used, paralleling vne Russian MKS. TsZh8, and MkGS.

L. fThe unit of ton-force was ebsent in former standards and there is lit-

tle need to include it in the now GOST. 8
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5.. The previous standards prefeyzed'ihé use of kilowatt over horsepower,
In the new project, these limitations no longer exist. The temporary character
of this unit should be stressed even more in the next GOST, or it should be ex-
cluded altogether.
Conclusions

1. The next COST should stanéardize as a basic system cnly one system of
units, the MKS, with its subsequent extension to thermsl and electromagnetic
phenomensa .

2 The CGS and technicel M:GS systems should be standardized as auxiliery
ones (the technical system merely for a short term of 3 to 5 years).

3. It is advisable to change the name of the basic unit of mess, the kilo-
gram, in such & way that the new name will not contaln metric prefixes.

k., The unit of force in the techmical system should veé chahged to kilo-
grav, or, even better, 0 grav. The term kilogram-force ehould be excluded gl-
together .

5. Individual names should be given to the majority of the derived units
of the basic MKS system.

G. The teim inerta should be considered as well-chosen Jor the technical
system,

7. Columas should bz added to the GOST indicating the symbols for the
dimensions, and the equations defining them.
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