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1960 0 U.S. DEPARIMENT OF COMERCE  IETTER CIRCULAR * *

Januarz 1976 NATIONAL BUREAU OF STANDARDS . LC 1035 . . o
I . R Washington, D.€. 20234: o « . ‘ ~
S St
US OEPARTMENTOF HEALTH, . . » . . . ? i 2
EDUCATION & WELFARE R ' . - ’ : . . .
. nnuouu INSTITUTE OF } S o . -~
OUCATION e ¢ : ) , . .
THIS OOCUMENT Has' BEEN REPRQ- ’ v . - . ) . . N . . ‘
DUZED EXaCTLY XS RECEIVED FROM - UNITS AND SYSTEMS OF WEIGHTS AND MEASURES: = - o *
TN R NTs OF viEw OR oPinioNs  © THEIR ORIGIN, DEVELOPMENT, AND PRESENT STATUS, - . N
- STATED OO NOT NECESSARILY REPRE- ] : ; , ot .
. SENTOFFICIAL NATIONAL INSTITUTE. OF . . i
“‘ EDUCATI N4POSI‘T|0N OR POLICY . ‘ )
° . " The National Bureau of Standards was established by act of Cangress in 1901 te
serve as a National scientific laboratory’ in the phys:.cal sciences and to provide £
. mental measurement standards for scierice and industry.  In carrymg out these related
. functions the Bureau conducts 'res and development in many fields of phys:.cs, . el
“mathematics, chanlstty, and engineering. At the time of its founding, -the Bureau had = . . . +

custody of two pr:.maxy standards-~t mete:: bar for length and the kilogram cylinder’

for mass (or weight). With the phenane:wl growth of science and technology over the

past half century, the Bureau. has became a major research institution cancerned not only
with everyday weights and méasures but ‘also with hundreds of other scientific and
engineering standards that have became necessary to the industrial progress of the °*
Natioh. Nevertheless, the country still looks to the Bureau for, information on units.
of weights and measures, particularly their def.mltlons and equ.walents. '

]
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.. The subject of we:.ghts and measures can be treated fram several dlfferent stand- R
points. Scientists and eng:.nee.rs are interested in the methods byg,wlnch prec:.s:,on B
measurements are made; State we:ghts and measures officials -are interested in laws and
regulations on the subject and in methods of venfymg ccxmerc:.al weighing and measuring.

.- ~devices. But a vastly larger group of people is.interested in some general knowledge of
‘the origin and develogmeént of weights and measures, of the present status.of unrts*and
standards, and of miscellaneocus facts that will be useful in everyday, life. This Letter .

--Clrcularhasbeenpreparedtosupplythatn.nfomatmnonmghtsandmeasuresthat AR :

experlencehassl'lowntobethecanmnsubjectofirx;uny ) . L

’ 2. Umts and System of Welghts and l%asures P !
¢ .
The expression "we:.ghts and measures is used in this. Letter C:chqlar in its bas:.c
sense of referring to measurements of length mass, and-capacity, thus ‘excluding such . |
) - topics as electrical and time measurements' and them\anetr:y This section on units.and 'y .. -\
. systems‘of weights and measures presents some fundamental infoimation to clar:.fy thJ.nking '
» cnthls subjectandtoelmunate erroneousandmslead:.nguseoftems
t"/ L T . ] . i
N . - . e T‘fr:.'i'?
P: g e 2.1, OrJ.gm and Early Hlstory of Unlts and Standards ' .
D o i \‘. .
_'- D . ’_a. UnltsandStandards o - ~

: It J.Q essenual that there be establlshed and kept in: mJ.nd the dlst;mcuon between
the terns ‘um.ts" and "standards" of we:.ghts and measures., , _ , o .

A um.t is a value, quanuty, oi' magm.tude in terms of whlch other values, ' .
quanuues, or magnitudes: are/expressed In general, a unit is fixed by definition. . . = & 7 -
. and is independent of’ such pl;xysical conditions as-temperature. Exanples. ‘The yaxd,
«the pound the gallon, the meter, the llter the -gram.
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e “‘conditions‘”“ For- exan‘ple, a yard standard-has a length of one yard when at scme deflnlte T
'temperature and supported in a certain manner. If supported in a dlfferent .

- the origin

' R -
. . N
.

: -A standand is a physical embod:.ment of a thit. In general it ig not epehden,,t '
of physical conditions, and it is a true t of the unit only under sp&Cified

. s b General Survey of Early Hlstory of Welghts and Measures
e Weights. pnd measures were. among the earhest tools mvented by man.
soc1et1es need rudmentary measures for many tasks: cons tmg dwelllng of an appro-

'

- '0 .
' Man. understandably turned first to parts of his body and l'!;s ‘natural
for xﬂaasurlng‘ instruments. 'Barly Babyloni®n and Egyptian records and the Bi

that length was. first measured with the forearm, hand, or finger and that t was mea-

sured by. the periods of the sun, moon, and other heavenly bodies. When it was hecessary

to campare, the capacities of containers.such as gourds or clay or.metal vesgels, they’.

were filled with plant seeds which were then counted to measure the volumes When méans
" for weighing were mvented seeds and stones served as standards.: For instdnce, the

carat," Stlll used 3s a unit for gems was derived fran the carob .seed.

our 'present lcnmledge of ear,ly welghts -and measures cames frcm many Bources.'-

ra er early standards have, been&lrecovered.,by archeologists and preserjed in mus'eu_rps..

on of the dimensions of buiildings with the descriptions of con

‘ wrn.ters 'is another source of informatipn. An mt'erestlng example of ' this i the cam~ -
parison of:the dimensions of the Greek Parthenon with the desquptlon givenjby Plutarch
fram which a fairly. accurate’ idea of the: size of the Attic foot is obtained: In same’
cases we have only plausible theories amd we must sometimes decide on the. i terp'retati.orr
to be given to the evidence. .For example, does the fact that the length\o c}ouble-

" cubit of early’ Babylc;)rua was equal (within two parts of ‘a thouSand) t6 the lenqth of the .,
seconds pendulum-at Babylon indicate & sgentlflc kncwledge of the pendulu ‘

at a very
coincidence? By ‘studying the eyidence given
scxne idea.of,
hre or less
rariety of . -
of weights

j system of the ‘

early date, or do we merely have a curi&
by all availgble sources, and by correlatlhg the relevit faets, we obtain|
) development of the units. We find that they have changed
-gradually with the passing of timé in a -cofplex manner because of a great
modifying influences., We £find the unitg.-modified and grouped into syste
and measures: The Babylonian system, the Egyptian sy&tem, the Phileteria

Y

mention only a few.
>

c. lOrigin and Develop:nent of Scme Canton Custanary Unit

The origin and deyelopment of units of welghts and measures has been 1nvest1gated
in considerable detail and a number of books havé been written on the subject y It is only
poss:.ble to give here somewhat sketchlly the story ﬁout‘ a few umts.

Units of lengthw The cublt was ‘the first recorded unit used by anc1ent peOples to

-mea'éure length. There were sevexal cubits of different magnitudes that were used. The

camon cubit was the length of the” forearm from the elbow to the: tip of ‘the middle finger.
It was divided into the span,of the hand (one-half cubit , the palm or width of "the hand

- fone sixth),’ ‘and the digit or width of a finger (one twénty-fourth). °“The Royal or Sacred

Qubit, which was 7 palms ‘or- 28 digits.long, was used in constructing buildings and n‘onu—
ments and in surveying. The inch; foot, and yard evolved from these units through a
canplicated transformation not- yvet fully undeystood. believe they evolved from

. cubic measures; qthers believe they were simple proport_i.ons or multiples of thé cubit.

In any case, the' foot was inherited from the Egyptians by ‘the' Greeks and Ramans. The

Raman foot was d1v1ded into bath A2 unc1ae (mches) and 16 dlglts. The Romans also -
v _ Vs . ;

: Ptolema:Lc age, the Olymplc, system of Greece, the Roman system, and the l}ntlsh system, to .

.

-



. ‘.r

e milé of 1 00G* paces or dbuble steps, "the pace bemg equal to'5 Raman
n mile.of 5000 feet was introduced into England during the occupation. _
th, who reigned from 1558 to-1603, changed by statute the mile to 5 280-feet - - -

"

t.rc:ductlon of . the use of thevxard as’a unit of length ‘came later, but its .

The |
origin is not definitely known. Same believe the origin is the double cubit,, others’ ,
_believe that it originated fram cubic measure. Regardless &f its origin, the early yard P
was divided by the binary system into 2, 4, 8, and 16 parts,cal the half-yard, span, ' .

flhger, .and nail. The association of the yard with the "gird"-Or circumference of a
person's w list or with the distance fram the tip of the nose to the end, of the thumb of
Henry I probably standardlzlng actions, since several yards were -in use 1n Great

' Brltaln . ‘.

The EEl. whlch is a unlt for measu.rlng type, is recent. CIE, originated with
Pierre Simgn Fournler in 1737. It was modified and developed by the Didot brothers, -
roise and Pierre Francois, in 1755. The point was first used in the

-~ Francois
Pnited States in 1878 by a Chicago type foundry (Marder, Luse, and Ccmpany) ~ Since
. 1886, a popnt is 0.013 837 J.nch or about l/72 1nch R ]
. Units of mass: The’ gram was the earliest unit of mass 'and is the smallest unit

in the apgthecary, avoirdupois, Tower and Troy systems. The early unit was a grain of

wheat or tarleyoorn used to weigh the precious metals silver gnd gold. Larger unkts

preserved |in stome standards were developed that were psed as both units of mass and of

.monetary cqurrency. The pound was derived from the mina used by ancient civilizations. '

A smallér junit was the shekel and a larger unit was the talent. The magnitude of these ‘
- units varied fram place to place. The Babylonians and Sumerians had a system in which
¢ 60 shekels in a mina and 60 minas in a talent. The Roman talent consisted
of 100 libra (pound) which were smaller in magm.tude than the mina. g Troy pound used .
in England and the United States for monetary purposes, like the pound, was divided K
into 12 ojinces, but the Roman uncia (ounce) was smaller. The carat is a unit for mea- N

of camerce were originally traded by n
dan, units of mass based on a volume of grain
the talent m same places was approx_unately

2 which still appear today in our and liquid measures, could have arisen fram

ipus commodities traded. The larger jvoirdupois pound for goods of carmerée might

- have --: based -on volume of watex, which higher bulk density than grain.’ For example,
-hon was a volume unit about 1Y, .percent larger than a cubic palm and oorzres-

<t ponded. e mina of water It was almost 1dentlcal m volume to the present U.S. pmt.

r water were developed, For
l to the mass of one cublc foot of

e stone quarter, hundredwelght "and ‘ton are larger units of mass still used in

ritain. The present stone is 14 pounds, bgt an earlier unit appears to hgve been
The other units are multlples of 2, 8, and 160 times the stone, or 28, 112,

i gounds The hundredweight is approx.unately equal to 2 talents. In the_U. S..

of+2 240 pounds is known as the long ton. The short ton is equal to 2 000 pounds.

~
I
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. Unitsof time and angle: The division of the circle into 360 degrees and the day
into hours, minutes, and -secands can be traced to the Babylonians who. a sexagesimal
_»..systeit of nutbers.  The 380 degrees may have been related to-a year of-360 days. - ..

‘' 2.2. The Metric System N

-

-

,'a. The Metric System:_ Befinition, Origin, and Development

4 i The metric 'system'is the international system of weights and measures based on the
- meter* and the kilogram. The essential features of the system were embodied in a report '
 made jto the French National Assembly 'by the-Paris Academy of Sciences in.1791. The - : :

defirfftive actiori taken in 1791 was the outgrowth qf recemmendations along similar lines ' 4
dating. back to 1670. The adoption of the system in\France was slow, but its desirability _
as ay international system was recognized by geodesfists and others. On May 20, 1875, an . -
in tional treaty known as the International Mefdic Conventisn was signed providing . :
for International Bureau of Weights and Measures/ thus insuring "the international uni- "

fication and improvement of the metric system."™ The metric system is how either obligato.
rmissive throughout the world. - . ' S ‘ ]

Although the metric system is a decimal system, th'e.wor_ds,\ "hmetric"
t synonymous, and care should be taken not to copfuse the two
< . b. 'Units and Standardgof the M.et':rlc System
In the metric system the fundamental units of length -and mass re thé meter and the

“ kilqgram,  The other units of length and mass, as well as all units of'area, volume,  and
= campound units such as density are'derived from these two fundamental units :

and "decinal"

. .

~  The meter was originally intended to be 1 ten-millionth part of a meridiohal = < .
quadrant of the earth. The Meter of tHe Archives, the platinum end-standard which was ot
e standard for most of -the 19th century, at first was supposed to be exactly this
}:actional part of the quadrant. More refined measurements over the earth's surface
showed that this supposition was not correct. In 1889, a new international metric .
standard of length, the International Prototype Meter, a graduated line standard of o .
platinum-iridium, 'was selected from a group of bars because it was' found by precise = . =+
megsurements to have ‘the same length ‘as "the Meterof the Archives:., The meter was then - o
defined as the distance under specified conditions,between the lines'on the Internatiohal
Prototype Meter without reference to any measuremshts of the earth or to the Meter of the
Archives, which it superseded. Since 1960 the meter has been defined as the length equal X
to 'Y 650 763.73 wavelengths in vacuum of the radiation corresponding to the transition T
~» between the levels 2 p 0' and 5 d; of the krypton 86 atam. .The kilogram previgusly defined - .
_ as the mass of one 'cub%c decimet@r of water at the temperature of maximum density was . o
" "known as the Kilogram of the Archives. It was replaced after the International Metric °
. Convention in 1875 by the International Prototype Kilogram which became. the tnit of mass

without reference.to.the mass of a cubic decimeter of water or ‘torthe ‘Kilogram of the .
!. Archives. Each of the countries which subscribed to the International Metric Convention (
' - was assigned one or more copies of the internatiohal standards; these are known as® . , s
- National Prototype Meters and Kilograms. The liter is a unit of ¢dpacity. In 1964 the :

' '12th Geheral Conferen of Weights and Measures redeffined the liter as being one.cubic
detimeter. By its preVious definition as being the, volume occupied, under standard con-
ditions, by a quantity of pure water havi a masg of-1 kilogram, the liter was larger '
than the cubic decimeter by 28 parts in Il 000 000; except for detemminations of high pre-.
cision, this difference is so small as to be of no cpnsequence. = - o

' o { : . Lt
*' . P - i .
The spellings "meter” and "liter" as used im“the original (1960) issue of this Letter . - ,
‘Circular are retained; they are the most cammen spelliings in the United States. However,
; "metre" and "litre" are the gpellings in all other English speaking. countries and are also
" useqd, principally in technology, in-the United States. . o
» . . ,."‘_ . .. . 4 ) ‘ L .

. L. ‘- . . . . gk | R . /
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: ‘ The modernized metric system includes “"hase" units such, for example, as units of
temperature and time, as well as many "derived" units such, for example, as units of- force

———-and work. _For details, see NBS.Special-Publication-330-(latest-edition), The- International ———*-
System of Units (SI) [available from the Superintendent of Documents, U.S. Government
- YPrinting Office, Washington, D.C. 20402 at 65 cents.a copy]. »
c. The International Bureau of Weights and Measures

The International Bureau of Weights and Measures was established at Sévres, a ,
suburb-of Paris, France, in accordance with the International Metric Convention of ‘
May 20; 1875. At the Bureau there are kept the International Prototype kilogram, many.
secondary standards of all sorts, and equipmept for comparing standards and making
precision measurements. The Bureau, maintained by assessed.contributions of the signatory
governments, is truly international. .- :

* o -In recent years the scope of the work at the International Bureau has been con-
siderably broadened. It now carries on researches in the fields of electricity and
photametry in addition to its former work in weights and measures with which were included
such allied fields as thermome and, the measurement of barometric pressures.

“ d. Present Status of .the Metric Systen in the United States

o The use of ‘the metric system in this country was legalized by Act of Congress in
1866,  but was not made obligatory. L ,

_ A specified transition of krvoton 86 and U.S.. Prototype Kilogram No.20 are recoanized
. as the primary standards of length and’mass for both the metric and the custamary systems
- -' of measurement in this country because these standards are the.most precise and reliable
b standards available. Obviously it is not possible to accept both a meter and a yard, and
- both & Yilogram and a pound as "primary" standards, unless there is -willingness to accept
the possibility of continually changing the ratio between the corresponding units. In ..
' . each case one must be accepted as the primary standard and the ‘other derived therefrcrq
by means of an accépted relation. In the United States, since 1893, the yard has been"de-
fined in terms of the meter,-and the pound in terms,of the kilogram. There is in the
United States no primary standard either.of length or mass in thel customary -system.

: From' 1893 Until 1959, the yard,wds defined.as being equal exactly to 360043937, =
meter. In 1959 a small change was made in the definition of the yard to resolve dis- . .
crepancies Both in this-‘country and abroad. Since 1959 the yglrd is defined as being equal
exactly to 0.9144 meter; the new yard is shorter than the old yard by exactly two parts in a ———

© 'million. ‘At the same time it was degided‘that any-data expressed in feéet derived fram
o geodetic surveys within.the U.S. would continue to bear the relationship as defined in

. 1893 (one foot equals 1200/3937 meter). This foot is called the U.S. survey foot, while
the foot defined in 1959 is called the internaticnal foot. Measurements expressed in
survey miles, survey feet, rods, chaihs, links, or the squares thereof, and also acres

. should therefore be converted to the corresponding metric: values. by, using pre-1959 _&
conversion factors \yhere more than five significant figure sgcuracy Ms snvolved.

1971 the National. Bureau of Stand\ards( campleted a-three-year study of the impact

of increas worldwide-metric use on the United States. The study ended with g. report to

- the Congress entitled "A Metric ‘America--A Decision Whose Time Has Come." ‘In th® last few

years metric use has been increasing rapidly in the U.S., principally in the manufacturing

and educational sectors. Public Law 93-380 'enacted August 21,’ 1974, states that it is the .

policy of the United States to encourage -educational agencies ayd institutions to prepare- o

students to use the metric, dystem of Jeasurement with ease and facilityras a patt of the ..

regular education program.” On December 23,1975, President Ford signed Public-Law 94-168,

the "Metric Conversion Act of 1975." This act.declares. a national policy of coordinating’

the increasing use of-the metric system in the United States, and to establish a .-

,United State& Metric Board to coordinate the .voluntary conversion to the fnettic system.
| . z . .
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' 2.3. ' British and United States' Systems of Wc.-'i«;ht.:,i and Measuies

~-The -implication is sometimes madez’ hhdt the customary. -systs 1 aaf gt gyl
measures in the British Cogmonwealth coufitries and that in th(. Initg! States are .
identical. It is true that the U.S. and the Brnu‘.h}xmh areddefirad 1denticakly tor .
scientific work, that they are practically*identicad in cammercial usape, that asimiu
situation exists for the U.S. and the British pound, and that many tables, such ad '
.12 inches = 1 foot, - -3 feet = 1 yard, and-1760 yards = I internatioral '\‘n .o thue tanw

both countries; but'there are same Very important differepces. -

In the first plage, tHe'U.S. bushel and the U.S. gallon, "and their swabiianioe
differ from the corresponding British, units. Also ‘Uu Britaish tor iu 0 290 peaanddn,  °
whereas the ton gencrally used in the United States iz the.shopt tonsnf O 000 paaa i,
The American colonists doptod the English wing l}dlth Qf 231 cubic ataen. e taeglod
of that period used this winc gallen and they alse had another aallon, the ale gallon ot
282 cubig¢ inches. In 1824 thesestwo gallons were abandonod by tie Bricish whas tian
adopted the British Imperial gallon, which is defincatt as the weluwe o 10 ot of wator,

-at a. temperatdre-of 62 °F, which, by calculation, is ofuivalent o DTS cubie tachenn,

At the same time, the bushc\l was redefined as € gallons. In the: Brasach siynter tha it
of dry measure are the samc\as those of laquid measure. g the Cnatnd STates tare twe
+

are not the same, the gallon and its subdivisions being USend 1 the measarerwit of

liquids, while the bushel, wi lta subdivisions, is used un :r\..\ S ERVINET o D LS ST SN
dry commodities. The U.S. qailon s divided into” 4 1igid quarts sl thee 0L b
into 32 dry quarts. Al} the uhits of (.d[)«.(,lt," montio: u\l thuy tar 'm }x. e oan e
British system than in the U.S. systcom t the Britasio tlurd cuned oo wailer tha i
U.S. fluid ounce, because the British quart is divided t:;m, 40 fluas A Lnu WhiTian e
u.s. quart is divided into-32 fluid oyu??f . -
e ‘ A - . 7
! Fran the foregoing it is.€cer. that . in the Britioh ®ystem o veiidaduge b ondal

of water at 62 °F has a volury-/of 1 fluid ounce, hecausce 1o puunin su aparvalent fo Qe
avoirdupois ounces, and 1*géllon is equivalent to 4 quarss, or Glod fluid ouiaien, an

convenient relation does’ hangist in the U.S. system bocause o e gallon S owater o
62 *°F weéighs about 8 1/3 poun s,,or J33 1/3 avoirdupols u\.,u aret one U allon tns

equlvalent to 4 x 32,‘or 128" fluid ounces. : °
a 1
o ' U.S. fluid ounce -~ = 1,041 Brizish fluld s,
/’\ i Britislh fluid ounce = 0.961 U.S. fiun oo
- : Y 1 U.S. gallon, . o = O.SES Brifish Dmgeerial il
. 47 » 1 I;iritj\sh Imperial «gallon = 1.200 U. gqallons, »
. S~y T
g Othl{t ‘aifférences betwecn the Brxg,m) and the /nl’l rroa SYStOre of WeLght
and measures it should be noted that the use® of *the troy pows! was e lintasd o Bejiual

ERIC

Aruitoxt provided by Eic:

January 6, 1879, only the troy ounce and its sulxlivisions Loirs) retaliand, whereas! e
troy. pounki is Btill legal in the United States, althoudgh: Y 1n n0t W e 2i%ve ..u::

"Thé ‘ccmnon use in Pngland of the stone of 14 pounds Showld e men? 1(\'41\.,‘_" G taring

unit ndw unused in the UTMted States, although its” influcnce wat shamm in thu ,x At gt
until World War II of selling flour by the barrel of 196 pouwsis f‘.» Storant . o 3" .
apothecaries system of liquid measure the British 1r.>er» 2 ﬁ‘.:-’.; e flusa .K:n‘;; I,

equal to one third of a fluid drachm (Spclled dram in the Usitded Seates) fetwsen tlacit
minim and their fluid dracgm. In the United States, the sjenerdi B thot el
dry ccmnodlbles, such as fruits and vegetables, by welght.

- v A

vt - 2.4, Subdivfsi?)\of Lnits . . \ -

s

In general, units are subdivided by éne pf &hree drsrers:  (a) Jdexamal, e an oo

into tenths;" (b) duodecimaly into twelfths; or f) binaryiqinto falvey. Usuaily tia
subdivision is continued by the use of the safe system. Each metheal hids its AR LR
for certain purposes and it cannot properly be said that any ¢ne methad is. anlesy
the use to whith the unlt and its s.ubdlvxsmrs are to be put \s known.

\
;
!
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“For examplg, if we arc concerned only with measurements of Iength ‘to moderate
' precision, it is conveniemt to measurc and to express, these lengths in feet, inches, and

"

~ binary fractions of an inch, thus 9 feet 4 3/8 inched, " If, however, these measured

-~~~ langths are to be subsequently used in calculations bf arca or volumg, that mothod =~
of subdivision at once becomes .extremely inconvenient.: For that reaon civil enginoer
who are concerned with areas of land, volumos'of cuts, fills, excavations, otc., instedd
of dividing the foot into inches and binary subxdivisions of the inch, divide it decimal ;
that-is, into tenths, hundredths, and thousandths of a foot.

The method of subdivision of a unit is thus largely made on the basis of con-
venience to the user. The fact that units have comonly been subdivided into certain
subunits for centuries does not prectude their afgo having another mode of subdivision ‘-
in same frequently.used cases where convenicnce indicates the value of such other method,

Thus the gallon is usually subdivided into quartg and pints, but the majority of gasoline-

measuring pumps of the price-camputing type are greduated to show tenths of a gallon..

Although the mile has for centuries been divided into rods, yards, feet, and inchps, the

odameter part’of an autamobile speedameter indicates tenths of a mile. -Although our

dollar is divided into 100 parts, we habitually use and speak of halves and_quarters.

An illustratione% rather complex subdividing is found on the’ scales used by draftsmen.

These scales arc ®f two types: (a) architects, which arc cammonly graduated with scales*”

in which 3/32;'3/16, 1/8, 1/4, 3/8, 1/2, 3/4, 1, 1 1/2, and 3 inches, respectively;

-represent 1 foot fpll scalé, as well as having a scale graduated in “the usual manner

to 1/16 inch; and (b) engineers, which are cammonly subdivided to 10, 20, 30, 40, 50,

- - and 60 parts to the.inch, .* » .

’ The dictum of conve_@nce flies not only to subdivisions‘of a unit but also to
’ multiples of a unit. Elevations of land above sea level are given in fget cven thgugh

‘ the height may be several miles; the height of aircraft above sca level as given by an

altimeter ige likewise given in feet, no matter how high it may be. . ,

- e other h:_:md,‘ machinists, toolxhake'rs, gage makaers, scientists, and others
who are ged in precision measurements of relatively small distances, even though
concerne ith measurements of length only, find it convenient to use thd inch, instaad
. of the tenth ofsa foot, but to divide the jnch decimally to”tenths, hundredths, thousandths,
. etc., égen down toymillionths of an inch. Verniers, micrameters, and other precision b )
measuring inst ts are usually graduated in this manner. Machinist scales are
cammonly graduated decimally along one edge and are also graduated along another cdge “
- to'binary fractions as small as 1/64 inclﬂ- ‘'The scales with binary:fractions are used.
only for. relatively rough measurements. : e .

\ .
>v

It is .seldom convenient or advisable to’use binary subdivisions of the inc;] that
are smalldr than 1/64.. In fact, 1/32-, 1/16=, or 1/8-incl* subdivisions are usuall

, prgferable for use on-a scale to be read-with the unaided eye. . .
: l , . . . S -

"\. ’ - 2‘.3 Aritmx?tical/SystWof Nurmbers ’
The . ivision of units of measurement is closely associated with arithmetical

systems of numbers. The systems of weights and™measures used i¥ this country for
camercial and scientific work, having many origins as has already been shown, naturally
- show traces of the various number systems associated with theiy origins and develop- '
v. ments. Thus (a) the binary subdivision has come down to us from the Hindus, (b).the
duodecimal system of fractions from the Romans; (c) the decimal. system fram the Chinese . «

. and Egyptians, same developments having been made by the Hindus, and (d) \the sexagesimal
. system (division by 60) now illustrated in the subdivision of units of andle and of-time,
" from the anciajt Babylonians. ' . - :
. The suggestion.is made fram time to time that we should adopt a duodecimal
nutber sybtem and a duodecimal system of weights and measures. Another suggestion is *
for an ¢ttonary- number system_(a system with 8 as.the basis instead of 10 in our present
«~ system ¢r-12'in the duodecimal) and an octonary sSystem of weights and measures. .

.17 . ." -' . _
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8uch auqqostiona havu cortain thoorotic.a mority, put” aro vory impractical bocauno it .
ip now too late to modify our humber sys and unwise to have arbitrary enforcanent of

y single system of weights and measurcsf It is far better for each branch of )ce, ‘

———drdustry;-and -eamorce - to-be -free’to usg’whatever-system-has been found- b)»experi

4

(

NP

‘best to sult its nceds. 1he prime requisite of any system of wal.ghta and measuraes is
that the units be definite. It is also important that the relations of those units to
thd units of other systoms be definite, conveniént, and known, in order thnt conversion
ffrom’' one systam to another may be accuratoly and’ convenicntly made.

. .

' 3, Standards of lLength, Massl~and Capacity . .

’ ‘. 3.). Standards of Length ‘ ‘v

A specificd spectroal line omitted by krvoton €6 is the international standard on
which all lergth measurcnents are based.  To obtain a c¢onstant and uniform wavelenqgth,
krypton lamps are operated at .the temperature of the triple point of nitrogen.

t u
- . 1 yard = 0 9144 meter. - ,(

.

5 The yard is defmed* as follows: ’ T L
\

The inch is thereforeJexactly ‘equal .to, 25.4 millimeters.

a. Tdsts and Calibrations of Length S‘tandards ’ ‘ ‘
-« ., -The National Bu{cau of Standards tests standards of length including meter - ‘bars,
Jyard bars miscellaneous precision line standérds \steel tapes, invar geodetic tapes,
precisjon gage blocks, micrameters, and linit gages, It also measures the linear .
dimensions of miscellaneous apparatus such as penetration needles, cement sieves, and
haemacytometer chambers.. In general the Bureau accepts for test only apparatus of
such material, design, and construction as to ensure accufacy ang permanence sufficient -
to justify test by the . Tests are madd in accor\dance with test-fee schedules,
copies of which may be obsained by application to the Bugeau.

. 'l‘he Bureau does not test carpenters rules, machinjsts scales, drafstmans scales,
and the like... Such apparatus, if test is requlred, shoulg be )sémitted to State or local

Ny

ights and measures officials. .
VQ’E g ¢ . ‘

‘3.2.. Standards of Mass

’ The primary standard of mass for this country is United Statés Prototype “« A
Kilogram 20w which is a platlnum—lrldlmn cylmder kept at the National Bureau of Standards.
The value of this mass standard is known in terms of the International Prototype Kilogram,
a platinum-iridium standard which is kept at the International Bureau of Weights and

Measures.

N

, For many years the British standards were considered to be the primary standards
of the United States. Later, for over 50 year N\ the U.S. avoirdupois-pound was defined

in terms of the Troy Pound of the Mint, which {s a brass standard kept at the United States
Mint "in Philadelphia. In 1911 the Troy Pound ¢f the Mint was superseded, for coinage

-

'purposes, by the Troy Pound of the National Bureau of Standards. The avoirdupois pound

is deflned* in terms of the kilogram by the relation:

1 avond"b‘ols pound = 0 453 592 37 kilogram. ¢

These changes in defnutlon have not made any apprec1 le change in the value of the pound

.. * - / o

— - ,
See Federal Register for July 1, 1959. See-also ngxt to last paragraph of page 5.
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The grain is 1/7 000 of the avoirdupois pound and is identical in the avoirdupot‘u
troy, (and apothecaries systoms. The tyoy ounce and the apothecaries punce differ fram
the avoirdupoia ounce but are equal to each other, and oqual ‘to 480 qraina. The avoir-

dupois ounce {s a.;ua.]. to 437 1/2 graina. : ) B . S
‘ [ ]
a. Mass and Woiqht

) The mass of a body is a measure of its inortial property. The wei ht of a body
has in the past been used at times to designate its andl at other t to dcsignato
a force that is related to gravitational, attractio Because these two concepta of weight

are incampatible; have therefore resulted in fusion, the current trend is to dis-
continue using the "weight" in the context force so that when the term "weight"
is used, as in weightd and measures, it is congiflered to be synonymous with mass.

Standards of fuss (or "weights') are ordinarily galibrated and uged on equal-arm
balances. It two objects balance cach other on an equal-arm bBalance, they have the same , .

mass. What are balanced are the gravitational forces on the two objects. Even though

the value' of the acceleration of gra_vi:(y, is different from location to location,
because the two objects of oqual. mass llgbe affected in the same manner and by the (
same amount by any change in the value of g the t:wo objects will ‘balance .each r

under any valuc cof g.

on a sprinq balance, however, the weight of a body is not balanced against]the { '
weight of another body. . Instead the gravitational force on the body is balanced
restoring force of a spring. ‘Therefore, if a very sensitive spring balance is us

indicated mass of the body would be found to change if the spring balance and the
were moved fram one locality to another locality with a different .acceleration of qravity.
But a spring balance is usually used .in one lecality and is ad]usted to indicate

at that locality,

.

b. Effect.él\ir Buoyarjcy - S

Another pomt that.must be taken into account im the calibration and use of
Q:andards of mass is the buoyancy or lifting efftct of the air. A body mmersed in
any fluid is buoyed up by a force equal to the force of gravity on the dlsplaced fluid.
Two bodies of equal mass, if placed one on each pan of an equal-arm balance, will balance
ecach pther in a vacuum. A ccmpanson in a vacuum against a known mass standard gives
"true mass." If compared in air, however, they will not balance each other ‘unless they
are-of equal volume. If of ‘unequal volume, the larger body will displace the greater -
volume of air and.will be buoyed up by a greater force than will the smaller body, and '
the larger body will appear to be of less mass than the smaller bodly. The greater the
differerce in volume, and the greater the density of the air in which the camparison
weighing is made,Athe greater will be the apparent difference in mass. For that :
reason, in assigning a precise numerical valuelof mass to a standard, it is necessary
to base this.value on definite values for the air den51ty and the density of the mass

standard of reference. \

The corrections furnished by the National Bureau of Standards for the more
precise mass stgndards arelygiven both (a) on the pasis of ccmpanson in &vacuum, and
(b) on the basiglof camparison against normal brdss standards in air under standard
conditions, with no correction applied for the bloyant effect of the air.. By defini
brars standards have a den51ty of 8 400 kilograms ver cubic meter at 0 °C and a coefficient
of cubical thermal expansion of 0.000 054 per °C. Standard conditions are defimed ag air
of 1.2 kilogrars per cubic meter and temperature of 20 °C. The correctiofs to be used with
precise annlytical weights are ordinarily given only in terms of apparent mass againgt =
normal brass gtandards. . . .

A full discussion of this topic is given in NBS Monograph 133, Mass and Mass

Values, by Paul E. Pontjus (for sale by the Superintendent of Documents, U. S. Government |
Prirting Office, Washington, P.C., at 70 cents a copy).

»



‘wide variety of usds in science, technology, and cammerce.
L] ’

custamary units of trade; that is, the gallon, its multiples, and sulm

‘.
’

Standards of masa reqularly used in ordinary trade whould be tosted by State or
Jocal woights and mpasures officiala. The National Bureau of Standards calibrates mdns
—stamtards sulmi ttaed;, taut 1t doss not manufacture or #oll them.” Informat ion reganting
the weight-calibration service of the Byreau and the roqilations governing the sub-
misgion of welyhts to NBS for test are contained in NHS Special Publication 290,
Calibration ail Test Sorvices of tiwe National Bureau of Stawlards, 1970 edition.
. ) <o ) . ) '

3.3. Standarda of Capacity
,

c. Tenta of Standards of Maus

. ] . -
Units of capacity, being derived units, are in'this country defined in terms of

lincar units and arc not Yeprosented Ly fundamontal standards. L.\bl)rdtor\,' standards have

been constyucted and age maintained at the National Burcau of Standards. ‘These-have
validity only by calibration with reference either directly or indirectly to the-lincar
standards. Similarly, standards of capacity' have been made and distributed to the .
several States.  Other standdards of capacity have been verifiod by calibration for a

‘ ; : a.' Tests of Standards o Capacity

e in the
tiples, or
in metric units. Furthermmore, the Burecau calibrates precision grade vglumetric
glassware which is hormally in metric units:. Tests are made in accordance with
test-fee schedules, ‘copics of which may be obtained b{r application té the Burcau.
. {
3.4. Maintenancde and Prescrvation of
Fundamental Standard of Mass |

Calibrations are 'made by tha Bureau on capacity standards that, :

There is,considerable interest in the maintenance and preservation of the

national standard of mass at the National Bureau of lards. It is fully protected
by an alarm system. During the reqular working hoursM\Qf the Bureau it can be viewod .
by those interested. All measurements made with this s rd are conducted in *special

air-conditioned laboratories to which the standard is taken a sufficiently long time
befare the observations to ensure that«the standard will be in a state of equilibrium

- under standard oconditions when the measurements or camparisons are made. lHence it is not

v

necessary to maintain the standard at standard conditions, but care is taken to prevent -
large changes of temperature. More important is th¥ care to prc¢ .1t any damage to the
standard Begause of careless handling. . . . .

- 14

’, « - 4. Specialized Use of Weights

&

) As.wWeighing and measuring are importapt factors in our everyday lives, it is

quite natural that questions arise about the Use of varioys units and terms and about

the magnitude of quantities involved. For example, the words ."ton" and "tonnage™ are
used in widely different senses;, and a great deal of confusion has ariygen regarding
the application of these temms. . _ o, o N

e ton is used as a unit of measure in two distinct senses: (1) as a unit of, .

“ueight‘, and (2) as a unit of capacity or volume. : : . .

In the fifst sknse the term has the following meagings:.

. ‘;) The short, or Eﬂ' ton of eé 000 pounds. )
b) The long, gross, oi shipper's. ton of 2 240 pounds. C
'&, ~ (c) The metric toh of 1 000 kilograms, or 2 204.6 pounds. _ Te N
. - . . _‘ - N 7 .
T . , :
. ‘ "' N ' 10- ¢ ‘ \_a

r
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In the sgoond ‘menue (s nmuty) 4t e usually restricted to usoes mlatlm to

ahipa and han the followin nwumm

'. (a) Mw xuputur ton of 100 cubic toet. ¢ '
e - ) The measul tem of 40 d&de foet; - - - - S
o) Mw Fgu[hu;w_ry‘f_ mu of 2 Nrivish higerial qullnnu : \

1 L

In the thitend Staton- and (.umdn thee ton (woight) nost cuntonly wied (4 the nhort
ton, in treat Britain it {8 the lony tan, amd inocountstoes uning the met it Hytam it is
the.metric ton.  Tho regiater ton axd the moasuramont ton ape capacity unttys usad in
expreguing the tonnage of ahilpa.  The unlli;ﬁ wator ton m utm.l, chiefly in Great Britain,

in statistics dvallnq Uith petroleum products,

&
There have boeen many otlwer uses of tho tunu ton such ‘L'i !.hv timber tom of |
40 cubie foet axd the wheat ton of 20 bushols, ‘but. their use h xwn Toceal and the

) un-.unm-c have not been consintent fran omne place to another,

l‘ropurly, the word “tonnage” 18 used an a noun only in reapect to the capacity
and dimensions of ships, and to the amount of the ship's carqgo,  Thede are two distinet
kinds of tonnage; namely, vesngel tonnage and cargo tonnage and cach of these is used in.
various meanings, o

The several Kinds of wvessel Yonnage are as follows: . .

Grosan tonnaL or gross register tonnage, 1s the total cubmnl capacity of a

ship expressed in register tons of 100 cublc feet,-or 2.83 cubic meters, les;% puch gpace
as hatchways, bakeries, galleys, cte,, as are m\wptod f.ram xm.\surormnt by di ferent
govertments.  ‘There is some lacgk of luufomuty in the grosy tohnages as given by different
nations on account of lack of agreement on the spaces that are to be exexmtc«.i.

’

v ' Official merchant marine -statistics of most countrmv are publighaed in temms of
the gross reg¥ster tonnage. Press reforences to ship tonmqe are ‘usually to the gross -
tonuge. » : .
tonjuge . . o . ‘ :

The net tonnage, or net rogistcr tonnage, is the gross tonnage less the dlfferent
spaces spegified by maritime nations in their measurement rules and laws. ‘The spaces
that are ucted are’ those totally unavailable for carrying cargo, such as the engine
roam, coal bunkerg, crews quarters, chart’ and inst.rurmnt roan, otc., ,

-

s ’I‘he net tonnage, is used in canputlnq the amount of cargo that can be loaded
on a ship, It 1s usgg as the ba51s for wharfage and other similar charges.

. " The register under—deck tbnnage is the cubical ca'paq:i.tyof a sﬁip under her
tonnage deck expressed 1n register tons..  In a vessel having more than one deck the
tonnage deck ‘is the second fram the keel. . .

"I’h&b are several varJ.atJ.ons of dlsglacanert tonnag_. . .
AN +THe dead weight tonnage is the ufference between the "loaded" and "llght"

didplacement tonnages of a vessel, It is expressed in terms of the long ton of
2240 pounds, or the metric ton of 2 204.6 pounds, and is the weight of fuel, passengers,
and cargo that a vessel “can carry when loaded to . her maximum draft.

. ‘e
: The- seccnd variety of tonnage, cargc tonnage, refers to the welght of the
) partlcular items making up the cargo. In overseas traffrc it 1is usually expressed
in long tons of 2 240 pounds or metric tons 2204.6 pounds. The short ton is only
) occasionally.used. The cargo tonnage is therefore very distiret from vessel tonnage.
h ." . . S . B ’
, ’ ' ‘ Ed
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. ‘5'. ' General ’I‘ables of We:.ghts and Measures i

~

: 'I:hese tables have been prepared for the benefit of those requlrmg tables of
- weights apd measures for occasional, ready réference. ' In section ‘5.4 the tables are
carried“out to a large number of decimal places and exact values are indicated by .
underlmlng In most of the .other tables only a limited.number of decimal places are
' "g;.ven, thus maklng the tables better adapted tothe average user. More extensive tables
\ will be. found in a Miscellaneous Publicatior of the Nationel ‘Bureau of Standards, Units
" “of Wesiight and Measurer~Definitions and Tables of Equivalents: (sold by the Superintendent
2f Documentsg.U .S. Govermment Printing Office, Washlngton D.C. 20402, Misc. Publ, 286 at
2,25 a copy 4

5.1, ’I‘ables of Metric Weights and MeaSu.res

. ]
. o
.- ’

In the metric system of welights apd measures, des:.ghatlons of multlples and '
subdivisions of an)\unlt may be arrlved at by cambining with 'the name.of the unit the"- :
pref¥xes deka, he¢to, and kilo, meam.ng, respéctively, 10, 100, and 1 000, and deci, |

"¢ .centi, and mllll, meaning, “respectively, one-tenth, one-hundredth, and one-thousan@th. -
+ . In some. of the following.metric tables, some such’ multlples and subdiv:.s:.ons have not
{ been included for the reagon that these have llttle, if any currency in actual usage.
In certain cases, partlculariy in -scientific: tfsage, it beeemes convenlent to
prov1de for multiples larger than 1 000 and for subd:.v:.s:.ons smaller than cne- e
. 7. thousandth. Accordingly, the followmg pref:.xes have ‘been mtroduced and these are

. oW enerall recognized:, . 2%
"‘“ L g 3 y wnx ’ V ’ ) ’ ., : ‘ , 4 .I . ' - r- ’ Y o ’ )
o exa, (E),meanmg 101§5- - o ... . -deci, (d),mean:.ng 10 -1,
peta; (P), meaning 10j5 . - T " centi,; (c), meaning lO‘2
. tera, (T), mean.mg lO9 . ' mllll, (m), rneanlng 10~3
‘giga, {(G), n‘eam_ng lg CE . micro, (@, meam.ng 1076
meda (M) , meanmg 10 3 L nano, (n), meaning 1079
kilo, (k). meaning 107, ' R - pico, (p), meaning lO‘12
hecto, (h); meaning lOl ) .. femto, (f), meanlng 10’115 .

deka, (da), meaning 107 - " atto, (a) , meaning 10718

» Py

Thus a kilameter -is 1 000 meters and a millimeter is 0.001 meter

. o
) 10. millimeters (mm) = 1 centimeter (am).
10 centimeters = 1 decimeter (dm) = 100 mllllmeters. )
" 10 decimeters = 1 meter (m) = 1 000 mlll:.meters.
I . 10 meters, = 1 dekameter (dam) . :
v : 10 dekameters = 1 hectameter (hm) = 100. meters. '
: N . 10 hectometers '="1 kilometer (km) = 1 000 meters.
s ’ C : R
. 100 millimeters () = 1 squaré centimeter (cm ). o .
100 centimeters ; ‘

1- square dec:.metei (@m2) .
1 square meter (m 2?
1 square dekameter (dam )
1 square hectameter (hmz)
1 square kllcmeter (km? )

A
: ” : i 12 -

o 100 square decimeters
? 100 square meters

100 square dekameters

100 square hectameters

1 are.
1 hectare- (ha)

”»

r 1
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CleL i S ' FLUID VOLUME MEASURE & . .
T - 10 milliliters .(ml) = 1 centiliter (cl). : LI
- 10 centiliters . =1 deciliter (dl) = 100 milliliters.
1b deciliters - = 1 liter* = 1 000 milliljters. o o
. ' © 10 liters ». - =1 dekallter (dal). o : .
- o - 10 dekaliters = 1 hectoliter (hl) = 100 liters. - :
: =1 kiloliter (k1) .=.1 000 liters.

e 10 hectoliters
T _ ‘-";’ SOLIDVOLUMEMEASURE C e _ -
' 3 : ’ .a

"1 000 cubic null:.meters (mn) =1 cubic centimeter (4m’). L .
.~ 1000 cubié centimeters = l-cubic decimeter (4m3) = 1000 ooo Subic ye
’ - mitlimeters. S

1 cubic meter (m3) = 1:000 0QO ' ‘ .
. eubic centn.meters =.1 000. 000 000 cublc :

1 000 cubic decimet'ers |

o e nulllmeters .
| - ‘ L
. . e ? ‘ * .
. 10 nulllgrams (mg) =1c entlgram (cg) '
Y e~ 10 centigrams = 1 decigram (dg) =100 nulllgrams
< . - decigrams = 1 gram (g)“= 1 000 milligrams. y
. ' grams . - =1 dekagram (dag) . : ; .
' . .10 dekagrams = 1 hectogram .(hg) = ..100 grems. . , . IR
‘”. . “10 hectograms® = 1 kilogram (kg) =1 000 grams. ' 7
, &Tg‘ . 1000 kllograms =1 megagram (MJ) or l metrlc ton (t)

5.2.° Tables of Uruted States Custanary Welghts and. Measures

K . In these ‘tables where foot or mile 1s underlmed, it dis survey foot Q‘r mlle rather
- - -than- mternatlonal foot or mile that is meant (see Sectlon 2.2.4.). .

. ‘ LINEAR MEASURE

12 mhes‘tin) = 1 foot (ft). . - ‘
3 feet ° =1 yard (yd). \ wet
16 1/2 feet =1 rod (rd), pole, or perch ‘ Ry
40 rods & %= 1 furlong (fur) = 660 feet. . :
Y '8 furlongs = l'survey mile (mi) =5 280 feet. A
. 1 852 meters-= 6 076.115 49 feet. (approx1mately) b international nantical m;d. u--_/,/
AREAMEASURE** N : ¢ /e
| 144 square inches (in®) = 1 square foot (£t2). o "/
. 9 square feet . = 1 square yard (ydz) 1 395 square mches. - /
272 1/4 square feet = 1 square rod (f rd). /
‘ 160 square rods = l.acre = 43 56 sgua.re feet. R /
T 640 acres = 1 square mile (mi4).. =~ * ' /o
.1 mile square = 1 section of land. - co ' , .
‘ . 6 miles square = 1 township =H_3§.sections = 36 square miles. -
* . — !
‘By action of the 12th General Conference on Welghts and Measures (1964) ﬂ}e liter is a Y

special name for the cublc dec:.meter . -

- . . . . .o
» o A

Squares and cubes of custamary but not of metric units are sometimes expressed by the use

.of abbrevigtions rather than symbols For example, sq ft means square foot, and cu ft‘ a
means cubic foot. B

*x

»
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'CUBIC MEASURE™

1 cubic foot (ftd) .- e

' =1 728 cubic jiches, ,(i'n3)
27 cubi_c feet :

1|

1cubicyard: (yd?) . R

GIM'EIRSORSURVEYORSCHAINMEASURE' : s

| 0.68 foot (ft‘) = 1 link (). o a v e
T . 100 links & = 1 chain (ch) = 4. rods = 66 feet.. . L
o 80. ¢hains - = 1 survey mile {mi) = 320 rods = 5 280 feet. - e
" " | o LIQUID MEASURE®* Y . . o ) ’
i . £, ) C o
Ny - 4 gllls (glé =1 pint (pt) 28.875 cubic. inches. .7 o Lo
’ ‘ "2 pints. .= 1 quart (qt) = .57.75 cubic ‘inches. e e
© 4 quarts - = 1 gallon (gal) —w231 cubic 1nches = 8 pints = 32 gills. - '
- , » * o
/ 60 minims (mig or'm_) = 1 fluid dram (£ dr orf;’)) 0.225'6 cubic inch. ,

S 8 fluid drams - =1 fls:ld ounce -(f1 oz orf3) =1.804 7 cublc mches .

;. % wlb fluid ounces =1 t, (pt or O) = 28.875 cubic inches = 128 fluid drams.’

2 pJ.nts ’ = 1 quart d(qt) 57.75 cubic ‘inches = 32 fluld ounces = 256 flu1d
. . e I drams. LEN
. 4 quarts _ = 1 ggllon (gél) 231 cubic .inches =.128 fluid ounces =
s - s ) -1 024 fluid drams.
Vo e \ DRY MEASURE***/ S T T
) 2 pJ.nts (pt) =1 c;uart (qt) =27, 200 6 cublc inches. o/
. B quar = 1 peck (pk) = 537. 605, ic inches = 16 pints. -’ -
. 4 pecks = 1 bushel (bu) = 2 150 cublc 1nches = 32 quarts.
’ ) I
Yo ' ;
‘ T a : = Y

- N ’ ’ .
Squares and. cubes QF customary but not of metrlc units are sometimes expressed by the )
use of abbrev1at10ns rather than symbols For wple, sq ft means - square foot, and

cu ft means cubic foot.. - .- .
. sk -
L When necessary to dlstlngu.lsH the. llﬂ:l: pint or qua.rt from the §_ry_ pmt or quart, the
' word "liquid" or the_ abbreviation '11q should: bé used in comblnatlon with the ‘name .or
abbrev1at:|.on of the llgg un::t. : »
%k
- When necessary to‘dlstlngulsh the dry pint or qu.art from the- liquid plnt or quart, the -
word "dry" should be used in comblnatlon with the name or abbreviation of the dry unit. .
" . ¥ -, v
N . . y I ) . h .

3

* . e ! s
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e T -- AVOIRDUPOISWEIGHT*-

_ M ) P

1_;' ‘['!he "graln" is the same in av01rdup015, t.roy and apothecarles welght 1.
‘ ‘271132 gra:Lns -1 dram (@r). . '
4 16 drams = 1 ounce (oz) = 437. 1/2 grains.’ . L B )
o 16 .ounces = 1 pound. (1b) =.256 drams = 7 000 grams
: 100.pounds = 1 hunhdredweight (cwt) .**
20 _hundredwei hts =" 1"ton = 2 000 pounds *. ‘o

T

In "gross or "l " measure,_ the followmg JGalues are recognlzed

1 gross or long hundredwelght.** v

. 112 pounds =
¢ ~ 20 gross or long undredwelghts =1 gyossaor” long ton = 2 240 pounds.**'
' . ' ~TR0YWEI<‘H1‘ . ,'
' . 4 \0 ¢ .

‘PI‘he “grain" is the sare in 'av'01rdup015,- troy,"andapothecarj.es weight.]
' \ C v ) ) -

24 grains - = 1 pennyweight f(dwt). .
20 pennyweights = 1 ounce troy (oz t) = 480 grams. .
.12 ounces troy =1 pound troy (lb ) =-240 pennywelgl;ts = 5 760 grains.:
. ) ]
.

- . . ' , APO'IHEEARIE‘SWEIGHT_

-

[The graln“ is the same 1n avolrdupon.s, troy, ‘and apothecarles welght ]
‘ ' »
' 1-dram apothecaries -(dr ap or 3 ) 60 grains.
1 ounce apothecarles (oz ap or " 3 ) 24( scruples =
e 480 grains.
1 pound apothecarles (b’ ap or 1b). = 96 -drams apothe-
carles = 288 scruples 5 760 grains.

o .li.

12 ‘ounces apotliecaries

5.3. Notes on BrJ.tJ.sh Welghts “and Measures ’I‘ables '

* In Great Brltaln, the yard, the avoirdupois pound, thef t.roy pound, and the
apothecaries pound are identical with the units of the same names used'in’the .
United States. -The tables of British linear measure, troy weight, and apothecaries .

.. weight”are the sark as the’ corrdsponding United States tables, except for the British
spellmg "drachm" in the table of apothecaries weight. The table of British avo:.rdupo:.s
s weight is the same as the United States table up to 1 pound above that poiptithe table

,reads : ; 4 < o~
. ‘ 14, pounds =l stone.. ! ’
2 stones = 1 quarter = 28 polinds.
: S 4 quartefs .= 1 hundredweight = 112 pounds.
. : o 20 hundredwelght = 1 ton = 2 240 pounds.

P - L

lscruple (sapor'B) : o o

*
’ 4

when necessary to dlStl.ngUlSh the. avoudugls Aram Erom the achec isés dram, or to
distinguish the -avoirdupois dram or ounce {rom'ihe fluid dram or ounce, ,or to distin-

guish the avoirdug_gls ounce or pound -from the troy or a@thecarles ounce or pound the
" word "avoirdupois" or the abbreviation "avdp" should be used in ccmblr-auon wigh  the - .

- name or abbreviation of the avoirdupois unit. - . .

. _.$tood to mean the 100-pound hund.redwelght the 2 000-pound ton, respectively; these
' units may be: deslgnated "net" or “"Short" whén recessary to dlstmg'ulsh them from- the

.EWhen the Lems "hundredweight" and "ton" are ised unmodlfled they are conmonly undcr-
correspondmg units in gross or long measdla'e ‘*“\)
. . \ \

15.

* S . : ’
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' ' The present British oalion andébushel known as, the "Imperlal gallon" and -
"Imperial Jbushel” are, respectively, about 20 percent and 3. percent ‘larger “than the &

United States gallon and bushel. .The Impe,rlal gallon is defined as the yolume of

" 10" avoirdupois pdunds ofc water under specified conditions, and the Imperial bushel is
defined as 8 ial gallons. - Also,. the subdivision of the Imperial gallon as presented
in the table of British apothecaries fluid measure differs in two unportant-respects from
the corresponding United: States subdivision, in.that the Imperial gallon is divided Jinto
160 fluid ounces (whereqs -the United States gallon is lelded into 128 fluid ounoes) ,

and a "fluid scruple"

A

“are used alike: for lqulC and for dry cdtrmodlj:les)

s as follows

vt ; : -: . 4 gllls o =1 pint. -
. , 4. . 2 pints =1 quart. . . :
,‘.' oo R ... 4 quarts - ' = 1 gallon. .
T '- ‘-, . 2 gallons- © =l.peck. ~
b . .8 gallons+ [4 pecks} = 1 blshel.
- : g bushels =1 quarter( .

g

The full table of Brltlsh apothecarles measﬁre 1s as foIldws

20 mlnlms

2 fluicd scrupl_es
~ € fluid drachms
20 fluid ounces

8 pints

R}
"
. “

®n

- uon |l

l fluid. scmple

1 fluid drachm = 60 mlrums

1 fluid ounce
1 pint.

1 gallQn = 160 ,flhid ou'ncesl.

16

EY

-

is included. The full table of Brltlsh measures of capac1ty ('whlch >
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" : s ’ - . 5.4 TARLES OF INTERRFLATION OF UNITS OF MEASUREMENT . C . ._ o

s . L T . »
e .- v T UNI2S 'OF LENGTH  INTERNATIONAL MEASURE* $ e
- . . L. N ? ’ o &
" Units . Inches ' Feet - Yards . Miles N _ |Centimeters . Meters
. ) N > L]
g ~ e g . ¢ .
1 fnch, ~.- = 1" .| 0.083 333 33 | 0.027-7v7 78 | ©.000 015 782 83 o258 0.025 & .
1 foot - 12 : - © 1-10.333'333 3 | 0.000 189 393 9 30.48 * 304 8 ..
1yagd . = 36 3l 1 | 0.000 se68 181 8 . 9.4 0.91%4 4+
S imile .0 =} 63 360 , . ‘5280 1760 : 17 160 934.4 1609. 344
. 1 centimeter = 0,393 700 8 | 0.03Z 808 40 | 0.010 936 13-| 0.000 006 213 71% — 1| 7To.01
v 1 meter - " 39.370 08 3.280 840 1.093 613 .0.000 621 371 2 . loo 3
M - A )
- . T ' co v . : R L ' v
0 - . 4 . ‘ .
N~ ) .' . ' ) 4 i R . ’ ’ Do \J. .
) * A v ) UNITS OF LENGTH - SURWEY MFASURE* . . ) - ’
> .= i
. Units Links | - FJéy " Rods - Chains Miles . Meters
. . .~
) s . ’ : - . \
l'ngk BRI v 1 0.66 0.04 ‘1 0.01 i -0,000 125 : 0.201 168 &4
1 foor = | 1V515 15Z. , .1 | 0.060 606 96 0.015 151 52 0.000 189 393 9 0.304 800 6%
: lrod = -, 25 [16.57 . v " 1lop.25 0 0.003 125 5.029 210 . | -
1 chain = ’ 100 s 66 W 4 , Y1 [ 0.0125 + 20.116 84 -
1 mila = 8000 | . 528C 320. . 80 1 | 1609.347 - . :
1 meter = 4,970 960 3.280 833 0.198 838 4 0.049 709 60 0.000 621 369 9 - 1 .
. - . ' -
. : o . \
- . o *One international foot = 0.999 998 survey foot (exactly)
. 4 S - One international mile * 0.999 998 survey mile (exactly) *
M : . SeepSection 2.2.d o v : k .
' " Note: 1 survey foot e 1290/3932 meter (exactly) Y - a )
. : 1 international foot = 12'x 0.0254 meter (exactly) . ’ .
. 1 internatiohal foot = 0.02214 x 39.37 survey foot (exactly) )
Y ’ . . * - . * - .\ . N ) ' . ’ N
° . ! e w : * .,
v, ) . . . . o . . ) - . K
@ - . . . '
) UNITS OF VOLUME ‘
. * . Units * Cubic Inches . Cubic Feet - | Cuble Yards
.o - 2 - : * - . . e
- 1 cubic inch : 1 0.000 578 703 7 0.000 021 433 47- » -
1 cubic foot s 1728 ] -+ 1 | -0.037 037 04
) 1 cubic ward o . 467656% Lo 27 4 1 , :
1 cubic centimeter = . 0.061 023 74 0.000 035 314 67 '0.000 001 307 951 ®, s :
1 cubic ‘decimeter = 61.023 74 1 o0.035 314 67 0.001 307 951 -
1 cubic meter = 61 023.74 -1 35.314 67 ° . . 1.307 951
v : )
. - | ‘ i
Units ( ceftiSeers Cubic Decimeters Cubic Meters
" |1 cubte tneh \ = 16.387 064 0.016 387 064 0.000 bl6 387 064
1 cubic foot - 28 316.846 592 28.316 ‘846 592 0.028 316 846 592 L -
1 cubic yard =. | 764 554.857 984 764.554 857 984 ‘| 0.764 554 857 984
1 cubic centimeter}s= - 1 0.001 : 0.000 001
1 cubic decimeter A= 1 000 1} 0.001
1 cubic meter = 1 000 000 ) “~ . 1000 1’
[ ‘ .
. «
oL /. ) .
- All underlined figures are exact. : ' i » ) .
. . (I , . o - - °
1Y
> R - » . 17 ,
i . ‘ ) .- 4 »
~ * .
o b - B
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. . . v H . ]
C y ] . . <. .
-t UNITS OF AREA . INTERNATIONAL MEASURE* - .
BN N s Ve N : -
° "Units Square Inches || Square FE.EK ' Square‘yrdsl . ) . '
1 aquare inch = » L | 0.Q06 944 444 [0.000° 771 604 9 | - . .
, 1 ‘square foot “* = 144 v L )o.d11 1111 v o ’
1 square vard = 1296 9 1 . : o
. i 1 square nmile - 4 014 489 600 27 878 400 3 097 6B0 . ; -~
“1 square centimeter = N.155 000 3 | 0.00L 076 391 |.0.000 119 599 0O .
[ 1 Square ‘meter = | 1550.003 10.763 91 - Lj 1.195 990 .
o . > - " . ‘
R . L. . .-
. . - .
- R « - ) . < ' -
« "
< - . . . A
Units - Square ‘liles Square Centimeters Square Meters '
» - ———— : '
1 1 $quare inch = | 0,000 000 000 249 097 7 6,451 6 | 0.000 645 16 | s
Lo ¢ square foot = | 0.000 000 035 870 06 929,030 4 . - 0.092 903 04
r e 1 square vard = t 0.000 000 322 830 6 . 8361.273 6 0.836 127 36 | -
. ~1 square midg = o, 1 25- 899 881 103.36 2 589 988,110 336.
N 1 square ;cntimei.'cr = 0.000 00¢ 000 038 610 22 1 0,000 1
u 1 square meter =4 0.000 000 386 102.2 . ° . 10 000 | - ¢ v ‘1
. 7 .
[ .
N . . ; . .
N R - . ° 3 - - '
” L . - PR '
’ . c . .
. ) ! . N R
~, oA
e » s . .
v L . ‘ s - ~
. to ’
L o .
. . .
. " "
. - S % . r -
vt ' ) UKITS OF AREA°  SURVEY MEASURE® Tt :
A - . -
= . M “ - N
‘. _Units Square Feet .Squdre Rods Square Chains Acres !
k < D . . . "
. ,' i A . ’ ) L -
1 snuare foot =r, 1 0.003 673 095 0.000 229 568 4 \0;000 022 956 84 ’
1 sauare rod = | 272.25 : 1] 0.0625 ’ 0. 006 25: ’
1 square chain = 4 356 R 16 |- D O B B}
1 acre e 43 560 160 .. 1 ’
1 square mile * =° 27 878 400 *7 102 400 | " 6400 . " 640
. 1 square meter = |* 10,763 87 - 0.039 536 70 N.002 471 044 0.000 247 104 4
ot 1 hectare = 107 638.7 395.367 0 24.710 44 2,471 044 ‘
,/- - .
) | N
. — ¢ Y .
Units Sauare *iles Square ‘eters ° : Hectares B 2N
. .| I square foot = | 0.000 009 035 870 06 0.092 903 41 0.000 009 290 341 ’ s
% 1 square rod = 0.000 0097765 625 25.292 95 0.002 '52} 295 \
1 square chain ="{ 0.000 156 25 404.687 3 0.040 488 73 - ‘
1 acre 4 = [-0.001 562 5 N 4 046.873 . 0.404 687 3 - .
- ' 1" square mile = ) - . 1 2589 998 258.999 8
S N square meter = 0,000 000 386 100 6 . n 1 0.000 1 - ¢ oT
1 hectare = 0.003 861 006 . 10 000 s . - 1
! ——— ‘
* ’ : N -. . . ’ . Y
*Nne square survevy foot = 1.000°004 square international feet:
. . One scuare survev mile = 1.000 N04 square international miles N
o : - v See Section 2.2.d N4 ’ ’
" AM unllerlined fipures are exact. . v
P ’ L
. 1€ '
- -
» ,
a o .
\)‘ ) LI 4 s vt -~ )
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“‘-‘ All und%’lined_

figures are exact.

hq,,-‘ﬁ

"o

-~

a

N Lo » UNITS OF CAPACITY LIQUID MEASURE .
'Y . ‘ . o - .
Q
. .. \ .
. ' @ ! .
v @ * N - “a,
- . . . . N R
K - g T
N S .
* Units’ - Minitms Fluid Drams « | % P)pid Ounces Gills .
1 minim - - 1 0.016 666 67 “0:002 083 333 0.000 520 833 3
1.fluid dram - = |, 60 Y 0.125 » 0.031 25°
1 fluid ounce- = . 480 -~ 8 - 1 2.25 .
1 gill - 1920 32 % 1
1 Liquid pint = 7680 . 128 , 16 ' ‘ 4
1 liquidequart = 15 360. . 256 32 8 P
1 gallon - 61 440 1024 12 32 N
1 cubic inch - 265.974 0 6.632'900 - 0.554 112 6 0.138 528 1
. 'l cubic foot - 459 603.1 7660.052 9%67.506 5 239.376 6 .
1 milliliter = 16 230 73 . 0.270 512 2 0.033 814 02 0.008 453 506
1 liter -~ ) 230.73 270.512 2 33.814 .02 8.453 506 ,
P > i -
v p— ~ N
‘ - B . )
’ v
. ’ " . . . ) ' .
. "o ) ' ' - 1
. .- a '
. s+ : . v , . .
' - 3 s : ‘
i . ' " . I
. . A - rd Y ; -
Units. o Liquid Pints - Liquid Quartﬁ_ .- Gallons - Cubic Inches
0 : g
1 minim - 0 000 130 208 3 | 0.000 065 104 17 0.008 016 276 04 0.003 759 766 '
1 fluid dram = "0.007 812 5, 0.003 906 25 ‘ $0.000 976 562 5 | o0.225 585 94
. 1 fluid ounce = 0.062 5 ... 0.031 25 0°007 812 5 1.804 687 5
. 1 gill - 0.25 ’ 0.125 oo 0.031 25 7.218 75
N B liquid pint = . .t t1 0.5 0.1 28.875 .
1 1¥quid' quart ‘= F . 1 0.2 3775 -1,
'sallon  '= © 8 R VI 231
' 1 cubic inch - "0.034 632 03 0.017 316 N2 0.004 329 00% N 1
1 cubic foot .= ]159.844 16 29.922 08 7.480 519 . 1728 .
. - I milliliter = 0.002 113 376 0.001 056 688 ‘0.000'264 1721 O 061 023 74
1 liter = 2.113 376 1.056 £88 0.264 172 1 61,023 74’
. Y
o ) i
¢ . : - P
¢ A
el ) '
N\ : )
) J— s . - ’
Units Cubic Feet - . Milliliters Liters
N .
. 1 minim = | 0.000 002-175 790 0.061 611 52 0.000 061 611 52
. 1 fluid dram = 0.000 130°547 4 3.696 691 0.003 696 691
1 fluid ounce = 0.001 044 379 29,573 53 * 0.029 573 53
1 gill- - 0.004 177 517 118.294 1 * 0.118 294 1 ° P
. 1 liquid pint = | 0.016 710 07 473.176 5 0.473 176 5 T .
1 liquid quart = 0.033 420 14 7 946.352 9 0.946 352 9 * .
* 1l gallon - 0.133 680 6 , 3785.412 3.785 412 1
1 cubic inch = 0.000 5.78 703 7 . 16.387 06 0.016 387 06
» 1,cubic fpo = ’ 1 28 316.85t & 28.316'85
“ 1 millilite - 0.000 0 314 67 1 0.001 .
1 icer = | ©0.035 314 67 ' 1000 o N §
&7 N y —
7 \_) '

.le

vy
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. ?

. ¢ P .
, - ’ - UNITS OF CAPACITY DRY MFASURE . JREN . :
. A ' . . . . . , < i o
- g . : * N . . T
’ / . . . . oo . :
. ] % L TN .
‘ N - :
» Units Drv Pints Drv Ouarts Pecks - . Bushels - _ .
- . ~ . - - .' -
A & 4 \ "
1 dry pint - . 1. 9.5 . 5 /] . *
-1 dry quart & 2 1 . \ 8
1 peck o= " 16 8 1 - . .
1 bushel - 64 12 . 4 ' ’
. 1 cubic inch = 0.029 761 6 ©0.014 B8N 8 0.091 860 10 0,000 465 "7 - -
. lc¢ c foot, = 51.428 09 25.714 05 3.214 256 ).803 Sh) a4 w
. 1 ter o= 1% 816 166 0.908 083 0O 0,113 510 & OLOIN AT G4 T
Yy 1 Cubic meter = 1 816.166 908.983 0 114,510 4 SONL3TT Y - N -
- t N - PR
. . hd * . ; k
™., 1] ] N X - ‘,’
. U \ , .
. . . , . .
- . - L4 \J ~ . .
) \ . , * ) / . .
- ) . !
. / © Untrs &, | Cubic lInches “Cubfg Feet Liters Cuble Vererd e "y
R - L : . . 3 A A & !
R . o . . . . * '\'o
1 dry pint - 33.600 312 5 0.018 444 63 0,850 h1O S 5
1 dry qufft .= - 67.200 625 N.038 889 25 R UK o 4
» .11 peck V7 - 537.60 “0.311 }14 T O8.8N9 SeR *
. s, ' ' T1 b'usjlel o - 2.150.42 1-, 264 7656 15,239 a7
. : 1 1 cubic inch = 0.000 57% D3 7 0,01k 38T 06 i .
- ‘ 1 cubic foot = N b7 At 1| 28,316 83 .
1-1 licer == 4 61.023 74 17 0.035 314 AT . : , <
1 cubic meter = 61 023.74 35.314 67 . 1o00 .
s, oo , . .
/ : - ' O
. i - !
o - i i
~s \ 4 UNITS 0OF MASS NOT LESS THAN AVOTROFTS LS ot Nees
. . . . I .
., " - - , -’ . .
[ & - o * J
C ’ )
Units “Avoirdupols CAvotrdhpy s shart Cundred faartetona -
. ' Ounces Pounds welphts w oy, -
o ] . . s
1 avoirdupols ounce - I -1 11,0625 s N00 Bl RPN .
1 avofrdupois pound = 6 1 nLig ¢
¢ 1 short hundredweipht = L 600 100 1 . .
: Yy 1 short ton - 32 000 o ( 20 : N '
4 | 1 long ton - 35 840 . 204l 22,5 LT
1 kilogram - 35.273 96 2,004 620 RTINS N
: 1 metric ton - 35 273,96 2204623 N HR TR HH
- 2
- S
v bl
. - ' w ! /
- - . - . .
> .
.Units Long Tons. - Kilogrifna . Cetrir T 4 - . v,
o ) . L AY 3 -«
] [ A D A . b T . IS .
1 avotrdupois ounce = 0.000 027 an1 79 0,028 349 523 1% NLORA Qs Jed NI L [~ i
» 1 avoirdupois pound - 0.000 446424 6 OO0 A5 497 3T . ‘ . :
.1 short hundredweight = 0,044 642 86, BOLSY N
1 short ton - n.892 857 1, -
1 long ton = . 1 R .
1 kilogram - 0.0N0 Y984 206 5 _
& 1 metric ton - 0.984 206 5 1 : )
i . - -
' s+ All underlined figures are exact.’ ' ) !
s ] . - , 1‘ . JE /
.\ | ) , |
v - -
. < .’ - ) P
v 20 . . '
] B P
. . R « -
o : , i . N
N .
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UNITS OF MASS NOT GREATER \THAN POUNDS AND KILOGRAMS

v
. . B . . .
- . .P
aq .
- Apothecaries’ » . M
Units ' Graiks M P Pennyweights Avoirdupois
] ) \ Scruples Dramis
i graint = . Y 0.05 0.041 666 67 0.036 571 43 .
1,apoth. scruple = 20 P 1 0.833" 333 3 0.731 428 6 .
1 penayweight = . 24 v 1.2 . 1 0.877 714 3.
1 avdp. dram = 27.341. 75 1.367 187 5 1,439 323 : 1
"1 apoth. aram _ = 60 o 2.5 2.194 286 9
1 avdp. ounce =| 431.5. .. 21.875 ‘ 18.229 17 16
1 apoth. or troy ounce =, i 480 24 R 204 ,17.5 29 .. .
1 apoth.” or troy pound = P / 5 760 |- s 288 . . 240 | 210.651 ¢ K
L avdp, pound - 7000 350 | 291.466 7 e 256
1 rnilligrun = +0.015 432 36 0.000 771 617 9 7000 643 014 9 0.000 564 383 4 .
1 gri .= 15.432 36 0,771 617 9 . 643 014 9 _. 0.564 383 4 .
1 kilogram = |15432.36 : 771.6179 -t "] 64b.014 9 564,383 4 L
. N - " . i
~ ,\ T - _fg‘.
. K3 .
’ - ) - ‘ ﬁ L. ;
- - . o
- - ‘ . . -
- . ", v ‘ . - w LT
. ) 1
"“«"‘w 3 ‘,f * ’ ol )
g ‘ '
. e i N ) , d
U '.'; Apothecaries Avoirdupois ‘Apothecaries or A, caries or
~ Units Drams Ounces Troy Ounces oy Pounds
1 grain . rd o= 0. 016 666 67 0.002 285 714 0.002 083.333 '0.000 173 611 1
1 apoth. scruple EE 0.333 333 3 0.045 714 29 0. 041 666"67 0.003 472, 222
1 pennyweight = 0.4 0.054 857 14 0,05 . 0.004 166 667 NS
1 avdp, dram '~ = 0 455 729 2 0,062 " 0.056 966 15 0.004 747 179
1 apoth, dram = 0.137 142 9 0.125 0.010 416 67 | 4
1 uvdp. -ounce = 7.291 667 0.911 458 3 0.075 954 86.
1 apoth. or troy ounce = - 8| 1.097 143 1 1 0.083 333 333
1 apoth, or troy pound = ) 96 ] 13.165 71 E B |
1 avdpg pound =]1116.666 7 . 16 14.583 33 '1.218 278 °
1 milligram = 0. 000 257 206 0 05000 035 273 96 - 0.000 032 150 75 0.000 002 679 229
1 gram =| 0.257 206 0 0..035 273 96 -0.032 150 78 0.002 679 229
1 kilogram = #257.206 0 35,27 | 32.150 73 2. 649 229
. Lo~ \ oy .
; 1
h o L
AN
a . [
- P
, 3
C .
s N
" Units Avolrdupois Milligrams Y Grams Kilograms
) Pounda ‘ N .
1 grain ~"7 | 0 142 857 1 4.798 91 0.064 798 91 . | 0.000 064 7 1
1 apoth, scruple = 857 143 1295, = 498 ; 00
1 pennyweight = 8-571 1555, A § . 7 4 . 5 4
1 avdp, dram = |0.003 946 25 sl . 95 312 N -_84 5 312 5( J,001 7 34 95 312 5
1 apoth, dram = 429 3 ;934 s 03 88 4
1 avdp. ounce = B 349. 25 28, 349 25 . 028 34 25 .,
1 apoth. or troy ounce = 571 43 103.476 8 103 4 N 03 4 ‘
1 apoth, or troy pound =4.67822 857 1 373 241,721 373. 241 72> 6~ 0.37 41 721
1 lvﬂp. pound = 1 | 453 5923 453.592 37 0.453 592 3
1 milligram . = 10.000 002 204 623 - 1 | T 0001 0,000 601
-1 gram ’ = 10.002 204 623 1000 1 0. 001
1 kilogram = 12.204 623 ’ 1 000 000 1_000 1
All underlined figures are exact. ‘ :
- ) - E ) . 2 2 3 - .
- o , .
] - » =
.
. ’ 1 '
‘ 21 ‘ ,
. & -
- . N J.
EY ] - A
. .
l .

4
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: . ' . " 5.5, ’I‘ables of 1valents - .

- 3 ” . - - ,J - . 7 E‘qll “,

: " In these tables it is necessary to d1fferent1ate between the "mternatlonal foot™
and the "survey foot" 6see Sectlo _2.2. d ); the survey foot is underlined.

M1en the name of g unit id enclosed -in brackets (thus, {flhand] . . ., thls e
1nd1cates (1) that theunit is Tot in general current. use ‘in the-United States, or (2) that
< the unit is belSeved to.be based on "custom and usage" rat.her than on formal, authorltatlve

eflrutlon o L ,, AN -
, Equ1valents ‘involving decimals ax‘éa in most 1nstances rounded off the third ..
decimal place except where the_y are exact, in which cases these exac lents are so -
desighated. The edquivalents of the J.mprec1se units "tablespoon" and "te poon" are rounded
the nea.reSt milliliter. : . .
. LENGTHS - &
v .\ ‘ ) e ' l 2o
. . . . . : 0.1 nancmeter (exactly) .. I E v
1 angstrem (A)* -----— ‘ 0.000 1 mic ter (exactly) ‘ -
e M : 0.000 000 1 millimeter (exactly). .
' ' _ ' 0.000 000 004 inch. : - /
» ° -, 120. fathams (exactly). : '
1 cable's length -= : - { 720 feet (exactly)
- C o . . 219 meters. } . )
1 centimeter (cm) - = ' °0.393 7 inche E » g
: 66 feet (exactly). -
1 chain (ch) (Gunter s or surveyors) 20.T168 meters.. . .
1 decimeter. (dm)’ - i 3.937 inches. - = . ..
~1 dekameter (dary]‘ - L 32.808 feet. L .
" fai ' - 6 feet (exactly). ' : ‘
1 fatham ===gmmmmmmmmmmmms Y7777 )1.8288 meters. .
1 foot (ft). - o 0.3048 meter (exactly)
o . L O ‘ 10 chains (surveyors) (exactly)
, ey 660 feet (exactly). )
-1 furlong (fu.r) 1/8 survey mile (exactly) - Sy
: . : B T, 201.168 meters. - "
(1 hand] < 4 inches. '
- 1 Inch (in) y A f_,i 2.54 centimeters (exactly) .
1 kilometer (km) : é) .621 mile. :
3 . ) survey iles (exactly) * ‘ -
1 league (land) 14.828 kilameters. : :
—_____10.66 foot (exactly).
1 link (li) (Gmter s or surveyors) 0.2017 188 meter,

39.37 inches. ) .
1.094 yards. - Lo
001 millimeter (exactly).
000 039 37 inch.
001 inch (exactly).
025-4 millimeter (exactly)

0 feet (exactly).

Rilometers.

5?80‘ feet. (exactly) .

;1 meter (mR ———= -

1 micrameter
. - .

0.
0.
0.
0.

1 mile ymi) (survey) *k

|

_ -
3 mit S . 1o

‘ s

1 milemi) (international) -

\

. — ;
The angstram is basically ‘defined ,as 10 10 meter.

**Tn the previous edltlon of thlS letter c1rcula;:, the survey mile was referred
to as” the statute or land mile. Erm statute mile originated with

Queen Elizabeth I who changed the definition.of the mile from the Roman mile

of 5000 feat to the statute mile of 5280 feet (see 2.1.c). Therefore, since
1959 both the international mile and the survey mile, which differ by about

3 millimeters, are statute miles. 1In the Uni States, the U.S. statute mile
remains, the same as the U.S. survey mile. . r .
- ' : E ‘ 22 - » « -
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I3
- . towm

1.852 kilameters (exactly).

1 mle (m.1) (mternatlonal nautlcal)* -—--—’ 1.151 s miles.

1 mllllneter (mm) n! 0.039 37 inch. _
. L. 0.001 micrometer (exactly).
« © ¥ nananeter (m) - 0.000 000 039 37 inch. o
: : : ’ 0.013 837 inch (exactly). =
1 point (typography) : .1/72 inch (approximately).
0.351 millimeter. . 3.
: 116 1/2 feet (exactly).
T 1 rod (rd{, polefoer.perch : ] { 5.0292 meters. .o .
1 yard (yd) ' : - - 0.9144 meter (exactly). R
’ ’ A s~
- AREAS OR SURFACES -
‘ d ' 43 560 square feet (exactly).
.1 acrem s . 0.405 hectare.
: "y ' : -_}119.599 square yards, '
:l ere S » , 0.025 acre. 7
. 1. hectare,. = -———e 2.471 acres. . .
'[l square (Building)]™ . 100 square feet. o
1 square centimeter (cm2) _ : 0.155 square. inch. N
1 square dec1meter qgn 15.500 square: inches. ’ /
+ 1 square foot (ft2) - . - 929.030 square centimeters. ~ * .
.+ 1 square inch (in2). 6.4516 square centlmeters (exactly).
. ) . { 247.105 acres. -
L square krlcme?:er (kam ,) AR - : {0 386/square mile..
~ ) 2 N 1.196\ square yards."
1 square meter (m®) , { 10.764 square feet. _
1 square mlle (ri2) - - 258.999 hectares. ‘ Lo
1 square’ mlll er ( ~°0.002 square inch. ' )
- 1 square. rod pole, or ' _— -
. sq perch e - - 25.293 square meters.
1 sqiare yard (y 0.836 square meter.
ey
B CAPACITIES OR.VOLUMES
} . ;o -
1 barrel (bbl), 11qu1d - " 31 to 42 gallons.***
1 barrel (bbl), standard for fruits, 7 056 cubic inches._ !
: vegetables, and other dry com- —-—————- 105 dry quarts. -
modities, except cranberries ' 3.281 bushels,. struck measure.

' . L ' - {5 826 cubic, inches. »
1 barrel (Bl), standard, cranberry —------{ 86 45/64 dry quarts. : ‘
T ' . - {2.709 bushels, struck measure.

~

s

——

" The intermational. nautlcal mile of 1 852 meters (6 076,115 49.. feet) was adopted
effective Tuly 1, .1954 for use in the United States The value formerly used in the
United States was 6 080 20" feet' = 1 nautical (geographical or sea) mile. .
* The questlon_ls often asked as to the length of a side of an acre of ground. An,acre .
is a unit of area containing 43 560 square feet. It is not necessarily square, orgpeven .
rectangulat. But; if 1t‘1s square, then the length.of a side is equal to, T -

\J43 566 = 208. 710+ feet. S R .

Rk .
There are a variety of "barrels" established by law or usage. For example, Federal

taxes on fermented liquors are based on a barrel of 31 gallons; many State laws fix

s . the "barrel for liquids" as 31 1/2 gallons; one State fixes a 36-gallon Barrel for

: cistern measurement;~Federal law recognizes a 40-gallon.barrel for ."proof spirits"”;

by custam, 42 gallons camprise a barrel of crude oil or petrpleum products for

statistical purposes, and this equivalent is. recognized '"for liquids" by four States.
. 23 .
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l bushel (bu) {U.s. ) struck MeASULE —=—wr—=—m

Al

(1 ¥she, heaped(US)] - ‘

. [1 bushel ‘(bu) (British Imperlal)
(struck measure)]

1 cord (cd) (firewood)

1 cubic centimeter (cn d)
1 cublc decimeter (dm3 )

1 cbic foot (£t3)

k .

.

1l cu inch'(iﬁ3)

<

" 1.cubic meter (m3)
1 cublc yard (yd )

1 cup, measurlng

..'_J-'r’

1 dram,” fluid (or lquld) (fl dr or
r3)(u.s.) = "

(British) ]

r .
2 .
7
(W
.

[L dractm, fluid (f1 dr)

1 dekaliter (dal)

"1 gallon (gal) (U.S.S

N
{1 gallon (gal)

(British Imperial))

[

1 gill (gi)

1 hectoliter (hl

1 litexr (1 mhi~ decimeter exactly) ————--

a
)

1 milliliter {ml)

1 ounce, fRuid (or liquid) (£l oz or
£3) (U s.) .

{1 ounce, fluid (£l oz) (British)] s-----—-

&

-

I

|

|

L
150.42 cublc inches (exactly)
5.238 liters.
747.715 cubic 1nches ‘-
278 bushels, struck measure.* L
1.032 U.S. bushels, struck measure’
2 21936 cubic inches.
128 cubic feet (exactly)
10.061 cubid ‘inch., )
'61.024 cubic lnches.
7.481 gallons. A S
-28.316 cubic dec1meters
0.554 fluid ounce.
4.433 fuid drams.
16.387 cubic centimeters.
1.308 cubic yards.
0.765 cubic meter. o
8 fluid ounges (exactly) P
237 milliliters. . .
1/2 liquid pint (exactly).
1/8 fluid ounce (exactly)

2
3
2
i

{
{
|

.

3] 0.226 cubic inch.

1 3. 697 milliliters.

1.041 British fluid drachms ) .
0.961 U.S. fluid dram. a,
0.217 cubic inch. ’
3.552 milljliters§.

2.642 gallons.

1135 pecks.

( 231 cubic inches (exactly)

3 785:1iters. .

0 833 British gallon. N
»128 U.S. fluid ounces (exactly) e -
277.42 cubic inches.
1.501 u.S. gallons.
4.546 liters.

160 British fluid ounces {exactly)..
7.219 cubic inches. o
4 fluid ounces (exactly)

0.118 ljter: . - .

26.418 gallons. - :

2.838 bushels.

1.057 liquid quarts.

{O.QQS dry quart.

61.025 cubic inches.

{0.271 fluid dram.

16.23]1 minims:

0.061 cubic inch.

1.805 cubic inches.

29.573 milliliters.

1.041 British fluid ounces.
0.961 U'SV Fluid ounce.
1.734 cubic inches.

28,412 milliliters.

|

1 peck (pk)_\f , ' 338 8Ollters. .
- . i . cubic inches.
1 pint (pt), dry e ){ Liter
. 28 875 cubic inches (exactly) -
0. 473 liter.

1 pint " (pt), 'li?uid '

Y

* . e,
Frequently recognized as 1 1/4'bushels, struck measure.

’
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67.201 cubic 1nches.
1.101 liters. .
0.969 British quart. .
t 57.75 cubic lnches (exactly)? .-
0.946 liter. ,
0.833 British quart.- . - . _
g ~ 69.354 cubic inches. ' :
(1 quart (gt) (British}] '1.032 U.S. dry quartss | ‘ .
_ » - 1:201 U.S. liquid quarts. ‘
e " {3 teaspoons mwxihd o

~ \

w5 1lquart (@), dry (U.S.)

D

1 quart (qt), liquid (U.S.) =

lmd drams. -

4/2" fluid ounce (exactly)
1/3 tablespoon (exactly)
5 milliliters .

I 1/3 fluid drams.* .
270.91 U.S. gallons,. >
224 Brltlsh Imperral galk)és (exactly)

. .- 1 tablespoon. measurifg 15. milliliters

4"

¢

._l teaspoon , measurma :
P - - -
1 water ton (English) =--

£ el _ . _ _ » ,
b T _02,, wmcmsoamssrs-

R

A °1. assay ton** (AT) m—— - : T 29.167 grams - ,
o * 7 200 mirligrams (exactly) : o
.1 carat (c) mT A _{'3 086. grains. : '
. ___.| 60 grains (exactly).
sl dram. apothecarles @r“ap or f3 ) """ 3. 838 grams.
P R <[ 27.11/32 (= 27, 344) gxams
ISR -l 1.772 grams, .
W v — L mlcrogram (exactly) ,;_.;_
5 ‘ el ' 64.798 91. mJ.lllgrams (exactly)
. 15.432 grains., - ..
igram (gJ T RS ' 0.035 ‘ounce;, avoirdupois. .
maredmght. gross 5 Lo;xq***' L ?{'112 ‘Pounds: (exactly) .. * S

[N .
".:"):.-' ) “ oy

-(grosstewt) —+=- 50.802 kilegrams. L
1 hundredweight, net or short - (cwt 100 pounds (exact¥y) . \ L

“¥ . or net ewt) - -1 45.359 Kilograms. ; N ,
RN & kllogram (kg): e ' =t -2 205. pounds S N
l mlcrogr%m (/.Lg (the Greek letter mu - : ; -
. .iA vombinatien w1th gne letter g])‘"" 0 600 001 ggam (exactly) ) T
N l mllllgram mg) | - - ;-0.035 grain. . C S ke
Lo ‘ ’ . « -( 437.5 grains (exactly). : P
1 ounce, avo‘lrdupom (oz.. avdp) ----- ——————- ; 0.911 troy or apothecarles ounce. ;q‘,«":‘;?_-, .
- Cee © { 28.350 qrams e s
L. iv The equ.walent 1 teaspoon =1 l/3 fluid drams" has been found by the Bureau to corre—
' spond more closely with the actual capacities of "measurmg" and silver teaspoons than
i . the equlvalentﬂ'l teaspoon = ; fluid dram," wh:.ch is glven by a number of dictionaries.
* %
. - Used -in assaying. 'I‘he assay ton bears the same relatlon to the mllllgram that a’ ton of ’

2 000 pounds avoirdupois bears to the ounce troy; hence the weight in milligrams of
- precious metdl obtained from one assay ton of ;ore gives dlrectly the number of troy
ounces to the net ton. . :

/

The gross or long ton and hundredwelgl"t are used carmerc1ally in the United States to
only a very limited extent, usually'in restricted industrial f1elds These units are

kkk

A the same as the Brltlsh "ton" and "hundredwe1ght R . <
- “‘ P . . » . L.
1 - ‘ '. ) . '
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: ' ©r - 480 grains .(exactly).
-1 ounce, troy or apothecaries (oz t { 1.097 avoirdupois ounces.
“or oz apor f3. ) 31.103 grams.

1 pennyweight (dwt) v . 1.555. grams. = . °
. - ‘ . - - . {0./01 carat. PRI _
1 point - { 2 milligrams . s
N . ‘ _ 7-000 grains (éxactly).
1 pound, avoirdupois (1lb avdp) -——-=—-—=-—- 1.215 troy or apothecarles pounds. : o, _
B, . . + 1453,592 37 grams (exactly). . S R
‘ : . 5 760 grains (exactly). o i .
o l?ound troy. or ap@thecarles { 0.823 avoirdupois pound
“ - mi{lb toor lb-ap : 373 242 grams. o, .. _
S scruple (s ap or 8) - { iozgnéa;gsams(exactly) _ e .- ¥
. . L B bt P . * ’ T A :
’ S e e . : 2.240  pounds (exactly) : ‘ L ¢ e
-1 ton, gross or igng* = ——-—- - { 1.12 net tons (exactly). =~ . . . -
AL e ¢ 7 I ' 1.016 metric tons. C R A
o o : o 2 204.623 pounds. | L
1 ton, metric (t) - == - '0.984 gross ton. . ‘ :
R o R - 1.102 nét tons. o :
‘ L L T 2 000 pounds (exactly). - I
1 ton, net or short: - : ,e,_ { 0.893 gross ton. - . A
St I 0.907 metric ton. - ... . AT
. & : . . . .
. o - . i ; '.“ E i ; - . ) . \
P2 [ : L
N ) e, Q ¢ R ' Y
bt _. . ‘- i - ’ .
] [ .Q.. )
. - 9.
7 * o L L4 8 ’ . ; A . . . . . ’
ql"‘ . ) . . . ,_*?’P-\' N _. + a ’. . ) . S “a ‘1.‘ _.". » } .

The gross or: long ton and hundredweight are used carme‘rc1ally in the United States to a ‘™"
limited. extent only, usually in restricted J.ndustrlal fJ.elds These units are the same

as the British "ton" and "hmldredwelght. L ‘ ,
. - I3 . . . ) : L3 [ , - X R ‘ W
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