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A

PREFACE

This training manual is desi ned to introduce .end
assist naval personnel in the conversion from the
English system of measuremen to the metric system
of measurement. The--- text nd illustrations were
prepared by DMCM Glen Anderson and JOC Paul
Gallagher at the Naval 7Edthcation and Training
Program development Cenier,iPensacola, Florida, for
the Chief of Naval Education and Training.

1979 Edition.

.

Stock Ordering o.
0507-LP-475 -0010

Publish4d by
NAVAL EDUCATION AND TRAINING
PROGRAM DEVELOPMENT CENTER

'UNITED STATES
GOVERNMENT .PRINTING OFFICE

WASHINGTON, D.C. 1979

Although the words "he", "him", and "his",
are used sparingly in, this manual to enhance
communication, they are not intended to 'be .
gender driven nor, to affront or discriminate
against anyone reading The Metric System.
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THE-MOVE TCYMETAieg

. Pradtic011y every nation in .the world now
very simple arid,logi system ofipeasuremeht_oalleif
the metric systeni.

The UnitedkState has decided to use the metric
system, also It is mucti s'mpler and easier to use than...
our older and more :coripli6ted English systeni of
weights and measure..

Th. change frpm thetEnghsh system to. the metric
.sygtem israiready undetway. It is planned to take
.pce grad ly, but perhapsiyou haVe already noticed
some of the' kigeS taking place around you.

The q.metries.is,not difficult.' We will still
use thy;, thematics (addition,, §ubtraction,

ltighcation, 1 'division) learned.. in grammar
sc ooL Wp are also very familiar mith the decimal
system which is tlidgleart of the metric system.

In fact, we actually have very little learning to,do
at all, except why the change is necessary, what effect,

have 'on .our lives: and how these vbf y simple
metric units of measurement are to be used.

o5

This book is designed to- help .yon discover for', -
yourself the necessity, scmplicity, and personal
benefits of learning and 'Using the metric system to
loep pace with the world in which we
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History of the Metric -Systems

Is a change to the metric system sYecessary?

To understand how necessary 'and very important
a change is, you must *first underS.tand some facts
about/ bo the... old (English) and pew (metric)
systems.

.

This chapter will helpiyou compare the two You
will see the change -aq't esiarp-in fact, the sooner
the better. . ,

.
We thinitc,,, after reading theSe chapters, you',will

agree that.,inWirt up the old English systerh,
. .

nothing of vhlub has been lost.
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WATERt401-i? YEAC),,,tt
AbOUT 50 DINO6AUR LEGS
ON DA UDDER 6IDE

DA WILL !

HERE WE. ARE AT "SQUARE ONE " -BEFORE. THE DAWN OF
+ CIVILIZATION WHEN THE WERE NO STANDARDS OF

MEASUREMENT. THIS CONDIT ON CAUSED MUCH CONFUSION.
AMONG PEOPLE IN. TERMS OF COMMUNICATION AND TRADE.

8
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The need for a unified system of weights and
measures has existed since the beginning of time:

When there was no system, there was no rheans of
communication in terms of weights and measures.

Trade was difficult, if not impossible'. The world
and its kbple suffered greatly under these cOndiklans
and did not progress or prospesfor .thou'sanas of
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156 CUB. 0 OF YUR
CL OR4 COP MY FRIEND' -BY
W16-McA6UPE-OFCOUR56!-----

koA6EMQ____.==.4g446400

EACH TIME A NEW CIVILIZATION WAS BORN -SO WAS A NEW
SYSTEM OF MEASUREMENT. DOWN THROUGH THE AGES, THE
EGYPTIANS, GREEKS, AND ROMANS (AMONG MANY OTHERS)
ALL GOT INTO THE ACT.
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When people began:: to group together,
civilizations were formed, so there was an urgent need
for a unified system of weights and measures.

These civili2ations were far apart, and each
developed its own separate system of weighing and
'Measuring things.

What these separate systems did have in common
was that none were scientific or accurate, as, none
were based on anything stable or 'unchanging.

For example, the Egyptians declared a cubit to, be
equal to the distance of the forearm. But forearms are
very different in length.

The Greeks and Romans: both had their own ideas
of what a foot was Again, they used no stable base
for their calculations. They had philosophy and they

. had law,' but lacked the scientific means to discover
and b their measurements on anything that would
remain onstant.
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L1SIEN UP F001, !
IN A OLD COUNTRY, 114'
MILE, 11'5 1,000 PA5506

YOU GONNA SPREAD
11-1AT AROUND FOR
ME 140-KAY ?

01-1146 61RE!
ALL OF ENGLAND

,51-1ALL NEAR OF
IT! RIG T -
WAy

QUITE. OFTEN, THESE VARIOUS SYSTEMS OF MEASUREMENT
WERE FORCED ON ONE CIVILIZATION .BY ANOTHER THROUGH
CONQUEST. THIS WAS EXACTLY THE CASE IN 55.54 B.C., WHEN.
THE ROMANS "INTRODUCED" THEIR SYSTEM TO SOME OF
OUR ANCESTORS IN THE BRITISH. ISLES.

12 .

111
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The RomanS, in particular, were a very aggressive
and adventuresome civilization.

'Tilley set out to establish their Roman Em pire in
the Old World, and i9 so doing spread their ways. of
'Weights .and measures throughout the nations they
conquered.

The Romans conquered' Great Btsitain in 54-55
B.C. and made the peOple "IcniicIde under" to Roman
waysincluding accepting the Roman system 'of
weights and measures:
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NOW MAT T1406E SILLY ROMANS. ARE
GONE III 6TRAIGI-ITEN 'BANGS OUT

ME MILE 61400LD REALLY BE
6161-IT FURLONGS, DON'T YOU MINK?

I JUST ADORE TI-IE LIORSE RACES, YE6641-%
DON'T YOU ? "SPORT OF KING5 YA KNOW

DO BE SURE VAT MC PEASANT6 ut4POOMEI.Y
6IREI

GET WORD OF ALL Tlt 16 WON'T
YOU?

- BRITISH. ROYALTY SPENT 500 YEARS (12th - 16th CENTURIES)
.. TRYING TO STRAIGHTEN dui' THE ENGLISH SYSTEM OF *.

. MEASUREMENT-THEIR ROYAL DECREES ONLY ADDED TO
THE CONFUSION..

16.

14
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Once Britain became free to make its own
decisions the question of a unified systetnfweights
and measures arose again,

For 500 years various kings Of England tried to
..standardize their system of measurement.

Being kings, they simply "ruled" what particular
units of weight or Measure-were to be, and sent out
;he decree throughout the land.

Here are some samples of those "standard"
weights ammeasures:

s' One .Yard = the .distance from the king's
nose to his thumb..

One mile = (changed from 5,000 Roman
paces) the distance of 8 furlongs (used in horseradng)

5,280 feet.

One hundredweight (changed from 100
to 112. pounds)only King Edward knows why and
we now have "short" (2,000 pounds) and "long"
(2,240 pounds) tons as a result.

Again the only thing "uniform" about the English
system was that it had constantly missed the mark of
being based on anything stable or meaningful.
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...200 TAPNE.T6
PIGS ,I50 -VIRKINOOF COW,-

BUTTER I, 2 SO TUFFE15 OF FINE
CORN , A 1501.1. OF COAL .AND FOR
MEDICINAL PURPO6E6, 014E FU6T
.OF WINE! ? I PRAY 'MEE
GOOD BROTMER...W141MER

GOE6T TuE FU6T
OF WINE ?

0004 -16Z0
wAst!Of

IT WAS EXACTLY THIS SAME CONFUSING FORM OF
MEASUREMENT WHICH. THE FIRST COLONISTS BROUGHT WITH
THEM TO THE NEW WORLD. (WE SUSPECT. THE .

. QUARTERMASTER HAD 'A GOOD DEAL OF TROUBLE KEFPING.
TRACK OF' EVERYTHING WITH SO MANY UNITS. TO DEAL
WITH!) ,.

16
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When the .British.eolonized America, they_brought

their English system of weights and measures with
them.

"- In addition to feet, yards, pounds, and tons, they
had awns, binds, bings, bolls, bumkyns, 'butts, '

chaldrons, fatts, flykes,. fothers, fusts, -pipes,

puncheons, shids;sswods, tapnets,. tuffets, wagas, and
a waya or two

Do any of *these terms mean anything to you? Of

course not! They must have meant 'even less to the
colonists because the terms 'completely disappeared
from the' English' system of measurement as we IciioW

it today.
That made the English systein simpleor did it?

We'll see!
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O&Z Wig)?
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AS THE COLONIiS PANDE6, SO DID THE NUMBER OF
SYSTEMS OF MEASUREMENT. THE WEIGHT OR MEASURE OF
TRAD,_ &GOODS OFTEN DEPENDED ON "WHAT SIDE OF THE
LINE' YOU WERE STANDING ON" WHEN THE DEAL WAS MADE.

ABOUT THIS SAME TIME, THE FIRST ATTEMPT WAS BEING
MADE IN FRANCE. TO DEVELOP A STANDARD SYSTEM OF
MEASUREMENT FOR THAT COUNTRY.

20



www.manaraa.com

The colonies in America grew. They were also far
apart like the .early civilizations, and did things
differently.

For instance, each area developed its own' idea of-
'What the weight of a "bushel" was (Missouri 3-5
pounds; Kentucky, 33-1/2 pounds; New Jersey", 32
pounds; Connecticut, 28 pounds). This was only for
bushel of oats!

Today, a bushel 7depends, on what'S be
weighedwheat,z60 pounds; barley, 48 pounds; oats,
3.2 pounds; rye and corn, 56 ounds each That's not
allWebster's table of weights and measures still (359
years later) cautions "some states have SpeCifiaations'
varying from these."

While tie colonists were having iffiCulty agreeing
V with one another in America, Ga rie l MOuton of
'ranee proposed a decimal system for his country in
1670.

The decimal was t6 become the- "seed" from
which the metric system was to' grow, but for the
time being Mouton's proposal was turned down by
his country.. It left to history to -recall his
wisdom.
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'.."11A/Q-51T6 VOUR-5176,
61X-DIT6 , DOLLOP -
ALL FOR 114E DECIMAL
STANDUP AND UOLLER!

116ROW WEARY

IIERE,6EE MAT YOU

ChN. DO KEN 11415-
EN oni

)
.

'DURING THE, 18111 CENTURY, THE UNITED STATES DECIDED
(TO' USE THE: DECIMAL FOR ITS MONETARY SYSTEM: FRANCE
DECIDED TO USE THE DECIMAL FOR. ITS RAPIDLY
DEVELOPING METRIeSYSTEM. BRITAIN DECIDED TO REMAIN
UNDECIDED, AND. DID-FOR THE NEXT
ONE-HUVREDSEVENTY YEARS.
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America 'recognized how valuable the -decimal
system was in .1784 and approved it for use in our '
monetary system.

Y01.1 still' recOgniie the decimal' today as "0:01`,.
0.05, 0.10, 0.25 and 0.50 when yOu count yoUi
periiiies, nickels, dimes, quarters and-half dollars=- all -a.
portion of the "whole" dollar ($1.00).1 ,i

Mouton's "decimal system had to wait out the
17th (and ..part of the 18th) century: limbo until
-1790 when .Charles Maurice Taileyrand of the French
Aisembly asked the French Academy of Sciences.to
establishia uniforth system of weights and measures.e'

The Academy, in ;deciding upon a system* of
numberS by which to measure, selected the decimal
because it was simple to multiply .arid divide by

It took the Academy 5 years (1790-17p5) to
, .

complete4ts work in developing the metric system. It
took France itself Until 1840 to acce
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MADAME, MAY MONO' EL,IR GAM
COP PLAY METRICS. WEigiME*?

BY THE TURN OF. THE 19TH CENTURY THE METRIC SYSTEM
WAS BEINQ USED IN EUROPE.,IT HT WAS ALSO HIGHLY FAVORED

.,BYUR LEADERS INHE UNITED STATES.. UNFORTUNATELY. .

WE WERE STILL TIED TIGHTLY TO BRITAIN IN MATTERS OF.,
. TRADE AND BRITAIN WAS TIGHTLY TIEEPTO ITS OLD WAYS.

,

ry
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Thee fineStion arisesIf America recognized the
value of the decimal system itself in.1784,*hy didn't
it lOgically follow that we 'accept .therinetrie system
when it bescame available 11 years later?

PrOMinent Americans such as Thomas jefferson
and later John- Quincy , Adams supported prbposed
changes from the complicated English syStem of

;;measurement. Adams in particular favored the 'French
Metric system.

It looked as though the scene' was set and the
time ripe for a change, but the United States was at
that time conducting most of, its trade with Great
Britain; which was still using the (you guessed it)
English systein of weights and measures..

You know that when you trade with someone for
something you desperately need, yon trade on their
terms..Pay close attention class, you'll hear this again
later on!
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MUERE YA GO 6ENATOR,
T DO 'Old

TREA6URY <DEPARTMENTS
'NEW 6TANDARD6 OF WEIGOT

AND MEASUREMENT ?

SEPOMETUIN.
'mug!)

IN 1830, THE Li.S:;:TREASURY 'IMPARTMENT TRIED. ONCE
MORE TO STANDARDIZE TH OLD 'ENGLISH SYSTEM OF
WEIGHTS AND MEASURES. CO GOSS THANKED THEM FOR
THE EFFORT, BUT DID NOT CCEPT THEIR "NEW'? SYSTEM.;
LEGALLY OR.,OFFICIALLY AS E SYSTEM OF WEIGHTS. AND!'
MEASURES FOR THE UNITED STATES.
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Meanwhile, back in the U. S.-in 1830 a Treasury
Department employee, one Ferdinand Hassler, was
primarily responsible for attempting., to further
"sia-ndaidize"our-Eriglish- system of-weights and
measures.

Congress thanked Hassler for the system, but,
nonet,reless, refrained from accepting the system for
lega official use.

The Treasury Department, however, introduced
Hassler's system, to the, various states' of the Union,
and it became the custoOlary. system ,OS,weights and

meagtrements much as we know it today-complete
with different kinds of pounds (troy and
avoirdupois); tons (long; short); ounces (liquid and
dry);. bushels `(remember them?)-not to mention an
assortment of pecks, rods,' poles, perches, furlongs,
leagues, cords, links, &air's, acres, sections;

townships, :fatholbs,` cables,: statute/nautical miles,
pints: quarts, gallons, barrels (Imperial and U.S.)
minims, drums; grains, -penny weights, carats,
scruples, and maybe one or two others we have
missed. Thanks, Ferdinand!

25
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I 6AV,V414ATI6 GOING ON

ARE YOU ACTUALLY GOING
TO 6IGN TVIAT ?

ALTHOUGH THE 19Th CENTURY HAD BROUGHT NOTHING BUT
CONTINUED FAILURE AND FRUSTRATION IN ATTEMPTS TO
STRAIGHTEN OUT THE OLD ENGLISH SYSTEM OF
MEASUREMENT, THE METRIC SYSTEM, ON THE OTHER HAND,,
WAS STILL RAPIDLY GAINING POPULARITY AMONG MANY
NATIONS-INCLUDING THE UNITED STATES.
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It should, therefore, come as no surprise to you.
that in 186,6'Congress. legalized the metric system for
trade in_ the United States.

In 1875 the United States participated in a
conference of nations which met in Paris, France, and
signed the Metric Convention that established an
International Bureau of 'Weights and Measures

headquartered in Paris.
The Bureau created prototypes for the basic units

of length and weight. The. United States received its
copies and thereafter our yard was not 36 inches as
custom would have it, but legally 0.91440183 meters,
and our Pound, not 16 ounces (customarily), but
0.453.7924277 kilograms. How about, that?

ich brings up the questionif this was sowhy
'did 't the Government make it so along time ago and
save us the agony of the change?

As it turned out we4 can safely say our
Government did the right thing by "not rushing into
anything." The prototypes mentioned were created
from platinum. Platinum was not a good selection
because it was subject to damage each time it was
handled.

The same problem of having a truly stablebase
for weights and measures was still with us.

'a
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Iwo DER IC

WAKE UP?

c c

EN. RETARD!
WE.COMPLETED

LE.0/61EME 14TERNATIONAL
Cl'UNITC6 cOR.

WOO. DOWD coivemos

DURING THE FIRST .THREE- QUARTERS OF THE 20TH CENTURY,
THE METRIC SYSTEM BECAME "FINALIZED" AND WAS
ACCEPTED BY 90% OF THE WORLD'S NATIONS AS iU
INTERNATIONAL STANDARD FOR WEIGHTS AND MEASURES.IT SEEMED AS THOUGH "EVERYBODY HAD GONE
METRIC." THERE WAS HOWEVER, ONE NOTABLE AND
SURPRISING EXCEPTION. THE WORLD WAITED AND
WONDERED.

"28
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It took until 1960 for the Bureau to find a stable
natural. standarda wavelength of light on which to
stabilize the meter. Science had at long last provided

. what century after century of mankind had sought in
vain.

When the Bureau met in 1960 it adopted notonly
the stable basis for the meter but other metric units;
the ampere, candela, and kelvin for measuring
electrical current, light, and temperature.

The Bureau also "codified" the metric system
into an international system of weights and measures
which was called Le Systeme International d'Unites,
or SI for, short.

This is exactly What the world had been waiting
fora united international system of weights and
measures. Those who, had not already adopted the

,metric system were quick to do so. Britain adopted it
in 1965, followed by our neighbor, Canada, in 1970.
Where was America? Was the hand that guides' the
ship of state asleep at the helm?
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VAEY! 1-10W ABOUT. .

A Una UV.. FROM
YOU FOLKS DOWN

1p -/44

IT DIDN'T TAKE LONG TO FEEL THE IMPACT..THAT THE
METRIC SYSTEM WAS HAVING ON THEMARKET PLACE OF THE
WORLD. IN. 1971, THE UNITED STATES SECRETARY OF
COMMERCE RECOMMENDED THAT CONGRESS ADOPT .A
NATIONAL PROGRAM TO CHANGE THE U.S. OVER TO THE
METRIC SYSTEM.
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The'United States began to add to an already
heaity burden with its "tardiness" in getting started
toward the Metric system.

We were buying- far more foreign goods than ever
and selling lesi of our own gOods to other natiohs,

We know *hat that. MeanS., =The dollar was
"leaVing home," and w when that happeril it's hard
times fOr everyone. .

The United States, and its peoPie desperatelY need
certain raw .materials and products' from other
nations. Remember what was said about a person
need" buying on the other person's terms?

By_ 1971, the Secretary of Commerce hollered
"uncle" and asked Congress to jet us started down
the road toward adopting the metric-system.

3
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1,1104 ertfr" ------=---taf
KILO - 1000, ''1-1ECTO .- 100 ,

DEKA 10, DEC 1'= 0.1 CE.NTI -
0.0 1 , MILL 1 = 0.001 1 KIIM -
14 E CTO fIDEKA=DEC I --GENII -. ,?---

W14.610!56tAnQ
7.62MM

IN. 1975 CONGRESS' PASSED THE METRit CONVERSION ACT.'
WHICH. WAS SIGNED INTO PUBLIC LAW 94-168 .BV PRESIDENT
FORD, THEMOVE TOWARD BECOMING nA METRIC NATION WAS
UNDERWAY. .
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In 1975 Congress passed the Metric Conversion
Act, which was signed into Public Law (94-168) by
President Ford.

By that .time, the only remaining nonmetric
countries were Liberia, Burma, the Yemen Arab
Republic, and the tiny country of Brunei.

"Meanwhile, back in the States," our conversion
to metriais in full swing.

Our younger generation is being taught' the metric

system in public schools.
Science, business, and industry, are developing

more and more metric products for foreign and
dome'stic trade.

The., completion of our country's changeoVer to
the metric system "looms just over the horizon."
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4)6GOME NEED NEW
6-FOOT, 100- POUND
MARI) BONKER!

W11051 c001? MINE
YOURS °RUA 611.19

CREATURE'S?

6ORRI- COULD PlY YeiVID Nnii
A DANDY 1- KILOGRAM ICI DECI-
METER MOLECULAR ZAPPER CDR

SUCKS - KNOW ANYIIIING
AbOut METRICS?

WE'LL LIM TO
GPECIAL- ORPER WEN-
500 BUCKS - CAW

OR CREDIT CARD?

YOU GOT MAW*
A NICE, cI1EAP 1300K.

ONA METRICS ?

6QOARE 404E:-

THE TIME TO LEARN ABOUT THE METRIC SYSTEM: IS
'NOW-WHILE THERE IS TIME.. THE ALTERNATIVE IS TO LAND.
RIGHT BACK TO "SQUARE ONE" WITIFNO MEANINGFUL WAY.
TO COMMUNICATE OR TRADE IN TERMS OF WEIGH/TS AND
MEASUREMENTS.
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The. Metric. Conversion Aot provides for a gradual
cliange,pver to the metric system.

.

HistoriCally, the:. change to metrics has met. with
resistance, as does -any change; but in the end the
change has always been completed.

So, it is important that you realize that the time
to learn about metrics is NOW, during the period
allotted for the changeover. As we move toward the
21st century, thepltemative is to land ourselves
"ba*ck to square one.

In, the beginning we said we thought you would
agree to two things'...

(1) that the change to metrics is necessary;
't

. (2) that we won't miss the English system
when it's gone.

You should easily see the effect that having or
not having the metric system has on our economy,
and the urgency now ii or change.

You should have n guilt about trading off the 80
(that's right, 80) different standards of the archaic
English system of measurement for the five basic
units of the mettle system in terms' of 'length, weight
(Mass), volunie, temperature, and time

These are the meter; gram, liter, degree (Celsius),
and second..

Now thendo we hear any objection? .We thought
not. Acceptance of the metric system is just plain old
common sense, a quality which Americans have set
great store in for generations.
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Fine! The switch to metrics IS necessary. It's
bOn left up to OUR generation to see that metrics is
a 'practical idea whose time has come and accept that
fact. We can even (16 without the English system,
which -even the English Government has abandoned
for the metric system.

Now. that America has decided to dump the,.
English system of measurement, how do we know we
can live with metrics?

Simple! Becau.se that's exactly what we have been
doing for a very; very, long time.
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DOES 11-IC TNOUGNY :11k0171'.,
OF "LIVING WITI-1 METRICV ,
BEND: 0-41,6 UP AND DOWN YOUR PuINL'
WILL -11.4Ey (404 144.1) "CIAANGE'YOUR LIFE"?

DARE YOU CPOS TUE TURE61401VID "ME UN-
KNOWN? COME WI IWTAKe L/00 TO OUR

CITeRi"
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.11 E'6 NOB-ONO

"67RANGE" WERE! WE
HAVE USED AND NAVE.
DENEFITED FROM "METRI6'.

FOR A vERy 1,6NG.
'TIME)

WE ACTUALLY KNOW MOK.E."ifiAri WE THINK ABOUT METRICS.
THE THINGS PICTURED ARE.ONLY A FEW METRIC PRODUCTS

HAVE BECOME.; PART OF OUR LIVES.. OUR LIVES
.;;;;IelAVE BEEN MADE BETTER BECAUSE OF THESE THINGS. .
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The'iiietric system is no stranger,to the people of
the United States. Practically everyone of us has
purchased or used something :"metric" in our lives.
The illustrations on the left are, just a few of the more
familiar metric items which are a routine part ofour
daily lives.

The question iscan you really tell whether other
items which surround you are metric or English?
Look again, you may be mildly surprised.

Science, medicine, business, and industry have
provided us with many beneficial, products' all of
°which we have used without question and many of
which conform to the metric sptem.
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WATT OAK?
nag TINE! S

1

o

rr

kiOU WILL 5E GLAD
10 FIND ivAT WI4EN 114
CIANg. 10 ME METRIC
SY5T 15 COMPLETE

TWO OLD, FAMILtAR
FRIENDS WILL STILL 5E

WIT 44 U5 1.

10

'og FOR 114
RECORD... RPM
viONI CHANGE

0114 (AL./

rlrrr

, THE. FACT THAT WE ARE CHANGING TO. THE METRIC SYSTEM
OF MEASUREMENT DOES NOT MEAN THAT EVERYTHING WITH"
WHICH YOU ARE FAMILIAR WILL CHANGE.

42 40
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Ready for more surpriies? You already know
some .things about metrics!

TIME, one of the five basic metric units will not
change. Neither* 11 the WATT, which is the SI unit for
power of any kind RPM (revolutions per minute) will
also remain the game.

HOW_ about that? We've barely started .learning
aI5out metrics and you 'aiready know 20 percent of
the basic metric units by heart.

That leaves length, weight, vOlume, and
temperature to learn. Let's see what's being done in
those departmentS. -
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MORE AND MORE
DEVICES ARE BUNG

MADE Wt41a4
THE OLD (ENGLI61-) AND TI-IE

MEW NORIO 59910116
MEMUREMENT!

. THE CHANGES WHICH ARE BEING MADE FROM THE OLD TO
THE NEW SYSTEM. OF MEASUREMENT ARE ALSO BEING MADE

. VERY EASY FOR US TO UNDERSTAND.

44
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Just as we thought! Somebody beat us; ,to the
patent office again:-this time with dimity calibrated
instruments which show, both forms of measurement.
There they arelength' weight,. voluthe, and

temperaturethe remaining four basic meth, units.

Let's consider the automobile speedometer for
the moment. Suppose you're cruising down an
interstate and you come upon a speed sign that
indicates- the speed limit is 80 km (the equivalent of
50 mph). Panic Time? No such thing, you simply
"take the pedal off the metal" and back down the
Metric scale till you reach 80 km, the legal. Metric
speed limit.

This same simplicity applies to each of the other
basic metric units and device
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'ACCEPTING THE CMANGE TO TUE METRIC
6Y6TEM 16 AL60 A MATTER ,OF REAL-
IZING NAT IT DOES t4 T MEAN 'TI-IER E
WILL 6E caUDDEN N66.IN OUR
DAILY LIVE6:.!.

DISTANCE ANDIWE

LIOW FAR TO T4E.
NEXT' RE67 610P? ABOUT-Al-IN-V-

I NODR' DRIVE!
IN KILOMETER/3
OR MILES 1 e STILL

30-MINUTES
DEAR!

6P"'
T A K E T i t o OF E:EkRYFOUR 1-1OUR6,
AND CALL TUB DOCTOR .1N TUE MORNING.
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*Therefore, if you have been expecting some sort
of' a crisis, in your life because..of the change to

-.Metrics yon are going to be disappointed.

. .
In fact, on many Occasions the change to,metrics

won'twon't affect us one .bit. Consider the pittures on the-.
opposite page and thepage that follows..
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AREA
E iLthBOY' TU5E

vi(IP ARE PSI61
15 TWAT 'BIG" IN

ACR 5 OR UkTORES?
r Ititif6131A5 IN

14'. *PE L0640 , ee .

. 0 ,.411i...-- --..ir '.
. xr:

f efee47.. e /.'::0;',"e. '$ , ..
"TEMPER TUREz'1, , , -- -7, . ,,,..,';'___41e:::,.',444: e.,.

. ee e GOLLV, 11'6
im :.i;1:::::- ' 0 15TUATI401.CEIMU5 "..

OR 71.10T FAUREN UM?"

....0.-IWO 1101 A6
IN 't.E1'5 GO
%%WAIN'!"

. .
.

MANY TIMES THE .FACTS ABOUT THINGS ARE. OF FAR MORE
IMPORTANCE . TO; :US ,THAN THE FIGURES,. OR UNIT .0F.
MEASUREMENT WHICHWE ASSOCIATE WITH THOSE FACTS.'

'--
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Now then, would we lie to you? Of course not!
Ask yourself, when was the last tirrie you weighed a
pill bottle,siot "turned around".-ln preciSely1,2371/2
acres ..of dense forest, went swimming in water that
was exactly 82 degrees Pahrenheit, or actually put 20
iallons of gas, to the lastdrop,0into a 20-gallon tank?

With metrics it's the sameno-different If there
is any difference, ft is in,the simplicity CI the metric
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YOU. SHOULD M.60 REALIZE 'MAT 11-IE U6E
OF THE METRIC 6V6TEM ILL. MAKE OUR
LIVES ,COMPLIC la , FOR INSTANCE...

OUTDATED, WARD C
TOUGH, DIFFICULT;
OLD FIMION

B
: LITTERED,
BEDLAM A

OUG
(AMBLE ta%

NO

ME66

NUN? IT QUARTER: 4
O Y4". 4/16.

T1116QUARTER INN"
WRENCIA 16 TOO WALL.

WAND ME 11-1EjlEXT
LARGER SIM!

UN
NO II(
MUDDLED

MIuMASL
6PAM

OL
CONFU6ION INTRICA

-.PANDEMONIUM DISORDERED,

T.

"NEXT 6ILE
LARGER

5/I6"...
I Hope)

tIAst4
%VIA

0

USING THE ENGLISH SYSTEM OF MEASUREMENT,
MECHANICS ASSISTANT HAS:ONE OF THREE CHOICES:

(I):COMPA RE THE . WRENCHES SIDE BY SIDE TO FIND 'THE ,

. NEXT LARGER SIZE

(2).1)0 SOME "MENTAL MATHEMATICS.' ,;

SIXTEENTHS, EIGHTHS; QUARTERS, AND HALVES TO A
COMMON DENOMINATOR TO FIND THE NEXT LARGER SIZE

. .

. (3) COMMIT ALL OF THE VARIOUS SIZES .OF WRENCHES TO

. .

MEMORY IN THEIR PROPER ORDER TO KNOW WHICH IS..
LARGER OR SMALLER THAN THE..OTHERS.

48.

OT

THE
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Recognize the predicament these people are in?
Sure you do, we've all been thereif not in this
particular. state of confusion, then in one'similar to it
Trying to deal with one or more of the 80 Plus units
of. measurement in the English system is confusing.

The unfortunate mechanics in the illustration
start out with "quarters" and end up with'':
"sixteenths." Truthfully now, does that "compute"?
Bet your combat booties it doesn't!
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NOW, LET'6'6EE UOW UOING METRIC;
6Y61 A MAKE' THE OANIE JOb EASIER!

,USING THE METRIC SYSTEM OF MEASUREMENT, THE
MECHANIC'S ASSISTANT HAS ONLY ONE THING. TO.
REMEMBER:

.

"THE LARGER THE NUMBER (IN MM)-THE LARGER THE
WRENCH!"

SIMPLE? YOU BET!

52
50



www.manaraa.com

That's the nice part-about the metric system. You
alwayi come back from the store with.what you went
after. If you start with meters you :"end up with
meters. They may be kiio-, hecto-, deka-,.deci-, centi-,

or milliMeters, but they are still meters. That goes for
grams, liters, degrees (Celsius), and the rest as Well.



www.manaraa.com

MY,YARD-
61ICK... IT... 11...

JUST VAN1614ei)
INT0114114 AIR!

".$THE TRUTH IS THAT WE COULD MANAGE JUST AS WELL AND
IN MOST INSTANCES BETTKR, IF EVERYTHING WE KNEW
ABOUT OR USED. WITH THE OLD ENGLISH SYSTEM WERE. TO
DISAPPEAR AND BE INSTANTLY REPLACED BY THE SIMPLER
METRIC SYSTEM.
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Therefore, you. can see for yourself that living
with metrics is to your advantage.

In fact, it's easier than living with the English
system, which we have already decided we could live
without.

Now aren't you glad you took.: that last step
across the metric threshold? Feel a little foolish about
all the fuss you may . have made over changing, to
metrics?

D.on't! There's not one of us' who hasn't been
hesitant about accepting something that really

4.doesn't hurt a bit" without, being a little
apprehensive: Don't believe Check yOur
inoculation record. How long has it been since you
had your lasillu shot anyway?

O.K. "metric fans;" it's time to get dOwn to
business, so pay, close attention. :

Metrics is Magic. For instance, you can take this
one "ittY7bitty, little-ole decimal, what-cha-ma-call:it"
and make it pop up" most anywhere you wanfit to.

But we're getting ,ahead of ourselves. Come on
inside, make yourself comfortable, and we'll 4,holk
you our whole "bag of tricks."

English system? Leave that outside,, we, don't
want it tracking up our new magic cailAt..
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All the chapters and sections in this book are
important,. but this next chapter is probably the most
*essential in understanding the metric system. You will
learn how to use metrics.

Fortunately, in our monetary system, all units of
measurement are multiples of 100 or fractions.
theredf.,. Calculations require only the addition of
zeros or moving the decimal point to the left or right,,
eliminating complicated fractions and Making
financial problem sorting easier to teach and learn.

Why -aren't all measurements of length, capaCity,
and weight based on a decimal system? Actually, over

.90 percent of the world's people already use such a

System, called the Metric system. Based on the meter,'
a unit of measurement is universally. defined as the.
wavelength bf orange -red light emitted by a'
krypton-86 atom. You will now :learn the official
system of measurement in the United States.

Arid it's about time we learned to use this
method. Ves, it will take time to "bnlearn" our
present olganization of `.weights and measures,, but ,
getting the hang of the method will be simple'enough.
"It's always been that way" is no longer an
acceptable excuse for -our failure to master new and
more efficient methods of calculation Good luck
with "metric magic"!
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ea\%\...,

AEC IIIE DANCING DECIMAL! I3LLIOLD, A6Tti
MAGIC OF METRICS BEFORE YO
EYE6:!: AMAZE 'YOUP MILNE:16
A6TOUNDIN6 POWER .Or TEN. IN JUVI

ONE 00y teMON
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All Or TUE DIFFICULTIES IN TUE
METRIC 6Y6TEM ARE IN TRANS-'
LATING FROM ONE 6V6TEM TO

TI-IE BUT TLIE MOMENT,
YOU ua ILIE METRIC

V6TEM
ALONE
IMRE-16-
NO
DIPFICULTY.

(DR. 4.f.W.IDelt 6RttiAin SEW) '1

Now we will start learning the metric systein. You
::;mill never forget the English system, but try to push.

inches, feet, yards, miles, and other English
measurements out of the way for the moment. You6
don't need the old way to learn the new way. When
you~ get likd to it, you will see that, the metric system
is both quick and easy.
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THE. POWER OF TEN IS,THE KEY

In the metric system each unit of measurement
has its own name. Each unit is 10 times more than
the next smaller unit.

MORE THAN ONE METER

A DECAMETER is. 10 meters.
A HECTOMETER is 100 meters.
A KILOMETER is 1000 meters.

LESS THAN ONE METER

A DECIMETER is 1/10 of a meter. It takes 10,
decimeters to make a meter,..

A CENTIMETER, is 1/100 of a meter. -It takes
100 centimeters to make a meter.

*A MILLIMETER is .1/1000 of a meter. It takes
1000 millimeters to make a meter.

THE POWER OF-` TEN, HOLDS THE "KEY" TQ THE METRIC
SYSTEM.
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The great advantage to metrics is that it's a
decimal system. Instead of having to convert
measurements from inches to feet and feet to yards,
all you have to do with metrics is multiply or divide
by a factor of 10 to convert from One unit to
another. If you have worked with decimal points, you -
know that 'involves moving a decimal point to the
fight or left. For example:
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J ,

Just think about how our money system works,
with the ten dollar bill, dimes,' and Cents all
RELATED to the basic unit --the dollar:,

KILO. I-ICCTO DEKA ,H(ONO WA can

AS .. YOU BEGIN TO WORK WITH METRICS, ' CEPP :
RELATIONSHIP BETWEEN THE DECIMAL!;. SYSTEM,.. OUR
MONETARY SYSTEM, AND THE NUMBER:10 IN MIND:

You must: remember, when working with-metrics,
.

all units are related by the number 1 eThe ratio
between the units of the series (dollars; dimes, cents)
is "ten. Additions; subtractions, .and-'-other numerical
operations ate Figuring'PrOblems with metric
units needs no conversion from unit to unit which 'is
necessary between-inches and feet or ounces and .

-pounds..
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In the metric systein there is. only one' series of
units for . length, one fOr area, one for capacity, one
for mass, and one for temperature. .
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A

A meter is used to measure length, You., can
measure tiOw' long something is by using a Meter
stick: 'You can make a meter, stick by measuring a
thin piece of wood or a stiff pike of cardboard IP
times longer thavitis line.

10

Clie line is divi edjin- centimeters. e '-diA§nce
. between each mark is 'a centimeter long. Ten

centimerepiis called a, decimeter: SO, 10 decimeters
(100 c ers) ig Called a meter, thelength of ybur
'meter St

The line above is a line that is 1 centimeter long.
If you divide 'a centimeter. into 10 equal marts, each
:mark is millimeter from the next.'Ybi.c.probably
won't 'haVe to measure in millimeters oftelt;lbut
should reMember that there, are 1000 Orfriem
meter..
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SOME ROAD SIGNS NOW TELL US THE DISTANCE BETWEEN
PLACES IN KILOMETERS: ...

4'

Now that you know howlonv meter is, you can
. measure how, 'long, how Wide, and how high

something is.

In the. Metrie way of measuring:distances, such as
hoNy far Norfolk is from San Diego, 'au would use

icilometers. Someroad signs in the U.S.. now tell you
how many kilometers ;it is from one place to another.
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Try using metrics, with your meter stick. Measure
how tall you are or how wide a, room is The more
you work With metiics the easter "the system will be
to understand..

MEASURING A PERIMETER. 1N_ METERS AND A 'SURFACE IN
SQUARE METERS.

The Navy chief in this picttire has measured a
recruiting poster and discovered that it is 3 meters
long and 2 meters wide. He wants to find out the
perimeter of Ahe canvas.. Two sides measure 3 meters.-
and to sides measure 2 meters. So the chief.

, would say'its perimeter, which means the distanee
around the edges'ofanything, is ...

3 meters

meters

2 'meters

2-metOrs
meters
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:Now measure. the -Perimeter' of your bunk. It is'
the distance or the:way around the four sides.

You now widerstand what the perimeter. of a'
surfice is Now let's find how to measure the whole
surface. .ot just the outside edges.

The chief's recruiting poster was 3 meters icing
and 2 meters wide ar41;had a perimeter of 10 meters,

:han its
outside edges. 'The entire surfaCe of any object is its
area.

7-...1.

':The .draW.ing above is.'3 centimeters long-ind 2
CentirneterS wide. To discover the area the drawing
Covers, you would multiply thelength by ..(1)e..,*wjdtli..
Three :Ccritiineteii times.,,TcerifirlieteriecReaU1.6 scRiare
centiiikers. Sb, the surface area drawing covers is
6 :square ceritimeterS. -SurfaOs can: he; measured in
square., centimeters, decimeters meters, or kilometers:
Just multiply 1Ongth by the width. The answer
yo.ii get is the area of the surface.
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How ''would you measure the quantity of
something? Finding out hoW much of anything is in a
can, a bottle, or a box is easy because the metric
system uses measurements that are like those you
have already learned about. ;,.

You know a square meter would look like this in
written form:

1 meter long
X.

1 meter slide
Equals 1 _squari meter

Suppose you have a box with sides that measure 1
square meter each. An object .vith t6 .equal 'square
sides is called a cube. To discover how much a
eube-shaped box will hold, multiply the height times
the width times theAength. For example:

,
.

-1 Meter
x

1 meter
x

1 meter
1 cubic meter

:..
ONeCi.)131C
ONE 11-10UhANDA;ITER6

votAIME'.AND CAPACITY MEASURED: IN...O./BIC METERS
LITERS. .
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A, LITER EXPRESSED. AS' CUBIC CENTIMETERS.

A cubic meter is too large tO$e a useful unit of
measurement for most of-the liquids you will 'want to
know, about: ;'. For example, if you poured a glass of.
beer into 'a box - .that. would hold a cubic meter,; ,

.would; barely cover the-JiOttorn.;
SO,- the inventors Of the::inetilOyitem Came up

.with.a meavrement called ethe liter. It.is the common
unit of meattirement for liquids. Tliere are 1000 'liters
in a cubic nieter..:In other words,,a cubic meter is
1000' times bigger-than a' liter...It makes much more!'

,. sense to use the' iter to measure most, liquids.
The picture iaboVe shows how big a 'liter box

would be. . 9

Each side measures 16 centimeters.

10. Centiineters

10 centimeters
- x.

10 centimeters
1000: obbic centimeters

A boxthat is 1000'cubic centimeters *ill hold 1 lit
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Use the same prefixes : =that. Wei;10rned With'tIfe
meter. show that each unit is 10 times more than
the next smaller, unit.

MORE THAN ONE' LITER.

A DECALITER is 10 liters.

A HECTOLITER is 100.1iters.

A KILOLITER is 1000

LESS. THAN ONE LITER

A DECILITER is 1/10 of a liter. It take§ 10
deciliters,to make a liter. "

A CENTILITER is 1/100 of a liter: It takes 100
:'centiliters to .make a liter.

A MILLILITER is, 1 /,1000 of a liter. It takes 1000
milliliters to make a liter.
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44.1.tcrtiriE ROOM

1110CUI.A110#15-

"GET THAT TRAINING DEVICE ON DOWN TO THE LECTURE
ROOM. YOU'RE SCARIN'HELL OUTA MY PATIENTS!"

any, storeS now have liter measures for sale. TheqT.
next time you visit Sickbay. yOu might ask to see the
syringe the corpsnian gives injections with You will
see that the tube isenarked to tell how mUch.of a liter:,
it holds..

If yoU filled the liter box shoWn on page 66 with
pure .water that.Wnottoo hot or too cold,' the water
would weigh just /about '1 kilogram. The gram is the
unit of measurement most ,Often used for weight -in
the metric system: Since the kilogram 1000 grams
and a liter is 1000 cultic centimeters; we.knoWrthat 1
gram of water is equal to 1 cubic centimeter*of waiter.

We call this athourit'of liquid a milliliter..

/.4*:
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*This box Measures 1. cubic centirneter., See how..
smal). it is When we want to measure drily.
amount of liquid, we measure in cubic centimeters_

.
How much goes it weigh? Weight in-the! metric

system: is usually expressed in grams., Use the 'same,,
prefIxes that we leaped withjhe meter and the:liter,

lo .show that each unit is 10.times more than the next
smaller unit.

MORET#AN

A DEC

r

ECIGRAM is 1 /10` of a gram 'It takes
decigrams to make a gram.

A CENTIGRAKis,,1/100 of ariirain..4.takes 100
'centigrams to make a gram.

A MILLIGRAM is 1/1000 of.a gram, It takes
1000 milligrams to make a43ram.

a
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WEIGHT Ek
1/10 OF.A
11)00 mg). THE

IN GRAMS. THESE 100 mg TABLETS ARE
IN WEIGHT. (18 =1,000 mg, 100 mg = 1/10 of

WAR OF TEN APPLIES.,

To measure the @metric. weight of an object you
have to use:a scale that gives weight in grams: But, if
you don't have a.. metric sr.:, handy you can get_ an.
idea- of how much I.he

,

units represent by looking at
.

thelabels of some products that are sold in stores by
.

metric -Weight. For example: vitamin tablets, axe
.'. labeled according to how Much' of "a:Particular ..,

vitamili they contain. Vitamin C, for instance, can be
bought in 100,'250, 9r 500 milligram amounts.

At.birth a baby would no lly weigh from 2 to
4 kilograths. A; baby. elephan an ,weigh as nikAth as

-'" 100 kilograms at bir.th and ow up `'to weigh more
than 2 metric tons! The Metric ton is .:1 i million.
(1,000,000) grams.,

In the4fiar future; most of the things yoJ will
° buy by weit.tt' at 'the grocery store. will be ',sold iri

kilograms. Twelve 'apples' will probably weigh about' 2
kilograms. Most people buy about 2.5 kilograms of
flour or sugar at a time..
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There is a.Anetric measurement 'for temperature
You:will want to know about. We measure heat by
degrees on a thermometer. There are three kinds of
therinOmeters in use today: . KelVin . (used" by
scientists), Fahrenheit (the one you are, most familiar
with), and the Celiius thermometer, Which is used in
most metric system countries.

We are now making the change to, the Celsius ,

thermometer.' A man named__Andets Celsius, who
ljved more than 200 years ago; thought of marking a
thermometer:-in centigrades., He marked the freezing
point of water at 0 degrees and the boiling point at
100 degrees.

,
. . f

Weather reports on radio and TV now give the
temperature in degre-s Celsiu. ,s 'as well as in

, ,..
Fahrenheit.

NORMAL 150DY-a.
TEMPERATURE

WATER OUZO
NORMAL ROOM

-TEMPERATURE

MEASURING TEMPERATURE K,DEGREES
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114E TEMPERATURE.OP

TUE WATER 16 20°
CE1,61U6 01(00M1EMP)

PE VOLUME OF Ti-1E
'TANK 16 1 000 LIIER6:

1000 L:-RIG14T?)°-
,

V:1E WE1G14T OF TOE
WAISR 'A TANK )
EQUAL6 )rtt,0 T1-16

YOLUME, OR 500
-611;teE

LITER-71101.001ZAW
OV,500)ci-iCIK

7

°t4sE ki ET E TLIE AREA OF EAC1-1

6URFACE 16 1 6QUARE
METER.

TIDE ED66,6 OF 1I4E
TANK ARE OP, EQUAL
1,ENGT1-1, W141C1-1 16 ,

EXACTLY 1. METER.

.114E OF
(DISTIL CE AROUND)

qt9 6,URCACE16
METER6

.

MERE ARE ALL OF EtA6IG .METRIC
UM% TOGETLIER, A6 PART6 .00'. A ONE :
CUBIC. METER:MN:TANK , W141C.t4 IS
14ALV. FULL OF WATER.:

BY TURNING','ONEPAGg'ATATIME, YOU .

BETTER 66E NOW TIIE UNITS:WORK TO
PLEAS .WATCH YOUR F INGERS, WE

LINE .ftwpfamW:61 NC E t6 JULY )

74 /- 5-7
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cet.
. rit

>

90-WE LB A LITTLE WOULD- -YOU EiLIE.VE
TWO EA6Y CESSON6? DO YOU KNOW TWAT-
ALL NEWIDNO AREN'T Fie - SOME .MOLES ARE
ATOMIC- KRYPTON AFFECTS MORE 114kIsl JUST"
IYOUIKNOWV410% MERTZ. 1-IA5 CYCLES-KELVIN
WAS NTEMPERATORE YOUR RADIAN FROM YOUR
6TERADIAN W NOT .0. IN6IDE:6 WATT% WAIT!
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METRIC MEASUREMENTS AND DEFINITIONS

We have given' you a basic overview of the metric
system.. There are other metric measurements used In
science and technical' You may want to know
about them, so we have included tern in this chapter
for reference. They are not: important for everyday
use.

-1 METER

I GDO 761.75 WAVELENGTHS

ONE WAVELENGTH

AN INTERFEROMETER IS
USED TO MEASURE
LENGTH DY.11EANS
LIGHT. WAVES

47der (m)length

I The Meter is the standard unit of length in the metric
system and is defined as 1 650 763.78 wavelengths In vacuum
of the orange-red light of the spectzum of krypton 86. The.
metric unit of area is the square meter (m2). Land is often
measured by the hectare (10,000 square meters, or about 2.5
acres). The metric unit of volume is the cubic meter Im3).
Irolunie of -fluid is often measured by the liter (0.001 cubic
meters). -
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The kilogram is the standard unit of mass. It is the only
'base unit which is still defined by artifact: the standard
kilogram is baied on a cylinder of platInum-iridiUM alloy kept
by the InternaPinlil Bureau of Weights and Mfasur.es inc_Paris,
Fran e; A duplicate of this cylinder is now stored at the
IlatkilaI"Bniean of Standards in the United States.

tnetrieunit of force is the newton. It is defined as the
aminine;Of- torCe. that, when applied for 1 second, will give a
Zkilogiani2mass a speed of 1 meter pefsecond.

;The; metric unit for pressure is the pascal.
`The metric'unit for work and energy of any kind is the

oule,.which is defined as 1 newton times 1 meter. ..
. The metric unit for power is the watt, defined as 1 joule

per Second.
kilogram
newton
pascal
joule
watt
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EFLECTION iiaatigr

:*
OSCILLATOR ,

MSS ATOMIC TI
SCALE SYSTEM

SCHEMATIC DIAGRAM OF `AN 'ATOMIC IMAM SPECTROMETER -:
OR CLOCK.'"

.o

*.?

'Second '(s)-iim e

The second is, the basic unit of time in the4iletric system
and is defined as the. duration of 9 192_631'170 cyCles of the
radiation associated with a specified tranSitiOrrof the cesium
133 atom. It is realized by placing.a Cesium source at one end

: of an-atornic4eam ,spectrometer and boMbarding the source:.
until itsatoni begin to travel at resonance frequency. One set,
of Magnets;in the:spectrometer causes the atoms to travel in
Wave form while an oscillator tuned to the resonance
frequency .perinits. those atoms traveling at this frequency to.
pas's through that .!detector which Is at Oe end of the
-spectichneter.:-Another Set of magnets defleCt those atoms not
friAling at proper speed. The detector then recoidithe peak
Of each cycle 'as it Passes. When 9 192' 631 770 cycles are
recorded, 1 second has passed,

The second was originally defined according to the Earth's
rotation. Early in the 20th "century it was discovered that the
Earth's rate of rotation varies, and a more dependable standard .

was needed, The present standard for the second was adopted
in 1956::::::

The number of:periods or ,-cycles per cond Oiled
frequency. The SI unit:tor frequenty, is the he One hertz is
equal. to 1 cycle per seCOnd.

The SI uiiit for speed is the meter per se nd.
.

NOTE: Standigd freqUencies and correct time are
broadcast from WWV, WWVB:and-WWVII, and stations of the
U. S. Nivy. Some_shortwave radios receive WWV and WWVH
on frequenciei of 2.5, 5; 10, 15, and 20 megahertz. ..,

79



www.manaraa.com

Ampire ( A)-electric ...ciArrent

The.: ampere is the basic': unit. Of, 'etectric current in the
metric system. It is determined by passing current through two
parallel. wires separated by a distaiite of 1 'meter% and then
measuring the force of attraction between the Wires, caused by
their magnetic fields. The ampere is, defined as that amount of
current that will produce a force of exactly 2 X10-7 newtons
between.the two wires for each meter of length.

ampere A
Volt ," V 1..V°1W/A

_ ohm 2 1 E2 m 1 V/A

0fiCE:2X143-7N

AC*

m

A DIAcRAM:DEF!NITION QF AN AMPERE.
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*F
21g.

98.6

i
32 I I

F4HRENHE1T°F t. CEIS)

COMPARISON OF TEMPERATURE

Kelvin (K) - temperature

TEMPERATURE
WATER:: MEASUREMENT
eons SYSTEMS

BODY TEMPERATURE

0 WATER FREE

2045 Mr

OLUTE
0 ERO.

EASUREMENTSYSTEMS.

I t .is clefFteilv.as the fraction 11273.16 . 'or the
thermodynatilic3etuperatitre of the triple point of water. The
temperature .0'N la:tailed abiolute zero. The Kelvin seale has
its 114;,- zero pointat absolute zero. Thisis the
point at which till atoniic vibration ceases. The triple point of
water (the temperature at which water exists in all three-
statesvapor, liquid, and solid) is 273.15 kelvins.

On the comtnonly usedused= Celsius temperature scale, water
; , freezes at about ec.and-boils at about 100C., The:, ;C is

defined as an interval of 1 K, and the; eisius tempertitur0.0C
is dethiadas 273.15 K.

The degree 'Fahrenheit is:, an interval of alee If*
-The' Fahrenheit Ocale -u sea °F as a %temperature symbol. The
Celsius scale uses °C as its SYmbol.

The standard temperaturecof the triple pOr n reac ed.byt'
'Tilling an empty glass cylinder (of certal9. specifications):With

. pure water. The, cell is cooled until a mantle of ice. forms
around the reentrant well and the temperature at the
interface of solid,. liquid; and vapor is 273.15 K.
Therniometers are then calibrated by beingiglaced inside the

:triple...point cell...Both the Celsius and Fahrenheit scales are
derived from the Kelvin scale.'
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(mol)amount of substance:

. /Thapiide is the standard metric unit for thaidingults:bf a.

in a system that contains,as. many elementary,enti .01 there
substance It is defined as the: amodiiiiirgatstance!

are atoms in 0.012 kilograms of carbon 12. '

° When the. Mole is 1iced the elementary. entihet mush's :N.
specified. They may be ittopis; Molecules,Aons;',Or 'electrons.
They_may be other . particles or specified grolips of such
particles. It would not be .practical to ,tpeak4bf a mole Of
apples or, a mole of screws because the number of atoms in
0.012 Idlogarns of carhop 12 is extremely large. Molesoare
used in . cheraittry arid. physics in :reference to
niolecules.

.

AMOUNT-OF SUBSTANCE1N kgYSTEMCOMPARED TO CARBON
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FREEZING
PLATINUM

INSULATING
MATERIAL

Candela (cd)--ItiminoUs intensity

The candela is the basic metric unit of luminous intensity:
It is defined as the luinInous intensity of 1/600 000 of a
squire meter of the. cone of light erhitted by a black body that
has been heated' to?. 2 045 kelvina, the 'freezing Voint of
platinum: A black body is defined as any object that absorbs
all the light which shines on it Because no light is reflected
from a black body, the <radiant energY is converted to heat:.:
raising. the .temperatuot of the object. If, however, the black.,

is heated, light will radiate from.it. , °:*
The metric (SI) unit of light fliut (amount of light) isLif*s',..

lUnien (1m). A source which has an intensity of light Oir--1?
_ candela in all directions radiates a light flux of 4' 7T lumens-.

-Aboutl. 700 luinens are radiated from a 100-watt, light bulb.



www.manaraa.com



www.manaraa.com

is Radian/ (rird)phine angle

The radian is the plane angle with its vertex at the center
a,circle that is subtended by an arc equal in length to the

radius. .
%

The steradian is the solid angle'with its vertex at the center
of a spheie that is subtended by an area of the spherical
Surface equal to-that pfia,sqiucre with sides equal in length to
the radius. ,
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CONVERSION TABLES

.
This section deals With the techniques used when

converting between the inch-pound system and the
metric system.

conversionThe conversion tables used in this se 11 ve

apprpximatt. conversions ,between the metric and inch-
pound° Ar9ernS of measurement. They are accurate
enough fOr gendral- use.

;VVhell'a more precise table is used for the
conversion, the- answers will 'be differeni than when
the approximate tables are used This is dub to the-
number of significant digits used for calculations.

1,

.0 43

METRIC TIPSa meter is :.a ;little longer than-a -yard
(1.1 yards.).

a liter iS a little larger Ilan a quart.
(1.06 quarls): .

*
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en
ou Kno.... ..

You
Can Find: -,-

If You'
.Multiply BX: -.

. inches
inches`

. feet :

feet ii-
:. "-ards O.,

Yards.: t
miles ..'is,`:.: 1

miles '''.: it.i.-.,

l'ilOit '-,

cen meters;
'meters ...

Centime.terti,
- meters
,meters -.' .

kilometers: 4._

meters ; 'I
nautical fillies

--.

Millimeters
centimeters
centimeters
meters
centimeters
Meters
kilometers .

peters
-f inches ` -

;.-
inkttes

'feet
feet

d,..- yards .

.. ', yards...
miles ,

; miles ,

naUtical mites T:
'44. meters'. ..

.i, -- .

25.4
.' ".

-- --2-;a4.

,

90
0.9
1.6

1 600
0.04
0.4, .:

0.032 8le
0.010 9
1.1'

: 0.000 621
'0.6.
0.000 54

1852

Tabli1.Length Coniersion

,13roblem: Compute -the .Simbei.-of .kilorneteis iri 86 miles.
o

,Solution: 86 tulles X 1.6 idlotnFers per
.861ni k

51 6,

km

Answer: 137.6 ldloilie,ters

NI
'

TIR--Itiere is a Britlsli
.

you keep the meter and kilogram
heacl:,t4 1. '4'

e meter measures three-fat-Mire
.11's bi the yaltyou see ,

Ainti 1-a-quarteilp4.trnds of jam
. -Weigh about a kilogram.
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Problem: Compute the number .of centimeters in 10 1/2 feet.

Solution: 10.5 feet .x 30 centimeters per foot
10.5 ft .4

X . 30' cm/ft
315.0 cm

Answer: 315 Centimeters

When - .
You Know:* 'A

You
Can Find:.

If You ,r`
. Multiply By:

.-, .
ounces
pounds
short tons
(2000 lbs)
teaamms

lograms
rnegagrams
(metric tons)

.

fila'''' sograms
megagrams .
(metric tons) '.
ounces ,' -
poUnds
short tons
(2000 lbs)

28,3
0.45
0,9,

. -

0.035
2.2
1.1

3 .. .

,

,'
..

Table -2.YVeight Cot-11;44o

Problem: Compute the number of gramS In 12
. .

Solution: 12.25 ounces x 28 grainiperbwice'..:
*'7' 12.25:ot

x. 28 g/oz .

98 0(1
, "B45 0.

'344.00.0 -

Answer: 343 grams

Problem: Compute 'the: number o.f poun xn 14;5 kilogiems.

Solution:. i4.5 kijogrards-x2.2"potik4tr:
.

14.5,4
x 2.2 lb/kg

2.90
290
31.90 lb ..

Abstr64.91..9 pounds ' . .

.'i

...METRIC'TIPa grain'. is .about :the weigheOnaes) df a:
_

'paper.. dip; 'a' kilogram, little.l.mote,':.than: two :...
. .

minds (2:2 pounds)... .
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When
You Know:.

You_
Can .Find:.

If You
:

teaspoons milliliters 5, tablespoons milliliters 15fluid ounces milliliters ao .,
..cups , 4,, liters 0,24pints- '- liters 0A7quiets P-riti,;, liters ' (0.95gallons ,' liters . 3.8 ,

milliliters.::` teaspoons. 0.2milliliters tablespoons 0.067milliliters . fluid ounces 0.034 ..
liters.. cups 4.2liters - pints 2.1_ {liters quart:S . 1.06 -"'"liters gallong , 0.26cubic feet cubic,meters , 0.028 °,. cubic yards meters 0.765.cubic meters

,cubic
cubicfeet .1 35.3cubic meters - cubic yards 1.31,,

,

Table 3:- Volume converlion

'FlablenilComptite the number of liters in 4 1/2 gallons:,

Solution:4:5 gallons X.3.8 iiters.pergallon
4.5 gar'

kW pi,.

° . 17. 0 L e
Anaiver: 1.7.11iters

94,1t."

probleni:,Compute the volume in cubic meters of a- watertank 10 feet long by 14 1/2 feet wide by 7 het'' deep.
. ci."

Solution: 10 feeex14.5 feet x 7:feet - 1015 feet
1015 cubic feet x .028 cubic meter per cubic foot

1015 cti j117
x .028
8120

.20.30
28.420m

cubic meters
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When
You Know:

You
C.in Find:-

If You
Mtiltiply. By

square inches mare centimeters 6.45
square inches r square meters 0.000 6
square feet square centimeters 929
squire feet square meters 0.092 9:
square yards square centimeters 8 360
square yards square meters 0.836
square miles square kilometers 2.6
square centimeters square inches . . 0.15,0,,
square meters square inches 1550
square centimeters y 'square feet 0.001_
square meters square feet 10.8; ' ''f
square ce eters square yards 0.000_.112
square tens square yards 1.2 -

,-.;square ometers square miles 0.4' '.

Table 4. Area conversion .

Problem: Compute the area in' square centimeters of 'a sheer
of paper 10 1/2inch long by 8. inches wide. ,

Solution: 10.5 inches x 8 inches ; 84 Square Inches
84 square, inches x 6.45 square centiineters per
square Inch.

6.45 oil'
x 84 in

35in25

80

r5 cm2

Answer: '541.8 square-centimeters°.

'Problem:: C ,pitte the area cOvbred in square meters byo rug
_ jpet wide by 12'feet long.

SoYuilon: 9 feeeX feet - 108 square feet .

108 "squa feet x.092 9,Squareittieter per square
foot. ,:() C

-

4, 08 ft2
.09281n2grt`

21
40:0

b "°.1 oa-. 3 2. square meters

87-
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When
You 1Cnow: .

you-
CaFind:

4f You
.,

. .

1.:,'...degrees Fahienlieit
= ...

, - ,
degrees Celsius '

.

degrees Celsims .

.

, deigees.Celsins
.

. degrees Faiire e t

kelvin§

subtract 32 igen: 4'. -
multmly by:5/9, ,- -

inUltiply.bi*5
then add 32

x;ilf. ..,- : --,....;;;, ,.

add 273.15;;
..

Table 5:.-T,eniperure'Coni}eision.

Problem: C0mOute the degrees celsius for 70 degrees :o.
Fahrenheit

SolutiOn: 5/9 x (70, 0 - 320
)

5/9 x (38") - 190'79,- 21.1"c

Answer: 21.1°C

METRI,001-94;4,illirneter. (0.001 meter) iS -about
tile diameter of 'a paper clip.

cebtimeter 10.01 meter) is about
the' width of a

a I4ometer (1,,000 meters.) is a bit
longer than,a Waif mile,'

GLOSSARY

Unit for measuring
ymbol:A;0%,'

e. Myctfic surface .measUrg, equal

of eisuredi in
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--tiatrel.Amobn.soritained-in a `barrel especially
the amount. (as' 34 gallons of fermented beverage or
42, -gallons of petroleum) fixed. for a certain
commodity. Symbol: bbl. fi

df oo t .Unit of quantity for luraber equal to
the voliime of a board 12 X 12 X I inches. Synibol:

US Unit of dry 'capacity equal to pecks
:21: sp in3) Of 3.2 liters;

Candela)Unit fo measunng he amount of light"ft
produced by a lights i:Fe..Symbol-. cd..

Capacity. See volume.

Celsius. Name of the-scale for temperature. used --

conjunction with the metric. system. In the Cdr.
scale, water boils at 100'd and fre es at 0°C,
opposed to 212°F and 32°F resp ctively, in the
Fahrenheit scale. Symbol: °C.

7 .

Centare. Metric surface_measure, equal to: 1 m2.
Symbol: c ?.. P..,, 4. ..-,,

.` -
icatingesitiNi.hundredth of a givenCenti-. ..Prefix

unit. V

Centigram. One-hundredth of a gram. .Symbol: cg.
. ,

Centiliter. One-hundredth.of a liter. Symbol:- cL.

Centimeter. of a 'meter. One-
centimeter equals ',MOW: cm.

Chain. Unit of .The
meters). Symbbl: ch.
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Cubic unit symbols. namples: m
etc., used to.denote volume.

Deca-. (Also deka-). Prefix indicating ten times a
. given unit.

Decagrath. (Also, dekagram) Ten grams. Symbol:
dag.

Decaliter, (Also dekaliter) :Ten liters, roughly
equivalent to 2.64 g,allons. Symbol: daL.

Decameter. (Also dekameter) Ten 'Melds. One
decameter roughly equals 10.9 yards. Symbol: dam.

Dec i Prefix indicating one-tenth of ,a given init.

Decigram. One-tenth of a gram. Symbol: dg.

Deciliter. One-tenth of a liter. -Symbol: dL.

Decimeter. T centimeters' or one-tenth of a
meter.,Symbol: dm.

Density.. The weigh lany sample of a substance
divided by the volume rhea re of that sample.

'Dram. A unit of avoirdupois weight equal to 27,3
grains or 0.0625 ounce (1.78 grams). Symbol: dr. .

Fathom. A unit of lengt al to 6 feet (1.83
meters) used for rheasuring t depth' ot water.
Symbol:,faith. o.t

Femto-. A'prefix indiCating one-quadrillionth of a
given unit. 1,
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Furlong. Unit of distanc,e (mostly used in
horseracing) equal to 220 Yards (201 meters). No
symbol.

Giga-. Prefix:, ndicating a billion times a giVen
unit.

Gill. Unit of,,iiquid,,
bout f 18 millilit

7 6t0
!sta. Grain. Unit of'weiglit equal to .0023 avoit.
,,,,,-.111-.(0.065 gram). Symbol: gr.

Gram. Metrid',' 'Unit of weight equal
one-thousandth of a:kilogram. Symbol: g .

Hectare: Unit ,of land measure in the metric
system equal to 100 Ares or 10,000 square meters and
equivalent to 2.471 acres. Symilpl: ha.

easure equal' to .25 pipt .or

Flecto-. Prefix indicating one hundred times a
,given unit.

Hectogram. One hundred,grains. Symbol: hg. .

.
Hectoliter. One hundred liters. Symbol: hL.

_ .

Hectometer. One hundred meters. Symbol: hm.

` Hogshead. U.S. unit of capacity equal to 63
gallons (239 liters). S-ymbOl: h1ca.

Hundredweight. Unit of weight (avoirdupois)
commonly ecluivalent to tog (45,4 ) in-rthe United Staes ,sand 112 %, (50.8 kilo .4.

'England. The,,.. former is i n
hundredweight' and .' the as *,thes*,
hundredweight. Symbol: cwt.

91
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scale ; Tempei*re sewer ,often tied with
:"system '-i-,.4nd'14yelop,e(1 by the British.

PhysiistA.;ord Kelyih.'TheStarting,ist tero pOirrf 'on
the K. scale' -' is absolute zerek.A-273.15°C,

, 4,59.67°F) the loweIt t,heco;reti,Cal temperature;that a
gas can teach. On 'this scale;;waterffeezes at Z73.15 K
and :boils at 373.15K. ";"...

refix indicating of e. _timei.

ilogtam. Standard,, unit' of mass_ :in.-the rge
system. The kilogram is a' ,cylinder
platinum- iridium, alloy kept by the IniernatiOnal
Bureau of Weights and. Measures near, Paris. A
duplicate kilogram is kept by the National; Bureau o.fi
Standards in Washington and serves as the mass

',-','standard for the United States. One kilogram-is equal
to approximately 2.2 pounds..Syinbol: kg.

Kilolitq. One thousand liters. Syinboh'kL.

Kilometer. One, thousand 'meters, equivalehttO,
3,280 feet or 0.621 mile. Symbol km. 4

- Link. One of the standardized divisions of
..surveyors's chain that is 7.92 inches (201 millimefe
long and serves as .a measure of kniih. No symbol.

Liter.. Basic metric unit of liquid meaSuie, equal
o the volume Of one kilogram of water at 4 °C or one

is decimeter. A liteNs equivalent to 1%06 quartsr4-3,-r'.
L.

Lumen...Unit fqr meashring,thezzbeihtness of li
when ist reaches the surface Of an objedt
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Mass. Amotint of
.

material in, an object, meas
--' in kilograms.

Megd% Prefix indicating one millfon tithes /a given
Unit.

Meier.- Basic. unit length in the metric system.
It iSdefined in terms o the wavelength of orang0-ed
light emitteiLilly a krypton-86'atom (1,650,763.73
such -Wavelengths to the meter). One meter eguals
39.4 inches. Symbol: rin.

s Metric System..A decimal system of weights and
:-measures,' adopted first in France and now in

:common-use worldwide.

Metric , Ton. One thousand kilograms, roughly
equivalent to'.2,200 pounds. SyMbol: t.

Micron., The millionth pai.A.,,,offt1 meter: Symbol: p.

Mile, thtentational Nautical. Unit of distance in
sea .and air navigation equal to 150,52 kilometers
6,076 feet,.

11.7 Mill. Unit of move but of an actual coin), used
primaiilY in

'Milli-. Prefix indicati g One-thousandth of'ra given
unit.

One-thousanlith of a gram. Symbol:

Miter: One-thoiiiimdth of a liter.. SYMbol: m13 1,-*;
_ -10 ° b

.10ne-tenth of: a centimeter o
one-thousandth ote meter.. Symbol:: Aim.

43:
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,

Minim. Smallest unitoeliquid measure, the
Qiixtiet:11--part of a'fliiid rougMy,. :equivalent to

..

...,_one drop. g.,. ,.-.0.

Nano-. Prefix indiea i
unit.

Ounce, avoirdupois-. Unit of weight equal to
437.5 grains 0.625 pound aioirdupois (28.3
grams). Syrhbohjez.

.

gwesT'

OunCe, iYoy. Unit
or 0.833 pOund troy (31 .11;.gil

,

equal to '480 grains-
. Symbol: 'oz. tr.

Peck: .Dry measure of arts or the fourth part.
.'ofka btishel (8.89 liters).

Perimeter. Measure of the distance around a
figure.

Prefix indicating one-trillionth of a givenaunit.

Pound, avoirdupois. Unit of we t: and mass
equal to 7,000 grains (0.454 110-divided into
16 younces,. used fOr ordinary contnercial purpOses..
Symbol

. . A
Pound, troy. Unit dweight equal,to 5060 grains

kilogram)(divideid into ',12'.'diinces troy, used
foi. gold, silver, and othef precitiiigtnetalT. Sxmbot: lb

Radlan..Arc of a. circle equal in the
radius' of 'That- circle. An angle 'emanating from the
center of a circle that subteridslcuti off) an arc

to measure> one*iadian. Measuring angle in;
rad 's preferred with the, metric system. Symbol:
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-4'

Rod. ...Unit of linear measure, 5.5. yards or 16:5
i.---;.-teet (5;03 meters)...Unit of surface measure 30.25 yd?

(25.3 M2): No synibol.

Se Cond.- The siktioth Part of a. mini:de of a degree.
Symbol (13° 15' 45 "; read as -13 degrees, .15.
minittes, 45 seconds).

The sixtieth part of a minute of time. Symbol: s.
(4h2501211, read as 4 hours, 25 minutes, 12 seconds).

Specific gravity. Ratio of the density of a
substance, to the density ofwiter at 4°C

etc:
Square unit symbol. Examples: Mm2,

Stere. Cubic meter (1 m3) equivalent to 35.3
cubic feet or 1.31 cubic yardi. Used to measure
cordVood;-No-symbOt---------

Prefix indicating a trillion times a given

Ton, metric. See metric ton.

Volume. MeaSurein cubic units of the amount of
spade inside any given . container, also the: measure of
the amount such aLcontainer. will hold. The latter is
known as the capacity of the container and can be
given in either units of liquid measure (see liter;
milliliter) or in cubic units:

Weight. The force of the. Earth's pull on an ,-
object. Weight, in the metric system, is measured in
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WRITING STYLE GUIDES

e modern form of the Metric sYstein is an
international language of measurement: AS a-
language, it is governed- by rules of spelling,
punctuation,: and pronunciation. A guide- to proper
usage-follows.

UNITSUnit narnes,°ekcept at the beginning-of a
sentence, are loWercaSe. -Note, that in the term
.."degree Celsius," degree is lowerCase, but "Celsius" is
capitalized: (The "degree centigrade" is Obsolete-)

SYMBQLS=Unit Symbols are written with
lowercase letters; i.e., meter, in..The first letter .of a
symbol is capitalized, however; when the name of the
Unit is derived from :the name of a person; i.e.;

; newton; N. The excelitio; is the '.capital letter 'L used -

for liter to avoid-confusiori ith the numeral 1.
, PREFIXES Except . for era (T), gaga` (G),. mega

(M), 'newton (N); and kelvin -(K), all symbols for
numerical prefixes are Written with lowercase letteis.
All prefixes: ire.:Writt_en, in lowercase letters when
'written in full. ''-

PLUIZALS-:-When ,Written in full,: the names; of
units, are -made plural when' appropriate. Fractions
(both common and decimal) are alwaYs

!1:1-5SYmbols for units are the same in singular and
plural; An "s" is never,4dded to-a symbol to indicate
a plural.) :`

When, writing ternperatiires, no space should. be
left 'between the nun-flier- deSignations and 'the degi-e

METRIC TIPA milliliter (0-001 liter)` is about
one-fifth of a tease
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sign and between the degree sip and the designation
of the scale being used i.e. 24 F 20 °C.

en writing asynibol.after a number ti which it
rekrs, a-space must: be left 'between the number: and

'the SyMbol; 40 mm. :(The minute, and
cond of angle, are exceptions.)

TER-le:OSA periOdissed-lf,ter symbol
except when the symbol is at the end of a sentence.

. THE bECIMAL POINT -A dot placed on the line
is used as the decimal point. Wheli writing numbers of
a qt!iantity less than one, a zero must be -Used\ before
the decimal point

GROUPING OF are separated c

into grouPs of three; counting bdth to the left and to
the right from the decimal Point. The comifia should
not be:'used,:.to. separate digit since, it is uSed as a
decimal' point in ,many countries. A space isle t---to,
avoid-,confusion; te:, 1 44 56 0.12345

grouPs of ::- four digits, .:the spade ..is
recommended; te.; 1234. 0.1234..

The : space .should,- be used, howeVer, wlien
foUr-digit numbers are igrouped dolumn: with
numbers of five digits or more; 1.e., 14.8

.1.234
-427-345

METRIC TIPS=To .Coiivert Fahrenheit fo Celsius
temperature: Subtract 32 from the
Fahrenheit tentperature, multiply the
result by 5, and- diVide that answer by

,

Four liters equal 1.06 gallons. Fifteen
milliliters equal one tablespoon. Five
milliliters equal one teaspoon.
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i
SP CING When #iiting,gymbols.:ot names for

units -haying prefixes, n o Space`le left 'b tweed Id tteis
g . ;Up the symbol Or. the e; i.e , nit;

milliliter

e five PUhliCatiOns.listed 'below are failableto
Naval activities from:

COMMANDING, QFFICER
NAVAL, PUBLICATIONS.
AND_FORMS CENTER -2
680.1 TABOR AVENUE
PHILAIYELPHIA, PA 19120

AurtivON. 442=3321

*IEEE Standard Letter SymbOls for Units o
easurement (Si Units, Customary Incli-Potind
Units, '.and Certain Other 'Units) (ANSI /IEEE Std
2604978 '
Ordering identificatkon: IEEE 260:197$

*Metric Editorial Guide, Jan 1978
Ordering identification: ANMC-784

'*These Industry Standardization Documents receivefrom the Naval .Pubhcations -.and Forms Center
include DOD e)cteptions.
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Patterninaker 3 & NAVEDTRA 10578-C 1973 -
able 8- - Metric System and English Conversion),

Ordering identification: 0502-LP-05248910 (Must b
'requisitioned in MILSTRIP fortriat)

*Standard for Metric Practice
Z21-0:1-091in--.1976
Ordering identifitatiOn: ASTM-E380-76

,

/.NOTE: The above four publications are listed for
information purposes' only -they are -pot part of the
course.

se of the - -Metric System of. Measurement, 13 Jun
978

',.Ordering identificatiorr: SECNAVINST 41'20.19

`*These Industry. Standardiza
from the t'itbikair
include DOD exc.eptions.


