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Designed to meet the job-~related metric {fmeasdrement
needs of tool and die making students, this 1nstructlon 1 package is
one of. eighi for the manufactﬁrlng occnpatlons .cluster, part of a set’

. of 55 packages for metric instruction in differemt occupations. The
‘package is 1ntended for students-who already know the occupational

terminology, measurement -terms, and tools currently in use. Each qf

the: five units in this 1n=trnctlona1 package contairns performance
oh]ectlves learnlng act1v1t1es, “and supportlng 1nfornatlon in .the

form of;text exercises,; and. tables. In- addltlon, suggested teachlng

techniques are included. At the back of thé package are :

objective-based evaluation items, a page of answers -to the exerc1ses
and tests, a 11=t of petric materials neede& for the’ activities,
references, and a list of suppliers. The 'material is designed to
“ accommodate a variety of individual teaching and learning styles, r
: €.G., 1ndependent study, small group, or whole-class act1v1ty.. i

3 . Exercises are intended‘to facilitate experlences with measurement o
"instruments, tcols, .and devices used in this occupaiion and

job-related tasks of estimating and measuring. ‘Unit I, a gene ¢ -~

N 1ntroducﬂlon to the metric system of measurement, prov1 des 1n§armal

hands-on expériences for the gstudents. This unit enables students to,
become familiar with the Lkasic metric units, their symbols, and
measurement 1n=truments,¢gnd to, develop a set of mental references
for metric values. The metric §ystem of notation also is explalned.
.Onit 2. provides the metric terms which are used in this occupation
and gives experience with occupational measuregent tasks. UOnit 3
focuses on Job-related metric egulzaients and their relationships.
Unit 4 provides experlence with recognizing and using metric- ; N
instruments and tools in occupatlonal measurement tasks. It also
provides expérience in cgmparing metric and customary measurement
vstruments. bUnit 5 is designed to give students—practice in ’
nvertlﬁg custaﬁary and metric measurements; a sk111 considered ‘w)
wseful durlng the transition to metrlc in each occupatlon. (HD) .
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ABSTRACT

Documents acquu-ed by ERIC mclude many informal unpublished materials not available from other sources. ERIC makes every
effort to obtain the best copy available. Nevertheless, items of marginal reproducibility are often encourftered dhd this affects the
quality of the microfiche and“hardcopy reproductions ERI\C makes available via the ERIC Document Reproduction Service (EDRS).
EDRSus not responsible {c:r the quahty of the original document Reproducnons supplied by EDRS are the best that can be ‘Made from'

mal .y Q - > , 1

ERIC™ s , e N

ot Proided oy ERC - o . - ) ) . \




:
< / //// /@/Z/,,//////////% /////////// //////l //’/’;/////’7//////’//,/4;’;/ /7/’////

\

SN

// i //’////// //////////”////// /’/////

/2

| | / iy ‘ / iy,
o o é/%/ ///’// //////// /////’/////4/’///: ///”///// /%///l//%///f/@%
A - ,,//,/// 2 //////// /M //////W Z // ”////// 4// /”///"”/

///

/,/,/////////,,//////,////’/f///,/w// //M//////,//////,///%// ///

/// 7
///// /,/////// ////// //’///////”//// // )

Wi |

, . SR | - /,/// ////./// \ / . ///////// ,,///'///, " L // //
R . //M/,,f,//%/f//,,,;/ a4 /////,/y T ///’
B ////,/////4/,//,/4/,,//%/ 4/,// ///M, ////,///W M

7 /////// my
N //// n,

o\

E o S , "
L WM/ ///;// atries f W/
R M,//////////, 4//,//////,/ M/ il 47/////”#;// ////,

I S // / / o
. BRI WSRO /
. ’\{"63}\0“:°°:;w§\.oj;.v"\w,; / ’/// 4 / / ////// 1’2 //////// ”///// -
‘" G T "“4“{&
Y ot ‘_y:“‘&v‘u"«
k‘ P

. , ]
. o ‘,‘““ n b [ . '
N . B . ., Cn Jor \\
\\ {_‘i "vl P
t AT .
AT T .
. ‘ I L L,
. Dl>'|~.“ﬂfb .
"o .y

N ///////"//// M///%,,/ Wl 1) M////////,,%

' ’//,

\" Q
“ERIC

[’

IToxt Provided by ERI

etrics forme brice
4

A ////// ////;/ / ///////// ’///////

/ // Wy, W
/ ////
/// /””///%/”,/
// ///M///é///‘////////f/// M/// ///////,///////////,,,

N //// " /// /324 0, 1P [ ////v 1 ////,///'/// |
N~ . // y/ // //////////; / /// ///////// |
n . ‘I | /// 4/////

‘ . V //////// /, /, //,, My @//u //, % -
N //;// %W rice for
5 (g e ko vocsnoun e /,/,,,,//4,,, /4,, sod 1 ////// ,ﬂ/% ////W Yl 4 .

q,g .
o ‘ ! ‘J 3

' i, ) : ) ", . ' e [ '

N ' ' o ‘. - v lu ', ,ct to. '

o



' ) P

A TEACHING AND LEARN INGK

\

19

THE METRIC SYSTEM

Thrs metric instructional package was designed to meet job-related
" metric measurement needs of students To use this package students
should already know the occupational terminology, measurement
terms, and tools currently in use, These materials were prepared with
the help of experienced-vocational teachers, reviewed by experts, tested

drstnbutron .

}
)
' .o . ] ¢

“Bach of the five units of instruction contains performance objec-

tives, learning activities, and\rsupport'in 'information in the form of
text, exercises, and tables. In addition, suggested teaching techniques
- are included. At the back f this package are objective-based evaluation
items; a page of. answers™to the exercises and tests, a list of metric
materrals needed for the activities, references, and a list of suppliers.

h

Cla.ssroom experiences with this instructional package suggest the
followrng teach g-learning strategies: .
1. Let "the first experiehces‘be informal to make learrri'ng‘ the metric
system fun. ° L

)

9. Stidents leam better when metric units are compared to familiar
| objects. Everyone should leamn to “think metric.” Companng
+ metric units to customary units can be confusmg

; 'Students will learn quickly to estimate and measure in metric units
+ by “doing.” | :

4. - Students should have experience with measuring actrvrtres before
getting too much information. - ' g

5. Move through the umts‘@ an order which emphasizes the sim-

«  plicity of the metric system (e.g., length to-area to’ volume).

‘Teach one concept at'a time to avoid overw/helmmg students with

3
,-)t too much material, .

Unit] isa general mtroduct{on to thegnetrrcssystem of measure-

' _ment which provides informal, hands o experiences for the students.

This unit enables students to become familiar with the basic metric »

units, their symbols, and measuremént instruments; and to develop a

" set of mental references for metric values. The metnc system ofnota-

18 explarned )
, /

L%

i classtooms in different parts of the Uhrted Btates, and revised before K

1

/\
Unit 2 p'ovrdes the mtetrrc terms whrch are used in this occupation
and gives experience w(h o'tcupatronal measurement tasks.

Unit 3 focuses on joh-related metric equivalents and their relation-
sjps. ' R

n ' o

Umt4 provides experrence wrth recogrizing and sing metric
instruments and tools in occupational measure ent taskg. It also pro-
vides experience in comparmg metric. and customary megsurement | in-

struments ‘ ﬂ

Umt 5 is designed to give students practrce in converting custom-
ary and met metrrc measurements Students should leam to “think metric”
and: avoid comparing customary and metric units. However, skill with

. conversiof tables will be useful durmg the transrtron to metric in em:h
‘ occupatron .

' Lv“
L

Usmg These Instructlonal Materrals

Thrs package was designed to help students learn a core of knowl:

edge’ about the metric system which they will use on the job. The .

exetcises facilitate experiences with measurement instruments, tools,

- and devices used in this occupatron and job- related Aasks of esumatlni :

and measuring.

This instr..ct:onal package also was designed to acconmodate
variety of individua. teaching and learning styles. Teachers aré encour-
aged to adapt these materials to their oyn classes. For e\ample the
information sheets may be given to students for self-study. References

may be used as supplemental resources, Exefcises may be used in inde- .

pendent study, small groups, or whole-class activities. All of the
matenals can be expanded by the teacher.

Glbria $ Cooper
- dotl | H. Magisos
'Edrtors |

\

This pubhcauon was developed pursuant 10 contrict No. OEC(M 9335 with the
Bureau of 0ccupauonal and Adut Education, U.S. Deparrmenr of Health, Educa:
tion ang Welfare HMowever, the opinions expressed hersin qo not necesarily
reflect the position or policy of the U.S. Ofice of Educauon and no officisl
endorsement by the US Office of Education should be inferred:
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UNIT.

" SUGGESTED TEACHING SEQUENCE

1. These introductory exetcises may reqiire

two or three teaching periods for all five

areas of measurement, .

2. Exercises should be followed in the order

(/™5 given to best show the relationship |

" between length, area, and volume,

3. Assemble the metric measuring devices
(rules, tapes, scales, thermometers, apd
‘measuring containers) and objects to be
measured. *

4. Setupthe equlpment at work stations
for use by the whole class or as individu-
alized resource activities:

5. Have the students estimate, measure, and
" record using Exercises 1 through 5. ¥

6. Present information on notation ang
make Table 1 available.

“. 1. Follow up with group discussion of
‘ ac&mtxes. ¥

+

can be used, Metncsupphers are listed in the rference

~ *Other school departments may have dewc\}gch
gection.

- |
| OBJECTIVES o |
The student will demonstrate these skills for the Linear, Area, Volumdyor Capacity, Mass,
Temperature Exercxses using the metric terms nnd measurement devices listed here.
‘ l S -
| EXERCISES
e . AN
‘ . Linear - - At |Volume oc Capacity | ,  Mim Temmtun'v ,
w30 | w58 | @1 | o) ip.11)
1 R‘ecognimnd ul:!he millimetre (mm) xqulr: cubic'cenlau', mm (4] degree Celsius
unit and its symbol for: o cenumem metre  (cm : (0 )
centimetre (cm) (cm ) kilogram  (kg)
2. Select, uae, and read the cubic meRe
appropriste mesuring melde (m) square (')
instruments for: . tre
o / ms(m‘) e ) J ‘
3. Stateorshowa ' . )
physical reference for: millilitre (ml)
‘. Estimate within 25% height, width, or the area f" c‘apncityo[ the mas of objects th‘mmpmtu;eor
of the s8ual messure length of objects uiveerfm containers in grams and kilo- | the air or a liquid -
! - P Vs ‘ ) m , .
5. Rend coneetly metre stickmetric | | mewuremenis | s klognmcale | A Cehius thermometer
tape messure, and on graduated and a gram scale .
- metric rukn volume measur: ' A
1 7| ingderm -
N ( /: .
RULES OF NOTATION o
1, Symbols are not capitalized unléss the unit is a proper name (myf hot(v‘ﬂ\/l)‘fn \
. 2‘;\ Symbols are not followed by periods (m not m.). - T '
) 3. Symbols are not followed by an s for plurals (25 ¢ not 25.gs).
T "4 Aspace sepyl_es the numerals from the unit symbols (4 bnot 4]). B S
5. Spaces, not commag, are tsed to separate large numberf intoy groups of three |
dlglts (45 271 kmnot 4 '271 km)
vG/A 2610 precedes the deci pomtlf the number is less than e(0,52gnot.52 |
7. Litre and metre can be 7entherwnhan te of -er ending. -
\ N ‘ . ;
" Information Sheet 1

A}
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- ~METRIC UNITS, &YMB/OLS, AND REFERENTS . METRICPREFIXES * . =
. | / h ‘ ) . . "_‘ s : o
Quartity Metric Unit | Symbol | Useful Referents o “;:l':m;g | ot |Symbols -
Length " | mijlimetre | mm ‘Z’l'hicknessofdimeorpnper ' . . 1000000=10° | ifiega (m!’g'&)‘ J M ‘
‘ i * | clip wire ! I ‘ J , ,
. N - - - - 1 - W iy - ! .
e " centimetre o Width of paper clip ) ) 1000 V10 . ilo (k'{(’,) . ‘k
. metre m | Height of door about 2m ‘ 100=10° ,‘.‘““5 (}nik'tﬁ) by
' '[ Kilometre km | 12-minute walking distance | 10=10" dekrtdék'é-) da ',
I - - ; n . . DL ‘t ¥ . .
Atea " | square : Areg of this space ) " Base Unit 1 = 10° ﬁ)
contimetre  * cm2 . ‘ ) ' " vt
. ‘ 01:=10 deci (desi) d
. o S cooot=10" | i) | o
/ N | square metre ' m? Area of card table top B : "0.001=10'3 | mill (nﬁl'f] ' m
‘ hectare - ha ‘Football"ﬁeld including sidelines L 0000001 =107 | micro (m?kr?))" i
- | and end zones - = - | Y
T * ‘ - » . y . :
> | Volume and millilitre. ml Teaspoon is 5 ml- / ' . ]
Copaclly litre e A little mere than 1 quart » Table 1"b _
’ " cuble | | o ' '
centimetre em’ Volume of this container N .
? o . . .
. ! ' . * ' 'A'/ _*5 } ’\/
\ ‘. ) ¢ i./[ .
1 . M . ‘ . l “ | L & ’
cubic metre ., m* - | Alittle'more than a cubic yard !
' | . § ] ) C 4. \
Mass milligram . |mg - | Apple seed about 10 mg, grain of , BRI
o el Tmg : T , ’ v : "
gam - Nicel about 5 g . " 5 oo k\)
# | \ilogram Webster's Collegiate Dictionary | - R
' metric ton \ N ' c ‘
, .| {1 000 kilograms) Volkswagen Beetle ‘ ‘ ! . ‘
' L — . ’ & l
Ay ’I
, 4\ : '
THE CENTER FOR VOCATIONAL EDUCATION Table 1-a ) o
. 1\]‘ o ¢ . . [y 4
) .
p ] ‘ . \
1 ‘ Y
! | i X ’




 LINEAR MEASUREMENT ACTIVITIES
Mere, ensmetre, Milimetre

. THE METRE (m)

A. DEVELOP A FEELING FOR THE Sfﬂl)i 7E OF AMETRE

4 1. Pick up one of the metre
© sticks and stand it up on.the
floor. Hold it in place with
one hand. :Walk arqund the
stick. Now stand next to,
o " thestick. With your othe:
hand, touch yourself whe..
the top of the metre stick
comes on you,

*THAT 1§ HOW HIGH A METRE I8!

2. Holdonearm outstraight =~ .
at shoulder height, Put @w"

¢ the metre stick along this

. amuntil the end hits the
A end of your fingers. Where

Is $be other end of the
metre stick?. Touch your-
" self at that end.

(K

") HAT I8 HowEONG A METRE IS ;

E CENTER FOR VOCATIONAL EDUCATION

IR 1

Y

¥ ' ' o
" []

3. Choose a parter to stand
at your side. Move apart * *'
, 50 that youcan pyt one .
end of a metre stick ori
your partner's shoulder

¢~ and the other end on
your shoulder. Lookat .

 the space between you,

, THATIS THE WIDTH OF A METRE! Y

B. DEVELOP"YOUR‘ABILITYTQ ESTIMATE IN METRES - -

Now you will improve your ability to estimate in metres.
Remember where the length and height of a metre was on your
body ‘

For each of the following items: - .,
Estimate the size of the tems and wnte your:}n;% inthe |
~ ESTIMAME column. Measute the size with your metre stick

and write the answer in the MEASUREMENT column. -~

Decide how close jfour estimate was to the actual measifre. If
- your estimate was within 25% of the aciual measure you are a |
“Metrie Jervel” ', —
i \

. How Close

Estimate Measurement  Were You?
| (m). (m) - |
1. Height of door knob ‘

%rom floor. L : r\"“
2.7 Height of door. | 2 —
3. Length of table,
4. Width of: tabl(

b, Length of wall\

this room.

6. . Distance from | T

you to wall, , : ‘ .
T berse .
(continued on next page) 1|




hal ‘ Lo I o . T a
4 $ . \ . . P . . e .t . o R A . .
' ) . ! va ‘g‘ . . v . . U R - e R \, . b, L —/
1 mg CE ms,mﬁ of, SLEEE m.' fl“HEMLLIMETRB'(mn? b 7
A Sl Y G ' ( ] “ J 3
There are](}O centlmetres m one met If there aro4metm and . There are 10 millimetres in one ceqnmetre Whenameaqurement s
3centlmgtr%s,youwnte 403 cm[ 4&100cm)+3cm 400cm ] ~ chntlmetres and 5 millimetres, you Write 95mm{(2x10mm)
D a+3cm] | "0 +5mm=20 mm +.5 mm). \I@eremélOOUmminlm‘
‘, ) v J |
. A DEVELOP H@EELING FORVHE SIZE,QRACENTII\ETRE' A DEVELO?AFEELING FOﬁ THESIZEQFAMLLIMETRE
J P T ) v B ‘
1 / Hold@the néetnc ryler ag\amstihe w1dth ofyo'urthumbnanl ’. garuler ma;ked n rmlhmetres measure S
, 9 / ' . J
. ‘:]:w videlsit ———ecm "_: | *“1 Thnckness o£ paper cip wire. mm
2 ﬂ qsurg‘you;Tt)hurlnb from the {n’st ]nmt f the end v* h R , Thickes ofyour fin gamall -
" s 7 o I ' / 3., Wldth oT your fmgemall v mm -
Lo 3 Use the metnc mler to fmd the width of your p!alml B o
e ’ " om L 4 Dnameter (wndth)of a coin. e Jm -
oo A« Meggute your index or pomtmg/fmger How long s 1t" 5 Diamete (thickness) of yourt f“’nCll iﬂm
| et cm g " | “6. Width of a postage stamp mm'
) P}[easure your wﬁstwnhatap% measue. What is the dlstance , \ &
.' aroundlt" cm oy ‘ 3
. : | : ! :
Cy B Use the tagerpasure to find jourvast . ——® - B DEVELOP YOUR ABILITY TO ESTIMATE IN MLLIMETRES
» 8. DEVELOP YOUR ABILITYTO ESTIMATE IN CENTIMETRES ' You are now readyto estimate in milimetres. For each of the
po o : , following items, follow the procedures used for estimating in
You argow ready to estimate in centimetres. For each of the metres. - s :
o [ollowing items, follow the px;écedures used for estimating in ‘ How Close
metres. ) . Estimate MPswement Were You?
ﬁ How Close o (mm) (mm) :
‘ Estimate - N‘asurexmnt Were You? 1. Thickness of a
- (cm) ‘(cm)_ - nickel, :
s i‘l‘:"gth of § paper . ' 2. Diameter (thickness)
R R - " Lofaboll, .
2. Diameter (sidth) - 3. Length of abolt,
_ of a coin, _ ‘
o 3 Wthofa | ) 4, ‘Wfidth of a sheet
. postagestamp. : 0 p@per.
4 Lenghofa N (/ { B ‘fh:ickrll(ess ofabojard B . u
pencil. | ’\; e ordesktop. ‘ / : r
5. Width of a sheet ¢ 6 :‘h:;l:ness ofa. , n
of paper. hon: . '
A C 4 ¢ -. ‘,
THE CENTER FOR VOCATIONAL EDUCATION e TR Exercise 1
1 ‘ I .\ '
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' AREA MEASUREMENT ACTIVITIES

Square Centrmetre Square Metre .-

L

THE SQUARE CENT[METRE (em?)

{ DEVELOP'A PEELING FOR ?SQUABE’CENTIMEAT{E ,X

¥

WHEN YOU DESGRIBE ;g ?:REA op SvEnHiRE, YOU'ARE
SAYING HOWMAXY SQUAR
COVERTHESURFACE

S OF A GIVEN SIZE IT TAKES TO

'//‘

‘7 Take a clear plastrc grid, or-uge the g'nd on page 6.

Measure the length and width of one of these small

- Squares wrth a centrmetr(e ruler,

THAT IS ONE SQUARE CENTIMETRE!

AR /'

" Place your hngemarl over the grrd About how many -
‘suares does it take to cover your frngemarl" '

o om?

- Place a coin over the grid.” About how many: sq\rares

does it take to covet the coin? em?

Place a postage stamp over the grid. Aborit how’many
squares does it take to cover the postage stamp"

sz i ) p / :
Place an envelope over the grid. About how many

‘squares does it take to cover the enVelope"

. '
sz ;

Measure the length and width of the envelope in centr
metres. Length om; width cm.

~ Multiply to find the area in square cefitimetres.
em’. How

mx______cms
close are the answers you have in 6. and in 7.?

N

\..

> ~

i

f

/!
NE

. I{‘

[N

o ‘EVELQP YOUR AEILITY TO ESTIMATE IN SQUARE
CENTIMETRES '

’ .
: 2
Yofr are now, ready to develop our ability to estimate

" insquare centimetres.

'1.

]
Remember the size of a squareleentimetre.

For each of the
following iters, follow the procedures used Aor estrrmtmg in -

”

métres, C
\, L oS k N " How Close
. . Estimate Measurement Were You?
. - “ | ' \ (szr) .(&l?
I"r“r‘dexcard‘ S A ! -
- ,
2 Book cover : '
3 Photograph L ‘ ,‘ “ T\*
4. Widowpmeor '” | \;\ )

[

" desk top. .

I, /THE SQUARE METRE (m')*

-

v

A. DE LOP A FEELING FOR A SQUARE METRE

4, Placethe square oyer'a table top or desk to see how |

1. Tape four metre strcks together to make a square whrch

is one metre long and one metre wide.

2. Hold the square up with one side on the floor o see how

bigitis. -,
ook, See how much floor space it covers. -

much space it cov

52 Place the s l&rareagarnst the bottomof adoor. Seehow

mhich of t
" take toy.over thedoor? . m’.

THISIS £10W BIG A SQUARE METREIS! - ¢

, /\ . \ Exercrse 2.
' ' (contmued on next p’ge)

door it covers, How many squares would it

1

3. Place the square on the floor in a come, Step back and -

F

)

i
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. {E ) o - : ‘ : / . - - ." )
- N - ‘\ 4 , . ‘ . , . . ! ‘ .4 | ‘/«
B. DEVELOP YOUR ABILITY T0 ESTIMATE [N SQUARE . ~ CENTIMETRE GRID - |
. Yovate.now ready.to est_in{;te in square met:és.-~FolloW the . ' . ! _/ A )
,Q)rocedures used for estimating in‘metres. = -, B R I : 5
: ‘ : ' e Ly , ol
! o . \ Close 95 \\ 'g : (/"
Estimate Measuremient Were You?" N
| m) . (m)) L [
o 001 t. e > ‘\ .

o N - : - .

2., Full sheet-of - o ,'" . —T TN 1T

« Newspaper. SV ' / , o, o,
] . , .

. Chalkboarchor
bulletin board.

CFoor. . — - L —+ —~ 2R
Wall. o u‘/: VA | ‘u‘ - \  I ” |?“‘
Wallchar'torpostgy? [ . Y . R I ).
Side of fle cabinet, NS Fol /

-

e 1

Y
-y
¥

F
e

x

THE CENTER FOR VOCATIONAL EDUCATION | | | | | -, Exercise 2
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VOLUMEMEASUREMENT APTvICRs b,

Cubic Centimetre, Litre, Millilitre, Cubic Metre B v B
S e N IR
. THECUBICCENTIMETRE (em) =~ - T
r ' : . 4 s 'B DEVELOP YOUR ABILITY TO EST]MATE IN CUB]C
A. DEVELOP A FEELING FOR THE CUBIC CENTIMETRE . . CENTIMETRES ~
: . o e
- | . ' iy \ . i . \
? j Pick upacolqred plastic cube. Measure its length, / "You are now ready to develop your ability totestlmate J
' height, and width in centimetres. 3 \ , in cubi cenimetres, :
R B 18 ONE CUBIC CENT mE N ‘ “
. . 3 o Remember e'size of a cubic centimetre. For each of
2. Find the volume ofaplamc Iftre box. r ' ﬁ the following items, use the procedures for estlmatmg in
' , A T ., mefres, . o
’ a. Place a ROW of cubes against the bottom of onéside S A o How Close
of the box, How many cubes fit in the row?":¥s o Estim}ate Q_‘tasurement Were You" |
- ' L '
, b. Place another ROW of cubes against an adjofning side - o X - {em )‘ (cm') | .
g of the box, How many rows fif jnsidethebox ~ +* J+Index card file w ' 1
to make one layer of cubes? o ( . * box, R -
| How many eubes in eacr row? < | 2. Freezer container. ' —_— —
| 7. l-Iow many cubes in the layer in the bottom of/the | 3. Paper clip bg; . . ‘ |
box! . CR 4. Boxof staples; . _ ¢
-. C. StandaROWogpubes up agamst the51de of the box ’ 2 L ’ -
C How many LAYERS would fntm the box? . THE LITRE() ” - ¥§
| \g , " How many cubes in each Iayer" ' \ . o o .
s . / How many cubes fit in the box altogethebr?_‘ _ ’ .A' : DEVELOPAFEELENG FOR ALITRE o
. ~THE VOLUME OF THE BOXIS____CUBIC_ 1. Take a one lire beaker and fill it with water.
/. CENTIMEES. | S "9, Pour the watet into paper cups, filling. eachasfullaSyou
*-3 - d. Measute the length, width, and height of the boxin | '/q‘ o usually do. How many cups do you fill? .
. centimetres, Length - cm; w1dth cm, : B |
height ___'_em, Multlply these numbers to find.. « “ HAT IS HOWMUCH S IN ONE LITRE!
- the volume in cubic centimetres. - o 3 Fill the htrevg)ntamer withrice, o o
o emx cmx em= cm’ [ THATISHOWMUCH IT TAKES TO FlLLAONE
Are the answers the same i%.and o .. LITRECONTAINER! ' 4 j

0

THE CENTER FOR VOCAleNAL EDUCATION : . \ . L S Exercise 3
| - Y (continued on next page)
} ! ot
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B. DlJVELOP YOUR ABILITY 'TO ESTlMATE INl}gBES
/] You are now dy to develop your ability to estimate in |

"« litres. To wfite tio and one-half ltres, you write 2.5 ffor

. B. DEVELOP YQUR ABILITY T0 ESTIMATE IN MILLILITRES '

l

Yoy are now ready to estimatdin mlllllltres Follow the
\ procedures used for estimating metres.

v
\

. 2.5 litres. o write, one-half litre, ydu write 0.5 1, or 0.5
: v How Close
. litre. To writ thO _ d three-fourths litres, you w/r)te Estimate Measurement Jere You?
l 2.75 1, or 2.75 litres. ) / v ‘ . \ (ml)w (ml) e .
! . . . v . - '
* " For each of the following items, use the procedures for. o 1 ‘Small]uiiie ca) - e
' * 4+, estimating in metres. Tow Close 2. Papercuportes . 1 : r
( * Estimtate Measurement, ere You? . SUp _ ’
o -l U » 3 Softdrmk can. P ;
v 1 Mediumssize : : |
N J'&P.fﬂreezercootainer.‘ b Bott ¢ = \\ '
- Large lSf'eezer i '
: . container A\ THECUBIC METI}(E (m ) f , { '
3, Small freezer | ( o
' container. . \ v ' ’A DEVELO A FEELING FOR A CUBIC METRE
! S 4 ' . - K # " . .
\ A B‘Otﬂe o § e 1L Placeaone metre squate on the floor next fo the wall >
- ! L ‘ ' (« Y «
]11 THE MBLLILITRE (ml) , L 2. Measureamet UP the t¥ ’ »
e re 001l S : ; '] o \(//\/ ' 3. Plctureabox at wouli fit into that space. . \
ere are | 000 millilitres in one ligfe. 1000 ml=1kitre. Haf -~ =, METRE!
. ahtrels500 il oroslmew .. THATISTHE VOLUNE OF ONE CUBICMETREY
\ e S | JH
L A DEVELOP A FEELING FOR A MILLILITRE 2‘ l . DEVELOP YOUR ABILITY TO ESTIMATE IN CU}lIC METRES
1? Exarunme acentlmet;e cube. Anythingwhich hold " For each of the following items, follow the estimating proced

N

1em? holds 1 ml, -

Fill a 1 millilitre measuring spoon wnhfnce Empty tg |
spoon into your hand. Chrefully pout the rice mto a
small pile on a sheet of paper. ES

'IiZlAT IS HOW MUCH ONE MILLILITRE I8!
Fill the 5 Spagn with rice. Pﬁr the tice into another
- p1l¢1 on the\sh of paper. )

. /x 18 § MILLILITRES, OR ONE TEASPOON'
. Fl

he 15 m! spoop with fice Pour the rice tto a third
pile on the paper.

) ﬁm 515 WLLlLlTRES OR ONE TA.BLESPOON'
THE CE + -

R FOR VOCATIONAL EDUCATION

- ures'used before

3,

' How Close
Estlmate Measurement - Were You?
5 ) (@)
(. : . .
Office desk.
. File cabinet.

Small 100

'E.xercisea ‘
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f Kllogram, Gram &

o P
S d

4

RN
* MASS W EIGHE) MEASUREMENT ACTIV}}TIES

NV

The mass of an object | is a measure of the amount of matter in the
object. This amount is always the sfine unless you add or subtract sope
. matterfrom the object. Weight is the term that most people use when

they mean mass. The weight of an object s affected by gravity; the

~ mass of an object is not. For example, the weight of a person on earth

e might be 120 pounds; that es/ﬂ\ep On’s weight on the moon would be
20_pog}1nds. This difference/ls becau:s the pull of gravity on the moon ~
is less than the pull of gravity on earth. A pesson’s mass on the earth

- and on the.moon would be the same. The metric system does not
. measure welght it measures mass. We wil use the term mass here.

: The symbol for gram is g

.The symbol for ilogramis kg .

Two and three-fourths kilograms is written 2.5 i(g.

THE KILOGRAM (kg)

¢ Ha!\fa kilogram can bé writen as 500 &,pr 0.5 kg. -

A

There are 1 000 grams in one kilogram, g ! 000g 1 ke.

~ Aquarter of a kilogram can be written a@SG gor 0.25 kg.

-DEVELOP A FEELING FOR THE SS OF AKILOGRAM .
Using a balance or scale, find the mass of the items on the table.
Before you find the mass, notice how heavy the object “feels”

i to the reading on the scale or balance.

4

v .
. Ay

\% .°y

‘!;‘

LN

Il

.

e

| s
AL k) '

1 /i kilogram box.

25,

L4

3. Bagof sugar.

}!\xtbook.

Package of pap"er:
Your own mass,

ass of the object in
find the exact mass
MEASUREMENT

For the followmg items ESTIMATE th
kllograms then'use the scale or balance
of the ob]ect Write the }xaht mass | in the

column. Determl o hegf close yoUr tirtate i: :
' ‘ How Close
Estlmate Measurement Were You?
" (kg) (kg)
. Bagofrice: ‘
‘Bagofna_ils. L [
Large purse or '
briefcase.
Another person.
A few books.
f' Exercise 4
(contiilued on next page)

{
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T‘ﬂﬁGRAM (® )\
4 DEvELO? A FBRLING Fo FOR A GRAM b
\‘;)vh

1

. cubes K first one hand and thenthe otheﬂaand rest \
“the cubes riear the tips of your fmgers movmg your *
"hand up and down

C . ’
b ‘ Lo
N “
\

Take a cojored: plastic cube, Hold it dn yotr hand, _
Shake the cube in your palm as if shalging dice. Feel the
pressure on your hand when the cuhea\m motion, the

\ Wh:ﬁt is not in motion.” [&

Th

15 HOW HEA,VY ACGRAMIS! A_y

-
-~ . L

Takes \\gecond cube and Fattach it t the first,, Shake the

THAT IS THE MASS OF TWO GRAMS'

Take flve cubes in one hand and shake them around
THAT s}aaa MASS OF FIVE GRAMS' |

J'\ ,
. o i s
]
"y
.
i
/ * |
4 v
{ 1
# .
ER FOR VOCATIONAL EOUCATION

i
K
B.

)

'

vy

ol Two thumbtacks

Pencil, e Y‘f

—

DEVELOP YOUR ABILITY TO ESTIMATEIN GRANS

N
by

. You are now ready to improve yout ability to éstimate in |

" grams. Remember how heavy ghe 1 gramcube is, how heavy

the two gram cubesgre, and how heavy th®five gram cubms' )
are. For each of the followmg items, follo the procedures
" used fo restlmatmg in kilograms. - . X

-

(g) _Ja)

- Two-page letter -
"~ and envelope. '

Nickel
Apple.

Package of o
" * margarine. e — R

$

oo ' s HowClose
v \ Estltnate l\kasurembnt Were,You’ =

\a/\ " Exercise 4
& o o

. 25,2



Degree Celsrus

| DEGREE CELSIUS(I‘)

,) ' l

TEMPERATURE MEASUREMENT ACTIVITIES

Kl

%

Degree Celsius ( C) 1s the metnc measure for temperature -

A DEVELOP A FEELINJI FOR DEGREE CELSIUS \ , {

Take a Celsrus thermometer LooI( at the marks onit.

1. Find0 degrees .
WATER FREEZES AT ZERO DEGREES CELSIUS [OOCI
.~ WATER BOILS AT 100 DEGREES CELSIUS (1007C)

9. Find the temperature of the room. °C. Isthe
toom cool, warm, or about right? N\
3. Put some hot water from the faucet into a container.

" Find the temperature. _____ %C. Dip-your finger .
qurckly in and out of the water. Is the water very hot,”

hot, or just warm?

4.. Put some cold water in a container with a thermometer,
Find the temperature. °C. Dip your finger into
the water. Is it cool, cold, or very cold?

5. Bend your arm with the inside of your elbow around the
bottom of the thermometer. After about three minutes
find the temperature. °C. Your skin tempera-
ture is not s high as your body temperature.

~ NORMAL BODY TEMPERATURE IS 37 DEGREES
CELSIIJS (37°C).
AFEVERS 39°C.
A VERY IIIGH‘FEVER 15 40°C.

1

DEVELOP YOUR ABILITY TO ESTIMATE IN DEGREES
CELSIUS
-\

" For each item, ESTIMATE and write down how many degrees

P
§

o1 /Mix some hot and.

" water.

Celsius you think it is. Then measure and write the MEASURE-
MENT, See how close your estimates and actual measure-

ments are. .
How Close
Estimate Measurement Were You?

o (o

cold waterin a
container. Dip your.
finger into the

Pour out some r*
the water. Add some
hot water. Dip your
finger quickly into
the water.

Outdoor tempera-
ture. :

" Sunny window sill, - " /

Mix of ice and water,

Temperstureat - ¢
floor. .

Temrrerature at
ceiling.

'Exercise 5

8



/UNIT Y o, .,
| METRICS IN THIS OCCUPATI@‘N R

Changeover to ﬂxe metric system is under way. Large corporatlons are alreqdy using

0 metric measurement o' compete in the world market, The metric system has been used in
+ OBECTIVES + various prts of industrial and sciehtific communities for years. Leglation, passed n
SRR : 1975, authonzesanorderly transition to use of the metric system. As businesses and
The student will recognize and use the metric - industries make this metric changeover, employees will need to use metric medsurement
terms, units, and symbols used in this occupa- “in ]ob related tasks. .
tion. | : L N
, S ' Table 2 lsts those metric terms which are most commonly used in this occupation.
¢ Givenametricunit,stateitsusein this | These terms are replacing the measurement units used curtently. What kinds of job- ~
OCCUP%tion- ‘ .| related tasks use measurement? Think of the many different kinds of measurements you
: ' ' “|" now makeand Use Table 2 to discuss the metric terms which replace them, See if you
¢ Givena measurement tas inthis occupe:/ . cAnadd to the hst of uses beside each metric term, \
tion, select the s appropnate metric unit BV ) o
and measurement togl. . ' -
| A N
SUGGESTED TE{)&CHING SEQUENCE S ‘ : . ) / ‘

1 Assemble metric measurement tools (rules,
tapes, scales, thermometers, etc.) and
. objects related to this occupation.

2. Discuss with students how to read the
tooks.

3. Present and have students discuss = -
Information Sheet 2 and Table 2, K\

4. Have students leam occupationally-
related metric measurements by complet- | ..
ing Exercises 6 and 7. ‘ . o . -;.

5. Test performance by using Section A of | | o o
" “Testing Metric Abilities.” " . '

. - )
¢
' (

M CENTER FOR VOCATIONAL EDUCATION ? | Ihformation Sheet 2 |
A ERICS/ | | 0
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| %mmmmmﬁoﬂ
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)

Metrie Units for Fool and Die Mak‘v‘ing‘ |

Quantity . Unit . - Symbol Use ‘ / 13
| 1
Length ‘ micitjmetig' ) ,*" Mm i Surface finishes* )
} ¥ ] - r
. ﬂ millimetre. mm i Serew and bolt lengths and diameters; wrench and drill hole sizes
L centimetie ‘ o Length of lathe bed, swing - , .
¢ — N v l,‘ : yr N

metre : %, k m 9 ' Wire length, dimensions of large die

Ho—— , ‘ ; A% S
Area square millimetre am’ Cross sectional area of wire Brea of small openir}g ) 4

’ square centimetre / em’ Area of an opening -/
N - . g _
’ "' square metre m’ Floor area - ‘
Volume/Capacity millite mi , - :
. o — Cutting oils, lubricants, chemicals, solutions, paints**
Jo e 0 l - : a
| mntimet&e! ; .cms Contamer slze " |
' cubic metre { m’ Conerete purchase, excavatlon of dirt for preparing machine beds
Mass gram g Dry orsolid material, cleanmg compounds, dry powdets,
fasteners; small machmed parts,
kilogram kg Steel: hoist and crane load limits e
} metric ton | t Shipping mass, steel, machinery
 Temperature degree Celsius ° Heat treating '
N
Pressure kilopascal kPa Fluid pressure of air, gas or hydraullc gystems
Speed J metres per'se‘;oﬁd m/s
S - Machine speed, feed rate

metres per minute [min : '

Fotee newton N " Ram ot pressure pad setting
- Torque or bending - | newton metres N'm Torque specifications

‘moment .

*Surface finih is\given jn micrometres.
Exaple: 0v1/is asuper finish similar to a very fine buff, lap,

Note: The roughness values are the averagé deviation in micrometres: l mlcrometre 0.001 mm.

*#Tanks, containers, and auto engine du;placement will be measured either i m litres and millilitres or& cubic centunetm and cubic metres.

/

burnish, or bright polish, Suitable for raceways, ball bearings, and the rolls of ant}-friction bearings,

w?

& | Table 2

31



TRYING 0UT METRIC UNITS [

To give you practice with metric units, first estmate the measure- ] - | Estimate | Actua
ments of the items below. Write down your best guess next to the item. -
Then actually measure the item and write down your answersusing the | / 16, Measuring cup (metric)
correct metric symbols. The more you practice, the easier it will be. -
S — — ‘ ! 17. Milk container
| | Etimate | Actual
: ‘ 18. Jug
J‘ength i -
: L Palm width - 1% Bucket A
2. Hand span D 20. Smal "box‘ |
3. Yoﬁrheight. . S 21, Bench'oilero;'roil éqn
4. Desk height ) a ' 22, Tool box ; ; |
5. Distance betwe.e'n centers | Ry
‘ ‘ | Mass
6. Pencil : o ~ 23 Machinist handbook
1 Lathebed ¢ ', 24, Nickel
- 7
8. Small table height . 25. Yourself
9. Classtoom . ’ % Matinelput |\
. | : h
Area 27. Tool box
10. Desk top
. 28. Alitre of water (net) .
11, Classroom floor ' |
12 Workbench - e Temperature
29. Qutside :
13. Machine placement area” , ;
: 30. Classroom o
14. Sheet of paper . , T .
| - 31. Hot tap water © " STy
.~ Volume/Capacity - - g T — ' -
15, Smalbotte | 52.. Cold water S
: wumnmmmmwcmou o Exercise 6
’ -\) ! ’ ' ! ' I .

‘ _
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v

TOOL AND.DIE MAKING WITH METRICS

It is important to know what metric measurement to use. Show
what measuremend, to use in the following situations.

-y

1. Length of Afﬁlthe bed

2. Lengthand width of a workbench

3. Areaof a-work_l;envch

4, Mass of a machined part Y

g

5. Mass of apiecé}i)f steel

" 6. Diameter of a piece of pipl

-4

A1, Volume of a container of
cutting oil

8. Length of ahacksaw blade

9. Thickness of a hacksaw blade

0. Masé of a roll of solder

11. Volume of a can of metal coaiing L,

12, Length of a bench grinder tool

 rest

13. Mass of quantity of bolts |

e
14 Length O‘flll metal punch

15, Mass of a die

16, Diameterofadrllbit ,

17. Air pressure setting of a mathine

| 18. Inside diameter of a die -

19, Spacing of tool rest for off-hand
~ grinding

20 Lenghof emery cloth
! /

91. Surface finish on a machined part

\
;

;\'

Exercise 7
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UNIT

The student will ecognize and ._use met:

ric equivalents. |

®  Given a metric unit, state ax‘{{eﬁdﬁivalent
~ Ina larger or smaller metric unit.

f "

SUGGESTED TEACHING SEQUENCE

1; - Make available the Information Sheets
* (3-8) and the associated Exercises ¢
(8-14), one at a time,

2. Assoon as you have presented the
Information, have the students complete
each Exercises

\3. Check their answers on the page titled
'~ ANSWERS TO EXERCISES }\‘ND

TEST. G
4 Test performance by using Section B of
- “Testing Metric Abilities.”

| Lookat the picture of the nail next to the ruler, The nail is 57 mm long. Th.is is 5 cm+ 7 mm,

METRICMETRIC EQUIVALENTS

Centitetres and Millimetres

_ )

r I""I""’"”l””‘|”|”l”‘””Um,lmlml'”"’””’””] ( ‘IHI'IIH‘””‘IHI M ”H‘|H|“l“l|”|[l|”’”ﬂ]ﬂ]
12345 § 1234546 |

There are 10 mm in each cm, 50 1 mm = 0.1 em (one-tenth of acentimetre). This means that
Tmm=0.7 cm, 50 57 mm = 5cm+7mm o

= 5em+ 0.7 em .
= 5.7 cm. Therefore 57 mmis the same as 5.7 cm,

Now measure fhe paper clip. It is 34 mm. This is the sameasdcem+_____ mm. Since each

millimetre is 0.1 cm (one-tenth of a centimetre), 4 mm = em. So, the paper clip is

dmm=3Jem+4mm - | . ‘ :
= 3em+04cem > '
= 3.4 cm. This means that 34 mm is the same as 3.4 cm,

o .' ~ Information Sheet 3

Now you try some.

a) 26mm= m e) 182mm = ____em

D) 53mm=____em f) 809mm = — on

¢) Y4mm= em g) 1400mm = __em
d) 680 mm = m h) 230Tmm = om
‘ |

Exercise 8

31



| There are 100 centimetres 'mlone metre. Thus,

)/

o) i

(Metres, Centimetres, and Millime res

|

! 2me 2x100em= 200cm, |
"3me 3x100em= 300cm,
Bms Bx100¢m= 800 cm,
T 3m=3x100cm=3600cm .

There are 1 000 millimetres in one metre, so ,

Im= 2x1000mm= 2000 mm, . '
b, Im=,3x1000mm=* 3000mm, '
: 6m= 6x1000mm= §000mm,
24 m =24 x 1 000 mm = 24 000 mm,

“From your work with decimals you should know that

one-half of & metre can be written 0.5 m (five-enths of a metre),
one-fourth of a centimetre can be written 0.25 cm
(twenty-five hundredths of a centimetre).

: ki
This means that if you want to change three-fourths of a metre to
millimetres, you would multiply by 1 000. So

0.75m= 0.75x1 000 mm
W

R '%'gxiOOOmm

L
= T5x 1000

= 75x10 mm

q

@liﬂiiitres to Litres-

= 750 mm. This means that 0.75 m = 750 mm. ‘ ‘ !

L ‘
o [nformation Sheet 4
Fill in the following chart.

metre centimetre | millimetre
m cm mm
1 100 - 1000 “
2 200
K]
9 )
5000
(i A
08 0
W e clere 0‘6 L . 600 9
‘ 75 1 . & i
' 148
639 .

Exgrcise 9

There are 1 000 millilitres in one tre. This means that
v 2 (;00 millifitees is the same as 2 litres, ' .\

3000 m i the same w e, ‘
"4 000 m! is the same as 4 litres,
12000 m! is the same as 12 litres,

Since there arel 00 mlllllltres in each litre, one way to change mxlh
ltres to litres is to divide by 1 000. For example,

1000
1000 ml = TOp0 litee = 1 litee,
Or ‘ ,

000
2000 ml -‘f—m tes = 2 litres,

And, as a final eumﬁle,

28 000 |=M|u 28 ‘ .
m 100 itres = 28 litres, | '-;J‘)‘
. 3

Whatif something holds 500 ml" How many htres is this? THls is
workedthe same.way,

500 ml "T'O-g'g litre = 0.5 litre (five-tenths of a litre ). So 500 ml

 is the same as one-half (0.5) of a litre. -
Change 57 milliltres to litres.

v
57 ml "fﬁg%,“"e = (057 litee (fifty-seven thousandths of a

 litre), ”!‘ .

ot

\_ o )

| | " Information.Sheet 5
Now you try some. Complete the following chart.

! milllitres ltres '
(ml) (y .
3000 3
5000
g
TT000
K
) 0 03
1
09
0
OF T 5
- ‘

Exercise 10

. 39
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“there are 1 000 milllitres in one lite, or 1 ltre = 1000 ml,

' L 0.65litre = 0.65x1000ml= 650 ml,

Litres to Millilitres
What do you do if you need to chénge litres to millilitres? Remember,
So, “ :

2 lites= 2 x1000m= 2000,
7 litres=7  x1000ml="7 000
13 lies=13 x1000mi=13000m,

Information Sheet 6

Now you try some. Complete the following chart.

litres millilitres
I " ml
8 8000
5
46

32000

\ 04
053 \
80 ] Exercise 11
- -
[ Grams &6 Kilograms

changing from millilitres to litres,
\.

There are 1 000 grams in one kilogram, This means that -

{

2000 grams is the sime as 2 kilograms,
5000 g s the same as 5 kg,
700 g is the same as 0.7 ke, anl 50 on,

To change from grams to kilograms, you use the saie procedure for

-

“Try the following ones.
o gams | kilograms
g kg
i
4000 § I
1 gom
- 23 000
8
- m ‘
215 : Exercise 12

‘ I~ THE.CENTER FOR VOCATIONAL EDUCATION

Information-Sheet 7 o

Kilograms to Grams '
To change kilograms to grams, you multiply by 1 fﬁO.
i kg= 1 x1000g= 1000,
23 kg=23  x1000g=23000 g
0.75kg= 075x1000g= 750 g
\_ : ‘ /

| ' Information Sheet §
Complete the following chart.

grams

' kilograms
| kg l
. 7 7000 |
1
1725000
04 ) :
063 7
- ‘ 175 A Exercise 13
Changing Units at Work

Some of the things you use in this occupation may be measured in

~ different metric units. Practice changing each of the following to

metric equivalents by completing these statements.

2) 500 cm of steel rod is m
b) 250 ml of rust preventative i |
¢ ) 5 cm diameter pipe is mm
d) 2500 g of Iapping compound is kg
¢) 120 mm driftis om
F) 095 lire of paintis ml
B) 2000 kg of steelis__ ¢
h) 30 om hacksawis __. mm
1) 10 cm bolt length i mm
J') 500 g of hand cleaner is kO
') 500 ) of cutting ol i |
™ 2 lites o cutting fld s ___u \
n) 10 mm die s | om
0) 150 mm reamer s , , m
<
-~
g Exercise 14



UNIT | \
- | SELECTING AND USING. | -
’ METRIC INSTKUMENTS , TOOLS AND DEVICES

OBJECTWE Selecting an improper tool or misreading a scale can resul‘ﬁln an improper sales form;
damaged materials, or’injury to self or fellow workets. For example, putting a piece of
machinery or a casting with a mass of 2 000 kilograms (about 4400 pounds) on a one-ton
" electric crane designed to hoist 2000 pounds could cause a serious accident, Here are some

The student will recognize and use
instruments, tools, and devices for mea-
surement tasks in this occupation.

e . suggestions: ' . ¢
N Given metric and Customary tools, Bes : '
~ instruments, or devices, differentiate 1. Find out in advance whether Customary or metric units, tools, instruments, or pro- '
between metric and Customary. ducts are needed for a given task.
¢ Given 8 measurement task, select - , , o
and use an appropriate tool, in- 9 Examine the tool or instrument before using 1t.
. st@ent " qeme' | 3. The metric system is a decimal system. Look for units marked off in whole numbes,
o Given & metric measurement task, tens or tenths, hundreds or hundredths. o
judge the metric quantity within 20% ‘ , 2
and measure within 2% accuracy. 4, Look for metric symbols on the tools or gages such as m, mm, kg, g, kPa,
5. Look for decimal fractions (0.25) or fecimal mixed fractions (2.50) rather than com-
SUGGESTED TEACHING SEQUENCE ' mon fractions (3/8) on drill bits, feeler gages, etc. 1
1. Assemble metric and Customary measur- - . ,
ing tools and devices (rules, scales, °C 6. Some products may have a special metric symbol such as  block M to show they are
,  thermometer, drill bits, wrenches, - © metric.. ‘ '
' micrometer, vernier calipers, feeler gages) ' : : R
and display in separate groups at learning 7" Don't force bolts, wrenches, or othet devices which-are not fitting propetly.
stations, o - ' o ‘ .
/ 8. Practice selecting and using tools, instruments, and devices.

9.. Have students examine metric tools and

* instruments for distinguishing character- -
istics and compare them with Customary
tools and instruments.

3, Hawe studénts verbally describe charac-
% teristics. |

4, Present or make available Information
Sheet 9.

RO
5. Mix metric and Customary tools or |
* equipment at learning station. Give - : "
’studen\{[Exercilspsrw and 16. | L___J
“. " Test performance by using Section C of |
- “TRsting Metric Abilities.” |

wﬁuﬁn FOR'VOCATIONAL EDUCATION K L J

Information Sheet 9
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WHICH TOOLS FOR THE JOB!

MEASURING UP TOOL AND DIE MAKING

. Practice and prepare to demonstrate your ability to identify,
select, and use metric-scaled tools and instruments for the tasks given
below. You should be able to use the measurement tools to the appro-

‘priate precision of the tool, instrumeqt, or task.

For the tasks below, estimate the metric measurement to within ,

20% of aggpal measurement, and verify the estimation by messuring
to within 8% of actual measurement,

Exercise 16

Estimate | . Verify
1. Tum a piece of steel on a lathe to 20 mm. 1. - Thickness of cut-off wheel ona -
‘ , _ grinder
2. Check the diameter of a round dowel. ¥ 2. Spac;i:\g of tool rest for off-hand
| ginding
3. Measure the pitch of an M3 tap.
S : 3. Mass of steel for a product
4. Drill a 6 mm diameter blind h,o]e In a piece of steel, 4. Dimeler of a wire fora product
%- Measure the hOle drilled in NO. 4: 5. DMetér of a round md for a
- 4. Diameter product
- Deplth 6. Dimensions of hand chisel blanks:
. a Length
8. Tapa M3 0.50 hole in a piece of steel, b. Thickness |
1. Locate and scribe two centers for holes on a 10 cm 1. D@m;nsions of hot rolled plate for ]
. centerline, ' 8 100:
| ‘ \‘ a  Length
8. Measure the distance across the flats on a piece of hex b Width |
" material. . —t
- . Thickness | )
0 Grindao 3.2 : R T
. Grind a piece of steel toa V/ surface finigh, 8. Temperature of quenching ol f@@'}i_.z«
S heat treating : R A
10. Check the temperature of a liquid bath for heat treatin - — 1
steel. i ! ; 9. Length of steel bar stock for a job e
_ 10. Volume of a contdiner of cutting |
11" Space holes equally on a disc. " oil to be requisitioned
- 12. Adjust the infeed rate on a cylindricel grinder "”i’i,l””gih?é'rtie'g‘i?ﬁs'bfﬁbliéhéd'dri'll"foa of
ol steel: :
13. Set the infeed rate on a cylindrical grinder to cut a taper. 8 Diameter
‘ b.  Length
12. Maximum cut on a milling cutter
with a tool and cutter grinder ,
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0B JECTIVE "‘ During the transition period there will be a need for finding equivhlents between systems.
g vy Conversion tables lst calculated equivalents between the two systems. Waen a close equivalent

is negded, a conversion table can be used to find it. Follow these steps:

UNIT [~ R
« ) | METRICCUSTOMARY EQUIVALENTS

The student will recognize and use metric

ang Customary units interchangeably in order: * 1. Determine which conversion table is needed.
ing, selling, and using products and supplies in o
this occupation. g 2. Lrook up the known number in the appropriate column; if not listed, find numbers you
o , © can add together to make the total of the known number.
¢  Given a Customary (or metric) measure- N .
ment, find the metric (or Customary) 3. Read the equivalent(s) from the next column.

equivalent on a conversion tablé.

¢
, ‘ o Table 3@ the next page gives an example of a metric-Customary, conversion table which
¢ Givena Custgmary unit, state t.-he‘ fe- you can use for practice in finding approximate equivalents. Table 3 can be used with Exercise
placement unit. 17 Part 2 and Part 3 : : |

" Belowis a table of metric-Customary equivalents which"tells you what the metric replace-
ments for Customary units are.* This table' can be used with Exercise 17, Part 1 and Part 3. The

" SUGGESTED TEACHING SEQUENCE symbol  means “nearly equal to.”

}
1, Assemble packages and containers of .
materials. , : ,
: , ~ 1em~0.39 inch Linch = 2.54 cm 1ml=02tsp Ttspxoml
9 Present or make aailable Information Im~328feet  1foot~0305m 1ml~007thsp  1tbsp = 15ml
Sheet 10 a%d Table 3. e 1 m ~1.09 yards lyard 091 m 11~338floz 1floz>29.6ml
| B 1km~062mile  Imile~161km 1~42cups  leups23Tml
3. Have students find approximate metric 1 Cmi *016sqin  1sqin>6.5 Cﬂ‘*f , 11>21pts Lpt> 0471
Customary equivalents by using -~ Imi>108sqft  1sqft®0.09m” - 1is106qt 1qt>0951
Exercise 17, S Im~12sqyd  15qd>08m’ 112026¢gl  1gal=37I
1 hectare > 2.5 acres lace 04 hectare lgram 003502 loz>28.3¢
4. Test performance by using Section D of Tem® =006cuin  1cuin¥164cm’ lkg=22b - 1b=045kg
“Testing Metric Abilities.” ' Im'v%53cft  leuft¥003m'  Imetric ton®22051  1ton907.2kg
: : \ | Im'*13cuyd  leuyd=08m’ 1kPa~0.145psi . 1psi~68%5KkPa

Y ‘

n : LI 1
L .

*Adapted (rom Let's Measure Metric. A Teachers Introduction to Metric Measurement. Division of Educational

. : @sign and Renewal, Ohio Department of Education, 65 S. Front Street, Columbus, OH 43215, 1975,
w;mm FOR VOCATIONAL EDUCATION . J
. "‘ . .

Information Sheet 10

7
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___ CONVERSION TABLES
MILLIMETRESTO INCHES -
mm Inches mm - Inches mm Inches mm ‘Inche;s .
100 . 3% | 10 039 1 0.4 01 0.004
00 .18 2 019 2 . 08 | 02 0.008
300 1181 30 118 3 0.12 03 0012
400 U | 4w 157 4 0.16 'o.r 0016
00 1968 | - 50 19 - 5 0.0 05 wn
00 Wz | 6 236 6 024 06 o -
L ons% |0 276 7 028 07 0B o
W 5 3 8. 315 8 031 08 0031
0 . 343 Y 9 035 09 0035
: n 1000 mm or 1 metre = 39.3"7. inches )
INCHES 70 JILLIMETRES | e
Im:hesﬁT E‘ mm Inches  mm Inches  mm Inches mm
1 o5 01 25 a0 o003
2 50.8 0.2 5.08 02 0.51 02 005
3 762 0 e | B 0% o0 008
£ 1016 04 1016 M 102 04010
5 1210 05 12M % 121 0013
6 1524 06 152 0% 152 | 6 015
IR YRR o 178 ~f 00 018
8. 202 08 AR %2 0 020
% 86 09 28 0 229 00y
" 10inches= 254 mm
Lo 12 inches or 1 feet = 304.8 mm or 30.48 em
muscamm FOR VOCAi’lONAL EDUCATION Table 3
5 , = " ‘

{
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| N 2
ANY WAY YOU WANT IT N o
“ | ) o= 0| ‘I =
1 You are working in a fool and die shop. With the changetometnc 'f";;‘.')?-“‘jﬁ'omm in. i) 300mm
measurement some of the things you order, sell or use are marked | ¢ f). 200mm =" i |j) 915 mm =

z

only in metric units. You will need to be familiar with appropriate ) T50m, - 5 0
Customary equivalents in order to communicate with customers g) B =, mm k) Smm

and suppliers who use Customary units. To develop your skill use h) 900in. =, mm (1) 125mm
the Table on Information Sheet 10 and give the approximate ~

metric quantity (both number and unit) for each of the followmg 3. Complete the Requisition- Form using the items listed. Convert

2]
5|55 |F

Customary quantities, “ | the Customary quantities fo metric before filling out the form, |
‘ o — Complete all thé information (Date, For, Job No,, etc.). :
Customary Quantity Metric Quantity Order the following tool and die making supplies
: |
#) 21bs.ofshuminun | &) Pourlin. paintbrushes _
b) 4 qts: of rust preventative | b) Six 1 pi. cans of tapping bil -
- ‘ . \ ¢ Iwo 61t teel tapes C
¢) 34 indiameter pipe - \ @) Three %1b. ars of Lapping compound A
d) 8oz hammer | \ ) Sixhand chisel banks, % in. by Y in. by 9in. -~
e ) 100 Ibs:of steel \ | - — —
1) 3in long dovel N ] - REQUSITION ..
g) twogallon can | - - Date,__ \y
) dinpuntbah o Por SR S
i) 16f1 0z. ofcenférlube"" % . ‘ ; | ..ﬁ | ,.
' ) 7/16111 reamel' o ‘ . Job No. . . Date Wanted v ‘ .
k) lpt of cutting ﬂmd | ;5'-- ; Deliver o N ' i
!} g of thesd iting ol -- -,
m) 12 in. length wrench I | . QTY.| UNIT ,' ‘
n) 6ft. steel tape - R N
0) 6in. depth gege LA K
- 3 Usethe éonversion tables from Table 3 to convert the following: ‘ ; 2
. . _' ’ A
C2) 0002in.c - mm |¢) 0% = mm Hequesiedby _
©b) 0020in = mm |d) 0% = mm Approved by
THE CENTER FOR VOCATIONAL EDUCATION | | Exercise 17

ol
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SECTION A 6. The comet way to writetwelve 11, Estimate the length of the ine Ugethis comvnsion tale to *

1. One kilogram s about the mas. thousarnd.mnllnmetm is: | segment below: | 1 answer questions 15and 16,
ofa: | (A] 12,000 mm, f —

AT ikl (B] 12,000 mm Al B i m o b |
[B] appléseed - [C) 12000mm [B] 6 centimetres PV R
(C] bukethal - D) 12000 mm (1 40 millimetre 2 008 | 02 0008
[D] Volkswagen “Beetle” D) 14 paseals 3 012 03 0012

| . O 406 04 0016

2. A square metre is about the SECTION B . b 020 05 0020

weaof PR . . Estimate the length of the line ' ‘ '
f 3 7. A piece of steel sheet 20 centi 12. Estimate th I_ hof the | Y '? g:g gg gggg
() this sheet of paper * metres wide also has a width of: ' segment belw',,f" IR I Y 08 0081
(B] acard table top [A] 200 millimetres (A] 1 nillinees : | 13 ggg 09 003
IC] abedspresd - " (8] 4 milinetrs [B] 4 centimetres | . R
[DI 2 postage stamp , €] 0.2 milimetre ‘[C] § pasls /j : o
[D] 2000 millimetres -

3, The length of screws and bolts ‘ (D] 23 milligrams '
is mepsured in: 8. A container of 750 millilitres ‘ ' |
[A] gams : of cutting ol isthe same as . 15, The eguivalent of Y2 mm is
[B] centinelrs . - [A] 750 000 trs SECTION D | [A] 0500in.

(C] millimetres [B] 7500 litres 13. The metrie unit for liquid measure [B] 0.2in.
D] pascals [C] 7.5 litres ‘which replaces the fluid ounce is: *[C] 047in.
o D) 0.75litre [A] gam L [D] 03%in

4, i in: . :

Surface finishes are measured in | | (8] millitre | | ' |
[A] milligams . , ) (€] litre | '-:'161 The equivalent of 2.5 mm is:
[B] micrometres ‘ SECTIONC . ' [b] hectare '[A] 0.100 in.
[C] centimetres 9. For measuring in millimetres ‘ o o [B] 25in
(D] millditres you would use a: 4 14, The metric unit {ormasxwhlch ‘ [C] 0.25in.
) replaces pounds is: ‘ o
[A) container , ‘ (8] Kiopmedls Ve [D] 0.010in, Y
1 Ko ; \
(B) thermometer ' Bl P R . ' :
o
~ [C] pressure goge ‘[C] e
‘ 8
[D] ruler e -
| ‘ (D] metres
5. The cqrrect-way~to-wri‘tetwenty--- -~ 10, For measuring Celsius you =~~~ ~— ~ oo o
I, gamsis: would use a:
[A] 0gms . ~[A] pressure gage
[B] 20 Gm. © T [B) uler
(C] 20¢ .‘ “ [C) thermometer
(D] 20¢ ‘ [D] container
- , Y
o s TESTING METRIC ABILITIES




1 o ' _
) ANSWERS PO EXERCISES AND TEST
o L e {
' . EXERCISES 1 THRU 6 | QExercise 10 \ Exercise 13 - P
The answers depend on the items | :
used for the actvite, \_j TTires 1 Tires k:lo];g;ams gragms . E; gg;’ :2 ~
mi | ' ‘ ' ‘
EXERCISE 7 - ’ * ¢) 6.35mm
EABHCRE ! o T 7000 d) 3.18mm
Currently accepted metric units of 3000 3 0 TT000] :
- measurement for each question are - 6000 | (6) }A { e) 0.08in,
- shown in Table 2. Standards in each 8000) | 8 (25) 20000 f) 0.79in,
~ occupation gre being established 14000) | (19 04 (400)| ¢) 1270 mm
nev .30 aniersmayvary. o ;23 T 063 (630)f + | h) 2286mm
. EXERCISES - . M | 03] o | IB] 1) Ldlin
| a 26em o 182m 100 (0.7) ) BRI {‘) 362321“
b B3em 0 802cm B00) | 09 | Exeriseld ) 020,
¢ 94em g 1400cm 20 ] (02 a) 5m i) 100 mm [) 492in,
d) 68.0cm,  h) 230.7cm 470) | 047 b) 0%5lire. j) 05kg :
EXERCISES 9 THRU 13 LA ) (ci.) 205r;1‘m H 8 g(iptmm
Tables are reproduced in total. An-  + Exercise 11 e; 0 cns ) 2'00;;;1 Part 3.
swe;saremparentheses. '—"_"' . {) %0m’ 1) len 2) 4-254cm
Execise litres | milllitres 74 15 b) 6-0.47litre
| | m g) o) 15em 183
= — . h) 300 mm o, ¢) 2-l%m
< metre | centimetre | millimetre 3/ 8000 . d) 3-0.225kg
m_ cm mm 5T | (Go00)] EXERCISES 15 AND 16 e) 6-0.635 cmby 0.635 cm by
1 100 |~ 1,000 L 46 | (4 000) _. The answers depend on the 22'86 om
2 00 | oo . 88| 32000 % items used for the activlies
CR 0 L) L (ggg) ¢
rp Q0 [~ @00 LS pypRerRly
5 1 ooy |- sooo) LY W] S :
T TR — N ~ . Ral TESTING METRIC ABILITIES .
73 “_80' ! (800) Exercie12 a) 090kg i) 4736ml L ¢ 90D
T 60 600 - [gams | Wogams] °) 3-83““95' Jk) (l)}éllfm 2 B 1. C
TO0B 25 Bt ¢ kg ¢) L95em k) 047htre 3 C L B
' : d) 2264g " 1) 3.79 litres vy e
(0.148) (14.8) 148 |, . 4. B 12. A
630 |6 | o0y F A0l 4 e) Mk om) WBem g0 gy g
: — :\,\_‘,“ 9000 (9) «f) 762em  n) 183 m g D 14 B
73008 | (23) ¢) 758litres 0) 1524 cm B
W | 03k | Lot .
275 | (0.275)

OR VOCATIONAL EDUCATION . . cdk
f T ‘ " gy LS. COMERNMENT PRINTING OFCE 1976-757-06976252 Region No. 511
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| SUGGESTED METRIC.TOOLS AND DEVICES SUGGESTED METRIC TOOLS AND DEVICES
NEEDED TO COMPLETE MEASUREMENT TASKS NEEDED TO COMPLETE OCCUPATIONAL |
I B IN EXERCISES 1 THROUGH 5 ~ MEASUREMENT TASKS
(* Optional) |
K In this occupation the tools fieeded to complete Exercnsesﬁ
15, and 16 are indicated by ‘*."
LINEAR MASS - ¥ A Assorted Metric Hardware—Héx nuts, washers, screws,
' . cotter pins, ete.
Metre Sticks " Bathroom Scale * ‘B, Dril Bits—Individual bits or sets, 1 mm to 13 mm range
Rules, 30 cm *[Kilogram Scale * (. Vemier Caliper—Pocket slide type, 120 mm range
Measuring Tapes, 150 cm *p]atform Sprng Seele * D, Micrometer—Outside micrometer caliper, 0 mm to 25 mm
* Height Measure kﬁ‘Canacltv rnge
*Metze Tage, 10 m 10 kg Capacity E. Feeler Gage—13 blades, 0.05 mm to 1 mm range
. $Tyundle Wheel Balance Scale with 8-piece F. Metre Tape-50 or 100 m tape |
' -masgeb G. Thermometers-Special purpose types such as a clinical
AreaM G ; . pecial purpose types
euring Gd Sprng Seal, 6 kg Capacty termomele
: H, 'Temperature Devices—Indicators used for ovens, freezing/
VOLUME’C‘“’ ATy TEMPERATURE coang e, s,
Ntz M bof ' . % L Tools—Metric open end or box wrench sets, socket sets,
°;0“gl _ ela’(‘)‘(')'&’l‘e obo, Celsius Thermometer hexkeysets
, : J. Weather Devices—Rain gage, barometer, humidity, wind
. Ecggc::xlg{ ?eoa(l):;rﬁ, sliet of §, * velocity indicators*
Metrie Spoon, st of 5, k! P:cessure Gages—’l‘lre pressure, air, oxygen, hydraulic, fuel
Y ' R
L ;l -25ml bofd i L. "Velocity—Direct reading or vane type meter
Dr%'o i;s{:“;’ss(f m(i U M Road Map—State and city road maps
? . P]asti’c Litr’e Box | N. Containers—Buckets, plastic containers, etc., for mlxmg
Centimetze Cubes e and storing liquids
" o b 0. Containers~Boxes, buckets, cans, etc., for mlxmg and
| , ’ storing dry ingredients
| r s | 'L., 5 \ 1. Most of the above iems may be obtained from local industrial,
o ‘ﬁ;, | hardware, and school suppliets. Also, check with your school dstrict’
- | math and science departments and]or local industries for loan of their
THE CENTER FOR VOCATlONAL EDUCATION metric measurement devices. ,
The Obrg State Unweraity + 1960 Kanny Road + Columbey Ohvo l]IlO
| ) ' Measuring devices currently are not available, Substltute devices (l ., thermometer)
may be used to complete the measurement task.

| L " Tools and Devices List,
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REFERENCES

Let'’s Measure Metrie, A Téacher*tlntfoductionyto Me‘tn'c Measurement. Divie

tion of Educational Redesign and Renewal, Ohio Department of Educa:
tion, 65 8. Front Street, Columbus, OH 43215, 175, 80 pages; $1.50,
must include check to state treasuret, \

Activity-oriented introduction to the metric system designed for indepen-
dent or group indervics education study, Introductory information about
mctnc measurement; reproducible exercises apply metric concepts to
common measurement situations; laboratory activities for individuala or

- proups. Templates for making metre tape, litre box, square csntimetre grid,

Measuring with Meters, or, How to Weigh a Gold Brick with a Meter Stwk
Metrication Institute of America, P.0, Box 236, Northfield, IL 60093,
1974, 23 min., 16 mm, sound, color; $310, 00 purchase, $31.00 rental.

Film presents units for length, area, volume and mass, relating each unit

. to many common objects. Screen overprints show correct use of metric
symbols and ease of metric calculations. Relationships among metric
measures of length, ares, volume, and mass ate illustrated in interesting
and unforgettable ways. L.

Metrie Education, An Annotated szhogra}?.@ for Vocgtional, Technical and
Adult Education, 'Product Utilization, The Center for Vocational Edu-
cation, The Ohlo State University, Columbus, OH 43210, 1974, 149

pages; $10.00.

Comprehensive bibliography of instructional materials, reference mate-

 rials and resource Hst for secondary, post-secondary, teacher education,
and adult basic education. Instructional materials indexed by 16 oceu-
patlonal clusters, types of materials, and educational level.

: Metric Education, A Position Paper for Vocational, Technical and Adult Edu-
cation. Product Utilization, The Center for Vocational Education, The
Ohio State University, Columbus, OH 43210, 1975, 46 pages; $3.00,

Paper for teachers, curriculum developers, and administrators in voca-
tional, technical and adult education. Covers issues in metric education,
themetric system, the impact of metrication on vocational and technical
education, implications of metric instruction for adult basic education,
and curriculum and instructional strategies,

1 Metrics in Career Education. Lindbeck, John R., Charles A, Bennett Compeny,
Inc., 809 W. Detweiller Drive, Peoris, IL 61614, 1975, 103" pages, $3.60,
paper; $2.70 qunntxty school purchase,

Presents metric umts and notation in a well-illustrated manner, Individual

chapters on metrics in drafting, metalworking, woodworking, powerand
 energy, graphic arts, and home economics.. Chapters followed by several -

learning activities foutudent use. Appendix includes convemon tablel |
- and charts,

I

Taking the Tricks Out of Metrics, Metri Tnining Deplrtmnt Crestive
Universal, Inc., Tower 14, 21700 Northwester Highway, Sonthfield M-
48975, 1976, 4b06kletl $3.00 each, $12,00 set, discounts. - ‘

Series of booklets presents step-by-step duectnom, questions, answets on

how to read metric messurement. tuols nucrometm vemm clhpeu. rulu

dial indicators.

{

METRIC SUPPLIERS -

Brown & Sharpe Manufacturing Co,, Precision Park North Kingstown, RI 02862 ' . ‘

Industrial quality micrometers, mel rulu crew pitch and thickness gages,
. aquares, depth gages, calipeu dial indimton. conversion charts and guides,

' Central Instrument‘Compmy', 800 Rivemside Drive, New York, NY 10032

Drafting rules and scales for drafting, engineering, architecture, conversion
tablel and alides, posters, teaching alds, ﬂnfting templates,

Dick Blick Company, P.0. Box 1267, Galesburg, IL 61401 .

Instructional qmllty rylés, tapes, meire sticks, cubes height measures,

trundle wheels, measuring cups and spoons, personal scales, gramlkilomm
mlu, foeler and depth gages, beakers, thermometers, kits and other sids,

The L. 5. Starett Company, 121 cm'ntsmt Athol, MA s

Machine tool precldon meuuring dtvieu mlcrometen calipers, dial
indicators, steel rules. .

Millimeter Industrial Supply Com 162 Centnl Avenue, Fanningdale, L, I
NY 11'185

) Industﬂtl tutonm. hpu, diu, Teamen, dﬂlk , Wrenches, tings, bushings,
calipeu'mal rules and tnpu. foeler gages,

Obm Scale Corpouﬂon. 2& Hmover Road, Florhun Park, NJ 07932

‘J

[lnltrueﬁonal qunlity and precigion balancu and scales, plastic calipers and
/mhble fram cubea for beginnens,

Renl Beloit Corporation, Box 38. South Belait, IL 61080

Machine fasteners, gages, tapl and dies, precision micrometets, callpers. . |

steel rules, lmpectlon devices.

INFORMATION SOURCES i

American National Metric Councxl 1625 Massachusetts Avenue, N W, Wuhmgton; . “'-

DC 2003 | . , 3

Charts, posters, reportl and pampblets Metric Reporter newu]etter Natwnat '
metric coordinating council representing industry, government, educahon. :

professional and tnde omnlutiom

AN

."ﬁ

Nntlonal Bureau of Standmb Office of Infonnahon Activities, U.S. Department of ! “T

Commeree, Wadﬂnaton. DC 20284,
ﬁeo and meprmive metnc charts and pubhcatiom. abo lends ﬁlml hnd
dilvlm '

5*9' |

! .‘g:“"‘d‘ : .



