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Designed to meet the jdb.dielated metric mesdrement
needs of tool and die making,students, this instruction lzfackage is
tne of, eight for the manufactlring occupations ,cluster, part of a 'set"
oi 55 Tackage.S for metriC instruction' in differeet occupations. Tbe
ackgt is intended for students-who already know the occupational
terminology, measurement-terms, and tools currently-in use.,Each qf
the,ifive units in this inStructional package cOntaihs performance
objectives, learning activities,'-and supporting inforliation in4he
form of;*ext, exercises; and.tables. In'addition, suggested teaChing
techniques are included. At the.back of the package are
Objective-bas.ed evaluation iteis, a page of answers,:to the exercises

, and tests, a list of metric materials nee,deã for the activities,
references, and a liii of suppliers. The Material is-designed to
accommodate a variety of individual teaching and learning stylep;

independent study,'small group, or whole-class activity!
A _ Exercises are intendeeto facilitate experiences with measurement

'instruments, tools, and devices used in this occupallidon and
job-related tasks of estimating and measuring.'Unit I, a gener(a
introduc4ion to the metric systeLof keaPurement, provid#s informal,
hands-on experiences for theptudents. This unit enables-students to
become familiar with the basic metric units,, their symbols, and
measurement instruments;Oend fo,develop a set of mental references
for metric values. The metric systei. of notation,also is explained.
,Unit 2.provides the metrit terms whiCh'are used in this occupation
and gives experience with occupational measurement tasks.'Unit 3
focuses on job-related meiric eguiveents and their relationships:
Unit 4 provides experience with recOgnizing and using metric. ,i'

instruments and tools in occupational measurethent taSks. It also
provides experidnce in c9mparing metric and custoiary measurement
Istruments. Unit-,5 is designed to give studenteptactice in
nvertifil custo6ary and metric measurements; a skill considered sj

.A.seful during the transition to metric in each occupation. (HD)
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TEACHNG AND LEARNING

THE METRIC SYSTEM

this metric instructional package was designed to meet job.related

metric measurement needs of students. To use this package student&

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

in classrooms in different parts of the Uhitedkates, and revised before

distribution. :
. . ,

Each of the five units df instruction 'contains performance objec .

tives, learning activities, anci\-suppor4 information in the form of

,text, exercises, and tables. In addition, suggested' teaching techniques

are included. At the balt qf this padtage are objective-based evaluation

items, a page of. answersto the exercises and tests, a list of metric

materials' needed for the activities, references, and a list of suppliers.

, ClassrooAexperiences with this instructional package suggest the

following teachInglearning strategies:

1. Lerthe first experiences,be informal to make learning, the metric

system fun,

2.. Students learn better when metric Units are ComPared to familiar

l objects. Everyone should learn to 'think metric." Comparing

: metric units to customary units can be confusing.

3,;.' Students will learn quickly to estimate andmeasure in metric units

by "doing."

4. Students should have experience with measuring activities,before

getting too much information.

5. Move through the: units n an order which eniphasizes the sim .

plicity of the metric system (e.g.; length twarea to° volume).

Teach one concept at a time to avoid overdhelming students with

too much material.
I

Unit 1 is a general introduction to thetinetriNystem of measur

ment which provides informal, handslOh experiences for the students.

This unit enables students to become familiar with the basic metric ,/

units, their symbols, and measurement instruments; and to develoP a

set Of mental references for Metric value's, The metric system ofnota .

tion also., is explained.

(

Unit 2 provides the,metric terms which are used in this occupation

and gives experience wi(liikcupational measurernent tasks.i ,

Unit 3 focuses on jobe.related metric equivolents and their relation.

5 8.

Unit 4 provides experience -with recogizing and using metric

instruments and tools in occupational measure ent tasks. It also pro.

vides experience in comparing metriond customary meaiurement in-

struments.
,

Unit 5 is designed to give students practice in converting custom.

ary and metriC measuremetits. Students should learn to "think metric"

and avoid comparing customary and metric units. However, skill with

Conversion tables will be useful during the transition to metric in eafh

occupation.

Using These InStructional Materials

This package was designed to help stUdents learn a core of knowl-

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

exercises facilitate experiences with measurement instruments, tools,

and devices used in this occupation and job.related4asks of esumatini

and measuring

This instr..,:t:onal package also' was designed to accoMmodate a

variety of individua. teaching and learning styles. Teachers are encour

aged to adapt these materials to their or classes. Foroexample, the

information sheets may be given to students for self.study. References

may be used as supplemental resources. Exercises may be used in inde-

pendent study,, small grOups,, or whole-class activities. All of the

materials can be expanded by the teacher.

,

dl)ria S Cooper c,

Joel i1. Magisos e .*

'Editors

This publication was developed purwant to contract No. OEC.0;14.9335,withithe

Bureau of Occupational and Adu'it Education, U.S. Departmentof Health, Einca.

tion and Welfare. However, 'the opinions expressed herein lb not necessarily

reflect the position Of policy of the U.S. Office of Educatn and no officie

endorsement by the U.S Office of. Education should be inferred:



UNIT ,

SUGGEStED TEACHING SiQUENCE

These introductory exercises may require

two or three teaching periods for all five

areas of measurement.

2. Exercises should beiollowed in the order

crt,14, 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. Set up the equipment 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 and

make Table 1 available.

7. Follow up with glop discussion of

activities

4

*Other school departments may have deviceN ich

Can be used. Metric suppliers are listed in the r ereilce

section.

fl cumn FO VbCATIONAL fOUGATOON

(
OBJECTIVES

The student will demonstrate these skills for the Linear, Area, Volume/or Capacity, Mass

TeMperature Exercises, using the mettle terms and measurement deviees listed here.

1

2

3.

1 SKILLS

,.

Recognize and um the

unit and its symbol for:

Select, use, and rod the

appropriate musuring

instrumnts for:

State or ihow a

physical reference foe:

EXERCISES
'

. .'

Lines:

Ipp. 3 4)

lb

Ant

(PP. S 8)

Volume or Capacity

(s9.7 .8)

, Mon

(pp. 9 . ID)

Temperature

Ip. 11)

millimetre (mm)

.\,..CentiMetre.

centimetre (cm)

metie (m)

(
(

.

square

(cm2)

square

5tre
(m2) ,

.

cubic centiti)

metre (cm

cubic mete

(m2)

litre (I)

millilitre (mi)

gram (5)

kilogram (kg)

degrte Celsius

(QC) 1

,

4. Estimate within 25%

of the Aar mnaure

e'

heigilt, width, or

length or objects

the area ;f

a given s trace

capecity of

containers

the man of objects

in rims and 'kilo-

Pm
4

.

the temperature of

the air or a liquid .

5,

,

Read correctly

,

"1

metre stick,Imetric

tape measure, and

metric rulers

,

meguremenls

on graduated

'darn. rinsur;

ing device.

1 kilogram tale

and k gram wale

A Celsius thermometer ,

11

RULES OF NOTATION ,
1. Symbols are not capitalized unliss the unit is a proper name (mfiinotr4

/A Symbols are not followed by periods (m not rn.).

, 3. Symbols are not followed by an 8 for plurals (25 g not 25 gs).

-4. A space sepats the numerals frbm the unit symbols (4 I-not 41).
)

5. Spaces, not co e used to separatt large number ! int groups of three

digits (45 271 kmnot 4 171 km).
,

-6 A zero precedes the deci point if the number is less than e (0,52 g not .52 g).
, ,

.7. Litre and, metre can be sll either with an -re oi -er ending.

.t,

1

Information Sheet 1



(IN

. METRIC IJNfrSI &YMILS, AIiD REFERtNTS .

8.

Quantity Metric Unit Symbol

_ 1

Useful Referents

,

Length,

,

millimetre , mm

°

4Thickness of dime or paper

clip wire

centimetre can Width of paper clip

,
metre

4.

m

..

Height of door about 2 in .

kilometre
. .

12mirlute walking distance
,

Area square

centimetre

. ' t

cm
2

Area of this space .

Ailmr0
A

I

square metre m2 Area of card table.top
,

hectare

.

hp 'Football field including iidelines

aiid end zones

Volume and

Capacity
I .

.------.-----,.----..:
Mais

.

i .

,

,
_

millilitre. .m1 Teaspoon is 5 mr

litre
,

--4
A little mere than 1 quart

cubic

ceniimetre Cm
3

Volume of this container

4eG=7

t

e

'_,.../

cubic metre ,

milligram, .Mg

m'
ti

.

A little'more than a cubic yard

Apple seed about 10 mg, grain of

salt, f mg 4,

grain g Nicicel about 5 g .
kilogram

,
kik Webster's Collegiate Dictionary

metric ton

(1 000 ki1oirarns1 t) !

.........h
Volkswagen Beelle

v

Table 1-a

4

METRJC PREFIXE

Multiples and

Submultiples /

II

'M x iSYmbols
A

1 000 000 . 106 Mega (ro) M

1 000 = 103 kilo (lidri) k

, .

100 . 102 hectO (lik't6) h

10 = 101

0 ' ,

deka(dik'a ) da

4
Base Unit 1 = 100

0,1 . 10-1 deci (creisi) d

° 0,01 = 10 (p%) C.

0.001 = 10

fcligi

milli (miI l
,
i) m

0,000 001 = 10-6 micro (mTkror p

. . .

Table 1 b



LINEAR KASUUMENT ACTIVITIES

Metre, Centimetre, Milli Metre

I. THE METRE (m),

A. DEVELOP A FEELING FOR THE SIfE OF A METRE

1. Pick up one of the me6e

sticks and stand it up on,the

floor. Hold it in place with

one hand. ,'Walk arkund the

stick. Now stand next to,

the stick. With your ()file.

hand, touch yourself whe,,

the top of the metre stick

comes on you,

'THAT IS HOW HIGH A METRE IS!

2. Hold one arm out straight

at shoulder height. Put

the metre stick along this

arm until the end hits the

end of your fingers. Mere

is ts4 other end of the

metre stick? Touch your-

self at that end.

THAT IS HOW (JONG A METRE IS!

#HE iNTER FOR VOCATIONAL EDUCATION

1

3, thoose a partner to stind

at your side. Move apart

so that you can plit one

end of a Metre stick oii'

your partner's shoulder

and the other end on

your shoulder, Look at ,
the space between you.

1

THAT IS THE WIDTH OF A METRE!

B. DEVELOP YOUR ABILITY TO ESTIMATE IN METRES r
,

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 items and write your estima in the

ESTIMgE column. Measure the size with your metre stick

and write the anSwer in the MEASUREMENT column.

Decide how close ';our estimate was to the actual meadre. If

your estimate was within 25% of the actual measure you are a

"Metric V,^Jvcl."

1. Height of door knob

1H

rom floor.

2- eight of door.

3. Length of table.

4. Width oftalilec. ,

5. Length of wall;N
this robm.

6. . Oistance from

you to wall.

Estimate

(m)

mw.1.==.1.nan.I.EM

How (lose

Akasurement Were You?

(m)

rm. .=

tj

,1,1
11111.

ii
Exercise 1

(continued on next page) 1 1



1.

a THE CE (frni
40

J r

There are 1'00 rentimetres in'one metre If there are 4 'metres and ,

.. .. ,3,centiqtre,silyouVrite 403 cm [(4 a? 100 cm) t 3 dr =, 400 cm

h ,, .4. 3 cm] , . ,,

, .,. , h , .
I , A '

c , A.: DEVE OP`-liL EELING 'FOR ri
! . . .,.

.../ ;
r, . 'F' n

"

eb

' .

SIZEPRA CENTI
i,

' , ,

1.
1'

Hol4the n2etric Nler against Ihe widtji of yoVr.tbumbnail.
% / #

Hoiiidels it?' ' Cm / F,

: ' 'Ivkasarq..your,,thumb froth the rst ibint to the end.
;

cm .

, 2
. ,.

.

3. Use the,nittric Rfer to find the wig of your ralni.
?

cm
.

,

4

*pure yotir index or pointingtfinger. How longis it?
,

5h /ffeasure your wiist with a ta0 measure. What is the distance

around it? cm

B.

6. Use the taRe Measure to find your waist size. cm .

DEVELOP,yOUR ABILITY'TO ESTIMATE IN CENTIMETRES

You arenow ready to estimate in centimetres. For each of the

following items, follow the prOcedures used for estimating in

metres.

32

5,

How Close

Estimate 'Iviasurement Were'You?

(cm) (an)

Length of 4vaper

clip.

Diameter (width')

of a coin.

WI,dth of a

pbstage stamp.

Length of a

pencil.

lAidth of a sheet

Of paper.

(:)C 4
me CENTER FOR VOCATIONAL EDUCATION

1

12

C.

.M.MI1

4

,
I

11.

IlL

1 4
I

ThrMILLINETRE (mm)
4 "

There are 10.millimetres in one mtimetre. When ameasurement is

centimetres and 5 millimetres, you writa5:min x 10 mm) ,

5 Mm 20 mm +.5 minj. q.here are 1 0-00 mm in 1 ml

'

A. DEVELOP A FEELING FOlt THE:SIZE QF AMILLIMETRE':,

9 g a ruler makedn millimetres, measure:

1. Dick:nos Paper,clip wire.

2, Thickness of your fingernail. mm

mm

3., 'Width of your fthgernail..
,.

4, Diameter (width)of a coin.
rnin,

5: Diameter (thickness) of your pencil. ____.___Amm ,

, . .. , ..

, . 6. Width of a postage stamp. mm'

mm

B. DEVELOP YOUR'ABILITY TO ESTIMATE IN iLLIMETRES

You are now ready to estilmate in millimetres. For each of the

following items, follow the proceclures used for estimating in

metres.

How Close

Estimite ithsurement Were You?

(mm) (mm)

1. ',Maness of,a

nickel.

2. Diameter (thickness)

.of a bolt.

3. Length of a bolt.

4. Nth of a sheet

of pper.

5. Thickness of a board

or desk top. tl

6. Thickness of a ,

button:

,

om.liadro

a

e
4

,....mmdl

Exercise 1

13
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4

AREA MEASUREMENT ACTIVITIES

S4uare Centimetre, Square Metre

1VHEN YOU DESeRIBE TI1E pEA OF SOMETHI G, OU'ARE

SAYING HOW MAY SQUAES OF A GIVEN,SIZE IT TAKES TO

:COVERITHE SUIFACE.

I. "IHE SQUARE CENTIMETRE (cm' )

k,

'DEVELOP 'A !EELIII,G FOR c' SQUARE' CENuMETRE

., 1. 1 Tike a clear plastic grid, oruie the grid on p,age 6.

2. Measure the length ancl wkith of one of tiiese soli

squares With a centimetre ruler.-
THAT IS ONE SQUARE CENTIMETRE! ,

3. Place your Iingernail oyer the grid. About how niy

gfq.res does it take to cover your fingernail?

;

4.. Place a coin over the pid." About how many/squares

does it take to cover the coin? cm?

5. Place a postage stamp over the grid. About how

squares does it take to cover the postage stamp?

cm2
6. Place an envelope over the grid. About how many

squares does it take to cover the envelope?

2

many

cm

7. Measure the length and width of the envelope in centi.

metres. Length cm; Width cm.

Pi Multiply to find the area in square centimetres.

cm x cm = cm' . How

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

THE CENTER FOR VOCATIONAL EDUCATION

), 14

I

I. ,

EVELOP.YOUR AthLITY TO ESTIMATE IN SQUARE

CENTIMETRES

Yott are now, ready to develop iour ability to estimate

in square centimetres.,

3

Remember the size of a squ'areentimetre. For each of the

following item, follow the 'procedures used thr estimating in

mares.

How Close

Estimate Ivkasurement Were You?

(cmz)

1. Index card.

2. Book cover.

3. Photogaph.

4. Window,pane or

desk top'.

0

IL THE SQUARE METRE (m ) 4

k,

rmri-1,Wm

A. DE;e0P A FEELING FOR A SQUARE METRE

,

1. Tape four Metre sticks together to maki a square which

is one metre Jong and one metre wide.

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

big it is.

3. Place the square on the floor in a comer. Step back and

look, See how much floor space it covers.

4. Place the square over:a table top or desk to see how

much space it cov

5!) Place the Tare against the,bottom of a door. See how

itch of tfirdoor it covers. ,How many squares would it

take,tqcover the door? m2

THIS IS HOW BIG A SQUARE METRE IS! i!

ei

.\ Exercise 2

(continued OD nett

15

0.
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DEVELOP YOUR ABlLITY TO ESTIMATE/IN SQUARE .

TRES

1 1 .

, You e now ready to estimate in square metres...Follow tlws

, vrocedures used for estimating in:metres.
,

04

11# Close

Estimate Measurenient. Were You?',
(m2,)

1, Door.,

2. FUlFsheet.of

,newspaper.

3. dalkboard\or

bulletin board.

4, Floor.

5. Wall,

6.. Wall chart or postw%

7 Side of file cabinet.

I.

On'

.114rdir

4

mm...4=r4.

CENTIMETRE WIID
d I

fr
4.

4.

16

Exercise 2

4

17



VOLUME MEASUREMENT ArT1VITIES

Cubic Centiffetre, Cubic Metre

THE CUBIC CENTIMETRE (cm3 )

I a

A. DEVELOP A FEELING FOR THE CUBIC CENTIMETRE

k Pick up a colored plastic cube. Measure its length,

hei t, and width in centintres.

4 T AT IS ONE CUBIC CENT TRE!

Find thetvolume of `a plaic Are box.

a. Place a ROW of cubes against the bottom of on e

of the box. How many cubes fit in the row?'

b. Place another ROW Of cubes against an adjo mg side

of the box. How Many rows fit inside.the box

to make one layer of cubes?

How many eubes in each row?_

How many cubes in tlie layer in the bottom ofithe

1),00-
c. Stand a OW ()Vibes up against the side of the box.

How many LAYERS would fitin the box?

How many cubes in each layer?

How many cubes fit in the bOx altogether?

THE VOLUME OF THE BOX IS _CUBIC

CENTIMEVES.

,a

d. Measure the length, width, and height of the box in

centinietres, yngth width _cm;
height __L_cm. Multiply. these numbers to find,

the volume in cubic centimetres.

cm CID X CM =

Are the answers the same iikkck. and d.?

THE CENTER FOR VOCATIONAL EDUCATION

18

B. DEVELOP YOUR ABILITY TO ESTIMATE IN CUBIC

. CENTIMETRES

1You are now ready to develop your ability toiestimate

in cubic centimetres.

Remember,

the followin

metres..

e size of a cubic centimetre. For each of

items, use the procedures for estimating in

How Close

Estimate easurement ilTere You?

(cd ) (cm' )

*
reindeit card file

box, /:1111

2. Freezer container.

3 Paper clip bst.

4. Box of staples.

'THE LITRE (1)

a

A. DEVELOP A FEELING FOR A LITRE .

7

I. Take a one litre beaker and fill it with miter.

2. Pour the water into paper cups, filling each as full g you

usually do. How many'cups do you fdl?

HAT IS HOW MUCH IS IN ONE LITRE!

3, Fill the litrettrainer with rice. 0

THAT IS HOW.MUCH IT TAKES TO FILL A ONE

LITkE CONTAINER!

Exiircise 3
(continued on next page)

1 )
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DEVELOP YOUR ABILITY TO ESTIMATE IN ES

You are nowpady to develop your ability to estimate in

litres. To w ite tivo and one-half litres, you write 2.5 fit or

. 2.5 litres. o write one-half litre, yk write 0.5 1, or 0.5

litre. To writ two d 'three-fourths litres you write

2.75 1, or 2.75 litres. 45'4,

For each of the following itehis, use the procedures for,

estimating in metres..

1

Medium-size

freezer container.

targe freezer

container:i

3. Small freezer,

container.

. 4. *Bottle or jug.

III; THE MILLILITRE (ml)

Estimate Measurement

(1) (1)

OIMINT.110

-How Close

re You?

1

. B. DEVELOP YUR A.BILITY TO ESTIMATE IN MILLILITRES

Yop are now ready to estimatiin millilitres. Follow the

, procedures used Or estimating metres.

How Close

Estimate Measurement Jere You?

(d)w, (m1)

1. Small juiir

2. Paper cup or tea

cup.

3. Soft drink can.

Bottle.

IV, THE C6BIC METRE (m3 )

DEVEL0118 A FEELING FOR A CUBIC MglitE-

110.1IIN

There, are ,1 000 millilitres in one lit

L'a litre is .500 millilitres, or 0.5 litre

A. DEVELOP A FEELING FOR A

1

e

ml 1 litre. Half

MILLILITRE

1. Examine a centimetre cube. Anythingvhich hold

1 cm3 holdi 1 ml.
\i N#

Fill a 1 millilitre measuring spoon wi*rice. Empty le

spoon into your hand. Ckefully pour the rice into a

small pile on a spet of paper.

11AT IS HOW CH ONiMILLILITRE IS!
. _;;,,,,

Fill the 5 ml Sp n with rice. IfIr the rice into another

pill on til,sh o'f paper. )

TliATrIS 1 iIILLILITRESz OR ONE TEASPObN! '
i

4. Kll the 15 ml spoor With rice. Pour,the rice into a third

pile on the paper.

T AT IS 15 MILLILITRES, OR ONE TABLESPOON!

THE CE R FOR VOCATIONAL EDUCATION

\

.1. Place a one metre 'square on the floor next to t4 wall.

2, .Musure a metry UP tVwall.

3. Picture a box 61at woilifit into that space.

THAT IS THE VOLUME OF ONE CUBIC METRE!

B. DEVELOP YOUR ABtLITY TO ESTIMATE IN Cupc METRES

For each of the following items, follow the estinEting proced-

urei 'used before.

re' How Close

Estimate Measurement Weie.You?

(m3) (m31

'it

1. Office desk.

2. File cabinet.

3. ,Small root 11.1.1

'Exercise 3

21



MASS (WEICif-i) MEASUREMENT ACTIVITIES
J

r Kilogram,..c;rani
1 I,

The mass of an object is a measure of the amount of matter in the ,

object. This amount is always the dine unless you add or subtract sofee

rnatterlzom the object. Weight is the term that most people use when

they mean mass. The weight of an object is fected by gravity;, the

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

immight be 120 potinds; that s e pNOn's weight on the moon would be

20 notids. This differenc ii becatr, the pull of gravity on the moon

is less than the pull of gyavity on earth. A person's mass on the earth

and on the.moon would be %he saw. The metric system does not
.

. measure weight--it measures masg. W.e will use tlie term mass here.

The symbol for gram is g.

The symbol for kilograM is kg.

There are 1 oh grains in one kilogram,4ir 1 00,0 g 1 kg.

Half a kilogram can be written as 500 or 0.5 kg.

A quarter of a kilogram can be written ao50 g,or 0.25 kg.

Two and three-fourths kilograms is written as 2.75 g.

THippGRAM (kg)

'DEVELOP A FEELING FOR THE MISS OF A KILOGRAM

Using a balance or scale, find the mass of the items on the table.

Before y u find the mass, notice how heavy the object "feels"

and comAs 1 to the reading on the scale or balance.

(13CtHE CENTER FOR VOCATIONAL EDUCATION
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d.4 ,

1. A kilogram box.

2. e thook.

3. Bag of sugar.

4. Package of paper.

5. Ydur own mass.

Njask

(kg)

B, DiVELOP YOUR AB] ITY TO ESTIMATE IN KILOGRAMS

/-

For the following items ESTIMATE lass of tht, object in

kilograms, thenluse the scale or,balance find the exact mass

of the object. Write theiexit mass in MEASUREMENT'

column.' Determi % te is;

1. Bag of rice:

2. Bag of nails.

3. Large purse or

briefcase.

4. Another person.

5. A few books.

4.

How Close

Estimate MeasUrenient Were You?

(kg) (kg)

1111111M,

riiiror 4.4m,

Exercise 4
(contitued on neit page)
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A

,

, II. GRAM (g)

r

,

A. DEVELOP A FEELING FbR A GITAM

1. Take a colored: plastic cubet,.. Hold it in your hand.

Shake the cube in yonrplm as if shaving dice. Feel the

pressure on, your hand when the culle1s in Motion, the

whe it is not in motion.'

TH IS HOW HE1VY A dRAM IS!

2.' take a econd 'cube and 6ttach it tb the ft. Shake the

cubis4 first one hand.and then'the otherIand; reit

the cubes near the tips of your fingers, moving your

'hand up and down.

THAT IS THE MASS OF TWO GRAMS!

3. Take five cubes in one hand and shake them around.

THAT iS)THE MASS OF FIVE GRAMS!

N

24
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ER FOR VOCATIONAL EDUCATION

,u

B. DEVELOP YOUR ABILiTi TO ESTIMATE IN GRAMS

You are now ready to improve you'i ability to istirnatie in ,

grains. Remember how heavy the 1 granicube is, how heavy

the two gram cubesire, and ,how heavy thPlitte gram ctibes'

are, Fpr each Pf the followihg itemsfollothe'procedures

used for estimating in kilograms. . .

HOW Close

Esthnatt Measureinbit WereYou?

1 TWo thumbtaCks.

2: Pencil,

3. Two-page lettr

and envelope.

4. Nickel.

5. Apple.

6. Package of

' margarine,

'

.1.1

Exercise 4

4



TEMPERATURE MEASUREMENTACTIVITIES

10 6

Degree Celsius

I. DEGREE CELSIUS (at)

Degree Celsius (°C)'is the metric measure for temperature.

A. DEVELOP A FEELING FOR, DEGREE CELSIUS

Take a Celsius thermometer. Look at the marks on it.

1. Find 0 degrees.i

WATER FREEZES AT ZERO DEGREES CELSIUS (0°C)

WATER BOILS AT 100 DEGREES CELSIUS (100C)

2. Find the temperature of the room. °C. Is 1
room cool, warm, or about light? .

3. Put some hot water from the faucet into a container.

find the temperature. T. Dipyour finger

'quickly in and out of the water. Is the weir very hot,"

hot, or just warm? .

4.. Put some cold water in a container with a thermometer.

Find the temperature. °C. Dip your fi4iger into

the water. Is it,cool, cold, or very cold?

Bend your arm with the inside of your elbow around the

bottom of the thermometer. After about three minute§

find the temperature. °C. Your skin tempera-

ture is dot a high as your body'temperature.

NORMAL BODY TEMPERATURE IS 37 DEGREES

CELSIUS 0794

A FEVEIfiS 39°C.

A VERY HIG}fFEVER IS 40°C.

ocTHE CINTEA. FON VOCATIONAL EDUCATION
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B. DEVELOP YOUR ABILITY TO ESTIMATE IN DEGREES

*.

CELSIUS

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

Celsius you think it is. Then measure and write the MEASURE-

ANT. See howclose your estimates and actual measure-

ments are.

1 (Itlx some hot and,

cold water in a

container. Dip iour

, finger into the

water.

Pour out soirt

the water. Add some

hot water. Dip your

finger, 91±.1../tl into

the water.

3. Outdoor tempera-

ture.

4. Sunny window sill,

How Close

Esfingte Measurement Werelou?

(°C) (°C)

,1=0.1011

5. Mix of ice add water,

6. Teilierature at (

floor.

7. Temperature at

ceiling.

.1MIM..

MIN

I111111

Exercise 5

2 7
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OBJECTIVES

The student will recognize and use the metric

terms, units, and symbols used in this occupa-

tion.

Given a metric unit, state its use in this

occupation.

Given a measurfOent task in this Occupa-/

tion, select the aPpiopriate metric unit

and measurement tool.

SUGGESTED TEACHING SEQUENCE

1. Assemble metric measurement tools (rules,

tapes, scales, thermometers, etc.) and

, objects related to this occupation.

2. Discuss with students how to read the

took.

3. Present and have students discuss

Information Sheet 2 and Table 2,

4. Have students learn occupationally-

related metric measurements by complet-

ing Exercises 6 and 7.

5. Test perfomiance by using Section A of

"Testing *tiic Abilities."

THE CENTER FOR VOCATIONAL EDUCATION
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METRICS IN THIS OCCUPATIeN

Changeover to tie ,.metric system is under way. Large corporations are alrldy using
metric measurement,t.o compete in the world market. Themetric system hasP been' used in

various parts of industrial and scientific communities for yearS. Legislation, passed in

1975, authorizes an orderly transition to use of the metric system. As businesses and

industries make this metric changeover;employees will-need to use metric measurement

in job-related tasks.

Table 2 lists those metric terms vhicTi are most commonly used in this occupatiOn.

These terms.are replacing the measurement units used currently. What kinds of job-

related tasks use measurement? Think of the many different kinds of measurements you

now make and uae Table 2 to discus's the nitric terms which replace them. See if you

an add to the lilst of uses beside each nitric term.

Information Sheet 2



Metric Units for Tool and Die Making

Quantity , Unit Symbol Use

Length

,

.
micrometre

r a

Surface finishes*

millimetre,,
mm 6

,
Screw and bolt lengths and diameters; wrench and drill hole sizes

centimetre
i

cm
4

Le* of lathe hed, swing

metre
A Wire length, dimensions of large die

Area

,

C

square millimetre
mm2

to)

Cross sectional area, of wire lima of small openini

)
square centimetre d C1112

Area of an opening

square metre RI
2

t Floor area

Volume/Capacity millilitre c.1" ml -,

Cutting oils, lubricants, chemicals, solutions, paints**

.--,litre 1, I

,.

cuitcentime4e , cm
3 ' Container size ** .

cubic metre i
in' Concrete purchase, excavation of dirt for preparing machine beds

Mass

, .

gram g
Dry orsolitrmaterial, cleaning.compounds, dry powders,

fasteners; small machined parts,
,

kilogram kg Steel; hoist and crane load limits .

a

metric ton t

,

Shipping-mass, steel, machinery

Temperature
J

degree Celsius
0

C

f ,

Neat treating

Pressure kilopascal kPa Fluid pressure of air, gaiiir hydraulic systems

Speed
LI

.

.a.

metres per secon m/s
Machine speed, feed rate

metres per minute in/min

Force newton

.

N

,

Ram or pressure pad setting

Torque or bending

moment

newton metres ,, N.m Torque specifications

*Surface finish is given in micmmetres.

Exainple: Wis a super fmish similar to a very fine buff, lap, burnish, or bright polish. Suitable for raceways, ball bearings, and the rolls otantt.friction bearings.

Note: The roUghness 'values are the aveiagi deviation in micrometres. 1 micrometre z 0.001 mm

**Tanks, containers, and auto engine displacement will be measured either in litres and millilitresor3i cubic centimetres and cubic metres.

,

OC ,
THE CENTS FOR VOCATIONAL EDUCAH1ON
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TRYING OUT METRIC UNITS

To gi've you practice with metric units, first estimate the measure-

ments of the items below. Write down your best guess next to the item.

Then actually measure the item and write down your ansviers.using the

correct metric symbols. The more you practice, the easier it will be.

ihngth
"I 1. Palm width'

Estimate Actual

2. Hand span

3.. Your height
a

4. Desk height

5. Distance between centers

6. Pencil

7. Lathe bedt

8. Small table height

9. Classroom

Area

10. Desk top

11. Classroom'floor

Oh.

12. Workbench

13. Machine placement area

14. Sheet of paper

7Volume/CaPacity

15, Smallbottle

Estimate

16. Measuring cup (metric)

17. Milk container

AP.

Actual

18. Jug

19. Bucket

20. Small 'box

21. Bench oiler Or oil gun

22.. Tool box

Mass

23. Machinist handbook

24. Nickel

25. Yourself

26. Machined part

27. Tool box

28. A litre of water (net)

Temperature

29. Outside

30. Classroom

31. Hot tap water

32. Cold water

THE CENTER FOR VOCATIONAL EDUCATION
Exercise 6



TOOL AND DIE MAKING WITH METRICS

It is important to know what metric measurement to use. Show

what measurement to use in the following situations.

. 1. Lengthpf Athe bed
,

2, Length and width of a workbench

3. Area,of a.workbench
,

4. Mass of a machined part .

5. Mass of a pieceOf steel
,

6., Diameter of a Piece of pipe

,q. Volume of a container of

cutting oil

,

.

Y

8. Length of a hacksaw blade

9 Thickness of a hacksaw blade

10. Mass of a roll of solder

,

11. Volume of a can of metal coating

.

12, Length of a bench grinder tool

rest

13. Mass of quantity of bolts(.1'
14: Length ora metal punch

15. Mass of a die

.

1'6. Diameter of a drill bit ) '

17. Air pressure setting of a mathine

18. Inside diameter of a die
.,

THE CENTER FOR VOCATIONAL EDUCATION
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19. Spacing of tool reh for offhind

glinding

20, Length of emery cloth .

21. Surface finish on a machined part

Exercise 7

3 5
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UNIT 3

OBJECTIVE

The student will recognize and use met-
ric equivaients.

I Given a metric unit, state an equivalent

in a larger or smaller metric unit.

SUGGESTED TEACHING SEQUENCE

L Make available the Information Sheets

(3 - 8) and the associated Exercises

(8 . 14), one at a time..

2. As soon as you have presented t4

Information, have the students complete

each Exercise.,

V. Check their answers on the page titled

ANSWERS TO EXERCISES on

TEST.

Test performance by using Section B of

"Testing Metric Abilities."

OCMINTER FOR X3CAT1ONAL EDUCAnON
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(METRIC-METRIC EQUIVALENTS'

Centimetres and Millimetres

111111 11111111 1111111 11111111111 111 III

1.2 3 4 5 6

Look at the picture of the nail next to the ruler. The nail is 57 nun long. This is 5 cm + 7 mm.
There are 10 min in each cm, so 1 nun = 0.1 cm (onetenth of a centimetre). This means that
7 mm=0.7 cm,so 57 mm = 5011+7 no

= 5 cm + 0.7 cm

= 5.7 cm. Therefore 57 mm is the same as 5.7 cm.

NOw measure-the paper clip. It is 34 ram, This is the same as 3 cm t mm. Since each
millimetre is 0.1 cm (one-tenth of a centimetre), 4 nun = cm. So, the paper clip is
34mm= 3 cm+4mm '

= 3 cm+ 0.4 cm

= 3.4 cm. This means that 34 mm is the same as 3.4 cm.

Now you try son.

Information Sheet 3

a ) 26 mm = ..... cm e ) 132 mm = cm

b ) 583 mm cm f ) .802mm = cm

c ) 94 mm = cm g ) 1 400 mm cm

d ) 680 mm = cm h ) 2 307 mm cm

Exercise 8
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(ketres, Centimetres, and Millimires

There are '100 centimetres in one metre. Thus,

201. 2:100cm 200 cm,

3m 3:100cm 300cm,

8m1 BxlOOcm . 800 cm,

36 m 036 x 100 cm m3 600 cm.

There are 1 000 millimetres in one metre, so

2m. 2:1,000m 2000 mm,

3m=, 3 x 1000mm. 3000mm,

6m. 6 x 1000nin. 6000mm,

24 m . 24 x 1 GOO mm 24 000 mm.

ths

From your work with decimals you should know that

one-lqlf of a metre can be mitten 0.5 m (fivetenths of a metre),

one-fourth of a centimetre can be written 0.25 cm

(twentyfive hundredths of a centimetreq.

This means tiiat if you want to change threefourths of a metre to

millimetres, you would multiply by 1 000. So

0,75 m 0.75 x 1 000 mm

75
x 1 000 mm

1 000

. 75 x 100 mm

. 75 X 10 mm

. 750 mm. This means that 0.75 m 750 mm,

Fill in the following chart.

Information Sheet 4

metre

m

centimetre

cm

millimetre

mm

1 100 1 000

2 200

. 3

9 ,

5 000

74

0.8 80

0.6 600 1

2.5 1 25

148

639 I

THE CENTER FOR VOCrIONAL EDUCATION

Exercise 9

17

Millilitres to Litres

There are 1 000 millilitres in one litre. This. means that

2 000 millilitres is the same as 2 litres,

3 000 ml is the same u 3 litres,

4 000 ml is the same as 4 litres,

12 000 ml is the same as 12 litres.

Since there are 1 000 millilitres in each litre, one way to change milli .

litres to litres is to divide by 1 000. For example,

1 000
1 ono ml Tgo litre 1 litre.

Or

2 000 ml ro-00 kes 2 litres.
2 000

And, as a final exami;le,

' 28 000
28 000 ml litres . 28 litrq.

1 000

What if something holds f/0 ml? How many litres is this? This, is

worked- the same.way,

500
500 ml .7-00 litre . 0.5 litre (five.tenths of a litre ). So 500 ml

. is the same as one-half (0.5) of a litre. 4

Change 57 millilitres to litres.

ml gIROtre

57 w

" . 0,057 litre (fifty.seven thousandths of a

litre).
f

Information ,Sheet 5

,Now you try some. Complete the following chart.

...

millilitres

(m1)

htres

(I)

3 000 3

6 000

8

14 000

23-

300 0.3

700

. 0.9

7 250

0.47

275

Exercise 10

3 9
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Litres to Millilitres

What do you do if you need to change litres,to millilitres? Remember,
there are 1 000 millilitres in one litre, or 1 litre'. 1 000 ml.

So,

2 litres = 2 x 1 000 ml 2 (xi ml,
7 litres = ,7 x 1 000 ml =17 000 ml,

13 litres =13 x 1 000 m1.13 000 ml,

0.65 litre = 0.65 x 1 000.ml = 650 ml.

Information Sheet 6
Now you till some. Complete the following chart.

litres

I

millilitres

ml

8 8 000

5

46

32 000

0.4

0.53

480 Exercise 11

Grams tO Kiloirams

There are 1 000 grams in one kilogram. This means that

2 000 grams is the sime as 2 kilograms,

5 000 g is the same as 5 kg,

700 g is the same as 0.7 kg, silk so on.

To change from grams to,kilograms, you use the sane procedure for
changing from millilitres to litres.

a.

Try the following ones.

40

grams

g

kilograms

kg
,

4 000 4

9 000

23 000 :.4'.-

8

300

275

4

THICENTER FOR VOCATIONAL EDUCATION,

Information Sheet 7

Exercise 12

Kilogtims to Grams

To change kilograms to grams, you multiply by 1 (00,

4 kg= 14 x 1000g= 4000 g,
23 kg = 23 x 1 000 g = 23 000 g,

0.75 kg = 0.75 x 1 000 g = 750 g.

Complete the,tbllowing chart.

kilograms

kg

grams

g

7 7 000

11

- 25 000

0.4

10.63

175

Information Sheet 8

Exercise 13

Changing Units at Work
Some of the things you use in thi occupation may be measured in
different metric units. Practice ellanging each of the following to
metric eqtrivalents by oompleting these statements.

a ) 500 cm of steel rod is in
b ) 250 ml of rust preventative is

1

c ) 5 cm diamethr pipe is mm
d ) 2 500 g of lapping compound is kg
e ) 120 mm drift is , cm
1 ) 0.25 lite of paint is ml
g ) 2 000 kg of steel is . t
h ) 30 cm hacksaw is VII
i ) 10 cm bolt length is mm
i ) 500 g of hand cleaner is . kg
k ) 3 m steel-tape it min

' I ) 500 tai of cutting oil is 1

m) 2 litres of cutting fluid is ml
n ),10 mmdieis cm
° ) 15.0 mm reamer is cm

Exercise 14 Lit



UNIT A

OBJECTIVE

The student will recognize and use

instruments, tools, and devices for mea-

surement tasks in this occupation.

. 'Given metric and Customtuy tools,

instments, or device's, differentiate

between metric and Customary.

Given a measurement task, select

and use an appropriate tool, in-

strument or device.

Given a metric measurement task,

judge the metric quantity within 20%

and measure within 2% accuracy,

SUGGESTED TEACHING SEQUENCE

1. Assemble metric and Customary measur-

ing tools and devices (rules, scales, °C

thermometer, drill bits, wrenches, .

micrometer, vernier calipers, feeler gages)

and display in separate groups at learning

stations.

2, Have students examine metric tools and

instruments for distinguishing character-

istics and compare them with Customary

tools and instruments.

I Have students verbally describe charac-

.teristics.
,

4. Present or make available Information

Sheet 9.
... $

5. Mix metric and Custoinary tools or

equipment at learning station. Give

, studen Exercises,15 and 16.1

Test peormance by using Section C of

"Nting MetriC"A"bilitiés."

THE CENTER FOH'VOCATIONAL EDUCATION

SELECTING AND USING,

METRIC INSTgUMENTS , TOOLS AND DEVICES

Selecting an improper tool or misreading a scale can resul in an improper sales form;

damagetimattrials, orilnjury to self or fellow workers. For exaiple, 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

suggestions:

1. Find out in advance whether Customary or metric units, tools, instruments, or pro-

ducts are needed for a given task.

2. Examine the tool or instrument before using it.

3. The metric system is a decimal system. Look for units marked off in whole numbers,

tens or tenths, hundreds or hundredths.

4. Look for metric symbols on the tools or gages such as in, mm, kg, g, kPa,

5. Look for decimal fractions (0.25) oqlecimal mixed fractions (2.50) rather than com-

mon fractions (3/8) on drill bits, feeler gages, etc.

6. Some products rhay have a special metric symliol such as a block Iv1 to show they are

m etric.

7. Don't force bolts, wrenches, or' other devices which,are not fitting properly.

8. Practice selecting and using tools, instruments, and devices.

J
Information Sheet 9

43
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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 metricscaled 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, instrummit, or task.

1. Turn a piece of steel on a lathe to 20 min.

2. Check the.diameter of a round dowel.

3. Measure the pitch of an M3 tap.

4. Drill a 6 mm diameter blind hole in a piece of steel.

Measure the hole drilled in No. 4:

V.

a. Diameter

tr.- Depth

S, Tap a M3ix 0.50 hole in a piece of steel.

7. Locate and scribe two centers for holes on a 10 cm
; cebterline.

S. Measure the distance across the flats on a piece of hex

material.

9. Grind a piece of steel to a surface finish.

10. Check the temperature of a liquid bath for heat treating

steel.

11. Space holes equally on a disc.

12. Adjust the infeed rate on a cylindrical grinder

13. Set the infeed rate on a cylindrical grinder to cut a taper.

For the tasks below, estimate the metric measurement to within

20% of *al measurement, and verify the estimation by measuring

to within 2% of actual measurement.

Estimate , Verify

1. . Thickness of cut-off wheel on a
grindet

2. Spacing of tool rest for offhand

glinding

3. Mass of steel for a product

4. Diameter of a wire for a product

5. Diameter of a round rod for a
product

6. Dimensions of hand chisel blanks:

a. Length

b. Thickness

7. Dimensions of hot rolled plate for
a job:

a. Length

b. Width

c. Thickness

8. Temperature of quenching oil f4
heat treating

9. Length of steel bar stock for a jbb

10. Volume of a conttner of cutting
oil to be requisitioned

11. Dimensions of polished drill rod or
tool steel:

a. Diameter

b. Length

12. Maximum cut on a milling cutter
with a tool and cutter grinder

(11:CTM CFATEI) FOR VOCATIONAL EDUCATION
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OBJECTIVE
9.

The student will recognize and use metric

and Customary units interchangeably in order-

ing, selling, and using products and supplies in

this occupation.

Given a Customary (or metric) measure-

ment, find the metric (or Custoinary)

equivalent on a conversion table.

Given a Customaxy unit, state the re-

placement unit.

SUGGESTED TEACHING SEQUENCE

1. Assemble packages and cOntainers of

materials.

2. Present or make gailable Information

Sheet 10 ahd Table 3,

3. Have students find aPproximate metric-

Customary equivalents by using

Exercise 17. .

. Test,performance by using SectiOn-D of

"Testing Metric Abilities."

THE CENTER FOR VOCATIONAL EDUCATION
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(
METRIC-CUSTOMARY EQUIVALENTS

During the transition period there will be a need for finding equi lents between. systems.

Conversion tables list calculated equivalents between tl1 two systems. en a cjose equivalent

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

1. Determine which conversion table is needed.

2. hok up the known number in the appropriate column; if not listed, find numbers ypu

can add together to make the total of the known number.

,L4

3. Read the equivalent(s) from the next column.

--\
#Table 3 the next`page gives an example of a metric-Customary conversion table which,

you can use or practice in finding approximate equivalents. Table 3 can be used with Exercise

17, Part 2 and Part 3.

Below is 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

symbol k, means "nearly equal to."

1 cm 0,39 inch

1 m 3,28 feet

1 m k, 1.09 yards

1 km :k 0.62 mile'

1 cm2 k 0.16 sq in

1 m2:4, 10.8 sq ft

1 in2 1.2 sq yd

1 hectare 2.5 acres

1 cm3 0.06 cu in

1 m3 k 35.3 cu ft

1 m3 k 1.3 cu yd

1 inch 2.54 cm

1 foot ,k 0.305 m

1 yard .kf, 0.91 m

1 mile 1,61 km

1 sq in % 6.5 crg

1 sq frk 0.09 171'2

1 klYd 0.8 II12

1 acre k 0.4 hectare

1 cu iro: 16.4 cm3

1 cu ft 0.03 m3

1 cu yd 0.8 m3

1 mk 0.2 tsp

1 mk 0.07 tbsp

1 1:k 33.8 fl oz

1 1 4.2 cups

1 k 2.1 pts

1 k 1.06 qt

1 k 0.26 gal

1 gram k 0,035 oz

1 krz: 2,2 lb

1 metric ton 2205 lb

1 kPa 0.145 psi

1 tsp 5 ml

1 tbsp 15 ml

1 fl oz z: 29.6 ml

1 cup k 237 ml

1 pt k 0.47 I

1 qt k 0.95 1

1 gal k 3.79 I

1 oz k 28.3 g

1 lb k 0.45 kg

1 ton k 907.2 kg

1 psi k 6.895 kPa

*Adapted from Let's ,Ifeasure Metric. A Teacher's Introduction to ,Ifetric Measurement, Division of Educational

Redesign and Renewal, Ohio Department of Education, 65 S Front Street, Columbus, OH 13215, 1975,

Information Sheet 10
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CONVERSION TABLES

MILLIMETRES TO INCHES

mm Inches mm Inches mm , Inches mm Inches

100 3.93 1 10 0.39 1 0,04 0.1 0.004

200 , , 7.87 20 0.79 2 0.08 0.2 0.008

300 11.81 30 1.18 3 0.12 0.31 0.012

400 15,74 40 1.57 4 0.16 0.1 0.016

5* 19,68 50 1.07 5 0.20 0,5 0.020

600 23,62 60 2,36 6 ' 0.24 0,6 0,024

700 27.56
i

70 2.76 7 0.28 0,7 0.028

800 31,50 80 , 3.15 8 0,31 0.8 0.031

900

_.t

35.43 90 3.54 9 0.35 0.9 0.035

0
1 000 mm or 1 metre = 39,37 inches

INCHES TOIIfLIMETRES

Inches mm Inches mm Inches mm Inches mm

1

f

25.4 0.1 2.54 .01 0,25 .001 0.03

2 50.8 0.2 5.08 ,02 0.51 ,002 0.05

3 76,2 0,3 7.62 .03 0.76 .003 0,08

4 101.6 0.4 10.16 .04 1,02 .004 0.10

5 127.0 0.5 12.70 .05 1,27 .005 0.13

6 152,4 0,6 15,24 ; .06 1,52 .006 0.15

177,8 0,7 17.78 .07 1.78 .007 0.18

8 203.2 0,8 20.32 .08 2.03 .009 0,20

9 228.6 0.9 22,86 ,09 2.29 .009 0,23

10 inches = 254 mm

12 inches or 1 feet = 304.8 mm or 30.48 cm

THE CENTER FOR VOCATIONAL EDUCATION
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ANY WAY YOU WANT IT

1. You are working in a tool and die shop. With the change to metric

measurement some of the things you order, sell or use are marked

only in metric units. You will need to be familiar with appropriate

Customary equivalents in order to communicate with customers

and suppliers who use Cuitomary units. To develop your skill use

the Table on Information Sheet 10 and give the approximate

metric quantity (both number and unit) for each of the following

Customary quantities.

Customary Quantity Metric Quantity

a ) 2 lbs. of aluminum

b ) 4 qts: of rust preventative

c ) 3/4 in.diameter pipe

d ) 8 Oz. hammer

e ) 100 lbs:.of steel

f ) 3 in. tong dowel

g ) two-gallon can

h ) 4 in. paint brush

i ) 16 flLoz. of center lube

j ) 7/16 in. reamer,

) 1 pt. of cutting flUid ,

1 ) 1 gal. of thread cutting oil

m) 12 in. length wrench

n ) 6 ft. steel tape

o ) 6 in. depth gage

Use the Conversion tables from Table 3 to convert the following:

a ) 0.002 in. mm c ) 0.25 in. = mm

b ) 0.020 in. = mm d ) 0.125 in. = mm

in. ) 300 mm = in.

f ) 40.0 mm in. j ) 915 mm = in.

g ) 0.500 in. = mm k ) 5 inni in

h ) 9.00 in. MITI 1 ) 125 mm in.

Complete the Requisition-Form using the items listed. Convert

the Customary quantities to metric before filling out the form.

Complete all the information (Date, For, Job No., etc.).

Order the follOwing tool and die making supplies:

a ) Four 1 in. paint brushes

) Six 1 pt. cans of tapping bil

c:',)wo 6 ft. steel tapes

) tree 1/2 lb. jars of lapping compound

e ) Six hand chisel blanks, Y4 in. by % in, by 9 in.

23

For

REQUISITION

"."

Job No.

Deliver to

Date Wanted

QTY UNIT

Requested by

Approved by

OC, na cum FON VOCATIONAL EDUCATION
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SECIION A

1. One kilogram is about the mass

of a:

[A] nickel

[B] appli seed

ICI basketball

IDI Volkswagen "Beetle"

2. A square metre is about the

yea of:

[A ] this sheet of paper

[B] a card table top

IC ] a bedspread

[DI a postage stamp

3. The length of screws and bolts

is measured in:

[A] grams

[B] centimetres

[C] millimetres

[D] pascals

4. Surfice finishei are measured in:

[A ] milligrams

[B] micrometres

[C] centimetres

[D] Millilitres

5..:Me correct-way.to-write-twenty-

grams is:

IA J 20 gms

IB I 20 Gm.

IC] 20 g.

[DI 20 g

6? The correct way to write twelve

thousand millimetres is:

[A] 12,000 mm.

[B] 12.000 mm

[C] 12000mm

[D] 12000 mm

SECHON B

1. A piece of steel sheet 20 centi

metres wide also has a 'width of:

[A] 200 millimetres

[B] 2 millimetres

[C] 0.2 millimetre

[D] 2 000 millimetres

8. A container of 750 millilitres

Of cutting oil is the same as:

[AI 750 0001tres

[B] 7 500 litres

[C] 7.5 litres

[D ] 035 litre

SECTION C

9. For measuring in millimetres

you would use a:

[A ] container

[B] thermometer

[C ] pressure gage

[1:1] ruler

10:- For measuring Celsius you

would use a:

[A ] pressure gage

[B] rtrler

[C] thermometer

[D ] container

THE CENTER FOR VOCATIONAL EDUCATION
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11, Estimate the length of the line

segment below:

[A I 23'grams

J 6 centimetres

[CI 40 millimetres

ID] 14 pascals

12. Estimate the length of the line

segment below:

[A ] 10 millimetres

1B] 4 centimetres

[CI 4 pascals

[D ] 23 milligrams

SECrION D

13. The metric unit for liquid measure

which replaces the fluid ounce is:

[A ] gam

[B] millilitre

[C] litre

[b] hectare

14. The metric unit for mass which

replaces pounds is:
a. 4

[A] kilopascala

[B] kilograms

[C] Pams

ID] metres

bee this conversion table to
answer questions 15 and 16.

mm in. mm in.

1 0.04 0.1 0.004

2 0.08 0,2 0.008

3 0.12 0.3 0.012

4 0,16 0.4 0.016

5 0,20 0.5 0.020

6 0.24 0.6 0.024

7 0.28 0.7 0.028

8 0.31 0.8 0.031

9 0.35 0,9 0.035

10 0.39

15. The qquivalent of/12 mm is:

[A] 0.500 in.

[B] 0.12 in.

[C] 0.47 in.

[D] 0.398 in.

16. The equivalent of 2.5 RIM ic

[A] 0,100 in.

[B] 15 in,

[C] 0.25 in.

[D] 0,010 in,

TESTING METRIC ABILITIES



ANSWERS )o EXERCISES AND TEST

EXERCISES 1 THRU 6

The answers depend on the items

used for the activities.

EXELICISE 7

Currently accepted metric units of

measurement.for each question are

shown in Table 2. Standards in each

occupation ire being established

nowso ant ers may vary.

EXERCISE 8

a) 2.6 cm e) 13.2 cm

b) 58.3 cm f) 80.2 cm

c) 9.4 cm g) 140.0 cm

d) 68.0 cmk, h) 230.7 cm

EXERCISES 9 THRU 13

Tables are reproduced in total. An-

swers are in parentheses.

54

Exercise 9

metre

,rn

centimetre

cm

millimetre

mm

100 ) 1,000

200 (2 000)

3 (300) (3 006)

. 9 (900) ' (9 000)

(5) (500) 5 000

74 (7 400) (74 000)

0.8 . 80 (8001

0.6 (60) 600

(0.025) 2.5 25_

(0.148) (14.8) 148

(6.39) 639 (6 390)

Exercise 10

millilitres

ml

litres

I
,

3 000 3

6 000 (6)

(8 000) 8

(14 000) (14)

(23 ON) 23

300 0.3

700 (0.7)

(900) 0.9

250 (625)

.(470) 0.47

2.75 ' (0.275)

Exercise 11

litres

1

millilitres
nil

8 ( .8 000

(5 000),

. 46

.:

(46 000)1

(32) 32 000

(400)

0.53 (530),

(0.18) 480

Exercise 12

QTHE CENTE OR VOCATIONAL EDUCATION
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grams ,

g

kilograms

kg
,

4 000 4

9 000 (9)

23 00V (23)

L8 000) $ 8

3t)0 (0.3.,),.

275 (0,275)

Exercise 13

kiloglams

kg

grams

g'

7 000

11 (11 000)

(25) 25 000

0.4 (400)

0.63 (630)

(0.175) 175

Exercise 14

a )

b )

c )

d )

e )

f )

g )

h )

5 in i )

0.25 litre j )

50 mm k )

2.5 kg 1 )

12 cm m)

250 n )

2 t o )

300 mm

EXERCISES 15 AND 16

The answers depend on the

items used for the activities.

100 mm

0.5 kg

3 000 him

0.5 litre

2 000 ml

1 cm

15 cm

EXERCISE 17

Part 1.

a ) 0.90 kg

b ) 3.80 litres'

c ) 1.905 cm

d ) 228.4 g

) 45 kg

f ) 7.62"cm

r) 7.58 litres

h ) 10.16 cm

i ) 473.6 ml

j ) 1.111 cm

k ) 0.47 litre

1 ) 3.79 litres

m) 30.48 cm

n ) 1.83 m

o ) \ 15.24 cm

25

Part 2.

a ) 0.05 mm

b ) 0.51 mm

c ) 6.35 mm

d ) 3.18 mm

e ). 0.08 in.

f ) 0.79 in.

g ) 12.70 mm

h ) 228.6 min

i ) 11.81 in.
4

j ) 36.02 in.

k ) 0.20 in.

1 ) 4.92 in,

Part 3.

a ) 4.2.54cm

b ) 6.0,47 litre

c ) 2.1.83ni

d' ) 3.0.225kg

e ) 6. 0.635 cm by 0.635 cm by

22,86 cm

TESTING METRIC ABILITIES t

1. C 9. D

2. B 10. C

3. C

B

52, D

D

7. A

8. D
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.11. B

12. A

13, B

14. B

15, C

16. A



SUGGESTED METRIC.TOOLS AND DEVICES

NEEDED TO COMPLETE MEASUREMENTTASKS

IN EXERCISES 1 THROUGH 5

(* Oirtionalr

LINEAR

Metre Sticks

Rules, 30 cm

Measuring Tapes, 150 cm

*Height Measure

*Meta Tape, 10 m

*Thmdle Wheel

*Ara Measuring Grid

VOLUMEICAPACiTY

*Nesting Measures, set of 5,

50 ml. 1 000 ml

Econoniy Beaker, set of 6,

50 ml. 1 000 ml

Metric Spoon, set of 5,

1 ml. 25 nil

Dry Measure, set of 3,

50, 125, 250 ml

Plastic Litre Box

Centimetre Cubes

MASS

Bathroom Scale

*Kill= Scale
*Plitform Spring Scale

5 kg Capacity

10 kg Capacity

Balance Scale with 8.piece

mass set .

*Spring Scale, 6 kg Capacity

TEMPERATURE

Celsius Thermometer

,
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SUGGESTED METRIC TOOLS AND DEVICES

NEEDED TO COMPLETE OCCUPATIONAL

MEASUREMENT TASKS

In this occupation the tools needed to complete Exercises 6,

15, and 16 are indicated by "it."

A. Assorted Metzic HardwareHex nuts, washers, screws,

cotter pins, etc.

Drill BitsIndividual bits or sets, 1 mm to 13 mm range

Vernier CaliperPocket slide type, 120 mm range

MicrometerOutside micrometer caliper, 0 mm to 25 mm

range

Feeler Gage-13 blades, 0.05 mm to 1 rum range

Metre Tape-50 or 100 m tape

ThermometersSpecial purpose types such as a clinical

thermometer

H. ' Temperature DevicesIndicators used for ovens, freezing/

cooling systems, etc.

* I. ToolsMetric open end or box wrench sets, socket sets,

hex key seta

J. Weather DevicesRain gage, barometer, humidity, wind

velocity indicatorr

K. Pressure GagesTire pressure, air, oxygen, hYdraulic, fuel,

etc.

L. VelocityDirect reading or vine type meter

M: Road MapState and city road maps

N. ContainersBuckets, plastic containersi etc., for mixing

and storing liquids

0. ContainersBoxes, buckets, cans, etc., for mixing and

storing dry ingredients

B.

C.

D.

E.

F.

G.

Most of the above items may be obtained from local industrial,

hardware, and school suppliers, Also, check with your school district's

miith and science departments and/or local industries for loan of their

metric measurement devices.

'Measuring devices currently are not available, Subititute devices (i.e., therinometer)

may be used to complete the measurement task.

56
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REFERENCES
Let's Measure Metric, A Teacher's Introduction to Metric Measurement Divi

lion of Educational Redesign and Renewal, Ohio Department of Educe-

tion, 65 S. Front Street, Columbu, OH 43215, 1975, 80 pagm; 91.50,

must include check to state treasurer.

Activity-oriented introduction to the metric system designed for indepen .

dent or group iniervice education dudy. Introductory Information about

metric measurement; reproducible exercises apply metric concepts to

common meesurement aituations; laboratory activities for individuals or

groups. Templetes for making metre tape, litre box, square centimetre grid.

Measuring with Meters, or, How to Weigh a Gold Brick with a Meter.Stkk.

Metrication Institute of America, P.O. Box 236, Northfield, IL 60093,

1974, 23 min., 16 mm, sound, color; $310.00 purchue, $31.00 rental.

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

to many COMM objects. Screen overprints show correct use of metric

symbols and ease of metric calculations. Relationship: among metric

measurea of length, area, volume, and mass are illustrated in interesting

and unforgettable ways.

Metric Education, An Annotated Bibliogra0 for Vocational, 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 mateiials, referencemate-

rian and resource list for secondary, poetlecondary, teacher education,

and adult basic education. Instructional materials indexed by 15occu.

pltional clusters, types of materials; and educational level.

Metric Education, A Position Paper for Vocational, Technical and Adult Ed

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 nines in metric education,

theinetric system, the impact of metrication on vocational and technical

education, implications of metric instruction for adult basic education,

and curriculum and instructional atrategies.

Metrics in Career Education. Lindbeck, John R., Charles A. Bennett Company,

Inc., 809 W. Detweiller Drive, Peoria, IL 61614, 1975, 103 pages, $3.60,

paper; $2,70 quantity school purchase.

Presents metric units and notation in a well.illutrated manner. Individual

chtpters on metrics in drafting, metalworking, woodworking, power and

energy, graphic arts, anclhome economics. Chapters followed by several

learning activities for etudent use. Appendix includes conversion tables

and charts.
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Taking the Tricks Out of Metrics. Metric Tnining Department, Creative

Universal, Inc., Tower 14, 21700 Northwestern Highway, Southfield, MI

48975, 1976, 4 boOklets; $3.00 each, $12.00 tat, diecounts.

Series of booklets presents steplyetep directions, questions, answers on

how to read metric meaturement tools; micrometers, vernies calipers, rules,

dial indicators.

klei?

METRIC SUPPLIERS

Brown & Sharpe Manufacturing Co., Precision Park, North Kingstown, RI 02852

Industrial quality micrometers, steel rules, screw pitch and thicknees gages,

squares, depth gages, cilipen, dial indicators, conversion charts and guide,

Central Instrument Company, 900 Rivenide Drive, New York, NY 10032

Drafting rules and scales for drafting, engineering, architecture, conversion

tables and slides, poster*, teaching aids, firaftinjt templates.

Dick Mick Company, P.O. Box 1267, Galmburgo IL 61401 .

Instructional quality rules, tapes, metre dicks, cubes, height measures,

trundle wheels, manning cup' and epoons, pupal odes, gramlkilogram

scales, feeler and depth gages, Waken, thennometem, hitt and other aids.

The L. S. Starrett Company, 121 Crew, Wit, Street, Athol:MA 01331

Machine tool precision measuring divices, micrometer', calipers, dial

indicators, steel rules.

Millimeter Industrial Supply Cop., 162 Central Avenue, Farmingdale, L. I.,

Nit 11735

Industrial fastener's, taps, dies, reamers, drills, wrenches, rinse, bushings,

caliperOdeel rules and:tapes, feeler gages.

Ohm Sale Corporation, linianover Road, Florham Park, NJ 07932

.-)1nstructioial quality and precnion balances and scales, Oldie calipers and

..lackable gram cubes for beginners.

Regal.Beloit Corporation, Box 38, South Beloit, IL 61080

Machine fasteners, gages, taps and dim, precision micrometers, calipers,

steel rules, inspection devices.

INFORMATION SOURCES

American National Metric Council 1625 Massachusetts Avenue, N.W., Wallington, .`

C 20036

'
Charts, poeters, reports anclpamphlets, Metric Reporter newalette. National

metric coordinating council representing industry, government, education, . ,

protestional and trade orianizations.

,

Nationsl Bureau of Stade*, Office of Information Activities, U.S. Depertment of

Commerce, Washington, D C 20284.
,

Free and inexpensive metric charts Ind publications, also lends films and

dIsPlays.


