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TEACHIN9 ANDLEARNING

THE ME 4iIIC SYSTEM

:NI; met lc instructional package was designed to meet joblelated

metric measur.ment 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

in classrooms in different parts of the United States, and revised befOre

distribution, A

Each of the five units of instruction contaihs performance objec-

tives, learning activities, and supporting information in the form of

text, exercises, and tables. Infaddition, suggested teiching techniques

aiT included. At the back of this package are objeaive-based evaluation

items, a page of aswers to the exercises and tests, -a list of metric

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

Classroom experiences with this instructional package suggest the

folloWing,teaching-learning strategies:

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

system fun:,

2.. Students learn better when metric units' are compared to familiar

cii?ject. Everyone should learn, to "think metric." Comparing

metric units to customary units' can be confusing.

3. w , Students will learn quickly to estimate and measure in metric units

b*doi

:k Students should 'have experience with Measuring activities.before

getting toynch information.
.

. Nlove tlxough the units in' an' order which emphas'izes' the sim-

plicity of the metric systeth, (e.g., length to area to volume).

6. Teach one concept at a time to avoid overivhelmiN students with

too much material.

Unit 1 is a general introduction to,the'metric system of measure-

ment which vrovides informal, hands-on APeriences for the 'students,

ThiS unit enables students to become familiar with the basic metric

units, their syMbols, and measurement, ihstruments; and to develop a-

set of mental references for metric-values. The metric system of notg-

tion also is explained.

er'

Unit 2 provides the MetrIc terms which'are used in this occupation

and gives experience with occupational measureMent tasks,

Unit 3 foctises on job-related metric equivalents anti their relation-

ships.

Unit 4 provides experience with recognizing and usi metric

instruments And tools in occupational beasurenient task. It also pro-

'Tides experience in comparThg metric and customary measureMent in-

kruthents.

Unit 5 is designed to give students'practice in converting custom-

ary and metric measurements. Students'should learn,to "think metric.'

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

conversion tibles will' be useful during the transition, to metric in each /

occupation.

.Using These Instructiónal Materials

This pa4age was designed to help' studentslearn a core of knowl-

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

exercises facilitate experiences with measurement instpents, tools,

and devices used in this occupation and job-related task of estimating

and measuring.

This )instructi package also iVas designed to accommoda,te

variety of individual ica. hing and learning styles. Teachers are encour-

aged to adapt these rr riáIso their own classes. For, example, the

information sheets may be given to students for ielf-study. References

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

pendent study, sill groups, or wihole-class activities. All of the

materials can be hpanded b.y the teacl*;

Gloria 'S Cooper

Joel H Nlagisos

Editors

his publication was' developed pursuant to contract No OEC.0.74,9335 with the, I

Bureau of Occupat4nal and Adult Education, U SsDepirtment of 'Healtli, Educe.

!ion and Welfare. 'However, Ike cipinions expressed herein d6 not necessarily

reflect the position or :policy of the S,' Offide of Education and no official

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



SUGGESTED TEACHING SEQUENCE

These introductory exercises thy require

two or three teachingperiods for all five

areas of measurement.

Exercises shOuld be followed in' the order

given to best show the relationship

etween length, area, and volume.

3. Assemble the metjic measuring devices

(rules,tapes'AiTes, thermometers, and

measuring cltainers) and objects to be

measured.*
. ,

Set up tkequipment at work stations

foCusq by the whole,class or as individu-

alizedriesource activities.

5. Have the students estiniate, measure, and

reccid using Exercisesq through 5.

Present information on.notation and

make Table 1 available,

7. Follow up with glop discussion of

activities.

"Other schordrhartments may have devices which

can he used. Metriesupptiers are listed in the reference

section.

OBJECTIVES

The student will demonstrate these skills for the Linear, krea, Voluthe or Capacity, Mass, and ,

Temperature Exercises, using the metric terms and measurement devices listed, here.

SKILLS

,

I Recognize and use the

unit and its symbol for:

2 Select, use, and read the

appropriate [Untiring

instruments for:
,

,

3. State or show a

physical reference for:

'
EXERCISES

'.
Linear

. (pp, 3 .4)

ATell'

,

(pp. 5. 6)

Volume or Capicity

(pp. 7 81

. Mill , r

(pp. 9 .10) ,,

Temptrature

(pill ,

millimetre Imml

. centimetre (cm)

metre (m)

,i
r

.

I

square

centimetre

(cm
2

):

squire

metre

.(m. )

a ,
,

,

cubic centi..

metre (cm)) .

^

cubic metre°

Im

j
I

litre \ (I)

Millilitre (mil

i

'44,

gram (g).

kilogram (kg)

.

degreeteliius

, 16

i
.

4. Estimate within 25%

of the icak measure

i

height, width, or

length of objects' ,

the area of

a' given surface

iconicity o'f

Icdpkiners

the mass of objects

oin grams and kilo

grams

the temperature of&

the sir or a liquid

.

.

. Read correctly

,

'

r-

. metre stick, mitric ,

tspe measure, and/.

.w,
metric rulers

I

,

o

,

i
meuurements .

io5groduatO

volume Incisor.

ingflevices
,

.

.

a kilogram scale

and i gram scale

e di 4 .

A Celsius thermometer '

RULES OP NOTATION

1. Symbols ai,e not capitalized unles the unit Is a proper name (mm not MM).
,

.2. Symbols are ntt followehy periods (m not m.).

3. Symbols are not followed.by an,s for pltfrals'(25 g ndt 25 gs).

A space separp.e&the numerals from the unit symbolisj4.1 not 41).

5, Spaces, not commas, are used to separate large numbers into group orthree
digits (45 271 k 271 km).

1-.VAzero Precedes.the dem point ilthe number is lest than one (0.52 g not 5 )
,,.

7. Litre and metre ean be s ell a either with an -re or -er endirx

0 '.1

4

Informatidn Sheet 1
, .



METRIC UNITS, SYMBC11, AND kidERENTS METRIC PREFIXES'

Quantity Metric Unit Symbol Useful Dferents

Ikngth

.

,

millinietre ,

:,
mm Thickness of dime or paper,

clip wife

centimetre
. .

cm Width of.paper,clip

metre rn
. , .

,

Height.,of door about 2 rii

kilometre krn 12.minute walking distance

Area

,
.

,
.

square

centimetre

.

,
cm

, .

Area of this space

.

.
,

square metre m2

...

.

Area of card table top

hectare

.

hp' Football field including sidelines

and end zones

o .

Volume,and

Capacity ,

.
,

. ,

/

.

millilitre nil
V.

Teaspoon is 5 ml
,

'

litre' /
. I

A little more than 1 quart
, L.

cubic

centimetre

, .

cm
3

Volume of this container

.

,e=7

cubic metre m3 A little more than a albic yard
ii

Mass

.

-
milligram mg Apple seed about 19mg, grain of

salt, 1 mg

gram

,

g

k
\ Nicker*ut 5 g ,

kilgrm,io ,. kg pe .' s\Collegiate Dictionary6

metric ton

A 1 000 kilograms) t

.\ \ 7
4

.1?ilt.swilt.gan Beetle

THE CENTEVOR VOCATIONAL EDUCATIO:4,1

II

0

.
Multiples and

Submultiples
..Prefixes Symbols

1 000 000 = 106

I.
mega (mrg) , M ,

1 000 ;103 kilo (k45) k

100'., 102 hecto (Wek't15) '`. h

10 = 101 . deka (clik'a) I do

.Base Unit 1. 10o :

: ,01. = 10-1 deci (dell)

, 0.01 c t0-2

..

' 0,001 =,10T'3

centi (sen'tioe

milli (rtill'i)

11 c

rn

0.000 001 = 10-6 Micro (mTkr-o) ,

, ,

, Table 1-b



LINEAli,MEASUREMENT ApTIVITIES

Metre, Centimetre, Ni illimetre

THE METRE (m)

A. DEVELOP A FEELING FOR THE SIZE OF A METRE

1, Pick up one of the metre

sticks and stand it up on t,he

floor, Hold it in 'place with

one hand. Walk'around the

stick. Now stpd next to

4he stick. With your other

hand, touch yourself where

the top of the metre stick

comes O,i,you.

4.

THAT IS HOW HIGH A METRE LS!

Hold one arm out straight

, at shoulder height. Put

themetre stick along franti until the endshits the

end of your fingers. Wliere

is the otti& end of,the

metre stick? Touch' your-

self at that end,

iTHAT IS HOW LONG A METRE IS!

THE CENTER \041,21991,T1ONAL EDUCATION
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3. ChOose a partner to stand

at your.side, Move. apirt

so that you can put ono

end of a,metre stick on

your partner's shoulder

and the other end on

your shoulder, Look at

the space between you.

THAT IS THE WIDTH OF A METRE!

' B. DEVELOP YOUR ABILITY TO. 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 item§',
I. ;

Estimate the size of the items and write your estimate in e

,ESTJMAE cOlumn. Measure the size with your metre stick

and wfite the answer in the MEASUREMENT column.

Decide'how close your estimate was to the actual measure. If

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

"Metric Marve17/

Height of door knob

fron1oor.

lit of door.

3, Length of table,

Width of table: .

Length of wall of

this room.

5,

Distance from

you to wall.

How Close

Estinfate Measurement Were You?

(m) (m)

Exercise 1

(continued on mext page)

9 vk 1 1



'

THE cOrri, TRFiOnl)

1 tr

4/

,

)

c there at'e 100 renlimetm m nne metre. lthere arell met'ip;lari'd

cel)timetresagji writi .1'03 em 111 x 106 cm),+ 3 cm 400.ecrn',

.

t,
DEVELOP A FEFIING FOR TH E OF,,ACINTINIETW

kcy. ?,,,

4,

1 , Hold the metri4ruler tigainst he witith of yout ,.r , /A wiq is ig . c

A. , I

asgure'ydiufthuilib th?fitst ttthe end
.;

_

3 Use tile metritruiel. ta find the width of your palm.
.

7,5

4 Ayleasure 'Our index or pointing fingef. How rong is a? ,

Measu* yoUr wrist 'with a" tape measure, What is' the distance

around it? cm

Usittie tapinitsutrio find yopr waist size. cm

,f)EVELOP YOURAI3ILITY TO ESTIMATE IN CENTIMETRES

are nowiady to estimate in,centimetres. For each of the

',ling items, few the proce6res used for estimating in

How C14\lose
Estimate tvkasurement Were You?

(61) (cm)

m

1, Length of a. papar

clip.

Diameter.(widthl

of a coin.

3, Width Qa

postage stamp.

, Length of a

pencil.

5. Aidth,of a sheet'

of paper,,,,

INimwmassiI.,

"r=

THE CENTER FOR VOCATIONAL EDUCATION

t

12

mp,1.1.1M

,

" ,

THE MILNE RE (mm) I \i,;k 1./J

14
tr,re are 1,0 milli etres in pne centimet0. W11,e.n a measurement is

2 centimetres and 5 mithmetres, you write 25mm [(2 x 10 mm)
nun mm + 5 min]. 'Thre 1 000 rpni in 1 m.

bEVELOB,A VELING FOR ri9E;rSI2E OF A'MILLIMETRE
, .

Usigàruler markedlri mIliinetres, rnea'sure:

v
1,

, Thickness bra Oer clip VAR. MITI

2. Thikess of Your,fingernail. mm .

3, Width of your fingernail. a', mm

4. Diameter (width)of a 'ein,' mm

5. Diameter (thickness) Of your pet': . nim

k Width of a'postage stamp.

.DEVELOP YOUR,ABILITY TO ESTIMATE iN MILLINETRES
.

You are now ready to estimate in Millimetres. For eh of the
-following items,,follow the procedurdused for estimating in

metres.

1. Thickness of a .

nickel.

2. Diameter (thickness)

of a liolb

3. Length of a bolt.

4. ,Width of a sheet

of paper. S

5. Thickness Of-a board

or desk top. '

6, Thickness of ,a

button.

,

'How Close

'Estimate Measurement Were You?

(mm) (ibm)

.

11.11

mms...1

INI

Exercise 1

13



1'

4

AREA MEARIOENT ACTIVITIES
4 .

e,.

8quare Cotithetre, Square.Metre
.. .1

7 ,

WHEN', YOU IgRIBE Tj)OREA OF SOMEThtING, YOU ARE

Shth.1 HOW 1,ANY SQUARES OF A Gif EN.SIZ)E,IT TAES TO
..

COVDR T.IIES RFACE.

. ,
I. THE S4UARE CENtIMETRE (cm2 )

,

-N ,
, J ,,,,://'

,

DEVELOP A FEE,LINC FOR A SQUAE CatkqIMETRE :
, ) , 4

7/1. Take a clear
P

plastic grid, orpe the griclion page 6. t1/

,
i,. i r t r"

/ 2, Measure the length and width of ope of these-1;nall

squves with a centimectre ruler:
4

TV IS ONE SQUARE CENTIMETRE!

3. Place' your fingernail Over the grid. About how many

Squares does it take to cover your fingernail?

Pcm2

4. Place a coin over pie grid. About how manY squares

does it take to cover the coin? cni2
,

5, Plad,e a postage stamp over the grid. About .howmany

squares does it take to cover the postage stamp?
2 ,

Place an envelope 'verthe grid. Abbut how niany

squares does it take to covp the envelope?

_cm2

7. Measure the length and width Of the envelope in centi-

metres. Length cm; width, cm.

Multiply to find the area in square centimetres.

cm x cm = ern' How

close are the answ. ers.vive in 6. and in 7.?

THE CEWER FOR VOCATIOIAL EDUCATION

1

I

DEVEtO UR ABILITY TO ESTIMATE IN$ UARE

*CENTIME ES

You are now ready to develp your ability to estimate r
1

Fl square centtieies,

'Remember the size of t s'qua'te centimetre. For each of the, .

following-items; folldw the procedures used4or sti mg in

tr s.

Index card.

.2. Book co'ver.

3. Photograph.

4. Windcsiv pane or

desk top.

14",2 . ^

iHow Close

Estimate ..

(Cm2

asuie tit 'Were You?
.

#

THE kAJARE METRE (

A. DEVELOP A FEELI G FOR,A SQUARE METRE
, 4

1. Tape four metre sticks together to.mike a squar6 Which

is one metre long,apti one metre,iVide.
F

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

big it is.

Place the'square ortthe floor in a corner. Step back and,
look, See how mtiCh floor space it covers. I'

4

4. Place, the squareNera tabletop or desk to see how

much space it coWrs.

5. Place thOquare against the bottomof a door. See how

muchtof the door it covers. How nany squares would it

take tio cover the door?' '' m2

THI 45 HOW BIG A SQUARE METRE IS!

.

,\

Exercise 2

(continued on'nexPpage)

15



DELI' YOUli ABILITY TO ESTIMATE IN 'SQUARE .)

..METR S

re

You are E readyp estimate in square metres. Follow the
procedult used fol. estimating in metres.

litA, Ole
Estimate Measurement Were You?

(In2, ) (in2 )

,poor.

Full shit.

newspaper.

, 3; clialkbo;.rd-IF

Floot,

5. Wall, 6

6, Wall chart or pqtec.

Side of file cabinet,

#,

.=1

,/1

CENTIMETRE GRID

a,

4

16

Exercise 2

4



VOLUME MEASUREMENT ACTIVITIES

Cubic Centimetre, Litre, Millilitre, Cubic Metre

THE CUBIC CENTIMETRE (cm3 )

Al DEVELOP A FEELING FOR THE CUBIC CENTIMETRE'
\

Pick up a colored plastic cube. Measure its length;

4 ,heigilt, and width in. centimetres.

THI(TIS ONE CUBIC CENTIMETRE! t.

(

2. Find the volume of a plastic, litre box. .

1,

18

a. Place a ROW of cubes against the bottom bf oAJide

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

b. Place another ROW dlicubes'against an adjoining side

of the box. How many rows fit inside, the boa

to make one layer of cubes?
,

How many cubes in each row?

How many cubes in the layer in the bottom of the

bo'x?
a

r /

c, Stand a AOW of crtilbes up against the side of the boi

Now maily LAYERS would fit in, tke hox?
,

How many cubes in each, layer?/ How many cubes fit in the box altogether?
4,

THE VOLUE OF THE BOX IS CUBIC

CENTIMET S

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

centimetres, Length cm; width , cm.;

height cm. Multiply fhese numbers to find

,the volume in cubic centimetres.

cmx CM Cm=

Are the answers the same in c\nd d.?

THE CENTER FOR VOCATIONAL EDUCATION

B, DEVELOI) YOUR ABILITY TO ESTIMATE IN CUBIC

ENTIMETRES

You are now ready`to develop your abiky to estitnate

in cubic centimetres.

member bè size of a cubic centimetre. For each of.

the 'following i ms, use the procedures for estimating in

'metres.

1. Index card:file

box. ,

,

Freeth container.
N

3: Taper chp box.

4. Box of staple's.

How Close

Estimpte , Mtasurernent WereYou?e

(cm) (cm3 )

t

,

THE LITRE (I) ,

A. DEVELOP A FEELING FOR A LITRE
*3

1. Take a one litre beaker and fill it irith water.

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

Kually do. How many cups do you fill?

THAT IS HOW, MUCH IS IN ONE LITRE!

3. Fill the litre Atainer with rice.

d

THAT IS HOW MUCH IT TAKES TO FILL A ONE

LITRE CONTAINER!

Exercise 3

(continued on next page)

19



.

B. bEVELOP YOUR'ABILITY TO ESTIMATE IN LITRES

'46(1 are now ready to de op ourahility to'estimate in .

litres. TO wr,ite two an .one-Half litres, you w4e 2.5 1, or
2.5 litres. .`to write on half li e, you write 0.5'1, or 0.5
lige:To:write two and t ree-fo

,

rths litres, you write
2.R,1, or 275 litres.

,

For each of the following items, use the procedures for
estiniarg in metres,-

.

1 V How C1osN
. I Estimate 4ast&emi Were You?

(1) (1)

B. DEVELOP YOUR ABbrY *STIMATE IN lvfiLLILliRES,

Mediuml-size

fr ezer container.

Large er

. container. 1

Small freezer

container, ,

Bottle or jug. ,

IIL THE MILLILITRE (m1)

.....111

1,11.01111.

Idgaa.,
,

40/)

,

There are 1 000 Millilitres in one litre. 1 000 ftl 1 Iity. Half
xa litre is 50 millilitres, or 0.5 litre = 50G mi.

r
A. DEVELOP A FEELING FOR A MILLILITRE

1. Examine a centimetre ctibe. Anything which holds
1 cm3 holds 1 ml.

,2. Fill a 1 millilitreineasuring spoon witb riCe. Einpty the
poon into your hand:, Carrully pour the rice into a
mall pile on a sheet of papert

\.)

HAT IS HO%MUCH ONE 1LLILITRE IS!

Fill the 5 nil spb n with rice our the riCe int!another
pile on the sheet of papr.

THAT IS 5 lkflIyILITRIES,OR ONE TEASPOON! /

Fill the 151mIspoOn with rice. pour the rice intot third
pile on'the paper.

THAT IS 15 LIL.ITRES, OR ONE TABLESPOON!

THE CENTER FOR VOO TIONAL EDUCATION
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You are now ready to estimate in millilitres. Follow the

procedures used for estimatirng metres.

1. Small juice can.

2. PRer cup or tea

3. Soft drink/Cali.

4. Bottle.

How Close

Estimate hiastutment Were Y u?

(1111)

IV. THE CUBIC TRE (m3) f'

/A. DEVELOP A FEELik'IG FOR A CUBIC METRE'

, 1. Place a one metre square on 'the floor next to 'tn'te wall.c

. 2. Mmure a 'titre UP the w 1.

Picture abox that would fit into that space.

T'HAT IS THE:VOLUME OF ONE,CUBIC METRE!

./

B. 'DEVELOP YO'UR ABILITY TO ESTIMATE IN CUBIC METRE'S

each of the following items, follow the estimating,loced-
ures used before.

1. Office desk.

2. File cabinet.

3. Small room.'

Estimate Measurement

(111') (1113)

I.

How Close

Were Vim?

9 ,

Exercise 3

21
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MASS (WEIPHT) MEASUREMOT ACTIVITIES /
z,

lilogYam,
Gtatri 1t

i '' \ 0 '. .

The'Oss of an qhject is a measureof the iiount of matter in the .

object. This amount iis always the same unless you add or subtract sOme

matter fionqhe ANL Weight is the term that Most people Use w

'( they mean .mass. The weight of an object is affected by yitTie
mass)of an object is not. For example, we. ht of a person n earth

might be 120,poufrlis; that same pepo 's weigh oll.the moon Ould be

20 pounds. ThiS dIfference is because thpu i q avity on the toon
, e ,

is less than the pull of gravity OIT earth,,,A rson rpass 6n the earth

and on the moon would be thesamg. The metric system.dops not

mea ure weight--it measures mass,. We will use the term mas4 here. ..,
4,

, / r i
( .

The)syMbol forgram is.g.. ,
, i-,

he symbol'for kilogram is it\g.

6

t,

ere are 1 000 grams in one kiloqarn,,or 1 600

alf a tilograR can be writt9 is 500 g,or 0.5 kg.

quarter of a kilOgrarri cah, lie wi,jtten as 250 gor

TwO and threefourths kilograms is writt4en 'as 2.75 kg.

4'

raJE KILOGRAM (kg)

,

D EV E LOP A FEELING FOR THE MASS OF A KlitOGRAM

Using a balance or scale, fMd the masAf the items on the table.

Before you find the ass,,notice how heavy the object "feels"

and compare it to t e.. ng on the scale.or balance,

THE CENTER FOR VOCATIONAL EDUCATION

2 2

If

,

1. 1kilograrp

.2. Textbook.

3. Bag of sugar.

4. Package of paper. .

5. Your own mass.

B. DEVELOP YOUR ABIEITY TO riMATE IN KI,LOGRAMS

For the f011owing items ESkTIMATE the mass of t in

kilogram, then use the scale orbalance to fin e exact mass

of the object. Write the exa'et mass ip the ASUMENT

column. Determine how close your etjthate is:

How Close

,Estimate ,Measurement Were You?

(kg) (kg)

4

1. Bag orrice.

2. Bag of nails.

3. iLarge, purse or

Nriekase.

4. Another person.

5. A f books.

611,61

' Exercise 4
, (continued on next page)

2 3
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THE GRA (g)

A. . DEVELOP A FEELING'FOR,A GRIM

flake
a colored plaStic cube. Hold itin your ed.

Shake the cub,e in your palnias' if shaking ,Feeel the

pressure on yrdtir hand when the cube is in IPA'ton, then
when it is nct in motion.

THAT IS HOW HEAVY A GRAM IS!

I

.04

IA B. DEVELOP YOUR ABILerY TO ESTIMATE.IN,GRA. S

Y u ire now ready to iMprove.ydur ability to ejstimate..in ,
k

kgra Remember liow hetivy the 1 gram cube is, r b'eavy
the two gram cubes are, and hoiiheavythe.Ne grat cubes-
are. For each of the following items, follow the ptocedures
sed for estimatingivkilograits.

How.Close
Estimate . Measurement Were you?

(g) (t) ,

!

2. Tak a s'ondube and attach it to the First. Shate the
cu es'in first one hand and then the other hand; rest
tiè cubes near the, tips o your fingers, moving your

nd up and down.

THAT IS THE MASS.° TWO GRAMS!

Two,thumbtacks.

Pencil.

Tio-page letter

( and envelope.

4. Nickel.

5: pple:

6. P ekagg of,

margarine. `,

3, i-Take five cublin one hand and shake them around.

\ 'THAT IS THE MA)S OF, FIVE GRAMS!

THE CENTER F' VOCATIONAL EOLI,: ATION
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TEMPEkATURE MEASUREMENT ACTIVITIES

Degree Celsius

I. DEGREE CELSIUS (CC)
t

Degree Celsius CC) is the metric measure for temperature:

iDEVELOP A FEELING,FOR DEGREE CELSIUS

Take a Celsius thermomete Look at the marks on it.

I. Find 0 degrees.

WATER F,REEZES AT ZERO DEGREES CELSIUS (0°C)

WATER BOILS AT'160 DEGREESTELSIUS (100°C)

2. °C'. Is the,Find .the temperature of the room.

MOM C001, Warm, or about right?

3, Put sbme hot water from the faucet into a container.

Find the temperature. °C. Dip your finger

quickly 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

tl?e,water. Is it cool, cold, or very cold?

5. Bend your aim 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 as high as your body temperature.

NORMAL BODYTEMPERATURE'IS 37 DEGREES

CELSIUS (37°0),

A FEVER IS 39°C.

A VERY HIGH FEVER IS 40°C.

THE CV.TER'F.C.I VO' -CATIONAL EDUCATIONCC
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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-

MENT. 'See how close your estimates and actual measure-

ments are.

1. Ivfix some hot,and .

,cold water in a

container. Dip your

finger into the

water.

2. Pour out some of

the water. Add some

hot water. Dip your

finger quickly, into

the water.

3. Outdoor tempera-

ture.

4. Sunny window sill.

5. Ka of ice and water.

8. Temperature at

floor.

7. Temperature at

ceiling.

How ClOse

Estimate Measuriment Were You?

(?C) (°C)

.11111....

n

Exercise 5,

11
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UNIT

0

OBJECTIVES

The student will recognize and use the metric

temt, units, and symbols used in this occupa-

tion.

Given a metric unit, state it use in this

occupation.

,

Given a measurvaent task in this occupai

tion, select theippropriate metric unit

and measurement tool.

SUGGESTED TTHING SEQUENCE

. Assemble metric measurement tools (rules,

tapes, scales, thermometers, etc.) and

objects related to this occupation.

2. Discuss with students how to read the

toolt

3. Present and haye students discuss

Inforeation Sheet 2 and Table 2.

Have students learn occupationally-

related metric measurements by complet-

ing Exercises 6 and 7.

5. Test performance by using Section A of

"Testing Marie. Abilities."

THE CENTER FOR vOCADONAL EDUCAYION
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METRICS IN THIS OCCUPATIIN

,

Changeover tO the metric system is under way. Large corporations are alrehdy using

metric measurement to comPete 0 the world market. The Metric system has been used in

various parts of industrial and scientific commUnities for years. Legislation, passed in

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

indUstries make this metdrehangeover,'employees will need to use metric meisurement

in job-related tasks.

Table 2 lists those metric tern w/hieti are most commonly used in this occupation.

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

related tasks use measurement? Think of the many different kinils of measeements you

now make and Up Table 2 to discuss, the metric terms which replace them. See ifyou
can add to the list of uses beside each metric term.

Information Sheet 2

2C-



Metric 'Units for Small Engine liepair
.1

Quantity

.

I
Unit Symbol

.

Use

Length

(

.

jmillimetre d , mm

11 i

cam shaft, spark gap, spark plug length, stroke and bore

tolerances, length and diameter of fasteners

centimetre cm hose lengths ,.

Volumejeapacity

A

.

millilitre oil

litre
,

I

,

fuel tank

cubic centimetre
.

cm) .
(,-

.

cylindadisplacentent

Mass

..tr'

gram
.1

e

I

,
grease and heavy lubricants, countebalance mass v

,

kilogram

i

kg i

Temperature degree Celsius

u

C engine Iverating temperature

Pressure , '1 kilopascal

i

, kPli

,

pressure differential for fuel pump, compression ratings
,

Power

,

kilowatt
,

kW . power of an engine

Flow rates . millilitres per second inl/s t;.\
output rating of fuel pumps

$
litres per second l/s

OCTHE CENTER FC11 VOCATIONAL EDUCATION
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Table 2
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TRYING OUt METRIe..uNItS.

To give yOu practice with metricqinits, first estimate the measure-
pnts of the items befow. Write down Our best guess next tp the item..
Then actually measure the item.and write down your answers using the
correct metric symbols. The more you practice, the easier it will be,

Estimate Actual

Length
i

Palm width

2. Hand span

3. Your height

4. Journal measurements

5, Thickness of a nickel s

6 Thickness, of rings

hFloat length

8. Length of a lawn mower blade

9, Spark plug.

Area
10, Desk top

11. Classroom floor

12. Workbencb

13. Ileet of paper

14. Parking lot

Volume/Capacity

15. Small bottle

Estimate Actual

16 Measuring cup (mkric)

r Milk container

18, Piston displacement 1.

19. Oil can

20. 'Small box or package

21. Tool box

22. Gas can.

M ass .

23, Textbook

24, Nickel

25. Yourself

26. Fulifuel tank

27. A litre of grease

28. Quart of oil

Teinperature

Enogine operating temperature
30. ran e

,

31. Cotap water

32. Hot tap water

CCTHE CENTER FOR VOCATIONAL EDUCATION
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Exercis 6
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REPAIRING WITH.METRICS

It is important to know what metric measuremen't to use. Show

what measurement to use in,the following situations.

,

1. Volume of gas tar,*
4

,

, .

2. Capacity of cylinder .

3. Diameter of piston head
A

.

!
4. Length of a valve stem ,

4 5. Mass of greas& for a gearbox
,

, 6. Volume of oil for crank case

-4.-
,p. Capacity of a radiator

Dimensions of a small 2 or

4 cycle gas engine:

et, a. Length
. 0

,

b. Width
.

d Height .

4., mass

I.
otor specifications:

Cylinder bore

b Stroke of a plan

c. Crankshaft length

. Crankshaft diameter

10. 'Length of fuel line

11., Spark plug gap

12. Length of starter rope

13. Amount of oil required for

an oil-filter tyke of air cleaner

14. Size of lawn monrowheels

15. Lengthb.chain saw elfin

THE CENTER FOR VOCATICNAL EDUCATION
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Exercise 7
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UNIT

- 'the student will recognize and use met-
(lc equivalents.

O Givqn a metric unit, state an equivalent
, in a larger or sinaller metric.unit.

SUGGESID TEACHING SEQUENCE

Make available the Information Sheets
(3 8) arick thetssociated Exercises

(8 . 14), one at a time.

2, As soon as you have presented the

Information, have the students complete

each Exercise.

3. Check their answers on the page titled,

ANSWERS TO E ERCISES AND

TEST.

4., Test performance by using Section B of

"Titting Metrilc Abilities."

36

METRIC-METRIC EQUIVALENTS

Centimetres and Millimetres

2 3 4 5 6

Look at the picture of.the nail next to the ruler. The nail is 57 mm long. This is 5 cm + 7 mm.
There are 10 mm in each cm, so 1 mm 01 cm (one-tenth of a centimetre). This means that
7 mm.0,7 cm,so57 mm Sern+7 mm

. 5 cm + 0.7 cm

5.7 cm. Therefore 57 mm ifthe same as 5.7 cm.

Now measure the paper clip. It is 34 mm. This is the same as 3 cm + mm. Since each
millimetre is 0.1 cm (one-tenth of a centimetre), 4 min., 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.

FON VOCATIONAL EDUCATION

Now yik4y--some.

a) 26mm= cm

b) 583rnmr-. cm

c ) 94 mm cm

d ) 680 mm -- cm

j
Information Sheet 3

e ) 132 nun cm

f ) sol nun = --- cm
) 1 400 mm ~

h ) 2 307 mm

..rmwo CM

immIMMIMMISM Crn

4

Exercise 8



Metres, centimetres, and Millimetres

There are 100,centinwtres in one Metre, Thus,

2m 21100cm 200cm,

3m 3 x 100cm 300cm,

8 m 8 x 100crn 800cm,

36 m 36 x 100 cm 3 600 cm,

There are 1 000 millimetres in one metre, so

2 m., 2 x 1000pm 2000mm,

3 mf4 d 000 mml 3 000

6m 611000mm. 6000mm,

24 m 24 x 1 000 nn 24 000 rnm.

From your work with decimals you should knowfthat

one.half of a metre.qin be written 0.5 m (five-tenths of a metre),

one-fourth of a centimetre can be written 0.25 cm

(twenty-five hundredths of a centimetre).

This means that if you want to change three-fourths of a metre to

millimetres, you would multiply by 1 000. So

0.75 m 0.75x1000mñ

75
x 1 600 mo

1 000

= 75 x 100 mm

75 xl0mm

750 mm. This means that 0,75 m 750 mm..

,

Fill in the following chart.

38 .

Information Sheet 4

metre

m

\ centimetre

cm

millimetre

mm

1 100 1 000

2 200
.-

3

9

.

5 000

0.8 80 i

0,6 600

/5 25

118

639

IL
THE CENTER FOR VOCATIONAL EDUCATION
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Exercise 9
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(
Millilitres to Litres

There are 1 000 millilitres in one 4tre. This means thit

2 000 millilitres is the same as 2 litres,

3 000 ml is the same es 3 litres,

4 000'ml is the same as 4 litres,

12 000 ml is the saMe as 12 Wes.

0

0

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

1 000 rri litte 1 litre,
Or

2 000
2 000 ml 7litres 2 litrs

And, as a final example;

28 000
28 000 ml Trgliftes 28 litres.

'Rai; if something holds 500 ml? How many litres is tIlis? This is

worked the same way.

500
500 ml Troo litre 0,5 litre fivetenths of a litre So 500 ml

is the same as onehalf (0.5) of a litre.

Change 57 millilitres to' litres.

57
57 ml litre 0.057 li

1 000
tity.sev0 ihousindths of a

litre).

1
Information Sheet 5

-Now you try some. Complete the following chart.

A

41g8 gw.8 o,1444

Inillilitres

8 (w)
litres

(I)

3 000 3

6 000

8

14 000

23

- . 300. z . -0.3

700

; 0,9

'. 250

0.-17_

275

11,1 R 2 gt .1 1'

Exercise 10

39
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Litres to Millilitres

What do you do if you need to change litres to millilitres? Remember,
thereare 1 000 milhlitres in one litre, or1 litre = 1 000 ml.

So,

2 litres = 2 x 1 000 ml = 2 000 ml,

7 litres = 7 x 1 000 ml = 7 000 ml,

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

0.65 litre = 0,65 x 1 000 ml = 650 ml.

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

litres

I

millilitres

-,

mi
1

8 000

5

46

32 000

0.4

0.53 ,

480 Exercise 11

Grams'to Kilograms

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

2000 grarris.is the same as 2 kilograms,

5 000 g is the same as 5 kg,

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

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

,changing from millilitres to litres.

TrI the folloWing ones.

(1111/CTWE tiNTER FOR VOCAMNAL EDUCADON

FOS kilograms

kg

4 000 4

9 000

,23 000
4

8

05

Information Sheet

Kilograms to Grams

To change kilograms to grams, you multiply by 1 000..

4 kg 1 x 1 000 g I 000 g,
23 kg 23 x 1 000 g . 23 000 g,

0,7'5 kg = 0.76 x 1 000 750 g.

Complete the following chart,

kilograms

kg

grams

7 7 000

25 000

0.4

0.63

175

Information Sheet 8

Exercise 13

Changing Units at Work

Softie of the things you use in this occupation may be measured in
different metric units. Practice changing each ofthe following to
metric equivalents by completing these statements.

v

a )5ffO cm of rope is

b )250 ml of solution is'

c )5 cm diameter pipe is mm
d )2 500 g of grease is kg
e )120 mm of fuel line is cm
f )0.25 litre of solvent is ml
g )2 000 kg of sawdust is

1,1 )0.5 litze of additive is ml
i )2 ED of hose is

j ) 500 k of hand cleaner is kg
k )5uu ml of oil is

I

115 cm bolt is mm
m)0.5 cm tubing is mm
11 )8 em gasket is mm

Exercise 14



UNIT A

OBJECTIVE

The student will recognize and use

instruments, tools, and devices for mea.

surement taiks in this occupation.

I Given metric and Customary tools,

instruments, or devices, differentiate

between metric and Customary.

4 Given a measurement task lelect

and useian 'appropriate to4,',in.,

strument or device.

Given a metric measurement task,

judge the metric quantity within 20%

and measure 'within 2% accuracy.

SUGGESTED TEACHING SEQUENCE

Assemble metric and Customary measur-

ing tools and devices (rules, scales, °C

thermometer, drilF,bits, wrenches, mi-

crometer, vernier cahperVeeler 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,

Han.students yerlIally _describe charac.

teristics.

Present or make available Information4.

Sheet 9.

5. Mix metric oN Ctistomary tools or
,

equipment at learning station. (Give

students Txercises 15 and 16'. ,

6. Teit performance 6y using Section C ,

of "TeSting Metiic

42

(11:16
THE CENTER FOR VOCATIONAL EDUCATION
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SELECTING AND USING

METRIC INSTNMENTS TOOLS AND DEVICES

Selecting an improper tool or misreaaing a scale can result in an improper sales form,

damaged materials, or injury to self or fellow workers. For example, putting 207 pounds

per square inch of pressure (psi)\n a truck tire designed for 207 kilopascals (about 30 psi)

could cause a fatal 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 metiic system is a decimal system. Look for units marked off in whole numbers,

tens or tenths, hundreds-of hundredths.

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

5. Look for decimal fractions (0.25) or decimal mixed fractions (2.50) rather th4 com .

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

6. Some products may have a special metric sYmbol such as a block M to show they are

metric.

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

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

Informatibn Sheet 9
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WHICH TOOLS FOR THE JOB? MEASURING UP IN SMALL ENGINE REPAIR

For the tasks below, estimate the metric measurement to
within 20% of actual measurement, and verify the estimation

by measuring to within 2% of actual measurement.

'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 appr
priate precision of the tool, instrument, or task.

0.

Select and demonstrate or describe use of tools,,instruments, or
devices to:

1. Fill gear box with 1.5 kg of pose.;

2. Adjust fuel mixture on carburetor.

3. Describe the difference between a customary and a metric
tubing cutter.

4. Determine the pressure on a fuel pump.

5. Chanrspark plug(s) in small engine.

6.. Measure the compression of a two-cycle engine.

7. Measure a cam shaft and select the proper bearings.

8. Set ignition points on small engine.

9, Determine the power of an engine.

16. Pull the head of an engine and replace head gasket.

11. Replace the fuel line.

co,

Estimate Verify

1. Volume :A a storage bin.

2. Temperature of this room.

3. Amount of oil and gasoline

for three-litre eneme.

4. Work space or bench large

enough to repair engine.

5. Torque forcylinder head.

6. Find largest available entry

into classroom.

7. The fuel line for a,13.4 kW

tractor is 45 cm. From

sev al at pieces of tubing,

h
selec ke for the line'
with t least waste.

8).1rder Iglu retainer ring

land

9. Select V-belt replacernent

10. Set valve clearance.

11. Set spark-plug gap.

12. Select spark plug with

properreach.

THE CENTER FOR VOCATIONAL EDUCATION
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Exercise 15
Exercise 16
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UNIT

OBJECTIVE

The student will recognize and u e metric

and Customary units interchangeably in order-

ing, selling, and. using products and supplies in

this occupation.

I Given a Customary (or.metric) measure- ,

ment, find the metric (or Customary)

equivalent on a conversion table.

I Given a Customary unit, state the re-

placement unit.

SUGGESTED TEACHING SEQUENCE

1, Assemble packages and containers of

materials.

2. Present or make available Information

Sheet 10 and Table 3,

3, Have students find approximate metric.,

it4tomary equivalents by using '

'Exercise 17,.,

4, Test performance by using 8ectioo D of

"Testing Metric Abilities,'"

THE CENTER FOA VOCATIONAL EDUCATION
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METRIC-CUSTOMARY EQUIVALENTS

During the transition period there will be a need for finding equivalent betw n systems.

Conversion tables list calculated equivalents between the two systems. When a close uivalent

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

1. Determine which conversion table is needed.

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

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

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

Table 3 on the next page gives an example of a metric-Customaxy conversion table which

you can use for practice in finding approximate equivalents. Table,a 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 = means "nfarlyequal to."
d

1 cm = 0.39 inch 1 inch 2.54 cm 1 ml'-= 0.2 tsp 1 tsp = 5 !Ill

1 m 3.28 feet 1 foot = 0.305 m I mk 0.07 tbsp 1 tbsp = 15 ml

1 m = 1.09 yards 1 yard = 0.91 m 1 1.'= 33.8 fl oz 1 floz = 29.6 ml

1 km = 0.62 mile 1 mile = 1.61 km 1 = 4.2 cups 1 cup = 237 ml

1 cm2 = 0.16 sq in 1 sq in = 6.5 cm2 1 1= 2.1 pts 1 pt 0,47 l

I m2 10.8 sq ft 1 sq ft = 0.09 m2 1 = 1.06 qt 1 qt = 0.95 I

1 1,112\-- 1.2'sq'yd 1 sqyd 1 = 0.26 gal 1 gal -= 3.79 I

1 hectare = 2.5 acreS 1 acre = 0,4 hectare 1 gram =0:035 oz 1,6i= 281g

1 cm3 = 0.06 cu in 1 cu in = 16.4 cm3 1 kg = 2.2 lb 1 lb = 0.45 kg

1 m3 = 35,3 cu ft 1 cu ft = 0,03 m3 1 metric ton = 2205 lb 1 ton = 907.2 kg

1 m3 = 1.3 cu,yd 1 cu yd = 0.8 m3 1 kPa 0.145 psi ,1 psi = 6.895 kPa

*Adapted from Let's Measure Metric, A Teacher's Introduction to Metric MeasureTent, Division of Educational
Redesign and Renewal, Ohio Department of Education, 65 S. Front Street, Columbus, OH 13215, 1975.

Information Sheet 10

4 7



22

CONVERSION TABLES

MILLIMETRES TO INCHES

mm

,
Inches mm Inches

p
mm Inches mm Inches

100 3.93 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 0.3 0,012

400 15.74 40 1.57 4 0.16 0.4 0.016

500 19.68 50 1.97 5 0.20 0.5 0,020

600 :23.62 60 236 6 0.24 0.6 0.024

700 27.56 70 2.76 7 0.28 0.7 0,028

800 ';'31;50 80 3.15 8 . 0.31 0,8 0,031

900 1.35.43 90 154 0.35 0.9 0,035

1 000 mm or 1 metre = 39.37 inches

INCHES TO MILLI R S

Inches
.4

mm .

,
: Inches mm Inches nun Inches mm

1 : 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

7 177.8 0.7 17.78 .07 1.78 .003 0.18

8 Ci 203,2
.--,

0.8 20.32 .08 2.03 .008 0.20

9
---r.

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 EDUCATIO4 Table
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ANY WAY YOU WANT IT

1. Your are working in a repair 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 Customary 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 it

a ) 2 lbs. ofirease

b ) 4 qts, of cleaning solution

c ) 1 gal, of kerosene

d ) 10 qts. of motor oil

e ) 18 in. fuel line

f ) two-gallon can

g ) 30 ft. of air hose

) 4 fl. oz. of additive

i ) iwo-mile distance

j ) 2 in. bolt

k ) 2 fl. oz. of silicone spray

I ) 1 lb. of hand cleaner

m) 1 gallon of solvent

) 1 ft. length ãf gasket material

9 1/4 in. drill bit

2. Use the conversion tables from Table 3 to convert the following:

a ) 0.009 in. = mm c ) 12 in. = mm

b ) 10.2 mm in. d ) 18 in, = rn

e ) 275 mm = in, h ) in. = mm

f ) 0.028 in. = mm i ) 150 mm in.

g ) 125 mm in. j ) 1 000 mm= in.

23

Complete the Requisition Form using the items bited, Convert

the Customary quantities to metric before filling out the fan'.

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

Requisition one of each of the following:

a ) 1 lb. of gear box gTease

b ) 4 ft. starter rope

c.) 1 qt. gasoline tank

d ) 3 ft, of 1/8 in, I.D. rubber Nei line

e ) 6 ci. oz. can of engine spray Paint

REQUISITION

,

For,

Date_

_

.

,

,

Job No. Date Wanted

Deliver to

. ,

. QTY UNIT ITEM

,

. )

Requested

Approved

by

by

,

THE CENTER FOR VOCATIONAL EDUCATION Exercise 17
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SECTION A

1, One kilogram is about the mass

; of a:

[A) nickel

I B I apple seed

IC]. basketball

(D I Volkswa'gen "Beetle"

' 2 A square metre is about the'

area of,.

(A I this sheet of paper

[B I a card table top

[CI a bedspread

[D I a postage stamp

3. The displqement of an engine

would be measured in:

[A ] cubic centimetres

[B] millimetres

[C] kilogram!

[D] square metres

4, The MU of geaPbox grease is

'measured in:

[A ] millilitres

[BI cubic metres

IC I centimetres

[D] kilograms

5. The correct way to write twenty

grams is:

[Al 20 grns

[tij 20 Gm..

[CI 20 g..

PI 20 g

52

6. The correct way to write twelve

thousand millimetres is:

[A] 12.000 mm.

[BI 12,000 mm

[C), 12 000mm

[DI 12000mm

SECTION B

7, A blade 60 centimetres long

also has a length of:

[A] 600 millimetres

[B] 0.6 millimetre

[C I 6 millimetres

[D ] 6 000 millimetres

8. A hose 3 metres long is the

same as:

[A] .30 millimetre

[B] 300 Millimetres

[CI 30 millimetres

[D] 3 000 millimetres

SECTION C

9. For measuring millilitres you

would use a:

[A] container

[B] pressure gage

[C] feeler gage or rule
. .

[D] scale

10. For measuring kilopascals you

would use a:

[A I Pressure gage

[B) rule or feeler gage

[C] scale

[D I container

THE CENTER FM VOCATIONAL EDUCATION

a

' A.

11. Estimate the length of the line

segment below:

[A ] 23 grams

B I 6 centimetres

[C] 40 millimetres

[D] 14 pascals

12. Estimate the length of the line

segment below:

[A ] 10 millimetres

[B] 4 centimetres,

4C ] 4 pascals

[D ] 23 milligrams

SECTION D

13. The metric unit for liquid measure

which replaces the fluid ounce is:

[A ] hectarT

11$1 gam

[C] .litre

[D] millilitre

,

14. ,The metric unit for mass which

replaces ounces is:

[A] kilowatts

[B ] \grams

. [C ].. kilopascals.

[D] metres

s

Use this nversion table to
answer Aestions 15 and 16.

mm

r \
in. m. mm

10 0,39 1 25.4

.20 0.79 2 50.8

30 1.18 . 3 76.2

40 4.1.57 4 101.6

50 4.97 5 127.0

60 2,36 6 152.4

70 2.76 7 177.8

80 3.15 8 , 203.2

.90 3.54 9 228,6

100 , 3.94 10 254.0

15, The equivalent of 110 mm is:

[A] 4.33 in,

[B] 27,5 in,

[C] 277 in.

[D] 2.75 in,

16, The equivalent of 18 in. is:

[A] 1 800 mm

113] 457.2 mm

[C] 180 mm

[D] 25,4.7 mm

TESTDIG METRIC ABILITIES
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ANSWERS TO EXERCISEi AND TEST

EXERCISES 1 THRU 6

The apswers depend on the items

used for the activiCes.

LXERC1SE 7

Currently)ccepted metric units of
measure*nt for each question are
shown in Table 2. Standards in each

.occupation are being established'
.

now, so answers niay vary..

'EXERCISE 8

al 2,6 e( 13.2 cm
b) 58,3 cm 0 80.2 cm
c) 9.lccm g) 140.0 cm
d) 68.0 cm h) 230,7 cm

EXERCISES 9 THRU 13

Tables are reproduced in total, An.
swers are in parentheses. .

Exercise 9

metre

m

centimetre

cm

'millimetre

mm

1 100 , 1 000
9 200 . (2 000)

3 .(300)
I

.(3 000)

9 (900) (9 000)

(5) (500) 5 000 4

74 (7 400) (74 000)

0.8 80 '--) (800)

0.6 (60) 600

(0.025 9 5 ,25

(0.148 I (14,8) 148

(6.39), / 639 (6 390),

SHE CENTER FOR VOCATIONAL EDUCATIeN

Exercise 10

millilitres

ml

litres

1

3 000 3

6 000 (6)

(8 000) 8

(14 000) (14)

(23 000) 23

300 0.3

700 (0.7)

.(900) , 0.9

250' (0,25)

(470) 0.47

275 (0.275j

Exercise ti1

litres

1

millilitres

ml

8 00J

(5 000)

46 146 00O)'

(32Y 32 000

(400):

0,53 (530)

(0,48) 480

Exercise 12

grams

g

, kilograms

kg

4 000 ,

9 000 (9)

23 000 (23)

000) 8n(8

300 (0,3)

1.275 (0,275)

Exercise 13

kilograms grams

g

7 7 000 .,

11 (11 000)

125) 25 000

0.4 / (400)

0.63 (630)

(0.)75) 175

Exercise 14

t. 'a ) 5 m

b ) 0.25 litre

c ) 50 mm

d ) .2.5 kg

e ) 12.cm'

f ) 250 ml

g ) 2 t

h ) 500 ml

i ) 2 000 mm

j 1 0.5 kg

k ) 0.5 litre

1 ) 50 mm

m) 5 mm

n ) 60 mm

EXERCISES 15 AND 16

The answers depend on the

items used for the activities.

EXERCISE 17

Part 1.

,a ) 0.9 kg ,i ) 3.22 km

b ) 3.,81itres j ) 5.08 cm

c ) 3.79 litres \lc ) 59.2 ml

d ) 9.5 litres I ) 0.45 kg

e ) 45.72 cm m) 3.79 litres

25

I.

Part 2.

a ) 0.23 mm

6 ) (4,398 im ,

c ) 304.8 mm

d ) 457.2 mm

e ) 10.83 in,

f ), 0.71 mm

g ) 4.92 in.

h ) 508 mm

i ) 5.90 in,

) 39,37 in.

Part

a ) 0.45 kg

b ) 1.22,m

c ) 0.95 litre

d) 0.915 mof
0318 cm

e.) 177.6 ml

TESTING METRIC ABILITIES

1. C

2., B

3. A

- 4. D

5,

6, D

7. A

I 8, D

9. A

10. A

. 11. B

12. A

.14., B

15. A

16. B

f ) 7.58 litres n ) 0,305 m '

g ) 9.15 m o ) 0.635 cm

h ) .118.4 ml

U. S. 60VERNENT PRINTINi WE: 1976-757-069/6246 Reg i on No, 5-11
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SUGGESTED 1;IETRIC TOOLS AND DEVICES

NEEDED TO COMPLETE MEASUREMENT TASKS

IN EXERCISES 1 THROUGH 5

(* Optional)

LINEAR

Metre Sticks

Rules, 30 cm

Measuring Tapes, 150 cm

*Height Measure

*Metre Tape, 10 m

*Trwidle Wheel

*Area Measuring Grid

VOLUME/CAPACITY

*Nesting Measures, set of 5,

50 ml . 1 000 ml

Economy Beaker, set of 6,

50 ml. 1 000 ml

Metric Spoon, set of 5,

1 ml . 25 ml

Dry Measure, set of 3,

50, 125, 250 ml

Plastic Litre Box

Centimetre Cubes

MASS

Bathroom Scale

*Kilogram Scale

*Platform Spring Scale

5 kg Capacity ,.

10 kg Capacity

Balance Scale with 8.piece

mass set

*Spring Scale, 6 kg Capacity

TEMPERATURE

CelsiutThermometer

THECENTER FOR VOCATIONAL EDUCATION

the 01+,1 Ste#,L1m.ef oty 1960 Kenny Ape! Colunthui 011,0 43210

SUGGESTED METRIC TOOLS AND DEVICES

NEEDED TO COMPLEU OCCUPATIONAL

MEASUREMENT TASKS

In this occupation the tools needed to complete Exercises 6,

15, and 16 are indicated.by "*."

* A. Assorted Ntetric HardwareHex nuts, washers, screws,

cotter pins, etc.

* B. Drill BitsIndividual bits or sets, I mm to 13 mm range

C. Vernier CaliperPocket slide type, 120 mm range

* D. MicrometerOutside micrometer caliper, 0 mm to 25 mm
range

* E. Feeler Gage-13 blades, 0.05 mm to 1 mm range

F. Metre Tape-50 or 100 m tape

G. ThermometersSpecial purpose types such as a clinical

thermometer

H. Temperature Devices,Indicators used for ovens, freezing/

cooling systems, etc.

ToolsMetric open end or box wrench sets; socket sets,

hex key sets

J. Weather DevicesRain gage, barometer, humidity, wind

velocity indicators

* K. I Pressure GagesTire pressure, air, oxygen, hydraulic, fuel,

etc.

L. I VelocityDirect reading or vane type meter

M. Road MapState and city road maps

N, ContainersBuckets, plastic containers, etc., for mixing

and storing liquids

a ColtainersBoxes, buckets, cans, etc., for mixing and
storing dry ingredients

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

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

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

metric measurement devices.

'Measuring devices currently are not available, Substitute devices ( thermometer)

may be used to complete the measurement task.

r
01)

1,4)

Tools and Devices List
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REFERENCES

Let's Measure Metric4 Teacher's Introduction to Metric Measurement. Divi

sian of Educational Redesign and Renewal, Ohio Department of Educa.

tion, 65 S. Front Street, Columbus, OH 43215, 1975, 80 pages; $1.50,

must include check to state treasurer,

Activity-oriented introduction to the metric system designed for indepen

dent or group inservice education study. Introductory information about

metric measurement; reproducible exercises apply metric concepts to

common measurement situations; laboratory activities fo individuals or
groups. Templates for making metre tape, litre box, square centimetre grid.

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

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

1974. 23 mM., 16 mm, sound, color,; $310.00 purchase,I31,00 rental.

Film presents units for length, area, volumeana mass, relating each unit

to many common objects. Screen overprints show correct use of metric
11 symbols and ease of metric calculations. Relationships among metric

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

and unforgettable ways,

Metric Education, An Annotated Bibliography for Vocational, Technical and
Adult Education. Product Utilization, The Center for Vocational Edu-

cation, The Ohio State University, Columbus, OH 43210, 1974, 149
pages; $10,00.

Comprehensive bibliography of ihstructional materials, reference materials
and resource list for secondary, post-secondary, teacher education, and
adult basic education. Instructional materials indexed by 15 occupational

clusters, types of materials, and educational level.

Metric Education, :1 Position Paper for Vocational, Technical and Adult

Education, Product Utilization, The Center for Vocational Education,

The Ohio State University, Columbus, OH 43210, 1975, 46 pages; $3.00.

Paper for teachers, currieulthn developers, andadministrators in vocational4

technical and adult education. Covers issues in metric education, the metric
system, the impact of metrication on vocational amttechnical education,

, implications of metric instruction for adult basic education, and curriculum
and inatructional strategies. "

Metric Practice Guide ASTM E 380,72e. American Society for Testing and

Materials, 1916 Race Street, Philadelphia, PA 19103, 1972, 34 p.,
$1.50, paper.

Detailed presentation on SI units and symbols, style and usage, rules for
conversion and rounding, Appendices on terminology, development of

SI units, and conversion factors. Includes current base and derived SI

units, and approved deviation from SI.
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etrics 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-illustrated manner. Individual

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

energy, graphic arts, and home economics. Chapters followed by several

learning activities .for student use. Appendix includes conversion tables
and charts.

Taking the Tricks Out of Metrics, Metric Training Department, Creative

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

48975, 1976, 4 booklets; $3,00 each, $12.00 set, discounts.

Series of booklets presents stepbystep directions, questions, answers on

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

dial indicators.

METRIC SUPPLIERS

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

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

squares, depth gages, calipers, dial indicators, conversion charts and guides.

Dick Bhck Company, P.O. Box 1267, Galesburg, IL 61401

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

trundle wheels, measuring cups and spoons, personal scales, gramlkilogram

scales, feeler and*th gages, beakers, thermometers, kits and other aids.

The L. S. Starrett Company, 121 Crescent Street, Athol, MA 01331

Machine tool precision measuring devices, micrometers, calipers, dial
indicators, steel rules.

Snap.on Tools, 8074A 28th Avenue, Kenosha, WI 53140

Metric automotive hand tools.

INFORMATION SOURCES

American National Metric Council, 1625 Massachusetts Avenue, NW., Washington,
DC 20036,

Charts, posters, reports and parmAlets, Metric Reporter newsletter. Natimial

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

professional and trade orgarritiations.

National Bureau of Standards; Vfice of Information Activities, U.S, Department

of Commerce, Washialton, DC 20234.

Free and.inexpensive metric charts and publications, also lends films and
displays.

^
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