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TEACHING AND LEARNING ,

THE METRN SYSTEM

This met4 instructional package was designed to meet job-related

metric measurement needs of students. To use this package students

should already know the, occupational terminology, measurement

terms, and toOls curiently 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,

Each d fiv0 units of instruction contains performance objec-,

'fives, learniug activities, and supporting 'information in the form of

, text, exercises, and tables. In additionouggested teaching techniqUes

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

items, a page of answers to the exercises and tests; a list of metric

materials needed for the activities, references, and a list of, suOliers,

Classroom experiences with this instrtictional package suggest the

following teaChing-learning strategies:

1. Ift the first experiences be informal to make learning the metric

iysteni fun.

Students' learn better wlien metric, units are ,compared to familiar

objects. Everyone shoUld learn to "think metric.',' Comparing

metric units to customary units can be confusing.

Students will learn quickly to estimate and measure in metric units

by "dding."
,..

4. Students, should have experience with measuring activities before

' getting too much information. . 1

t
.0, Move through the units in, an order which emplpizes the dm- .

plicity of the !metric 'system (e.g., length to area to volume).

' .
Tiach one concept at a time to avoid.overwhelming students with

too much material. 1
i, 4

Unit 1 is a gene l introduction to the' metric system of measu
,

. . .

menthicl'i provides formal,, hands-on experiences for the stude

This unit enables students to heconie familiar °with the basic metric

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

, set of mental referenCes for metric values. T,he metric system of note-

tion also is explained.

"

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

and gives experience with occupational measurement tasks.

Unit 3 focuses on job-related metric'equivalents and their relation-

ships. .

Unit 4 provides experience with recognizing and using metric

instruments and tools in occupational measurement' tasks. It also pro-

vides eiperience in coMparing metric and Customary measurement in-

struments.

: Unit 5 is designed td give students.practice in converting custom-

ary and metric measurements, 6tudents1should learn to "think metric"

s and avoid comparing customary and Metric units. However, skill with

convers'ion tables will be useful during the transition to metric in jeach

occupation,

Using These Instructional Materials,,

This package was designed to.help students learn a core of know,l-...

edgqabout the metric system, which they ,will use on the job. The

exercises facilitate experiences with measurement instruments, tools,

and devices-used in this occupation eat job-related tasks of estimating

and measuring.

Th'is instructional package also was designed to accommodate a

variety of idividual teaching-and learning styles. Teachers are encour-

aged to adapt :hese materials to' their own classes. For example, the

information sheets may be given to students for self-study, References

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

pendent study, small groups, or ,whA-claw activities. All of the

materials can be expanded by the ,teacher.

I cs

Gloria S Cooper

Joel H. Magisos

Editors . , \

This publication was developed pursuant to contract No."OEC.O.74-935 'with the

$BureaL of Occupational and Adult Educatioh, U.S, Department of Health, Educa.

tion andWelfare. However the opinions expressed herein do not necessarily

reflect' the position or.. policy of the U.S. Office 01 Education and no official

endorsement by the U.S Office of Education should ix inferred.



UNIT

SUGGESTED TEACHINt SEQUENCE

1,. These introductory exercises may require

two or three teaching periods.forall five

areas of meastrment.

Exercises should befollowed in the order

given to best show t'he relationshi,

. between leqgth, area, and volume,

'3. Assemble the metric measuring devices

(rules, taks, scales, thermometers, and

measuring containers) and objects to be

measure&*

4. Set up the equipment at work s6tions

for use by the whole class or as individu.

alized respurce 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 group discussion of

activities.'

*Other school departments may have devices which

can be used. Metric sumiliers are listed in the reference,

section.

THE CENTER FOR VOCATIONAL EDUCATION
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OBJECTIVES

Theitudent will demonstrate these skills for the Linear, Area, Volume or Capacity, Mass, and

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

'-'l.---"SKILLS

,
ir.

1. Recognize and use tHe

unit and ila symbol for:

2 Select, use, and mid the

appropriate meaauring

instruments for:

3. , State or show a

phys: .1 ,.ference for:

,

.

EXERCISES V

.

.

,

Linear

, ,(pp, 3 4)

Ares

(pp. 5 . 6)

i a .

Volume or Cipscity

lAw 8/

Masi

(1f.1: . 10) '

'Temperature

(p. 11) '

millimetre Imm)

centimetre (cm)

metre (ni) , .

square

, centimetre

(cm1 )'

square

niztre

(n12)

cubic centi.

' metre (cm
3)

,

cubic metre

Inij )
*

litre (I)

millilitre (ml)

gram.

kilogram

(g)

.

(kg)
..

,

degree Celsius

(c'C), '

, ,

.

4" Estimate within 25%

of the ictual measure

f
height, width, or

length of objects

the area of

a given turtle,

,caPsciii of

containers

,

, .

the mass of objects

in grim and kilo. '

raw

the temperature of

the air or a liquid

o

5. /Wad correctly .. .

i

metre stick, metric

tape measure, and

metric rulers

i' measurements

on inidusted

volume 1111141t1r.

inf devices

a kilogram scale

and ll'gra111 scale

.

A Celsius thermometer

'.

RULES OF NOTATION

1, Symbols are not capitalized unless the unit is a proper name (mm not MN1),.

2. Symbols are not followed by periods (m not m.). \
3. Symbols are not 'followed by an s for plurals (25 g not 25 gs).

41 A space separates the numerals from the unit symbols (4 I not 41),

5, Spaces je commas, are usedto separate large numbers intoiroups of three
digits ( 5 271 km not15,271 km).

6, A zero precdit e decimal point.if the number is less than one (0,52 g not ,52 g).

Litre and metre can be spelled either with an -re or -er ending.

a

Information Sheet 1
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METRIC UNIFItO1BaS, AND REFERENT

Quantity Metric Unit Sy ,bcrl Useful Referents

Length

,

millimetre

I y v

mm

. ,

Thicknesi of dime or paper

clip wire

centimetre n Width of paper clip

metre m , Height of door about 2 m

kilometre
,

1

,

km 12minute walking distance

Area

0

., square

centimetre -

,

cm2

Area of this space

,
square metre , M2 Area o'f card table top

w

hectare

l
Football field inclthng sidelines

'and end zones
,

Volume arid ,

Capacity

,
,

millilitre ml Teaspoon is 5 ml

litre
-

A little more Ulan 1 quart'
,

cubic .

centimetre

,

cm
3

.

. /
Volume of this container

4=7

',.

',..../

1

cubic metre ,
..,

..,
rn1. A little more than a cubic yard

v

Mass, .

1
.. ,--

1gram
,

'

I.

-
millitim .
,

-41

-

Apple seed about 10 mg, grain of

salt, 1 mg

.

.

Nickel al.rout.5 g
.

kilogram g
--,

.
.,

Webster's Collegiate Dictionary

`i.i.
metric ton -0

(1 000 kilogramslk ,\.

--

t /
i

Volkswagen ileetle

6

THE CENTER FOR VOCAT1ONALEDUC9IOf4
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Table 1-a

KTRIC PREFIXES,

' Multiples and

Submultiples 7e1e!
Symbols ..

,

1 oad 000 = 106*i mega (ntirii)

\ 4 1 000 = 103 ,IciloiflidO)
.:

' 100 = 102 . !recto (hg5)

10 = 101 lieka (dik'S) .da '

Base Unit 1 ='10°

. )
0.1 = 10 -' deci..(d.,gi) id

0,01 = 10-2 centi (Oniti) c

001 = 1'0"3-141'ill milli (Mill)

(
0.000 001 = ,10,. -' micro (nii'kr-o) 11

1 '

A

or 4

O.

'Table 171)

9



LiNEAR MEASUREMENT ACTIVITIES

Metre, Centimetre, Milliilnetre

: .

I. THE METRE (m)

e

91,

'

A: DEVELOP A FEELING FOR THE SIZE OF A NTTRE

I. Pick up.orie of the metre

sticks and stand it up on the

floor. Hold.it in place with

.one hand, Walk 'around the

stick. Now stand next to

the kick. With your other

hand, touch yourself ,A

the top of the metre st,

comes on you,

- THAT IS HOW HIGH A METRE IS!

2. Hold one arm mit straight

at shoulder height.. Put

the metre stick along this

arni until the end hits the ,

end Of your fingers. Where

is th'e other end of the

tetre stibk? Touch your-

self at that end.

THAT.IS IlO LONG A METRE IS!

THE CENTER FOR VOCATIONAL EDUCATION
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0

,1

0
3, Choose a Partn'er to,stand.

at your side. Move apart

so that you can put one

end of a metre stick on

.yofir partner's slpulder

and the oilier end' on

your shouldfr. ,142.9k at

, the space between you.

THAT IS THE \VIDTH OF A MirRE!

B. DEVELOP, YOUR ABILITY40 ESTIMATE IN METRES

Now you will improve your abilify.to estimate in metres.

Remember where the4ength and height of a metre was on your
,

body,

For each of the fdllowing

Estimate thi size of the items and write'your mate in the

ESTIMATE column, Measure the size with your tre.stick

ndirite the,answer in.the MEASUREMENT columnl

eCide how,cl,ose your estimate was ,ta the-aCtual meisure, If

your estimate was within 2% of the actual measure y'ou are a'

"Metric

J

1, -Height of door knob

from floor.

Freight of door,

Length of table,

Width of table.

5. LengtIC oh

this room,

b. Distance from

'you tO wall.

How Close

Estimate l\Wsurement Were You?

Exercise 1

{continued on next' page) 1 1



4-

:11. :THE
'r

lere,are4 00 centimet in ot mofre. If there 'R-iP 4 metnts and
,

3 centimetres, ypu wiite 403 cm R4 X 100 cm) + 3 cm ?-:400 cm

.

111 r,

. ,v

NTIMME (en!)

'

+ 3 chi).r 4., 'el

j

,

,

A. DEVELc(IYA FEELlt FOR'THE,SIZEF,A CtNT44

1.. Hold, the.metric iller against the width ot y ()Lir thtlibnail,
.

w wtie , k cm

1 rh

. 2i :las& iourtuinb ni the fifs,t jtiat.totheend,
,.!

1{;t, --rCtlY
Use tlxs Metric ruler to hid' the,widiii of your pint:

cth

12

.C
r

b

111`

t+
,

4. )Ieasure you" index or Pointineinger. How long k it? .

cm

Melle yOup wrist with a tape measure. What is.the distance

around it?

" .6. Use ate tape measure to find your waist size.

r "t
B. DEVELOP YOUR ABILITY TO ESTIMATE,IN CENTIMETRES

You are now ready to estimate in centiMetres. For each of the

follaing items, follow the procedures used for estimating in
r,

metres,0

I., Length of a paper

clip. *

2. Diameter (width)

of a coin.

3. \ Width of a

postage stamp.

4. Length of a

pencil.

5, Width of a sheet

' of paper.

TNE CENTER KIR VOCATMALIDUCATION

;.%

,

r..

, THE MILI1METRE (m6) 1,-/
f

' 't
k ' t

, e?
.

Thereare 1,0 rnillirietrgint7 centime itre. WfieRfa measure4r

2 centimetres apd) millimetres, You write.25 nn [(2 x 11:)mm)

+.5 mit 4= 20 mill 5,mtb] There arei000 mm in 1,m.
s

How Close,

EstimatetAasuremagt Were ou?!,

(cm) (cm)

l

4

V.

A. DEVELOP A FEELING FOR 1,I1E'SIZE ON NDLLIMETRE

i ,
, , .

,

USingl riil.er marked in millimetres, measure: ,.
.. s

B.

.111

Thickness Oa paper clip wire.

2. Thici'm*f yout fingernail,

3, Width 'of your fingdnail:

44, Diameter (width)of a coin

5. bianieter (thiciness) of your pencil

t
,6. Width of a postage stamp , mm

DEVELOP YPUR ABILITY) TO ESTIMATE IN MILLIMETRES' '

You are now read,yto estimate in millimetres. For eaCh of the

following items, follow the procedures used for estimating in

metres.
' How Close

Estimatg Mekurement Were Yott?

(mm) (mm)

1. Ttifekness pf a

nickel.
s"--)

2. Diameter, (thickness)

of a,bolt,

3. Length of ; bolt.

4, VAdth of a sheet

of paper. ,

5, tf'hickness of a board

or desk top,

6. Thickness of a

button. .

.1,. ...

Exercise 1

13



ARgA MEASUREMENT ACTIVITIkS

Square Cen'tilnetre; Squ'are Metr:e

\VIIES YOU DESCRIBE THE AEA OF SOMETH YOU ARE

SAYING HOW NUNY StA4,ES OF A GIVEN SIZE I I' TAKES TO

COVER THE4RFACE, 14

THE SQUAOIE CEN:pmEnit(cm2) 1ft

A,. DEVELOP A FEELING FOR A SQUARE CfN:fIll'1, TRE,

1. Tak a clearplastic grid, or use Thie grid on page.6.

'Measure the length and wiith of one of tlese small

squares with a centimetre ruler.

THAT IS ONE SQU'ARE CEN ME RE!

3, Plwe your fingernail over the grid. About' how miny

squares does it take to cover your fingernail? )
2

Cm

4. Place-rtgoin over the grid. About how many,squares

does it take to cover the coin? cm2

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

squares does it take to coverrthe postage'stamp?

C1112

6. Place an envelope gyetIthe grid. AboUt how many

squares does it tale to,cover the ehvelope?

C111
2

Measure the length and wiath of the envelope iNcenti-

metres. Length cm; Width _cm.
Multiply to fihd the area in siquare centimetres.

cm x _cm = cm2 . How

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

\

14

- THE CENTER FOR VOCATIONALEOUCATION

r

,

. 5

g:. BLOP YOUR ABILITY TO ESTIMATE IN SQUARE

CEN1IMETRES
,

J

,You are ncov ready to develop your ability to esthiate

M squ'are centimefrei.

r Rvinember the size of a square'centimetre. For each of the

follOwing items' follow the Orocedures used for esti ting in
metres.

I/

1. Index card.

2. Book cover.

3. Phot4apl.i.

4. Window pane or

desk top.

/ How Close

Esiiniate ,Meagurement .Were You?

(cm2 ) . (cm2 )

IL THE SQUARE METRE (m2)

A. . REV OP A FEELING FOR A SQUARE METRE

1., Tape four metre sticks together to make a square which

is one metre long and one metre wid.

2. Hold the square up with on'e side an the floorlo see how

big it is.

3. - Place the square on the floor in a corner. 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 coveis.

5. Place the square a inst the bottom of a door. gee how

much ofp door it covers. How many squares would it

take to F6ver the door?

THI&IS HOW BIG A SQUARE METRE IS!

Exercise 2'
(cintinued on next page)

15



+

6
J.

DEVELOP YOUR ABILITY.TO ESTIMATE IN SQUARE

METRES r (

16

,

u are now ready to estimate in square metres; Follow.the

cedures used,for estimating in metres.

aow Close
'Estimate Meaiutement ,Aere You?

(1112 )

1. Door,

2. Full sheet'a

newspaper.

3. , Chalkboard or

b4letin 'board.

Flodr.

5. Wall.
4 '

6. Wall chart or poster.

7. Side Of tile cabgt.

\

--'rtr:` 77
mloNI,,

CENtIMETRE GRID

v,

Ia

CCTHE CENTER FOR VOICATIONAL EDUCATION
9.

Exercise 2

I.
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VOLUME MEASUREMEN1PACTIVITIES

Cubic Centimetre, Liire; Millilitre, Cubic Metre

,

I. THE CUBIC CENTIME-TRE (cm)

' A. DEVELOP A FEELING FOR Tlik CUBICtENTIMETRE

¶ 4
IP

Find the volume of a plastiktre box.

,

1. PiCk up a colored plastic cube. Measure its length,

' height, and width in centiMetres.

, 1 THAT IS ONE CUBIC CENTIMETRE!

18

\

S,

a, Place a ROW of cubes against the, bottom oe side

of the bOx. HA many cube's fit in th,e r

Hb. Place another ROW of cübes.againse an qining side

of the box. HoWmany rows fit inside t e box

-to make one layer,of cubes?

Hop many cubes in each rket
o

How many.cubes in the layer in the bottom ofIthe

box? ,

. I

c. Stand a ROW of cubes up against theside of the bL.:
How many kAYERS would fit in the poi?

1

How many cubes in each layer?-
i

How many cubes fit in thee box alt,pgether?

THE vopitE oF,Tg Box IS CUBIC $ ,

CENTIMETRES. I

d. Measuffthe length, width, and height of the box in z

centimetres. Length c

height 4., cm. Multiply thqe nu ers to find

the volume, irt cubic centimetres.

B. DEVELOP YOUR ABILITY TO ESTIMATE IN CUBIC

('ENTINIETR,ES

CM X CID X ; CM , m3.

1Are the answers the same in c.and

THE CENTER FOR VOCATIONAL EDUCATION

r

You are,now ready to develop yokilit)/ to estimate

in cubic centimetres. ,

q----, ,

Reme er the size of a cubic centirnetre. For each of

thg fog wing items, se the procedures for estimating in

metres.

Estimate

, (cm3

Index card file

box.: c-\

2. Freezer corttainer.

3. :taper cI bix.

4. Box o? staples.

-
How Close

*asurement Were Youl

(cm3) if

II. ?THE LITRE,(I) S.

A. DEVELOP A k'EELING FOR A LITRE

t4

1. Take a one litre beaker and fill it with,water.

2. Pour the water intoaper cuPs, filling each as full as you

usually do. Howbmany cups do you fill?

THAT IS HOW MUCH IS IN oNg LITRE!

3. Fill Container with rice.

a t

. .

THAT I OW MUCH IT.TAKES TOTILk ONE

LITRE CONTAINER!

Exercise 3

(continued on next page)

4

if°

19



t B. DEVELOP YOUR ABILITY TO ESTIMATE L LITRES

You are/now ready to develop your ability to estimate

fe.two and one-half litres, you write 2, r .*

o write one-half litre, y/311 write 0.5 I, or 0.5

te tw' and three-fourths litres, you write

litres. To

2.5 litres.

litre. To

2.751, or 2.75 litre

, For each of the following items, use the procedures for .

estimating in metres.

Estimate Measuremen

(1) 5
1. Itiledium-sizei

freezer container.

Large freezer

container.
,

3 Small freezer

container.

4. Bottle or jug,

r III. THE tlILLILITRE (m1)

Close

ere You?

1

B. DEVELOP YOUR ABILITY TOSTIMATE IN MILLILITRES

You are now reatiy toekimateAmillilitres, low the °

procedures used for estimating,thetres.

Small juice can.
1

2, Paper c'u'p ortea

cup,

a. Softdrink can,
L

4.c Bottl 'e,

'Tow Close

o 'Estimate Measurement Were You?

(m0 (m0 /

)5,

0

IV. THE.CUBIC METRE (m3)

. DEVELO A FEELING FOR A CUIA BIC dTRE ,

1. Place a one metre square on the tionr next to the wall.

2. Measure a metre UP the wall.

'a. 1;icture'a both.at 4Id fit into tlit

THAT IS THE VOLUME OF ONE CUB1C METR
1

There are 1' OW millilitres in 6ne l re. 1 0 0 ml = 1 litre: nail

a litre is 50anii1lilitres, or 0.5 lid = 500 1.

A. 'DEVELOPA FEELING FOR A MILLILITRE

Eiamine a centimetre cube. Anything which hold

1 cm3 holds 1 ml,

2. Fill a 1 millilitre measuring spoon with rice.`Empt)te

spoon into your hand. Carefully Our the rice into a

small pile on a sheet of paper,

THAT IS HOW MUCH ONE ItILLILITRE IS!

3. the 5 s on with rice. Plipr me rice int9 another

pi e on the s of paper. 111

T AT F&5 MILLILITRES, OR ONE T SPOON!

ill, the 15 ml spoon witi'; ribe, Pt e rice into a third

pile pn the paper!-

FIAT IS 15 MILLILITRES, OR ONE TABL SPOON!

ER FOR VOCATIONAL EDUCATION \-0

DEVELOP YOUR ABAITY TO ESTIMA

For each of the following Ins, follow the esti

tires used before.

1. Office Clesk.

2. File cabinet.

3. Small room,

ft

OBIC' METRES

ting proced!

ow
Close

Estimate Measurement Were You?

(mi ) (m.3)
. 5 ,

1 'CiswOt,

Exercise 3
e 21.



MAO (MAR -NT) KEASUINENT* IF

dicrn Cikarn

Ithe mass of an object is. measure Of tlw amount of matter in the

.object; This amount is,always he she unless You add ors tract some

matter from the object: Weight isithe term that most peopl se *n
they vaii mass! The weight of an objeliis affected by'gravit the

-=iriass of an object is not. For example, the eight of a person on earth',

might be 120 poun s; that same person's weight on the moon would be

20 pounds. This ,di fere 'e is b use the pull of gravity on the. moon

. is lethan the pull of gavity 9 rth, A person's mass. on the earth

and on the moon would be Vacrie. The metric system dbes iôt

measure weight4 measurts mass, We Will use the term mass here.

I ,

- The symbol for gram is g,

\ The symbol for kilo am is kg.. .

There are 1 000 grams i' one kilogram, or 1 000 g = 1 kg. ,

Half a kilogram can,be written as 5 Oior 0.5 kg.

4,quarter of a kilogiam can be writt s 250 g,or 0.25 kg.,

Two and threefoUrths kilogramsis wri en-as 2.75 kg,

THOKILOGRAM (kg)

DEVELOP A FEELING FOR THE MAS1S OF A KILOGRAM

Uing a balance or scale, find the mass o'f.the items on the table.

Before you' find the masco notice how heavy the object "feels"

and co pare it to the reading on the scale or bälance..

1

THE CENTER FOR VOCATIONAL EDUCATION
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3.

4,

5,

1 kilogram box.

Textbook.

Bag of sugarl

Package of Open

Your own mass.

Mass '

1

B, DEVELOP YOUR A ILITY TO E

For theftillowing., Ms ESTI

kilograms, thfn use the Sçale or

of the object. Write the exact

'column. Determine how do you

Estimate

(kg)

I

),

STIMATE IN KILOGRAM'S,

tliemass Of the object in

'nd tIle,exact mass

ASUREMENT

mate is:

How Close

Measurement Were,Yon?

(kg)

'Bag of rice.

Bag of nails.

3 Large purse or

bri'ercase.

4. Another person.

5. ". A few books.

,pol.m.
=11= 104MMall ,=1=1,1IMMII.

.\

Exercise 4

(continued on next page)

ti
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,1

II.1%tHE GRAM

, A. ,DEVELOP A FEELING FORA GRAM

1. Take alcolored plastic cube. Hold it in your hand.

Shake the cube in Your Ohm as if shaking dice. Feel the

pressure on your hand When the rube is in'mot n, then 1

wilen it is not in motion,

i'HAT IS HOW HEAVY A GRAM IS!

,

DEVELOP YOURABILITY Tc) ESTIMATE f.N GRAMS

You are now ready toii0prove your ability to estimate in

grams. Remember how heavy the.lfiram cube is, how heavy

the two.gram cubeS are, Acl'how heav4 the five gram cubes

are. For eachf the following items, collOwtheiproC'edups

used for estimating in kilograms:'
11J

How Cloge

Estimate Niasurement Were YOu?

(g) (g)
'''ake a second cube and'attach it to the first. Shake the

'tubes in first one hand and then the other handj rest

the cubes near the tips of your fingers, moving 'yo

'hand up and down.

THAT IS THE MASS OF TWO GRAMS!

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

TliAT IS THE MASS OF FIVE GRAMS!

166

E CENTER F041 VOCATIONAL EDUCATION
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1. Two thumbtack.

2. PencilV

3. Two.page letter

and envelope.

it. Mickel.

5. Apple.

Package of

margarine.

,

Exercise 4
L

1

2 5



TEMPERATURE MEASU4MENT ACTIVITiES

Degree Celsius

I. DEGREE CELSIUS (t)

Degree Celsius (°C) is the metric nie-asure for temperature.

A. DEVELOP A FEELING FOR DEGREE CELSIUS

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

.77-7

1. Find 0 degrees,

WATER FREEZES AT ZERO DEGREES CELSIUS (0°C)

WATER BOILS AT 100 DEGREES CELSIUS (100°C41

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

room cool, warm, or about tilt?

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

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

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

5. Bend your arm with the inside of youeelbow around the

bottom of the thermometer. After about three minutes

find the temperature. °C. Your skin temgera-

ture is not as high as your body temperature.

NORMAL BODY TEMPERATURDIS 37 DEGREES

CELSIUS (37°C). ,

.A FEVER1S 39°C.

A VERY HIGH FEVER IS 40°C.

CCTHE CENTER FOR VOCATIONAL EDUCATIC*
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B. DEVELOP YOUR ABILITY TO ESTIMATE IN DEGREES

CELSIUS

For each item, ESTIMATE andivrite down how many degrees

Celsius you think it is. Then measure and write the WIASURE.

NENT. See how close your estimates and actual measure-

ments are.

1. IVEx some hot and

cold water in a

container. Dip your

finger into the

water.

2, Pour out Plop of

the water, d some

hot water. Dip your

finger quickly into

the water,

3. , Outdoor tempera-

ture.

How Close,

'Estimate Measurement We're You?

(°c) (°c)

4. Sunny window sill.

5. Nrix of ice and water.

6. Temperature at

floor.

7. Temperature at

ceiling. =
Exercise 5

2 7
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OBJECTIVES

The student.will recognize and use the metric

tern, units, and symbols used in this occupa-

tion.

Given a metric unit, sttre its uSe in this

occupation,

Given a measurement task in this occupa-

tion, select thqippropriate metric unit /

and measuremkt tool.

SUGGESTED.TEACHING SEQUENCE

1, AssembIe metilk measurement tools (pies,

tapes, scales, thermometers, etc.) and

objects related to this occupation.

2, Discuss with students how to read the

tools.

.etehr'r1/4

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 performance by using section A of,

"Testing Metric Abilities,"

V
THE CENTER FOR VOCATIONAL EDUCATION
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METRICS IN THIS OCCUPATiON

Changeover to the metric system is under way. Large coillporations are already using

metric measurement 0 compete in tthe world market. The metric system has been used in

various parts of industrial-and scientific communities for years. Legislation, pasfed 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 tend which are most ttlfimonly used in this occupation.

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

related tasks use measurement? Thinlc orthe many different kinds of measurements you

now make and use Table 2 to discuss the metric terms which replace them. See if you

can add to the list of uses beside each metric term

Information Sheet 2

29



Metric Units for Diesel Mechanics

Quantity
:

Unit Symbol , Use
.

a '
Linear

.

millimetre
.

mm
.

shaft lite, length

centimetre: cm

/
.

bearing sizes, journals, wrenches

, Area ' square centimetre

4

u

cm
2

, piston head surface

Volume/Capacity

1

cubic centet c3 . cylinder bore .

,.

I
)

millilitre d

.

brake fluid and lubricating oils

litre
J

, I. fuel storage and tanks

Mass kilograni kg pistons, small engines

--'

metric' tnn t , , vehicles, load limits, large engines

Temperature degree Celsius

.

:::

C ' ignition temperature, engine operating

temperature ranges, thermostats '

,

Bending moment

(mdment of force)

newton metre

,
N.m torque specifications ,

Pressure/vacuum ,

,

lilopascal

.

kPa
.

.

manifold pressure compression,

air hose pressure
,

.

.

.
Velocity

,
kilometre per hour

.

, speed of the vehicle

r

Eneigy/work

t.

kilowatt hour* kW.h

work efficiency of an engine (80 hph

is about 60 kWh)

*Note: Further metric information for mechanics can be found in Rules for SAE Use of SI (Metric) Units, Society of Automotive Engineers, Inc.

Avail: Society of Automotive Engineers, Inc., 400 Commonwealth Dr., Warrendale, PA 15096.

THE cum FOR VOCA1IO4A1 EDUCATION
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Table 2

3

13
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TRYING OUT METRIC UNITS

To give 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 angwers uSing the

correct metric symbols. The more you prictice, the easier it will bel.

Estimate Actual

Length

1. Palm width.

2. Hand sPan

3. Your height

;

4. Ceiling height of this room

5. Width of a snaring

6. ihickness of a piston ring

7. Length of a connecting rod

& Diameter of hydraulic tubing

9. Length of valve stem

-Os

Area a

10. Desk top

11. Classroom floor

12. Workbench

13. Workshop floor (
' 14. Parking lot

7 Volume/Capacity

15. Small bottle

( 16. Measuring cut; (metric)

Estimate
Or%

4

Actu.al

17, Drain pan \

18. Fuel can

19. Bucket

20. Small box "or paekage

1

21. Tool box

22. Oil can

Mass

23. Textbook

24. Nickel

25: Yourseg

26. Paper clip

27. A litre of water (net) A

28. A hand tool

Temperature

29. Room thmperature

30. Outside temperature

3 Hot tap water

32. Ice water

THE CENTER FOR VOCATIONAL EDUCATION Exercise 6
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REPAIRING WITH METRICS

It ivimportant to know what metric measurement to use: Show

what measureMent tp usi' in the foIldwing situations.

1. Length of.4 crankshaft

2. 'Boretpfkylinder ;

3. Air pressureon brake system
,

1 .

4. Amount of ftiel in a full tank ,)

i

5. Capacity of air tank

6. Amount of 611 for wheel bearing

reservoir , ,

7. Length of power take-off drive

shaft
,

,

,

8. Capacity of gear box
,--/

9. Dimensions of a diesel engine:1

a. Length

b. Width

c. Height

10. The stroke Dia piston'

11. Length of a fuel line

12. Capacitilf a radiator,

13. Temperature of cooling

system Ohile idling engine

14. Specific pity of a

battery

15. Capacity of fuel tank

16. Length of positive battery cable

17.- linder compression check

18. Oil pressure when operating at

normal temperature and R.P.M.

19\ Tightening head bolts

20. Engine efficiency

21. Mass of cylinder

-

00THE CENTER FOR VOCATIONAL EDUCATION
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Exercise 7
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UNIT

VE

The student will re

ric equivalents.

gnize and use met

Given a metric unit, state an equivalent

in a larger or smaller metric unit,

SUGGESTED TEACHING SEQUENCE

1. Make available the Information Sheets

(3 8) and the associated Exercises

(8 - 14), one at a time.

As soon as you have presented the

Information, have the students complete

each Exercise.

.3. Check their answers on the page titled

ANSWERS TO EXERCIS S AND

TEST.

Test performance by using Section B of

"Testing Metric Abilities."

OC ,i0
iTHE CENTER FOR VOCATIONAL EDUCATION
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METR1C-METRIC EQUIVALENTS

Centimetres and Milliqtres

2 3 4 5 6

Look at the picture of the nail next to the ruler. The nail is 57 mm long. Tilis is 5 cm + 7 mm.

There are 10 mm in each cm, so .1 mm 0.1 cm (one-tenth of a centimetre). This means that

7 mni = 0.7 Cmso 57 mm 5 cm + 7 mm

= 5 cm + 03 cm

5.7 cm. Therefore 57 mm is the 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 mm cm. So, the paper clip is

34 min-= 3cm+4mrn

3 cm+ 0.4 cm

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

Information Sheet 3

Now you try stile.

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

13, ) 583 mm 7' cm f ) 802 mm . ..., . cm

c ) 94 mm . cm g ) 1 400 mm

h ) 2 307 mind ) 680 min cm

Exercise 8

31



Metres, Centimetres, and Milli
L,

etre§

There are 100 centirtietres in one metre. This,

2m 21100cm= 200cm,,

3m 31100cd 300cm,
8m= 8 x 100cm= 800cm,

36 rn = 36 x 100 cm 3 600 cm,

There are 1 000 millimetres in one metre, p

2m' 211000rnm 2000mm,

3m= 3 x 1000mm= 3000 mrn,

6m= 611000mm= 6000mm,

24 m = 24 x 1 000 min = 24 000 rnm:

Frop your work with decimals you should know that

eon!-half of a metre can be written 0$ m (five-tenths of a metre),

one-fourth of a centimetre can be yritten,0,25 cm

(twenty-five hundredths of a centimetre):

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

millimetres, you would multiply by 1 000. So

#0,75 m= 0.75 x1000 mm

11753000 mm
7

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

centimeire

cm

millimetre

tam
,

1 100 1 000

2 200 ,

3

9 .

5 000

74

0,8 80

0.6

2.5 . 25

. 148

63

THE aNTER FOA V9CAIIIONAL EDUCATION
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Millilitres to Litres

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

2 000 millilitres is the seme as 2 litres,

3 000 ml is the same NJ 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 milk.

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

1 000
1 000 ml TN litre = 1 litre.

Or J. ,
'2 01,1

2 000 ml litres 2 litres.
1 I

And, as a final example,

'28 601)
28 000 ml

1
litres c28 litres.

000

What ilsomething hollls 500 ml? How many litres is this? This is

worked the same way,'

500 ,

500 ml xmi litre = 0,5 litre (five.tenths of,a litre ), So 500 ml

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

Change 57 millilitres to litres.

57 ml c 5 litre = 0,057 litre (fifty.seven thousandths of a

litre).
41

Information Sheet 5

. Now you try some. Complete the following chart,

millilitres

(m1)

litres

(1)

3 000

6 000

8

14 000

23

300 0,3

700

0.9

250

0.47

275

Exercise 10

3 9



Information Sheet 6
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titres,to Millifftres

What do you do if you need to'change.litreastErmillilitres? Remember,

there are 1 OCLO millilitres in one litre, or.11itee - 1 000 ml.

So,

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

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

13 litre§ .13 x 1 000 ml .13 000 ml,

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

Now you try some. Complete the following chart.

litres

1

millilitres

ml

8 8 000

5

46

32 00OL

0.4

0.53

480 Exercise 11

Gram to Kilograms

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

2 000 grams is the same as 2 kilograms,

5 000 g is the smite as 5 kg,

700 g i§ 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.

Try the following ones.

grams

g

kilograms

kg

4 000 it
9 000

23 000

8

300

. 275

THE CENTER FOR VOCATIONAL EDUCATION

Information Sheet 7

Exercise 12

Kilograms to Grams)

To change kilogTams to grams, you multiply by 1 000,

4 kg,. 4 x 1 000 g = 4 000 g,

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

0,75 kg = 0.75 x 1 000 g 750 g.

Complete the following chart.

kilograms

kg

, grams

g .

7 000

25 000

0,4 .

0.63

175

Information Sheet 8

Exercise 13

Changing Units at WOrk

Somaf the things you use in this occupation may be measured in

different metric units. Practice changing each of the following to

metric equivalents by Completing these statements.

a )500 cm pf wire is in

b ) 250 ml af solution is 1

c )5 cm diameter pipe is mm

tfl 2 500 g of grease is kg

e )120 mm pistai is CM

) 0.25 lit/e of motor oil is ml

g )2 000 kg of floor sweep is

h )500 g of solder is kg

i )500 ml of brake fluid is 1

j ) 0.5 t engine is

k )10m of wire is cm

2.5 cm diameter pipe is mm

rn 1, 2 400 mm belt length is cm

Exercise 14 itia,
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UNIT

6tJECTIVE

The student will recognize and use

instruments, tools, and devices for mea

surement tasks in thiroccupation.

Given metric and Customary tools,

instruments, or devices, 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, mi-

crometer, 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.

3. Have students verbally describe charac-

teristics..

4. Present or make available Information

Sheet 9.

5. , Mix 'metric mid Customiry tools or

equipment at learning station. Give

students Exercises 15 and 16.

. 6, Test)erformarie by using Section C

4 "Testing Metric,Abilities."

ME CENTER iOR VOCATIONAL EDUCATION
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SELECTING AND USING

METRIC INSTRUMENTS TOOLS AND DEVICES

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

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

per square inch of pressure (psi) in a 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 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 m, mm, kg, g, kPa, etc.

5. Look for decimal fractions (0.25) or decimal mixed fractions (2.50) rather than cam .

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

6. Some products may have a special metric symbol such as a block M tothow 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.

14,

Information Sheet 9 43
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WHICH TOOLS FOR THE JOB? MEASURING UP DIESEL MECHANICS

Practice and prepare to demonstrate your ability to identiN

select, and use metric-scaled tools and instruments for the tasks given

below. You should be able to use the measurement tools to the appro.

priate precision of the tool, instrument, or task.

Select and demonstrate or describe use of tools, instruments, or

devices th:

1. Determine the amount of shop floor space necessary to park a

triaxle tractor.

, 2. Measure cam shaft:

13. Measure a crankshaft for bearings and seals.

4. Determine compression of engine.

5, -Check water temperature of cooling system.

6. Determim work space large enough to work on engine.

7. Install cam followers.

S. Disassetble and clean injector.

9

9. Measure flow rate of injector.

10. Describe the difference between a Customary and metric

crescertt wrench.

11. Pressure test radiator.

12. Replace cylinder head.

For the tasks below, estimate the metric measurement to

within 20% of actual measurement, and verify the estimation

by meashing to within 2% of actual measurement.

Estimate Verify,

1. Volume of a tool box,
,

2. Find largest available entry

into clissroom.

e

,

3. Select bearings for crankshaft,

,

4. Oil temperature.
_

5. Amount of oil in crank case
_

6. An air system requires 4,3 m of

hose, From several cut pieces

select a piece for the job with

the least amount of waste.

1

7. Volume of fuel tank,

8. Length of tachometer cable.

9. Cooling system thrnperatur, .

10. Capacity of fuel tank.

11. Size of fanbelt.

THE CENTER FOR VOCATIONAL EDUCATION
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Exercise 15 Exeicise 16
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UNIT

OBJECTIVE

The student will recognize afid use metric

and Customary units interchangeably in order-

ing, selling, and using products and supplies in

this occupation.

Given a Customary (or metric) measure-

meht, find the metric (or Customary)

equivalent on a conversion table,

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-

Customary equivalents by using

Exercise 17.

4. Test performance by using Section D of

-"Testing Metric Abilities"

THE CENTER f0e1 VOCATIONAL EDUCATION
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'METRIC-CUSTOMARY EQUIVALENTS

During the transition period there Will be a need for finding equ

Conversion tables list calculated equivalents between the two systems,

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

21

valents between systems, ;
When a close equivalent

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 coluinn.

Table 3 on the next pike gives an example of a metric-Customary conversion table which

you can use for 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 = means "nearly equal to." ,

1 CM "1"

1 m =

1 m

1 km =

1 cm2 =

0,39 inch

3.28 feet

1.09 yards

0.62 mile

0.16 sq in

1 inch = 2.54 cm

1 foot = 0.305 m

1 yard = 0,91 m

1 mile = 1.61 km

1 sq in = 6.5 72

1 ml= 0.2 tsp

1 ml = 0.07 tbsp

1 1= 33,8 fl oz

1 1= 4.2 cups

1 1= 2.1 pts

1 tsp 5 ml

1 tbsp = 15 ml

1 fl oz 29,6 ml

1 cup = 237 ml

1 pt= 0.47 l

1 m2 =- 10,8 sq ft 1 sq ft = 0.09'in2 1 I= 1.06 qt 1 qt 0.951

1 m2 = 1.2 sq yd 1 sq yd 0.8 m2 1 I= 0.26 gal 1 gal = 3.79 1

1 hectare = 2.5 acres 1 acre = 0,4 hectare 1 gram = 0,035 oz 1 oz = 28.3 g

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 cult = 0.03. .1 metric ..ton.=. _ 1.ton .= 9072 kg

1 m3 = 1.3 cu yd 1 cu yd 0.8 m3 1 kPa Z.1 0,145 psi 1 psi = 6.895 kPa

*Adapted from Let's Measure Metric. A Teacher's Introduction to Metric Measurement. Division of Educational
Redesign and Renewal, Ohio Department of Education, 65 S. Front Street, Columbus, OH 43215, 1 75.
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CONiTERSION TABLES

18

MILLIMETRES TO INCHES

mm Inches mm Inches 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 0.12 0,3 . 0.012

400 15.74 40 1.57 4 0.16,
4'

0.4 0.016

59,0 19.68 50 1.97 5 0.201 0.5 0.020

600 23.62 60 2.36 , 6 0.24 0,6 0.024 Z

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

35.43 90 3.54
4
9 0.35 0.9 . 0.035

1 000 mm or 1 metre 39,37 inches

INCHES,TO, M1LLLMETRES

Inche mm Inches mm Inches mm Inches mm

1 25.4 0.1 2.54 .01 .25 .001 .oa

2 50.8 0.2 5.08 .02 .51 .002 .05

3 76.2 0.3 7.62 .03 .76 .003 .08

4 101.6 0.4 10.16 1.02 .004 .10

5 127.0 0.5 12.70 05 1,27 .005 .13

6 152.4 0.6 15.24 .06 1.52 .006 .15

177.8 0.7 17.78 1 .07 1,78 , .007 .18

8 203.2 0.8 20.32 .08 2.03 t' .008 , .20 ,

r 228.6 0.9 22.86 .09 2.29 .009 .23

4

10 inches r. 254 mm

12 inches or 1 feet . 304.8 mm or 30.48 cm

THE CENTER FOR VOCATIONAL EDUCATION Table 3



ANY WAY YOU WANT IT

1. You are working in a repair shop or parts house. Withthe 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

ocustomers and suppliers who use Customary units. To develop

your skill use the Talre on Inforthation 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 heavy lube

b ) 4 qts. of starting solution

c ) 314 in°. pipe

d ) 10 lbs. of floor sweep

e )18 in. hydraulic hose

f ) tvikallon Can

g ) 1 pt. of hydraulic fluid

h ) 6 fl. oz. of spray paint

C )3 miles

j 11/2 in. pipe

k 15 acre paiking lOt

1 12 ft. fuel hose

m16 in. bolt

n 11/4 in. drill bit

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

a ) 0.002 in, = mm

) 0.2 in. = mm

4) 0.05 in. = mm

e ) 035 in. = mm

.c )2,3mm = in. f ) 1.5 in. = mm

g ) 0.04 in. = mm i ) 15 mm = in.

h ), 0,5 in. = mm j ) 150 mm = in.

Complete the Requisition Form using the items listed. Convert

the Customary quantities to metric before filling out the fomi.

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

Requisition one of each of the following:

a ) 251t. of 5116 in. fluid hose

b ) 12 fl. oz, spray can of lubricant

c ) 1 pt. can of gasket cement

d ) 5 lbs. spool of 50/501older

e ) 8 in, wire wheel brush

23

REQUISITION

For

Date

,

. 4.

. , ,

Job No. Date Wanted

Deliver to
,

QTY UNIT ITEM

,

, v

'
.

. ._ .

_

Requestdby

Approved by

CCTHE CENTER FOR VOCATIONAL EDUCATION
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SECTION A

1. One kilogram is about the mass

of 1:`

(A] nitkel

(B ,app)e seed

[C] basketball ,

(D ] Volkswagen "Beetle"

2. A square metre is about the

area of:

[A] this sheet of paper

[B I a card table top

(Cl a bedspread

ID ] a postage stamp

3. Displacement of an engine is

given in:

[A l cubic ciptimetres

[BI square centimetres

[CI millilitres

[D l grams per square metre

4. Capacity of a brake oil reservoir

is measured in:

[A] grams

e (}31 Pascals

[C metres

[D ] litres

6. The correct way to write twelve

thousand millimetres is:

fr

[A] 2,000 mm.

12.000 him

C] 12 000mm

[D ] 12 000 nim

SECTTQN B

7, A board 20 centimetres wide also

has a width of:

[A ] 0,2 millimetre

[B] 2 millimetres

[C ] 2 000'rnillimetres

[1) ] no millimetres

8. A piece of hydraulic tubing 400

i`nillimetres long is the same as:

[A] 400 centimetre's

[BI 4 000 centimetres

[C ] 0.40 centimetre

[D] 40 centimetres

SECTION C

9. For measuring in millimetres you

would use a: ,

[A] thermometer.

[B I pressure gage

[C ] rule

(Dl scale

The correctsay to write_twe.nty 10, _Foryneasuring_kilopascals you

grams is' would use a:

(Al 20 gms

1131 20 Gm,

[C] 20g.

[1:1 1 20 g

[A ] pressure gage

[B] scale

[C ] container

[D] rule

THE CENTER FOR VOCATIONAL EDUCATION

,

11. Estimate the length of di line

segment below :

[A ] 23,grams

(BI 6 centimetres

(çl 40 millimetres

[D] 14 pascals

12. Estimate the length of the line

segment below:

[A] 10 millimetres

[BI 4 centimetres

[CI ,4 pascals

[Dl 23 milligrams

SECTION D

13. The metric unit for liquid measure

which replaces the fluid ounce is:

4.

[A] litre

[B] hectare

gram

[D ] millilitre

14. The metric unit for liquid measure

which replaces the gallon is:

[A] millilitre

[B] kilogram

[C] cubic metre

[D] litre

Use this conversion table to
answer questions 15 and 16.

mm . in. in. mro,

10 0.39 . 1 25.4

' 20 0.27 2 50.8

30 1.18 3 76.2

40 1,57 4 101.6

50 1.97 5 127.0'

60 2.36 6 152.4

70 2.76 7 177.8

80 3.15r 8 203.2

90 3.54 9 228.6

100 3.94 10 254.0

15. The equivalent of 110 mm is:

[AI 235 id.;

.,[B] 277 in.

[C ] 27.5 in.

[D] 4.33 in.

16. The equivalent of 18 in. is:

[A] 254.7 mm

[B] 457.2 mm

[C] 180 mm

[D] 1 800 mm

TESTING METRIC ABILITIES



ANSWERS TO EXERCJSES AND TEST

EXERCISES 1 THRU 6

The answers dependeon the items

used for the activities.

EXERCISE 7,

Currently accepted metric units of
measurement for each question are

shown in Table 2, Standards in each'

occupation are being established

now, so answers may vary.

EXERCISE 8/

a) 2.6 cm el 13.2cm
b) 58.3 cm f) 80.2 cm
c) 9.4 cm 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
0. 200 , .(2 000)

3 (300) (3 000).

LLit,_9220)
(5) i500) 5 000

74 (7 400) (74 000)'

0.8 80 211).

0.6 (60) 600

(0.025), 2.5 25

(0.148) 111.8 148

(6.39) 639 m (6 390)

THE CENTER FOR VOCATIONAL EDUCATION
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Exercise

millilitres

ml

litres I
I

,

3 000

6 000 (6)

(8 000)

14 000) (14)

(23 000) 3

300 0.3

700 (0.7)

(900) 0.9

250 (0.25)

(470) 0.47

275 (0.275)

,

Exercise 11

litres

1

millilitres

ml
-

8 000

5 (5 000)

46 (46 000)

(32) 32 000

0.4 : (46b)

0,53 (530),

(0.48) 480

grams

g

kilograms

kg

4 000 4

9 00,0 (9)

23 000 " (23)

(8 000)

300 , .(0.3)

275 ,(0.275)

Exerfise Part 2.

kilograms

kg

grams

g

7 7 000

11 (11 000),

25 000

.4 (400)

0.63 (630),

(0.175) 175

Exercise 14

a ) 5 m

b ) 0.25 litre

c ) 50 mm

d ) 2.5 kg

e ) 12 cm

f ) 250 ml

g ) 2 t

25

a ) .0.05 mm f ) 8.10mm
b ) 5.08 mm g .02 mm

c ) 0.092 in, h ) 2.70 mm
d ) 1.27 mm i ) 0.59 in.

e ) 19.05 mm j ) 5.90 in.

Part 3,

a ) 7.625 m of 0.794 cm

) *355.2 ml

c ) 0.47 litre
h ) 0.5 kg d ) 2,25 kg .
i ) 0.5 litre e ) 20,32 cm ,

j ) 500 kg ,

k ) 1 000 dm

1 ) 25 mm
TESTING MEMIC ABILMESrn) 240 cm

EXERCISES 15 AND 16

The answers depend on the

items used for the activities.

EXERCISE 17

Part 1.

a ) 0.9 kg h ) 177.6 ml

b ) 3.8 litres i ) 4.83 km

c ) 1.905 cm j ) 1.27 cm

d) 4.5kg, k) 2ha
) 45.72 cm 1 ) 0.61 m

f ) 7.58 litres m) 15.24 cm

g ) 0.47 litre n 0.635 cm

1. C 9. C

2. B 10. A

a A 11. B

4. D , 12. A

5. D 13. D

6. D 14. D

7. D 15. D

8. D 16. B

0.S GOVENhENT PRINTING OFFICE:1976-757-069/6220 ,Region No, 5-11 r
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a SUGGESTED METRIC TOOLS AND DEVICES

NEEDED TO COMPLETE MEASUREMENT TABU

IN EXERCISES 1 THROUGH 5

(* Optional)

LINEAR

Metre Sticks

Rules, 30 cm ,

Measuring Tapes, 150 cm

*Height Measure

-*Metre Tape, 10 in

*Trundle 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 nil

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 t

*Spring Seale, 6 kg Capacity

TEMPERATURE

Celsius, Thermometer

THE CENTER FOR VOCATIOliAL EDUCATION

the QhLI Stet Umiroty 1%0 Kenny Floe Columbia Ohio OM

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 "*."

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

cotter pins, etc.

* B. Drill Bits7Individual bits or sets, 1 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 nun range

F. Metre Tape-50 or 100 m tape

* G. ThermometersSpecial purpose types such as a clinical

thermometer

H, Temperature DevicesIndicaton used for ovens, freezing!,

cooling systems, etc.

* L ToolsMetric open end or box wrench sets, socket sets,

hex key sets

Weather DevicesRain gage, barometer, humidity, wind,

velocity indicators

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

etc.

L. VelocityDirect reading or vane type meter4

M. Road MapState and city road maps

* N, ContainersBUckets, plastic containers, etc., for mixing

and storing liquids

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

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

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

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

metric measurement devices.

1Measuring devices currently are not available. Substitute devices (i.e., thermometer)

may be used to complete the measurement task.

Tools and Devices List

57



REFERENCES

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

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

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

must include cheek to state treasurer.

Attivitroriented introduction to the metric aystem designed for indepen.

dent or houp inservice education study, Introductory information about

metric measurement; reproducible exercise' apply metric concepts to

common measurement situations; laboratory activities for 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-Stich.

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

1974, 23 min,, 16 mm, sound, color; $310,00 purchase, $31.00 rental.

Film presents units for length, area, volume annmax, relating each unit

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

symbols and eue of metric calculations, Relationships among metric

mesaures of length, area, volume, and mass are illutrated in interesting

and unforgettable ways.

Metric Education, An AWnotated Bibliogruphy for Vocational, Technical and

Adult Education. Product Utiliution, The Center for Vocational Edu.

cation, The Ohio State University, Columbus, OH 43210, 1974, 149

pages; $10.00.

Comprehentive bibliography of instructional material', reference materials

and resource list for secondary, postiecondary, teacher education, and

adult buic education. Instructional materials indexed by 15 occupational

clusten, types of materials, and educational level.

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

Education. Product Utilization, The Center for Vocational Education,

The Ohio State University, Columbus, 011 43210, 1975, 46 pages; $3.00.

Paper for teachers, curriculum developers, and administraion in vocational,

technical and adult education. Covers lames in metric education, the metric

system, the impact of metrication on vocational and technical education,

implications of metric instruction for adult basic education, and curriculum

and instructional rtrategies.

Metric Practice quide 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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Rules for SAE Use of SI (Metric) Units. Society of Automotive Engintee, Ine.,

400 Commonwealth Drive, Warrendale, PA 15008, 1974, 5 p., 82.75 for
noncembers, paper. ,

SAE Technics] Comm* Ude entablithing recommended practice for

use of SI units in sa reports, recommendation., and standards. Describer

units approved and not approved for use es SI, multiplying prefixes, pre.

cision in the convenion of values, converdon factors, and SI unite for

SAE ure.

Taking the Maks but of Metria Metric Training Department, Creative

Universal, Int, Tower 14, 21700 Northwestern Highway, Southfield, MI

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

Series of booklets presents stepby.step direction', questions, answers on

how to read metric measurement tools: midrometen, vernier calipers, rules,

dial indicators,

METRIC SUPPLIERS

Brown & Sharpe Manufacturing Co., Precision Park, North Kingdown, RI 02662

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

squares, depth gages, calipers, dial indicators, conversion chart' and guides.

Dick Blick Company, P.O. Box 1287, Galesburg, IL 61401

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

trundle wheels, measuring cups and spoons, personal scales, gram/kilogram

rules, feeler and depth gage!, beakers, thermometen, kits snd other aids.

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

Machine tool precidon meowing devices, micrometers, Wiper:, dial

indicators, steel rules..

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

Metric automotive bandlools.

INFORMATION SOURCES

American National Metric Council, 1625 Massachusetts Avenue, NV., 141aakingtont

DC 20035.

Charts, posters, reports and pamphlets, Metric Reporter newe1ett. Nationi::

. metric coordinating ciluncil representing industry, government, education,

professional and trade organizations.

11 '
National Bureau of Standard, Office of Information Activities, U.S. Department 1,.

of Commerce, Wohigton, DC 20234.

.
.
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Free and inexp,edive metric charts and priblications, also lends films and

&splays. .'''',.. .,
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