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Designed to peet the jop-i.elated-metric mea,surement
needs of welding affd cutting,students, thsis instractional,fackage is

% one of-eight for the manufactuiing occupations cldSter,-part Of a set
of 55 packages for metric instruction'in different occupations. The
package is intended.forstudents who already know,the occupational
termitology, measurement terms, and tools currently in.use. Each of
the five\ undts in this instructional package cOntainS performance
objectives, learning activities, 'and supporting-information in the °

form c.f text, exercises, and tables. In addition, sUggested teaching'
_techniques are included. At'the.back of the package are .

Objective-based evaluation items, a page of answers to the exercises
,and tests; a list ot metric materials needed'for/ the activitiesi-

,- references, and a list of suPpliers. The material is-desgned to
accommodate a variety of individual teaching and learning styles,
eo., independent study, small,group or whole-claSs
Exercises are intended 'to ,faCilitate experiences with measdnement
instruments,- tools, and,devices tsed in thiS' occapaekon and
'job-related tasks cf estimating and measuring. Unit-I, a gener41
4ntroduction to',the metric system of measurement, provides informal,
hatds-ot expel-ienCes for the Students'. This unit enables students to
become familiar with the bisic,metric units, their symbols, and
measurement instruments; RE11 to Zevelop a set of mental referencls-
for metric values. The metric systet'-of notation also is explaineld.
phi4 2 provides the metrid terms which.are used it this occupatiop
and gives experience with occupational meaSurement tasks. Unit 3
foctses on job-related metric eguiv4ents and their relationships.
Unit 4 providoes ,:xperience, with.recognizing and using metric
instruments and tools in occupational measuremen't. 'tasks. It alsp
'provides experience in comparingmetric and Customary measurement

-truments. Uti-b-5 is designed to give students70.7actice in
vertin5lcustweary and metric measurements,'a skill,considered

__eful during the AranSiticn to metric-in each occupation. (HD)
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TEACHING AND LEARNING

THE METRIC SYSTEM

This ietrlc instructional package was designed to meet jobrelated

metric mem rement needs of students. To use this package students

.should alrea4 know the occupational terminology, measurement

terms, and tools currently in. use. These mat(ials were prepared with,

the., help of experienced vocational teachers, reewed by experts, tested

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

distribution,

,

Each of the five units of instruction containspetformance objec.

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

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

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

item's, 'a age of answers to the exercises and tests, a list of nletric

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

Classroom experrces with this instructional package suggest the

following. teaching.learliintstrategies:
r

1. ' Let the first experiences be iriformal to makelearning the metric

system fun.

Students learn..better when me rid.units are' compedto'familiar

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

methc units to custrimary units cnn be confusing.

3. StUcients will learn quickly:to estimate and measure in'metric units

by ,Aloing,'

Students should have experience with measuring activities before

)gettii too much information.

5. . Move, through the units-,,in .an,order Which eniphasiz,es theiim.

plicity of the metrie system (e.g., length to area to Volume).

1.,?.'Teach orie concept at a time tO avoid overWhelming students with.

too Much material,

0

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

ment which provides infonnal, handson experiences for the students.

This unit enables students to become familiar with the basic metric

units, their symbols, and measurement ins,truMents; and,to develop a

set of mental references for metric valUes,, The metric systein of nota.,

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 experience in comparing metric and customary measurement in.

struments,

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 tables will be useful during the rinsition to metrio in each

oceupation.

Using These Instructional Materials e,

This packw was designed to help students learn a core of knowl

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

exercises facilitate ,.experiences. 'with measurement instruments, tools,

and devices used in this occuption and job.relate tasks fif estimating

and measuring.

This instructior. 2ackage"also was designed to accommodate a

variety of individual t,T.: ng and learning styles.. Teachers are enpOur

aged to adapt these rrie, erals to their own classes. For example, the

information sheetS may be given' to students for self-study. 'References

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

pendent study, small groups, or wholeclass activities. All of the

materials can be exOnded by the teacher.

1:This publication waskleveloped pursuant to contract No OEC.0.74.9335 with .the

"-lureau of Occupational and Adult Education, U S. Department of Heatth, Eduta .

lion and Welfare. However, the opinions expressed herein do t'Ot necessarily

reflect the position or policy of the U.S. Of fice of Education and no of fo

'endorsement by the U S Of fice of Education should befinferred.

Gloria S .Codper

Joel H. laglsos

Editors
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UNIT ,1

SUGGESTED TEACHING SEQUENCE

.1. These introductort exercises may require

two or three teach/hg periods for all five

areas of measurement,

2. Exercises should be followed in. the order

given 'to best show the relationship

,:between length, area, and volume.

3,' 'Assemble the metric measuring devices

(rules, tapes, scales, thermometers, and

measuring containers) and objects to be

measured.*

4. Set up the.equipment at work stations

for use by the whole class or as individu-

alized resource activities.

5, Have the students estimate, measure, and,

record using Exercises 1 through 5.

6. 'Present information on notation and

make Table 1 available.

Follow up with group discussion of

activities.

7

*Other school departments may have devices which

'can be used', Metric suppliers are listed in the reference

section,

OC ,
n* mg FOR VOCATIONAL itiudge#
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11

OBJECTIVES

The student will demonstrate these skills for the Linear, Area, Volume 1r Capacity, Mass, and

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

.

,

SKILLS
,

\

,

Recognize and use the

unit and its symbol foe:,

2 Select, use, sod read the

appropriate mewing

itstnunents foe:

3. State or show

physical reference for:

'
EXERCISES .

%

j

Linear

(pp.,3 . 4)

Am

(pp,' 5- 6)

'Volume or Capacity

(PP. 7 5)
,

/Am

(ppe, 9 10)

l'ampmtm

(p. l I ) ,

-,1

millimetre triim f

centimetre (cm)

t.

metre (m)

.
r

..

square 4

centimetre

(cm
2.)

square

metre

(m3) ,

,

cubic cehti

metre (cm*

cubic metrea

(ml

litre (I)

millilitre (ml)

VIII ql)

. hilovam (kg)

l

, .
;

degree Celsius

(IC) '

,

,

4. Estimate within 25%

of the actVeasure

.

...

height, width, or

length of objects .

.

the srea of

a Oen surface

capacity of

continers

the mass 'of objects

ip grit? and kilo-

Emu I

the temperature of

the sir or s hquid

i
,

' '/. Reed correctly metre stick, metric
.. t

tope measure, and

metric riders

.

/

N
measurements

on graduated

volume maw

ing devices '

_

s Itilogrsin kale

and 101 scale

.

A Cellius thermometer

.

,
.

ReLES OF NOTATION

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

2. Symbols are not followed by, periods (In not m.).

Symbols are not followed by 'Luis for plurals .(25.g not 25 gs).

4. A space separates the numerals from the unit symbols (4 1 not 41). 7

5. Spaces, not cos, are used,to separate large nunthers i to groups of three
digits (45 271 km no 71, km).

67g zero precedes the decimal point if the Wilber is less than one (0.5,2 g not ,52 g).

7. Litre and metze can be spe :ther With an -re or -er ending.

*

Information' Sheet 1
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METRIC UNITS, SYNOtS, AND REFERENTS

Quantity

, .....

Metrie-llnit--- Symbol

.

tul Referents
,

Length

.

millimetre

,

mm Thianess of dime or paper

clip we

centimetre , cm Width of paper clip
4

metre m Height of door about 2 in
. .

kilometre
1

kin 12-minute walking distance
,

e
Area

.

/
I.

,
square

centimetre

.

,

2

.

cm

0

.

Area of thisi§ace" .1.:--

,
,

A

I

square metre Area of card table top

hectare
,

FootlYall field including sidelines

and end zones
..,

Volume and ,

Capacity

i

I

_
millilitre inl Teaspoon Is.5 ml

,

litre I A little More than,1 quart

cubic

centimetre

/
.

cm3

.

,

Vblume of this containg

=7
.

.
aubic metre in 3 A little more than a cubic yard

..

Mass

.

' f

e

milligram

-

mg

.

Aible seed about 104mg, grain of

salt, 1 mg

gram g Nickel abput 5 g
.

kilogram kg
'Webster's

Coillegiate Dictionary
r

,metric ton

(I 000 kilograms)

.
. .....4, )

yAlliswagen Beetle. * ,
I

THE CENTER FOR VOCATIONAL EDUCATION

4,

Table 1-a

4

METRIC PREFDE

Miiltipleiocrs

1 'Submultiples
r ,

Prefixes Symbols.

.

1 000 000 = 106 mega (rnrgi) . M

1 000 = 103 kilo (k11/) k.

100 = 102 heCto (hevta) .. h

,

10 = 101 deka (dikii)

Baie Unit 1 = 100

0,1 = 1.:1-1 deci (den

0.01 = 10-2 centi (sIn'ti) c

0,001 = 10-3 milli (e)
0:000 001:: 10-6 micro (mTki-0).. 4 ji

Table 1-b



LINEM1 MEASUREMENT ACTIVITIES

Metre, Centimetre, Millimetre

A: 'DEVELOP A FEE,LING FOR THE SIZE OF A ME;FRE

1, Pick up one of thermetre

sticks an4d stand it up bn the

L , Nor. tIold it in place witrI

onepand. Walk around the

stick. Now stand next to

the stih. With your other

hand, touch yourself where

the top of the metre,stdck

comes on yOu,

THAT IS HOW HIGH A METRE IS!

,

2, Hold one.arm out straight

it shoulder height. Put

the metre stick along this

frn until the end, hits the :
ehd of your fingers,: Where

is the other end of the

Metre stiga Touch your-

self at thit end.

I.

THAT IS HOW LONG 4METRE JS

THE CANTER FON VOCATIONAL EDUCATION

10
cat

I

.44

3, Choose a partner to stand

at your side. Move apart

so that you can Put one

end of a metre stick on .

your partner'g shoulder

and the other end on

your shoulder. Look at

the space between you,

THAT IS THE WIDTH OF A METRE!

B. OEVELOP 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.

Eor each of the following items:

'Estimate the size of the ftems and write your estimate

ESTIMATE column. Measure the size with your metre stick

and write the answer in the MEASUREMENT column.
4

Decide hovtv close your ftate,was to the actual measure, 4f.

your estnnate was Withi 70 of tht actual meisure you are a 1

"Metric Marvel."

1, Height of door knob:

Irdm floor,

. 2. Heigh &ion

3. Le h of table,
,

4. Widtlrof table:

5, 6ngth of waR

this room.

How Close

. Estimate Measurement Weie,You?

(m) (m)

ffi

6. Iristance from

you to wall.

e.

c*.

0

.(Exercis61

(tontinued on next page) L. I
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. THt CENTmETRE (c.4...
40

4 '. ) "
There are 100ntimores in one rnetre. if there are4 meye and
3ientimeh,eC you write 403 c [(4 x 100tin) +I cm 00 cm

,

A.

3.emi
I It

DEVELOP A FE.F.LING FOR T.1.4 SI F\XCEITTIMiTRIiir
. Or.

. . , . , , , . .
1. Hold tlie nittric ruler against the width otyour t.hurnimai.

Howside is. it? 6rn 1 s

,
,......,.

. i q
1.4 . . 1

el

, 2.. it astre Touffhumb froilLthe fi?stjak to the end.

,
.. crn r , ,

. 3, Use the Metric ruler to find the width of 'yourpalm.
. .

0

' CM
r

or, *mare your index or pointing finger. How long is itz

5. !lure your,wrist with a tape measure: *hat is the distance
arou4 it? cm

,

6. Use theltap66re to find your waist size, cm

DEVEL0q0.UR ABILITY TO ESTIMATE,IN CENTIMETRES

,

You are iw ready tO estimate in centimetres. For each of thee
following items, follow the pr4edures used for estirnating in

metres.

4

Length ot a Ptaper

clip.
.

2. Diameter (width)

of a coin.

3. Wid.11 of a

postage stamp.

4. Length of a

pencil.

5. Width of asheet

of paper.

fdi

(11111)CNE CENTER FOR VOCATIONAL EDUCATION

HOw ClOse

. Estimate Nkasurement Were You?

(cm) (cm)

1.1=MN.

1

,

- .

., s.4

, . )
'EL THg MILLIMETRE (mm)i 6J 4

4,

-.- There del() millimetres hi one centimetre:Ai/hen a measutement

2 centimetres and 5 niillimetrqsziyou write,25 mm [(2 x 10 mm)

+ 5 min = 20 mm + 5 mm]. There are 1 p,ap, hurt in 1 m.

A. DEVELOP AcEELING FOR THE SIZE OF A NELLIMETRE,

A. ,,
Using a ruler marked in millimetres, ninture:

1. 1Thickness of4paper clip-wire. ,, mm

1 2, 'Thickness of Your fingernail.

3. `Vidih of your fingernail.

4. Biameter (width)ofa coin,

,

1.

3.

A.

6.

mm
,

11,0

5. .Diameter (thickness) of your knell', ;

e$. Width of.a postage stamp. mm

%,0

DEVELOP YOUR AB1LITY TO ESTIMATE IN IVALLIMETRES

You are now ready to estimate in'011imeties. For each of the

followinglems, follow the procedUres used for estimating in

metres.

4
Thickness of a

nickel.

qtameter,(thickness)

of a bolt.' .

Length of a bolt:

tdtlyf a sheet
ofok
Thickness of a board

or desk top. '

Thickness of a

button.

How Qose
Estinakto Measurement %re You?

(mm) (mm)

1111=

1.1.41amp.m.1.=

0.00

1.

1NIN.1

'Exercise 1
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AREA MEASNEMPIT ACTIVITIES
,

§quare Centimetrf, Square Metre,

4;00i,

WHEr; you DESCAIBE T4gEA OF SOMPHING, YOU ARE 4

SAY INd HOW MANY SQUARES OF A GIVEN IZE IT TAKES'TO

COVER TA SLIFACE.

THE SQUARE CENTikETRE (cm' )

-41\ 'DEVELOP:A FEELI,NG FOR 4' SQUAR(CENTIMETRE

S.
1. Take a clear plastic grid, or uo the,grid on page 6.1,

Measure the length and width ol one of theSe siaTl

squares with a centimetre ruler.

THAT I§ ONE SQUARE CENTIMETRE! '

3. Pike yOur fingernail over the grid. About how many

sqiiares does it take to cover your fingernail?

4. Place a coil oyer thl grid. About how many squares

does it take to cover the coin? em2,'

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

squares does it take to cover the postage stamp?

I 1_cm2

6. Place an envelope olver ttie grid. Ab4t how many

squares does it take to cover,the envelope?

cm
'

s
7.,1 Measure the length and width otthe envelkle in centi

metres. Length cm; Width cm.

Multiply to find the area in square centimetres.

cm x cm = cM2 How

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

THE CENTER FC.1 VOCATIONAI. EDUCATION

ELoP YRUR ABILITY10 ESTIMATE IN SQUARE

:aNTINIETRV
. $

. YOu are now jeady to develop YOukability to estimate

- in mare centipetres.

5

Remember the size of,a square centimetre. Fc:, each,of tlt

following iten, folloW the procedures used forestimãtiig in

metres.

Idex card. ,

ook covir.

3. Photograph,

4. Window pane or

desk top.

IL THE SQU.A. METRE (rn2)

Estimate Meas

cm' )

11
myw.

How Close

t Were You?

A. DEVELOPA FEELING FOR A SQUARE METRE

et)

r..11r.a

,

1, Tape four metre sticks togethey to make a square which

is one metre,long and one metre wide.

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

big it is. .

3. ',Place the sq1.1are on the floor in a corner. Step back and

look. See how much floor space it covers.

4. Place the squ'are mho table top or desk to iee how,

much space it covers.'

5. Place the sare against the bottom of a door. See how

muchoftthe dooeit covers. How many squares would it

take to eover the door? ' m2

THIS IS HOW BIG A SQUARE METRE IS!

, Exercise 2

(continued on next pale)

1 5



DEVELOP YOUR ABILITY TO ESTIMATE IN SQUARE.

NETR S.

You are ov ready to estimate in square metres. Follow the

proVures used for estimating in metres.

t.
Mow Citse

Estimate Measurement Were Your'
-(m2 ) (m2 )

°1/4 ';'" Door. ,
2. Full sheet of

newspaper;.
3. Chalkboard or

bulletin.board.'

4. Floor,

5. Wall.

, 6. Wall chart Of p,oster. v1

7. 'Side of file cabinet,
, ,

CENTIMETRE'GRID.

A

4

4

. *1'

TIRE CENTER FOR VOCATIONAL EDUCATION
,

16

Exercise 2

,
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VOLUME MEASUREMENT AtT TIES

CubiKentimetre, Litre, Millilitre, Cubic Metre
V,
4'

f

I. THE.CUBIC CENTIMETRE (cm3 )

A. NYELOP A FEELING FOR THE cupIc CENTIMETRE

, 4

lA Pick' up a colored plastic cube. Measure its length,

height, and width in centimetres. -

THP IS ONE'CUBIGCENTI TRE!

2. Find the volume of a plastic little box.

a. Place a ROW of cubes against the bottompf o e

of the box. How many cubes Min the row? '

,b. Place another ROW of cubes agaitist'an adjoiding side

of the box. How manY rows fit inside the box

to make one layer of cubes?

How many cubes in each tow? p
How miny 'cubes in the layerinthe bottom.of the

box?

c. Stand a ROW of gpbes up against the side of the box.

Howmany LAYERS would fit in the box?

How many cubes in each layer?

How rmny cubes fit In tIr boi altogether?

THE VOLUME OF THE BOX IS CUBIC

CENTIMETaES.
e

d. 14kasure.the length, width, and height of the box in

centimetres. 'Length cm; width cm;

height cm. Multiply.these numbers to find D- '

the volume in cubic centimetres.

CIT1 X CIT1X C111' t
Are the answers the same iniend d.?

03ENTER'FON VOCATICaiAl EDUCATION

I

114 ,

B. DEVELOP YOUR ABILITY TO ESTIMATE IN CUBIC

ENTINETRES

You are now readylto develop your abifity to stmate

in cubic centimetres.

Remember.t

e following

etres.

siie of a cubic centimet . For each of

ems, use the procedures for estimating in

'How Close

Were You?Estimate *asiirennt
(cm3) (cm3)

1FIndex card,file

box,
t)

2. Freezsr c ntainer.

. C\- \it

,

\ \
3,. Paper clip betc

4. ' Box of staples.

YHE LITRE (1)

A. DEVELOP A FEELING FOR A LiTRE
74

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

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

usually do. How many cups do you fill?

AT IS HOW MUCH IS IN ONE LITRE!,
3. Fill the litre ettainer with rice. "

'THAT IS HOW MUCH IT TAKESIO FILL A'ONE

LITRE CONTAINER!
I

Exercise 3

(continued on next page)

A

1 i)
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Bi DEVELONPOUR ABILITY TO ESTLMATE IN LITR

u aj now ready to develop yoftr ability to estimate in

litres, To write two 6I one-half litres, youmrite,2.5 1, or

2.5 lities. To write ne-half litre, yOulvrite ff.5 I, or,0.5.

litre. To Write two d threourths litres, yourite
'2351, or 2.75 litres.

For, each of the following items, use theprocedures for

estimating in metres.

I

1.

, .

Estigiate hiruiement

(I) (1)

Medium.sixe,

Jreezer container.
v

e freezer

codainer.

3. SMall freezer

, container.

4. Bottle er jiug.

lir THE MILLILI4E (m1),,

There are 1 000 millilitres in one litre, "1 00

a litre 0. 500 millilttres, or 0.5.1itre . 500 ml

44.

20

Row Close

Were YtiP

...01 proel

/11.11mwwomms

tre. Half

A. DEVELOP A FEELING FOR A MELLILITRi

1. Examlne a centimetre cube, Anything,which holds

1 cm' holds 1 ml,

2. Ftill a 1 millilitre measuring spoon with rice. Empty the

spoon into your hand. Carefully ;lour the rice into a

small pile on a sheet of paper.

THAT IS HOW MtCH ONE MILLILITRE IS! .

3, Fill the 5 spoon ilth e. Pour the riciOntaother
pile on the s eet of pa

THAT I 5 LLIL)TRES, ORME TEASPOp!
A

4. Fill'the 14nl spoon with rice. Pour the rice a third

pile on e paper.

THAT IS 1 MILLILITRES, OR ONE TABLESPOON!

ts--)

fr

B. DEVELOP YbUR A&LITY TO ESTIMATE IN MILLILITRES

64, .

You are, nOw ready to estimate in mjlihitres. Follow the

Oiocedures Used for esti9tting metres.

).

1. Small juice can.

2. Paper cup or tea

OPP',
1. 3. &ft drink cam

4. Bottle.,

IV. THE eUBIC METRE (iii3)

Row Close

Estimate hasurement Yo97

(ni) ,

y

4110

A( DEN(ELOP A FEELICING' FOR A CUBIC METRE

,

101 Place a one metre square on the floor next to.the wall.

2. Meastie a metre UP therll.

3. Picturea box that viou(I f)t in aispace.

THAT IS THE VOLUME OF ONE,CUBIC METRE!

kir' B. DEVELOP YOUR ABILITY TO-ESTIMATE IN CUBIC METtE$

/-* {

,\For each of the followingsitems, follow the estimating proc'ed-

ures used before., ,

THE CENTER FOR ATIONAL EDUCATION

4

1. Office.desk.

2. File cabinet.

3. Small room. 1-\

'tow Close

Estimate hiasurement Were You?
(m3.)

(in3)

9 ,.. wwwww.

;

1.=m1II

ExerciSe 3

121



MASS(WEiGHT)MEASUREMENT ACT

Ki19m, Gram

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

object. This amount is always the same units rill add or subtract some

matter from the 6bject. Weight is the term that most ptople use when

-they meg mas? The weight of an object is affected by gravity; the

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

m'ight be 120 pounds; that same 7light on the moon would 4e

20 pounds. TI,!is difference is beca the ll of gravit'y on the moon

is less than the.pull of gravity on eartli, A person's mass on the earth

and oil the moon would be the'saree, ThepetriF system does not

measure weight--it measures mass. We will use the term ram here.

The synitiol for gram is g.

The sisrnbol for kilograin is kg.

i,Thervare 1 000 granis in one kilogram, or 1 000 g 1 kg.

Half a.kilogram can be written as 500 g,or 0.5 it

A quarter 6f a kilogram can be written as 250

Two and three-fourths kilograms is written as 2.

.1. riHK KILOGRAM (kg)

0.25 kg.

kg, .

2.

Mass

().\ (kg)

1 kilom box.

TextbOlik,

3. Bag of sugar.

4.. Package'of paper.

5. Your own mass.

IMI.1
=1.1.111111

B. DEVELOP YOUR ABILITY T

DEVELOP A FEELING FOR THE MASS OF A KILOGRAM

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

Before you find the mass, noticetoi heavy the object "feels"

and compare it ti the reading on tile scale or balance.

INNTER FOR VOCATIONAL EDUCATION

,,22
4

4

tfr

,

ESTIMATE IN KILOGRAMS

Por the following(i'tems ESTiATE the mass 4tthe object in

kilograms, then use thascale or balance to findlie exact Ass

of the object. Write the.exact mass in the MEASUREMENT

column. Determine hoW c ur es

ow Close

Estimate Measureinent ere You?

'(ig) (kg)

.1. Bag of rice.

2. 'Bag of nails. .

3. Large purse or

briefcase.

4. Another Pers,n. ...n 41114.1.11.0

5, A few books.

Exercise 4

(continued on next page) .

23
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1.

4.

II, THE GIM(g)

A. AEVELOP A AELING FOR A GRAM

I

p. ,

i 1. Take a coloted.plagic cube. Hold it in your hand

Shake the cube in youi palm as if,taking diCe. Feel the

pressure on your handwhen'the dube is,in mkigh,.then

when it is not -in motion.

THAT IS H W HEAVY A GRAM IS!

;

N

. .

OEVELOP Youg)ABILITY Td ESTIMATE IN GRAMS

. ,

Y4are now ready to improve'yourability to estimatein

grarnsigeniember how, heavy the1,yrim cube ihow heavy
.thetWI:j'ixam cubes'are, meow b'eavy.the five grItfiTubes 4

('#e for each -,of, the following item, follow te prcedures
for estimating in kilograms,

v.
2. Take;a econ cube and attach it to the first. Shakelhe

cub iniftrstim hand and then the othv hand; rest

the cubes near the tips of your fingers, moving your
h d up and,down.

:

HAT IS THE MASS OF TWO GRAMS

TWOthunibtacks,

Pencil.

. 3. TS-Page

and, envelope.,

Nieltel;"

Apple.

6.. Package of

margrim,

Take five cubes in one hand and shake them around,

THATAS THEpIASS OF FIVE GRAMS!

C1N7ER VOCATIONALIDtk ATHA

2 I

How Close
Estimate Nkasurement, Were You?

(g)

.11.N.I.
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TEMPERATURE ItiEOUREMENT ACTIVITIES
, ,

Degree Celsius

I. DEGREE CELSIUS (C)

Degree Celsius (°C) it the metric'hieasure for tempeiature.

A. DEVELOP A FEELING FOR DEGREE CELSIUS

Take a Celsius thermgmeter. Look at the marks on it,
0

1, Find 0 degrees'.

WATER FREEZES AT ZERO DEGREES CELSIUS (0°C1

WATER BOILS AT 100 DEGREES CELSIUS (100°C)

2, . Find the temperature of the room. the

room cool, warm, or about right?

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

' Find the temperature. °C. Dip yoiir finger

quickly in and out of the water. IS the water yery hot,

hot, or jusit warm?

4. Put some cold water in a container with a ther.meter.

Find the temperature. °C. Dip your ) ger into

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

5, Bend your arm with the inside of your elbow around te

bottom of the thermometer. After about three minutes

find the terriperature. Yqur skin tempera,

ture is not as high as your body,temperature.

NORMAL BODY. TEMPERATURE IS 37 DEGREES

CELSIUS 437°X).

'A FEVER IS 39°C.

A VERY HIGH FEVER IS 40°C.

THE CENTER FM VOCATIONAi mucataN

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. lltx some hot and

cold water in

, container. Dip your

fitiger,into the

water.

Pour out some of

the water. Add some'

hot water.' Dip your

finger quickly into

the wa r..

3: Outdoor tempera,

. ture.

4. Sunny window sill.,

5. Ma of ice and water,

6. Temperature at

floor.

7. Temperature at

-ceiling.

HoiClose

Estimate Measurement Were You?

(°C) (°C)

Exercise 5

6

4
2 7
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UNIT

OBJECTIVES

The student will reeognize and use the metric

tenz, units, and qmbols used in this occupa-

tion.

' Given a metric unit, state its use in this

occupation.

j,,)

Given a measureMent task in this occupa-

tion, select2the iiPprOpriate metric unit

and measurement tool:

SUGGESTED TEIHING SEQUENCE

1. Assemble metric measurement tools (rules,

tapes, scales, thermometers, etc.) and

objects relat.ed to this occupation.

2. Discuss with students how to read the

tools.'

3. Present and have students discus

Information Sheet 2 and Table

4. Have students learn occupationally-

related metric measurements by complet-

ing Exercises 6 and 7.

5. Test performance by uSiniSection A of

"Testing Nitric Abilities."

THE CENTER FOR yOCATIONAL EDUCATION
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METRICS IN THIS OCWPATIA

%

Chhgeover to the metric system is under way. Large Corporations are alreaay using

metric measurement to coMpete ire-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 metric system. As businesses and

industries make this metric changeover, employees will need to use metric measurement
in job-related tasks.

Table 2 lists those metric terms which;re most commonly used in this occupation.

'these terms ire replacing the measurement units used currently. What kinds of job-

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

now make and usO'able 2 to discuss the metric terms whic(11 replace them. See if you
can a ,d to the list of uses beside each metric term.

4)

oi

Information Sheet 2
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Metric Units' fqr Welding

Quantity Unit Symbol Use

.

Length

,

,

,

millimetre mm Size of fillet weld, screw andlolt lengths and .diameters

wrench sizes, diameter of welding rod

centimetre
- ,

Cm U

,

Length of weld, channel, pipe, I-beam, rod

metre' m 1
%

Length of pipe, conduit

Area

.J

, square tillimetre mm2 ,

,

,

Area Of plug weld

square' centimetre Cm
2

Area of steel plate

J

square metre m2
.

Area of welding room floor

Volume/Capacity

i ,

. .

cubic millimetre mm3 Volume of a fire rick

)
cubic centimetre

_,
,

CM3 ' Product size; excavation quantities; tank, coiitainer,

compartment or hopper capacities*

cubic metre , .
in3 . .

millilitre
..

iicl ,, . Liquid solvents, chemicals, oil ,.

litre I

r
Quantity liquids, gasoline, acetylene and oxygen purchase,

tank capacities

Ma'ss gram I g

-
Can of flux .

kilogram kg Packages of welding rod

Wire feed rate millimetres per second mm/s Heliarc welding
.

Electrode force ,, newton N

,
. Upset, squeeze, and hold

Flow rate litres per minute
C.

l/min Argon or carbon diuitte gas flow for gasihielded welding;

liquid coolant flow for TIG welder

Temperature

.

degree Celsius
0

C

,

,

Weld, welding room, outside, and liquid teniperatures,

melting points

,

kelvin K Sometimes used in scientific and technical 6ecifications

and reports (see Conversion Chart)

Pressure kiloparg

,

kPa Oxygeii pressure, gas and hydraulic pressures, tensile

strengtt

*Tanks, hoppers, and containers will be measured either in litres and millilitres or in cubic centim tris and cubic metres.

THE CENTER FM VOCATIONAL EDUCATION
Table 2

31
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TRYING OUT METRIC UNI,TS

To give you. practice with metric units, first 'estiMate the measure.

mentkof the items below. Write down your best guessnext to the itent

Then actually measure the item and write down,your answers using,the

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

Estitnate Actual

Length

01. Palm width

2. Hatd span

3. Your height

2

4. Desk height

5. Space betWeen desksf

6. Welding rod

7. Height of filing cabinet

8. Flanges of l-beam

9. Legs of angle iron

Area %

10. Desk top

f

11. Spot bit

12. Workbench

13. Plug weld

14. Templates

.15. Acetylene bottle

Estimate Actual

1 Oxygen bottle

1 . Container of deposer,

18. Drum of oil

19. Bucket

20. Small box or package

21. Soldered or welded container

4

22. Storage bin

Mass

- 23. Textbook

_142, 4. Nickel

25. Yourself

26. Brazing rod

27. A quantity of steel

28. Aluminumwelding rod

Temperature

29. Outside

30. Inside .

31. Hot tap water

'32. Cold water

THE CENTER FOR VOCATIONAL EDUCATION Exercise 6



WELDING Ji MEiRiCS
It is important t$ know what metric measurement to use. Show

what measurement to use in the following situation's.

1. Length of workbeRch

15

,

2. Width of workbenCh

3. Area of workbehch

4. Capacity of quenching tank or

bucket

5. Mass of a blacksmitlfs hathmer

6. Diameter of oxygen hose

7. TefiRture of flame from torch ,

.1 8. Volume of container of flux

9. Mass of a single welding rod

.. 10. VoluMe of can of metal primer

11 : Reading of a pressUre gage

12. Length of a'welding rod
,

1f3. Length of an electrical lead

/

4
t

14. Length of a weld

t Width of a weld
v

16. Length Of a steel plate
wwwww .4'44[1744141 11.,,, ,(.1..1111,er 104%

17, Width of a steel plate

18. Flow rate for gasshielded welding

19. Length of a steel taPe

20. Size of a %clench

21. Volume of a fuel storage tank

22. Wire d rate for spot welder

23. Air pressure for spot welding

44 044,1:C

CCTHE cum FOR VOCATIONAL EDUCATION
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Exercise 7

35
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OBJECiIVE
,

The dudent will recognize and use met
tic equivalents.

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 gime.,

2. AS soon as you have presented the ,

Information, have the students complete
each Exercise.

ah.

3, Check their answers on the page titled

ANSWERS TO EXERCISES AND

TEST.,

4. Ted performance by using Section B of

"Testing MetTic

CLINCENTER FOR VOCATMAL EDUCATION

(METRICMETRIC EQUIVALENTS

Centimetres and Millimetres

Look at the picture of the nail next to the ruler. The nail is 5:7 mm long. This is 5 cm + 7 mm,
There are 10 mm in each cm, sod mm = 0.1 cm (one-tenth of a centimetre). This means that

rnm = 0.7 cm, so 57 aim = 5 cm + fnm

= 5 cm+ 0.7 cm

= 5,7 cm. Therefore'57 mm is the same as 5.7 cm.

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

= 3 cm + 9.4 cm

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

Now you try some.

a) 26 mm= cm

b ) 583 tiun cm

c ) 94 mm cm

d ) 680 mm a Cln

Information 'Sheet 3

e ) 132 mm = cm

f ) 802 mm cm

g ) 1 400 = cm

h ) 2 307 mm. = cm

4

Exercise 8

37



(Metres, Centimetres, and Millimetres

There are 100 centimetzes in one Indic Thus,
,9

,.2m 21100cm . 200cm,

3 me 3 100 cm800 cm,

8 ra 81100 Cm 800 cm, s,

36ra 36 x 100 cm 3 600cm.

There are 1 000.millimetzes in one metre, so

2m 211000 min 2000.mm,

3 m 311000mm 3000 mm,

ititip, 6i1OOOnin 6 000 mm,

24 m24 x 1000mm24000

From your work with' decimals you should know that

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

one-fourth of icentimetre 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 al 0.75 x 1 000 mm

mm

* 75 xl0mm

750 mm. This means that 0.75 m 750 mm.

4
Fill in the following chart.

3 8

Information Sheet 4

metre '

m

centimetre

cm

,

millimetre

mm
,

1 100 1 000

2 200

a
,

9

5 000

74

0.8 80
.

'M.

0.6
I,-

600

2,5
,

254
148

639
-

(111)CTNII' CENTER FOA VOCATIONAL EDUCATION
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Exercise 9

.1
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Millilitres stoLitres

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

2 000 millilitres is the same u 2 litres,

3 000 ml is the same u 3 litres,

4 000 ml is the Same as 4 litres,

12 000 ml is the same as 12 litres.

Since there are 1 000 millilitres in each litre, one way tothange milli

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

Or

1 000.

1 000 ml TO1 litre 1 litre,

2 000 inl
2 000

--66-0 litres
2 litrat.

And, as a final example,

k,
28 000

28 000 ml -7-00 litres 28 litres.

A

Mat if something holds 500 ml? How many litres is this? This is .

worked the same.way,

500
500 ml $705 14re, 0.5 litre (fiekenths of a litre ), So 500 ml

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

Change 57 millilitres to litres,

57
57 ml -rg litre 0.057.1itre ( fiftyseven thousandths of a

litre). s:4't
di?

InforMation Sheet

Now you try some. ComOke the, following chart.

millilitres

(ml)

litres

(1)

3 000

6 000

8

14 000

23

300 0.3

700 ,

0,9

250

0.47

275

Exercise 10

3 9
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a

Ii

Litres to Millilitres

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

So,

2 litres 2 x 1 000 ml 2 000 ml,
7 litres 7 x 1 000 ml 7 000 nil,

13 litres .13 x 1 000 ml -13 000 ml,

0.65 litre 0.6p 1 000 ml = 650 ml./

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

litres

I

millilitres

ml

8 000

5

46

32 000

0.4

0.53

480

Grams to Kilograms

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

2 000 grarn is thesame as 2 kkgrams,

5.000 g is the same as 5 kg,

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

Exercise 11

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

changing from millilitres to litres.

Information Sheet 7
Try the following ones.

gams

g

kilograms

kg

4 000 II.
9 000 1.1111

23 000

MIN 8

Itall.11111
nali.11111

4

4 0

T141 R FOR VOCATIONAL EDUCATION

Exercise 12

Kilograms to Grams

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

'4 kg. 4 x 1000g= 4000g,
23 kg = 23 x 1 000 g = 23 000 g,

0.75 kg. 0.7x 1 000 g= . 750 g.

Complete theglowing chart,

kilograms

kg

grams

g

7 000

11

25 000

0.4

0.63

175

Information Sheet 8

Exercise 13

Changing Units at Work

Some of the things yo1.1 use in this occupation rity be measured in

different metric units, Practice changing each of the following to
metric equivalents by completing these statements.

a ) 50 cm welding bead is

b ) 250 ml of sOlvent is
1

d ) 5 cm diameter pipe is mm
d) 2500 goffluxis

kg

e 1 jp nun bolt is cm

f ) 0.25,litre of paint is' ml

g ) 2 000 kg of welding rod is

h ) MO kg of steel sheet is

) lOcm,boltis mm
I 3 In steel tape is mm

k ) 500 g of hand cleaner is
kg

)' 500 ml of liquid flux is
1

m) 2 Nies of caustic soda degreaser

n ) 1 cm crater is rnm
o ) 230 mm rod*, cm

Exercise 14



UNIT

OBJECTIVE

The,student will recognize and use

instruments, tools, and devices for mea-

surement tasks in this occupation.

Given metric and Customary tools,

instruments, or devices, differentiate

between metric and Customaxy.

Given a welding measurement task,

select and use an appropriate tool,

instrument or device.

Given a metric measurement task,

judge the metric quantity within 25%

and meanwithin 5% accuracy.

SUGGESTED TEACHING SEQUENCE

1. Assemble metric and Customary measur

ing tools and devices (rules, scales, °C ther-

mometer, drill bits, wrenches, micrometer,

vernier calipers) 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 aod instruments,
.0

3. Have students, verbally describe charac-

teristics. .

4. Present or make aVailable Information

Sheet 9.

5. Mix metr\ and CustomarY tools or

equipment at learning station. Give

studelits Exercises 15 old 16.
.

6, 'Test performance by'usin.g Section C of

"Tking Metric Abilities."

THE Was FOA V0eAT'IONAL EDUCATION
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SELECTING AND USING

METRIC INSTRUMENTSITOOLS AND DEVICES

'Selecting an improper tool or misreading a scale can result in an improper requisition

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

pounds per square inch of pressure (psi) in an arc-air welding system designed for 207 kilo-

pascals (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 products 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 metxic symbols on the tools 9r gages such as m, mm, kg, g, kPa.

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

than common fraCtions,(3/8) on drill bits, wrenches, and gages.

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.

.1

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

Information, Sheet 9

42 43
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WHICH TOOLS FOR THE JOB?

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

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

1. Check proper pressure on oiYgen tank gages for welding.

2. Check proper pressUre on acetylene tank gages for welding.

3.1liOrder enough welding rods to last the school year.

4. Estimate the size of a fillet weld for a tee section made of

10Am SAE 1018.

5. Space spot lelds on a pieCe of sheet metal.

6. Set proper pressure on oxygen tank and acetylene tank for

torch cutting.

7.. Check proper ampaon electric welder for welding 10 mm SAE

1020 to 10 mm SAE 1020.

8. Select proper wire feed rate on heliarc welder for lap welding

2 mm SAE 1018 together.

9. Heat a piece of 10 mm SAE 1018 to a bright cherry red and

check for comparable temperature.

10. Check a number four torch tip for proper orifice diame r.

11. Order replacement blade for metal-cutting hacksaw.

12. Order pipe for a product.

13. Set a tool rest for off-hand grinding.

14. Mix a solvent from a jug of concentrate.

THE CENTER FOR VOCATIONAL EDUCATIO.
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A

Exercise 15

MEAStiRING UP IN WELDING
111

For the tasks below, estimate the metric measure-

ment to within 25% of actual measurement, and verify the estimation
by measuring to within 5% of actual measurement.

EstiRte , Verify

1. Diameta of a welding rod for elec-
tric arc welding of mild steel plates
6 mm thick

2. Amount of welding rod used on a
job'

Mit88

b. Length

3. Pressure setting for acetylene
welding

4. Spacing of straight beads for a
weaving and whipping bead

5. quantities of caustic soda and
water to mix a degreasing solution:

a. Caustic soda

b: Water

6. Spacing of spot wel s on a iheet
metal product

'Or

. 4
7. Size of a thick metal strap for a

product:

a. Length

b. Width

c. Thickness

8. Length of cut triangular tips for

a closed-end weld on a pipe

9. Mass ottcontainer of brazing flux
to be requisitioned

10. Flow rate for a gas-shielded weld-
ing job

11. Area of a plug weld

12. 'Length of welding rods to be 4,
requisitioned

Exercise,16



UNIT

OBJECTIVE

The student will recognize and use metric

and Customary units interchangeably in order-

ing; selling, and using products and supplies in

.this occupation.

Given a Customary (or metric)measure-

ment, find the metric (or 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.

Present or make aVailable Information

Sheet 10 and Table 3,

3. Have students find approximate metric

Customary equivalents by using

Exercise 17.

4, Test perfgrrnance by using Section D of

"Testing Metric Abilities,"

THE CENTERFOR VOCATIONAL EOUCAtION
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METR1C-CUSTOMARY IQUIVALENTS

During the transition period there will be a need fOr finding equivalents b

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

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

1.

2, Look up the known number in the approptte column; if not listed, find numbers you

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

Determine Which conversion table is needed. ,

fr

ween systems.

c se equivalent

3. Read from the next column.

Table 3 on the next page gives an example of a metricCustomary conversion table which

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

17, Paxt 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 .t 0.39 inch 1 inch = 2.54 cm 1 mk 0.2 tsp 1 tsp 5 ml

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

1 m 1.09 yards
1

1 yard = 0.91 m 1 k 33.8 fl oz 1 fl oz = 29.6 ml

1 km ;=. 0.62 mile 1 mile = 1.61 km 1 k.4.2 cups' 1 cup = 237 ml

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

1 m2, 10,8 sq ft 1 sq ft = 0.09 m2 1 k 1.06 qt 1 qt = 0.95 l

1 m
2

z: 1 2 sq yd, 1 sq yd = 0.8 m2 1 1 = 0.26 gal 1 gal = 3.79 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 in3 = 35.3 cu ft 1 cu ft = 0.03 m3 1 metric ton = 2205 lb 1 ton = 907.2 kg

1 ni3 1.3cuyd 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 Measurement, Division of Educational
Redesign and Renewal, Ohio Department of Education, 65 S. Front Street, Columbus, OH 43215, 1975.
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CONVERSION TABLES

MILLIMETRES TO INCHES 1 000 rum or 1 metre 3937 inches INCHES TO M LLAIETRES .
10 inches 254 mm

mm Inches mm Inches mm Inces 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 11.4 0.016

500 19.68 50 4t.97 5 , 0,2, 0 0.5
. -.

0.020

600 23.62 60 2.36 6 0,24 0.6

.

01;024

700 27,56 70 2,76 7 .0,26 0.7 0.028

800 31.50 BO 3.18.1, 8 0.31 0.8 0.031

900 35.43 90 3,54: 9 . 0.35 1 0.9 0.035

TEWERATURE CONVERSION CHART*

/ th mcnes or J. reel 4-- JU4.D IIIM Of tiU.4 6 Cm

Inches mm Inches mm
,

Inches mm Inches min

1 25.4 0.1 2.54 .01 .25 .001 .D3

2 50,8 0.2 5.08 .02 .51 .002 '.05

76.2 0.3' 7.62 , .76 .003 .08

4 101.6 0.4 10.16 .04 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 '-r.15

\,:s1 177.8 0.7 17.78 .07 1.78 .007 .18

8 203.2 0.8 20,32 .08 2.03 .008 .20

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

0 F
°F oc

°C ' °F oc

100 i 38 1100 593 50 122 650 1202

200 93 , 1200 649 100 212 700 1292

300 , l' 149 1300 704 150 302 750 1382

400 . 204 1400 760 200 392 800 1472

500 260 1500 816 250 482 850 1562

600 316 2000 1094 300 572 900 , 1652

700 3'11/ 2500 lin 350 662 950 1742

800 427 3000 _1649 400 752 1000 1832

48'2 3508 1927 450 842 1500 2732

1000 538 4000 2204 500 932 2000 3632

4500 2482 550 1022 2500 4532

j 5000 2760 600 1112 . 3'000 5432

*Kelvin temperatur may be used in technical specifications. Kelvin (K) temperature is found by adding 273° to the degree
/ Celsius (°C) temperature.

(11:0THE CENTER FOR VOCATIONAL EDUCATION Table 3
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You are working in a welding shop. With the change to metrié

measurement some of the things you order, sell or use are marked4

only in metlic units. You will need to be familirir 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

Customaxy quantifies.

a )

b)

c)

d )

e)

f)

g)

h)

1)

j)
k)

1)

m)

n )

Customary Quantity Metric Quantity.,

2 lbs. of flux .

4 qts. of solution

3/4 in. pipe

100 lbs. of fire brick

18 in. welding rod

two-gallon can
-

9 in. welding rod
..

6 in. steel rular ,

6 ft. steel tape

4 in. piece of steel
,

2 in, band iron

32 oz. blacksmith's hammer

16 az.,finner's riveting hammer

1 pt. of liquid flux

1 gaL of degreasing solution

1,

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

a ) 100°C = °F e ) 0.02 in. = mm

b ) 700°F = °C f ) 0.2mm = in.

c) 1000°C =
oF

g ) 1/8 in. = mm

d ) 2500°F = oc h ) 25rnni = in.

nia cum FOR VOCAtIONAL EDUCATION

Complete FOrm using the items listed. Convert

the enstoniary 4uintit4eslazetic before filling out the form,

Complete all the inforination (Date, Far, Job No., etc.).
.

Order the following "elding

a ) One leather bib aWon., 24 in. by 36 in.

b ) One 50 lbs. carton,of cast iron welding rods,

114 in. diainetellid 24 in. length

c ) One pair of 24 ipick up tonA

d ) Two fi cad..f brazing and ivelding

e ) Six 411n. welders forged steel "C" clamps

..[ T

1 REQUISITION

l.,

For

Date

, ,

,

Job No. Date Wanted

Deliver to

,

,

QTY UNIT ITEM

,

t ,,,,i, '1;ga

,

Requested

Approved

4

by

,

r

Exercise 17
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`SECHON A

1. One kilogram is about the mass

of t:

[A] nickel

[B.] apple seed

[C] basketball

(D ) Volkswagen "Beetle"

2,, A square metre is about the

area of:

[A ] this sheet of paper

[B] a card table top

[C] a bedspread

[0 ] a postage stamp

3. The width of a weld bead would

be given in:

[A] millilitres

[B] centimetres

[C] kilorrams

[D] millimetres

4. The mars of steel plate is

9 measured in:

[A] millilitres

[B] centimetres

[C] kilograms

-[D I cubic metres

6. The correct way to write twelve

thousand millimetres it:

(14,1 12,000 mm.

[13] 12.000 mm

[C] 12 000mm

[D] 12 000 mm

SECTION B

7. A 45° fillet weld 2 centimetres

wide also ties a width of:

[A] 20 millimetres

[B] 2 millimetres

[C] 0,2 milltmetre

[D] 260 millimetres

8. A steel sheet i metres long also

has a length of:

[A] 0.2 millimetre

[B] 20 millimetres

[C] 2 000 millimetres

[0] 200 mill,es

SECTION C

9. For measuring in millimetres you

would use a:

[A ] scale

[B] rulei

(C) pressure gage

[D] container

5. The correct way to write twenty 10. For measuring kilopastals you

grams is. Would use a:

[A 20 gms [A ] scale

1131 20 Gm. [B] container

[C] 20 g, [C] ruler

[D] 20 g (D) pressure gage

THE CENTER FOR VOCATIONAL EDUCATION
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11. Estimatithe length o( the line

segment below:

[A ] 23 grams

[B ] 6 centimetres

[C] 40 millimetres

[D ] 14 pascals

12. Estimate the length of the line

segment below:

[A ] 10 millimetres

[B 4 centimetres

(C ) 4 pascals

(DI 23 milligrams

SECTION D

13. The inetzie unit for pressure which,

replaces pounds per square inch is:

[A] kilopris&I

[B] litre

[d] grams per square metre

Use thie conversion table to
answer questions 1,§ and 16.

7.
-

mm in. in. ram

,

1 0.04 1 25.4

2 0.08 2 50.8

3 0.12 3 76.2

4 0.16 4 101.6

5 0.20 5 127.0

6 t 0.24 6 152.4

7 \ 428 7 177.8

8 0.31 8'r 203.2
'9 0.36 9 228.6

10 0.39 10 254.0

15. The equivalent of 15 mm :

[A] 381 in.

[B]

[C] 0.59 in.

[D] 2.5 in.

[D I. millimetres pertquire initre 16. The equivalent of 18 in. is:

, [A] 254.8 mm

14. The metric unit for length which

rlaces the inch is:

[Al millilitre

[B] kilomitre

[C] metre

[D ] centimetre

[B] 18 mm

[C] 26 mm

(DI 457.2 mm

TESTING METRIC ABILITIES



ANSWERS TO EXERCISE4AND tEST

EXERCISES 1, THRU 6

' The answers depend on 'the items

used or the activities.

EXERCIS 7

Curr ntloccepted metric units of
measurerfent for each question are
shown in Table 2. Standards in each

occupation are being established

now, so answers may vary.

'EXERCISE 8

e) 13.2 cm

b) 58.3 cm f) 80.2 cm

c) 9.4 cm g) 140.0 cm

d) 68.0 cm h) 230.7 cm

ERCISES 9 THRU 13

Tables'are reproduced ir total. An-
,swers are in parentheses.

Exercise 9
,

metre

m

centimetre

cm

millimetre

mm

.100 1 000

200 4 000)

3 (300) . ..,(3 opo)

: 9 ,..4900) (9 000)

(5) (500) 5000

74 (7 400) (74 000

0.8 80 (800),

0._6__(EOL
2.5 ,:25\'',,_10.025)

10.148) (14.8 148

16 39) (6 390),

a
,

'THE CENTER FOR VOCATIONAL ECIUAIIN

Exercise 10

millilitres

ml

litres

1

3 000

6 000 (6)

(8 000) 8

(14 000) (14)

r(23 000) 23

300 0.3

700 10.7)

-(990) . 0.9 ,

250 (0.25)

(470) 0.47

75 (0.275)

Exercise 11

14res

1

millilitres

ml .

-- ,
8 8 000

,f 5 (5 000)

46 (46 000)

32iL 32 000

1 1400)

0.53. (530)

(0,48) 480

Exercise 12

gram,s

g

' kilograms

kg

4 000 i

9 000 (9)1r

23 000. (23)

(S 0001 8

300 , (0.3)

275 (0.275)

Exercise 13

144Tams

kg

grams

g

7 7 000

11 (11 000)

(25) 25 000

0.4 '71; (400)

0.63 (630)

(0.175) 175

Exercise 14

a ) 0:5 th

b ) 0.25 litre

c ) 50 mm

d ) 2.5 kg

) cm

) 250 ml

g )

h ) 0.5 t

25

Part 2.

a ) 212°F e ) 0.51 mm

b ) 371°C f ) 0.008 in.

c ) 1832°F g ) 3.18 mm

d ) 1 371°C h ) 0.99 in.

Part 3.

) 60.96 cm by 91.44 cm

b ) 22.50 kg, 0.635 cm by 60.96 cm

c ) 60.96 cm

d') 2 - 2,25 kg

e ) 6 :10.16 cm

) 100 mm

j ) 3 000 mm

k ) 0.5.kg

1 ) 0.5 litre

m) 2 000 ml

n ) 10 mm

o ) 23 cm

EXERCISES 15 AND 16

The answers depend on the

items used fof the'activities.

EXERCISE 17

Part 1.

a ) 690 kg

b ) 3.8 litres

c ) 1.905 cm

d ) , 45 kg

e ) 45.72 cm

f ) 7.58 litres

g ) 22.86 cm

h ) 15.24 cm

) 1.83 m

j ) 10.16 cm

k ) 5.08 cm

1 ) 905.6 g

m) 452.8 g

n ) 0.47 litie

o ) 3.79 litres

TESTING METRIC ABILITIES

1. C 9. B

2. B 10. D

3. D 11. B

4. C 12. A

5. D 13. A

6. D 14. D

7. A 15. C

8. C D
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SUGGESTED METRIC 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 in

*Trundle Wheel

*Area Measuring Grid

VOLUME/CAPACITY

*Nesting Meanies, 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*Mhsure, set of 3,

50, 125, 250 ml

Plastic Litre Box

Centimetre Cubes
p.

MASS 4

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

Celsius Themiometer

THE CENTER FOR VOCATIONAL EDUCATION

(he 04 Stet Unwervty 1960 EvrnyRoid Columbui Ottio 0210

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 HardliareHel nuts, washers, screws,

cotter pins, etc.

B. Drill BitsIndividual 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 mm range

F. Metre Tape-50 or 100 in (ape

G. ThennometersSpecial purpose types such ai a clinical

thermometer
0

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

cooling systems, etc.

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

hex key sets

J. Weather DevicesRain gage, barometer, humidity, wind

velocity indicators

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

etc.

L. VelocityDireet reading or vane type meter

M. Road MapState and city road maps

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

and storing liquids

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

storing dry intredients

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

hardware, and school suppliers. Also, checkwith your school district's

math and science departments and/onocal industries for loan of their

metric measurement devices.

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

may be used.to complete the measurement task.

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

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

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

must include check to state treasurer.

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

dent or group inservice education study. Introductory information about

metric measurement; reproducible exercises apply metric concepts tO

common meuurement tituationa; 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 MeterStick,

Metrication Institute of America, P.O. Box 236; Northfield, IL 60093,
1974, 23 min., 16 mm, sound, color; $310,00 purchase, $1.00 rental.

Film presents units for length, area, volume andmass, relating each unit ;

to many common object', Screen overprint* show correct use of metric
aymbols and ease of metric calculations. RelationahMsamong metric

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

and unforgettable mi.

Metric Education, An Annotated Bibliogrdphy for Voeational, Technical and

Adult Education. Product Utilization, Tbe Center for Vocational'Edu.

cation, The Ohio State University, Columbus, OH 4.3210, 1974, 149

IP pages; $10.00.

Comprehensive bibliography ofinstructional Materials, reference mate .

dais and resource list for secondary,pet.secondary, teachereducation,

and adult buic education. Instructional manrials indexed by 15 occu .

pationi clusters, 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 enivenity, Columbus, OH 43210, 1975, 46 pages;

$3.00.

Piper for teachers, curriculum developers, and adminittrators in Voca .

tional, technical and adult education. Coven issues.in metric education,

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

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

Metrics in Career Education. Lindbeck, John R., Charles A. Bennett Company,
, Inc. 809 W. Detweiller Drive, Peoria, IL 61614,1975, 103 pages,

$3.60, paper; $2.70 quantitY school purchale.

Presents metric units and notation in a wellilhistrated manner. Individual

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

energy, graphic arts, and,home economics. Chapters follOwedly several'

kerning activities for student use. Appendix includes conversion tables

. and charts.

Metric Practice Guide for the Welding InduStry. Order No. AWS A2.3.75. American

Welding Society, 2501 N.W. 7th Street, Miami, FL 33126, 1975, 30 pages,

$3.50, paPer.

Presentation on features of the SI metric system, SI units and symbols, units

pertaining to welding, conversions of metric.Customary units, special con
versions for welding, SI equivalents for electrode and fillet sizes, rules for

conversion and rounding, style aid wage, recommendations for metric change

over in the welding industry, and table" of commonly used metric conversions.

METRIC SUPPLIERS

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

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

nsquares, depth gages, calipe, dial indicators, conversiOn charts and guides.

Central Instillment Company, 900 Riveride Drive, New York, NY 10032

Drafting rule and scales fordnIfting, engineering, architecture, conversion

tables and slides, poeters, teaching aids, drafting templates.

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

Instructional quality rules, tapes, metre sticks, cubes, height measures,
trundle' wheels, measuring cups and spoons, personarscales, gram/kilogram

scales, feekr and depth gages, beakers, thermometers, rdts and other aids.

The L. S. Starrett Company, 121 Cresent Street, Atho,!,,MA 01331.

Machine tool precision measuring devices, micrometers, calipers, dial

indicators, steer rules.

Millimeter Industrial Supply Corporation, 162 Central Avenue, Farmingdale,

Li I., NY 11735.

industrial fasteners, taps, dies, reamers, drills, wrenches, rings, bushings, ,

calipers, steel rules and tapes, feeler gages.

Ohaus Scale Corporation, 29 Hanover Road, ilorham Park, NJ 07932

Instructional quality and precision balances and scales, plastic calipers and

stackable gram cubes for beginners.

RegalBeloit Cnrporation, Box 38, South Beloit, IL 61080

Mach

steel

e fasteners, gages, taps and dies, precision micromenrs, calipers,

rüIs, inspection devices.
..,.\

RffamATION SOURCES

American National Metric Council, 1625 Massachusetts Avenue, N.W, Washington,

DC 20036.

Charts, posters, reports and pamphlets, Metric Reporter newsletter. National

metri6 coordinating council representing industry, government, education,

professional and trade organizations.

American Welding Society, 2501 N.W. 7th Street, Miami, FL 33125

Professional society developing product standards, the 11 e of measurement

units, metric practices, and coordinating the metric changeover in the

welding industry.

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

of Commerce, Washington, DC 20234.

Free and inexpensive metric charts and publications, also lends Elms and

displays.


