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ABSTRACT
Designed to meet the job-related metric measurement

needs of the air conditioning and refrigeration, heating and
ventilating student, this instructional package is one of three for
the construction occupations cluster, part of a set of 55 packages
for metric instruction in different occupations. The package is
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measurement terms, and tools currently in use. Each of the five units
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basic metric units, their symbols, end measurement instruments; and
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system of notation also is explained. Unit 2 provides the metric
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occupationc.l measurement tasks. Unit 3 focuses on job-related metric
equivalents and their relationships. Unit.4 provides experience wrth
recognizing and using metric instruments and tools in occupational
measurement tasks. It also provides experience in comparing metric
and customary measurement instruments. Unit 5 is designed to give
students practice in converting customary and metric measurements, a
skill considered useful during the transition to metric in each
occupation. (HD)
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TEACHING AND LEARNING

THE METRIC SYSTEM

This metric instructional package was designed to meet job-related

metric measurement needs of students. To use this package students

should already know the occupational terminology, measurement

terms, and tools currently in use. These materials were prepared with

the help of experienced vocational teachers, reviewed by experts, tested

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

distribution.

Each of the five units of instruction contains performance objec-

tives, learning activities, and sapporting 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

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

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

Classroom experiences with this instructional package suggest the

following teaching-learning strategies:

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

system fun,

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

objects. Eyeryone should learn to "think metric." Comparing

metric units to customary units can be confusing.

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

by "doing,"

4. Students should have experience with measuring activities before

getting too much information,

Move through the units in an order which emphasizes the sim-

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

Teach onc concept at a time to avoid overwhelming students with

too much material,

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

!Dent which provides informal, hands-on experiences for the students.

This unit enables students to become familiar with the basic metric

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

set of mental references for metric values. The metric system 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 transition to metric in each

occupation,

Using These Instructional Materials

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

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

exercises facilitate experiences with measurement instruments, tools,

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

and measuring.

This instructional package also was designed to accommodate a

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

aged to adapt these materials 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 may be used in inde-

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

materials can be expanded by the teacher.

Gloria S Cooper

Joel H. Magisos

Editors

This publication was developed pursuant to contract No. OEC.0.74.9335 ;;;Tm
Bureau of Occupational and Adult Education, U.S. Department of Health, Educa

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

reflect the position or policy of she U.S. Of lice of Education and no official

endorsement by the U.S Of fice of Education.should be inferred,



UNIT

SUGGESTED TEACHING SEQUENCE

1, These introductory exercises may require

two or three teaching 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

(ruies, 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.

7. Follow up with group discus:an of

activities,

*Other school departments may have devices which

can be used. Metric suppliers are listed in the reference

section,

OBJECTIVES

The student will demonstrate these skilLs for the Linear, Area, Volum or Capacity, Mass, and

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

SRILLS

,

Recognize and use the

unit and its symbol for

2 Select, use, and read the

appropriate measuring

instrumeai for:

3. State or show a

0.tsical reference for:

EXERCISES

--,........---
Linear

(pp, 3 . 4)

Area

Ii)p, 8 8)

Volume or Capacity

(pP, 7 8)

Mos

(0.8 18)

Temperature

(p,1,1 I

millimetre (mm)

centimetre (Cul)

metre (mI

square

centimetre

(cm2)

square

metre

(m1I

cubic centi,

metre (crn3)

cubic metre

(143)

litre (I)

millilitre (ml)

gram (g)

kilogram (kg)

degree Celsius

(°C)

Estimate within 259

of the actual measure

heigil, width, or

length of objects

the area of

a given surface

capacity of

containers

the mass of objects

in grams and kilo,

grams

the temperature of

the air or a liquid

, Read correctly metre stick, metric

tape measure, and

metric rulers

measurements

on graduated

volume mew'

ing devices

a kilogram scale

and a gram scale

A Celsius thermometer

RULES OF NOTATION

1. Symbols re not capitalized unless the unit is a proper name (mm not MM).

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).

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

5. Spaces, not comas, are used to separate large numbers into groups of three

digits (45 271 km not 45,271 km).

6. A zero precedes the decimal point if the number is less than one (0.52 g not ,52 g).

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

Information Sheet 1



METRIC UNITS, SYMBOLS, AND ilEFERENTS METRIC PREFDE

Quantity Metric Unit Symbol Useful Referents

Length millimetre mm Thickness of dime or paper

clip wire

centimetre cm Width of paper clip

metre m Height of door about 2 rn

kilometre km 12.minute walking distance

Area square

centimetre
1

cm'

Area of this space

.......

square metre---...............---
hectare

in
2

ha

Area of card table top

Football field including sidelines

and end zones

Volume and

Capacity

millilitre---------
litre

11..O.M1Y1wW.~W....1.1.,....ft.sww...M.S.,......
cubic

centimetre

ml

I

cm
3

Teaspoon is 5 ml---------,
,

A little more than 1 quart

Volume of this container

tr=7

/
cubic metre

_

m3 A little more than a cubic yard

Mass milligram mg Apple seed about 10 mg, grain of

salt, 1 mg

gram g Nickel about 5 g

kilogram kg Webster's Collegiate Dictionary

metric ton

(1 000 kilogram) t Volkswagen Beetle

THE CENTER FOAM VOCATIONAL EDUCATION Table 1-a

Multiples and

Submultiples neugo Symbols

1 000 000 = 106 mega WI) M

1 000 = 103 kilo.(l(d) k

100 =102 hecto (ligl"e't.6) h

10 = 101 deka (ai) da

Base Unit 1 = 100

0,1 = 10-1 ded (den

10-2 centi (ssen'il) c

0,001 = 10-3 milli (All) m

0,000 001 = 10-6 micro (rriAr'o) ' p

..................,

Table 1-b



LINEAR MEASUREMENT ACTIVITIES

Metre, Centimetre, Millimetre

I, THE METRE (m)

A. DEVELOP A FEELING FOR THE SIZE OF A METRE

1, Pick up one of the metre

sticks and stand it up on the

,floor. Hold it in place with

one hand. Walk around the

stick. Now stand next to

the stick. With your other

hand, touch yourself where

the top of the metre stick

comes on you.

THAT IS HOW HIGH A METRE IS!

2. Hold one arm out straight

at shoulder height. Put

the metre stick along this

arm until the end hits the

end of your fingers. Mere

is the other end of the

metre stick? Touch you-

self at that end,

THAT IS HOW LONG A METRE IS!

THE CENTER FOR VOCATIONAL EDUCATION
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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's shoulder

and the other end on

your shoulder. Look at

the space between you.

THAT IS THE WIDTH OF A METRE!

B. DEVELOP YOUR ABILITY TO ESTIMATE IN NIETRES

Now you will improve your ability to estimate in metres.

Remember where the length and height of a metre was on your

body.

For each of the following items:

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

ESTIMATE column, Measure the size with your metre stick

and write the answer in the MEASUREMENT column,

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

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

"Metric Marvel."

1. Height of door knob

from floor,

2. Height of door.

3. Length of table,

4. Width of table,

5. Length of wall of

this room.

6. Distance from

you to wall,

Estimate

(m)

INI.M.1.0....

How Close

Measurement Were You?

(m)

.........





4

THE CENTIMETRE (cm) III. THE MILLIMETRE (mm)

There aip 100 centimetres in one metre, If there are LI metres and

3 centimetres, you write 403 cm (4 x 100 cm) + 3 cm = 400 cm

+ 3 cm] ,

A. DEVELOP A FEELING FOR THE SIZE OF A CENTIMETRE-

1. llold the metric ruler ag:i'

How wide is it?

1 Measure your thumb

4.

your thumbnail.

111, to the end,

There are 10 millimetres in one centimetre When a measurement is

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

+ 5 mm = 20 inm + 5 mm]. There are 1 000 mm in 1 m,

A. DEVELOP A FEELING FOR THE SIZE OF A 'ARLIN/ETRE

Using a ruler marked in millimetres, measure:

CR111111...=

Use the metric ruler to find the width of your palm.

cm

3,

4,

Measure yourindex or pointing finger. How long is it? 5.

cm 6.

Measure your wrist with a tape measure. What is the distance

around it? cm

6. Use the tape measure to find your waist size, cm

B. DEVELOP YOUR ABILITY TO ESTIMATE IN CENTIMETRES

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

following items, follow the procedures used for estimating in

metres,

How Close

Estimate Measurement Were You?

(cm) (cm)

1, Length of a paper

clip.

2. Diameter (width)

of a coin.

3, Width of a

postage stamp.

Length of a

pencil.

5. Width of a sheet

of paper.

Ww=111100.

.=1=1 gamr.....

NI.MIN/IIM,I./

MIII=m1MO 11141.1=1.

Thickness ota paper clip wire,

Thickness of your fingernail.

Width of your fingernail,

Diameter (width)of a coin,

Diameter (thickness) of your pencil. mm

Width of a.postage stamp.

mm

B. DEVELOP YOUR ABILITY TO ESTIMATE IN MILLIMETRES74

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

following items, fokw the procedures used for estimatingin

metres.

1. Thickness of a

nickel.

2, Diameter (thickness)

of a bolt.

3. Length of a bolt.

4, Width of a shc:.

of paper,

5. Thickness of a board

or desk top.

6. Thickness of a

button.

How Close,

Estintte Measurement Were You?

(mm) (mm)

1

THE CENTER FC41 VOC4TIONA1. EDUCATION



AREA MEASUREMENT ACTIVITIES

Square Centimetre, Square Metre

WHEN YOU DESCRIBE THE AREA OF SOMETHING, YOU ARE

SAYING HOW MANY SQUARES OF A GIVEN SIZE IT TAKES TO

COVER THE SURFACE.

THE SQUARE CENTIMETRE (cm2 )

A. DEVELOP A FEELING FOR A SQUARE CEiIIMETRE

1. Take a clear grid, or use the grid on page 6,

2. Measure 1en u width of one of these small

squares i etre ruler.

THAT IS ONE SQUARE CENTIMETREF'

Place your fingernail over the grid. About how many

squares does it take to cover yourfingernail?

2- C111
4, Place a coin over the grid. About how many squares

does it take to cover the coin?

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

squares does it take to cover the postage stamp?

C2--111
6. Place an envelope over the grid. About how many

squares does it take to cover the envelope?

2-C111
Measure the length and width of the envelope in centi.

metres. Length ____cm; width cm.

Multiply to find the area in square centimetres.

_cm x cm cm2 . How

close are the answers you have in 6. and in 'I.?

,

B. DEVELOP YOUR ABILITY TO ESTIMATE IN SQUARE

CENTIMETRES

You are now ready to develop your ability tc estimate

in square centimetres.

Remember the size of a square centimetre. For each of the

following items, follow the procedures used for estimating in

metres.

How Close

Estimate Measurement Were You?

(cm2) (cm2 )

1. Index card.

2. Book cover.

3. Photograph.

4. Window pane or

desk top.

IL THE SQUARE METRE (m2)

A.

4.

DEVELOP A FEELING FOR A SQUARE METRE

1, Tape four metre sticks together 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.

1 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 iA3p or desk to see how

much space it coven,

5. Place the square against the bottom of a door, See how

much of the door it covers. How many squares would it

take to cover the door? m2

THIS IS HOW BIG A SQUARE METRE IS!

THE CENTER FOR VOCATIONAL EDUCATION Exercise 2

(continued on next page)
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B. DEVELOP YOUR ABILITY TO ESTIMATE IN SQUARE

METRES

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

procedures used for estimati, in metres,

1. Door.

2. Full sheet of

newspaper.

Chalkboard or

bulletin board.

, Floor.

5, Wall,

Wall chart 'or poster.

Side of file cabinet.

How Close

Estimate Measurement Were You?

(m2 ) (m2 )

*.=wwmo. ...111

1111.1.11

CENTIMETRE GRID

1.

'MOW t".1

,



Cubic Centimetre Litre, Millilitre, Cubic Metre

THE CUBIC CENTIMETRE (cm3 )

A. DEVELOP A FEELING FOR THE CUBIC CENTIMETRE

1. Pick up a colored:plastic cube. Measure its length,

height, and width in centimetres.

THAT IS ONE CUBIC CENTIMETRE!

2. Find the volume of a plastic litre box.

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

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

b. Place another ROW of cubes against an adjoining side

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

to make one layer of cubes?

How many cubes in each row?

How manT cubes in the layer in the bottom of the

box?

c, Stand a ROW of cubes.up against the side of the box.

How many LAYERS would fit in the box?

How many cubes in each layeri7

How many cubes fit izthe box altogether?

THE VOLUME OF THE BOX IS CUBIC

CENTIMEIRES.

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

centimetres. Length cm; width cm;

height cm. Multiply these numbers to find

the volume,in cubic centimetres,

cm x cm x cm . cm3,

Are the answers the same in c. and (11?

B. DEVELOP YOUR ABILITY TO ESTIMATE IN CUBIC

CENTIMETRES

You are noW ready to develop your ability to estimate,

in cubic centimetres.

Remember the size of a cubic centimetre. For each of

the following items, use the procedures for estimating in

metres,

Index card file

box.

2. Freezer container.

3. Paper clip box,

4. Box:of staples,

ME LITRE (I)

How Cloe

Estimate Measurennt Were You?

( 3) ( 3 )cm cm

III

A. DEVELOP A FEELING FOR A LITRE

1, Take a one litte"beaker and filliwith water.

2. Pour the water into paper cupsjilling each as full asyou

usually do. How many cups do youifill?

'THAT IS HOWMUCH IS IN ONEUTRE!

3. Fill the litre container.with rice.

THAT IS HOWIMUCH IT TAKES TO FILL A ONE

'LITRE CONTANER!

;4!

4/1\-, THE CENTER FOR VOCATIONAL EDUCATION
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DEVELOP YOUR ABILITY TO ESTIMATE IN LITRES

You are now ready to develop your ability to estimate in

litres. To write two and one-half litres, you write 2.5 1, or

2,5 litres. To write one-half litre, you write 0.5 1, or 0.5

litre. To write two and thregourths litres, you write

2.75 1, or 2.75 litres.

For each of the followng items, use the procedures for

estimating in metres,
How uose

Estimate Measurement Were You?

(1) (1)

1. Medium-size

freezer container.

2. Large freezer

container.

3. Small freezer

container.

. Bottle or jug.

III, 'THE MILLILITRE (m1)

....11

...ple,

dd..1.
Ak .1,=r.

DEVELOP YOUR:ABILITY TO ESTIMATE IN MIIIILITR

You are now ready to estimate in millilitres. Follow the

procedures used for estimating metres.

1. all juice can.

2. Paper cilp or tea

cup.

3. Soft drink can.

4. Bottle.

IV, THE CUBICATRE (m3)

A, DEVELOP A FEELING FOR A CUBIC METRE

1. -Place:a one metre squareon the floor nextto the walf,',-

2. %sure a metre UP the wall.

3.Riature.a.box-that-woulifit,intIthat.Space,

There are 1 000 Jiillilitres in one litre, 1 000 ml 1 litre. Half

a litre is 500 millilitres, or 0.5 litre 500

A. DEVELOP A FEELING FOR A MILLILITRE

1. Examine a centimetre cube. Anything which holds

cm3 holds 1 ml.

Fill a 1 millilitre measuring spoon with rice. Empty the

spoon into your hand. CarefUlly pour the rice into a

small pile on a sheet of paper.

THAT IS HOW MUCH ONE MILLILITRE IS!

Fill the 5 nil spoon with rice. Pour the rice into another

pile on the sheet of paper.

THAT IS 5 MILLILITRES, OR ONE TEASPOON!

Fill the 15 ml spoon with rice. Pour thetice into a third

pile on the paper.

THAT IS 15 MILLILITRES, OR ONE TABLESPOON!

THE CENTER F00 VOCATIONAL EDUCATION
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How Close ..,

Estimate Measurement Were You?

(m1) (m1)

1011.01

MAT IS THE VOLUME OF ONE CUBIC METRE!

B. DEVELOP YOUR ABILITY TO ESTIMATE IN CUBIC METRES1
, ,

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

ures used before,

1. Office desk.

2. File cabinet.

3, Small room.

How Close 't

Estimate Measurement Were You?'

(m3) (ms

0..aaaaamm

......

.a...

6

14 htv



MASS (WEIGHT) MEASUREMENT ACTIVITIES

Kilogram, Gram

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

object. This amount is always the same unless you add or subtract some

-natter from the object. Weight is the term that most people use when

qhey mean mass. The weight of an object is affected by gravity; the

.'inass of an object is not. For example, the weight of a person on earth

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

20 pounds,. This difference is because the pull of gravity on the moon

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

'and on the moon would be the same, The metric system does not

:measure weightit measures mass. We will use the term mass here,

The symbol for gram is g,

The symbol for kilogram is kg.

There are 1 000 'graMi in one kilogram, or 1 000 g . 1 kg.

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

---A-quarter-of-a-kilogram-carbe-writtens-250-gior-0:25-kg,

'Two and three.fourths kilograms is written as 2.75 kg.

THE KILOGRAM (kg)

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, notice how heavy the object "feels"

and compare it to the reading on the scale or balance.

1. 1 kilogIam box.

2. Textbook.

3. Bag of sugar.

4. Package of paper.

5. Your own mass;

Mass

(kg)

lirmem.aatseOw

11Pfts

11114.101.M.

B. DEVELOP YOUR ABILITY TO ESTIMATE IN KILOGRAMS

For the following items-ESTIMATE the mass-of-the.object-in-

kilograms,rthen use the scale or balance to find.the exact mass ...

of the object. Write the exact mass in the MEASUREMENT

columnTDetermine-how-close-your-estimate

1. Bag of rice.

2. Bag of nails.

3. Large purse or

briefcase.

4. Another person,

5. A few books.

How Close

Estimate Measurement Were You?

(kg) (kg)

..--'-~



IL THE GRAM (g)

. A. DEVELOP A FEELING F :R A GRAM

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

Shake the cube in your pahn as if shaking dice. Feel the

pressure on your hand when the cu,be is in motion, then

when it is not in motion.

THAT IS HOW HEAVY A GRAM IS!

. ,

2. Take'a second cube and attach it to the first,,Shake the

cubes in first one hand and then the other hand; rest

the,cubes near the tips of yotir fingers, mov'ingyour

hand up and down, ,

THAT IS THE MASS OF TWO GRAMS!

B. DEVELOP YOUR ABILITY TO ESTIMATE IN GRAMS

You are now ready to improve your ability to estimate in

grams, Remember how heavy the 1 gram cube is, how heavy

the two gram cubes are, and how heavy the fiVe gram cubes

are. For each of the following items, follow the procedures

used for estimating in kilograms.

How Close

Estimate Measurement Were You?

(g) (g)

Two.thUmbtacks. 1. ~fti.
2. Pencil.

3. Twolage letter

and envelope,

3. Take five cubes in one hand and shake them around. 4, Nickel,

THAT IS THE MASS OF FIVE GRAMS! 5: Apple.

6. Package of

margarine.

--THE CENTER FOR VOCATIONAL EDUCATION
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TEMPERATURE MEASUREMENT ACTIVITIES

Degree Celsius

DEGRL CELSIUS (°C)

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

A. DEVELOP A FEELING FOR DEGREE CELSIUS

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

1. Find 0 degrees.

WATER FREEZES AT ZERO DEGREES CELSIUS (0°C)

WATER BOILS AT 100 DEGREES CELSIUS (100°C)

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

room cool, warm, or about right?

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

Find the temperature. °C. Dip your finger

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

hot, or just warm?

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

Find the temperature. °C. Dip your finger into

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

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

bottom of the thermometer. After about three minutes

find the temperature. °C. Your skin tempera-

ture is not as high as your body temperature.

NORMAL BODY TENTERATURE IS 37 DEGREES

CELSIUS (37°C).

A FEVER IS 39°C.

VERTHIGHTEVERIS-40°C;

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. Mix some hot and

cold water in a

container. Dip your

finger into the

water.

2. Pour out some of

the water. Add some

hot water. Dip your

finger quickly into

the water.

3. Outdoor tempera-

ture.

4, Sunny window sill.

5. Mix of ice and water.

6. Temperature at

floor.

7. Temperature at

Now Close

Estimate Measurement Were You?

(°C) (°C)

11.1..1
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!TA

UNIT

OBJECTIVES

The student will recognize and use the metric

tern, units, and symbols used in this occupa

hon.

/ Given a metric unit, state its use in this

occupation,

Given a measurement task in this occupa .

tion, select the appropriate metric unit

and measurement tool,

SUGGESTED TEACHING SEQUENCE

1. Assemble metric measurement tools (rules,

related to this occupati

tapes, scales, thermometers, etc.) and

objects on,

2. Discuss with students how to read the

tools.

a Present and have students discuss

Information Sheet 2 and Table 2.

4, Have students learn occupationally .

related metric measurements by complet.

5. Test performance by using Section A of

"Testing Metric Abilities."

THE CENTER FOR VOCATIONAL EDUCATION

METRICS IN THIS OCCUPATION

Changeover to the metric system is under way. you corporations are already using

metric measurement to compete in the world market 1-65 metric system has been used in

various parts of industrial and scientificcommmitiettgif ::ears, Leg Oiun, passed ir

1975, authorizes an orderly transition to use Of'qie uietrk iystem, '&;,tusi n ess es and

industries make this metric changeover, employ;eeslilf pioteto use metric measurement

in joblelated tasks.

Table 2 lists those metric terms which are most nly used in this occupation.

These terms are replacing the measurement units usedt, tly. What kinds of job-

related tasks use measurement? Think of the many 41tkrer, c kinds of measurements you

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

can add to the list of uses beside each metric term.



Metric irnitts for Air Conditioning&Refrigeration ,Heating,Vettilating_

ihomic".
LAO,

Unit Symbol Use

Millimetre

centimetre

Int

CM

mete

thiltbitites, length and ditimeter of fasteners,

Ppe, tube, duct sizes

pipe, tube, duct length, stack height

Wiling"( ,dt,

Pressure

Temperatu,

square centimetre

square metre mg

floor space, window and door openings, coil

surfacts400find ceiling area, grille sizes:

cubic centimetre

cubic metre

millilitre

litre

gram

kilogram

metric ton

kgopascals

Density

3

ma

kg

kPa

degree Celsius
oc

milligrams per cubic metre mg/m3

Quantitrafiemt kilojoule kJ

combustion air, storage capacity of cylinders and

folks, Arin duct

volumustif air in a space to be cooled, heated,

oreziamted; capacity of cylinders and tanks

voltrmof liquids, gages and chemicals,

equipment capacities

volumeof fluids, gases, or chemicals,

equipmsnt or system capacities

amountof charge in a receiver

shipping "weight"

tire prasure, pressure in a system

air, waterinfrigerant

011.1.01111,01.0%.1.1.1mMI

indestial hygiene standards for fumes, mists,

and dusts

Velocity metres per second mIs

ability of equipment to produce warm air..........4....,.
Flow cubic metres per second m

speed obit or liquid through a system --
measures of air exchange in a 4011, exhaust

and air exchange system ratings

Further Metric Units ref. ASHRAE Fundamental Handbook, 1972.

WINTER FOR VOCATIONAL EDUCATION
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TUNG OUT METRIC TiNITS

To give you practice' h metrie units4irst estimate the measum-

Inentsofthe items below. ":ite doot your best guess next to the ittm.

Themactually measure theiom and mite down your answers usilag4T

correct metric symbols, Th morepti practice, the easier it Will*

Leagth

1. Palm width

2. Hand span

3. Your height

4. Ceiling height

5. Width of paper clip

6. Diameter of round duct

7. Width of this room

8. Diameter of small tubing

9. Length of a full joint of pipe

Area.

10. Desk top

IL Classroom floor

12. Opening of a duct

13. Evaporator

lg. Windowsof classroom

Volume/Capacity

15. Fire extiquisher

gilMNI,!
Estimatu

16. Measuring cup (metric)

17. Milk container

18. Refrigerator

19. Accumulattr

.20. liouTipe

21. Tool box

22. Paint can

Mass

23. Textbook

24. A litre of refrigerant 12

25. Yourself

26. Paper clip

27. Spool of solder

28. LP gas container

Pal.ff==1=.r..,
Temperature

29. Room

30. , Outside

31 Cold tap water...
.!, Hot tap water

THE WORM VOCCOONAL EDUCATION



COOLING WITH mEmics

It is important to know whaVmetric measurement to use. Show

what measurement to use in the following situations..`
1. Capacity of nitrogen cylinder

1 Volume of small expansion tank

3, Center-to-center distance of

assembled pipe

4, End-to-cEnter distance

Assembled pipe

5. -13ack-to-back distance of

zsembled duct

6. knountof water. in a cooling

wer

1. Amount of compressor cil in

a.partly filled container

8. Measure the length of several.

cut rolls:of soft coppEr-tube

9. Volume of the classroom or

work area

10. Calculate the tsplaciment of

a HIImI ressor

11. SEtfing-the temperativ

food 'freezer

12. Sewn and clischme

_____Ofmrefrigeratiot' system,

13. "Teraperatozifieratt e-

..coinienserinittardot,'et

ITEECENTER.FORVOCATIONALEDUCATION

14. Temperature of the inlet and outlet

wate of a condensor
.............

15. Calculate and estimate the air con-

ditioning requirements of a small

house,

Exercise 7 (Air Conditioning and Refrigeration)
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HEATING WITH METRICS

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

-what measurement to use in the following situations, 13, Measuring the pressure in a
duct

1. Capacity of fuel oil tank

2. Area for setting small furnace
0.0

3. Rough.in height for furnace flue

4. Centego.center distance of

assembled duct

-5. Back-toback distance of

assembled duct

14. Measuring size of boiler

6. Air.flow tate of assembled duct

7. Proper transition between

different duct size

S. Aimelocity of small blower

g. Layout of a heating system:

a. Forced air

b. Hot water or steam

c. Electric baseboard

1.0. Determine heat loss in duct

due to friction

16. Figuring insulation requirements

16. Calculate and estimate heating

requirements of a small house

11, Determine piping sizes of:

a. Hot water

IxSteam

12. Calculate relative humidity

THE CENTER FOR VOCATIONAL EDUCATION Exercise 7 (Heating)



VENTING WITH METIiICS

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

what measurement to use in the following situations,

1. Volume of round duct

2. Rough opening for roof-top

ventilator

3.. Center-to-center length of

assembled duct

4. Back-to-back length of

assembled duct

5. Air tlow of assorted grilles

6. Surface of assorted grilles

7. Capacity of classroom or

work region

8. Velocity in a duct

9. Loss in duct due to friction

10. Layout of a ductwork system:

a. Lengths

b. Diameters

c, Grille sizes

d. Diffusers

e, Supports, brackets

and hangers

13, Amount of air in a duct

14, Calculate and estimate ventilating

requirements of a classroom

1.17Deterrniriiriglow--

12. Hygiene standards for dust

Exercise 7 (Ventilating



OBJECTIVE

The student will recognize and use met

ric equivalents.

Given a metric unit, state an equivalent

in a larger or smaller metric unit.

SUGGESTED TEACHING SEQUENCE

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.

Check their answers on the page titled

ANSWERS TO EXERCISES AND

TEST,

(METRIC-METRIC EQUIVALENTS

Centimetres and Millimetres

Test performance by using Section B of

"Testing Metric Abilities."

6

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

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

7 nun= 0.7 cm,so 57 mm 5 cm+ 7 mm

= 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 same as.3 cm + rnm. Since each

millimetre is 0,1 cm (one.tenth of a centimetre), 4 mm = cm, So, the paper clip is

34 min = 3 cm + 4 mm

= 3 cm+ 0,4 cm

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

Now you try some.

a ) 26 mm = cm e ) 132 mm

Information Sheet 3

b ) 583 mm - cm f ) 802-mr--

c ) 94 ram r. cm

d ) 680 rom cm

g 1 400 mm

h ) 2 367 mil C M

Exercise 8

THE CENTER FOR VOCATIONAL EDUCATION



etres, Centimetres, and Millimetres

There are 100 centimetres in one metre. Thus,

2m= 2 x100 cm= 200 cm,

3 En= 3 x100cra= 300cm,

8 rn= 8 x 100 cm= 800cm,

36 rn = 36 x 100 cm = 3 600 cm.

There are 1 000 millimetres in one metre, so

2m= 2 x1000 mm= 2000mm,

3 m. 3 x 1000 mm= 3000 mrn,

6m= 6x1000mm= 6000mm,

24 m=24 x1000nim=24000mm.

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 a centimetre can be written 0.25 cm

(twenty-five hundredths of a centimetre).

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

millimetres, you would multiply by 1 000. So

0.75m= 0.75 x1000 mm

75
x 1 000 mm

2 100

1 000

'15 X 770 MM

= 75 x1Ornm

= 750 mm. This means that 015 m = 750r.

Fill in the following chart,

' tiNt
THE CENTER FOR VOCATIONAL EDUCATION

Information Sheet 4

metre

m

centimetre

cm

millimetre

mm

1 100 1 000

200

9

5 000

74

0,8 80

0.6 600

2.5 25

118

639

Millilitres to Litres

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

2 000 millilitres is the same as 2 litres,

3 000 ml is the same as 3 litres,

4 000 ml is the same as 4 litres,

12 000 ml is the same as 12 litres.

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

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

Or
1 000 ml z

rol1000

litre s 1 litre.

2 000
2 000 ml =

'1
litres = 2 litres.

000

And, as a fins( example,

28 000
28 000 ml = litres = 28 litres,

1 000

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

worked the same way.

500 ml .71 litre = 0,5 litre (five-tenths of a litre ), So 500 ml

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

Change 57 millilitres to litres.

57
57 ml =T-666 litre = 0.057 litre (Ofty-seven thousandths of a

......0,10.Pm.lialr.........)
Information Sheet 5

Now you try some. Complete the following chart.

Exercise 9

millilitres

(ml)
litres

al-
3 000 111111
6 000ME 8

14 000 11111111

111.1111111Mall
40 MEM
700

111111111111M11
250 - OMNM 0,47

1111111111111111111

Exercise 10



Litres WMMitres

What do you do if you need to change litres to millilitres? Remember,

there are 1 000 milli!itres in one litre, or 1 litre = 1 000 nil.

So,

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

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

L13 litres =13 x 1 000 m1.13 000 ml,

0,65 litre . 0,65 i 1 000 ml . 650 mi.

Information Sheet 6

Now you try some. Complete the following chart.

litres

1

millilitres

ml

8 8 000

5

46

32 000

0.4

0,53

480 Exercise 11

Grams to Kilograms

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

2 000 grams is the same as 2 kilograms,

5 000 g is the same as 5 kg,

700 g is the same as 0,7 kg, and so on.

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

changing from millilitres to litres.

Try the following ones.

grains

g

-
kilogams

kg

_ 4 000 4

9 000
.

23 000

8

300

215

Information Sheet 7

Exercise 12

5;13:'1.;'.gb

Kilograms to Grams

To change kilograms to grams, you mu',tiply by 1 000.

4 kg 4 x 1000 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

11

25 000

0,4
..,

0.63

175

Changing Units at Work

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

different metric units. Practice changing each of the following to

Metric equivalents by completing these statements,

Information Sheet 8

a ) 500.cm.of wire is

b ) 250 ml of solution is 1

c ) 5 cm diameter pipe is

d ) 2 500 g of insulating wool is

e ) 120 mm duct is

f ) 0,25 litre of compressor oil is

g ) 2 000 kg of sand is

h ) 0,5 litre of concentrate is

) 2 m board is

) 500 g

) 500 ml flux is

1

mm

kg

cm

ml

nil

mm

1

1 ) 0,5 t of cement is kg

111) 10 in of wire is cm

n ) 2,5 cm diameter pipe is..

o ) 2 400 mm wall panel length is

1) 8 mm screw is



. 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 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

IL Assemble metricand Customarymaasur-

ing tools and d .ces (rules, scales, °C

thermometer, dmiLbits, wrenches, mi

crometer, verniermlipers, feelergages)

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 and Customary tools or

equipment at learning station, Give

students appropriate Exercises 15

and 16.

Test performance by using Section C

of "Testing Metric Abilities."

Akr\,
THE CENTER FCINVOCATIONAL EDUCATION

SELECTING AND USING

METRIC INSTRUMENTS , TOOLS AND DEVICES

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

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

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

could cause a fatal accident. Here are sine suggestions:

I, Find out in advance whether Customary or metric units, tools, instruments, or prow

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 Twhole numbers,

tens or tenths, hundreds or hundredths,

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

5. Look for decimal fractions (0.25) or decimal mixed fractions (150) rather tharocom-

morrfractions (3/4on drill bits, feeler gages, etc.

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

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

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

flaModr

Information Sheet 9'

61,f714c)



WHICH TOOLS FOR THE JOB?

,MEASURING

AIR CONDITI ING/REFRIGERATION

Practice and prepare to demonstrate your ability to identify,

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

below. You should be able to use thmeasurement tools to the appro-

priate precision otthe tool, instrument, or task,

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

devices to:

1. Order pre-mixed concrete for a compressor slab 1 metre

square and.10 cm thick.

2. Measure the w.b. temperature of your classroom.

3. Measure theAb. temperature of your classroom,

4. Measure the water temperature of your building.

5. Describe the.difference between a customary and a metric

tube cutter.

6. Construct-a suction line trap.

7, Determinelmelative humidity of your classroom,

8. Determine area of classroom ceiling (roof).

9. Measure area of a window in your classroom.

10. Measure area of a door in your classroom.

11. Measure supply and return openings.

12. Measure the velocity in a duct system.

For the tasks below,'estbnate the metric measurement to

within 20% of actual measurement, and verify the estimation

by measuring to within 2% oLactual measurement.

Estimate Verify

1. Work space or bench large enough

for pipe or duct assembly

2. Volume of a tool box.
3, Capacity of a refrigerant cylinder

4. Fizd the largest available enhy

into-the classroom

5. Construct two parallel lines of

rigicicopper tubing and connect

together with 45° offset

6. Amount of square duct necessary

to extend the width of the class;

room

7. Determine the ambient temper-

ature of the classroom

8. Size of grilles:

a. thrigth

b, Width

9. Measure the air velocity atzgrille

10. Find the air exchange rate for a

TOOM

ill\ Exercise 15 (Air Conditioning and Refrigeration ) Exercise 16 Air Conditioning and Refrigeration

THE CENTER FOR VOCATIONAL EDUCATION
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ICH TOOLS FOR THE JOB? MEASURING UP IN HEATING

,Prptice 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 theappro-

priate precision of the tool, instrument, or task.

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

devices to:

1. Describe the difference between a Customary and a metlic

hack saw.

2. Demonstrate notching, marking, and installing top collars.

3. Demonstrate how to measure, cut, and assemble 142 cm

of 150 mm round.

4. Measure and cut insulation for 142 cm of 150 mm round.

5. List the dimensional information in metric necessary to

calculate heat loss for your classroom.

6.. Measure the outside air temperature and inside air temper-

ature and describe the difference,

7. Measure the air flow from a duct in your classroom.

S. Ordering diffusers, registers and other supplies.

9. Figuring damper sizes,

10. Adjusting a thennostat.

---11.--Measuringtotwaterpressurrpressure-.--

For the tasks below, estimate the metric measurement to

within 20% of actual measurement, and verify the estimation

by measuring to within 2% of actual measurement.......m.,
Estimate

1, Work space or bench large
enough for duct assembly

1 Volume of a tool box

3. Volume of a distribution

4. Amount of duct necessary to ex-
tend wall to wall of classroom

5, Find the laxgest available entiy

into classroom

6. Construct two different sized
runs and connect together with

proper transition

7. Heat loss for classroom or work
space

8. Capacity of fuel tank

9. Sizes of different grills

a. Length

b. Width

10. Sizes of diffusers

a. Length

b. Width

1`W.I...1.1.,117

c. Diameter

Exercise 15 (Heating)

THE CENTER FOR VOCATIONAL EDUCATION



WHICH TOOLS FOR THE JOB?0.1
Practice and prepare to demonstrate your ability to identify,

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

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

priate precision of the tool, instrument, or task.

1. Draw, layout, and fabricate the following:

. Straight rectanplar duet,

b. Straight round duct.

c. Simple square ell.

d. Simple round heel ell.

. Reducing ell,

f. Ell's other than 90°.

2. Demonstrate cutting, seaming, joining square duct.

3. Measure and cut insulation for square duct.

4 Ordering diffusers, registers and other supplies.

5. Figuring damper sizes.

6. Measuring supply and return openings.

7. Measuring the velocity in ducts.

MEASURING UP IN VENTILATNG

For the tasks below, estimate the metric mesurement to

within 20% of actual measurement, and verify the estimation

by measuring to within 2% of actual measurement.

Estimate Verify

Workspace or bench large

enough for duct assembly.

=111011111my... ...Imerep.......0.1.
Area of roof over classroom

Area of windows of classroom

Volume of classroom

Volume of a tool box

Find the1argest available

entry into classroom

.

Construct two duct runs of

-different sizes and-connect-to-

gether with proper transition

Size of grilles:

a. Length

b. Width

Size of filters:

a. Length

b. Width

Exercise 15 (Ventilating) Exercise 16

THE CENTER FOR VOCATIONAL EDUCATION



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.

O Given a Customary unit, state the re.

placement unit.

SUGGESTED TEACHING SEQUENCE

1. Assemble packages and containers of

materials.

2, Present or make available Informrition

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 FOR VOCATIONAL EDUCATION

METR1C-CUSTOMARY EQUIVALENTS

During the transition period there will be a need for finding equivalents between.systems,

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

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

1. Determine which conversion table is needed,

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

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

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

Table 3 on the next page gives an example of a metriaustomary 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 metriaustomary 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 't means "nearly equal to,"

1 cm

1 m

0.39 inch

3.28 feet

1 inch k 2.54 cm

1 foot 0,305 m

1 mlk 0,2 tsp

1 ml k, 0,07 tbsp

1 tsp zt 5 ml

1 tbsp z- 15 ml

1 m 1.09 yards 1 yard '-sz 0.91 m 1 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 cup 237 ml

1 cm2 't 0.16 sq in 1 sq in 4.5 cm2 1 I k 2,1 pts 1 pt 0.47

1 m2 .= 10.8 sq ft 1 sq ft 0.09 m2 1 1 k 1.06 qt 1 qt 0.95 l

1 in2 1.2 sq yd 1sqyd0.8m2 1 k 0.26 gal 1 gal 3.79 l

1 hectare 2.5 acres 1 acre P.,' 0.4 hectare 1 gram k 0,035 oz 1 oz 28.3 g

1 cm3 0.06 cu in 1 cu in 16.4 cm2 1 kg k 2,2 lb 1 lb 0.45 kg

1 m3 k. 353 cu ft 1 cu ft '-.4.03 m3 1 metric ton k 2205 lb 1 ton 907.2 kg

1 m3 := 1.3 cu yd 1 cu yd 0,8 ni3 1 kPa 0,145 psi 1 psi :t 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,

Information Sheet 10



26

CONVERSION TABLES

SQUARE FEET TO SQUARE METRES

ft m2 ft2 ft2 m2 ft2

-
m2

1000 92,90 100 9,29 10 0,93 1 0,09

2000 185,81 200 18.58 20 1.82 2 0,19

3000 278.87 300 27.87 30 2,79 3 0.28

4000 371.61 400 37.16 40 3.72 4 0,37

5000 464.52 500 46.45 50 4.65 5 0,46

6000 557.42 600 55,74 60 5.57 6 0,56

7000 650.32 700 65.03 70 6.50 7 0.65

8000 743.22 800 74,32 80 7.43 8 0,74

9000 836.13 , 900 83.61 90 8.36 9 0.84

SQUARE'METRES TO SQUARE FEET

ft2 m2 ft 2 ft 2 m ft 2

100 1076.39 10 107,64 1 10.76 0.1 1,08

200 2152.78 20 215.28 2 21.53 0.2 2,15

300 3229,17 30 322,92 3 32.29 0.3 123

400 4305.56 40 430.56 4 43.06 0,4 4,31

500 5381.96 50 538.20 5 53.82 0.5 5.38

600 6458.35 60 645,83 6 64,58 0 6 6,46

700 7534.74 70 753.47 7 75.35 0.7 7,53

800 8611.13 80 861.11 8 86.11 0.8 8.61

900 9687.52- 90 -968,75 9 -96:87-- -0.9-- 969-

THE CENTER FOR VOCATIONAL EDUCATION
Table 3



ANY WAY YOU WANT IT

1. You are working in a shop or on a job site, With the change to

metric rneasurement 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 communi .

cate with customers and suppliers who use Customary units,

To develop your skill use the Table on Information Sheet 10

and give the approximate metric quantity (both number and

unit) for each of the following Customary quantities,

Customary Quantity Metric Quantity

a ) 2 lbs. of insulating wool

b ) 4 qts. of compressor oil

c ) 3/4 in, pipe

d ) 10 sq. ft. of floor area

e ) 100 lbs. of asbestos cement

f ) 18 in. round duct

g ) two-gallon can

h ) 4 ft, section of duct

) 50 ft, of tape

j ) 10 oz. of screws

k ) 2 fL oz. of spray

1 ) 1 pt. contact cleaner

m) Miles

n ) 1/4 in. drill bit

o ) 4 in. wide grille
,

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

a ) 90 ft.2 r- m2 f ) 800 m2 ft.2

m g ) 16,2 m2= 12

0 2566 ft,2 m2 h ) 498 in2 ft.2

d ) 105 ft.2 m2 i ) 42 ni2 ft.2

e ) 63 ft.2 =- m2 j ) 284 in2 . ft.'

THE CENTER FOR VOCATIONAL EDUCATION

Complete the Requisition Form using the items listed, Convert

the Customary quantities to metric before filling out the form.

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

Requisition one of each of the following:

a ) 1 qt, motor oil

b ) 2 1/2 in. x 14 1/4 in. vent cover

c ) 6 fl, oz. can of silicone spray

d ) 5 lbs. of insulating wool

e ) 50 ft. roll of 1/2 in, refrigeration copper tubing

f ) roll of 2 in, duct tape

g ) 10 lb, drum of R,22

,
REQUISITION

For ____ ________

Date

_____

.

...____.....
Job No, Date Wanthd

Deliver to mrmamema.1...WW.,*.,.....y....~.......

QTY UNIT ITEM

a.m., $.0.*".01a.

_.......

Requested

Approved

by ,

by-

Exercise 17

58
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SECTION A

1. One kilogram is about the mss

of a:

[Al nickel

[RI apple seed

(CI basketball

(DI Volkswagen "Beetle"

2, A square metre is about the

area oft

(Al this sheet of paper

(BI a card table top

a bedspread

a postage stamp

3. Ratings for exhaust fans are

normally given in;

[A] millilitres per cubic metre

[11] cubic metres per second

[C] litres per square metre

[D] Idlograms per square centimetre

4. The surface opening of ceiling

grilles is normaRy measured in:

[A] kilograms

[13] square centimetres

[C ] millimetres

[D] cubic metres

5. The length of bolts is measured in:

[A] litres

[B] millimetres

[C] centimetres

[DI cubic centimetres

THE CENTER FOR VOCATIONAL EDUCATION

6, The amount of charge in a receiver

is measured in;

[A) grams

[DJ millimetres

(CJ metres per second

[D] kilopascals

7. The "sizes" (heating capability) of

furnaces are normally stated in:

[A) kilojoules

[8] millimeties

[C] kilopaseals

[D] centimetres

8, The correct way to write twenty

grams is:

[A l 20 gms

[B) 20 Gm.

[C) 20 g.

(Dl 20 g.

9. The correct way to write twelve

thousand millimetres is:

lA l 12,000 mm.

[B) 12,000 mm

IC) 12 000mm

ID) 12 000 mm

SECTION B

10, A 600 millilitre container of

flux is the same as;

[A I 0,5 litre

[13] 50 litres

[C] 5 litres

[01 0.05 litre

11. A grille 20 centimetres wide

also has a width of;

[A j 0.2 millimetre

[13) 2 000 millimetres

[C] 2 millimetres

[01 200 millimetres

12. A section of duct 2.4 metres in

length also has a length oft

[A I 0.24 centimetre

[II] 240 centimetres

(C] 24 centimetres

[Di 2.4 centimetres

TESTING METRIC ABILITIES
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SECTION C

13. For measuring millimetres you

would use a:

[A] ruler

[13] scale

[CI container

[DI pressure gage

14, For measuring kilopascals you

would use a:

[A] ruler

[B] scale

[C] container

[I) 1 pressure gage

15. Estimate the length of the line

segment below:

[A ] 23 rams

[81 6 centimetres

[C ] 40 millimetres

(I) ) 14 pascals

16, Estimate the length of the line

segment below:

[A] 10 millimetres

(131 4 centimetres

[C ] 4 pascals

[8 23 milligrams

SECTION D

17. The metric unit for liquid measure

which replaces the fluid ounce is:

[A] cubic metre

[8] millilitre

[0] Pm

[D1 litre

18. The metric unit for liquid measure

which replaces the gallon is:

[A] litre

[9] kilogram

[C1 millilitre

[D] cubic metre

19. The metric unit for heat which

replaces the BTU is:

[M gram

[81 joule

[C] hectare

[D1 litte

20. The Metric 11111E for flow vihich replaces

cubic feet per minute is:

[Al kilograms per square centimetre

[B] millilitres per cubic centimetre

[C1 tnilliinerres per minute

[D1 cubic metres per second

Use this conversion table to
answer questions 21 and 22.

,

10.76 1 0.09

2 21.53 2 0.18

3 32.29 3 0.28

4 43,06 4 0,37

5 53,81 6 0,46

6 64.58 6 0,56

7 75,35 7 0,65

8 86.11 8 0.74

9 96.87 9 0,84

10 107,64 10 0.93

21. The equivalent of 14 ft.2 is:

[A] 0,93 m2

[8] 2,6 m2

[C] 1.3 m2

[D] 37.16 m2

22, The equivalent of 15 nt2 is:

[A] 161.45 ft.2

[13] 8,73 ft.2

[C] 973.06 ft.2

[D] 97.33 ft.2

TESTLNG METRIC ABILITIES

THE CENTiR FOR VOCATIONAI. EDUCATION



ANSWERS TO EXERCISES AND TEST

EXERCISES 1 THRU 6

The answers depend on 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 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

EXERCISES 9 THRU 13

Tables are reproduced in total, An .

swers are in parentheses.

Exercise 9

metre

m..........................
centimetre

cm

millimetre

mm

Ill 100 1 000in 2A (2 000)

11111111111M (3 000)

NM (900) 9 000

11111 (500) 5 000

liall (7 400) (74 000)

0 8 80 800

0.6 (60) 600

(0.025 2.5 25

(0.148) (14.8 148

(6.39) 639 (6 390)

THE CENTER FOR VOCATIONAL EDUCATION

Exercise 10

millilitres

nil

litres

1

11111
...imom.......iu..o

3 000

6 000 (6)

8 000 8

(14 000)

(23 000)

300 0,3

700 (0.7)

(900) 0,9

250 MN
(470) 0.47

(0.275)

Exerdse 11

litres

1

millilitres

ml

8 000an (5 000)

46 (46 000)

MN 32 000

0.4 (400)

0.53 (530)

(0.48) 480

Exercise 12

grams

g

kilograms

kg

4 000

9 000

23 000

IS 000)

300 10.3)

275 (0.2 i 5)

Exercise 13

kilograms

kg

grams

g

1111. 7 000EM 111 000)

EMI 25 000

0,4 (40 )

0.63 630

(0.175)

Exercise 14

a ) Sin

b ) 0.25 litre

c ) 50 mm

d ) 2,5 kg

e ) 12 cm

f ) 250 ml

g ) 2 t

h ) 500 m1

Part 2,

a ) 8,36 tn2

b ) 2;79 tn2

c ) 232,26 ni2

d ) 9,75 ni2

e ) 5.85 m2

f ) 8,611.13 ft.2

g ) 174,37 f0

h ) 5,360.42 ft.2

i ) 452.09 ft,2

j ) 3,056.95 ft.2

i ) 2 000 mm

j ) 0.5 kg Part 3,

k ) 0.51itre

1 ) 500 kg

m) 1 000 cm

n ) 25 mm

o ) 240 cm

p ) 0,8 cm

EXERCISES 15 AND 16

The answen depend on the

items used for the activities.

EXERCISE 17

Part 1,

a ) 0,90 kg i ) 15.25 m

b ) 3,81itres j ) 283 g

c ) 1.905 cm k ) 59.2 ml

d ) 0.9 m2 1 ) 0.47 litre

e ) 45 kg rn) 3.22 km

f ) .45.72 cm n ) 0,635 cm

ol-10:1.6cnr
h ) 1.22 m

a ) 0.95 litre

b ) 6.35 cm x 36,195 cm

c ) 177.6 ml

d ) 2.25 kg

e ) 15,25 in x 1,27 cm

f ) 5.08 cm

g ) 4.5 kg

TESTING METRIC ABILITIES

1. C 9, D 17, B

2, B 10. A 18, A

3. B 11, D 19, B

4, B 12. B 20, D

5. B 13. A 21, C

6, A 14, D 22, A

7. A 15, 13

8. D 16, A

*I1S,COYMIMEHI WING Off ICE: 1916- 757-0 69/6Z03



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 m

*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 ml

Dry Measure, set of 3,

50, 125, 250 ml

Plastic Litre Box

Centimetre Cubes

MASS

Bathroom Scale

*Kilogram Scale

*Platfonn Spring Scale

5 kg Capacity

10 kg Capacity

Balance Scale with 8piece

mass set

*Spring Scale, 6 kg Capacity

TEMPERATURE

Celsius Thermometer

THE CENTER FOR VOCATIONAL EDUCATION
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SUGGESTED METRIC TOOLS AND DEVICES

NEEDED TO COMPLETE OCCUPATIONAL

MEASUREMENT TASKS

In this occupation the tools needed to complete Exercises 6,

15, and 16 are indicated by 4."

A. Assorted Metric HardwareHex nuts, washers, screws,

cotter pins, etc,

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

Vernier CaliperPocket slide type, 120 mm range

MicrometerOutside micrometer caliper, 0 mm to 25 mm

range

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

Metre Tape-50 or 100 m tape

ThermometersSpecial purpose types such as a clinical

thermometer

Temperature DevicesIndicators used for ovens, freezing/

cooling systems, etc.

ToolsMetric open end or box wrench sets, socket sets,

hex key sets

Weather DevicesRain gage, barometer, humidity, wind

velocity indicators

' Pressure GagesTire pressure, air, oxygen, hydraulic, fuel,

etc.

'VelocityDirect reading or vane type meter

Road MapState and city road maps

ContainersBuckets, plastic containers, etc., for mixing

and storing liquids

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

storing dry ingredients

B.

C.

D.

E.

F.

* 6,

H,

J.

K.

L.

M.

N.

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

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

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

metric measurement devices,

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

may be used to complete the measurement task.

Tools and Devices List



Ashrae Handbook of Puntiarnentals. American Society of Heating, Refrigiation,

and 'Ali Conditioning Engineers, 345 E. 47th Street, Nevi York, NY 10017,

1972,

I

I 6

61
1

,

Handbook of standards for tie industry.. '' ,
,

Calculations iri SI Units. 'Metrication in the Construction Industry No. 2..:;,,'.

,

*A.1.16j 661 6 6

6:16,66,666,'6 6 .6 6,166 .16 1

Ministry Of Public Bitildiniaid Works, London (England), 1970, 148 pages;

$5.00 pine pOatage, piper.. (Order from: Pendragon House, 220 thiversity
, , ,

Avenne; Palo Alto, CA' 94801.) ,

British bulletin illistrating tYpical egculatiOns and applications of metric

units to civil; mechanical, arnd electrical deign prOblems In Construction,

Lei's Measure Metric, Teacher's' IntroduitiOn tollefric'Measurement, Divi.

'lion of Educational Redesignin&Renewal; Ohio DepartMent of Eduia'

tion, 65 S. Front Street, tolninbUi OH '43215. 1975 80 Pages. $1.50

must include:check fojtaie tmasurer. '
..

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

' dent Or groUp ineervieaedicatiOri Study; IntrOdUctorYinforMation about ,
, , , ,

metric measurement; reproducible exercises apply metric concepti tO

, common Measurimen situatione; laboratory' activities or, n ividuels or

groups, TemPlates for making metre tape, litre box, square centimeho grid,
,

Measuring uath Meters, or,'Iloui tO Weigh a 9* yrith a Meter.Stiek

Metricat!on Institute of America, P.0, Box 2361;...Northfield 'IL 60093

191,4,,23 ,16 sound,'Coloi; $310,00 Piiichise,;$31'.06 rental.

presents units for tenth, area, folume'ind relating each unit,

to many common 'obJects,', Screen overPrints show correct wie of metric

symbols and ease of metria'calenlitions,'; RelationshiPs among Metric

measures Of length,'area, volume, and Mass are illustrated in intereeting

and unfoottable ways,

,
Metric Education, An Annotated Bibliography for Vocational:Technic:4 and

Adult Education, Product Utilization, Tha Center for Vocational Edu.

cation', The Ohio State University, Columbia, OH 43210;1974; 149

pages; $10,00;

,

Compreliensive bibliography of:inatrUctional materials; reference mate

riabiand resource list for secondary, pest.secOndeiy, teacher education,

and adult basic iducatiOn., Instructional materiala indexed by ,15'oceu.

---------pationkelusterartypes-ofmaterialsranklucationillevel,

Presents metric units ind 'tati'onMS'Well.illustrateditanner4In Virtu

'chapters On metries in drafti*metahvorking,

energz, graPhic arts, ind'hOme econothiC11,,'Chapteks follOWerkby, aev
r I

learning activities Air student Use. Appendix includes conversion tabks ,

and charts.
,.,

. ,
r ,II

.

.. ,

1 -

,Indlistrial:quality..thicroMeters;steel iitles;'sde* piMh end,,thliknese,

, .

.METRIC SUPPLIERS'i'. .

'Brown & Sharpe Manufacturing Co.', Precieion Park,.North KingstOw.n, RI. ,02852

, ,

,Eitiaies,,d6thlaioalippi;,.014:hiclieatoist, Conversion Chita:and

6

6

6 6 6

6

DiCk Blick.,COMPany; Ob. Box 1267,'Galesibing; IL' 61401't
)66;.661.

,

Instsuctioail quality rules; tapes, metre sticks; enbes;'height measurei, ,

trUndle,Wheels, Measuring etipi and SPoOni, peraenal

'Sealee; feeler and deptb' gages; beakers;'therinnineters; kitian&Other aids

The Torit COrpinition;"1133',Rankin'SI''Sf;PaUl MN "55116
", ,: '. 6

Motile ilideiukealcidatni fOr'cOMputing'dtici work for dist' 'i
-veloeity;,yelOCitipiiiiure; roinid ;

and reetangidar duct slicoMputation; Yolumei for yariotui dist

and,partiClasotirces; resistance of 'how! and brancltel;and,requIrt ,

mints for comMod f tal 'and od ki I t

.
,

INFORMATION 'SOURCES

American National Metric Council, 1625 Massachusetts Avenue, NAV., Washington, ,

D C .20036

,Charta,Poetem,,reportiand.primphlets,.Me trititehortec_newietterJatloni,24

metric CoOrdiaating'coUnCil rePresenting industry; goveinmen; educatiOn-;

professional and trade organizations.

American SocietY of Heating; Refrigeration,and Air Conditioning Engineers, 4,1!

345 C 47th Strict, NewYork; NY; .1.001.7. ,

,
r

Professional society developing productstindards,' the U88 of measure-

ment units; metric practices; and coorditarng metric Changener in the

heating; refrigeratioi; and air ,cOnditiOning industry;

:

V

VA

,

National Bureau Of Standarn,:Offin of information 'Activities, U,S, Depaitment ot40

Commerce, Washington, D C 10284. IV

, Free and ineiposivi,..inetaic,chartiand publication; altO lenth IBMs in

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

cation. Product'Utilization, The Center for Vocational Education, The

Ohio State University, Columbus, OH 43210, 1975, 46 pages; $3,00,
,

Paper tor teachers, curriculum developers, and administrators in voca.

tional, technical and adult education, , Covers issues 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 iutructional strategiee. ,

Metrics in Career EduCatiOn.,:Lindbeak, John IL, Charles A, Bennett' Company '

'Inc., 809 W:Detweiller Drive,'PeOrii, ILT 61614;1975;103 Pages;'$3,60,

paper; $2,70 quantity school purchase;
1 , j .... t. ;" .,' .r.,4,. ', , ,.. ,,,,,,,,, ,. ,1 7 , j I
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