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ABSTRACT :
Designed to meet the job-related metric measurement

needs of metal patternmaking students, this instructicnal package is
one of eight for the manufacturing occupations cluster, part of a set
of 55 packages for metric instruction in different occupations. The
package is intended for students who alrecdy know the occupaticnal |
terainclogy, measurement terms, and tools currently in use. Each of
the five units in this instructional package contains performance
objectives, learning activities, and supporting information in the
form of text, sxercises, and tables. In addition, suggested teaching
technigues are inmcluded. At .the back of the package are
objective-based evaluation items, a page of answers to the exercises
and tests, a list of metric me+erials needed for the activities,
references, and a list of suppliers. The material is designed to
accommodate a variety of individual teaching and learning styles,
e.g., independent study, small group, oOr whole-class activity.
zyercises are intended to facilitate experiences with measurement
instruments, tcols, and devices used in this occupation and
job-related tasks of estimating and measuring. Unit I, a gdeneral
introduction to the metric system of rocasurement, provides informal,
' hands-on experiences for the students. This unit enables students to
. become familiar with the basic metric units,; their sysbols, and
measurement instruments; and to develcp a set of mental references
for metric values. The metric system of notation also is explained.
Unit 2 provides the metric terms which are used in this occupation
and gives experience with ocrupational measurement tasks. Unit 3 R
focuses on job-related metric equivalents and their relationships.
‘Unit 4 provides experience with recognizing and using metric '

instruments . 1 tools in cccupational measurement tasks. It also
provides ¢ ‘ence in comparing metric and customary measurement
instrumerts Jit 5 is designed to give students practice in

ccnverting customary and metric measurements, a skill considered
useful during the zransition to metric in each occupation. (HD)
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TEACHING AND LEARNING
THE METRIC SYSTEM

This metry 1mstructional package was designed tn 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 expenenced vocational teachers, reviewed by experts, tested

_in classrooms 1n different parts of the United States, and revised before
distribution. ’ :

Each of the five units of instruction contains perfoﬁnance objec:
tives, learning activities, and supporting information in the form of
text, exercises, and tables. [n addition, suggested teaching techniques
are included. At the back of this package are objective-based evaluation
items, a page of ancivers to the exercises and tests, a list of metric
materials needed for the activities, references, and a list of suppliers.

N

Classroom experiences with this instructional package suggest the
following teaching-learning strategies:

1. Let the first experiences be informal to make learning the mettic
system fun,

9. Students learn better when metric units are compared to familiar
objects.  Everyone should learn to “think metric.” Comparing
metric units 1o customary units can be confusing.

3. Students will loarn quickly to estimate and measure in metric units
by “domg.”

4 Students should have experience with measuring activities before
getting too much mformation.

5. Move through the units in an order which emphasizes the sim-
pherty of the metrie system (e, length to area to volumel.

6, Teach one-concept at a time to avod overwhelming students with
too much material.

~ Unit1 1 a general introduction to the metric system of measure-
ment which provides mformal, hands-on experiences for the students.
This unit anables students to secome familiar with the basic metnc
units, their svmbols, and measurement instruments: and to develop a
set of mental references for metric values. The metric system of nota-
O sexplaned.

"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. '

ergj provides experience with recognizing and using metric
instruments and tools in occupational measurement, tasks. [t also pro-
vides experience in comparing mettic and customary measurement in-
struments.

Unit 5 is designed to give students practice-in converting custo:
ary and metric measutements. Students should leamn to “think metric”
and avoid comparing customary and metric uni .. 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 esiimating

and measuring.

This instructional package also 3 designed to accommodate a
vatiety of individual teaching and lea:.7 styles. Teachers are encout-

aged to adapt these materials to their 11 classes, For example, the ¢

information sheets may be given to studen:s 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
matetials can be expanded by the teacher. -

Gloria S Cooper
Joel H. Magisos
Editors

This puslication was developed pursvant 10 cantract No QEC-0 749335 wth the
Bureau of Occupational ana Adunt Educanion, U S Department of Health. Educa
ngn and Wellare However, (he opimians pxpressed Mergin G0 not necessanly
reflact the posinon or paticy of the US Office ol Education anc ng ofticsal
endorsement by the U S Otfice of Education should be inferrad
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SUGGESTED TEACHING SEQUENCE

These introductory exercises may require
1wo or three teaching periods for all five
areas of measurement,

Exercises should be followed in the order
given to best show the relationship

‘hetween length, arez, and volume.

Assemble the metric measuring devices

 (rules, tapes, scales, thermometers, and

measuring containers) and objects to be
measured.*

Set up the equipment at work stations
3¢ use by the whole class or as individu-
alized resource activities,

Have the students estimate, measure. and
record using Exercises 1 through 9.

Present information on notation and
make Table 1 available.

Follow up with group discussion of

" detivities.

*Qther school departments may have deviees which -
can be used. Metric suppliers ure listed in the referenw

section,

THE CENTER FOR VOCATIONAL EDUCATION

OBJECTIVES

The student will demonstrate these skills for the Linear, rea, Volume or Capacity, Mass, and
Temperature Exercises, using the metric terms and measurement devices listed here.

EXERCISES
SKILLS
Linear Ares Volume or Capacity Mass Temperalure
, pp.3- 41 {pp.5-6) {pp.7-8) (pp.9-10) {p. 11}
1 Recogmze and dse the millimetre (mm) squire cubic centr- fram i degree Celsius
unit and its sy "abul for centimet's mette (em’) ' 10
centimelre {em} (cm") kilogram ~ (kg)
2 Select, we, and read the ' cubic metre .
Appropriate measuring metre  {ml square (m)
instruments for: metre
(m*) lite (1) '
3 State or showa ,
physical reference for: milllitre tmb)
i Fstimate within 237 heiht, width, or the areq of capacity of the mass of objects | the temperature of
of the actual measure length of objects a given surface|  containers ingramsand kilo | the air ot a liquid
grams
S Read correctly metre shek, metne measurements a kilogram scale A Celsius thermometer
tape measure, and on raduated  * | and a gram scale
metnic rulers volume measur:
ing devices
RULES OF NOTATION
1. Symbols are not capitalized unless the unit is a proper name (mm not MM).
9. Symbols ate 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 10! 41).
/5. Spaces, not commas, are used to separate large numbers into groups of three
digits (45 271 kmnot 46,271 km).
6. A zero precedes the decimal point f the number is less than one (0.52 ¢ not .52 g).
T Litre and metre can be spelled eithet with an -re or -er ending.

Information Sheet 1

7.
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~ METRIC UNITS, SYMBOLS, AND REFERENTS

Quantity Metric Unit Symbol | Useful Referents
Length miilimetre mm | Thickness of dime or paper
clip wire
centimetre | Width of paper clip
melre m Height of door about 2 m
kilometre km 12-minute walking dislance
Area square : Area of this space
centimetre tm*
squate mette m’ Area of card table top
hectare hs Football field including sidelines
and end zones
Volume and millilitre i Teaspoon is 5 ml
C T
apacil itre 1 A ltle more than 1 quart
cubie
centimetre em’ Volume of this container
cuhic metre m' Alittle 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
mietric ton o
{1 000 kilograms) |t Volkswagen Beetle

THE CENTER FOR VOCATIONAL EDUCATION

Table 1-a

METRIC PREFIXES

' Y:tl)trl:m;;: ) Preﬁn;ea 'Sym!.mls
1000000 = 10" | mega (mi¥gd) M
£000=10" | kilo (KiIG) k
100=10° | hecto (Hek'td) b
10=10" | deka(dek?) . } da
Base Unit 1 = 109 Bk
00=10" | deci (des) d
—{ oo | et ¢
0001107 milu(mfl’f) |
| oo00m-10% | micomikR) | K

Table 1-b
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. LINEAR MEASUREMENT ACTWITIES \ 3  Chéosvapartner to stand .

wy . . - - at your side, “Move apart
Metm. CentlmEtre, Ml“nnetl‘e ‘ ) ‘ ) o 50 th’a[ youcan put one

¢ $ end of & metre stick on
your partner's shoulder,
. “. . and the other end on
1, THEMETRE(m) , . € yourshouldor. Lookat
: - the space between you.
A DPVH )I’ A HH [INGLEOR THE SIZE OF \\ﬂ TRE , . ’

THAT Is THE WIDTH OF A METRE! -

¢

1, P.d\ up one of the metre
sticks and stand it up on the”

floor. Hold it in-place with ) A TRRT
one hand. Walk ,er\md e B DEVELOP YOUR ABILITY TO ESTIMATE IN METRES ‘
stick. Notv stand next to , o . L .
the stick. With vour other Now gou, will improve your ability to estimate In melres. '
hand. touch \'oﬁrst'lf where Remember where the length and?elgh vof a metre was on your

T )Iw top of the nwtre stick body. . ) .

w} comes Qn ¥ m

‘v 1 ‘.‘;|h‘ ‘v " e
"For each of the following items: /

- l'll NG AMETHE 1S , Estimate the size of the items and write your estimate in'.lhe -
AT IS TOW HIGH A METRE 15 ' ESTIMATE column, Measure the size with your metre stick
' B ' « o and write the answer in the MEASUREMENT column.

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

/—"'ﬂ‘

2. Hold one arm out straight ~ - | your estimale was within 25 of the actual measure you are a
o at shoulder height. Put A “Melric Marvel.” ' ¥
the metre stick alqng this :
‘ . armuntit the end hits the How Close
end of vour fingers. Where lmm.ne Measurement  Were You?
- is the other end of the (m) (m)
metre stick? Touchvour- I, Height of door knob |
self at that end. from floor. .
2. Height of door,
3. Length of table,
SHO ) ! .
THAT 1! Il( WLONG A METRE 18t L Widthof tzble
d.  Length of wall of | »
this room,
6. Listance from |
: : " " you to wall. b
- THE CENTER FOR VOCATIONAL EDUCATION " S
. Exercise 1 1
(continued on next page)
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I, THE CENTIMETRE (cm) 1. THE MLLIMETRE (mm)

There are 10 millimetres in one rentimotre When a measurement is
9 centimetres and 5 millimetres, you write 2 mm (2 x 10 mm)
+5mm = 20mm +dmm]. There are 1000 mmin 1 m,

There are 100 centimetres in one metre. 1 there are J metres and
3 centimetres, vou write 103 cm 4y 100 em) + 3 em = 100 em
£dem}.

L DEVELOP A FEELING FOR THE SIZE OF A CENTIVCTRE o DEVELOP A FEETING FOR THE SIZE OF A MILLIMETRE

1. Hold the metric ruler azainst the width of your thumbnail. Using a ruler marked in millimetres, mesure:

How widewu? e 1. Thickness of a paper clip wite, mm
l) ; : XU v i 3 101 ) s N . .
2. Measure your r;humb from the first joint to the end 9. Thickness of your fngernai, m
(\
, . . 3. Width of your fingernail. .
3. Usethame. e ruler to find the width of your palu. ‘ b -
om 1, Diameter (widthjof a coin. il
4. Measure vour index or poiting finger, How long s it? 5. Diameter (thickness) of your pencil. _____ mm
_— 6. Width of a poctage stamp. —mm
5. Measure your wrist with a tape measure. What is the distance
) around it” em |
6. Use the tape measure to find your waist size. __ ___em B, DEVKLOP YOUR ABILITY TO LSTIMATE IN MILLIMETRES
K. DEVELOP YOUR ABILITY TO ESTIMATE IN CENTIMETRES You are now ready to estimate in millimetres. For each of the
' following items, follow the procedures used for estimating in
You are now ready to estimate i cent metres, For each of the meires.
following ttems, folluw e procedures used for estimating in low Close
me(res. Fstimate Measurement Were You?
How Close (mm) (mm)
Estimate Measurement  Were You? 1. Thickness ofa
fem) (em) nickel,
b l‘,]gngth e 2. Diareter (thickness}
P — of a bolt.
2. Diameter (width) ,
Piamter [sidr 3. Length of  bolt.
of a coin,
. W heo
1 Wdth ofa | 1. \\rldtah grfa.\hett
postage stame. O papet.
{ Lenghofa 5. Thickness of a hoard
‘ or desk top,
nencll.
5y Width of a sheet 6. Thickness of a
' ¢ button.
of paper.
XX THE CENTER FOR VOCATIONAL EDUCATIC X Exercise |
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AREA MEASUREMENT ACTIVITIES

Square Centimetre, Square Metre

WHEN YOU DESCRIBE THE AREA OF SOMETHING, YOU ARE
SAYING HOWMANY SQUARES OF A GIVEN SIZE 1T TAKES TO
COVER THE SURFACE.

. THE SQUARE CENTIMETRE (em?)

A

DEVFLOP A FEELING FOR A SQUARE CENTIMETRE

1.
2.

-3

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

Measure the length and width of one of these small
squares with a centimetre ruler.

THAT IS ONE SQUARE CENTIMETRE!

Place your fingernail over the grid. About how many

squares does it take to cover your fingernail?

em?

Place a coin over the g'rid. About how many squares

does it take to cover the coin? em?

Place a postage stamp over the grid. About how ma-y

squares does it take to cover the postage stamp?
em?
Place an envelope over the grid. About how many

squares does it take to cover the envelope?

em?

Measure the length and width of the envelope in centi-

metres. Length om; width cm.
Multiply to find the area in square centimetres.

cm X em= em?. How
close are the answers you have in 6. and in 7.7

THE CENTER FOR VOCATIONAL EDUCATION
O

ERIC

B. DEVELOP YOUR ABILITY TO ESTIMATE [N SQUARE

L S

CENTIMETRES : -

You are now ready to develop your abiity to estimate
in square centimetres.

Remember the size of a square centimetre. For each of the
following items, follow the procedures used for estimating in
metras.,

How Close

Estimate Measu—ment Were You?
(em’) (')

Index card.

Book cover.

Photograph.

Window pane or

desk top.

I THESQUARE METRE (m’)

A, 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.

9. Hold the square up with one side on the floor to see how
big it is.

3. Place the square on the floor in a corner. Step back and
look, See how much flear space it covers.

4. Place the square over a table top or desk to see how
much space it covers. ‘

5. Plaée 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? m

THIS IS HOW BIG A SQUARE METRE [5!

Exercise 2
(continued on next page)
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DEVELOP YOUR ABILITY TO ESTIMATE [N SQUARE
METRES

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

‘procedures wsed for estimating in metres,

CENTIMETRE GRID

1low Close
Fstimate  Measurement  Were You?
(m*) (m-)
Door.
9. Full sheet of
newspaper.
5. Chalkboard or
hull=tin hoard,
1. Floor.
5. Wl
6. Wall chart cr poster.
7. Side of file cabinet.
T
THE CENTER FOR VOCATIONAL EDUCATION Exercise 2
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VOLUME MEASUREMENT ACTIVITIES
Cubic Centimetre, Litre, Milliltre, Cubic Metre

I THE CUBIC CENTIMETRE (cm’)
A - DEVELOP A FEELING FOR THE CUBIC CENTIMETRE

1. Pick up a colored plastic cube. Measure itsTength,
height, and width in centimetres.

THAT IS ONE CUBIC CENTIMETRE!
9 Find the volume of a plastic litre box. .

2. Place a ROW of cubes against the bottom of one side
of the box. How many cubes it in the row?

b. Place another ROW of cubes gainst 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 many cubes in the layer in the bottom of the
box”

¢ Stand 2 ROV ... cubes up against the side of the box.
How many LAYERS would fit in the box?

How mexy cubes in each layer?
How many cubes fit in the box altogether?

THE VOLUME OF THE BOX 18— CUBIC
¢ NTIMETRES. ..

*d, Measure the lenéth, width, and height of the box in

centimetres. Length
“height em. Multiply these numbers to find

the.volume in cubic centimetres.

em X mx om= om’,

Are the answers the same in ¢.and d.

y THE CENTER FOR VOCATIONAL EDUCATION
ERIC o

em; width _______cm,

B. DEVELOP YOUR ABILITY TO ESTIMATE IN CUBIC
CENTIMETRES

You are now teady 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 esfimating in

metres.

© 2. Freezer container.

How Close
Estlmate Measurement  Were You?

() fem’)

1 Index card file
: box.

3. Paper\clip box. -

4, Box of staples.

Il. THELITRE ()

A DEVELOP A FEELING FOR A LITRE

1.

Take a one litte beaker and il it with water.

9 Pour the water into papet cups, {illing each as full as you

usually do. How many cups do you fill?
THAT IS HOWMUCH I8 IN ONE LITRE!
Fili the litre container with tice.

THAT IS HOWMUCH ITTAKES TO FILL AONE
LITRE CONTAINER!

Exercise 3
(continuad on next page)
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B. DEVELOP YOUR ABILITY TO ESTINL(TE [N LITRFS
You are now ready to develop vour ability to estimate in
litres. To write two and one-half litres, you write 2.5 |, or

2.5 litres. To write one-nglf litre, you write 0.51 or 0.5

litre. Towrite two and three-fourths litres, you wite ./
2751, or 2.75 litres.

For each of the following items, wse the procedures for

estimating in metres.
BN met How Clase

. Estimate Measuremert Were You?
(1) ()
1. Medium-size \ |
freezer container. .

2. Lurge freezer
container; —

3. small freezer
¢ ontainer.

4. Jottle or jug.

I . {E MLLILITRE (mi)

There are 1 000 millilitres in ane litre. 1000 ml = Llitre, Half
a litre is 500 millilitres, or 0.3 litre = 500 ml,

A DEVELOPA FEELI.\'G FOR A MILLILITRE

1. Examine a centimetre cune. Any-hing which holds
‘ ;
Lem holds 1 ml,

Fill a 1 millilite measurng spoon with rice. Empiy the
spaon 1nto your hand. Carefulty jsour the rice intoa
small pile on a sheet of paper.

THAT IS HOW MUCHTONE MLLILITRE 8!

3. Pl the 5 ml spoon with rice. Pour thi riee into anothrr
pile on the sheet of paper.

THAT 15 5 MILLILITRES, OR ONE TEASPOON!

4. Fill the 15 m! spoon with rice. Pour the rice into a thiid
pile on the paper. 1

THAT IS 15 MILLILITRES, OR ONE TABLESPOON!

I\

B, DEVELOP YOUR ABILITY TO ESTIMATE IN MILLILITRES
You re now zeady to estimte in millilitres, Follow the
procedures used for estimating metres.

How Close .,L»-
Lstimate Measurement Were You?
(mi) (ml)

1. Small juice can.

2. Paper cup or tea
cup.

3. Soft drink can. “

4, Bottle.

THE CUBIC METRE (m’)

A DEVELOP A FEELING FOR 4 CUBIC METRE
1. Place a one metre square on the floor next to the wall
9. Measure a metre UP the wall.

3. Picture a box that would fit into that space.
THAT IS THE VOLUME OF ONE CUBIC METRE!

B DEVELOP YOUR ABILITY TO ESTIMATE IN CUBIC METRES
For each of the followi~g items, follow tne estimating proced- *
ures used before, ’

3 - How Close
Estimate Measurement ~ Were You?
mH  (m)

L. Office desk. i

2. File cabinet.

3. Small room. —

L

Exercise 3
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MASS (WEIGHT) MEASUREMENT ACTIVITIES o

- Kilogram, Gram

The mass of an object is  measure of the amount of matter in the s |
object. This amount is always the same unless you add or subtract some ‘ . (kg
matter from the object. Weight is the term that most people use when
they mean mass. The weight of an object is affected by gravity the - 1. Tkilogram box.
mass of an object is not, For example, the weight of a person on earth 9. Texthook. -
might be 120 pounds; that same person’s weight on the moon would be

Bag of sugar, —

~ 20 pounds. This difference’s because the pull of gravity on the moon _
is Jess than the pull of gravity on earth, A person’s mass on the earth 4. Package of paper,  _—__ :
. and on the moon would be the same. The metric system does not

measure weight--it measures mass. We will us. the term mass here, -

[ 3}

Your own mass, , —

The ymbolforgam g B. DEVELOP YOUR ABILITY TO ESTIMATE IN KILOGRAMS

The svmbol for kilogram is kg. . . |
For the following items ESTIMATE the mass of t'?we‘object in

There are 1 000 grams in one kilogram, or 1.000 g = 1 kg
£ kilograms, then use the scale or balance to find the exact mass

Halfa kilogram can be written a5 500 geor 00 kg. | of the object. Write the exact mass in the MEASUREMENT
A quarter of a kilogram can be written as 250 g,or 0.25 kg, colvmn. Determine how close your estimate is:
Two and three-lourths kilograms is written as 2,75 kg, | - . How Close
; Estimate Measurement  Were You?
(kg) (kg)

[ THEKILOGRAM (kg) 1 B. y
. Bagofrice.

DEVELOP A FEELING FOR THE MASS OF A KILOGRAM

(]

Bag of nails.

3. Large purse or

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

Before you find the mass, notice how heavy the object “feels”
and compare it to the reading on the scale or halance. C 1. Another person, *

5. Afew hooks.

THE CENTER FOR VOCATIONAL EDUCATION : ~ Exercise 4

* (continued on next page)
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THE GRAM (@)
A DEVELOP A FEELING FOR A GRAN!

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

* Shake the cube in your palm as if shaking dice. Feel the
pressure on your hand when the cune is in motion, then
when it is not In motion.

THATIS ‘H.OW HEAVY A GRAMIS!

9. Take asecond 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 your fingers. moving your
hand up and down.

THAT 1S THE MASS OF TWO GRAMS! | .
. .
3. Take five cubes In one hand and s.hake them around.

THAT IS THE MASS OF FIVE GRAMS!

'wcmen FOR VOCATIONAL EDUCATION

DEVELOP YOUR ABILITY TO ESTIMATE IN GR;\}Ié

* You are now ready,to improve your ability to estimate in

grams. Remember fow-heavy the 1 gram cubie is, how heavy

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

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

used for estimating in kilograms. ‘ o

Hoiv::Close
Estimate Measurement Vere You?-

@ .

Two thumbta(‘ks; :

Pencil.

Two-page letter
and envelope.

Nickel.
Apple. _ e

Package of
margarine.

, Exercised -

25



TEMPERATURE MEASUREMENT ACTIVITIES

Degree Celsius

. DEGREE CELSIUS( () ¢

Degree Celsius (*C) i the metric measure for temperature.
A. DEVELOP A FEELING FOR DEGREE CELSIUS
Take a Celsius thermonieter, 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)

Find the temperature of the room. °C. Isthe
room cool, warm, or about right?

(3

3. Putsome 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 TE\IPER%TLRE IS 37 DEGREES
CELSIUS (37°C).

A FEVER 1§ 39°C.
. AVERY HIGH FEVER I8 40°C.

mwmn FOR VOCATIONAL EDUCATION

-1

ture.

‘ gbor.

o

DEVELOP YOUR ABILITY TO ESTIMATE 1N 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. :
How Close
Estimate Measurement Were You?
(°C) (C)
Mix some hot and ”
cold water in a
container. Dip your
finger into the
water,

Pour out some of
the water. Add some
hot water. Dip your
finger quickly into

the water, - . . _

Outdoor tempera-

Sunny window sil.

Mix of ice and water. I

Temperature at

Temperature at \ )
ceiling.

\

{ ‘ Exercise 5

. B
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UNIT

OBJECTIVES

The student will recognize and use the metric
tens, units, and symbols used in this occupa-

tion,

—

[y
e

Given a Metric unit, state its use in this
accupation.

Given a measurement task in this occupa:
tion, select the appropriate metric unit
and measurement tool.

SUGGESTED TEACHING SEQUENCE

Assemble metric ineasurement tools (tules,
tapes, scales, thermometers, etc.) and
objects related to this occupation.

Discuss with students how to read the
tools.

Present and have students discuss
Informa‘ion Sheet 2 and Table 2.

Have students learn occupationally
related metric measurements by complet-
ing kxercises 6 and 7.

Test performance by Gsing Section A of
o esting Metric Abilties.”

L THE CENTER FOR VOCATIONAL EDUCATION

METRICS IN THIS OCCUPATION

Changeover to the metric system is under way. Large corporations are already using
metric measurement 1o compete in the world market. The meiric system has been used in
various parts of industrial and scientific communities for years. Legislation, passed in
1975, authorizes an orderly trnsition tc use of the metric system. As businesses and
industries make this metric changeover‘.‘employees will need to use metric measurement

in job-related tasks.

Tahle 2 lists those metric terms which are most commonly used in this occupation.
These terms are replacing the measurement units used currently. \What Kinds of job-
related tasks use measurement? Think of the many different kinds of measurements you
now make and use Table 2 to discuss the metric terms which replace them. See if you
can add to the list of uses heside each metric term.

Information Sheet 2«
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METRIC UNITS FOR METAL PATTERNMAKING

Quantity Unit : Symbol - Use
Length : micrometre jm ) Surface finighes* c
millimetre mm Shrinkage; dimensions on blueprints; screw and bolt
lengths and diameters; tool and drill hole sizes; wood
dimensions
centimetre  ° S| em Ditensions of sandpaper. board length
‘ | metre m ' Wire lengt; o 7;
kilometre km : Road map, customer and supplier distances
Aren squate millimetre mm? Cross sectional area of wire; area of small openings
square centimetre em’ Area of paper and pattern surfaces o
Qqunre metre m’ Floor area, large surfaces
" /Volume/Capacity cubic centimetre o’ : Core box **
cubic metre | m Large tanks and containers, storage space
milllitre ml Liquid ghue, paint, chemicals, lubricants
litre l
Mags gram g " Dry or solid material {dry glue or cle;ming compounds)
kilogram kg " Packages of screws and bolts; dry or solid supplies;
pattern weights
metric ton t Sl_lipping mass; steel, machinery
Pressure kilopascal kPa L Air and hydraulic systems, oxygen/acetylene preséures
Power ' kilowatt kW Output of motors on |athes, drills, grinders, and other
I N ‘ equipment (veplaces horsepower)

J

*Surface finish is given in micrometres. .
Example: y is a super finish gmilar to a very fine butf, lap, burnish, or bright polish, Suitable for raceways, ball bearings, and the rolls of anti-friction bearings,

Note: The roughness velues are the average deviation ia mictometres. 1 micrometre =0.001mm

##Tanks, containers, and auto engine displacement will be measured eithet n litres and millilitres or in cubic centimetres and cubic metres.

Tableh |

THE CENTER FOR VOCATIONAL EDUCATION
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TRYING OUT METRIC UNITS

To give you practice with metric units, first estimate 1 the measure-

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

Then actually measure the item and write down your answers using the
correct metric symbols The more you practice, the easier it will be.

kstimate

Actual

e
1.

Palm width

2.

‘Hand span

3.

Your height

Desk height

. Space between tables

Pencil

Chalr height

Small table height

Clagsroom length

Area
10.

Desk top

L

\
Classroom floor

1

Workbench

13.

Classroom wall

14,

Sheet of paper

Volumt/(qpautv |

15.

Small bottle

i
Estimate Actual

16.

Measuring cup (metric)

17.

Milk container

18.

Tube of hardner

Nt

Bucket

20.

Smaitbox - -

21.

Can of epoxy

22,

Shaped product

- Mass
23,

Handbook

24.

Nickel

. Yourself

26.

Paper clip

21.

A quantity of ;NOOd, steel, or

pattern material

28,

Alitre of water (net)

Temperature

29,

Qutside

30,

-(lassroom

3l

Hot tép water

32,

Colid water

Q “@ THE CENTER FOR VOCATIONAL EDUCATION
ERIC . .

Exercise 6 .

3



pA'I‘TERNMAKING WITH METRICS

It is important to know what metric measurement to use. Show
what measurement to use in the following situations.

17, Can of RTV rubber

18, Wrench size
1, Length of a work table . —
19. Coarse surface finish or machined

9. Width of a work table -' ot
- 3. Areaof awork table 90, Temperature for soldering
_ aluminum -
.4, Cayacity of rectangular container K 91. Volume of machirc oil
| 5, "Capa(.:i‘t)'(v‘df.acylindri'cal contalner : 9, Diametermof w1re | |

s

N |

6. Oxy:en/acetylene pressure

7. Ang> of point of drill

8. Mass of piece of metal

9. Voluae of shellac thinner or
other liquid

10, Lenglis of hacksaw blade

11. Thickness of hacksaw blade

* 1%, Diaioter of drill bits - i , 1

13, Len;th of bolts, screws, nail | =

14, Diniensiens of plywood sheet: A ‘ @ ‘

a.. Length

b Widh : ““

15, Vol.ame of a paint can

16, Mass of a quantiy of screws or
bolts

Exercise 7 ..
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UNIT

f

OBJECTIVE /

) r
The student will recognize and use met:
ric equivalents.

"0 Giiven 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
(8-11), one at a time,

[

As soon as you have presented the
 Information, have the students complete
each Exercise,

3. Check their anéxvlerf “in the page titled
ANSWERS TO EXERCISES AND
TEST. -

4. Test performance by using Section B of
“Testing Metric Abilities.”

»

f + THE CENTER FOR VOCATIONAL EDUCATION
Q . ) '

ERIC

METRICMETRIC BQUVALENTS

Centimetres and Millimetres

v

3

| ( ’Wll”ll‘llll)llll‘””]l“l A ”H[””]Wﬂ (‘”H]l”l'”ll"”“ A ””i”” [N

1"2 3 4 56 123456

Look at the picture of the nail next to the ruler. The nail is 57 mm long. Thisis 5 cm+ 7 mm.
 There are 10 mmin each cm, so 1 mm = 0.1 cm (one-tenth of a centimetre). This means that
Tmm=07cm,s057mm = 5cm+7mm '
2 =hem+0.7cem \
= 5.7 em. Therefore 57 mm is the same as 5.7 cm.

I

Now measure the paper clip. It is 34 mm. This is the same as 3 cm + mm, Since each
millimetre is 0.1 cm (6ne-tenth of a centimetre), 4 mm = em. So, the paper clip is

Jdmm= Jem+4 mm
= 3em+04em o )
| = 34 cm. This means that 34 mm is the same s 34em. .~ =~ -~/

Information - Sheet 3

Now you try somme.
2) % mm = em e) '132mm = em
b) 583 mm = em f) 802mm = em
¢) Ymms= cm g) 1400mm = e cm
d) 680 mm=" cm h) 2307Tmm. = cm

Kl



Metres, Centimetres, and Millimetres
There are 100 centimetres in one metre. Thus,

2m= 2x100cm= 200 cm,
dms 3x100cm= 300 cm,
Bm= 8x100¢m= B800cm,
36m = 36 % 100 em = 3 600 cm.

There are 1 000 millimetres jn one metre, sb

2m= 2x1000mm= 2000mm
3m= 3x1000mm= 3000 mm,
6m= 611000mm= 6000mm, -
% m=24x1000mm =24 040 mm

. | 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).

change three-fourths of a metre to
ultiply by 1 000. 5o

This-means that if you s
millimetres, you would
0.75m=0.75x!

L
Bx o 100™

Ty 1 mm

t < T This means it 075 m = 750 mm. J

Information Sheet 4

Fill in the following chart.

!
metre centimetre | millimetre
. m tm mm
1 100 Lo |
2 200
3
0
2 0l
i :
0.6 ' il
. ' 25 5
o 1K
38 : : 639

. Exercise 9

. -'{17

(Millltres to Litres -
"There are 1 000 milliitres in one litre. This means that

2000 millilitres 15 the same as 2 litres, ‘ .
3000 mi is the same as 3 litres, ' ﬁ \

L1000 mbis the saime as - itres,

A

12 00:0 ml 15 the same as 12 litres,

' : . )
Since there are 1 000 millilitres in each litre, one way to cha&illi
litres to litres is to divide by 1 000. For example,

L)

o 1000 _ e
1000 ml = Togg-hitre = 1 litee.

00
, 2000ml = %)% hitres = 2 litres,

And, as a fina! example,

28 000
28000 m] = ==—

N
lOoohtres ,S.htres.

What if something holds 500 mi? How many liteds is this? This is
worked the same way. i

500 m! T% litee = 0.5 lfre {five-tenths of a fitre 1 So 500 m

is the same as onehalf (0.3) of a litre.
J

Change 57 millilitres to litres.

3T mlz _(T(%ﬁ tre = 0.057 htee (fifty-seven thousandths of a

litre). ‘

Information Sheet 5

Now you try some. Complete the following chart. ,
millilitres litres
(ml) )
3000 I
6000
8
11000 .
3 )
30 0.d
I
09
! 250
047
275
Exercise 10

- Y
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LR \ o A
Litres to Millilitres | Kilograms to Grams
What do vou doaf vou need to ehange itres tomilbhtres? Remember, o ange kilograms to grams, vou multiply by 1000,
there are 1000 miblitres moone ftre, or Ulitre - 1ot i,
bokes Lo 1000w= 1000,
S0, Wookg 2 x L0 = 2000 g,
. 075 ke= 0Fax o= Tl
D Gires 2 00wl 2000, \ ‘ i,
T lress T Ti00ml - 7000 ml, , Information Sheet 8
Ly e =T 2 1000 mE- 13 000, Complete the followmng chart,
063 htre = 063 1000 mE= 850 ],
— ‘ : / kilograms frams
Information Sheet 6 kg 4
Now vou try some, Complete the followig chart,
LR ML
) o 11
hllrvn mxll(::lrw 75000
; 04
> 5 001 28] =~ :
i 17 Exercise 13
1h . ,
B Changing Units at Work
(1.4 , : o , oy
T Some [ the things vou use in this occupation may e measured in
150 Exercise 1 different metric units. Practice changing each of the following to
e eanivalepts by ¢ i hoe & 4] §
- N metrie equivalents by u)mplmm 105 statements,
Grams to Kilograms | '
.\ ‘ "2) 500 cm of wire s ' L m
Pere are 1000 grams i one kilogram, This means that Cen s ,
| \ ' b} 250 ml of liquid glue is l
. ¢} 5 cm diameter pipe is mm
2000 grams is the same as 2 Kilograms, T
' d) 9500 g of wood filler i kg
5090 g i the same s 3 R, ©) 120 mm length wood dowel is _ cm
700 g i the same as 0.7 kg, and <o on, ') 025 ltre of pamt¥s ml
| k) 2000 kg of wood is ‘ t
To change from grams to kilograms, vou use the same procedure for :]; 500 kg 0f5§991 sheet is b
chaning from milliltres to litres, ') 10cm boltis __ mm
\__ : i, J 1 500 of dry glue- _kg
; Information Sheet 7 k) 3msteel tapels __ . mm
Try the following ones. , 1) 500 m! of liquid flux is l
am | ogams m) 2 litres of tap and die cutting fluid is ml
g ke 1) 150 mm reamer is em
oo | ‘
yo00 |
23000 )
K
49 T
- L Exercise 12
Q
Exercise 14

FRJC. ™ CENTER FOR VOCATIONAL EDUCATION
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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 Customary.

o (iiven a measurement task, select
and usevan appropriate tool, in-
strument or device.

¢ Given a metric measurement task,
judge the metric quantity within 20%
and measure within 2% accuracy.

SUGGESTED TEACHING SEQUENCE

1. Assemble metric and Customary mea-
suting tools and devices (rules, scales,
9 thermometer, drill bits, wrenches,
micrometer, vernier calipers) and dis-
play in separate groups at learning
stations.

Have students examine metric tools and

~instruments for distinguishing character-
istics and compare them with Customary
tools and instruments.

=

-3 Havestudents verbally- describe charac

teristics.

4. Present or make available Information
Sheet 9.

5. Mix metric and Customary tools or
equipment at learrng station. Give
students Exercises 15 and 16.

6. Test performance by using Section C
of “Testing Metric Abilities.”

YE THE CENTER FOR VOCATIONAL EDUCATION
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1.

(SELECTING AND USING
METRIC INSTRUMENTS , TOOLS AND DEVICES

Selecting an imptoper tool or misreading a scale can result in an improper requisition
form, damaged materials, or injury to self or fallow workers. For example, putting a piece
of machinery ot a casting with a mass of 2 000 kilograms (about 4400 pounds) on 2 one-
ton electric crane designed to hoist 2000 pounds could cause a serious accident. Hereare

some suggestions:

Find out in advance whether Customary ot metric units, tools, instruments,
or products are needed for a given task.

Examine the tool or instrument before using it.

The metric system is a decimal system. Look for units arked off in whole
numbnrs, tens or Lenths, hundreds or hundredths.

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

Look for decimal fractions (0.25) or decimal mixed fractions (2.50) rather
than common fractions (3/8) on drill bits, wrenches, and measuring.devices.

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

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

Practice selecting and using tools, instruments, and devices.

\

Information Sheet 9.

13



2 | | MEASURINGUPIN
WHICH TOOLS FOR THE JOB? METAL PATTERNMAKING

Practice and prepare to demonstrate your ability to identify, For the tasks below, estimate the metric measurement to within
select, and use metric-scdfed tools and instruments for the tasks given | 20% of actual measurement and verify.the estimation by measuring to
below. You should be ahle to use the measurement tools to the appro- within 2% of actual measurzment. '
priate precision of the tool, instrument, or task. ' ‘ -

Estimate Verify

1. Sand a wood block to 3 em by 5 cm by Tem, , o o
: 1. Spacing of tool rest for off-iand

9. Seribe six 5 mm diameter "oles on a wood block. grinding .
_ 9. Dimensions of woc . for 1 pa'temn:
3. Allowing f?r shrink, locate and scribe two lineg 90 cm apart. 2 Length |
4. Measure the diameter of a round dowel in mm. b. Width
' ¢.  Thickness

5. Drilla 6 rum dl_ameter hole in a block of wood. 3, Spacing of‘n‘ails for pattem asembly

6, Cuta10cm by 12 cm piece of wood on the bandsaw. . 3, Length of nails for pattern assembly
5. Size of drill bit for pattern preparation;

7. Tum a piece of wood to 75 mm diameter on a lathe.

a. Diameter
8. Routaslot ina piece of wood that measureslmm W1de by b, Length
1 mm deep. —
; . 6. Size of bolts for pattem assembly:
9, Measure out and dilute dry glue with water, . - a. Diameter . | ‘ e
| b. Length
10. Order replacement sanding belts. g
7. Surface area for painting
11. Order bolts to assemble a pattern. 8, Quantity of dry gt to mix fora
pattem

19, Check the temperature of the work area to determine glue

drying time 9. Temperature of:

2. Painting area
e+ et e o i {0 Metal sfikige Tor g casting ™

11, Router setting for aslot

12, Board width in millimetres

13. Wrench size in millimetres

14, Board length in millimetres

m “ Exercise 15 Exercise 16
THE CENTER FOR VOCATIONAL EDUCATION
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UNIT .

OBJECTIVE

The student will recognize and use metric
and Customary units interchangeably in grder-

 ing, selling, and using products and supplies in

this occupation. 3

o  Given a Customary (or metric) measure-
ment, find the metric for Customary)
equivalent on g 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.

o

3. Have students find approsimate metric-
Customary equysalents by using
Exercise 17.

1, fest performance by using Section D of
“Testing Metric Abihiies.”

THE CENTER FOR VOCATIONAL EDUCATION

A

17, Part 2 and Part 3.

1em 0,39 inch
[ mx 3.28 feet
1m ~1.00 yards

1 km * 0.62 mile
1em® 2016 sqin
Im* > 108sqft
Tm* 312sqyd

| { hectare 2.5 acres
1em' 0,06 cuim

Im' 2353 cuft
Im'~13cuvd

During the transition period there will
(‘onversion tables list calculated equivalents betw
s needed. a conversion table can be used to find it. Follow these steps::

Table 3 on the next page gives an examb
vou can use for practice in finding approximate eqbiyalents.

ments for Customary units ar
symbol  means *nearly equal to.”

*Adapted from Lets Measure
Redesign and Renewal, Ohio De

o

(METRIC-CUSTOMARY EQUIVALENTS

A

linch ¥ 254 em
1 foot * 0.306 m
C lyard 091 m
1 mile ¥ 1.61 km
1sqin26. cm’
1sqft s 0.09m’
1sqed 3 08m'
1 acre % 0.4 hectare
leuinx 164 em’
Teuftx003m'
Jeuyd 3 08m'

Wetrie. A Teacher’s Infroduction to Metric Measurement Division of Educational .

partment of Education, 63 8. Front Streel, Columbus, OH 43215, 1975, j

1 Determine which conversion tahie is needed.

2. Lok 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! {rom the next column.

le\of a metric-Customary conversion table which,
Table 3 can be used with Exercise

N\

Below is a table of metric-Customary equivalents whi\Ch\tells you what the metric repiace-
e.* This table can be used with Exercise 17, Part Tand Part 3. The

\\

\

1mlx0.2tsp
1l > 0.07 thsp
112338 oz
11~ 42cups
Ilx2lpts
11> 1.06qt
110.26gl
1 gram * 0.035 0z
lkg=221b
] metric ton 3205 b
1 kPax 0,145 psi

{

T "
.

be a need for finding equivalents between systems.
between the two systems. When a close equivalent

tbsp s Bl

Ttsp xdml

1flozx29.6ml
1cup 3237 ml
1ptx 0471
1gt>0.95)
1gal > 3.791
lozx284¢
1~ 0.4 kg
1ton %,907.2 kg
1psi © 6.893 kPa

Information Sheet 10

AT
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 CONVERSION TABLES

MILLIMETRES TO INCHES
mm Inches mm Inches ' | ~—mm . Inches mm Inches
100 % | 10 09 | -1 Wi | o1 oom
0 18 2 019 I 1T 02 . 0008
300- s | 118 3 0.2 03 0012
100 1574 10 157 £ 06 04 0.016
500 1968 00 19 5 020 | 05 0020
600 26 60 236 6 024 06 0.024
700 2156 10 216 T 0.8 0.1 0.028
800 350 |80 3.5 8 031 08 0.01
500 3543 % 354 9 . 0% 09 0%
\ . 1000 mm or 1 mette = 39.37 inches
INCHESTO MILLIMETRES ¥
Inches mm Inches mm | Inches mm Inches mm
! %54 o1 4 | M 0% o 00
2 508 0.2 508 02 04l w2 0%
3 162 0.3 162 03 0.76 003 0.08
AT 04 1016 - | M 102 0 010
5 1210 05 1210 [ ¥ w01
L6 s | 08 sy | 6 18 o6 015 -
T M8 Y. ) 0 178 07 018 |
I 08 W | 0 2 08 020
9 2286 09 - 286 | 0 229 0B
, 10inches=254 mm -
12 inches. or 1 feet = 304.8 mm or 30748‘cm
Table 3

. muscsmm FOR VOCATIONAL EDYCATION



B ANY WAY YOU WANT IT

B

1 You are working in a pattern shop. With the change to metric
: measutement some of the things you order, sé!l or use are marked .
J ~ only in metric units. You will need to be familjar 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

o metric quantity (both number and unit) for each of the following
Customary quantities.
Customary Quantity Metric Quantity

a ) 21bs. of wood filler

" h) 4qbs. of shellac thinner

¢ ) 3/4 in. pipe
d) 100 Ibs. of wood
e ) 18in. board

) two-gallon can

*g) 6in. “C" clamp

7)1 pt. of resin glue

1) 1gal. of paint
j ) 12in. length wrench
k) 6°ft. steel tape

| ) 4fl. oz. of rust preventative spray

m) 4 ft. by 8 ft. plywood sheet
n) 1/8in. dril

. 0) 4in. paint brush

g) 2mm = i, ) 9dmm = - in.
h) 05in = mm | k) 5mm = in.
i) 9in. = ‘mm | |) 125mm = in.

Complete the Requisition Form using the itemns listed. Convert
the Customary quantities to metric before filling out the form.
Complete all the information (Date, For, dob No., etc.).

 Order the following metal patternmaking supplies: -
. a) Four1lb, cans of dry waterproof glue

b) 5 sheets exterior plywood, 3/4 in. by
4 ft.by 8 ft.
¢) 2pt.can of shellac thinner
d) Two 1 gal. cans of turpentine *f
) 6 packages of 9.in. by 10 in, flint paper

REQUISITION

Date

For

Job No.. " Date Wahted

Delivet to

QY | UNIT (TEM

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

mm

[§]

mm {d) 025in
mm. | e) 0125in.

in. {f) 300mm

ca) 0.002mn.
b) 0.02in.

b ) 02mm -

nm

in.

Requested by

~ Approved by

“

. ‘ _:l THE CENTER FOR VOCATIONAL EDUCATION
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SECTION A.
"1, One kilogram is about the miss
., ofa ‘
O (A] kel
B] apple seed
[C] basketbal
l"“ [ID] Volkswagen “Beetle”
b2 Asquare metre is about the
area of
~[A] this sheet of péper
[B] acard table top
K| abedspread =~ °
(D] apostagestamp

3. The mass of bulk wood filler is
measured in:

[A] millilitres
[B] centimetres
[C] kilogram‘s
(D] litres
4. The diameter of  dsllbit i
measured in:
,[A] kilometres
{B] kilograms
[C] kilopascals
[D) millimetres

5. The carrect way to write twenty .

6. The correct way to write twelve © - - " 11. Estimate the fength of the line

thousand millimetresis:” ! segment below: y
\ L J‘
(A] 12.000mm. - RS . '
(8], 12000 mm 4] Wgans 0
(c] 12000mm [B| V.Bcentimet,res‘l
' ' ~C] A0 milk g
(D] 12000 mm (C] A mll!lmetrej\’\ |
' ' (D] 14 pascals S ,
SECTION B ' .
1, A board 20 centimelres wide is ' L
the 3ame as: 12, Estimate the length of the line
, t :
[A] 2 millimetres lsegmenl bel?w
(B] 200 mllhmftres . (4] 10 millmetees
(C] 0.2 milimetre - [Bl‘ { centimetres
[D] 2000 millimetres | (C] 4 pasal ;
8, A 750 gram container of wood (D] 23 milligrams
filler is the same as: o
SECTIOND

[A] 0.75 kilogram

[B] 750000 kilograms 13. The metric unit which replaces

[C] 7.5 kilograms the fluid ounce is:
(D] 750 kiograms (A] millire -
[B] hectare
SECTION C €] gam
9. Por measuring millimetres you (D] litre
would use a! :
' (A] el 14, The metric unit whichiyreplaces
' the dry ounceis:

[B] container
{C] rule |

(D] pressure gage

[A] Celsius
(B gram

1

(N kilogm

L.
grants is: ' / ‘
[A] 20 gms 10. For measuring millilitres you (D] kilopascals
. would use a: .
LIRS - : e S
' ¢ [A] steel rule.
¢ :
(€120 [B] container
(D]
o1 [C] pressure gage \
(D] seale

b .
\
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Use this conversion table to
/aqswer questions 15 and 16.

1 mm in. | mm i
10 0.39 1 0.04
2 019 [ 2 008
30 118 3 012 | -
40 15 4. 016
50 197 5 02 |
60 2,36 6 0.24'
0 276 7T 028
80 315 8 0.31
9% 3.64 9 0.35

100 « 394 ]
‘ ' ~

15, .The equivalent of 110.mm i&:
[A] Ui
B] 215in. .
(] 275in. |
(D] . 4331,

16. The equivalent of 76 mm is:
[A] 3in.
(B] .’76in,\
(€] 76in
[D] 276in,

i
|

|

f

|

|

|
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- ANSWERS TO EXERCISES AND TEST | .
EXERCISES 1 THRUE - Exercise 10~ - Brercise 13 Part 2
The answers depend on the items , - a) 0.05mm
used for the activities. - illilitres 1 Yitres l\IIOB"N"“S grams b) 051mm
kg g
S ml | ¢) 0008in.
EXERCIRE T, ‘ 5 T4 7000 d) 6.35mm
Currently accepted metric un of d L T T 000) e) 318mm
*measurement foreach questi aare | 65000 | (6) 5= =300 () 1181in.
shown in Table 2. Standards in each [8000) | § o} 400 | 1B
oceupation are being established 00 T 04 ] (400) g ﬁ" ,
N0, s0 ansWers may vary, T (8'??5) . (?33 11; ;25‘ énnl?m
ENERCISE 8 : 383 (8"% i) 3020
A 26em e 132em : - Exercise 14 . k) 0.2in.
b 83em 0 802em 900) | 09 aercise 2 1) 4920
el 0.4cm gl 1400 em 250 * | (0.20) a) 5m h) 05¢
d 680cm b 230.7em (470) | 047 b) 025ktre i) 100mm
- . . 275 0.275) 0 i) 05k
EXERCISES 9 THRU 13 b _| Qe 3; 25“;’; Jk; -
. Tables are reprodu;ed in total, An- Fercise 11 e,’ 19em 1) 05ltre  pyt3
swers are in parentheses, ‘« | 9000 ml
Bires | millitre f: o ;“; o 2) 0iblg
Exercise 9 | ml : \ b) 19.05mm by 1 220 mm by
Tmetre | millimet ' g 3000 2 440 mm
metre | centimette | milimetre ‘ , .
- ( 5 AND 16 ¢) 0.94litre
m em mm : 75.000) EXERCISES 15 | ) 75l
: 00 | 1000 16| (46000) The answers depend on the o) 22.86cmby25.4em
9 300 ] (2000] (32) 32000 items used for the activities.
S N 0y SCER :igg: . : o
] 9 9000 .__ﬂ
L :088: B 0781|180 EXERCISELT TESTING METRIC ABILITIES
7] TH00) | 114000y Part 1 . ¢ 8 C
L g J Exercise 12 ‘ , 0 B
0.8 + §0 U —— a) 09k i) 3.79litres 2 B .
0.6 (60) 600 | grams | kilograms b) 38litres j) 3048cm 3. C 11.‘ B
00%)] 25 T ¢) 1905em k) 183m 4 D 12 A
0L sy M8 TR d) 45kg 1) 1184ml 5 D 18 A
[ 16.39) 639 (6 340) ‘ e) 45.72em m) 1.22mby 6. D 14 B
l o | 9 £) Teblies  Lddem . B 15 D
e o) Bikem n) 3%mm 6 A 16 A
Rl - i 10,16 un -
TRERTE h) 047 litre o)’ ¢

975 | (0.275) . |
' ! ! FFICE: 1977 = 1814069/6237 )
THE CENTER FOR VOCATIONAL EDUCATION ) %t U'S GOVERNMENT PRINTING OFF W ‘
| ' -
e~ - 29
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" SUGGESTED METRIC TOOLS AND DEVICES

NEEDED TO COMPLETE MEASUREMENT TASKS
IN EXERCISES 1 THROUGH §
(* Optional)
" LINEAR MASS

Metre Sticks ) Bathroom Scale

Rules, 30em / " . "Kilogram Scale

Measuring Tpes, 150 cm *Platfomn Spring Seale
*Height Measure' : Cg;cl:{
*Metre Tape, 10 m 104 Capacity
] . . mas s¢

VOLUME/CAPACITY ,TEMPERATURE

]

Ne;gxglyiaa\arou&:et of , Celsius Thermometer

Economy Beaker, set of 6,

50 m! - 1000 ml
Metric Spoon, set of 5,
1ml 25 ml
Measure, set of 3,

. 90,125,250 ml

Plastic Litre Box

Centimetre Cubes

f
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SUGGESTED METRIC TOOLS AND DEVICES

NEEDED TO COMPLETE OCCUBATIONAL
MEASUREMENT TASKS

I this oceupation the tools neaded bocomplete Exercise 6,

16, and 16 are indicated by “+." ~

% A Assarted Metric Bardware~Hex nuts, washers, screws,

cottes pins, etc.
*

oo

-

=1 e

Drill Bits~Individual bits or sets, 1 mm to 13 mm range

Vernier Caliper-Pocket slide type, 120 mm range
Micrometer—Qutside micrometer caliper, 0 mm to 25 mm

range
Feeler Gage=13 blades, 0.05 mun to 1 mm range
Metre Tape—50 or 100 m tape

G. Themometen-—Special purpose types such as a clinica

thermometer

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

cooling systerns, etc.

I

% 1 Tool~Metric open end or box wrench sets, socket sels

hex key sels

I Weather Devices—Rain gage, barometer, humidity, wind

velocity indicators

efe.

| ressure Gages~Tire pressure, air, oxygen, hydraulic, fuel,

. Road Map—State and city road maps
. Containers—Buckets, plastic containers, ete., for mixing

and storing liquids

K
L. ' Velocity~Direct reading or vane type meter
M
N

0. Containers—~Boxes, buckets, cans, etc., for mixing and

storing dry ingredients

¥

Most of the above items may be obtained from local industrial,
hardware, and school suppliers, Also, check with your school district's

math and science departments and/

metric measurement devices.

or local industries for loan of their

! Measuring devices currently are not available. Substitute devices (i.¢., thermometer)
may be used to complete the messurement task.

Tools and Devices Li'st

ol

D'



REFERENCES

Let's Measure Metrie A Teacher's Introduction to Metric Measurement  Divi-
sion of Educational Redesign and Renewal, Ohio Department of Educa:
tion, 65 8. Front Street, Columbus, OH 43215, 1975, 80 pages; $1.50,
must include check to state treasurer, '

Activity-oriented introduction to the metric system designed for indepen-
dent or group inservice education study. [ntroductory information about
netric measurement; reproducible exercises apply metric concepts to
sommon measurement situations; laboratory activities for individuals or
goups. Templates for making metre tape, litre box, square centimetre grid.

Measuring with Meters, or, Hou to Weigh a Gold Brick with @ Meter-Stich,
Metrication Institute of America, P.0. Box 236, Northfield, IL 63093,
1974. 23 min., 16 mm, sound, color; $310.00 purchase, $31.00 rental.

Film presents units for length, area, volume and mass; relating each unit
to many common objects. Screen overprints show correct use of metric
symbols and ease of metric calculations. Relationships among metric
measures of length, area, volume, and mass ar : illustrated in interesting
and unforgettable ways.

Metre l-.':!uruu:u.n An Annotated Bibhography fur Vocational, Technical and
Addudl Fcation, Product Utilization, The Center for Vocational Edu-
cation,  Ohio State University, Columbus, OH 43210, 1974, 149
pages. §t 00,

¥ Comprehensive bibliography of instructional materials, reference mate-
rials and resonrce list for secondary, post-secondary, teacher education,
and aduit basic education. Instructionar materia's indexed by 15 occu-
pation| clusters, types of materials, and educational level,

Metre Tdueaion, A Position Paper for l’um!mnal.qmca! and Adult Edu-
cal on Product Utilization, The Center fur Vocational Education, The
Oh.» State University, Columbus, O 43210, 1975, 46 pages; $3.00.

Paper for teaches, curriculum developers, and administrators in voca:
tiomal, technical and adult education. Covers issues in metric-education,
the metric system, the impact of metricationjon vocational and technical
education, implications of metric instruction for adult basic education,
and onrriculum and instruetional strategies.

Votmes i Career Education. Lindbeck, John R., Charles A. Bennett Company,
Inc., 809 W. Detweiller Drive, Peoria, 11 61614, 1975, 103 pages, $3.60,

paper; $2.70 quantity school purchase. ‘
Presents metric units and réjtion in a well-illustrated manner. Individual

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

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

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

METRIC SUPPLIERS

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

Industyial quality. micromelers, steel rules, screw pitch and thickness gages,
squarés, deptn gages, calipere, dial indicators, conversion charts and guides.

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

Dratting rules and scales for drafting, engineering, architecture, conversion
tables and slides, posters, teaching aids, drafting templates.

Dick Blick Company, P.0. Box 1267, Galesburg, IL 61401
Instructional quality rules, lapes, metre sticks, cubes, height measures,

trundle wheels, measuring cups and spoons, personal scales, gram/kilogram
scales, feeler and depth gages, beakers, thermometers, kits and other aids.

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

Machine tool precision measuringldevices, micrometers, calipers, dial
indicators, steel rules,

 Millimeter Industrial Supply Corp., 162 Central Avenue, Farmingdale, L. 1,

NY 11735 :

Industrial fasteners, taps, dies, reamers, drills, wrenches, rings, bushings,
calipers, steel rules and tapes, feeler gages.

Ohaus Scale Corporation, 29 Hanover Road, Florham Park, NJ 07932 |

Instructional quality and precisibn balances and scales, plastic calipersand \ |
stackable gram cubes for beginners. h '

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

Machine fasteners, gages, taps and dies, precision micrometers, calipess, -
steel vules, inspection devices,

INFORMATION SOURCES

American National Metric Councit, 1625‘Massachu’setts Avenue, N.W., Washington,
DC 20036

Charts, posters, reports and pamphlets, Metric Reporler newsletter. National
metric coordinating council representing industry, government, education,
professional and trade organizations.

[ndustrial Fasteners Institute, 1505 E. Ohio Building, Cleveland, OH 44114 .

Trade association which designed an Optimum Metric Fastener System

and secured international acceptance for 25 metric fastener sizes to replace

the 57 metric {astener sizes now in use. It will publish new American
 standards for screw threads and fastener sizes in March 1976.

-

National Bureau of Standards, Office of Information Activities, U.S. Department of
Commerce, Waghington, DC 20234, '

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

displays.
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