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ABSTRACT L . .
. ' . Designed to meet the job-wrelated metric measurement
needs of autc mechanics students, this instructional iﬁéka e is one
of four for the transportation occupations cluster, part 6f a set of -
55 packages for metric imstruction in different occupations, The
} package is intended for students who already know the occupational
: ‘terminology, measurement terms, and tools currently in use. Bach of
"the five upnits in this instructional package contains-pérformance.
objectﬂves} learning activities,and suppprting information in the
form of text, exercises, and tables. In aWddition,. suggested teaching
techniques are included. At ‘the back of the package are
objective-based evaluation items, a page of answers to the exercises
‘and tests, a-:list of metric materials needed for the activities,
- - refereinces, aﬁz a-1list of suppliers. The .material is. designed to
. accommodate a #ariety of individual téaching and learning styles,
e.g., independent study, small group, or whole-class activity. -
v Exercises are intended o facilitate experiences with measurement
_ instruments, tools, and devices used in. this occupation and -
job-related tasks of estimating and measuring.,Unit*I, a general .
introducg§ion tc the metric systenm ‘of .measurement, provides informal, ¢
‘ hands-on experiences for the students. This unit enables students to .
become familiar with the basic metric units, their symbols,  and :
s weasurement inst:umen?s;gand_to develop a set of mental references
' for metric values. The. métric system of notation also is explained.
Unit 2 provides the metric terms which are used im ithis occupation
- and gives experience with occupational measurement tasks. Unit 3
focuses on job-related metric. equivalents and their relationships.
Unit 4 provides experience. with reafgnizing and using metric

instruments and tools in cccupational measurement tasks. It also’ s,
provides exgerience in comparing metfic and customary measurement,
instruments. Unit 5 is .designed to give students practice in -
snvefti custgpary and metric measurements, & skill considered
seful during the transition to metric in each occupation. (HD) -
.- . - ‘ , . . + h ‘ . . ; ¢
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This metric instructional package was designed to meetjob-related"- - Unit 2 provides the metric terms which are used in this occupation\ :
. metric measurément needs ofstudents. To uséythis‘package students  and gives expetience With occupational megsurement tasks,
should already know the occupational terminologys measurement :o Vo
terms, and tools currently in use. These materials; were prepared with

[ £
.

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

1o

the help of experien'Ced vocational teachiers, reviewed by,experts', tested shipp. . . ‘ .
in classrooms in different parts of the United States, ard revised before .~ o o, : Iy
© dimbution. .. T Unitd provides experience lwith_rzﬁmizing and Using metric. v
oL m e ", instruments and,tools in occupational me urement tasks. It alsopro- -
‘Tach of the five units of instruction contains petformance dbjec: . & vides experience in comparing metric and customaty m‘easuremenF' ine
tives, learning activities, and supporting information in the form\of stuments. | . N - /

Unit 5 is designed to give studentspractice in'converting custom-
ary and mettic measurements. Students should learn to “think metric”
and avoidcomparing customary and metric units. However, skil with
conversion tables will be useful during the transition to metric }n each

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

. areinclided. At the back of this package are objective-bsed evaluation
items, a page of answers to the exercises atid tests, a fst of metric
materials needed for the activites, neferences, and a list of suppliets.

> ' o o occupation. , P I ‘
. Classroom experiences with this instructional package suggest the - L BEN ; .
following teaching-leaming strategies: oo Using These Inistructional Materials - | v

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

'l’}z’s package was designed to. help students learn 8 cote #f know-
system fun; ‘ v

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

_ ‘ e .. .. "exercises facilitate experiences with measurement mstrumeﬁts, tools,
2 Stg,deqts learn be§ter whet, metri u'}‘m a c_omp_ar,(,ed t(,’ faquar_ * and-device used in this occupation and job-rela tasks of estimating K
| objects. Everyorie_should learn to “think metnc. Comparing - N , 7 ‘ \
SR S » : and measuting. - o :
- metric units to customary units can be confusing. . , - :

. ;3{, Stud'e‘nts will learn quickly-to gstimam and measure in metric urits  This insizuctional package also was designed to accommodate &
o by 'jdoing." o variety of individual teaching and learning styles. Teachers are encour-
o : T Vo aged to adapt these materials to-their own classes. For example, the
Lo St:gs gttsoshquldhl}a‘lfe e;cp;nence with measuing agtlvxtles before 4+ rmation sheets may be given to students for selfstydy. References
getting t00 much niormafion. ‘may be used a5 suppler ental resoutces, Eyercises may be used in inde-
5. Move through the units in an order which _emphaé?zes ihe sim. - pendent study, small groups, ot wholelass activies: All of the.
« plicity of the etric system {eg., length to area to. volume). mate.:nals-cam be expanded by the teacher. o

{

7 A |
6. Teach one concept at a time to dvoid overwhelming studénts with . Gloria § Cooper :
too much material. .-, . ' |  Joel H. Magisos ,;' .
Unit 1 is a general introduction-to the metric system of measurQ ' ' ,
. iy v . " ’ : - " '
ment which provides informal, h?-nds'on experiénces for the students.” - " Th publication was developed pursuant 1o coatract No. OEC.0-74:9335 with the
This unit enables students to become familiar with the basic metric Bureau of Occupational and Adult Education, US. Department of Heaith, Educ
units, their symbols, ahd measurement instruments; and to develop a  fon and Welfae, Honeer, the opinons expread hecein do ot necessrly
Gt of mental references for. metric values. The metric system,of nota- * eflet he poston o palicy of th US, Offe of Educaton and o oftcid -
. » o : tice of Education should be infetred.
Q 0is explamed., o R 3 endorsement by the U'S Office of Education should be t 5
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SUGGESTED TEACHING SEQUENCE

1. - These introductory exezcises may require
two or three teaching periods for all five
areas of measurement.

2. Exercrses should be followed in the ordert
given to,best show the relationship
" _between length, area, and volume;

3. Assemble the metric measuring devices
(rules, tapes, scales, thermometers and
measuring contamers) and objects to be
measured.

"4 Set up the pquipment at work etations.
-« for use by the whole class or as individu-
alized resource activities.

“Have the students estimate, measure, and
record using Exercises 1 through 5.

6. Present information on notation and '
make Table 1 available.. |

7. Follow up with group discussion of
activities. .
y‘ | ’ "

“ '. ’

' “

*Other school departments may hate devices which
can be used. Metrlc suppliers are Irsted in the reI'erence

" section.

\d )

.bv

The student will demonstrate these skills for the Lmear Area, Volume or Capacrty\Mass and b
Temperature Exercrses using the metric terms and measurement devices listed here.
[N / !
. 1. - ‘, ‘
| EXERCISES
SKILLS :
. kil , Lineaz Am Volume or Capacity M Temperature
w30 - | 5o [ w1y | eee T oopan
I3 M A [} B
I, Recognizeand use the | . ‘millimetre (mm) | square * cubie centi- - gam ® degree Celsius -
unitand its symbal for: . oantimetre tetre (em®) ‘e
centimetre (cm) (crnzl ' ¢ | kilggram  (kg) ‘ ) '
2 Select, use, and read the . “ cubip metre y
appropriste messuring metre  (m) aqoare ) (m’) L
instruments (or: metre
L (m?) lite () . i %
3. 'Stateorshowa / ‘ \’ e
* physica; clerence for: ! millilitre (ml) j -
J1 4 &limltevilt;in 25% " height, width, or theareaof | capacity of the mass of objecu the temperature of
h of the actual measure length of objects |- given sutface] conlainers it grama and lulo P the air ora liquid
~ ' s |
5. Een(conntly melre stick, metric emuremenu 1 kilogram scale " A Celiusghermometer
' Lape measure, and “ |\ on graduated and a gram scale
metric rulers olume measur- ' '
: j u’evicél
. | TR
L co |
, v
RULES OF NOTATION s
1 Symbols are ndt capitalized unless the umt is.a proper name (mm not MM)
25 Symbols are not followed by periods (m not m.). N
3. Symbols are not followed by an  for plurals (25 gnot 25 gs).
Ao A space 'separates the numerals from the unit symbols (4 1 not 41).
5. Spaces; not-eommas, are used o separate large numbers into groups of three
"+ digits (45 271 kmnot 45,271 km).
A zero prec tha decimal pomt if the number is less thart one (0.52 g not .52 g).

Litre and metre can b spelled ejther with an re or o endmg

#\.: i) .
v

N

v .

Information Sheet 1
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METRIC UNITS, SYMBOLS, AND REFERENTS

v
P ]

. 5 ‘
Quantity Metric Unit Symbol, Useful Referents v o
Length millimetre mm A Thickness o dime or paper
‘ ‘ g clip wire .
centimetre o > | Width of paper clip .
metre m | Height of door about 2 m
kilomgtre “f2-nﬂnu!e walking distance -
Area square . Aved of this space.
‘ ' centimetre em’
v
[}
square metre m | Atea of card table top
. * - \
/ hectare h Football field including sidelines
. and end zones :
Volumeand - | millilitre » ml Teaspoon is5ml -
. | Gapeetty - | litre 11 Alittle more than 1 quart
N | cuble ) | - '
N “centimetre em’ Volume of this container
)
] ’ \
i - cubic metre m’ A little more than a cubic yard
Mass .« | milligrgm mg , |Apple seed about 10 mg, grain of
’ | galt, 1mg -
X gram ' Nickel about 5 ¢ _
Kilpgram kg 4\ Webser's Collegiate Dictionary
I N ' -
¢ 7, | metric ton 5\6;‘,-‘ ‘ R
' - (1 000 kilograms)- |t ¥ J'| Volkswagen Beetle :
‘, . . . :\) l o
y e ‘ h
“ . 4 \
THE CENTER FOR VOCATIONAL EDUCATION/. - 3 Table 1-a-
N t
) ‘e - ! l
v ,l »

[

¢ ! ‘ I’n"“v,,1
: ' R ‘
v : . S . ‘D" ]
METRIC PREFIXES .
7 Ll AR
Ml 6 et~ < | symot

1000 000 = 10°
1000 = 10°

19= 10
l}aseUnitl=10°l
ot=10°

_ (}.01:10‘2
001=107

=

100 = }02 '

0.000001 =107

megs (m¥ga) [, M
kilo (kif3) ok
hecto (hek'to) | * h

del;n (dek’a) . s
.

deci{de8) ¢

centi (s‘§n’ﬁ) ¢

mill (mil ) m

micro I(m'i’_kr_o) W

-

, Table.1-b

i
g S .
‘\
,@. ‘
./ |
¢ 'l ’,




LIN EAR MEASUREMENT ACTIVITIES |

Mette, Centimetre, Millimetre

] 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
. thestick. With your other -
~ hand, touch yourself where
the top of the metre sticl

o, comes on you,

THAT IS HOW HIGH A METRE IS! -
U

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. Where
is the other end of the '

4o+ metpestick? Touch your-

selfat that etlzd. :

. . ‘\’V ‘
. THATIS HOW LONG A METRE [S!

o

\ \

%ﬂmsﬂ FOR VOCATIONAL EDUCAT"OF @ ‘
\ v :

'I.

3. Chodseapartner to stand :
\ at your side. *Move apart
50 that you cn put-one ‘
. endof a metre stickon
" your partner's shoulder
and.the othey end on'*
your shoulder. L,ook at
the space between you,

B, DEVELOP YOURABILITY T0 ESTIVATE IN METRES

Now you will mibrové your aanty to-estimate in metres. \
Remember Where the length and ’hexght of a metre was on your -

" body. o
For each of the following items: -
Lo K .
Estimate the size of the items dhd¥rite youg estimate in the
| . ESTIMATE column, Measyre the size with yWe stick
“ - and viite the answer in the MEASUREMENT colug. - 3
Dedide how close ydutéstimaté was to the actual measure, If
yoyt est ate‘was \wthm 25% of the actual measure you area ‘
¢ “Metnc k" ¢ .
? ‘ .How Close
‘ ¢ Estlmate Measurement  Were You? .
R (m)
1. Height of door knob *.). .
from floor. .~ & — |
2. Height of door. . - —
! %en'gth of table. ‘ : (;"”
© Widthoftable, ' -
5. . Length of wall of - " :
-+ thisroom, "\ _ “ -
" 6. Distance from \ ' S P
you towall, ‘ T ' 2
: . Exercise 1
L " (qofitinued on next page)
» ;. N



N e 7
] v oR ' i _ It \‘/q /

. L \( Yo ,‘v, .l o R . ..' - " ,o.; FERY S
Il ﬁ‘Hh(iENTWlETREv(tm) *r o I THEWLUMETRE (mm)i ;f ¢ Lo :2 ’

. There are 100renhme‘tres in nanetr.é If rhereare4merresand _- " vThere:rrelO millimetres in onecentrmetre \Vhenaf‘rreaurremenhc
3’ceutrmetre< you write403 cm[( '(100 cm)+30m 30(] em 2 centimettes andﬁmrlhmetres you write 2 mm[(2xLO mm)

[

t3cm] q R ”\ . {\_ﬁ‘ ' | +5mm 20mr:+5mm] “Fb@rearelOOOmmmlm : )
@ﬁ\’ ﬂOP \FWEIV\G FOR ESIZE OFACE\JTNETP;_ o A DEVELOP A\FEELI’\‘G FOR THE SIZE OF M[ILLNETRE *

I.- , ' ‘\ ~. : . \ ' "
' ’ ' L Hold the grétrlc Tuler aga\&fhe width of your thumbllall }Jsmgaruier n:arfred in millmetres, )measure R
o - How wlders "";&__g. mod "‘ : L ThlcknessMpaperchpwue o mm |

: 2 ﬁeusure you; l;humb from’ t}/ﬁrstjomt to the end '. N / 9 Th1 ckness ofyour f1ngerna11 o mm -’ .
w . B LN . foe M . toa e
Sy K- : -_- ; . 7 . y,
. Use the metric ruler to fmd the width ofyour palm, 4., . 3 \hdthofyour fngemall. \; . mrr_r; .
'y ;, .o . " \ R - \4 Drameter(wrdth) acoin. - ‘ mm |
' Measure,wur index or pointing fmger How long is: 1t? AR A . Diameter (thickness) of your “ﬁal ma -

L | om o po- . o 6. Width of a postage stamp. e mm .
"B Measure your wrist wrthatape measure What is the distange P : r
o o aroundlt"k m T Wt ' C .

o 5 e e e meas“’i tofnd your waisisze. _____em B DEVELOP YOUR AB]LITY 0 ESTINATE IN MLLIVETRES

; . o
B. DEVELOP’YOUR ABILITY TO ESTIMATE IN CENTIMETRES You are now ready to estimate in millimetres. Foreachofthe
followmg items, follow the procedures used for estimating in p
- You ire no d;eady to estimate in centimetres. For each of the metres . . -
following it&es, follow the procedures used for est;matmgm ! " . ' : - ‘ How Close
" metres. . - " Estimate Measurement Were You?
. | S How C1 o v (mm) (mm)
. Estimate Measurement Were You? . 1. Thickness ofg -
| * (em) (cm) - . nickel...” fw '
. Eﬁggth of 2 paper 2. Dlameter (thrckness) !
o — . of  bol. ,
2 Diameter (width) _ 3.+ Length of a bol
- ofiacain, .l R v
5§ Widthofa : | o Eﬁd er“heet r
- .postage stamp. , \ , oLpp ,
| ' 5. Thickness of a board . ! 5

4, Length Of a . :TI ‘ s | ‘ ‘ or desk top

f S Y

pencil N N
5. Wldthofasheet | | 6. Thicknessofa ‘
! (. o button.
of paper pe .
l : '. ‘ . . :, | /\{‘ ] | l'l.- ‘
WA THE CENTER FOR VOCATIONAL EDUCATION , o e Ereicise

1 - A N .
- . , ) . ’ ) R .
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R ’ . l / ' “ \'\ '/‘_ ! / f * 5 .
. r ' \ ‘
v AREA MEASUREMENT AC FIV THES t B.. DEVELOP\Y_(L_}}ABILITYTOESTIMATE WSQUARE v
oy .t CENTIMERRES L
Square Centxmetre Square Metre el ’ o,
@(' ‘_ T I ,You are now ready to develOp your ability to estimate . 7~
J ' o <, ing squmre centimetres, - :
. WHEN YOU PESCRI BE THEAREA OF SOMETIING, YOU ARE N -
" SAVING HOW MANY SQUARES OF A GIVEN SIZEITT AKESTO ; Remember the sie ofa squdfe centetre. For eachyof the
COVER THE SﬁRFACE - \’ ' - following items, follow the procedures used,for esm ting in
» ' ‘ | efres. R
¢ . P \ . . ‘ \R‘/ - . "
o THE SQUARE CENTIMETRE (em?)’ Nt Ly A ow Cose
‘t% PR Estimate  Measurement Were You? -
A, DEVELOPAFEEYLI\’GPOR ASQU»\'RE CENTIMETRE 7‘// ' S % (con’) \(C ’
N C l:n“ 'Takeaclearplashc gnd oause the grid on page6 /// - L :Indexllpa:r‘d.. o r — ‘ id
| . 2. -Measure the length and w1dtho qne of thesé'small ‘ L BOOkCQ""‘?T- _ -
' L - squaresw1thacentqmgtrerulerv'\ 8 " Photograph. - - ‘ ’%".-* ”v
y T&ATISONESQUARECENTIWTRE!- AN 4 Windowpaneor o L .
' N , N desktop. Lo . —
. 3. Placé your fingernail over the grid. Abouthow many -~ ! ' ; \A g
squares does it take to covér your fingernail? T ‘ - n
3 . 2 . N ) ("
—:?'cf“ o - ~* 11 THE SQUARE METRE (nf) | o
4. Placea coin over,the grid. About how many squares : : . '
doesit take to cover the coin? o’ * A" DEVELOP AFEELING FOR A SQUARE METRE
5, Place a postage stamp over the grid. Ab(’)ut'how many . S o ,
squares does it take to cover the postage stamp" p .- 1. Tape four metre sticks together to make a square which
m? ! o ‘ - . is one metre long and one metre wide.
6. Place an envelopedvet the grid. Ab’out how many . 2. Hold the square up with one side on the floor to see how
squares does it take to coyer the envelope? ' big it is.
‘ N ‘ ‘
St m! S 3, Place the square on the floor in a comer. Step back and
) 7. Measure the length and width of the envelope in centi- " +Iook. See how much floor space it covers.
A metres. Length _— cm; width cm. 4, Place the‘_'squar ver a table top or desk to see how
Multiply to find the area in'square centlmetres ‘ much space it cmrs .
mx_.. cms ' em?. How

5. Placetl quare against the bottom of a door. See how
| ; © . touch of the door it covers. How many squares would it -
\; . .;}.. takeato cover the door° !

\ i THIS JS HOWBIG A SQUARE METRE I§! !
h ',

w :' \ N * . //\ .‘ - ~\ , .
. - THE CENTER FOR VOCATIONAL EDUCATION ! _ Exercise 2 .
; ; C B | ' (continued on nexp page)-

R ¥ Tl

close are the lanswers_&have in6.andin 7.7
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. fi\g , oj . “ s
v . : /\ .
™%, EVELOP YOUR ABILITY 70 ESTIVATE N SQUARE - CENTIMETRE GRID .
| .‘ Mﬁﬁs ]‘ \. E ‘A . , ";
: Yc:i now ready to estlmate in square metres Follow the
, pr edures used for estlmatmg in metres o 5
i J“‘ [ "/:‘ : . ) ,,‘\ '
Oy , ! s ‘ . HOﬁ'Close‘ 9\ ‘%‘.
' Estimate - Measurement, Were You? '
R ) () |
L Door. ' ¢ . _ ’ . \ .
. T o (j R Y s ‘ i *
9. Mllsheetof | o s
.\ newspaper. o , , ]
) Ch;lk!}oard’or L L8 A ‘ \'. ( 1 ,
bulletin board: ' ' , ! ‘ A~
4. Floor. , } . .' I : f’ - .
s ) s , P b
6. / & : @ # ) “
o - + 1 . r 4 / : .
7: ‘ t e !
s \’ff
a Y
§ . 3- : A .-
\ ;\‘n\._ * ]
" s
\ \ | ‘ Fy ‘
, 1 :
(’&‘
L s
,l . Y ( ‘
. Exercise 2
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‘VOLUME MEASUREMENT'ACTIVITIES | - . 1 [ -
Ty
Cublc Centlmetre thre, Mllhllfre Cubic Metre : “ B .
¢ ‘I | \ . —b}\ * ' . -~ ' ', l- ' | ”\
: L . y . N . ‘ :
I THECUBIC CENTIMETRE (cm’) - L IR _
;- . S B, DEVELOP YOURA‘BILTTYTOESTIMATEINCUBIC ,
A. DEVELOP A FEELING FOR THE CUBIC CENTMETRE ~ CENTIMETRES o ,

\ . . ’, ' \j ,"_
. ‘ .
‘ . ' \ . \ .

4 1. Ple up a colored plastic cube. Measure it lengih, A /4 Youare now ready to develpp your ability to estimate , .
?1ght, and width in centimetres. ' 2 .  in cubic centphetres, ,
LK [THATISONECUBICCENTMETRE! — \ N o A
: " ‘ ) o Rementger the size of a cubic centimetre. For each of R
2. Find the vo]ume‘ofaplast,ﬁfre box. * .‘f;ﬂ .- the following items, use the procedures for estimatingin,
. c ‘metres, b

a. Place a ROW of cubes against the bottom ofpemé side /- | . A ' ' . “How Clo§e

of the box. How many cubes fit in the ra/___-* ' Estimsate ‘Measure;nent Were You?
b. Place another ROW of cubes against an affjoining side ™ J &(cm) o {em) | e
| of the box. How maty rows ft inside the box g~ Index card file s __ |
to make one layer of cubes? T ooabox o IR g
- How many cubes in each ro'\\L ( - 2. Freezer container.
: , 4 .
How many cubes in the layer in the bottomof the. \\ 3. Paperclipbox. e & — .
. box? ' s & 4 Boxofstaples. ., - ‘
e StandaROWof cubes up agamstthe side of the bo ' A .o
| - Ho\w many f‘:\YERSwould fit in the box? II 'I‘HE LITRE (]) Coe . /g ;
N " How many cubes in eich layer" _ - e
' / How many cubes fit in the box altogether? ___* ’ A DEVELOPAFEELIN(’ FORALITRE
{ ’ : )
. THE VOLUME.OF THE BOX 15_..'_..CUBIC a o 1. Takeaone lttebeaker and fill it with water.
.+ CENTIMETRES. . - :
oo - ! , ., 2 Pourthe water into, paper cups, filling eachasfu]l as you
L d. Measure'the length width, and'height of the box g usually dO. How many cups do you ill?
N centimetres. Length' om; width om; " Ny o opt
hight ¢ __cm. Multlply these numbers to fmd THAT‘IS HOWMUCHJ§ IN ONE'LITRE' '
" the volume in cubic centlmetres ‘ . Fill t\he)%‘r{e container with rice. |
K (emx tmx m= - end.  .°  THATISHOWMUCHIT TAKES T0 FILL A ONE
A:etheamwersthesame in ¢ andd" R B LITRE CONTAINER! ' 4

~ ' .
N
0.

. l". “ . , | . .: . | | |
. mum;amvo?mmu EDUCATION . : \ L S B Exercise 3
o) AN - o ‘.t 7 (continued on next page)
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B./. -DEVELOP YOUR-ABILITY 10 ESTIMATE IN LITRES o

1 \Exammeacentxmetre cube, Anything which holds j

‘1 em? holds  ml.

2, Filla 1 millilitre measuring spaon with rice. Empty thq\y

spoon into your hand. Carefully pour the rice into &

small pile on a sheet of paper |
\ - THATIS HOW MBCH ONE MILLIL[TRE 8!

-

3 Fillkhe mlspoo with rice. Pour the Wnto another

pile on(the sheet @i paper. L 2
ThaTlS5 IZULLILI RES, OR ONETEASPOON!

pile-on

4 F]Me 15 lspoonmth rice., Pour the rice intg a third
‘ the paper. i ,

THATIS 15 MILLILITRES OR ONE TABLESPOON !

/ 1@" THE csm(;ron VOCATIONAL EDUCATION - g .
B l N . : . e v

P . 2
B. DEVELOP YOUR.ABILITY.TO' ESTIMATE IN MILLILITRES

- .ures used before v ‘ b

' Exercise3
. V!l‘:" ‘

’
B

o \ How Close
e Eetimate Measuren?ent Were You?
| ') ()
L ‘ ' : y
Officedesk. : '
File cabinet |
. Smallyoom. , - i
' 1

¢

A R\
[} | . s '
@ou are now ready to develpp your abxhty to estimate in . You are now r\eQdy to estimate in millilitees. Follow the
tres. To write w and one-halfitres, you write 2.51, gr & ‘ procedures used for estimating metres. |
2.5 litres. To rite one-half litre, you write 031, or 0.5 ‘ ; / How Close
. itre, To writétwo and three-fourths }ﬁres you write “ Estlmate Measurem;nt Were You?
¥ 2.751,or2.75 lltre:r\ ! L m ml .
“ | | W - { ) (ml) ‘\\ .
Fér each of the followmgxtem§ use the procedures for 1. » Small juicecan. } , Ne——
X Yy ,
| estlmatmg in metres ‘ How Close 2. Paper cupé}teaj - l Tv _
.. . ' ' ;o
N | ' '@ Estimate Measurement Were You?- up. L ‘ ] — I
o N\ - ; ?
| e A 3. Softdrink can.
| 1. Mediumsize ’( » ’ B
%"+ freezer container AN 4 Eottle. _ — - ‘
,warge froeier © . | g |
L uontaer IV, THECUBICMETRE (n*) -
3. Small freezer '".‘\ ( o : g R’
container, S ‘, A/ DEVELOP fb ELING'FOR A CUBIC METRE
[t Ipttleor jug —= s a 1. Place a one mere square on the floor next to the wall,
S m THE M[IMLITRE(m]) | ' " , ' e $. | % Measure ametre UPthewall. ¢ ‘ {
T 10 0 g © o« 3. Breturea box { &wou it into that space, £, ¢ .
here are 1 00 mllhlltres in oneite®. -1 000 mpl= lhtre Half ' :
' v H IC METRE!
ahtre is 500 mllhht.res or 0.5 litre = : 4 &, ; THAT IRTHE OF ONE CUB
. 1} : \‘ o
A DEVELOPAEEELING FOR MILLILITRE ,;I /'-r\ : B. DEVELOP YOUR ABILITY 10 ESTIMATE N CUB,LC METRES
h2d v 1
t " Foreachof the follqwmg 1tems follow the estlmatmgﬁ)roced

ot .'



~

fMASS iiWEgGHT MEA URmENT A@fn ik

4

Kllqgram Cra\rs . “,‘ T . ) |
AN o R

E N . . .

1

b3

i, L N N N L
T/ mass of an object isamé‘zﬁtﬁ*_ofﬂﬂmoun; of matter in the o L Mass ' !
object. This amount is always the same| unless you add ‘o subtract some S - (kg).
matter from the object. Weight Is the tq‘rm that most people use when. ' » V. '
. they mean mass. The weight of an'object is affected by gravity; the 1 lkllogramb\{ - &
 hgss of an object is not. For example, the weight of a pefson on earth .9 /%extbook o
might be 120 pounds, that same persqnéwel t,on the moon would be X :
20'pounds. This difference ¢ becayse the pull of gravity on the mdon 3. B ofsugar _ !
is less t%an the pull of grav y on earth. A person’s mass on the earth 4. Packageof paper. Ty
and on'the moon would be the sa?pe’ The rhefric system does not 5 Yo o
measure weightr-it measures'masi, We will use the terf mass here, , % foarown ma_ss' LT | \j y
. | , S v ) g
The symbol for gram isg. | B. DEVELOP YBUR ABILITY 70 ESTIMATE IN KILOGRANS
The symbol for kllog'ram iske. ‘ S o - ' R ‘ v
There are 1 000 grams in one kilogra, orlOOOg lkg ~ For the following items ESTIMATE the mass of the object in
LN kilograms, then use tfie scale or balan to find the exact mass
Halfakllogram can be written a5 500 g,g05kg A ~ of the object. Write the exact mass in SUREMENT
¢ A quarterof a kilogram can be wntten\es 250 g,or 0.25 kg, v column. Determine how close yoprlestimate is: -
Two and three-fourths kilograms is wntte@asﬂf) ke. ]“ o k How Close
. i . R . Jshmate Measurement  Were You?
. N ‘ | 7o) (k)

-l THEKILOGRAM (kg) , o
| | . 1. Bagofrie.

" DEVELOP 4 FEELING FOR THE MASS OF A KILOGRAM 2 Bagofnais.
Using a balance or scale, find the mass of the items on the table. 3 ‘{;a'rgfe purse or " | ; f
Before you find the mass, notice how heavy the object “feels” - . rietcase.
and compare it to the reading on the scale or balance. . "4 Another person.

A - . 5. Afewbooks.”

T

| %HECENTER FOR VOCATKJNAL EF‘J‘Ul(::ATlON . -h g | ‘ p - Exefﬂse 4 [
| Ry -/ L (continued on next page)
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I THEGRAME PR o
‘“’ DEVELOP }\'FEELING FOR'A GRAM "+ B, DEVELOP YOUR ABILITY TO'ESTI‘MATE INGRAMS
v
L Takeacolored plastic cube.- Hold it in your han p‘eé You are now ready to 1mprove youfablllty to estimate in
Shake the eube in your palm s if shaking dice. Fee] the’ ™ . grams. Rerembet how heavy the 1 gram Cuble i how heavy .
pregsure on you hard when the cube is m motion, th"en , «the two gram cubes are, and how heavy the five grant cubes
; when itisnotinmotion, © ' ¢ “ « | dte. Foreach of the following items, follow,the procedures
R : U ing i ki g b
TH AT IS HOWHE AVY AGR AMM\» ‘ % . used for estimatn‘g“m'kllograms. “ ﬁ; s "
, ) - . K )y : ved | } o \:’l;
( . ‘ "’ﬁ Lo A S B ' e ‘-Ho Close
e a second cube and attach it to the first. Shake the : Lo Estunate Messuement W Y°“°_,"’;;T,"_'-'.. '.
cubes in first one hand and then tht other hand; rest. Y I : o ©
Ahe cubes near the tips of your fmgers moving your " 1. Two thumbtacks. )
* hand'up and down. .)  ; 2 Bencl. . R, - ‘° |
N THAT IS THE MASS OF TWO GRAMS' \ 5 Two page letter : - \Y
' ' - Ty | and envelope, — e .-
3. Take five cubes in one hand and shake them around. 4. Nickel. * - \ ' _ "
THAT IS THE MASS OF FIVE GRAMS! - B Apple 1 N
N | ? { o 3 6. Dackageof ' ; |
1 o o ' margarine. ) o
‘\ . ’ (\_ "/ \ .\

. [}
] : E ‘ !
. s . r N
_ t
B /" . Y4 , . :
L “ oy N
, me,cemmf%vopmmm :oucmm . ' S ‘ AN eréi§e4
" ‘ .
: p ,
"A . o ) o ' | // . " ' ‘ ” I
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TEMPERATURE MEASUREMENT ACTIV ITIES

Degree Cels1us o !

R
[ DEGREE CELSIUS(°C)

: B. DEVELOP YOUR ABILITY R0 ESTI‘\tATE IN DEGREES
Degree Celsrus( C)is the metnc}measure for temperature - CELSIUS . R N /
A DEVELOP A FEELING FOR DEGREE CELSIUS AL | "~ Foreach item, ESTIMATE and write down how many dgrees
Celsius you thirik it is. Then measure and write the MEASURE-
Take a Celsius thermomeater. Look at the marks on it. . MENT. See how close your estimates and actual measure
: , v | ments are, |
1. Find 0 degrees. o : ' . HowClose
WATER FREEZES AT ZERO DEGREES CELSIUS (0 O N ,, Es(%‘g)’“ ”""’s(‘i’g;“e“t Wete You?
WATER %‘LS AT 100 DEGREES CELS;US (100°C) | 1. " Mx some hot and
', 9. Find the temperature of theroom. ___°C. f§the ‘ | ~ cold waterina |
toom co), warm, or about right? ‘ . Container. Dip your ‘
~ finger into the
3. Put some hot water from the faucet into a container. . ‘ water,
"Find the téimperature. ______ °C. Dip your finger * " ‘ | .

2. Pour out some of
the water. Add some
" . hot watet, Dip your
4. Put some cold water i a container with a thermoeter. \/ finger quickly into
Find the temperature. °C. Dip your finger into the water,
the water. Is it cool, cold, or very cold? :

quickly in and out of the water. Is the water very hot,
? hot, or just warm? |

3. Outdoor tempers-
5. Bend your arm with the inside of your elbow around the . ture.
bottom of the thermometer. After about three minutes -
find the temperature. °C. Your skin tempera-

T .-

4. Sunny windowsill. ¢

, ture is not as high as your body temperature. . 5. Mix of ice and water, -
NORMAL BODY TEMPERATURE IS 37DEGREES ~ 6. Temperstuteat oy
CELSIUS {37°C). © floor. . —
A FEVER 18 39°C. T 7. Temperatureat

» A VERY HIGH FEVER 1S 40°C. ceiling.

g

. , - .
e . PRI P TR R I R A I BV R Iy S R L A S T Y R TR T L I LR R A -¢¢--'«--1--u-
. ' . - 1
v ' - . *
. { . »
THE CENTER FOR VOCATIONAL EDUCATION : : ; Exercise 5
. : -/" : ) ’ ) i LI
25 . . ‘

ERIC T N 27




12

0
OBJECTIVES

The student will recognize and use the metric

terms, units, and symbols used in this ocupa-

tion. , v

. 0 (Given a metric unit, state its use in this

occupation.
. . J‘J\' . .' !
o Given 2 measlffement-ask in this occup-

tion, select the appropriate metric unit
and measurement tool.

SUGGEgTE‘D,gEACHING SEQ};ENCE ,

1. Assemble metric measurement tools (ruleé, |

tapes, scales, thermometers, etc.) and
objects related to this occupation.

2.' Discuss wifh students how to read the

thols.

3. Presentnand have students discuss
Information Sheet 2 and Table 2.

4. Have students Jearn occupationally-
. related metric measurements by complet- -
ing Exercises 6 and 7.

5. Test per'fonnance by using Section A of
“Testing Metric Abilities.”

in job-telated tasks. o

" These terms are replacing the meastretnent units used currently. What Kinds of job-

" canadd to the list of uses beside each metric term.

METRICS IN-THIS OCCUPATION

Changeover t0 the metric syStem s under way. Large corporations are already using
mettic measurement fo.compete in the world market. The metric system has been tsed in
yarious parts of industrial and Sientific communitiesdfor years. Legislation, passed in
1975, authorizes an orderly transition to use of the metric system. As businesses and
industries make this mric changeover, gmployees will need to use metric measurement

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

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

*

-
.

D

‘ ) )

‘Infarmation Sheet 2

29
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METRIC UNITS FOR AUTO MECHANICS |
S ' . ] ! - . »A T v
Lo Quantity : Unit _.  Symbol Use
Y ' ‘ , v o # ’
Length ) millimetre - ] mm « ghaft &ize, length ,
, c_exi"/timtre:, B pr " bearing sizes .
: \ i | ,
. . '\
Area : square cfé’hti‘mgtre ' , 1 ,cm2 - " piston head surface . :
.,: . ‘. ) Y . , '
Volume/capacity - tubi centimetre [ m® ~ 7 cylindgr bore o } ;'
v cubic metre | o work or storage space |
¢ | il o m | " chemicals, lubricnt il
o L e R ol fue gsolnesoage
| (‘:‘)’. N o ‘ LM
Témperature degree Celsius ¢ -, thermostats, engine operating
e , | ‘ < | 37" temperature ranges, oil temperature
’ i
|  Mass ,‘ " gram g ’ treweights '
. Y
kilogram T kg - batteries, engines -
metric ton t vehicles, load weights
"Bending moment newton metre | Nm torque specifications 2 )
{moment of force) | : ,
. o e ' , manif,old.pressure compression, - , ,
Presaure/vacuum kilopascal | kP | ' air hose pressure
Velocity ' kilometres per hour km/h ' + gpeed of the vehicle
*Energy/work : " kilowatthour - : kW ", work efficiency of an engine
Note: Further metric definitions for mechanics are found in Rules for SAE Use of SI (Metric) Units, Society of Automotive Engineers, Ine. -
e eeneeimrens Aviilable: . Society of Automotive Engineers, Inc., 400 Commonwealth Dr., Warrendal PA 1509%. = S
N o : - . ' | C

wmmmMmm . | T Table 2
/ ' : | “ . | .‘ - N ; | 31
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1

'I‘RYING OUT METRIC UNITS -
TQ gwe you practice wnth metric units, flrst estimate the measure: Estimate | Actual
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 16. Messuring cup (metric) -
correct metric symbols. The more you practice, the easiert will be. 7 -
A _ 17. Milk contaipier |
. - Estimate Actual — ,
2 - 187 Canofoil
Length. -
vy L Pamuwidth 19, Bucke! |
2. Hand span 20, Siall box or packsge | ,\;:L |
3. Your héight o 21. Tool chest o
4. C:eilihlg'height'of this room 22. Gasoline can” |
5. Width of apaper clip J
; ‘ Mass
6. Thickness of anickel - ° o . 23. Textbook
gk Length'of'avalvestem., 2. Nickel B
L7 ' : )
~ 8. Width of this room 25. Yoyrself
9. Diameter of a piston head 26. Paperclip \
Area * . 2. Alitre of water (net) \ .
10. Desktop | '
w0 ®. Aqutitgofol -
11, Classtoom floor r ‘ y . ,
¥
13. /Workbench Temperature
: 29. Room, 5N
13. Sheet of paper 3
30, Outside N
4. Parkingspace - “
- ' g31. Hot tap water !
Volume/Capacxty ‘ |
15. Smal bottle , .2' lee water
N ‘) : :
o Mumnmvowmh-mmmon _ r Exercise 6
o Q ‘ ‘ ‘ c |

33,



' KEEP IT RUNNING WITH METRICS
| It is im‘por@ﬁz(ﬁ't- to know what metric measurement to use. Show .
what measurement to use i the following situations,

i
' ¢

i

~ 18. Diameter of apiston head

The stroke ot pston

Lengﬂm fuel line-

19, Distarice from shop or store ™

to your home

Length of a fanbelt

20. Lenéfh of positive battery cable

Diameter bf a oAm shaft

}'.

Volume of a fqél tahk

Capacity of an acetylene cylinder |

!
Amount of water in a radiator

oo

Mass of battery fluidina 12- -
volt battery

Tire pressure for automobile.

10,

Crankshaft main journal size

11.

Bore of a cylinder

' 12

Volume of oil fpr crank case

.18

Capaéity of a radiator |

14.

Temperature of cooling system
while idlig% engine
i

15.

Mass of sri}all engine.

16.

Length oftexhaust pipe

17.

I

Spark plug gap

¥
A
<, ;

3

>

W THE CENTER FOR VOCATIONAL EDUCATION

Exercise 7 .
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- [ METR C-METRIC EQUIVALENTS - = \
UNIT ¢ U QUNALENTS ~ |
| Centimetres and Millimetres . h

'Théstu'dent'willrecognizé'.andusemet- " (l l { l ‘ ‘ ‘ ] ‘ I ‘ ‘ l ] “l‘ | l ] ‘ l ‘ , l ‘ ‘ II
ric equivalents. ‘ 12 3 4 56 .. 1 2 3 4 5 6

®  Given a metric unit, state an equivalent
in a larger or smalle metric unit.

Look at the picture of the nail next to the ruler. The nailis 57 mmlong. Thisis 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
Tmm=0.7em, 5057 mm = 5om+7 mm |
) - = H5em+0.7cm
o ' : = 5.7 cm, Therefore 57 mm s the same as 5.7 cm:

- SUGGESTED TEACHING SEQUENCE |

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

1. Make available the Information Sheets J4mme 3 em+4 mm - |
(3 -8) and the associated Exercises. = 3em+04 cm ‘ .
(8-14), one at a time. / | - = 3.4 cm. This means that 34 mm is the same as 3.4 cm. | s
2. Assoon as you have presénted the " y | . » ‘
Information, have the students complete . ' Informatuon Sh%w
each Exercise. ‘ ‘ ,
3. Check their answers on the page titled - Now you try some. )
- ANSWERS TO EXERCISES AND o — i
TEST. 4 .. @) %mm= m o) Wmms_om
‘ B b)#3mme . _em {) 802mn = — e
- 4. Test performance by using Section Bof . - Vo e o
"0 “Testing Metric Abiltes.” S¢) Ymm o §) 1400mm = cm
o ' : d) 680 mm= . cm h) 2307Tmm = m. !{z’

Exercise 8
IR EFE T RN TN SRR RE IR ST ENEL L

.
B S AL R L L LT P P B PR TP
. . . i
-
THE CENTER FOR VOCATIONAL EDUCATION : . .
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(Metres Centimetres, a’ﬁa M}lllmires “ X

THere are 100 centimetres in one metre. Thus, w ’
o “Im= 2x1004m* 200cm. ‘ \
"L 3me 3x100em= 300em, : _
! Bme 8x100&m= 800cm, o o
36 m =36 x 100 cm = 3 600 cm. , 2

There are 000 millimetresin one metre, so
" 2m= 2x1000 mm= 2000 mm,
3m= 3x1000mm= 3000mm - *
6m= 6x1000mm= 6000 mm, !
s Ume=2x1000mm=24000mm i
N .

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 centimetrg),
This means that if you want to change thrée-four!hs of a metre to
millimetres, you would multiply by 1000. S0~ " %,
075 m= 075 x1000 mm “ 1

_lggxIOOOmm . i

Y om
= 75x 100™

%
= 15x10mm

' .There are 1000 mllhhtres in one lltre This means that

| What if somethmg holds 500 mi? How many litres is this? ThlS y§,

= 750 mm. This means that 0.75 m =750 mm,

\_

Information Sheet 4

Filln the following chart

! metre centimetre | millimetre
m m mm
! 100 " | 1000
2 200 ‘
3
9 1
5000
: ] 1.
- T R ’“‘0,8“-1 wf # € 80-:.'« P PR LI TR A 4'1:(}-4--1--: ..y'., N & I k. FEITA
0.6 : /00 '
25 %
148
639 ' ¥

Exercise 9

d[ KC THE CENTER FOR VOCATIONAL EDUCATION: _

T
\

llllhtres to thres

2000 millilitres is the same as 2 htm. .
3000 ml i the same as 3 litres, )
4000 ml i the same as 4 litr‘es.‘ ,

12000 ml s the same as 12litres. ~~ + ‘

Since there are 1 000 mllllhtres in each htre, one way to change mllh
ltees to litres is to dmde by 1 000. For example

0 1000 ml -T‘Gﬁﬁliuvllim. _
s . ¢

00
©2000ml = %ﬁ%litres " 2 litrgs.-
And, 85 a final example,

8 00
28000ml = mhtres 28 litres.

worked the sam® way. ' co
‘ Q . 500 ml='1'g%% hitre = OSlxtretﬁvetenthsofahtre) So 500ml :
is the sdme s one-halt (0.5) of aht‘g "
Change 57 millilitres to htres ‘”41« “ R
5 mi 1 3l 0057 e (tyseven thousadthe of a
litre) v ’
‘ R ,
\— . J
. o

Information Sheet 5

Now you try'some. Complete the following chart.

milllitres litres
my
3000 3
6 000 ’ -
‘ .. [T14o00 ‘
. 8
. 3w 03 :
‘ PR - n . - RS -’00 o “ - PITTS . - . 0 L
. ! . . 0‘9 \
- ¢ 20 -
T ro 047
L A5

- Exercise 10
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18 e ‘ ) — ‘ . . \ — — 3
Litres to Millilitres - ot | Kilograms to Grams '_ _
\ RS ' e | |
. What do you do if you need to change litres to millilitres? Remember, To change kilograms to grams, you multiply by 1 000.

4

| there are 1 000 millilitres in one litre, or 1 litre = 1 000 m.
o ‘ 4 kg=-4 x1000g=1000g,

S, ' 93 kg=93 x1000¢=23000g,
| | ‘ 0.75kg= 0.75x1000g= T50g
2 litres= 2 x1000ml= 2000ml, \. , J
7 litres= T x1000ml=7000ml, | \ ] ~ - Information Sheet 8
13 litres=10 x1000ml=13 000 ml, ' Complete the following chart. ‘
" 0.65litre = 0.65x1000ml= 650 ml. ’
TN ‘ - — J .| kilograms grams
. Information Sheet 6 : kg g
~ Now you try some. Complete the following chart, e ) 0 i
' 7 7000 [
R ’ 1l N
htlres mnll’:ll:tres ' \ 55 000
_ 0.4 :
‘ ' . 063 .
o 8 000 .
q‘\‘ _ g . : - L 175 Exercise 13
16 ' . .
00 Changing Units at Work
3j§3 , - Some of the things yoy use in this occupation may be measured in
480 i Exercise 11 different metric units. Practice changing each of the following to
— - N metric equivalents by completing these statements.
Grams to Kilograms . | " .
There are 1 000 grams jn one kilogram. This means that 2 ) 50 em of hose is ' m
Hede TN fram. 1S means fa b %250 ml of solution & ]
2000 grams is the same as 2 kilograms, ¢ ) 5 cm diameter hose i mm
Rt fems | d) 2600 g of resseis ke
5000 g is the same as § kg, e ) 120 mm of bar'steel is cm
00 g is the same as 0.7 kg, and so on. o ) 0.25 litre of motor oil s ml
‘ ' 8)2000kg of sandis - t
To change from grams to kilograms, you use the same procedure for h)0.5 ltre of concentrate is ml
changing from millilitres to ltres. ? ) 500 g of solder is ‘ ke
, Y, 11500 ml of brake fluid is ' |
. o _Information Sheet 7 &) 4.5 tof floor sweep s, kg
. Try the following ones. | , |/ 10m of wire is, cm
B gams | kilograms m) 2.5 em diamter pipe i, - mm
- | g kg ‘n') 2400 mm wall panel length is ‘ cm
. 4000 4 | - N ‘
.. , 9000 . ~ !
N 23000 -1 _
| ' 8.
: 300
275, \ Exercise 12

/ n THE CENTER FOR VOCATIONAL EDUCATION : . ' Exercise 14
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- OBJECTIVE

The student will recgonize and use

. instruments, tools, and devices for mee:
surement tasks in this occupation.

o Given metric and Customary tools,

instruments, or devices, differentiate
between metric and Customary.

Given & 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

e,

Assemble metric and, Customary measur-
ing tools and devices (rules, scales, °C
thermometer, drill bits, wrenches, mi
crometer, vernier calipers, feeler gages)

" and display in separate groups at leamning -

stations. -

Have students examine metric tools and

instruments for distinguishing character
istics and compare them with Customary
tools and instruments, ’

Have students verbally describe charac-
teristics. . .
Present or make availablg Information

" Sheet 9.

Mix metric and éustomary tools or

" equipipent at learning station. Give
' s&udent_s Exercises 15 and 16.

~ Test performance-by using Section C

© " of “Testing Metfic Abilities.”

& VA .THE CENTER FOR VOCATIONAL EDUCATION
{ER] x ) - |

GELECTING 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 tractor tire designed for 207 kilopascals (about 30 psi) could
cause a fatal accident. Here are some suggestions: ) \ |

1

. \

&

Find out in advance whether Customary or metric units, toals, instruments, or pro-
ducts are needed for a given task.

Examine the tool or instrument before using it

The metric system is a decimal system. Look for units marked off in whole numbers,

. tens or tenths, hundreds or hundredths.

Look for metric symbols on the tools or gaée's such as m, mm, kg, g, kPa, etc.

Look for decimal fractions (0.25) or decimal mixed fractions (2.50) ratfier than com-
mon fractions (3/8) on drill bits, feeler gages, etc. -

’ L |
Some products may have a special metric symbol such as a block M tg show they are
metric. . , o

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

Practice selecting and using tools, instruments, and devices.

Information Sheet 9
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WHICH TOOLS FOR THE JOB!

{

Prattice 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.

Select and demonstrate or desgribe use of tools, instruments, or
evices to: ‘

1. Determine the necessary shop floor space to park a
conventional size automobile.

v 9. Replace water pump and heater hoses.
% 3. Determine the free»tra(«el in the clutch pedal.
4, Measure fuel pump pressure.

5. Perform a comptession test on an engine.

6. Pl the head of an engine, replace head gasket, and
replace head.

;o 7 Adjust valve settings.

8. Describé the difference between a Customary and
a metric crescent wrench.

9. Replace brake lines.

» 10, Renew an exhaust system.

MEASURING UP IN AUTO MECHANICS -~ .

" For the tasks below, estimate the metric measurement to
within20% of actual measurement, and verify the estimation
by measuring to, within % of actual measurement..  ~

. ' Estimate | _ Verify

1. Woftk space or bench large
<gough to work on engine
of automobile. '

2. Volume of fool box.

3. Floor area of classtoom or
work space.

4. Find the largest available
entry into classroom,

5. Volume of an engine cylinder, | |

6. A fuel line requires 600 mm of

" tubing. From several cut pieces,
select the piece for the job with
the least waste.

7, Selectnew bearingtofita <"

R

-y

e

- &

[~ W

'R

8. Selectthe mount ot fuidfor | - |
brake master cylinder. Colen e e

9; Change the spark plugs.”

10, - Select the amountof'oilfor"“ e

a complete oil change. : . , i

Exercise 15
:rchNT EA FOR VOCATIONAL EDUCA]’IOL b
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. . METRIC-CUSTOMARY EQUIVALENTS |
o ‘During the transition petiod there will be a need for finding equivale_’ﬁts between systems.
:\OB']ECTWE‘ | Conversion tables list calculated equivalents between the two system, When a close equivalent

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

.
W g

\

The student will urecogniz.e and use metric ‘ ‘
and Customary units interchangeably’in order- | * 1 " Determine which conversion tableis needed.
ing, selling, and using products and supplies in | .
this occupation. ‘ ~ 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: ‘

®  Given a Customary (or Metric) measure-

ment, find the metrie {or Customary) 3. Read the equivalent(s) from the next column.
equivalent on a convetsion table. u

4

. : " Table 3 on the next phge gives an example of a metric-Customary conversion table which
¢ Givena Customary uni, state thf" fe: you can use for practice in finding approximate equivalents. Table 3 can be used with Exercise.

placement unit ' 17, Part 2 and Part 3.

Below is a table of metric-Customary equivalents which tells you what the metric feplace-
ments for Customary units are* This table can be used with Bxercise 17, Part 1 and Part 3. The

SUGGESTED TEACHING SEQUENCE | Symbol > medns “nearly equalto."

9

1. Assemble packages and containers of S
el N . 1cm > 0.39 inch 1inch = 2.54 cm 1ml~02tsp Itsp>5ml
"9 Present or make available Information 1 m= 3.28 feet 1 foot ~0.305 m 1ml>007thsp 1tbsp15ml
Sheet 10 and Table 3. ’ Im~1.09yads  Iyard~09lm- l~x338flor  lflozs 29.6 ml
v | ‘ , 1 km = 0.62 mile 1 mile > 1.61 km 11~42cups  1cup>237ml
3. Have students find approximate metric- lncmz ~016sqin  lsgin® 65clmzz - ls2lpts 1pt f 0471
Customary equialents by using im~108sqft  1sqft>008m 11~106qt  1qtx0951
Exercise 17. S Im~12sqyd  lsqgyd*08m’ 11%0.26 gal 1gal = 3.791
, ’ . lhectare > 2.5acres  lacre~(0d4hectare 1 gram ™ 0.035 oz lozx283¢g
& Test performance by using Section D of lem' 006cuin  lewin®164em’ 1kg>221b 11045 kg
“Testing Melric Abilities” Im'*353cuft  Teuft>003 m'  1metric tofx22051h 1 ton + 907.2 kg
o Tm'x13cuvd  leuyd>08m’ 1kPa~0145psi  1psi=6.895kPa

P

. 4 R
*Adapted from.Le!’s Measure Metric. A Teacher’s Introduction lo Metric Measurement, Division of Educational

: | o @smn and Renewal, Ohio Department of Education, 65 $. Front Street, Columbus, OH 43213, 1975. J
wcmm FOR VOCATIONAL EDUCATION
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CONVERSION TABLES ¢

MILLINETRES TO INCHES A
'mm - Inches | mm |  Inches mm Inches mm Inches
100 3 | w0 09 | 1 o4 | 01 . oo
200 W | oW 019 2 0 02 0008
300 ne |\ 118 3 02 | 03 o0
LA™ 54 | 4 5 | 4 0.16 04 ., 006
500 968 | s 191 |5 0w | 05 0.020
0 26 60 236 6 04 |08 oo
100 256 0 e | T 038 Y
30§ - 3150 W 35 B. 031 08 oomst.
(WL B4 % 354 9 0% | 0 0%
R . 1000mmorlmetre=39.37inches -
INCHES T0 MILLIMETRES |
Inchei E mm Inches mm Inches " mm Inches mm
o ? " 01 254 o 02 | o 003
2 w8 | 0z s® | @ 04l M 005
3 6.2 03 T8 0. 078 008 008
$ 106 M 06 | o 12 | o4 010
s om0 |05 12 6 1 | s 013
6 . 1524 06 1524 % 18 06 015
g ms a1 oum | oo LB 0018
B 202 08 N3 .| 8 28 08 020
; 9 mh 09 2% 22 00 023
:; | . 10inches =254 mm o
v 12 inches or 1 feet = 304.8 mm or.30.48 cm ’

mﬂscimﬂz FOR VOCATIONAL EOUCATION | Table 3
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ANY WAY YOU WANT m

1. You are working in a repair shop or auto parts house. With the

change to metric measurement some of the things'you order, sell

or use are marked only in metric units. You will need to be
familiar with appropriate Customary equivalents in order to
communicate with customers and suppliers who use Customary

units. To develop your skill use the Table on Information Sheet
10 and give the approximate metric quantity (both number and

unit) for each of the following Customary quantities. -

g) 0.008 in.
h) 152mm

1"
-
=

i) 250mn|1v=4- in.
j) 1000mm= in,

"
s.

.~ Complete the Requisition Form using the items listed. ’Cbnvext

the Customery quantities to metric before filling out the form,
Complete all the information (Date, For, Job No., etc.).

Ctlstomary Quantit Metric ngntlty Requisition one of each of the following: S
a) 2 Ibs. of heavy lube | < R
Sy D) BSOS
' (. of Drake U D) 121l oz. spray can of paint .
- ¢) 3/4in. pipe ¢ ) 1b. spool of 50/50 golder Y
d) 1ft. by 2ft. piece of gasket material ‘
@) 10Tbs:of sawdust a) 1gal. of parts cleaning solvent o
¢ ) 18 in. bar steel - y . &
f) twosgallon can CREQUISITION -
- g ) 30 ft. of air hose : | Date . \
( o A =
| h) 411, oz, of additive For : \ ;
i)two-miledistance R, N .\
j)2inbolt <1 o Job No, Date Wanted o
B k)2l oz ofmhcone\spr;y " |- Deliver to F |
l)llb.othandllglgangr” o -, L8
m) 1gal. of solvent - C QTY | UNIT - ITEM e
n) 1 ft. length of hose - T Ui o
o) bindillbit . o v
2. Use the conversion tables from Table 3 to convert the following:
"a) %4mm = i ) 22 = mm. | | Remesedby
b) 0.025in. = ‘mm{e) 025in, = mm 'Approved’by \
¢) Tlmm = in. {f) 10in. = mm
THE CENTER FOR VOCATIONAL EDUCATION ‘ . Exercise 17
Q | : '
| T/ | 5
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SECTIONS
1. One kilogram is about the mass
ofa:
[A] nickel

(B) apple seed
L [C] basketball

1

8. The correct way to write twelve
thousand millimetres is:

(A] 12000 mm,
(B] 12000mm
" (C] 12000mm
(D] 12000 mm

\ ’ T " |
(D] Volkswagen B“fle SECTIONB ,

2. A square metre is about the
area of: ' s
(A]
(B]

(€}
(D]

this sheet of paper
a card table top
abedspread =,

a postage stamp

3, Fuel pump pressures of automobile
enginetz are normally given in:

7 [A] kilomettes .
[B] grams per cubic céntimgtre
[C] ilopascas..
(D] kilolitres

4. Torque pressure is me@xred in:
[A] newton metres
(B] kilopascals
[C] - grams per metre

(D] centimeires

5. The correct way to write twenty
grams is:
[A1 20 gms
[B] 20Gm,

' )

(C] 20g.
(D] 20%

L]

7. A part 20 centimetres long alsp
has & lengthaf:

, [A] "2 000 millimetres
+ [B] 200 millimetres
[C] 2millimetres

[D] 0.2 millimetre

8. Seven hundred fifty grams of
heavy gear lube is the same as:

[A] 0.5 kilogram
~[B] 750000 kilograms
(€1 7500 klogams
D) 75 kiogams

SECTION €

9. For measuring in millimetres you
would use a:

[A] " container
(B ;;ressure gage
[C’] rule

(D] scale

’

" 10, For messuring Klopsscals you

would use a:
(Al
(B]
(€]
(D}

{
pressure gage
rule

.geale

container

THE CENTER FOR VOCATIONAL EDUCATION

4 [A] hectare

A 4

11, Estimate the length of the line- .
segment below: o

- ’\v.

[A] 23 grams
(B) 6centimetn7

[C] 40 riillimetrps
(D] 14 pascals

12, Estimate the length'of fhe line
segment below: C
.

"[A] 10 millimetres e
: ' \,

[B] 4 centimetres _ "a

[C] 4 pasels
. [D] 23 milligrams

SFECI‘ION 6. |

" 13, The metric unit for liquid measure
which replaces the fluid obnce is:

(B] williitre
[C] litre

0 gm v

14, The metric unit for liquid measure

. - whi_ch replaces the gallons:

[A] gam -
[B] kilogram N

€] ole .

D] ltre

/ ro

~

,.ﬁ ' e »

Use this conversion table to
answer questions 15 and 16.
mm'  in mm in. l
100 394 10039
200 .8 20 0.79
300 1181 0 118
J 400 1574 40 157
500 19,68 50 197
600  23.62 60 2,36
700  27.56 0 276
800 3150 | 80 . 315
900 . 3543 90 354

15. The equivalent of 610 mm is:*
Al 6lin
8] %0l
(€] 610in.%

(D] 30in. ..
X Ih&«‘;tj’}i~ ll
i ' (j;;v‘“

N

16, The equivalent of 450 1 is:

A 1234
B 24.00in.
(€] 114lin
[D] 18.10in.

. o~

k)

" TRSTING METRIC ABILITIES
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ANSWERS T0 EXERCISES AND TEST

L J
. EXERCISES 1 THRU 6 Exercise 10 Exercise 13 , Part 2. ‘
~+ The answers depend on the items - " g ‘
< used for the activities. miliitres 1 Titres kilograms | . grams a) 1000in. £9 254 mm
: . ol | kg g b) 064mm g) 0.20 mm
EXERCISE7 . == ';{ 00.’0 c) 0.284in. h). 598in.
~ Currently accepted metric units of 3000 3 A\H“ OG0 d) 57.16mm i), 9.84in.
measurement for each question are 6000 (6) ( : e) 635mm ) 39.37in.
shown in Table 2. Standards in each 8 000) g (25) 25000 , :
occupgltion are being established 04 (400)
' : (14000) | (14)
NOW, 50 answers may vary. T T T 063 (E01 . §
i “ Y e %
EXERCISES W _| 03 Rk il I {
a)  26cm e) * 13.2cem 700 (0.7) . P ' : ;
b) 383 ﬁm ) 802em - | (900) [ 09 Exercise 14 a) 7.625m of 794 cm
¢ ddem g 1400em | 250 [ (0.25) a) 05m h) 500 ml b) 355.2m]
: Vo0& ftee  0) 0.305mby0.61
Tables are reproduced in total. An- Exercise 11 ; 1'2 15 l; 1000gm' o
- swers are in parentheses, S ? | 20° | ) ¢ |
o itres | millilitres| ) 20ml - m) 25 mm
Exercise 9 | ml g} 2t - n) 240cm- : :
et \ ' TESTING METRIC ABILITIES
metre | centimetre | millimetre 8 | 8008 S
m L mm | T T EW0) EXERCISESlsANDM L c 9 C
1 100 | 1000 46 (46000) The answers depend on the - 2B 10. A
7 00 T 2000 A2 | 320001 temoused for the activities. . o C 1L B
~ N I 04 "] (400 | T4 A 1A
Gl [ o0 | s CLNBBI] 80 | 2 g 15- g
174 (7400). | (74000}  poereise12 EXERCISE 17 8. A 18D
) 0.8 80 800y —— Part 1. S | g
: 06 -~ (60) 600# | grams | kilograms : '
00B 251 ). | ¢, | K a) 09kg 1) 82km
1 — ] : 38litres j) 5.08¢c - ,
(0.148) (14.8) 148" o A
' —s— 19000 | (@), | -d)\dskg \l) Odbkg - .
o 23000 | 23) e) #5.72cm m) 379 litres -
) 180001 |/ 8 £) 758ltres n) 0.305m .
300/1°(08) | - g) %lém o) 0.635cd .

S, COVRHNENT PRNTNG A 1976-757-069/6207 e ion Ho. 51

. L2760 (0.275) h) 1.) .4\ml
_ THE CENTER FOR VOCATIONAL EDUCATION o o .
| , ) ¢ e
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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, 30 cm "leogram Scale
~ Measuring Tapes, 150 cm *Platform Sprmg Scale .
" *Hoight Measure kﬁg acity
. *Metze Tape, 10 m 10 paclty '
.Tnlndle Wheel Balﬂnce Scale Wlth &plece
+ *Are Measuring Grid o
| Spring Scale, 6 kg Capacity
VOLUME/CAPACITY N TEMPERATURE
ANt ot ' : .
Nesting Measures, set of 5, Celsius Thermometer

,

THE CENTER FOR VOCATIONAL EDUCATION |

)

50 ml -1 000 m!

Economy Beaker, set of 6,
50 ml-1 000 ml

Metric Spoon, set of 5,
1ml-25ml ,

. Dry Measure, set of 3, -
50,125,250 ml
Plastic Litre Box
Centimetre Cubes

The O State Unwirnity + 1960 Kenny Road + Colymbus Ohio 43210

SUGGESTED METRICTOOLS AND DEVICES
- NEEDED T0 COMPLETE OCCUPATIONAL
MEASUREMENTTASKS

In this ocehpation the tools needed to complete Exercises 6

15, and 16 are jndicated by i,

* Assorted Metric Hardware—Hex nuts, washers, SCTews,
cotter pins, etc.
Drill Bits—ndividual bits or sets, 1 mm to 13 mm Fange
Vernier Caliper—Pocket slide type, 120 mm range
- Micrometer—Outside micrometer callper, 0 mm to 25 mm
" tange \
Feeler Gage—13 blades, 0.05 mm to 1 mm range
Metre Tape—-50 or.100 m tape B
G, Thermometers-Special purpose types such as a clinical
thermometer
H. 'Temperature Devices—Indicators used for ovens, freezing/
cooling systems, etc. ,
Tools—Metric open end or box wrench sets, socket sets '
. hexkeysets . ‘
J, Weather Devices—Rain gage, barometer, humidity, wind
velocity indicators -
! P:cessm‘e Gages~Tire pressure, air, oxygen, hydraulic, fuel,
elc. 5 "
- L. Velocity-Direct reading or vane type meter
. M. Road Map—State and city road maps
* N, Containers—Buckets, plastic containers, ete., for mnung
0

*

oS,

»
= m

¥ K

and storing liquids
. Containers~Boxes, buckets, cans, ete., fo lxmg and

stonng dry ingredients

Most of the above items may be obtained from local 1ndustnal
hardware, and school suppliers. Also, check with your school district's
math and science departments and/or local mdustnes for loan of their

- metnic measurement dewces

9

IMeasuring devices curveilly-are not available. Substitute devices (i.e., thermomater)
may be used to complete the measirement task.

~ Tools and D wces Llst



'REFERENCES

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

sion of Educational Redesign and Renewal, Ohio Department of Educa-
tion, 65 S. Front Street, Columbus, OH 43215, 1975, 80 pazes, $1.50,
must include check to state treasurer,

<emme - hetivity-oriented introduction.to the metric system dwgned forindepens

dent or group inservice education study. Introductory information about
metric measurement; reproducible exercises apply metric concepts to
common measurement situations; laboratory activities for individuals
groups. Templates for making metre tape, litre box, square centimetr

Measuring with Meters, or, How to Weigh a Golgi'Brick with a Meter-Stick,
Metrication Institute of America, P.0. Box 236, Northfield, IL, 60093,
1974, 23 min., 16 mm, sound, color; $310.00 purchase, $31.00 rental.

Film presenwts 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
messutes of length, area, volume, and mass are ﬂluntrated in mtemtmg
and unforgettable ways.

Metnc Education, An Annotated Bnbhography for Vocational, Technical and '

Adult Educatioh Product Utilization, The Center for Vocational Edu-
cation, The Ohio State Univetsity, Columbus, OH 43210,1974,149
pages; $10.00. _ '

‘ Comprehensive bibliography of instructional materials, reference mate-
rials and resource list for secondary, post-secondary, teacher education,
and adult basic education. Instructional materials indexed by 15 occu-
pational clusters, types of materials, oqg educational level.

Metrie 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 for teachers, curriculum developers, and administratots in voca-

b 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 educatlon,
and curriculum and instructional strategies.

Metrics in Career Education. Lindbeck, John R., Charles A. Bennett Company,

Inc., 809 W, Detweiller Drive, Peoria, IL 61614, 1975 103 pages, $3.60,

paper; $2.70 qunnhty school purchase. -

Presents metric units and notation in a well-lustrated manner. Individual
chapters on metrics in drating, metalworking, woodworking, power and
energy, graphic arts, and home eofinomics. Chapters followed by several
learning activities fot student use. .Appendix includes convemon tables
and charts.

Metric Prctice Guide ASTM E 380-72.” American Society for Testing and
" Mer, 1916 Bue S, Phiiin,PA 19105, 192, 34 g,
$1.50, paper.

Detailed presentation on SI units and aymbols, style and usage, mlu for

conversion and rounding. Appendices on terminology, development of

31 units, and conversion factors. Includes current base and denved 8
E KC units, and approved deviation from SI.

i

 INFORMATION.SOURCES

Taking the Tricks Out of Metnca, Metric Training Department, Creative - “
Univeesal, Inc., Tower 14,91700 Northwestern Highway, Southfield, M
48976, 1976, 4 booklets; $3,00 each, $12.00 set, discounts,

Series of booklets presents ltep y-step directions, questions, answers on
- how to read metric measurement toollk micrometers, vernies calipers, rules, .. .
dial indicators. :

METRIC SUPPLIERS

Brown & Sharpe Manufacturing Co., Precision Park, North Kingstown, RI 02862

Industrial qualty micrometers,steel rules, serew pitch and thickness gages,
squares, depth gage, calipers, dial indicatons, convonion charts and guides.

. Dick Blick Company, P.0. Box 1267, Glesbusg, IL 61401

« ¥
Instructional quality rules, tapes, metre sticks, cubes, height measures,
. trundle wheels, measuring cups and sppons, personal scales, gram/Kilogtam
lclles, teeler and depth gages, beakers, thermometem, kits dnd (ﬂm lidl

The L. 5. Starrett Company, 121 Crescent Steeet, Wehol, MA 0131

Machine tool precision measuring devices, nicrometers, calipers, dial
indicators, steel rules, -

Snap-on Tool, 8074-A 28th Avenue, Kenosha, WI 53140

Metric automotive hand tools,

American National Metric Counel, 1625 Mmchunetts Avenue, N, W Wuhlnston, .
DC 20036 ; Sy

Cham posten, reports and pamphlets, Metric Reporter newaletter. Natlon'alf “‘a"

metric coordinating council representing industry, government, educutlon. AN -

professional and trade organizations. o
*\ AU

Society of Autowotive Enginee, Ine, Two Pensylasi Pz, New Yotk Y m |

; ;
P

. Professional mocntwn Publieations concerning product ltandmf:. and meﬂfc‘ a
practices in automotive tachnology . ' v
Natxonal Bureau of Stmdardl. gfﬁce of Information Actmtm, U. S Depnrtment & £
Commerce, Waslungton, c 20234 . ’ 5 - .'r‘ \: "-
Free and inexpensivy ‘metrc charty and publicationl, alio lnds ﬁlm ﬁd P :?;L
duplayl ,,’ i o
2 :
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