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: Des1gned to meet the Job related metrlc measurement SR

needs of small engine repair students, thi's 1nstructrcnalﬁpadkage is

"one of four for the transportation occupatlons ‘Cluster, . pa of a set:

v of 55 packages for metric-instruction in different occupatlons. The
package is intended for studeats who already know'the occu ational .
terminoiogy, measurement terms, and tools currently in usef Each of v
the five units in this instructional package contains performance
objectives, learnlng activities, .and supporting ‘information in- the -
torm of text, exercises, and tables. In addltlpn, suggested teaohlng
techniques are included. At the bdck of the package afe
objective-based evaluatlonfltems, & page oi answers to the exérc1ses
and- tests, a list of metric materlals needed for the actlvltles, Sy
references, and a llst of suppliers. The materlaL is des1gned to ’
.accommodate a variety 'of individual teachlng and learning- styles,_

“e.g., independent’ study, small group, 'or whole-class activity. ' -
Exercises are intended to facilitate experlences with measurement %
1nstruments, tools, and devices used- in this occupation and - .- "
«job-related tasks of estlnatlng and measuring. Unit % a general
introduction to the metric system of neasurement, provides 1nforwal, ¢
hands-on ekperiences for the students.‘Thls unit enables students to T
.~ become familiar With the basic metric units, their symbols, aind . '

feasurement instruments; and {o develop a set of mental references ' .

p * for metric values. The met!ﬁ em of notation also is explained.

T, Unit 2z provides the metric terms\uhlch are used in this occupation }f

¥ and gives experlence .with dccupational measurement tasks. Unit 3

focuses' on Joh-related metric equivalents and their relationships. ., '

Unit 4 provides experlence "with recogylhlng .and u51ng metric C/'

.instruments *and tools in occupatlonal measurement ‘tasks. It also‘ )
provides experience in comparing metrlc.and customarzy measurement )
instrumsents. Unit 5 is des}gned to g;ve students practlce in - ;

vert;ng customary and ‘metric medsurements, a 171 cohsidered .
Zul -dur¥mg theﬂ%rans1t10n to metrl in each’ dccupagion. (HD) -
. . . : : ’ -, L . ' l . ’ -a .
Y ~ <
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TEACH ING AND LEARNING

i - '
THE Mg hlc SYSTEM
 This metrie instructional package was designed to meet job-related Umt 2 provides the metrtc terms which are used in this occupation )
metric measurement needs of students. \To use this package students  and gives experience mth occupatlonal measurement tasks.
should already know the occupational terminology, measurement
. terms, and tools currently in use. These materials were prepared with Unit 3 3 focuses on jOb related metric equivalents and their refation- ‘
the help of experienced vocational teachers, reviewed by experts, tested ships. ' : g
~1n classrooms in different partsof the United States and revnsed before o S J
. distribution, . t Cb Unit 4 provides experiencé with recognizing and using metric
v b a L *instruments 4nd tools in occupational measurement tasks. It also pro-

 Each of the five units of instruction contains performance objec  vides experience in comparihg metric and customary measurement in-
tives, learning activities, and supporting information in the form of - struments ‘
tex, exercises, and tables. In addition, suggested tedching techniques

are included. At the back of this package are objective- based evqluatlon Unit § is designed to give students”‘practicg in converting custom-
items, 2 page of aRswers to the exercises and tests, 4 list of metric ' ary and metri measurements. Students should learn-to “think metric”
matetials needed for the activities, references, and a list of suppliers. ~ and avoid comparing customary and metric units, However, skill with
" , | ! conversion tables will be useful during the transttlon to metric in each /
| _ R accupation. | .

Classroom experiences with this instructional package suggest the | e ‘. SR ‘ ’
followmg teaching- learmng strategies: , . ,Using These Instrdctlonal Materlals
1. Let the first expenences be informal to make learnmg the metnc This pa(d(age was de51gned to help students“learn a core of knowl-

system fun, . . 3 edge about the metric system which they will use on the job. The

. 3 ) ‘ U
2. Students learn better when metric units'are compdred to familiar

exercises facilitate experiences with measurement 1nstk71ments tools, 4
ohjects Everyone should learn to “think metric.” Comparing

and devices used i in this occupatton and ]ob related tas esumatlng

and measurm ‘ .
. metnc units to customary units can be confusmg g ! ' '
, 3.7 Students will learn quickly oestlmate and measure in metric units This instruct: = package also Was designed to accommodatea ____________
h'ﬂdoing.“ o variety of individua: . hing and learning styles. Teachebs are encour-

aged to adapt these e srials fo their own classes. For.example, the
~ information shegts may be given to students for glf-study. References
.'ﬁ., & my be used as supplemental resources. Exercises may be used in mde
pendent study, smsll groups, or whole-class actwmes hll of the |
matenals can be éspanded by the teachel: ) SR

4 Students should have experience with measurmg achvmes before
getting drynuth mformatlon

5. Move throughr the units in an order which emphastzes the sim-
plicity of the metric sy stem (e g, lergth to area to volUme)

6.~ Teach one cancept at a time to avoid ov,erwhelmmgstudents wnth ~ Gloria{$ Cooper <

too much ‘matetial. , e / - ' © . doel H\ Magisos
T SRR * Editors -
bnlt 1 15 a general mtroductlon the'metric system of measure- (f\ : ) L .
ment whicheprovides informal, hands- on e’xpenenees for the students. “Fhs publicaton was developed putsuant 10 contract No OEC.0-74:6335 with the, s
This unit enables students to become familiar with the bastc memc Bureau of Qccupakanal and Adult Eduction, U S Deprtment of Healt, Educa .
units, their symbols and measurement mstruments and to develop 3 1on and Welfare. However, the dpinions expressed herein dg not necessanly ‘
set of mental references for metric values The metric s system of not: eflet the poston or plcy of the Y. Otfice of Education and no offesd S
¥ nl : endorsement by theUS Othice otEducatuOn shouldbe mterred
S tgts explamed SIS O 7 '
1C Pl ) ! . ) 5




 SUGGESTED TEACHING SEQUENCE

‘ b

» ,
1. These introductory exeruses may require
" two or three teaching: perrods for all five
areas of measurement g

2. Exercises siould be followed in the order
given to best show the relationship
Metween length, area, and volume,
3. Assemble the Srlr;e;t}rc measuring devices
' (rules, tapes ales, thermometers, and

measurrng cdytainers) and objects to be
Measured. *

Set up the equrpment at work stations
for usg by the whole class or as individu-
alrzed.resource actrvrtles

b Have the students. estrmate measure, and
“recpd using Exercises'] through 5.

Present information on-notation and
make Table 1 available.

Follow up with group discussion of
activkities. . , .

Lo,

Y

#0ther school departments may have devices which

can be used. Metricisuppliers are listed in the reference .

section.

-

- y
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OBJECTNES -«
The student will demonstrate these skills for the Lmear Area Voluthe or Capacity, Mass, and

Temperature Exercrses using the metric terms and measurement devices listed here.

! {

‘S ' . EXERCISES .
SKILLS , - ' ‘
» Linenr " Arer " |Volume or Capteity <M, [ Tempentun
pp3-a ['ops6 | TR | cppdel0), 1)
— o
. , ~
1. Recognize and use the millimetre (mm) | sqare cubic centi-s | gram (1] ! degree.Celsmr
unit and ils symbol for: centimetre métre (em’l , . (C) .
L . centimetre {cm) (cmzl-‘ C | kilogram  (kg) ! ,
2 Select, use, and read the . ‘ cuk;i\c metre‘ '
appropriste measuring | . metre  (m) [ squine my | ‘ Y
instruments for: ) / metre »
] , { m¥)’ liee (1) , J ‘
3. Stateorshow , . B A . e I y
" physical reference for: ) 1 hlilitre (ml) : '
' \ . ( v
- -
B A . , L [ S T
4 Estimate within 25% height, width, or the area of capaity of the mass of objects | the temperature ofy
" of the nelUW measure length of objecu. _Agiven surface epptxinen ingramsand kil | the air or 1 ljquid
[ - .7 . LN rams '
F Read correctly - metre stick, mbtric . 3 meur:remenu 2 kilogram scale A Celsius thermometer [
‘ ' tape measure, and” » i duated and a gam scale :
' T, metric rulers - volume mebur- | st
~ ) ‘ ' sy .| ingdeics ) .
| "\. ! N [ \A . .
ﬂ \\ . . ' ‘L ' ' , 'r'-,
S, . . “

4 é‘ C , . ‘ ’ ¢ 5 :i‘ a .
RULES OF NOTATION .~ - S . N
1. Symbols a{e not caprtahzed unless the umt%sa proper name (mm not MM) \ '

Symbols are not followed by periods (m ot m.). el $
4 K 4

Symbols are not followed 'by an 8 for p]ﬁrals (25¢ ndt 25 gs) ‘o
A space separa/teethe numetals fror the unit symbols (4.1 not 41) |

. ‘Spaces, not commas, are used to separate large numbers into group\; of”three
' drgrts(45271k 136,271 km). . Sy

2.
d.
Y
5

~ Azero precedes-the decimal point i the number is less than one (0. 52gnot 5& g)
7. Litre and n;etre can be spell erther with an -re or -er endmg
0 BN
\ ‘ . Information Sheet 1,

Q‘. S 9‘7

A




. 2 : ' . ‘ T N | 1" L : .‘% N 'ug:‘l
: : { / \ o : ’ . ’ ) ‘ ! - ":o : : { ,
" METRIC UNITS, SYMBOLS, AND REFERENTS METRIC PREFIXES "~ * .
L. -“- "r‘ . o b ' o ’ T ﬁo} . kAu . ‘”(.I ' o ". [ ' , ’ ' “
L : - - ‘ .
uantity Metric Unit " | Symbol | Useful Referents l Multiples und ' o
Q .| Metric Uni ymbo Submultiples Prefixes Symbals X
length millimetre - [ mm Thickness of dime or paper. _ 1600 000=10" | miega (miga) . N '
S clip wite -, . o 100 !
v - - T , T Y L '
centimetre - a Width of-paper clip C 1000=10 kﬂﬂk‘{o)' Y
metre m Height of door about 2 | | 100=10" | hecto (hek'to) *h
‘ ‘ kilometre -, fkm 12-minute walking distance . ‘ 10=10" - | deka(déka) |1 s
Jar | square e Area of this space . Base Unit I' 1_00 : N
‘ centimetre Co : N N o _
: . #1=10 deci (des'i) d
i Vo - . 001107 centi(s‘én’t;«)ﬁ‘ boc
;/ ' square metre mz‘ | Ares of card table top ' |+ 00015107 | milli(milf . mo
| . R v ' i ‘ !
A S hectare hp Football field including sidelines n .o | 0000001210 | micro (mikro) u
o : and end zones. Co ,‘
Volume,and mtillilitre 4l Teaspoon is § ml ' ‘ :
C it . o . . Moo .
Py litte /./ [ Alittle more than 1 quart ’ » . ‘ C o Tﬂb'ﬁ 1-b ,
. . B : . ' ¢ Y [
cubic . ' 1 ! -
centimetre N em? Volume of this container s ' . : YL,
& ' . L ! ' / el
r -
- . l i _ \ ’ I ! . . (/( \ '
: \ . ‘ ‘ ' V- . . 1 . @
) - - . - ) | . . 1 ! v
. cubig metre m’ Alittle more than a cibic yard ‘ ‘ ‘ PO S -
‘- - ! ' . \ \ N . ) ’ ] '
Mis [ milligam mg | Apple seed about 1Pmg, grain of . : - 4 ‘
N wlt, 1 mg N . N , v A
~, , AL . ) R
gram g \Nickhboutsg- R “' ‘ ‘ : ( / ‘
kilogr’i‘m, ' o 1kg ’\Wei;%r"s\Colletiate Dictionary oo ' 4 - ,'\'
, . K / : ' of
© | metric ton o M7 ] 4 . ¢ B . e
#1000 kilopams) |t Nolisuigen Beel , o - '
— ' ‘ *

\ L’ ’ ‘ v ’ ’ -
; ' h /y , . ) ) B . .
: ! ‘ , , .
‘{  THE CENTEROR VOCATONAL EDUCATIN \ Tal;le 1-a S
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L[NEAR MEASUREMENT ACTITRS L0 e

3. Choose a partner o stand
at your side. Move apart

. Metre, Centlmetre Mllhmetre o 50 that you can put on__
- o , o . endof ametrestickon ,
. . ' \ , ‘ " your partner's shoulder
: ) . i " andtheotherend on
‘. THE METRE (m) o ' your shoulder, Look at ;

the space between you.

A. DFVFLOP A FEELING FOR THE SIZE OF A METRE

1. Pick up one of the metre
. Sticksand stand it up on the
" floor, Hold it in ‘place with
one hand. Walk around the
o, stick. Now stand next to
o «thestick, With your other
" hand, touch yourdelf where
wt .~ thetopof the metre stick
Comes oryou, [

. . 4 Foreach ofthe ulowing ems: | \ ,,
' . . \ ‘ ‘ ) ‘
Estimate the size of the items and write your estimate in the”

L ‘T“AT IS HOWHIGH A METRE 15! ,ESTINSTE column Measure the size with yourmetresxck

THAT IS THE WIDTH OF A METRE! 3

B, DEVELOP YOUR ABILITY TO ESTIMATE [N METRES.

Now you will improve your ability to estimate in, metres.
Remember where the length and henght ofa metre was on your
body.

‘and write)the answer i the MEASUREMENT column, .
Decide’how close your estxmate was to the actual measure. I!
your estimate was within 25% of the actual measure you are a
“Metric Mawel/ ] ,

"
AN

2. Hold one arm out straight
-at shoulder height. Put
" the metre st ick along fhis
arm until the end hits'the
end of your fingers. Where
is the otker end of the
+ metre stick? Touch your-
~ self at that end.

, Y

. L "~ How Close
Estlmate Measurement  Were You?
o (m o (m)

1. Height of door knob

< fromgfloor. ' ‘ S
chg'ofdoor.' SR -

. ' 2
S oo 3 Lengthoftable, .. .
l/‘FHJ;\HhHO\&L()M,AL\IP_JTRE"IS! 4 Vidthof bl ,
\ ' 5. Length of wall of \ | o

: this room. . ‘ . :
' “ 1 Xy 0 , ;

6. Distance from

- ,‘f" ‘ ' . | . .
| N ‘ o ou to wall . '
| - THE CENTER KR VGCATIONAL EDUCATION -\\,_ R o , . . (-
K g | R © Exercise 1.
[ , ¢
m ' - AR : (contmued onmext page)
" ) ‘“|/ R L7 , N
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../‘ é” : TR
L THECENTI TRE 3

3

.’ l+3(_ml

A DE\’PLOP \FFH‘é\'(: POR THEV%E OF‘ACE“\ITIWET ]

",
"J f.

'u‘n timet resayQu it O?Lm[( xlOOcm)ﬁS(' = 100rcm

W %

/‘. e ,(

Hold the metngru]er against \he W1dth of yout thumbnall

i iy ! )
, Howmd'emg - C Ly - "w:_..
", "‘2,' I\@asureybmthumb%mthﬁust Jumt che end; " )
' o uN om . o
© A " . ,.’(A oo
o 37 Use tiuqmem'ﬁ ruJ,er tolfind the width of your palm. oy
S '\keasure your index or painting fmge? How long is u?
5 Measu'#e your wnsvwfthatape measure, What is the distance
' aroundl cm "

.
1]

[

Use Qe tap;,‘ méasumo fmd yonr waist size. . cm

i

4

B DEVELOP YOUR AJ3ILI'I‘Y T0 ESTIMATE IN CENTIMETRES

. .{oﬁmgltems .
' m “'J b ‘ “ ' !
e I »  How C]:ose =

\ou are now@ady to estimate in centlmetres For each of the
wow the procedures used for estimating in

Estimate Measurement Were You?

"lem) (cm)
1" lLengthofapapar - |
.. clip. ' -
"0 Diameter (width) DA
ofacoin. '
.3 Width oha .
i _postage stamp, ;
. 4, Lengthofa _ /_-\\,
pencu | e \h —_
5. Width of asheet .
of paper, < )

lIl THE MILL{ME’K: (mm)
ere are)l 0o FP(mm(‘TJ'P\ in one mp re. lﬁthern are 4 mefres and //

’f . . .. q“, ‘.
T
i\{g' ‘ . Jl ~'T.¢ ‘ ‘;Q

There are 10 milli Prreqm one c@nhmeﬂ'@ Wheﬂampacurpment i

2 cen timetres and 5 millimetres, you write 25mm {(2x10° mm)
. 'w5mm = 20mm+5mm] The\%relOOOmmmlm

.

j , A, DEVELOB A EPELI\’G FOR %E SIZE OF A \ﬂLLlMETRE

Usmg»hruler marked“l‘n uulhmetres measure; | Lo

lr|f/" ]

L Thlckness ofa pﬁper chp wue mm

 Thitknessof you fingernail, | " mm . .
© Width of your fiugernéil o

v mmo

3

4 Dmmeter(wudth)ofac in,: mm

5. Dxameter(thlckness) of your por, e mm~ .’
b mm ..

. Width of apostage stamp. __.

.'I‘II ‘ ' D

B DEVELOP Youu,Au'iuTY TO ESTIMATE IN MILLINETRES

1.

2

3.

- button.

You are now ready to estimate in illimetres. For each of the
fol]owmg items, follow the progedures used for estumtmg in
metres

How Close
& Estunate Measurement Were You?
. <o (mm) (mm)
Thick‘ness ofa. ~ . ‘

nickel. - o

Diameter (thlckness)
ofa bolb

Length of abolt, . .

_Wdthofasheet  * S
" of paper*

Thlcknessof'auoard i . ‘ .

*ordesktop. ' ' ) !

Th_ilckness ofa o

[Exercise 1

13
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. AREA MEASUREM\ENT ACTIVITIES | \ —

JOUR ABIL TY TO ESTIMATE IN s,‘ UARE
., CENTIME RES

Square Centlmet're Square Metre o ! e . o
. . v ‘ . You are now ready to devel yourablhytoestlmat r
. " N ' - \ .
s S | 0“?/ T, }nsquarecenu@eues ‘ ‘
o WIFMOU QE;(RIBETLJE{SR}AOFSO'\‘IETH]NG YOU ARE- Tene T o ? e
, 5\\1(‘(_, HOW MANY SQUARES OF : \GIVE\.SILE.II’T\RESTO A Remember the size of § squate centimetre. For'each[of the
(OVbR THLSUR% ACE. . K, ‘ followmg-ltems follow the procedures used+or st ngin
A .' : o ' Wetres. - R
. ' v . Y& 4 O ,..'h-\, T \\
- l. FHESQUARL CE\?fI\IETRE (cm) o\t P r SR ' "  How Close
N VA ST Estimate . easute rit Were You?
& DEVELOMFM\LI\IG FORASQUA’RECE§TIMETRE Yo . (c;nz)”‘»‘: () o
L “ AR T IR
A \Takea(learplasmc gnd Orgise the gnd on page §. £ L Index carg, —— —1 —
;. 2. Measure the Iengthand\wdthof qne,of t‘oese‘mdl | e ‘BOOkCOVET-. “ - > ""-1
_— squares with a cent 1motreruler\/\ o 3. Photograph. © - IR N
‘ | . . ’ . .._ ¢ N .
A TI—L;\TISONESQUARECENTIMETRE' o4, Vindoypaneor oo L
' . : desk top. —— 2
3. PlaceyourfmgemaﬂOverthegrid. About'howmaoy ' . . K\ U
squares does it take to cover your fingemail?* /. ‘ ‘ C L
v . ) . ; . . .
—Zm' C Il THESQUARE METRE (nf) ,
4. Place acoin over fhe grid. About how many squares - /- / .
does it take to cover the coin? att g A, DEVELOPAFEELI G‘FORAVSQUARE'METRE.
"5, Placeapostage stamp overthe grid. About how many :
squares does it take to cover the postage st,amp‘> ¢ .1 Tape four metre stmks together ta makeasquaré whnch v
em? . . : 1s one metre lonsg anfl one metre W1de
6 Place an envelope Sver” the grid. Ab‘out how many \ 2. Hold the Square up W1th one51de on the floor to see how
squares does it take to cover the envelope? ' big it is. v
N - m? . C3 Place thesquareomhe floor in a comer. Step back and
) 1. Measure the langth and width of the envelope in centi- e . look. Seehow muc\h floor space it covers.
A ~ metres. Length em width_____cm, _ 4. Placg the squar vera table top or desk to see how
‘ Multiply to find the area in square centimetres. | L much space it cob
s ' mx__.. _om= em. How |
v close are the answers you have n 6. andin 7.0 5. Place th&quare agamst the bottom'of a door. See how -
J'f C . Sl\ ' . ' muchgf the door it covers. Howmany squares would it
\} ' ’ ., take to cover the door?” m’ ‘ Q
L \ g | THIS I HOW B A SQUARE METRE IS _‘
0 :. ,.I“ * ,‘ N ' J-/\ ‘ ," ) ‘\ B .‘
THE CENTER FOR VOCATIONAL EDUCATION o o , Exercise 2
: ' - S . N (continued on'nexfhage)
. . ) . ¢ / » ' , . - . - ‘ . l‘
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~BeveLor vour ABILITY. TOESTIMATE IN SQUARE> | -+ CENTIMETRE GRID

METR S () N s N T { | T T = '
T ' ‘ . ‘. ' Lo ' 1 . , |
You are ready 0 estimate in square metres. Fo}low the [ I N t

procedul&s used for estimating in metres. .o ,} | “ o ] . R
. ‘ o . b | . ! {
"/\ o ' .~ HowCloke | -l, ‘ — : :

. o Estxmate Megsurement Were You? ‘ | ’
, o (mi) (m*) . P o
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VOLUME MEASUREMENT ACTIVITIES . Y Y S

CUI)IC Centlmetre thre Millilitre, Cublc Metre,,

. "., [N |
. 1 J %
‘e v ) ' . b‘ ' \'
Y, @ ) . , \ , . '

i THECUBICCENTlMETRE (cm) ; S ' RN
| | | B. DEVELOP YOUR ABILITY TOESTIMI'PEINCUBIC
' CENTMETRES

‘I v " . / . ) J
You are now ready'to develop your abll'lty to estitmate
vin CUI)IC cen 'metres e

\ DEVELOP AF EELING FOR TIIE CUBIC CENTIMETRE v

e

A

. Ptckupacolored plastic cube. Measure its length
4 ‘heigh't, and width in centimetres.

. N
. , ) TI‘I.‘(T 1S ONE CUBIC CENTIVETRE! - S A & t
X ;"" 4 emember the size of a cubic centimetre, For each of:
2. Find the volume ofaplasnc litre box. I AT the followmgl ms, use the procedures for estlmatmg in
y . f . metres. CoL ‘
a PlaceaROWof cubes against the bottom of op '1de ¢ o \ How Close
of the box How many cubes fig in the row? N fte Mbasurement _ Were You?v
\’ .; - b.Place another ROWo&cubesagamstanadJommg side a T (cm , fom?) . v
;' ofthebox. How many rows fit jnside thebox . 17 Index Cafg.fﬂ&[“‘ r[’ ' S
" to make one Iayer of cubés? ! i ’I ! S box. : - .
o * How many cubes meach row?_. | ""‘9\ Freezet containey. — —. [/
» "~ How many cubesin the layerm the bottom of the 3 & "8 Paperclip por —
; box? | | % 4 Boxofstaples. - _ __ s
¢ StandaﬁOWofﬁbesupagamstthes1deofthebox ) - ,' tet, L
o  How many LAYERS would fitin Ih\e\box" — YHE LITRE (l)' ' : o
oo Howmanycubesmeachlayer" T / - SR
) How many cubes fit in the box altogether”__ ’ A. DEVELOP A FEELING FOR A LITRE I
II% " " THE VOLUME OF THE BOX 8 CUBIC -+ 1" Takea onelitre beaker and il with water
| o CENTDET 5 | B L "9 Pour the water into paper cups, filling each as fullas you
[ dMeasureIhe leng'th width, and height of the box n . "\@ally do. How many cups do youfill?
A centimetres, Length cm; width . *
—emn I ) '
height ______cm. Multlply these numbers to fmd L THAT I3 HOW MUCH IS N ONE .LITRE
" the volure in cubic centimetres. " . C 3 Ml the litre c&tamer with rice. .
| C W ey mx ___em=__ e b o THATISHOWMUCHITTAKES‘TO FIDLAONE 4
‘" Aretheanswersthesameincwndd? ' ©o LITRECONTAINER S
' 5 . \ . ' (»' ’ \ ‘ .
THE czkrznronvocmo&mnuwnoa: S R v Exercise 3
’ | S o - (continued on next page)
' ) s | R o : ‘ 1
9 Co -. I oo 0
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a\‘y

('r

i

j contamer 2
A" Bottleor]ugr / :
¢
III. THE MILLILITRE (ml) - o
There are 1 000 milllires ir one litre. 1000 ] = lht . Half
/<alrtre is 560 mllhhtres or05htre 500'ml, r
: A DEVELOP A FEELING FOR A MILLILITRE
N "
, 1. Exammeacentrmetre cube Anythmg whrch holds |
J ~ Lem? holds 1 ml. . EAVA
‘/ 2 Fila 1 milllitre measurmgspbon wrth rice. Empty the .
poon into your hand', Car ﬁfully pour therice intoa ..
imall pile on a sheet of papert .
(\: HAT IS HOWMUCH ONE LLILITRE 5 ¥
. 3._ il the 5 ml'spopn with ricefour the rice mt’enother
pile on the sheetjof paper
" Terrssrﬂ}um iS, OR ONE TEASPOON! * /

\

1 THE CENTER FoR voclinu EDUCATION
) / A

4. Fill the 15,ml speon with rice, Yourthe rice mtoathrrd
pile on the paper,

- THATIS 15 LILITRES, OR ONE TABLESPOON!

- c F] ! ; ] a /
\ }‘ - . ¢ : /J ‘ , ’ .
B bEVELOP YOUR ABILITY TO ESTNATEINLITRES Xg B, DEVELOP YOUR ABI@TY T‘ESTIMATE IN MILL[LlTRES.‘
R, v,V
Ybu are now ready to deyelop your'ahility to estimate in . &' " Youdrenow réady to estlmaxfte in‘millilitres. Follow the
litres. To write two an .oneHalf litres, you wrije 2.5 or J : procedures used for estimating metres.
- 2.5 ltres. To write origchalf ltye , you write 0, lor05 a " How Close
L lzrt‘r]%\lT: \;r;tse ]tl\tvo and three- fZ\rths litres, you write " Estimate . Measuzment ;WereY B ;
- M } o ) )
v ' o A V *.
" Por ¢ach of thefollowmgrtems use the procedures for. \ L Small]urcecan.. ‘ — ‘”
. estimating jn mem-’sf v Y How Closs,_ Sl Pﬁercup‘or tea._
i ¢ Estimate Measrﬂ‘e Were You"/[ " s OB '
. (1) gl "3 Softdrink/can.
, Medrum Size 0 ' - : "
fr@r:tamer o “ S i Botfle |
JLargeTreezer " o | |
contaer. £ 1Tt — V. THE cum(%mmr (m3)f‘/‘ A
3. Small freezer a0 \ \ L oo :

A DEVELOP A FEELING FOR ACUBICMETRE .

bR A

1... Place  one metre square on the floot next fo the wll L
2 Neasurearﬂ'etre Up thew L % .

\ [fﬁ\ Picture a box that would fitinto that space.
THAT IS THE' VOLUME OF ONE.CUBIC METRE'

~

/‘f { B. DEV‘ELOP YOUR ABILITY TO ESTIMATE IN CUBIC METREO

' each of the followmg items, follow the estimating, proced-
L‘V ures used before. -
< * How Close
"+ Estimate Medsurement - Were You" 4
O () (m’)
1 Officedesk, :
2. File cabinet, r .
3. Small room.’ .
: f
¢ , |
v
, ’
' R A
Exercise 3
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W A
\
MASS (W EIGHT MEASURILMTNT ACTIVITIES
)(ﬂogfam, GramI .
'." "v IR

The n)ase of an oh ect is a measure' of Lhe amount of matter in the

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

matter from Ehe obR&t. Weight is the term that most people {ise
 they mean mass. The weight of an object is affected by
mass,of an object is not. For example,
might be 120‘pounII
20 pounds. This dIfferencels because the pul
is less than the pull of gravity orrearth. : gz?

g{avxt j
wejght ofaperson nearth
5, that same peyso swelgﬁ}orbthe mobdn Would be
avity on the #100n
son g{rpass on the earth -

and on the moon would be the same, The metric system, dogs not
 meagure welght lt measures mass. \We will use the term mas here

'\ ) /‘ ./ ,'( 'J
The ;symbol for gram |sg N | :

, he symbol tor kIIogra'm xs kg

ere are 1 000 grams in one kllogram .ot 1000

T :

{ Halt a filograny can be wntteya as 500 g,or 0.3 kg

It quarter of a knlogram caf be written as 250 gor . kg. .
. Twoand three- fourths kllograms s writn as 275k

P
HIEKILOGRAM(kg) \',-% C

| DE\’ ELOP A FEELING FOR THE MASS OF A KILOGRAM -

1]

Usmg a balance or scale, fmd the masﬁof the items on the table. -
Before you fmd the mass,notice how heavy the object “feels”

\ ;

'v ™ . , . []
ER o/
“ ’ ' ‘ ‘ ' ’
| ‘\_" ’ ' | ) & v N
, '.'.h\ . v t 3 S ' 5
\ L. l‘kllogra X ' ) '
© 9. Textbook. -— ,
" 3. Bagofsugar _ ‘
4. Package of paper. . . R
5. Yourownmass,  .___ ,' ')
. ¢ L] )

. : .‘ \ ' , {
~ B. DEVELOPYOUR ABIRITY TOE IMATE IN KI\LOGRAMS‘
" s Forthe filowing tems BSTIMATE the mass o thebbfest n *

: - kilograms, then use the scale orbalance to fing/the’exact mass
| of the abject. - Write the exact mass in the MEASUKRMENT
o 1 column Determme how close your estj ate is:
- "How Close
Estlmate Measurement  Were You?
b by
" 1. Bagofrice. - 3 L
2. Bagof nails. '
3. Larggpurse or - : \ ‘ !
riefcase. '
4. Another person.
5. Af})'quoks..

- Exercise 4
(continued on next page)
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v
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A- - DEVELOP A FEELING FOR A G
.
1 Takeacolored plastrccube Holdrm your nd
~ Shake the cube in your palm as if shakmg
pressure on yolrr hand when the cube is m
- when it is not in motion.

THAT IS HOW HEAVY A GRAMS!

] . N ' AY
2 Take ase'c(mérbe and attach it to the hrst Sha‘ke the
" cubesin first one hand and then the other hand: rest *

thé cubes near the  4ips off your fingers, movrng your
“hand up and down.

- THAT I8 THE MASS QF°TWO GRAMS! |
3. '* Take five cubesgm one hand and shake them around.
THAT 1S THE MSS OF F1VE GRAS!
I :

Fe‘el the
n, then

N

\6 ?fo

' .
[

© gl
it ‘ (\"[ ) - L
DEVELOP YOUR -\BILITY TO ESTIMATE IN GR AMS L

re now ready to rmprove your abllrty to e<t1mate in r
Remember how hewy the 1 gram cube s, heavy
the two gram cubes are, and how heavy the five gra‘m cubes”

< are. Foreach of the followmgrtems follow the pr,ocedures ‘d

sed for estrmatmg in krlograms

«r"’ Co

T - HowClose
. Estrmate Measurem‘e‘.np Were )"ou?\ ‘.
. ) (g) (g) I»k‘ A \]_' “.\-
Two, thumbtacks. - T PR L
Pencil. | A
wa-page.letyef " ’ " ' . e
and enyelqpe, :
Nickel. |
e
mrgarine.?-&,:v:" P o
/.
I“r .
| : Exercise 4
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 TEMPERATURE MEASUREMENT ACTIVITIES

Degree Celsius -~~~ N

. “
L DEGREE CELSIUS ()

- Degree Celsius (’C)i is the metric meisure for temperature

RS
B, (‘DEVELOP A FEELING FOR DEGREE CELSIUS -

Take a Celsiys thermometer! Look at the marks on it

© 1, Find0 degrees.
WATER FREEZES AT ZERO DEGREES CELSIUS (0°C) «
WATER BOILS AT'100 DEGREESCELSIUS (100° C) |

2 Fmd the temperature of the room. C Is the

room cool, warm, or about right?

3. Put some hot water from the faucet into a container.
Find the temperature. _____°C. Dlp your fmger
-quickly in and out of the water, s the water very hot
~ hot, or just warm? ‘

4, Putsome cold water ina contamer 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 ofthe thermometer. After about three minutes
> find the temperature. °C. Your skm tempera-
" {ureis not as high as your body temperature

. NORMAL BODY TEVIPERATURE 1§37 DEGREES
. CELSIUS (37°0). ‘

= AFEVERISIYC
AVERY HIGH FEVER 1§ 40°C.

floor.

\

B, DI:VELOP YOUR AtBlL[TY T0 ESTI’\LATI: IN DEGREES

CELSIUS

For each item, ESTIMATE and write down how many degrees
Celsius you think it is. Then measure and write the MEASURE-
MENT. See how close your estlmates and actual measure-

ments are, .
How CIOSe

: Estimate Measurément  Were You?

I (v B v '

Mix some hot and .

cold water ina-
 container. Dip your Lo

fmger into the ' ‘

water. '

Pour out some of .

the water. Add some
hot water. Dip your
finger quickly into
the water.

Outdoor tempera- -
ture,

Sunny window sill. <
Mix of ice and water. ‘
Temperature at y

Temperature at
ceiling.
C A

Exercise 5,

) §

-

N
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UNIT |

i
OBJECTIVES
The student will recognize and use the metric
terms, units, and symbols used in this occupa-
tion. ‘ .

¢ Given a metric unit, state it$ use in this
occupation.

‘J 1
®  Given ameasutaent task in this occupa: v

tion, select the’ appropnate metric umt
and measurement tool,

SUGGESTED TE.%CH]NG SEQUENCE

. ) 1]
1. Assemble metric measurement tools (rules,

tapes, scales, thermometers, etc.) and
“ N\ objeets related to this occupation.
2. Discuss with students how to read the
tools;

3. Present and have students discuss
‘Informatlon Shéet 2 and Table 2

4, Have students learn occupationally-
related metric measurements by complet
ing Exercises 6 and 7,

5. Test performance by using Section A of
“Testing Metric Abilities.”

¢

v

. ‘ --—|i|¥ THE CENTER FOR VOCATIONAL EDUCATION

N

1

| 4 o .’ / .
METRICS IN THIS OCCUPATION

L]
Changeover to the netric system is under way. Large corporatlons are alredy using

metric measurement to compete in the world market. The metric system has:been used in
various parts of industrial and scientific communities for years. Legislation, passed in
1975, authorizes an orderly transition to use of the metric system. As busmesses and
industries make this metr}c'changeover emplayees will need to use metric measurement
in job-related tasks. ' =

Table 2 llsts those metric terms whch are most commonly used in this occupatlon
These termsare 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 beside each metric term. ) o

. N

" Information Sheet 2
e ‘ B J

2



o ". o "
* Metric Units for.Small Engine Repair
' . o 4 Az
Quantity - Unit r ‘ 'JJ ) Symbol Use
v : - . - ‘ " Qﬁ \ ;
Length ¢ millimetre I mm - cam shaft, spark gap, spark plug length, stroke and bore
) ! LT o tolerances, length and diameter of fasteners
( 4 centimetre " - . hose lengths co
¢ . “' .
! ’ . " /’f l :'.f b
‘Volume/Capacity } | milllitee . ¥ oml oil
" litre o ’\ | fuel tank - .
cubic centimette a : om’ cylinder.displacement . -
4, ~j ‘ |
Mass gram B v '
grease.and heavy lubricants, counter-balance mass
g kilogram kg ‘
. { :
Temperature degree Celsius ° , engine operating temperature -
1] : 1
Pressure , 1 kilopascal ’ kPlé .“ pressure differential for fuel pump, compression ratings .
, | ‘
Power kilowatt W, power of an engine
Flow rates millilitres per second mlfs
Y output rating of fuel pumps
litres per second I ¢
{
l‘ﬂ.
Table 2
. r &
. , q

13

31



14 , o ‘ .
TRYING OUY METRIC wns .|
To give you practice with metncumts fnrst estlmate the measure- / ' Estimate Actual
ments of the items befow. Write down your best guess next to the item. ,
~ Then actually measure the Item-and write down your answers using the u |/6.'Measuringcup (m%tric)
cortect metric symbols. The more you practice, the easier it will be,
: ‘7‘" Milk container
:‘ ' ") Estimate | Actual o X "
. X e . 18, Piston displacement " \
- . . o
Ler;ﬁth L . n = : —
" 1. Palm width . : + 19 Oilean : *
.9 Handspm : .. 20. Small bog or package
3. Yourheigt - | - 2L Tool box v
1. Joumal measurements T o 22 Gascan. o |
5. Thickness of a nickel . :
—_— ‘ Mass *. .
6. Thickness of rings ’ 23. Textbook o
T Foatlength 2. Nickel '[
8. Length of a lawn mewer blade v | 25. Yourself \
9. Spark plug & ( <1 26, Full fuel tank | \ 1.
v — - — L , ~ '
Area . 21. Alitre of grease
10, Desk top ¥ . : ‘
11 Classtoom floor ] o 28. Quart of o
12. Workbench | [ | Teiperature e ‘_
: — 2. Room ; ‘w
13, Sheet of paper . . / 3, o Engine operating temperature .
14, Parking lot o o {
L \ . 31._“qu@0&9 water SRS SUUSORSORPSN
- Volume/Capacity ~ | el .
. 1o Smalbotte S % Hotapwater 1. .
mnicsmﬁ FOR VOCATIONAL EDUCATION . oy | . | | L T«EXOTCiSéG
. P , | :
: Q o , ' " ) ‘ 33




o

REPAIRING WITH METRICS D . .

° 15-‘

_. 1t is important to know what metric measuremem to use. Show .
* what measurement to use n},‘the following situations. 12, Length of starter rope
| ‘ ‘j L 13. Amount of oil required for |
- 1. Volume of gas tag\ké_{ ) . anoil-fi]tértyje of air cleaner|
2. Capacity of cylinder . S ) 14. Size of lawn ﬁowqr wheels: L.
— - ' . Cda
&3 Diameter of piston head ; | 11‘,7 - : 15. Lengthbgchain saw ch(iin
A Length of avalve stem - ' |
yj5 Mass of greaseforagearﬁox )
» &6 Volume of oil for crank case )
| j;l Capacity ofaradlator -
f@. Dimensions ofasmall2or . .
. dcycle gas engine: . _ e | i

.-
-

i Lerllgth '
b Wl
Y. ¢ Height

g d. Mass

&9 gMotor specifications: L - . °

4 .?a, Cylinder bore | S - | ‘, f
« v, b Strokeofa pi@én . : - : |
"u Crnisaftlength | “ |
Crankshyft diameter— |- o | : | |

' . ' v

| 10 Length of fuel line

11u Spark plug gap

\Exércise ]

35
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L | METRIC-METRIC EQUIVALENTS
UNIT ¢) "

i

*

Centimetres and Millimetres

b

OBJECTIVE

| 3‘. L B —
+ The student wil recognize and use met- ' ‘ ] ] ] ‘ ‘ ‘
Tic equivalents. 12

¢ Givgn a metric unit, state an equivalent
Ina larger or sinaller metric unit,

Look at the picture of.the nail next to the ruler. The nail is 57 mmlong. Thisis 5 cm+ 7 mm.
There are 10 mm in each-cm, so 1 mm = 0.1 e (one-tenth of a centimetre). This means that
Tmm=07 cm,s057mm = §om+ 7 mm .
' =5m+0.7em
‘ - = 8.7 em. Therefore 57 mm iSthe same as 5.7 em.
' 3
,SUGGESTED TEACHING SEQUENCE Now measure the paper clip. 1t is 34 mm, This is the same as 3 cm ¥ e, Since each
' millimetre is 0.1 cm (one-tenth of a centimetre), 4 mm= cm. So, the paper clip is
. P —

h)

-

1. Make available the Information Sheets

, Jdmm= 3cm+4mm !
(3-8) gjn:c{‘themssr.)ciated Exercises = 3em+ 04 om -
(8- 14, oneat a time, : = 3.4 em. This means that 34 mm is the same as 3.4 cm, - '
2. Assoon as you have presented the S C e -
Information, have the students complete ' | vlnf‘?fmatlon Sheet 3
each Exercise. | o “ '
3. Check their answers on the page titled . Now ybugysome, . . ' \ o
ANSWERSTO EYERCISES AND
TEST. ¢ . | a) 6mm=_____(m e) 132 mn o= ____em
T |  b)583mm= m 1) $0mn = om
4., Test performance by using Section B of ) %imms | o ) 140mp - o

“Tébing Metric Ablities.”

d)60msom ) 2300 -

L | |

i

b | | Exercise8

j 5 . L
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i

(Metres, Centimetres, and Millimetres )

| There are 100 centimetres in one metre. Thus,

me= 2x100em= 200 cm,
dme 3x100em= 300cm,
Bme d4x100cm= 800cm,
36 m = 36 x 100 em = 3 600 cm.

There are 1 000 millimetres in one metre, so

R 2m’ 2:1000mm- 2000mm. ‘\
x 1000 mm|* 3000mm,
Gm- 6x1000mm = 6000 mm,
24m =24 x | 000 mm = 24 000 fam.

'From your work with decimals you should knowthat
one-half of a metre &an 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), 5

This means that if you want to change three-fourths of a metre to
millimetres, you would multiply by 1 000. So

0.75m= 0.75x 1 000 mA

. l-%-gxl(jOOml

1000 ,
= 75x 100™M

(Milllitres to Litres

= 75x10mm
L * 750 mm. This means that 0.75 m = 750 mm.. J
Information Sheet 4
Fill in the following chart, :
metre |\ centimetre | millimetre
m cm mm
Lol e | f
2 200 :
3 o
9 o | 4
5000
r . 41‘\"- LI I :: I A «wr
08 80 %
06 00 | c
25 2 -
148 o
. ' . 639 ‘
{ " o
N . , Exercise 9

- NE CENTER FOR VOCATIONAL EDUCATION

T 11

Thete re 000 milies i one lire. This means thal

2000 mullilitres is the same as 2 litres,

3000 ml is the same as 3 litces,

4 000'ml is the same as 4 lires,
12,000 m is the same as 12 litres. L
Since there are 1000 millilitres in each litre, one way 'to'change milli-
lidres to litres is to divide by 1 000. For example,

1000 o,
1000 mé = g0 litte = 1 litre.” < L

00 e
ZOOOmI‘%ﬁlitreﬁﬂitres. , o

. ¢

And, us a final examble,‘

ésooo L
m 1000

llﬂm Blires. ., |
| R
‘What if somethmg holds 500 ml? How many litres is thJs" ThlS is

worked the same way. ,
LA

500 ml = Ogg = litre = 0.5 litre (five- tenths of a litre ) So 500 ml '

is the same as one-half (0.5) of alitre.

-

: >

57 ml = TOW) Ixtre 0.057 lmm;ty seven thoushndths of &

Change 57 millilitres to litres.

—

. 300 3 .
: N1 ENE 4‘7
' ’ B A b ) "

litre). )

W,

-Now you try some. Complete the followmg chart

miltltres | ltres
. (ml) (h

) . -

v * Information Sheet5

' © 000 ‘ -
Y B »
' “...'«.4‘.,4. JUUT <31 q.k‘uu.u....,..”.
' 700 S ‘ ‘
. ‘ E
a BRI N
N 047
s

‘Exerciss 10 R

20
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| there are 1000 milklitres in one litre, orl litre = 1 000 nl.

- 0.65 litre = 0.65x1000ml= §50 ml.

. . \
Litres to Millilitres - 47

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

S0,

: | X
2 Btres= 2 x1000m= 2000 ml,

T, lires= T x1000ml= 7000ml,

3

13 litres =15 x1000ml=13000 m,

y,

Information Sheet 6

Now you try some. Complete the following cﬁart.

-

litres millilitres .
| ml Z
§ 8000
5
i6
32000
- 04 i
I H 053 !
. : 180 Exercise 1
) B
Grams to Kilograms '

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

2000 grams-is the same as 2 kilograms,
5000 g is the same as 5 kg,
700 g is the same as 0.7 ‘kg,'and 50 on.

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

changing from millilitres to litres,. . .. . . . . ' J
\. : : o
N - Information Sheet 7
Tr;f the following ones, |
| pams | kilograms |-
[ . ﬂ kx
' 4000 4
E 9000
24 000 .
8
300
215

A

LRICS

O THECENTER FOR VOCATIONAL EDUCATION

( .
| Kilograms to Grams

L] .
To change kilograms to grams, you multiply by 1000,

I okg= 4 x1000g= 1000g .
2B kg=2 x1000g=23000g
OToke= 05100, To0g
_ ; -
AV " Information Sheet 8
Complete the following chart,
4 kilograms frams
kg g
« 7 7000 -
N .
: 25000
0.4 |
163 ,
v | 175 Exercise 13
. Changing Units at Work .
Sonfe of the things you use in this occupatioh may be measured in
different metric units. Practice changing each of the following to
metric equivalents by completinlg these statements,
¢
2 )50 cm of ropeis - ' m
~ b)250 ml of solution is . I
¢ )5 cm diameter pipe s mm
d)2 500 g of grease is ke
¢ 120 mm of fuellineis em
f 10.25 litre of solventis - ml
g )2 000 kg of sawdust is t
h)0.5 litre of additive is ml |
1 2mofhoseis -t T
J 1500 & of hand cleaner is | kg
k)500 ml of oilis_~ ] '
1)5 cm bolt is mm
m)0.5 cm tubingis ~ * _mm
N )6 cm gasket is \_ mm

.' | ' | ) 41
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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,hj
instruments, or devices, differentia}te g
between metric and Custorpary.

« ¢ Given a measurement task; elect

‘.‘.,3;_‘,Hpve students verhally descrlbe charae- |

and use g appropriate todi in-
strument or device.

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

SUGGESTED TEACHING SEQUENCE

1. Assemble metric and Customary measur-
" ing tools and devices (rules, scales, °C
+ thermometer, dnll;bits, wrenches, mi-
crometer, vernier caliperS; feeler gages)
and display in separate groups at learning
stations,

o

Have students examine metric tools and
instruments for distinguishing character-

istics and compare them with Customary

tools and instruments.

: terlstlcs

4, Prosent or make aval!able lnformatlon
. Sheet 9.

d \hx metric aﬁq Customaty tools or
équipment at learning station. ‘Give
students?xeruses 15 and 16.

Y6, Test performance by us!ng bectlonC :

42
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SELECTING AND USING .
METRIC INSTRQMENTS TOOLS AND DEVICES

Selectmg an lmproper tool or mlsreaamg ascale 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)n a truck tire designed for 207 kilopascals (about 30 psi)
could cause a fatal accident. Here are some suggestions:

L

[

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

‘xamine 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 ga'ges such as m, mm, kg, g, kPa, etc. '

Look for decimal fractions (0.25) or decimal mixed fractions (2.50) rather the com-
mon ractions (3/8) on drill bits, feeler gages, ete.

Some products may have a special memc 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

o

L
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43



. 3
20

WHICH TOOLS FOR THE JOB? 4 MEASURING UP IN SMALL ENGINE REPAIR
Practice and prepare to demonstrate your abilty to identiy, For the tasks below, estimate the metric measurement to
. Select, and use metric-scaled tools and instruments for the tasks given -~ within 20% of actual measurement, and verify the estimation
" below. You should be able to use the measurement tools to the appro- by measuring to within 2% of actual measurement,

priate precision of the tool, instrument, or ask.

+

Estimate Verify

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

—

.+ Volume f a storage bin.

. ; / 2. Temperature of this room.
1. Fill gear box with 1.5 kg of grease. ;

8. Amounc of oil and gasoline

Q 2. Adjust fuel mixture on catburetor. for threedlitre engine,

3. Describe the difference between a customary and 2 metric 4. Work space or bench Jarge

tubing cutter. | " enough to repair engine.
o
4. Determine the pressure on a fuel pump. 3 Torque for cylinder head. |
’ ) '
6. Change spark plug(s) in small engine, 6. Find largest available entry
! info classroom,

6.. Measure the compression of a two-cycle engine.

7. The fuelline for2.12.4 k'
tractor is 45 cm. From
several eut pieces of tubing,

7. Measure a cam shaft and select the proper bearings.

8. Set ignition points on small engine.

selec\ ice for the line ¥ “
with tIt¢ least waste. s :&W
9. Determine the power of an engine, 8/, 7 ‘ T : o
' : I | R . ‘
¢ ' n * Order gréase retainer rin ‘ ECEENC
10. Pull the head of an engine and replace head gasket. = 2 seflr.\\., ;

1. Replace the fuel line. 9." Select V-belt replacement

Opanae—— "

L 10. ‘Set valve clearance,

11, Set spark-plug gap.

12. Select spark plug with
proper-reach.

J b

 Exercise 15 - | Exercise 16
w:smm FOR VOCATIONAL EDUCATION - ‘ .




METRIC-CUSTOMARY EQUIVALENTS |

o o .
. f
B 1 N N
' vo0 . L.
Cy . :
. .
[}
! !
' i
s ( . \ !
|
0

During the transition ‘period there will be a need for finding equivalents betwegn systems.
Conversion tables list calculated equivalents between the two systems. When a close dquivalent
is needed, a conversion table can be used to find it. Follow these steps:

OBJECTIVE

-

The student will recognize and use metric

and Customayy units interchangeably inorder- 1. Determine which conversion table is needed.
ing, selling, an¢ using. products and supplies in o \
this occupation. . o 9. Look up the known number in the appropriate column; if not listed, find numbers you
: : o ' can add together to make the total of the known number.
¢  Given a Customary (or metric) measure- . . k
ment, find the metric (or Customary) 3. Read the equivalent(s) from the next column.
equivalent on a conversxon table. ; T
. . \ Table 3 on the next page gives an example of a metric-Customary conversion- table which
¢ Given a Customary unit, state there- |y wan ueo for practice in finding approximate equivalents. Table.3.can be used with Exercise
placementunit. — 17, Part 2 and Part 3, ‘

' ~ | " Belowisatable of metric- Customary equwalents which tells you what the metric replace-
' ments for Customary units are.* This table can be used with Exercise 17, Part 1 and Part 3. The

SUGGESTED TEACHING SEQUENCE Symb°1~means “rRatly équal to.”

1. Assemble packages and contamers of : o

Amatenals " ‘ :
1cm > 0.39 inch 1inch ~ 2.54 cm Iml=02tsp Ttspx 3l
1m~328feet =~ 1foot=0305m ~ . 1ml=007thsp 1tbsp>15ml’

2. Present or make available Information . . , o
Im~109yards lyad~09Im . N~ 338l 1floz~29.6ml

Sheet 10 and Table 3. o
: . 1km=0.62 mile 1 mile > 1.61 km 11¥42cups  leup237ml
¢ 3. Have students find approximate metric-. |- 1 cmf *0.16sqin  1sqin®6.5 cmi 11%2.1pts 1pt 0471
ustomary equivalents by usmg i Im*~108sqft ° lsqft~0.09m’ 11=1.06 gt 1qt>0951
Exercxse 1. IR m12sqyd  1sqyd ~0.8m’ 1102  lgl~3.791
Lhectare~ 2.5acres ~~ “lacrexOdhectare ~ 1gam 00350z " Tor283g |~
4 Test perfol-mance by using Sectio D of lem® =006cuin  lcuin®16.4 cm’ 1kg=221b 11b~045kg
“Testing \Ietnc Abilities.” Im’=35.3cuft  leuft>003m’  1metric ton 22050  Iton907.2kg
Im'~13cuyd -leuyd>08m’ 1kPa~0.145psi 1 psi>6.895 kPa

'
“E" T

¥

’Adagled from Let's Measure Metric. A Teachers Introguction to Metric Measurement. Division of Educational

v @mn and Renewal, Ohio Department of Education, 65 8. Front Street, Columbus, OH 43213, 1975
mnecmm FOR VOCATIONAL EDUCATION . j

Information Sheet 10
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Y CONERSONTABLES o
MLLMETRESTOINGHES - o
mm Inches mm lnchgs mm Inches mm Inches
100 3| 10 039 S 1 01 - 0
' 20 18 | w om 2 0.08 02 0008
300 1181 I N I YT, 03 o
07 15w 0 157 4 0.16 4 0 B
500 B8 | 50 1y 5.0 05 0020
600 2362 60 2.3 6 0 06 0024
W s | o s | 1 om 01 0028
800 25 | w 315 8. 03l 08 0031
MW B | W 3 9 035 09 0035
fé | 1000 mn or 1 metre = 39,3 inche :
* INCHES TO MlLugiE%fREs‘ | , v
Inches 1’mm | Tnches ' mm Inches mm Inches mm
1 254 0 2 NI Y 0 003
2 - 508 | 02 . 58 2 051 02 005
3 2 05 182 B ot 00 - 008
4 1016 R L T YRy
5o e onm TS = LA S S 5 I
6 Tl | 08 15 % L2 f 6 015
,_ 1 oms 01 1178 " 18 oW o
B a2 BT Y %2 M 0
9 f 26 | 09 0% 9 29 0 g3
I 10 inches = 254 A

12 inches or 1 feet = 304.8 mm or 30.48 cm ’

mmzczmm FOR voc’)mom EDUCATION, ' Table 3
‘ .




- ANY WAY YOU WANT IT

T - L

- 1. Your are working in a repair shop. With the change to metric ¢) 2omm = . h‘) Din. = o
meaﬁurelmentsome of the things you order, sell or use are f) 0028in. = mm|i } 150mm = in,
marked only in metric units. You will need to be familiar with - — - —
appropriate Customary equivalents in order to communicate g) 125mm - in. 13 ) 1000 = -

with customers and suppliers who use Customary units. To
develop your skill use the Table on Information Sheet 10 and

‘give the approximate metric quantity (both number and unit)
for each of the following Customary quantities. )

Customary Quantity ~ Metric Quantity

a}2]bs.o\f‘grease _ : x

b) 4 qts. of cleaning solution

¢) 1gal, of kerosene

d) 10 gts. of motor oi !

¢

Complete the Requisition Form using the items lsted, Convert.
the Customary quantities to metric before filling out the foym,

Complete al te information (Date, For, Job No., ete.). .

Requisition one of each of the following:

a) 1lb. of gear box grease S

b) 41t starter rope
¢) 1qt. gasoline tank
d) 3 ftuof 1/8 in. LD, rubber el line
e) 61l oz. can of engine spray paint

¢) 181n. fuel line > T \\ :
£ ) two-gallon can 4 : ’ - |
g) 308 ofairhose - ! Date i,

. h) 4l oz. of additive""“,if‘ | . For, -
i ) two-mile distance ) '
j ) 2in.bolt E Job No, Date Wanted __

* k) 211 0z. of silicone spray

o s | Deliverto ,‘ ‘
| ) 11b. of hand cleaner | o )

m) 1 gallon of solvent L QI[N ITEM
|n].1 ft. length 6f gasket material ‘ . | o
9]1/4 in. drill bit . . '

T . ¥

2. Us the|conversion tables from Table 3 to conv’:art the following:

"a‘) 0009in, = mmfc) 12in. = mm . Requested by -
" b) 102mm = in. |d) 18in, = o | Approved by
‘%amumvocmwmwwm | ) - Exercise 17

'
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SECTION A
1. One kilogram is about the mass
ofa: v
: ' }
[A] nickel
|B] "apple seed
"€ basketbal ~/

‘ (D]-‘ Volkswagen “.Beetle“' |
" 2, Asduare metre i gbout the'
weaof, ¢
| [A] this sheet of paper
(B] acard table top l
IC] a bedspl;ead

(D] a postage stamp

. [
3. The displagement of an engine

would be measured in:
fA] cubic centimetres '
(B] millimetres
(C) ki]ogramg
[p] square metres
4, ‘The mass of gear-box gfease i
measured in:
[A] millilitres
: [B] cubic metres
[C] centimetres

(D} kilograms

8. The correct way to write twenty

-
[A] 20 gms
"(B] 20 Gm. .
[C] 20q.-
[D] 20¢

. 6. The correct way to write twelve

thousand millimetres is:
1A} 12000 .

(B] 12,000 mm

[C) 12000mm

(D] 12000 mm

SECTION B

7, Ablade 60 centimetres long
 also has a length of: |

(A] 600 millimetres /
" [B] 06 millmetre
(C] 6 millimetres
[D] 6000 m;']]‘ir‘ngtms
8. A hose 3 metres loﬁg is the
same as: ‘
(A} .30 millimetre .
{B) 300 millimetres
C] 30millimetres

ZR (D] 3000 millimetres

F]

SECTION C

9. For measuring millilitres you
would usea:

(A} container

(B] pressure gage

[C] feclrpageornde

(D] scale
10. For measuring kilopascals you
would use a;
(A] bressure gage
' [B'] rule or feeler gage
[C] scale

(D] contaiher

1

THE CENTER FOR VOCATIONAL EDUCATION
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i
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1. Estimate the length of the lne
segment below: N

SECTIOND z

[A] 23 grams
[B] 6 centimetres
(€] 40 mil]imetr;s
(D] 14 pascals ) '

12. Estimate the length of the line
segment below: \

——

[A] 10 millimetres

{B] 4 centimetres,

{C] 4 pascals

(D] % miligams ,

’

[ 4

13. The metric unit for liquid measure

which replaces the fluid ounce is;

(a) hectar; o

'B]  gam -
(€] . lite 5
D] millilitre

14. The metric unit for mass which
replaces ounces is:

./

Use this conversion table to
answer gfiestions 15 a.nd 16.

AN
mm’ in, in, mm
10 03 | 1 ¢ 54
o 079 2 50.8
30 118 362
0 15 4106
50 19 51910
60 236 6 1524
0 276 7 M8 -
80 315 8. 2032
90 354 9 2286
100 . 394 10 240

¢

15, The equiv.alent of 110 mm is:
[A] 433
~[B) M5in

] 2in,
1) 275in,

16, The equivalent of 18 in.is: ( \

(A] 1800 mm
[B] 451.2mm
i) +180 mm
(D) 2547 mm

[A]  kilowatts )

(B]  \grams f

AC).... kilopaseals. ... ... .
(D] metres

“_ TESTING METRIC ABILITIES

-

L}

Y
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 ANSWERS T0 EXERCISES AND TEST \ o | P

. )() '
EXERC[_SES | THRU 6 Exercise 10 . Exercise 13 ’ Part 2. .
. The answers depend on the items * ‘
used for the activities. willilitres | litres 'kilgéams gragms E; gjg;:nm
. ' . ‘ ml | . B : ' R
EXERCISE 7 ‘ _‘ ¢) 304.8mm
. Currently gecepted metric units of 3 000 J i oy : d; 4672mm
:neasure‘nl for each question are 6 000 (6) 11 ‘il 0001, e) 1083in,
shown in Table 2. Standatds in each S0 18 (258) 25 000 . f) 0.71mm
«ceupation are bei‘ngestablished‘ 14000) | - 0.4 7.. (400) . g) 49
NOW, 50 an‘swers iy very. TR (8??5) ((lggg') ] ) 5098 m
 EXERCISE 8 - 300 [ 03 i ; ; 353%?;
Sl -+ 700 (0.7) ‘ ' ' w0 1AL
2 lbem el 132cm : : ,
o) 3dem  f 802em (007, ] 08 Exercise 14 ,
¢) 9dem g) 140.9cm- 250" | (0.2 w a) 5m h) 500ml .
o 00 880em b 20Tem T a0 | G4T b) 0%lre i) 2000mm  pyy \
215 | (0.275) ¢) 50mm . j) 05kg U
Tables are reproduced in total. An- Exeteise A1 e) 12em 1) %0mm .. b) 122m
SWETS are Q1,n parentheses. . . () %50ml n) Smm ¢) 095 litre
o : itres | milllitres), ® 94 ) 60 d) 0.915m of
 Exetcise 9 o N P D 2 ' n) 60 mm 0318 em
metre | centimetre |‘milimetre| | g 8000 : . C . e) 1776ml
m | em | mm | . 7T Goy| EXERCISES15AND , ,
] 100 | 1000] 45| | (46 000) The answers depend on the - ' | |
3 20001 (2000} | (3(2%‘ . 32(288) - items used for the activities. TESTING METRIC ABILITIES
3 (300) {7 (3000) —_— - ' - '
, ' 1053 | (530) ' L€ 9 A
‘ 9 (9000 { (9000 . -
po [ e | swo) . O] 480 EXEROSE 1 BB DA
N g 4 D 1 A
i N (800)1 = ' a) 09k i) 3%km | E D L
0..6 (60) [\ 600 -\-’ prams |, kilograms| - ) 3flitres ) 5.08 cm ¢ 2 II)) ij BD
(0.025)] ;7EE£L,5’ BN L8 ] 8 o) i ¥) sim C o h
10.1-18) 114.8) 148 1000 | d) 9.5 litres 1) 045k | 8-‘. D 16.- B
530 Eﬁ:639 TN :; Bim ?; i, % 0B Zﬁ
' 423000 | (23) ‘ ' , GVo m ‘ .
- o e oa ] b usdnl

| RN ) - _
THE CENTER FOR VOCATIONA( EDUCATI8N ' \ . ! A
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 SUGGESTED METRIC TOOLS AND DEVICES
NEEDED 70 COMPLETE MEASUREMENT TASKS

IN EXERCISES 1 THROUGH 5
(* Optional) .
LINEAR Cr MASS
 Metre Sticks * N Bathroom Scale |
Rules, 30 cm *Kllogram Scale
Measuring Tapes, 150 cm *Platform Spring Scale
*Height Measure 9 kg Capacity
* 10 kg Capacity
Metre Tape, 10 m o
*Trundle Wheel ’ Balance Scale with S-plece
* A1e Measuring Giid mass set
e eastirng B *Spring Sale, 6 kg Capacity
VOLUME/CAPACITY TEMPERATURE
*Nesting Measures,‘set of 5, :
50l 1000 ml Celsius Thermometer
Economy Beaker, set of 6,
Omi-1000ml ¢
Metric Spoon, set of 5,
Im-25mf )
Dry Measure, set of 3, - T
50,125,250 ml Do
_ Plastic Litre Box
Centimetre Cubes

BN
f | ‘

4
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hardware, and school suppliers. Also, check with your school district's

SUGGESTED METRICTOOLS AND DEVICES

NEEDED TO COMPLETE OCCUPATIONAL
MEASUREMENT TASKS

In this occupation the tools needed to complete Exercises 6,
15, and 16 are indicated by “¢.” ,

Assorted Metric Hardware—Hex nuts, washers, screws,
cotter pins, etc.

Drill Bits—Individual bits or sets, ®mm to 13 mm range
Vernier Caliper—Pocket slide type, 120 mm range
Micrometer—Outside micrometer caliper, 0 mm to 25 mm
range
Feeler Gage~13 blades, 0.05 mm to 1 mm range -
Metre Tape—50 or 100 m tape
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,
hex Key sets
J. Weather Devices—Rain gage, barometer, humidity, wind
velocity indicators
! Pressure Gages—Tire pressure, ai, oxygen, hydraulic, fuel
etc.
' Velocity~Direct reading or vane type meter
Road Map—State and city road maps
Containets—Buckets, plastic containers, efc., for mixing
and storing liquids
Corttainers~Boxes, buckets, cans, etc., for mlxmg and
stormg dry mgredlents

* A

Sax

-
-

==

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

math and science departments and/or local industries for loan of their
metric measurement devices,

lMeasuring devices currently are not available, Substitute devices (i.e., thermometer)
may be used to complete the measurement task. :

“Tools and Devices List

o7



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 5. Front Street, Columbus, OH 43215, 1975, 80 pages: $1.50,
must include check to state trensurer

Activity-oriented introduction to the metric system deslgned for indepen-
dent or group inservice education study. Introductory information about
metric measurement; reproducible exercises apply metric concepts to
common measurement situations; laboratory activities foy individuals or

groups. Templates for making metre tape, litre box, square centimetre gid. -

Measuring with Meters, or, How to Weigh o Gold Brick wiHIl u Meter-Stick.
Metrication Institute of America, P.0. Box 236, Northfield, 1L, 60093,
1974. 23 min., 16 mm, sound, color; $310.00 purchase. $31.00 rental.

Film presents units for length, area, volume ana 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 are illustrated in mterestmg

and unforgettable ways,

Metric Education, An Annotated Bibliography for Vocational, Technical and
Adult Education. Product Utilization, The Center for Vocational Edu-
cation, The Ohio State Unisersity, Columbus, OH 43210,1974, 149

. Pages; §10.00.

Comprehensive bibliography of ifistructional materials, reference materials
and resource list for secondary, post-secondary, teacher education, and
adult basic education. Instructional materials indexed by 15 occupatxonal
clusters, types of materials, and educational Jevel.

Metrie Education, A Position Paper for Voc&tiona[, Technical and Adult
Education. Product Utilization, The Center for Vocational Education,
The Ohio State University, Columbus, OH 43210, 1975, 46 pages; $3.00.

Paper for teacﬁen, curriculim developers, and administrators in vocational,
technical and adult education. Covers issues in metric cducation, the metric
system, the impact of metrication on vocational andPtechnical education,

, implications of metric instruction for adult baslc education, and curriculur
and instructional strategies.

Metric Practice Guide ASTM E 380-72¢. American Society for Testing and
Materials, 1916 Race Street Philadelphia, PA 19103,1972, 34 p,,
$1.50, paper.

Detailed presentation on SI units and symbols, style and usage, rules for
conversion and rounding, Appendices on terminology, development of
S1 units, and conversion factors. Includes current base and derived S
units, and approved deviation from SI.

[}

3

Metrics m(arv(’r Education, Lindbeck, John R., Chatles A, Bennett Company,
Inc., 809 W. Detweiller Drive, Peoria, IL 61614,1975, 103 pages,
" $3.60, paper; $2. 70 quantity school purchase,

Presents metric units and notation 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
learning activities for student use. Appendax inclydes conversion tables
and charts. ,

\

Taking the Tricks Out of Metrics. Metric Training Department, Creative -
Universal, Inc., Tower 14, 21700 Northwestern Highway, Southfield, MI
48975, 1976, 4 booklets; $3.00 each, $12.00 set, dnscopnts

Series of booklets presents step-by-step directions, questlons, answers on
how to read metric measurement tools: rmcrometers vernies calipers, rules,
dial indicators.

METRIC SUPPLIERS

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

Industrial quality micrometers, steel rules, screw pitch and thickness gages,
squares, depth gages, calipers, dial indicators, conversion charts and guides.

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

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

Thel. §. Staett Company, 121 Crescent Steet, Athol,MA 01331

Machine tool precision measuring devices, micrometers, calipers, dial
indicators, steel rules.

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

Metnc automotive hand tools.

INFORMATION SOURCES

¥

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

DC 20036, o

Charts, posters, reports and pam;ihlets Metric Reporter newsletter. I\anoﬁal

metric coordinating council representmg industry, government, educatlon -

professlona] and trade orgamzptnons ’

National Bureau of Standards‘ -Ofﬁce of Informatxon Activities, U. S Department

of Commetce, Washmgton DC 20234, Y SRUERS

Free and i  inexpénsive metric charts and publications, also lends films and - v f

displays, 4
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