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De51gneﬁ to, meet. the job~related metric measurement
needs of diesel mechanics Students, thils instructional package is one r B
of four for the transportation. occupatlons cluster, part/of‘a set of

55 packages for metric.instruction in different occupations. The
"package is.intended for students who-already knov the occupatlonal
¢ermanology,‘neasurement terms, and tools currently in use. Each of

the five unit's in this instructional package contains performance‘
objecﬁlves, learnlng act1v1t1es, and supporting information-in the

 techniques are included. At the back of the package are
ogjectlve—based evaluation items, a page of answers to the exerc;ses -
and tests, a list of metric materials needed ‘for the activities’
references,” and aslist of suppliers. The material 'is designed tq

acconmodate a variety of individual teaching

f text, exercises, and t&bles. In’addition, sgggested teachlng

dnd learring styles,

€eJay 1ndependent study, small group, or whole-class act1v1ty. »
Exerc1ses are intended to facilitate experlences "with measurement &
“instruments, tcols, apd devices used in this occupation and _ i -

job-related tasks of-estimating and measuring. Ungt Ig
provides

introduction to the metric system of meastrement,
hands-on experiences for the students. 'This unit enables students td .,
become familiar with the basic metric units, their symbols, and '

measurement instruments

a general

formal, “‘

'and to-develop a set of mental references:

d \ for métric values. The jptrlc system of notakion also is.explained. .
Unit 2 provides the metric terms.which are used in this occupation

and gives experlence with occupatidpal measurepent tasks. Unit 3

focuses on job- -related metric equlvalents and their relationships.

Unit u provides experlence ‘'with regognizing and using metric

-

1nstrumea¢$ and tools in occupat1 nal measurement tasks. It also N

provides
instrumen

ccnverting -Gustomary and metric measurementsb,a/s
useful s@uring #he tran51tlcn to metric in each occupatlon.

ixpe

rience in comparing metric and-customary measurchent

Unit 5 is designed to give students practice in -
kill considered - ~o

-

(ED)

Documents acquned by ERIC include many informal unpublished materials rot available from’ other sources. ERIC makes every

effort to obtain the best copy
quality of the microfiche and

_\)

wll Toxt Provided by ERIC

ailable. Nevertheless, items of marginal reproducibility are often encountered and thxs aff

Ydcopy reproductions ERIC makes available via the ERIC Docume
is not responsible for the quality of the original document. Reproductions supplied by EDRS

ERICrnal o

[
- e

~
t

A

ts the
Reprodyction Service}(EBRS). -
e the best that can be made from,



, ’ . ) T
N . . .
O L ;l . , R
. ,g o
4
;
i

.7

"

o / //' / ", //
o ' v , / ///////// ///// ///////}(//’//7 4 //’/ /’ / ///////// ///’ //W// //"”/ ///// //
b X . ;
) S ;
. PR o 7 7 4 / " / ’ /”// "
0 ) ’;/,/{ ‘ - /% ////,,/ // /////,////// /////,,// ///, / /////,/ /4///:;, / /////,// // 7//@///@ M,/ 5//; // ( a/////////
m ]. - ‘/‘{ i) / ////// i / //////// ////// //////// //////// /// / ////////// ///// ////////// ///////
I\' - | .‘.’ : , ' . | ' H /
e /,,:’/f/é/ o 0o //,,/,,,,/W/,//,,,,, Pt /”;/
o , /,/- ‘ 4 /, 4 //,,,/// /,,,/ //),,/// //,,,,/ /, ///, , // / / ’/////// ///// / ’/w/// ’//////// 7 /,,,,/ /'
‘Dikl 1. .// R ) ,‘ 4
K L ‘ : / //// ", /// i /// ”/, /// & ’//
Wy 4/ /’%/// ,/,,,,, /5%,/;/%/ ' EAY Y w; /;/ ¢
o L % / ////// // é / //’////// ///,// ’/////}/’/////// /’///// 4 // W’///// /”// //”///// ”“’/
‘ ", ' // / ,/ Yy / /// /
T ,M///// //,// M/ ///,,,/ M/ / /4 ”////// ”’ /””’/””’ /’”/’/
‘ . \ , T // / /////// //////4/// ,/ ///////////,/ //‘ ///// /) /////////////,/ //// ////,/ /w,
. . ' - //////// ////// / / //// ///////
} B ///'///// / /4/ ////////’/7/
i - r | o j//// //////// W /////// "t / ’//// 10l W ) "o
’ e ' / 1 )
| ! . i :
A : /// / "y // Wy, ¢ , //// 1. // iy, W
s /////;///Z/M//,///////’////////Z/ / ”// ///4/ ///’/ //”////2 /{/}/ /j
. / ///

///////// //// h / //////// //////// / //// /// // // /@W ////// /////// /////////

for
|cs

: t ‘ / // 7 / 7 //// / /// /f//, p
o o //f/// /////// //’/,/’/// //M/,,,,, metrl
' .E'*i":-x, . / // //,// / 4 // ’////// ///// / ’////// ////////

W
h’Q o C V/////// /// ///// 7
v‘ ' | : '.-" ,////,/}/ /// /// é//

/ / ////// ///, %ﬁ Tl ’/////// / //////
| . . DUCED EXAGTLY AS RECEIVED FROM
\ o ‘ ( / ;:E‘PEHSON OR ORGANIZATION ORIGIN
' INGIT POINTS OF VIEW OR ORINIONS
y . //ﬁ // /// / / ///// /////// / ///// ///// /’/// STATED D0 NOT NECESSHAILY REPRE //
L / / ///// / ////// ////, SENTOFFICIAL NATIQNAL INSTITUTE OF
EDUCATION POSITIONAOR POLICY
Q ‘Ma.m&émvmmwuum ///// //{ ,///////,,//// / / / /, ,,/,// / /

€
\] NATIONAL INSTITUTE OF . //
; EDUCATION “

+ THIS DOCUMENT HAS BEEN REPRQ

/ ,/// -
////// //////,, //’///, // N usumnmenrommm "
,////// / DUCATION BWELFARE "y,



3

, THE‘METRIQ SYSTEM -

¢

TEACHING AND LEARNING . *

b
* This metrig mstructronal package was designed to meet job-related

metric measutement needs of students. To use this package students.

should already know the occupational terminology, measurement
terms, and tools currently in use. These matérials, were prepared with

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

in classrooms in different parts of the United States and revrsed before
distribution, :

'
V f

Bach of thé fivé units of, instruction contains performance objec-
“tives, ‘learning activities, and supportmg information in the form of
text, exercises, and tables. In addition, suggested teaching techniques

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

items, a page of answers to the exercises and tests, a list of metric
materiais needed for the actrvrtres references and a hst of supblrers

.’.

......

* Classroom experiences wrth thig instnictiorl package suggest the

followmg teachmg learning strategres

| r‘l. Let the first expenences be mformal to make learmng the metric

\ éysten) fun | \
2. - Students learn better when metrrc units are compared to familiar

objects. Everyone should learn to “think metric.” Comparing

~ metric units to customary units can be confusing.

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

, by ‘domg

:4. Stydents should have experience wrth measuring activities before

gettmg too much information. . )

) Vlove through’ the ynits in an order which empt@smes the sim. .

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

6. T}ach one eoncept at 3 time o avoid overwhelmmg students with

too much material. ‘ 'y

’ Umtl 1s 2 gene&ljmtroductron to the metric system of measuQ

ment, which provides informal, hands-on experiences for the stude

Thrs unit_ enables students to become familiar with the basic metric
units, their symbols, and measurement instruments; and to developa

. set of mentalre‘feren\ces for metric values. The metric system of nota-
‘G lso is explained. - | 7

Umt ) provrdes the metric terms which are used in thrs occupatron
and gives expenence with occupatronal measurement tasks, ,

Unit 3 focuses on job- related metnc equrva]ents and their relation-
ships. o " :

~ Unit4 provides experience with- recognizing and using metnc
instruments and tools in oqcupatrona] measurement tasks. 1t also pro-
vides experience in comparmg metric and customary measurement in-

- struments.

. Unit 5 is designed to give students -practice in converting custom- -
ary ‘and me metric measurements. Btudents should learn to “think metric"

+and avoid comparing customary and meltnc units. However, skl with
~ conversion tables will be useful durmg the transition to metric in'each

occupatron ' - oy

Usrng These Instructional Materrals o ,

This package was designed to help‘ studentsv’l‘eam a core of know...
edgezabout the metric system-which they will use on the job. The

exercises facilitate experiences with. measurement instruments, tools,
and devrces ‘used in this occupatron and job- rel;ted tasks of esnmatmg

——
andmeasurmg , . iy

This instructional package also was designed to accommodate a
variety of .dividual teaching-and learning styles. Teachers are encour-
aged to adapt these materials to'their own classes. Fer eyample, the
informétion sheets may be given to students for self- study References

:may be used as supplemental resources. Exercises may be used in inde-
.. pendent study, small groups, or whol’e-class activities., All'of the -

materials can be expanded by the teacher. '

GloriaS Cooper |
" |- Joel H. Magisos c
Editors

.
t

This publication was developed pursuant 1o contr&t No. “0EC.0-74 9335 with the
+Bureat of Occupational and Adult Education, U.S, Department of Health, Educa: -
tion andWeltare Howevurt the opinions expressed harein do not necessarily
" reflect the position or. policy of the US. QOtfice of Education and no official
« endorsement by the U.S Office of Education should be infered.
t




- SUGGESTED TEACHINCSEQUENCK«

"UNIT |

J

These introdoctor'y exercises may require
two or three teaching periods for-all five
areas of meaSl\rement.

Exercises should be'followed in the ordgx

given to best show the relationship~.. -
between length, area, and volume

Assemble the metric measuring devxces

(rules, tapes, scales, thermometers, and . ,

measuring containers) and objects to be
measured. *

. Set up the equipment at work stations

for use by the whole class or as individu-
alized respurce activities.

-+ Have the students estimate, measure, and

record using Exercises 1 through 5.

Present information on notation and *
make Table 1 available. -

Follow up with group discussion of
activities.

p

*QOther school departments may have devices which
can be used. l\letnc suppliers are hsted in the reference.
section.

W

¢

THE CENTER FOR VOCATIONAL EDUCATION

.d,(

OBIECTVES . . ¢

Thesstudent will demonstrate these slulls for the Linear, Area, Volume or Capacity, Mass, and
Temperature Exerclses using the metric terms and messurement devices listed here.

1

| ] O bmosss |
\/:KILLS e v . ,
¢ - \5 ©, Linew™ Ay Volume or Capacity |~ Man Tempersture
3 | eS8 | ipd8) lwfr-lol ' 1) -
i : ‘ ’
™o ‘ , A
1. . Recognize and use the millime.lre {mm) square " cubic centi: gram i) degm Celsnul i
unit and its symbol for; ! ‘ coentimetre | * metre  (om?) . (C)
centimetre (cm) (em?y kilognam  (kg) |
2 Select, we, and read the ‘ ‘ cubic metre * ‘
approprinte measuring |- metre (M), ] square . ’ m’) * '
instruments for: . - matre . K
o o (m?) lie (1)
3., State orshowa . / . o ‘ ! )
. phys: drelerence for: o ! milllitre (ml) /
. ] * ! o .
LAE ; ' '
-l,el Estimate within 25% [  height, width, or thewrenol | capeity of the mass of objects | the tempetature of
of the nctual measure length of objects aqiven burface] containers in grams and kilo- * |~ the air or a liquid ’
~ ’ , P ‘
ro 4 B .
15, Réxd coreetly . . metre stick, metrie » measurements 4 kilogram seale A Celsiua thermometer
| tape mesure, and on fraduated - | and n-gram scale
metric rulers volume measur- ‘
in’dtvicu
[
I e
‘\ , ¢
. ";
' RULES OF NOTATION a
1. Symbols are not capltahzed unless the umtlsaproper name (mmnotMM} .
2. - Symbols are not followed by penods (m not m.), TN .
3. Symbols are not followed by an & for plurals (25 g not 25 gs). -
| I

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

5. Spaces, zFot-commas, are used to separat/e large numbers into: groups ofthree
dlglts( 271 km nof 45,271 km).

A zero precedes the decimal point if the number i less than one (0. 52 ghot 52¢).
Litre and metre can) be spelled either w1th an -Te or -er endmg

.
] P" v } , M
(N

Information Sheet 1
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METRIC UNITS, SYMBOLS, AND REFERENTS

N
- ! . ']
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.
.
'

o

1 ~

!

A
A}

v

Ao

? V)‘
J
[y
.

. : -
| \
' N
: THE CENTER FOR VO‘CATIONN‘.“EDV(ON

. T
Quantity - | Metric Unit Syjnbol | Useful Referents
Length | millimetre mm Thickness of dime or paper
R . o clip wire R
o : . / L
» | centimetre an 7 | widthof paper clip
| metre _Im ", | Height of door about 2 m
kilometre km 12-minute walking distance - *
' !
Area - isquare . | Area of this space '
centimetre - , - em’
s ‘
square mette ; n’ Area of card table top .
heetare ‘tha | Footballfeld incloding sidelines
| . -and end zones
Volume and /. | millilitre mb, | Teaspoonis5ml
Capacity litre I A little more than 1 quart’
] ' ) ¥ .0
cubic , -
centimetre em’ Volume of this container >
: \
v — l'"ll .
cubic metre 7 1m’. Alittle more than a ctibic ya'rd
o . B X
Mass, : ‘gnill_iﬁalm R ¢ Apple seed about 10 mg, grain of
L o . alt, 1 mlg
hgram N Nickel about 5 §
< kilogfam kg\‘ . | Webster's Collegiate. Dictionary
i X
' metricton ¢y
(1 000 kilogramsh [t /* Volkswagen Beetle - .
erowee . el "

 Tableta

{

I

4

}

" METRIC PREFD(ES

'
4

" Multiples and

Submaultiples P“’ﬂ‘“ v Symbob -
| ronono = 1ef ,’;‘egh(?r'g’a)"' ‘W
N e Kiog#l(3) .| k‘;:
, | 100:19? }*-hg‘cto(hﬁc’t'a) -
t0=10' | gekeGikE) |1
.'BaseUnit1=‘10° | '[‘ |
.' o1=10? | det) | 8
/ ' ‘\(1.01:'10'2 centi(s?n’t‘ij)‘ c
o= 0 APl ) | m
;’ 0.900001:.10["’ | micro (m¥kro) i
. . "
C . Tablet-b
' " '
S
|
y

@ .
“ $
:
v
s
)
»
1]
’ LA
1 4 . V‘/’
LR
s ’ L
!. 0 )
! !Ra..
v
p “
o \
[
» »
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) LINEAR MEASUREMENT ACTIV ITIES
Metre Centlmetre Mllhﬁletre

I THE METRE m)

A DEVFLOP A FEELING FOR THE SIZE OF A METRE

1. Pick up-one of the metre
- sticks and stand it up on the
~ floot. Hold.it in place with
one hand. Walk around the
stick. Now stand nextto
_ the Sick. With your other
N hand, touch yourself w ¢
v, the top of the metre st «

: comes on you. |

i

¥ THAT IS HOWHIGH A METRE I8!

\

! . 1]

( o \
2. Hold one arm oyt straight
at shoulder height.. Put
the metre stick along this

arm until the end hits the -
end of your fingers. Where
A is the other end of the
. fette stitk? Touch your- 1.
self at that énd.
. THATISHOY LONG A METRE 15! ‘ R
o J , S .
, . f 5.
L] .\ \ |

B.

N ' ' ! oo &4

3. Chooseaphrtnertost:nd

“at your side. Move apart \
50 that you can put oné’ B

- end of a metrestick on
syolir part ner's shoulder

* and the other end on
your shoulder. Lkok at

, the Space between you

THAT 1§ .THE WIDTH OF A METRE!

DEVELQOP YOUR ABlLITYé‘O EST[MATE IN METRES )

Now you will improve your ability to estimate in metes. |
Remember where  thadength and hEl%ht ofa metre wason your '
body . ) \ ;. \, W '

For each of the fotlowing items;

L . :TR"_ ! 3 "
Estimate the size of the items and write y(Mte In the
ESTIMATE colum, Measure the size with your Metre stick
‘snd wrlte the answer in-the MEASUREMENT column

\whecide how close your estimate was .to the actual | megsure, P
your estimate was withir 25% of the actual measure you ate a -
“Metric Marvel i «

4 J

v ) 4

. . . How Close ,
: ,‘ Estlmate Measurement Were You? ¢
: () “(m) . ‘ |
Height of door knob : / v | i
flfom floor. -/ ' .?
Height of door. . e ("""
Length of table, " - s |
Width of table. B . .
Length of Wi LQ{\ I |
this room, , - ‘ )
Distance from - _ f
you to wall, N
"o /A Exercise !
" {continued on next page) 11

1 -5



e ‘;” , , ’ " . K §
’4 ‘l.d ’ "\ . ) ' “ . ’ ;\ 4 5\.-’ \.“"' '/“/ : r.c l""
u *rm: NTIMETJRE (enn LT . THE MILL!METRE (mm) RN VA
P fe PRV L& r . ) i
_;« T})eremeAOO rentametrec in ong m mefre. If there 5}94mptre< nd . t ’There arelOmthmetre{ nfrpnhmejro WneJQa meaqurepu##
3cent1metre< you! wnte403 cm[ % 100 cm)+3cm 400 cm’ ' 2cent1metres and 1 mllhmetres you write.25 mm [( (2x10mm) -
coy 4 dem) 'a PR ‘ +5mm 20mm+5mm] TherearelOGOmmml.m
‘ . X \_) ;
A DEVELdBAFEELmG FORTHESIZEOFACENTMIR A DEVELOPAFEELNGFORTHESIZEOFA'\HLLIMETRE/’
" L fo o Usm !rul rmarked in mJIllmetres me‘as R o '
v 1 Hold the metric rﬂleragamst the width o{yourthumbnall oy g a IUiE ure: - .
. ‘_ v' v, ’ Vs N : u I
) };:’” wﬁiElSlp l _am = \, o e b Thlcknessofapapercllpwue __.omh |
2; asureyo umb ‘mthefnrst]omt,totheendb,, S o
. m g ‘ﬁ‘ ‘{/\‘ i e RN ; Thlckn){of yout fmgemalL ____,__r‘nm .
N " ' ‘ I . y 4\ N “’ \‘]"I ‘ - ‘
“ 3. Use thg n‘x‘etnerulerto inid the,wadth of your palm," . / ath ofyourfmgemall LT T n}m._/ ' /
L e ot \ e - "4 Dlaméter(WLdth)of aeoiny o/ mm
, . 4, . Measure youy index or poinaing fingeI. How lpngi’slt? [ T 5, Dlameter (thickness) OfV”UT pencil. __._'mm '
P am T 6. . Width ofapostagestamp . omm
5., Meadtfe yous wrist with a tape measure. What isthe distance f S
y b around it? ' om- } ' |
f e . -
N ' & Us;’t ”apﬁmeas‘“e to find your waist size - B. DEVELOP YOUR ABIITY TO BSTBATE MLLDETRES
S ' . 4 v
w ol B DEVELOP YOUR ABILITYwTO ESTIMATE IN CENTIMETRES You are riow ready to estimate in mllhmetzes Foreach of the
i IR = following items, follow the procedures used for estimating in
You are now ready to estimate in centimetres. For each of the . metres, T ‘
’ follavmg items. follow the procedures used forestlmtmg in o How Close
- metresa (‘. ' : r Estimate  Measurement "Were You?
N S/  How Close. N (mm) (mm)
Ve Estimatew, Measurement Weregfou?. 1. THicknessofa .
- (em) - (em) | . nickel
1. Length of a paper o . '
. in. ¥ . 2. Diameter (thickness) ;
cip. . ofabolt.
2. Diameter width) S 5 Lergthof abolt
. ofacoin, — e
. - 3.1 Width of a | ‘ o4 ??dt:‘ ‘e’f 2 shee
S * postage stamp. - %f pap
4 Lengthofa | 5 ?:icekr]l(ets(s)of aboard
pencil. Pz I 5‘ Py ) - -
5. Width of asheet . 6. Thickness of a \ I ‘
L button. :
of paper. . ’ -
m‘.' N C . . . |
THE CENTER FOR vocmom_u%ucmon ‘ y ,? Exercise 1

- 13
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AREA MEASUREMENT ACTI VITIES ’

X

| \ . NS

- ) | . | b@ ' .
WHEN' YOU DESCRIBE THE AREA OF SOMETHLG YOU ARE__

' SAVING HOK JUANY SQRARES OF A GIVEN SZE 1T TAKES 10
COVERTHBSERPACEN .

\
1.. THE SQUA,,RE CENTIMETRE\(cm ) 3,

. L]

. A+ DEVELOP A PEELING FOR A SQUARE EEEfTIN TRE

Také a clear\plasnc grid, or usef{grid on page 6. X/

Measure the length and wigth of one of these smal ’/
" squares with a centimetre nler. '
s ' % ‘

\ THAT IS ONE SQUARE CENTIMETRE!

NH/

Plgce your fingernail over the grid. About'how many
squares does it take to cover your fingernail? .

om?

\
4, ~Placuom over the gnd About how many, squares
does it take to cover the coin? _em?

5. Place a postage sfamp over the grid. About how many
squares does it take to cover the postage stamp?

- em?
6. Place an envelope gyeythe grid. About how many
squares does it take to cover the envelope?
em S
... Measure the length and width of the envelope in genti
) ~ metres. Length ____ cm; width em,
: Multiply to find the area in square centimetres.
A emx tm = em?’. How
close are the answers you have in 6. and in 7.7

ST

b 8 \
[4 wcsmn FOR VOCATIONAL EDUCATION
|

“!

;' Square Centlmetre Square Mete '~

1“‘ ’
S ,

2 .

1

o

M)

¥

-

4

A..

%1, Tape four metre sticks together to makeasquare which

Sy

ELOP YOUR ABIL[ TY'TO ESTI MATE IN SQUARE '

CEN'I‘IMETRES {

e

‘You are ng readytodevelop yourablhty toebtnpate / by

in square centimeties. ,‘ o~
Rgmember the size of a square centimetre. Foreach of the <

followmg items, follow t’ne procedures used for estimbting.in
metres. ‘{A

f \;\/ Ty T How Close
AV \Espmate Measurement Were You?
‘ (cm? ) C(em?) 7
I Index cart. ., A /
2. Book cover. N " . . & |
_3.‘ Photograph. — \'/k;‘” ,? '
4. " Window pane or N
desktop. ~ e
) 3 ‘ 1\ 'I ! '1 N \’ . ‘ "
‘ | ‘ N &
‘1'1.‘ THE SQUARE METRE (m?) o

) '
BETYBLOP AT EELING FOR A SQUARE METRE

!

is one metre long and one metre wideé.
2. Hold the square up with orfe side on the floor to see how
big it is. il
- Place the square on the floor in a comer. Step back and
o, look. See how much floor space it covers,

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

"5 Phee thesquarmamstthe bottom of a door. See how

much of the door it covers, How many squares would it
take to ¥bver the door? m?

THISIS HOW BIG A SQUARE METRE 1S!

oo
L2 Exercise 2’
, /\ (continued on next page) _
| ’ ’.,
15



! ! o ’ o , , : o S C :
Y B: DEVELOPYOUR ABILITY.TO ESTIMATE N SQUARE o QENTIMET’RE GRID.. b
©UMERES - -, . — T T T

‘ L » ’ . N o)

k&u are now ready Yo estimate n square metres Follow the - ‘ S0 R . I 1. "
tp cedures used. Sorestlmatmgm metres. . ,3\ L : Ll 1] SRR P

L ' ] ! :

. "y, . o mowmose — ‘ —— g
| ‘-/\ T 'Estimate Measuxement p'Were You? L | | |
S T e B e e B o o

1" Door, \'&' \ L |

2.1 Full sheetof , - : ‘oo — 1 — ‘: -

newspaper. / o T al o ¢ e >
' ’ v et I : I , o
3. ,Chalkboardlor L | ’ : 1 o
© bifletinboard, - P . ' o I
| / i Floo'r o : ) . T !
. 4 | 1.
. 5 JWE“ " ' . / " . J ] b ; j/ ! | u '-Ew; ?\\
f 6. Wallchart or poster ‘ , A , Pt i _
v N . . ! l' . C, ‘ * ) 1. ) . » L \;
7.~ Side of e caffet, 7, ‘ ? . ‘. . _ . £

.
A
o . . s . - . : . _— ¥ v ) ,‘ ‘
. . ' L * . ' ! ] . .
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- VOLUME MEASUREMENWACTIVITIES .~ ], |

Cubic Centimetre, Life Millite, Cubic Mette .~ + of D0

, ' . : . " “ , ) l . ’ . “ 'I. . "\9
- | . o | o\ . | o |
- THE CUBIC CENTIMETRE (cm') " 4 e

/ : o SIS B DEVELOPYOURABILITYTOESTI'\IATEWCUBIC -,
'*A. DEVELOP A FEELING FOR THE CUBICCENTIMETRE © . CONTHETRES

\ 1 Pick up a colored plastic cube. Measure its length,
£ helght and width in centimetres,

. Youare now ready to develop yo@ility to estimate ¢
TR { THAT IS ONE CUBIC CE*\ITIMETRE' -

in cubic centimetres. '

) (' \ '
Remexﬂ er the size of a cubic centimetre. For each of

- - the follgwing 1tems,&%7the procedures for estimatingin /

2. Fmdthevolumeof aplashé'"htre box. ,' re

J g S L . metres,

o

a PlaceaROWof cubes agamst the bottom o gideside ¢ * f ~ How Close
of the box. HoW many cubes it in ther“._-_ | Estimate Measurement Were You?
| b, Place another ROW of citbes against an Joining side’ . xl . (cm ooy LA
» "+ ofthebox. Howmany rows fit nside thebox | }Hl; Index card e 'y . ,
B -to make one layer of cubes? o ', box.. o -TL- Lt
- J~, How many cubes in each rh\" o 2. Freezér cortainer, _ .
. \B _ " How many .cubes in the layerm the bottom of'the ‘ \ 3. ‘Paperchp hpx - -
, s box’ __._ - - S K{ ¢ ) 4, Box ofstaples e | B
++ ¢ Standa ROWof cube up aggingt th ide of the bo Co : o ’
How many ¥AYERS would fit in thebox? . II ”'I‘HE LITRE ﬂ) . «) ‘
) e Héwmanycubesmeachlayer" St |
| How many cubes ftin the bo altogether” o A DEVEL{)FAFEELING FORALITRE
// L THE VOLUME OF. T](-iE BOX IS CUBIC ’ Take aone litre beaker and fill it W1th water,
Tﬁ © 1 CENTUETRES, 2, Pour the water mto%aper cups, filling eachasfullasyou
43 J d. Measur@the length width, and henght of the box in | T : usually do. How many cups do you fill? ‘
o cotinetis lengh___emprd____em* N gy 0w UoH 15 IN ONELITRE!
height ®, __ _ cm. Multiply the?e numbers to fmd
‘the volume in-cubic centifetres. * | 3, Fill the ﬁr{e container with rice. . .
D ik em Y THATI OWMUCHITTAKESTOFILI?AONE
. Are the answers the samein c.and % -+ LITRE CONTAINER! vy

THE csmznmvoﬁmomsouc‘mon SR C, \ ' , . .\ | ‘ Exercise3
\ . St o ‘. . Sy (continued on next page)
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o B. DEVE\\L’OP YOUR ABILITY TO ESTIMATE I} LITRES . B. DEVELOP YOUR ABILITY TO ESTIMATE IN MILLIL[TRES
. . . - - f ‘ ,

You a;e"ﬁow ready to develop your ability to estimate i ' You are now rea'dy to'est_imateﬁn,mllhhtres. Wow the R
littes. To wrife fwo and one-half litres, you write 2.9, or * - oL ~procedures used for estimatinglmetljés. o
7 2.5 litres. (To write one-half litre, you write 031, or 0.3 J Co oot N ”", ‘ “How Close
+  litre. To wxite twiyand three-fourths litres, you write b £ 2 Tstimate Meésﬁre ment Were You?
P 2751 or 275 litres R | o (m -l }
g N R SN
' For each of the followmgltems use the procedures for . . L Small]mce can. ; ' \'\ —
. estlmatmg in metres ) ‘ | [ LClose- 2. Paper cup ortea , : ‘\ N
~ | V. Estimate Masuremed%gg’re You? O 2 | v L -
S { b (b oy 3, " Soft drink can. - 1
. 1. Medium-sizet ' . 4  Botl CO .
CL freezer container. —_ v OLulE. ' o
9. Large freezer ! ‘ , . , '
. containef, " IV. THECUBICMETRE (m*) !
3, Small freezer - \ ' ol dﬁ'/("" - f
ontainer o o .- /x DEvELdD A FERLING FOR A CUBICMETRE
L9 Pottle b — S ’; @ 1. Placeaonemetre square on the floor next o the wall.
oL THEMILLILITRE(ml) co. L o ’ | “9. 'MeasureametreUPthewall' Su LR
' Ce 3 Pnctureabo that wbid fit into that SN bv

There are 1000 millilitres in fne litfe. 1000ml=1litre Balt * ¢ . . {
. X THAT IS THE v LUME F ONE CUBIC METR !
. Alitre is 500 millltres, or 0.5 lird = 500 gfl, A ‘ﬁv bt OLUEO ‘

A DEVELOPAFEELING FORAMLLILITRE -~/ \,] . B DEVELOPYOURA&ILITYTQ ESTIMK C';UBIC'METRES B

Al ‘ ‘
Y. Examine a centimetre cube. Anything which hold G For eachi of the following 1th, follow the estifating proced:
! 1cm? holds 1 ml.” \&' ures ised before. ' ,
" 2. Filla1 milliitre measuring spoon with rice.\Emptthe : o Bstimate Measu:ement Wore You?
spoen into your hand. Carefully pour the rice into a | | ) () .
-small plleonasheetof paper, . o . | PR ‘
- THATIS HOWMUCHONE MILLILITRE IS! L Office\des_k. : ' ' -
SR} %l the 5 nl sppon with rce. P@xr e rice int another 2. File cabinet. o
- pile on the siyedof paper. 3 Small toom. | '
THAT 1’8)5 MILLILITRES, OR ONET ASPOON! ' K
" 4. Aillthe 15 ml spoon with rice. Pm e tice Into a third ¢ , |
- pile on the paper’ S ' ‘.
. ) ' 4 N
HATIS 15 MILLILITRES OR ONE TABLESPOON! o !

‘ l’ THE ce EA FOR VOCATIONAL EDUCATION ~ ¥ . ! e Exercise3, 1




]

Kllg%ram G{am ;

&
¢
\

"Mhe mass of an ob bject is. meaSure of the amount of matter in the
-object. This amount is always{the same unless you add or subtract sone
matter from the object. Weight he term that most peoplé{rse when
they@ean mass» The weight of an ob]eat is affected b) gravity the ‘
"mass of an object is not. For example, the )Velght ofaperson on earth-,
might be 120 pounﬁgs that same person's weight on thé moon weuld be
20 pounds. This difference is bésause the pull of gravity on the moon

. '1sle5than the pull of gravity ane rth. A person’s mass on the earth

and on the moon would be th.e,kame The metric system does not
measure welght it measurés mass. We will use the term mass here

b

';Thesymbol forgamisg. + |

v | .
\ The symbol for kilogfamjis kg, ..
“Thereare 1000 grams‘i' one klogram, or 1 000 g='1 kg,

| Halfakllogram can be written as 5(00gg,or 0.5 kg,

Nghndh

A\quarter of a kllogram can be writt 65 250 gor 0.25 k;\(
Twognd three-fourthskllogram's1swr1 en‘as 2.75 kg. N
- o
1 Tl~I\E\}Kl'LOGRAM 6 .

~ DEVELOP A FEELING FOR THE MASS OF A KILOGRAM

Using a balance o scale, find the mass of.the items on the table.
Before you find the masg, notice how heavy the object “feels”
and compare it to the reading on the scale or balance.

[

T

;o

R T AT P
.. v [
L A . y ‘ r“
v ' ‘ }
,n ) , . 4 ., \’
: \ : ‘/ A T f;
e Mass ™ '~ ‘ 'l. | . "‘,
¢ ' ! (kg) ) Q' 3 ‘ "7'. \x 0
. 14 \/\ ! B . & Voo
: 1/ 1 kilogram box. | ) a y
N Mot L
. N . ’I t
3. Bagof sugar, _—_ . ”
4, Package of phper.‘ —_—
— '
5. Your own mass. — VR ;
. ! \ [} ‘ ‘}‘ 1 '

‘B DEVELOP YOUR ARILITY TO ESTIMATE IN RILOGRAMS.

For the fgllowmg' s ESTL themass of the object in o
kilograms, then use the sgale or balfnh4o-find the exact mass
_ of the object. Write the exact ma§in the ASUREMENT -

. column. Determine how close’your éjmate is:

How Close
&/ Estimate Measurement Were You?
, ) - (g '
. [ 3 , ) :
" 1. ‘Bagofrice. - : —
2. Bag of nails. | - Lo
3. Large purse or ' ' ,
briefcase. e
“ 4. Another person. ~
5. " A few books.
‘ . ‘
b
A
| Exercise 4
o ' (contmued on next page)
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I14,HE GRAM()F) e
" A DEVELOP A FEELING FOR.A GRAM

'\\
\ .
H

1. Take a‘colpre_d plastic cube. Hold it in your hand. .

Shake the cube in your palm as if shaking dice. Feelthe °

: o N ' '\'
. wﬁen-lt isnotinmotion. . .y

JI‘HAT‘IS HOWHEAVY A GRAMIS! A‘F
o e

4 e

the cubes near the tips of your fingers, moving yo
*hand up and down. '

THAT IS THE MASS OF TWO GRAMS!

I
' o

3 Take five cubes in one\h'énd'.and shake them around.

pressure on your hand when the Eube i in’mpt'&n, then ., -

‘)

/2. the a second cube and-attach it to the first. Shake the// "
7/, ‘/_V “Cubies in first one hand and ¢hen the other hand; rest

LU TB%Ajl‘IS THE MASS OF FIVE GRANS!
j-\‘ o . [ .
. "y \ . "‘ s th
o 0"
) . ,
4 3
/ N
. ’ s

A

i

, 2. Pencil), -

y ’

'%I.

“r B, DEVELOP YOURMBIL

£ T s

L

f

ITY T ESTINATE N GRS

. You are now ready to',iipprove'yoﬁr ability to'\estimate in
grams. Remember how héavy the.1 gram cube is, how heavy

1. Two thumbtacks. "

3, Two-page letter

and énvelope,
4. Mickel.
5. Apple.

-uséd for estimating in kilograms.” .

P
N .

the two.gram cubes are, ahd'how heayy the five gram cubes
are, For each ¥f the following items, fp,llovrthe’,proc"edu;es L
Py ' .

¢
| How Close .

‘ Bstimate Measurement Were You?

| ‘(s)

B

L0
‘.

N

‘ - ‘). !‘ ' ‘ L

)

6. Package of " 1

margarine.

6

¥

Ry

1

: Exercisg 4'8.
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 TEMPERATURE MEASUREMENTACTNVITHS "L, -

" Degree Celsius |

" DEGREE CELSIUS( 0

. ﬁ} LN . !
. . \
\ . B.. DEVELOP YOUR AB]L]TY TO ESTIMATE IN DEGREES
CELSILS

Degree Celsnus ( °C)is the metnc measure for temperature.

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

A. DEVELOP A FEI‘%LING FOR DEGREE CELSIUS
; A |

Take 3 Celsiils thermometer. Lok at the marks on it

ments are.

1. Fmedegrees ‘ - How Close,
WATER FREEZES AT ZERO DEGREES CELSIUS (°0) U Es(t"g“ w”(“'g)mem Ve Yu!
WATER BOILS AT 100 DEGREES CELSIUS (100°C) " 1. Mxsome hot and '

2. Find the temperature of the room. °C. Isthe . . cold water in a "
room cool, warm, or about tight? ' : container. Dip your

. , . W - finger into the
, 3. Put some hot water from the faucet into a cohtainer. O water, ' _
 Find the temperature. ____°C. Dip your finger C I _“"_ —
quickly in and out of the water. Is the water very hot, 2. Pour out sore of .
" hot, ot just warm? - the water, :».}d some .
/ _ hot water. Dip your
- 4. Put some cold water in a container with a thermometer. finger quickly int6
Find the temperature. ____ °C. Dip your fingerinto the water,
the water. Is it cool, cold or very cold?
3. - Outdoor tempera-

5. Bend your arm with the inside of your'elbow around the ure. ;
bottom of the thermometer. After about three minutes o .
find the temperature. °C. Your skin tempera: 4. Sunny window Sl,"' :
ture is not as high as your body temperature. , 5. Mixof ice and water.

NORMAL BODY TEMPERATURE'IS 37 DEGREES ‘ e Temperature at
CELSIUS (37°C). , , floor.
ATEVERTS 39°C. o 7. Temperature 2 /
AVERY HIGH FEVERIS40°C. . . celing
! .
Exercise 5

\ s ]
.
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OBJECTIVES ,

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

o  Given a metricunit, sta¥e its use in this -
occupation.

e

¢  Given a measurement task in this occupa-

tion, select the gppropriate metric unit /

and measuremént tool.

SUGGESTED TEACHING SEQUENCE

1. Assemble metrly measurement tools (rules,

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

9. Discuss with students how to read the *
tools.
$ e
3. Present and have students discuss
Information Sheet 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
) m CENTER FOR VOCATIONAL EDUCATION

METRICS INTHIS OCCUPATION. /. ]

Changeover to the metric system is under way. Large cc';ﬁ)'ora_tions are already using
metric measurement §o compete in the world market. The metric system has beenused in
various parts of industrial-and scientific communities for years. Legislation, passed in
1975, authorizes an oiderly transition to use of the metric system. As businesses and
industries make this metric changeover, employees will need to use metric measgrement

in job-related tasks. L

/

Table 2 lists those metric termé which are most tofmonly used in this occupation.
These terms are replacing the measurepent 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  to discuss the metric terms which replace them. See if you
can add to the list of uses beside each metric term.

i

4

4

Information Sheet 2

99
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~ Metric Units for Diesel Mechanics
* Quntit A . Symbol Use
e N .
‘Line,ar ‘millimetre mm shaft fne, length
L S } . r
© " centimetre om bearing sizes, journals, wrenches
: :
. Area “square céntimetre m® piston head surface
A :r B ‘ . T |‘(
| Volume/Capacity’ ) f ‘cubie eentﬁﬁetré‘ cm3 - cylinder bore C
S 3 ’ 1 :
. » . ° ‘ ’ '
 milllitre ml brake fluid and lubricating oils
y - lite 14 " fuel storagé and tanks
?‘ ;J.l‘a‘_,iv
Mass. /\ ' kilogrﬁ'm: kg pistons, small engines °
- — e
metric'ton , t ...+~ vehicles, load limits, large engines .
Temperature degree Celsius ° ' ignition temperature, engine operating
‘ temperatyre ranges, thermostats *
Bending moment newton metre Nm torque specifications
(mdment of force) . . )
- manifold pressure Eompressioh, . )
Pregsure/vacuum- kilopaseal kPa air hose pressure '
. # . : ,
Velocity kilometre per hour km/ k . speed of the vehicle
' e
p
’ r ‘ work efficiency of an engine (80 hph '
Enefgy/work kilowatt hour* CkWh is about 60 kWh)
\l il

/

’
4

*Note: Further metric information for mechanics can be found in Rules for SAE Use of SI (Metric) Units, Society of Automotive Engineers, Inc.

Avail:  Society of Automotive Engineers, Inc., 400 Commonwealth Dr., Warrendale, PA 15096,

Table 2

Kl
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" /
 TRYING GUT METRIC UNITS e ,
To give you practice with metric units, first estimate the measuré; J/ ‘ L ' Estirpate Actul
ments of the items below, Write down yout best guess next to the item. : + -
Then actually measure the item and write down your answers using the / (16, Measuring cup (metric) -
correct metric symbols. The more you practice, the easier it will be. , .
‘ ' / 17, Drain pan ?a |
Estimate Actual T ™
. 18. Fuel can
Length K 19
*. ’J 1. 'Palm width . Bueket
2. Hand span 20." Small box or package ,&L
] \
3. Yourheight 21. Tool box
4, Celing height of this oom 2. Oilean J
5. Width of a snap ring
— — -~ Mass
6. Thickness of a piston ting - 23. Textbook
7. Length of a connectingrod 24, Nickel “
v : -
8. Diameter of hydraulic tubing | . , 25, Yoursg‘lf ’
9. Length of valve stem 2. Papercip . \ '
Area 21, Alitre of water (net) )
10,  Desk top '
‘ 28. Ahand tool
11." Classroom floor .
1. Vokbenh Temperature - | /
. - 29. Room temperature P |
13. Workshop floor \ ' ; '
30. Outside temperature
' 14, Parking lot ‘
s 31; Hot tap water
-+ Volume/Capacity )
16. Small bottl O e
| ’ mcemumvocmoumbucmou EX&IC‘SGG
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REPAIRING WITH METRICS

It isimportant to know what metric measurement to use; Show

what measurement to use in the following situations.

1

Lenéth ofvd crankshaft

" 15. Capacity of fuel tank

16. Length of positive battery cable

2.

A
Borep@gylinder p

17: Cylinder compression checfu

Air .pressur'ev"on brake system

. 1 q R
. Amount of fuel in 4 full tank ]

.+~ 18. Oil pressure when operating at
. normal temperature and R.P M.

Capacity of air tank

13\ Tightening head bolts

Amount of od for wheel bearing
reservoir s )

20. Engine efficiency

21. Mass of cylinder

. Length of power take-off drive

shaft

Capacity of gear box

7
/

Dimensions of a diesel engine; '

a.  Length

b Width

¢. Height

10.

The sttoke of 2 piston” -

11.

-Length of a fuel line

12

Capacit&»\t’)f a radidtor

13.

_vTempera”ture of cooling
system While idling engine

14.

Specific gavity ofa -
battery :

~4&

"4 THE CENTER FOR VOCATIONAL EDUCATION

/

Exercise 7
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METRIC-METRIC EQUIVALENTS

, Centimetres and Millimetres o
o 33::‘-;’,'025 Ve . = ~ . -
The student will recognize and use met- ’I I ‘ l ‘ ‘ l ‘l l | ‘ ‘ l l l l

ric equivalents. 1 2 3 4 5 6 1 2 3 4 5 6

! inelrmametric u:“it, state an equivalent Look at the picture of the nail next to the ruler. The nail s 57 mum long, This s 5 cm + 7 mm
in a larger or smaller mettic unit, Thete are 10 tm in each cm, so-1 mm = 0.1 cm (one-tenth of a centimetre). This means that
N Tmm=07cm,s057mm = 5em+ 7 mm
N ) | ‘ =5em+07em -
. = 5.7 em. Therefore 57 mm s the same as 5.7 cm.
SUGGESTED TEACHING SEQUENCE '| Now measure the paper clip. It is'34 mm. This is the same as 3 cm + mm, 'éince each
illimetre is 0.1 tenth of tt,4 = _em. So, lipi

' Mke ayailable the Information Sheets gi ::: re ;scm +CZI n(lzr:e enth of a centimetre), 4 mm = ‘ cm Ho' the paper clip is
(3-8) and the associated Exercises = 3em+0dem. 5 L
(8- 14), one at a time, = 3.4 cm. This means that 34 mm s the same as 3.4 cm.

9. Assoon as you have presented the | | | ‘ -
‘Information, have the students complete . - ‘ BRI Informatlon Sheet 3
each Exercise. | j )

3. Check their answers on the page title Now you try sdme.

ANSWERS TO EXERCIS SAND ) ' . e ,
" TEST, v o a) 26mms= cm e) 132mm " - -
. Yoo b)583mm= em . f) 802mm = am
4. Test performance by using Section B of i :
v “Testing Metric Abilities.” ¢) Ymm m ¢) 140mm = ——om
S ' d)680mm= eecm = h) 2307Tmm = cm
Exercise 8
o

.

) ‘.’FJJ,’ ) ¢
%ﬁmn FOR VOCATIONAL EDUCATION
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. , e
{ Metres, Centimetres, and Millﬁétre@,, |

There are 100 centimetres in one metre. 'I‘h)as, R

qm= 2x100em= 200 cm,
dm= 3x100¢m'= 300 cm, '
8m= 8x100cm= 800 cm,
36m = 36 x 100 cm = 3 600 cm:

There are 1 000 millimetres in one metre, 0

Im* 2x100mm= 2000mm, . )
; Jme 3x1000mm= 3000 mm,
1 6m= 6x1000mme 6000mm,
24m = 24.x 1000 mm = 24 000 mn

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 yritten 0.25 cm
(twenty five hundredths of a centnmetre)

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

D75m=075x1000 mm
N

/

7
== 000 mm -/
RS -
v 1w
= 75x 100™M

= T5x10mm ' _' 4 o (

| "F}'ll in the following chart.

< 750 mm. This means that 075 m = 750 mm e J
1 ' ;

¢ Information Sheet 4

‘)\ A

—

metre | centimetre | millimetre |
m m | mm [
. . g 2
' Vo 100 1000
‘ 2 200
\ 7 —
9 . . .
5000
N . n
08 5 )
0.6 N T

(Milllitres to Lits * " oo

11

There are 1 000 milllitres in one litre. This means that
[
v 2000 milllitres is the same as 2 litres, ‘

3000 mlis the same s 3 s, .

\ 4000 ml is the same as 4 litres,

12 000 m) is the same as 12 litres.

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

o 1ooom|--omue 1|me :

2000m) » % lltm 5 2 lltres ' .

And, asnfmnl example

o8 oo ) .
28 000 ml = mlltm 08 litres. G

@ 1 R I
What if-something holds 500 ml? How many htres is thls" This i
worked the same way,’

 S00ml=agglite =03 lite fetenth oalie ). So 500

i5 the same s one-half (0.5) of a litre, *
Change 57 millilitres to litres. -

57ml =1—&‘lim~ =(,057 litre (fifty-seven thousandths of a

litre).  * A ‘ :

-

Since there are 1.000 millilitrés in each litrg, one way to change milli:

I
A

Information She‘?t 5

. Now you try some. Complete the following chart,

millilitres litres
(ml) ) ‘
3000 3 |
6000
8
14000 ‘
' 23
‘ 300 . 03
“ - ' » 700
250
N 047
. 275

Exercise 10

39
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- ) ' (W ) ‘
Litres-to Millilitres ' | Kilograms to Grams
What do you do if you need to'ché}nge_litre 10 milllitres? Remember, To change kilbgrams to gfams, you multiply by 1 000.
there are 1 000 millilitres in one litre, or-1 iit{e = 1000 ml.
B 1 kg= 4 x1000g= 4000g,
o, | 23 kg=23 x1000g=23000¢,
. . | . 0.75kg= 0.75x1000g= 750g. ‘
2 litres=2 x1000m = 2000ml, ' | \___ ' J
7 litres=7 x1000ml= 7000ml - ' Information Sheet 8
13 litres =15 x 1000 ml=13 000 ml, | ’ Complete the following chart.
0.65 litre = 0.65%1000ml= 650 ml, . C ™
,L ' / kilograms . grams
) | . ~ Information Sheet 6 ’ kg g.
* Now you try some. Complete the following chart. : : :
- | L 1000
litres millilitres = 25000
I, m| ‘ | 0
. 0.63 -
8 8000 — .
5 . . ‘ s 175 |. Exercise 13
% , - :
ST Changing Units at Work
gga Some 3 the things you use in this occupation may be measured in
480 Exercise 11 - different metric units. Practice changing each of the following to
— , : N mletric equivalents by completing these statements, = *
Grams to Kilograms . - ' .
. . , A a ) 500 cm pf wire is m
There are 1 000 grams in one kilogram. This means that b)250 ml of solution is l
: _ _ . ¢ )5 cm diameter pipe is mm
2 000 grams 1 the same as 2 kilograms, 852500 g of grease i kg
5000 gis the sameas 5kg, * | ¢ 120 mm piston is cm
y \ - k £)0.25 litze of motor oil s ml
700 g i6 the same as 0.7 kg, and so on. ' § )2 000 kg of floor sweepis ____ . t
‘ . h1500 g of solder is kg
T}? chfmgef from glrlaln:s totklif;grams, you gse the same procedure for i )500 ml o brake icd s | |
e e ) i)0Stegeis_ ko
s . information Sheet 7 k)10mof e ls___ ‘ — o
“Try the following ones. | 2.5 cm diameter pipe s mm
- o o )2 400 mm bel‘t length is . cm
/ S § ] B
'S
. 4000 - Y t
v 9000 | o
73000 | , "
8
N k)] .
, .25 ' Exercise 12
ar

R (C T CENTER FOR VOCATIONAL EDUCATION - ' Exercise 14 [n'
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UNIT

OBIECTIVE

The student will recognize and use

instruments, tools, and devices for mea
surement tasks in this occupation,

+ Given metric and Customary tools,
Instruments, or devices, differentiate
between metric and Customary.

Given a measurement task, select
and use an appropriate tool, in-
strument or device,

Given a metrfc measurement task,
judge the metric quantity within 20%
and measure within 2% ccuracy,

SUGGESTED TEACHING SEQUENCE

1.

6.
o “Testing Metric Abilities.”

k) R v A
@ " THE CENTER FOR VOCATIONAL EDUCATION
ERIC N

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 ]eammg :

stations.

Have students examine metric tools and

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

Have students verbally descrlbe charac
- teristics; - o

Present or make available [nformation
Sheet 9. -

, Mix metric and Custom&ry tools or
equipment at learing station. Give
students Exercisés 15 and 16.

Test performarce by using Section

SELECTING ANDUSING w
METRIC INSTRUMENTS , TOOLS AND DEVICES

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

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

‘per square inch of pressure (psi) in a tire designed for 207 kilopascals (sbout 30 psi) eould

19

B

cause a fatal accident. Here are some suggestions:

1.

Find out in agvance whether Customary or metric units, tools, mstrumen ts, 8t pro-
ducts are needed for a given task.

Examine the tool or instrument before using i.

!

The métric 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 gag’es such as m, mm, ke, g, kPa, elc.

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

Some products may have a specnal metric symbol such as a block M toghow they are
metnc

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

Practice selecting and using tools, instruments, and devices.

o

Information Sheet9 43
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WHICH TOOLS FOR THE JOB? - MEASURING UP DIESEL MECHANICS |
Practice and prepare to demonstrate your ability to identify, For the tasks below, estimate the metric measurement to
 select, and use métric-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 theappro- | by measugng to Within 2% of actual measurement,
priate precision of the tool, instrument, or task. ' - : : ,
Estimate Verify

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

devices fo: . | 1. Volume of a tool box.
1. Determine the amount of shop floor space necessary to park a 9. Hind largest available entry Sy
tri-axle tractor. into ~lassroom. ‘ ‘
s 2. Messure cam shaft. | 3. Selecs bearings for crankshaft,
%3. Messure a crankshaft for beatings and seals. | 4, Oil temperature.
4. Determine compression of engine. ' 5. Amount of oil in crank case
+ B, “Check water temperature .of cooling system. 6. An air system m(iuires 43mof -
: hose. From several cut pieces X
6. Determire work space large enough to work on engine.  select a piece for the job with j
| the least amount of waste,

7. Install cam followers. / -
' 1. Volume of fuel tank,

8 Disassetnble and clean injector. :
| ' | 8 Length of tachometer cable. |

"9, Measure flow rate of injector. —+
) 9. Cooling system temperature.:

10. Describe the difference between a Customary and metric _ : ;ﬁg,
. crescertt wrench. ' . 10. Capacity of fuel tank. - &7-; | '
w . b ‘ - . S
- 11. Pressure test radiator. ' 11. Size of fanbelt. i R
12 Bepeecyinderhed, ‘

| | Exercise 15 | Exercise16
THJECENTER FOR VOCATIONAL EDUCATION | . ' , '
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OBJECTIVE ,

The student will fecognize ahd use metric
and Customary wnits interchangeably in order-"
ing, selling, and using products and supplies in
this occupation.

¢ ijen a Customary (or me_tric) measure-
meht, find the metric (or Customary)
equivalent. on a conversion table.

9 Givena Customary unit, state the re-
placement unit.

- SUGGESTED TEACHING SEQUENCE

1. Assemble packages and contamers of
materials. ' )

2. Present or make available lnfOrrﬁation
Sheet 10 and Table 3

3. Have students find approxlmate metric-
Customaty. equivalents by usmg

Exercise 17

4, Test performance by using Section D of

= ~Testing Metric Abiltes” "~~~ - = -~}

4

. ' /
* During thejtransition period there will be a need for finding equjvalents between systems,
Conversion tablesist calculated equivalents between the two systems\When a close equxvalent
is needed, a conversion table can be used to find it. Follow these steps:

"1, Determirie which conversion table is needed.

2.- Lookup the known number in the approptiate column; if not listed, find numbers you
“can add together to make the total of the known number,

3. Read the equivalent(s) from the next colufnn.

Table 3 on the next pdbe gives an example of a metric-Customary conversion table which
you can use for practice in finding approximate equwalents Table 3 can be used with Etercxse
‘17 Part 2 and Part 3. |

Below i a table of metric- Customary equivalents which tells ydu what ‘the metric replace-
ments for Customary units are,* This table can bé used with Exercise 17, Part 1 and Part 3, The
symbol ¥ means “nearly equal to.”

?
lem¥039inch  linch~254cm Imlx02tsp  ltpxoml
- Im~3.28 feet 1 foot ~0.305 m Im{=0.07thsp 1tbsp > 15ml
Im~109yards lyard 091 m 11~338floz 1floz>29.6ml
1km % (.62 mile 1 mile ~ 1.61 km 11~42cups  1cup¥237ml
lem *016sqin ~ lsgin= 65qn 11%9.1pts 1pt 0471
m* > 108sqft - lsqft> S009m . 11>1.06 qt 1qt 0951
Im* ~12sqyd  lsqvd ~0.8 m? 11%0.26 gal 1gal 3791
1 hectare ~ 2.5 acres 1acre ~0.4 hectare 1 gram = 0.035 0z lozx283¢g
lem ~006cuin -~ leuin®164em’® 1kg>2.20b 1 ~045kg

*Adupted from Let’s Measure Metric. A Teachers Introduction {o Metric Measurement. Division of Educatnonal

. @Hm and Renewal, Ohio Department of Education, 65 S, Front Street, Columbus, OH 43215, lih j
: !

Information Sheet 10

(METRICCUSTOMARY EQUVALENTS - \

Smtx353cuft. o lewft>003m? . 1metric ton22050b . 1ton39072kg |
Im'~13cuyd  lcuydx08m’ 1kPa~0145psi  1psi6.895kPa

Ky
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o CONVERSION TABLES - * .

MILLIMETRESTOINCHES -

mm Inches | mm Inches mm Inches mm Inches

© 10 3 | B 0 1o 0. 00

O N A I IR 2, 08 02 0.008
300 ns | 118 3 0z | 03 . oo

: 400 4 | 40 L 4 06, | 04 006
500 1968 50 9 | 5 0 05 0.020
600 862 .| 60 2 | 6 0.4 06 . 00%0
0 256 (! 216 1 028 07 008
W, A | 35 8 @ | s oml
W w4 | W |9 035 09 003
* ‘ ' . 1 000.mm ot 1 metre = 39,37 inches |
 INCHES TO MILLIMETRES

Inches§ ‘é’ mm | Inches mm ~ Inches mm Inches mm

1w | w0 e | om0 R
\ 2 308 T2 sw | 2 8 [
3 .62 03 162 0 6 03 08
¢ 106 04 1006 | 1 o0
5 120 0 | 05 1200 51 o051
6 1504 06 1524 % 152 006 15
T e R s | 18
8¢ o 2032 08 203 8 208 | om0
Yooy Vs 09 28 T

o ' Oiches=%4mm -

12 inches or 1 feet = 304.8 mm or 30.48 cm

_ csmu FOR VOCATIONAL EDUCATION . | ) o Table 3
iU | ‘ o .

e
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ANY WAY YOU WANTIT - o S
1. You are working in a repair shop or parts house, With the chanée g) 00din = mm|i) L5mm = in. .
to metric measurement some of the things you order, sell or uge h), 05in. = mm|j) 150mm = in.
are marked only in metric units. You will need to be familiar with = |
 appropriate Customary equivalents in order to communicate with L , o -
‘weustomers and suppliers who use Customary units, To develop 3. Complete the Requiition Form using the items isted. Convert ‘
your skill use the Table on Information Sheet 10 and give the the Customary qua?tltles to metric b;fon.a] filling out the form.
. approximate metric quantity (both number and unit) for each Completeal the information (Date, For, Job No. ec.).
ft foll titi
ofthe fo owmg Customary AU , Requlsmon one of each of the followmg
t Metri ]
Customry Quatity = Ry a) 35'M.of 5/16 in. fuid hose
a) 21bs, of heavy lube : b) 121l oz, spray can of lubricant
! ) ) . ¢) 1pt. can of gasket cement
/) 4gts.of starting solution | d) 5 lbs. spool of 50/50'solder
c)3/din:pipe - . e) 8in. wire wheel brush ,
d ) 10 Jbs. of floor swee ‘ e ————
) 10%s. of florsvep REQUISITION L
e ) 18 in. hydraulic hose ) , e ,
. D " - L . ‘} e .
f ) two-gallon can . ‘ o ‘Date. ——— \
| g )1 pt. of hydraulic fluid : | *| For ‘, ' ' \\_f\
h)61l. oz. of spray pamt ‘, ‘ . | —_— \ \
Dmiles 0 e JobNo____ Date Wanted _
i 1f2in.pipe. -+~ S Deliver to | |
K)5acre parkinglot - . _ S
1)28, fuelhose ~* . ¢ QTY | " UNIT ITEM |
m)6 in, bolt . ' . . , 1;'
. . . ",
n)1/4 in. drill bit S co s
2. Usethe cbnversion tables from Table 3 to convert the following: )
2)0002in. = mmld) 005in =  mm
4)02in. = mmie) 075in. = mm | | Requestadrby -+
¢)23mm = in. |f) L5in. = mm Approved by
THE CENTER FOR VOCATIONAL EDUCATION Exercise 17
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TESTING METRIC ABILITIES -

SECTIONA " 6. The correct way to write twelve 11. Estimate the length of the line Use this conversion table to
T ‘ thousand millimetres s segment below: , s questions 16 and: 16,
1. One/kllogram is about the mass . ' F S ] S
ofa!® " ) . - |
B (A] Bgams - . mm in, in, mm
(A] nickel s o
\ o (B} 6 centimetres :
[B] wapple seed . v c 46 " l10 039 -1 254
' millimetres '
(€] baskethl , (Gl 40 mi o 20 021 .2 508
) [D] 14 pagcals . 30 118 3 76.2
(D] Volkswagen “Beetle” B SR 40 1.57 4 1016
- | ¢ o 50 197 51210
2. Asquare metre is about the 7. Aboard 20 centimetres wide also - o - 60 236 6 152.4
area of: has a width of: 4 ‘12. Estimate bth]e length of the line | ) 0 276 1 1718
. - ' ‘ segment below: 4 . 180 .3y 8 92032
i A] 0.2 millimetre A , '
[A] this sheet of paper [‘ ] ml met S \\,J 0 354 g 298 5
* [B] acard fable top , (B] 2 millimetres ©[A] 10milimetres 1100 394 0 2540
[C] 2 bedspread (C1 2000 mlimetes B] 4centimetres ¢
[D} a postage stamp [D] 200 millimetres [C] 4 pascals ‘ . '
’ S o ot 15. The equivalent of 110 mm is:
— ‘ (D] 23 milligrams R ‘
) - Join.;
3. Displacement of an engine is 8 épieceof hydraulic tubing 400 * SECTIOND [A) .
given in: ) ‘millimetres long is the same as: 74 | [B] 21%in.
N — .13, The métric unit for liquid measure :
t Cl] 21.5in,
[A] fublccgltxmetrw [A] 400 geqtlme.m , which replaces the fluid ounce is: ED] 433
i 4000 centimetres ; 33in.
(B] squarec‘entlmetres “‘3]‘ 0 centimetres [A] lie ) /
illili 40 centimetre ‘
[C] millilitres (€] 0.40 centimetre (B] hectae | .
[D] grams per square metre [D] 40 centimetres ' v -
: » . : [Q] gam 16. The equivalent of 18 in. is:
4, Capacity of a brake oil reser'voir 9. For measuring in millimetres you - | [B] 457.2 mm
s measured n: woudwea: " 14, The metric unit forliguid mewsure ~~~ (C] 180mm .
[A] grams i [A] thermometer. ., which replaces the ggllon is:‘ * (D] 1800mm
v [B] puscals [B] pressure gage [A] milliee - f | ~ .
(C] metres . (C] “rule- [B] kiogam R O ¢
[D] litres [D] scale “[C] cubic metre
| . (D] lite | '
5. The correet way.to write twenty .10, Ror messuring kilopasealsyou .~ . :
grams is: would use a: : . T
[A] 20gms [A\pressure gage ,
8] 20Gm. [B] scale
(€] 20g.‘- [C] container ,
(D] 20¢ (D] rule

’

P
. H !
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ANSWERS TO EXERCJSES AND TEST | ‘
'EXERCISES 1 THRU 6 Exercise 10 Bagiel Part2,
' The answers depend’on the items ! o — , '
used for the activities. millitres 1 Titres kilograms grams a) 0.05mm f)) 8.10 mm
i il S ¢ | b)508mm gf 102mm
EXERCISE 7 \ = =0 ¢) 0.092in. h) 1270 mm
Currently accepted metric units of * 3000 S ! ‘ 1{000 d) 12Tmm i) 0.59in,
" measurement for each question are 6000 | (6) LU ( ] e) 19.05mm j) 590in.
shown in Table 2. Standards in each 5000) 18 4% 25 000 | ,
occupation are being established * 12000 |09 0.4 (400)
NOW, S0 answers may vary. | T 0.63 630)] 3
. | - - 10.175) 175 | ' ‘
EXERCIE S/ " SRR 8) 762 mof 0794 e
al 26cm el 13.2cm 700 (0.7) . ' | Vb) 355.9ml
b) 58.3cm f)  80.2cm (900) | 0.8 Exercise 14 R ¢) 0 47.litre
¢ 94em g . 140.0 cm 250 - | (0.2 ‘ :
d80m b BTem [T Tom] G Smo B OBk g g,
: — 0'275) b) 025litre i) 05litre e) 2032em
EXERCISES 9 THRU 13 L2 L OB o) somm ) 500k,
- Tables are reproduced in total. An- Exer'ciséllo ' d) 25k k) 1000 ém

swers are in parentheses, ™e) L2em 1) %Bmm

| “Ttres | mililtre 1) 2%0ml m) 20em TESTWGMETRICABIL[TIES
Exercise 9 | ! ml g) 2t \ 1 ¢ 9. C
| metre | centimetre | millimetre ' 3/ ' §000 | | : 3 i i? g
m cm . mm . | 51 (5000 .\EXERCISESIS AND 16 4' ; ’12; )
1 100 | 1000 - |46 .| 46000) " The answers depend on the 5D 13 D
7 200 | qeo00)] . |32 | 32000 items used for the activities. 6. D 14 D
T o] o] 04 [ () o ' 7. D 15 D
L 9 G0 @000 (e 038 | (G0 . 7 8 D 16 B
Co~ [ | oy | oo ] L8] 0] pxprerspiy ,
4 (7400) 4 (74000){- . 15 . Part 1.
_ Exerc&l.
08 80 1 . 80 = _ 9 09k ) 1Mem
0.6 (60) 600 | gams | kilograms : -
- A b) 38litres 1) 4.83km
(0.025) 25 By | 8 kg . \
T TSI . ¢) 1905em j) 127em
ey AR d) sk k) 2ha
16.59) ML B T T €) $72m 1) 06lm 4
. L 23000 | (28) f) 7.58ltres m) 15.24 em ! .
N N TR g) 04Tltre n) 0.635cm
300 4 .(0.3)

13

4 7% | (0.275) L
?
THE CENTER FOR VOCATIONAL EDUCATION ‘ ) ’
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" SUGGESTED METRIC TOOLS AND DEVICES
NEEDED TO COMPLETE MEASUREMENT TASKS

=

IN EXERCISES 1 THROUGH §
(* Optional) -
LINEAR MASS
Metre Sticks Bathroom Scale
Rules, 30em . *Kilogram Seale
- Measuring Tapes, 150 cm l"Plﬂtform Spnng Scale
:Height Measure : 0 a;:lcty
Y ,
¥ ehre Tape, 10m Balance Scale with 8 plece
Trundle Wheel t
*Area Measuring Crid e
! Spring Scale, 6 kg Capacity
VOLUME/CAPACITY TEMPERATURE
*Nesting Measures, set of 5, - ,
50ml-1 000 ml Celsms' Thermometer
Economy Beaker, set of 6,
50 ml - 1000 ml
Metric Spoon, set of 5,
Iml.25ml
Dry Measure, set of 3,
50,125,250 ml
Plastic Litre Box
Centimetre Cubes

5

THE CENTER FOR VOCATIONAL EDUCATION

The Ohw State Universuty 1960 Kenny Road * Columbuy Oho 43210

k _

SUGGESTED METRIC TOOLS AND DEVICES

~ NEEDED,T0 COMPLETE OCCUPATIONAL
MEASUREMENT TASKS |
Intis occupaton the tools needed to complete ExercnsesS |
15 and 16 are mdxcated by “x.? o

* A, Assorted Metric Hardware—Hex nuts, washers, screws, .
cotter pins, efe.

Drill Bits-Individual bits or sets, 1 mm to 13 mm range
Vemier Caliper—Pocket slide type, 120 mm range
Micrometer—Outside micrometer caliper, 0 mm to 25 mm.

g :

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

Metre Tape—50 or 100 m tape .

* G. Thermometers—Special purpose types such as a chmcal

" - thermometer

' Temperature Devices—Indicators used for ovens, freezmgl‘ )
cooling systems, etc.
Tools~Metric open end or box wrench sets, socket sets,
hex key sets

Weather Devices—Rain gage, barometer, humidity, wind,
.- velocity indicators

* K 'Pressure Gages-'l‘lre pressure, air, oxygen, hydraulic, fue,

*

Saow

o <=

=

»
p—

b

E L' Veloclty-Duect reading or vane type meter:
M. Road Map-State and city road maps |
* N, Containers—Buckets, plastic containers, ete., for mixing
and storing liquids
0

. Containers—Boxes, buckets, cans, etc., for mlxmg and

storing dry mgredxents :

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

‘metric measurement devices,

lMeasunng devices currently are not available. Substitute devices (l €. thermometer)
may be used to complete the measurement task. '

Ce &7 )

Tools and Davices List
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REFERENCES

Let's Measure Metric. A Teacher’s Introduction to Metric Measurement. Divi-
sion of Educational Redesign and Renewal, Ohio Department of Eduea-
tion, 85 §. Front Street, Columbus, OH 43215, 1975, 80 pages; $1, 50
must include check to state treasurer,

) Actmtyonented introduction to the metric system designed for indepen-
dent or group inservice education study, Introductory information sbout
metric measurement; reproducible exercises apply metric concepts to
common messurement situations; laboratory activities for individuals or

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

Measuring with Meters, or, How to Weigh a Gold Brick with « 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 :ental

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 metic
measures of length, area, volume, and mass are ilfustrated in interesting

and unforgettable ways.

Metrie Education, An Ahnotated Bibliography for Vocational, Technical and
Adult Education. Product Utilization, The Center for Vocational Edu-
cation, The Ohio State University, Columbus, OH 43210, 1974, 149
| ‘ pages; $10.00.

Comprehensive bibliography of instructional materials, reference materials
and tesource list for secondary, post-secondary, teacher education, and
N adult basic education. Instructional materials indexed by 15 oceupational
clusters, types of materials, and educational level,

Metric Education, A Position Paper for Vocational, Technical and Adult
Education. Product Utilization, The Center for Vocational Education, °
The Ohio State University, Columbus, O(H 43210, 1975, 46 pages; $3.00,

Paper for teachers, curriculum developeli, and administrators in vocational,
technical and adult education, Covers issues in metric education, the metric

system, the impact of metrication on vocational and tachnical education,

implications of metric instruction for adult basic éducation, and cumculum

and instructional strategies.

 Metric Practice Guide ASTM E 380-72¢, American Society for Testing and
 Materials, 1916 Racp Street, Philadelphia, PA 19103,1972, 34 p,,
$1.560, paper.

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

Rules for SAE Use of SI (Metric) Units, Society of Automotive Eulm, e, -
400 Commonwealth Drive, Warrendele, FA 15098, 1074, 6 p., $2.75 !u
non-members, paper. -

SAE Technical Commltko Guide establishing recommended pmtiea for ;
use of 81 units in SAE reports, recommendations, and standards, Describes

units approved and not approved for use as 81, multiplying prefixes, pre-
cision in the conversion of vnluel, convenion hctou, and SI unitl tor o

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, discounts.

Series of booklets preunts step-by-step directlom. questions, answers on
how to read metric measurement tools: mnérometm vernies calipers, rules,

dml indicators,
METRIC SUPPLIERS g
Brown & Sharpe Manufacturing Co,, Precision Park, North Kingstown, RI- 02852

. C ‘ ‘ o
Industrial quality micrometers, steel rules, screw piteh and thickness gages,
¢ squares, depin gages, calipers, dil indicators, conversion charts and guides, *

Imtructnoml quality rulea, tapu, metre sticks, cubes, height mensures, .

trundle wheels, measuting cups and spoods, personal scales, gram /kilogram
scales, feeler and depth gages, beakers, thermometen, kits and other aids.

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

The L. S. Starrett Company, 121 Crescent Street, Athol, MA 01831

Machine tool precision meuurinn devices, micrometers, callpers, dia
mdiu\ton, steel rules..

Snap-on Tools, 8074-A 28th Avenue, Kenosha, WI 53140 ' S
Metric automotive handtools. ‘ | .
INFORMATION SOURCES s

American National Metri Councl 1625 Masachusets Avenue,NW Wd\lngton, g
DC 20036 . ‘ . . vb K

Charts, posters, reports and pamphlets, Metric Reporter newdetﬁg Natlon&
- metric coordinating council representing industry, govermment, educatloh
professional and trade orgamzatlom

A
',!‘.'

SR ',
National Bureau of Standardf Office of Information Acti\ntm. US Department . u,,
of Commerce, Wuhmgton, DC 20284. e o
Free and mexpmwe meiric charts and pubhcltlonl. dso lendl ﬁlm md .
displays. ' o L ) ‘ *.‘; ‘
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