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TR Exercises are intended %o fa0111tate experlences with measurement
1nstruments, tcols, and dev1ces ised in this occupaﬂ&on and . ;
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TEACHING AND LEARNING
THE METRIC SYSTEM

]

Thrs eiric instructional package was designed to meet ) jobrelated
metric measprement needs of students. To use this package students
should alre
terms, and tools currently in.use. These materials were prepared with
 the help of experienced vocational teachers, re%ewed by experts, tested
in classrooms in- dlfferent parts of the United States and tevised before
distribution.

. Edch of the five units of instruction contains. petformance objec-
trves learmng activities, and supporting information in the form of
text, exercises, and tables: In addition, suggested teaching technlques
are included. At the back of thrs package ate objective-based evaluation

items, a haage of answers to the exercises and tests, a list of etric .

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

(lassroom expenences with this instructional package suggest the
followrng, teaching- learhrng“strategres

Lo .

1" Let the frrst expenences be 1nformal to make' learnrng the metnic

L3

system fun. ‘ . { ;

2. Students learn better when melric unifs are compared to familiar

objects. Everyone should leam to “think metric.”  Comparing
methc units to customary units ean be confusmg '

3. Studentswrll learn qurcklytoeshmateand measure in metric units ‘,

{

by ‘dorng

Students should have e\penence with measuring actrvrtres before
gettrng too much rnlormatron ‘

: , oo
5. -Move through the units’in an-order which emphasizes the “srm |

plrcrty of the metric system eg., length to area to volurpe). -

6. ¢ 4 " Teach orie concept at a time to avoid overwhelmrng students with" .

* oo much material.

f

Unltl isa general rntroductlon to the metric system of measure-
ment which provides informal, hands- on experrences for the students.
This unit enables students to become {amiliar with the basic metric
units, their symbols, and measurement rns,truments. and to develop a

set of mental references for metric values The metnc system of nota- -

tinn °‘°" 's explained.
AR

know the occupational terminology, measutement

R
1
'

Unit 2 provides the metric ferms which are used in this occupation
and gives experience with occupational 'measurement tasks.

Un1t3 focuses on ob related metnc equrvalents and herr relation-
ships. S -

" Unitd provides experience ‘with recognizing and using metric

instruments and tools in occupational measurement tasks. 1t also pro-

vides experience in comparing metric and customary measuremegt in-

«struments, _ o

N .
Unit 5 is7designed to give students practice in converting custom-

. ary and metric measurements. Students should leérn to “think metric”

and avoid comparing customary and metric units., However, skill with
conversion-tables will be useful during the. ransrtron to metric in each
occupatron N

“ Usmg These Instructional Materials o

’
'

This paclrage was desrgned to help students learn a core of knowl:
edge about, the' metric system which they will use on the job. The
exercises facilitate expenences with measurement instruments, tools,
and devrces used in this occupatron and job related tasks i estimating
and measuring.

This instructior.  nackage'also was designed to accommodate a
variety of individual i-a.:'ng and learning styles. Teachers are engour-

~ aged to adapt these meier:als to their own classes. - For example, the

information sheet§ may be ziven to students for self-study. References
may be used as supplemental resources. Exercises may be used in inde-
pendent study, small groups, or whole-class activities, * All ol the
materrals can be erpdnded by the teacher.

- Gloria“S}..Cooper
Joet H. Magisos
. Editors

Ve . ot v ooh
o .

JThus publication wasdeveloped pursuant 1o contract No OECO-74933 with the

Bureau of Occupational and Adult Education, U S. Department of Healih, Eduta:
uon and Welfare. However, the opinions expressed herein do n‘or necessarlly
reflect the positon or policy of the U.S Office of Education and no ofhesal
endorsement by the U'S Office of Educatian should bepinferred.
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OBJECTIVES ;
The student will demonstrate these skills for the Lmear Area Volume r Capacity, Mass and
Temperature Exercises, using the metric terms and measurement devices listed here, * D
- : 5
j A | -.:_.'( ' boo T
*SUGGESTED TEACHING SEQUENCE ’ o EXERCISES .
I s R R TN RN PR
1. These mtroductor&exercxses may require | N "t ‘o T
two or three teachthg periods for all five I G R R i Pl
areas of measurement. , | ‘ o .
‘ : ' ¥ 1. Recogniza.and we the millimetlre (mm) | wquare cubic cehti: am (g) degr:e Celnius
2. Exercises should be followed in. the order it mdianymbal foc, | centimetre | meirt (enBf | Lo
given to best show the relationship e st ™ ) Cem, |
\So—petween length, area, and vohume, ppowaemearing | mee () |wwe | . (o) o
' , intruments for: ‘ , metre ’
.3 "Amemble the metric measuring devices o mh e W s
| (rules tapes, scales, thermometers, and ' ::y:c::.::;nmtm' ' - millilitre (ml) SRR A J |
measuring containers) and objects to be T Y -
" measured.* | - - ' - A P .
. : 3 {., Eatimate within 25% height, width, or theareaof | capacity of the mass of objects | the témperature of
§ Sét up the e'quipment at work stations of the ul&lm‘uun length of objecta . | agiven surfuce containers ‘:ip’mrqs andkile- | the |irot!|iquid )
for use by the whole class or asindividu- + /e ., - | - ' B Lol .
- alized resource activities. - Y Resd comeeny mete stick, metric | mesrements | akilopum icsle | A Celin thermometet | |
: " tape mensure, nd ongedusted | anda grim scale ’
5. Have the students estimate, measure, and - maiedhn |° ] vl S B
record usmg Exercises 1 through 5. . ' it P n dercs I R
6. Present information on notation and 1, L T RAENS | f' ,
make Table 1 available. ' | | S |
1. Follow ulp with group discussionof RULES OF NOTATION o ' | u. |
activiies )t N Symbolsarenot capitalized unlessthe unit i a proper name (mm notMM)
\-. ! ‘ ' .
: : R A Symbols are not followed by perlods (m not m.).
s 3 Symbpls are not followed by an ¢ for phurals {25 g not 25 gs)
4. A space separates the numerals from the unit symbols (4 1 not 4I), R
*QOther school departments may have devices which 5. Spaces, not caﬁ;ns are used to separate ]arge numbers l?to groups of three
. ‘can be used. Metric suppliers are listed in the reference digits (45 271 kmno km)
tection. ' | " 6. Auero precedes the decnmal point f the funber s les than one (0.53 ¢ not 52 g)

1. Litre and metre can be spellec ;ther with an-reor -¢r endmg

. k4
A 4

~-Information Sheet 1
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* METRIC UNITS, SYMBOLS, AND REF

.

! 4
) .
T . ‘. h

.

Quantity | Metric-bnit— Symbol “‘lf{eyful Referents v
Length | millimetre mm Thitkness of dime o paper
L | ' / : clip wnje .
. | centimetre m .}Vidtﬁ ofpaperclip
metre m Height of door about 2 m
kilometre, o km 12-mimite walking distance . '
Area . square o Aréa of this dhace” o
‘ centimetre ' jgb .
. g‘
! \ \
1, | square metre n? Area of card table top
w | hectare he | Footthl} feld including sidelines
T . and end zones
Volumeand , | millilitre 5 ) ml Teaspoon ls'5ml‘ "‘
it ) [
Capacity litre | Alittle more than,1 quart
. bl cubic T
J centimetre em? Volume of this containgr
. /o
v | ! .\ - ®
C ¢ “j e ‘ . s .: .
- aubic metre m A little more th'.‘,"‘l a cubic yard
Mass | milligram mg Apble seed about 10 mg, grain of
‘ salt, 1 mg '
‘ gam 4 (Nickelabout 5¢ -,
'!\‘ L4
kilogram kg [ Webster's Collegiate Dictionary
. metric ton _ : N S )
"1 | (1000 kiogams) |t Volkyagen Beetly ', |
S . . :“""\*“ ety ’
l\ ‘ ) . . ,’ , 3 \, ‘\' // .
. \ |
wmnmvoumw%wm / o Table 1-a
) Sb e

4

\
'

\
N

-y

il

l"

BRENTS  METRICPREFXES ~ ©

AN . 4 [
. s
v &
-

o .

" Multipledapd™
’ 'Submui'tiplel Prefixes Symboll.
1000000=10° | meps (mega) | M
1000100 | o (k) Y I,
) ! K ! ' . R O
100=10" | heeto (hEK'tS) | ".h
10=10' | deka (déKs) d\,
Base Unit 1 = 107 .
01=10" | decildsdh) | 4 -
0012107 | centi(s0t) ¢
C0001=107 | mili(ll) | m
0000001 10 | miero (m"i’krB)T- i
+ " .r )
» Tablel-b - -
’ ,"/‘ l *>
. Iu i ' /
1 ‘ & s
‘.
/ L}
| &
- ‘
~
‘I
N\




LINEAR MEASUREMENT ACTIVITIES - R

1 \ N '
v 3. Choose a partner to stand
. atyour side. Move apart

Metre Centlmetre Mllllmetre B 5o that you can ut one
o 1 , o end of a metre tick on
oK 'y 4 : your partner'§ shoulder
- — e . and the other end on
T HEMETRE () . { ‘ . yourshoulder, Look at
- o . the space between you, .

A DEVELOP A FEELING FOR THE SML OF A ME TRE

1. Pick up one of the metre :

'+ " THATISTHE WIDTH OF A MBTRE! Y

sticks and stand it up on the e 4 . 1A,
. floor. Hold it in place witht, ' | .
" dne hand, )&alicna?ound the ‘B. DEVELOP YOUR ABILITY TO ESTIMATE IN METRES
,l : stlck Nowstand next to ! o o R
oy thestiék Withyourothbr . b . Now you will improve your ability to estimate in metres.
\ hand, touch yourself where . Remember where the length and helght ofametrewas on your
| the top of the metre stick body.

. comes on you, Y
[}

[}

.
1

For each of the following items:

. L o o ‘Bstimate thesxzeofthéltemsandwnteyourestlmatmk n
" THAT IS HOWHIGH A METRE IS!" ' ' ESTIMATE column. Measure the size with your metre stick%

and write the answer in the MEASUREMENT column,

“i

m ’ " Decide how close yourgmte,was to the actual measure, Jf
ol HOld one atm out straight " your estimate was withitf 25% of the actual measure you are a
~ % dtshoulderheight. Put 4, “Metric Marvel.” \ | |
~ the metre stick dlong this - ' )
gamuntl the end hits the o TR Howciose
, /- endofyour fingers.Where . Estlmate Measurement - Were You?
v Y istheotherend of the Vi - : : m-~ @ -,
' -metre stigk? Touch your . 1. Heightof door knob™ - ,
R atthatend o from floor. - . ! :
\ . . 2 e:%fdoor. o —
. | B 3.+ Lenfthoftabl, =~ _._' .~ .

. JATISHONLONG $IBTRE S 4 Widthoftable, - - S B
oo o , 5. {engthofwallof \ Co
S v ‘ this room. ) AN

. ' g o .o. - 6. lfistancefrom _ .‘

youtowal. N

| o - ZExercise 1 1

.',l. - v I (éon;inuedonnextpage)

b 5 ‘ R .
N L o
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A DEVELOPAFE@ELING FORMSIZEGMCENTIMETW /

/

. 9' .

,‘

. |
- ( ..‘ 0 '
l&h ° : . - .

L THECENTIMETRE(cmL .

There}are 106, centlmgtree in one metre‘ 1 there are 4 me {Uen nd
' Beentxmet‘fes, you write 403 o [(4% 1000m) +3 om =
“E3 o).

\ S Ya
v L 1 . . " \
e ' »

00 cm

P )
/ '
’I\ 'bo Lo 0'. .

;L ) g

Hold fhe mé,tnc rui‘}er against the width of. your thumbnau .

.w.' Howw,ude isit? tm -y (o
. o
2 Nbasureyourt'humb fromehe hi'st]omt totheend. .+
. , ,cm, 7 " R
3. Use the memc ruler to fir'ld the width of your palm. '
: em | "

“r

: 01 Measure your mdex orpomtlng f( nger How longls 1t'? .

.“\.\ ﬂ? Cm

5 e your wnst wnthatape measure. Whatxsthe dlstance
.\ arounq it? cm -

b Use thatap@meafure to find your waist size, om

" DEVELOP JOUR ABILITY 10 ESTIMATE IN CENTIVETRES

Youare Iﬁw ready to esimate in centimetres. For each of the. o

. a

following iters, follow the préjedures used for estlmatmg in

¥

Mmetres. - ‘ , ,
. @ ¥ o How Close
L . Estimate Measurement Were You?
. (cm) (cm)
1. Length of a faper
“ " clip. .
2. Diameter (width) “~
“of a coin. R : '
3 Wld}"l of a .
4 , postage stamp. '
4 lenghofa ==— N
- pencil. N
5. Width of a sheet
of paper. 4
CENTER FOR VOCATIONAL EDUCATION

-
¢

Vo,

N ' SRR §
- *III; THE MILLIMETRE (mm)' ¢ N

o . N
3 >

4-: .% \
\ . o

vThere ate 10 rmlhrmtres in one centlmetre ‘When a meaquuement is
2 centimetres and 5 mnlhmetrqsl)you wnta25 mm [(2 x 10 mm)
+5mm 20mm+5mm] Therearel\OOOnunml m.

1.

|
“f

| 4
A DEVELOP AFEELWG FOR THE S'IZE OF 4 M]LLIMETRE

oo e

* Thickness of a boafd
or desk top.

'

Uslngaruler marked i rmlhmetres meisure A
'-1. Thlckness of/,{paper cllp wue o . mm
2 Thlckness of your fmgemall ; _3:__ m | o
3. “Wdh ofyour fingemmall, . s
Diameter ( wujtb)qfacom. o _mm ’. |
Diameter (thickness) of yout jiencil. _ . o
\ mm'

Width of a postage stamp, | '

!

“DEVELOP YOUR ABILITY T0 BSTVMATE IN MLLIMETRES.

You are now ready to estimate in‘jnillimetres. Fot each of the
followm‘\'ems follow the procedures used for estimating in
metres .
. ' How Close
L@ Estimgje  Measurement Were You?
C(m) (om)

Thitkness of o R
. Rickel, .

: Qfameter‘(thickn‘ess)
) Ofab()lt.‘ '

‘Length of a bolt,

~

Widthof a sheet ﬂ S
of_Egp r. -

N ) ‘ ’ . , 4
Thicknessof s~ /
button. '

. Exercise 1

13



it

- AREA MEASUREMENT ACTIVITIES
-.Square Centimetrg, Square Metre, @ S

WHEN YOU DESGRIBE rHrsmA OF SOMETHING, YOU ARE
SAYING FIOW MANY SQUARES OF 4 GIVEN SIZE [T TAKESTO, _

COVER THE SURI;ACE

L a’l‘HE SQUARE CENTIIIIETRE (cm?) N\t v
U
N DEVELOP‘A FEELING FOR QISQUARE” CENTIMETRE -

1, Take a clear plastic grid, orug the.grid on page 6.,

2. Measure the length and wrdth of one of these snﬁ‘ll
qUares with a centimetre uler. \/4\

-l

THAT IS ONE SQUARE CENTMETRE! *
3. Place your fingemail over the grid. About how many.
squares does it take to cover y'our fingernail?
' \x%’ !
4, Plage a coin over thg grid. Abouthow many squares
does it take to cover the coin? cm2 ‘

U\

" Place a postage stamp over the gnd About hpw many «
squares does it take to cover the postage stamp"

em? !

6. Place an envelope ovét the grid. Abqut how many
squares does it take to cover the enyélope?

N em?

1. $ Measure the length and width oL:fhe envel&‘m in centi-
metres. Length _____cm; width om.
Multiply to find the area in square centimetres.

. eMX__- . om= em?, How

close are the answers you have in 6. and in 7.?

i

o %&mnmvocmmm EDUCATION

B

/

VELOP YQUR ABILITT’TO ESTIMATE IN SQUARE

;, NTIMETRE} -.

L Yo_u qre now,ready to develop ;réugability 10 estimate

¢ In sqyare centipetres,

4 Remember thesizebfasquar"e%entrmetre FoIIeach of he ~
f following items, follow the procedures used for estrmat '
: tres. - "
)‘}. ‘e o . \‘-7 ' LI
AN T, e How Close

Y

";’

l/ b, .
,I/ 1 Edex ad. ,
2 ook covir. P = —
8 Photogmph, Lo & :
‘4, » Window pane or B L
desk top. ( — ]
— | K . .
/ ! | . -
II. THESQUARE METRE (m?) PR
A DEVELOP A FEELING FOR ASQUARE METRE
. (o
‘ . 1.7 Tape four metre sticks together to makeasquare whrch
' is one metre long and one metre wide.
v .2 Hold the square up with.one side on the floor to see how

A
i

‘ *bigit s

look. See how much floor space it covers.

3. " Place the sqlra're on the floor in a comer. Step back and

4. Place the sqrrare om\a table top or desk to see how

much space it covers,

5. Place the seftare against the bottom of 2 door. See how

 much- o(g)he dootit covers, How many squares w
take to Cover the door? * m?

{
THIS IS KOW BIG A SQUARE METRE o) N

o ' , ’ . : \ \ U .
S f\ " Exerc

ould it

L '
P

ise 2

(continued on next paﬁe)
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- B DEVELOP YOUR ABLLITY TOESTIMATEINSQUARE - CENTIMETREGRID. -

o METRES’ ‘ ! : .

v - . .' - ’ L 4 . " Il ' ’ N :). ° - '“ . ‘

. Youare now ready to estimate in square metpes, Followthe - || . |, : ‘

M s . . a4 r. . . . . v “ ] “\
pregdures used for estimating in metres. Lo . 1 e | ] o k

\ P ) o : " a ' ' ﬁ‘ ’ o

SN .~ How(Clse - ., T T
o [Estimate Measurement Were You” ‘ :

o) ) - |

% ™ Door. T o#. __p . MEETL I I .

. AT L | ome | |l

2. Full sheetof L : I - - _ .

*newspaper, ’ ¢ ! : . _ , A ot

¢

el -
A

L

S Chaltbowbor < . g 3
. bulletin board, : IR | | )

4. Foor. - . ! ) . T . ] 1 o ;?“‘w. :\L

w0 _J o A 3
. 6. Wallchartdrgostgr. 7 / o " | o | ' 1. B i > /
. 's}deofvmecapine‘t,g% | t N .

; 3 ) . .
. . ‘ ' ' ' ’

’ . . T a
7 . ¢ 5

-<
.
—== =
~
-

; ' 7 \ v
A\ , |
/ ) ) H
r. A)

1
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VOLUME MEASUREMENT AETlTSTIES
Cublc’Centlmetre thre M,;thtre Cublc Metre

' * i
1. THE CUBIC CENTIMETRE. (cm ) . .
e Vo
A, DEVELOP AF EEL%NG FOR THE CUB[C CENTIMETRE .
14 Plck' upa 2 colored plastlc cube. Measte its ]ength B
‘ heigh, and width in centimetres.
{

)
s

¢ ' m\\l

. L]

.ﬁ .

N

2. Find the volume of qp]astlc llﬁe box, | '

’ etres, | - ‘ ‘>
a. Place a ROW of cubes against the bottom,of ongkide R ' "How Close
of the box. How many cubes fit in the row?_ AR Estimate ~Measurement Wete You? .
' 7N c o (emf) e ) Y
b. Place another ROW of cubes against an adjoifling side : o '
) . of the box. How many rows fit inside the box | 1 Tndexcard file t »
~ tomake one layer of cubes? _ A ( - - box. \Q : ;‘%\' - 7
J How many ctbes in each tow? B " .~2 Freez;rc ntainer. - — /
How many ‘cubes in the ]ayer inthe bottom of the : 3\ Paper clip b(ﬁ"‘ : - ',:jf |
coobe ’ 4. Boxofstaples S
o Stand a ROW of gubes up agamst the snde of the box " s . 4
* s Hompuoy LAYERS woull i e 0 mELTREQ) \
S How ‘many cubes in each layer’ ~ s o o
/ How many cubes fit in tiﬁbox a]together"_______-'\: , A DEVELOP A FEELING FOR A LITRE - v
P
vfg . THE VOLUME OF THE BOX IS CUBIC 1. Take a onelitre beaker and fill it with water.
. m& L CENT]MET@ES' " 2' Pour the water into paper cups, filing each as full s you

- d. Measure.the length, width, and helght of the box in
centimetres. Length om; width om;. '
height cm. Mu]tlply these numbers to fmd o
the volurme in cubic centlmetres ,

i —
\ i

b

omx m= “om’,

om X

i
. Are the answers the same in\a‘nd d , - '

i
)

' wcmm FOR vocmo{’m EDUCATION ' :

)

THATISONE’CUBIGCENTI me N

lii‘q | ‘-

\B DEVELOP YOUR ABILITY TO ESTIMATE IN CUBIC
ENT[METRES

You are now ready,to deve]op your ablﬁty to dt mate N
in cubic centlmetres - B

'Remember.t s of 8 cubic centim@. For each of

usually do. How many cups do you il? - '
AT IS HOWMUCH IS IN ONE LITRE! ,
3 Fl]] the lltre Gﬁntamer with rice, o e |

THAT IS HOW MUCH IT TAKESTO F[LL A ONE

LITRE CONTAINER! Ly

-

‘.
! ; O

Exercise 3
{continued on next page)
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/ - |
(" By nEVELOP@oUR ABILITYTOESTLMATEINLITR

¢

L Y/ulx now ready to develop yoft ability to estimatein

[

- ,There are | 000 milllitres in one litre, “1000ml = 1%itre. Half
- alitre is 500 millilttres, or 0.5°itre = 500 ml},, /-, .

| R A.Q DEVELdPAEEELING FOR A MILLILITRE

i

1. Examine a centimetre cube, Anythmg,whlch holds :
lem holdslml * -

/'-' * 2. Filla1 milllitre measuring §poon w1th rice. Empty the”
spoon into your hand. Carefully four the ricé into a
\ small pile on a sheet of paper

THAT IS HOW MOCH ONE MILLILITRE 1! |

(E '3, Fill thes%spoon with fice. Pour the nc'nto.another |

pile on the sheet of pa \
X - THATIS LLIL)TRES OR ONETEASPOQI:J'

THAT IS 1 ﬁMILLILlTRES, OR ONE TABLESPOON !

ATIONAL EDUCATION .°

L \/" ., THATIS THE VOLUME OF ONECUBICMETRE!

Pl
K

LI

"R ‘l : . - t
/ 1 Q
B. DEVELOP YDUR A%LITY T0 ESTIMATE IN MILLILITRES '

" You are now ready to estxrmte in m;lﬁhtres Follow the :

~ litres, To write two afid ene-half litres , youwrite 2.5 1, or ' © procedures used for estnmatmg metres. ,3 o
« 2.5 ¥res. To write one-half litre, you'write .5 1, or0.5. J ‘ : ' HowClose
1 litre, To vitite two threg foutths litres, yougrrite ,7 stimate Measumient “Were You?
75 1, or 2.75 ltres. . _ . - TR |
. x/ ( ) m \ s
\ For each of the following ifems, use the procedures for K 1. Sl juice can. ?\ | - _—
estnmatmg in metres. How Close 2. Papet cup or tea v PRER : '
\_ i i  Eothhate Megsurement Ve Yo W :
o i Lo 1) , ( > 3 oftdn/"nkcan. ‘ :
NG jum-size. ’ : LN | _ .
‘m. freezer container. ' 4 Bottle. - — —
) Wf&zer S ) .
T oot W ﬂmoumcms(m) Y
' Sall frezer ‘ E{ L}f« / B
container, : N . o« DEVELOP A FEEEING FORACUBIC METRE .
j 3 - -0 s ' | -
\ Bottle mug. ' — * m Placeaone metre square on the ﬂoor next to-th'e wg{ll. v
| WTHE MILLILITEE (ml) RS | L Ivhasureametre UP theywall, ' , L
- ) A ' 3 chturea box that wouz fiti mhat space '

| :
f B.- DEVELOP YOUR ABILITY TO-ESTIMATE IN CUBIC MET ES

S .\bFor each of the followmgotems follow the wtxmatmg proced ,

ures used before
[ S l-fow Close .
‘ "" : Estlmabe tvieasurement Were You?
s (ms) ' (m) L
.o L Officedesk :
2. Filecabinet._ : e A
3. Smallroom.
& ! .
4 I

A ',Ex.erci'$e'3‘ |
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; Y
MASS (WE}GHT) MEASUREMENT ACTr\ﬁl‘IE ST ( Y
. P R
Kllpgrqm Gram - — SN e ‘
voee f ¢ F ; ' ' / . \/
| ) , | 1
" The mass of an object is'a measure of the amount of matter inthe o s . s :
' object. This amount is always the same un youadd or subtract some T LI :\/\ (kg) v
matter from the ébject. Weight is the termﬁsat most pgople use ' when A ' , ‘
“they meay mas¥, The weight of an object is affected b gravity; the L llkIIO#mb“ ' ‘ |
mass of an object is not. For example, the weight of A person on earth ) Textb'?l\ T '
might be 120 pounds; that same perspn’s weight on the moon would he © . ‘ S -
. 20 pounds. This difference i becan the piull of gravity on the moon 3. Bagof supar | —— B
i less than the'pull of gravity on earth. A petson's mass on the earth 4.. Packageof paper.  —__
. dnd on the moon would be the same, The metric system doés not g Y . |
measure weight--it measures mass. We will use the ferm Tass here . + fourowm mass'. :
«, of ) «
" Thegymbolforganisg L '._ B..,DEVELOP YOUR ABILITY T ESTIMATE IN KILOGRAMS
+ The s‘mbol for kl]ogram I kg '

. Forthe followmg items ESTIATE the mass  the objectin
s, kilograms, then use thesscale or balance to find ¥he exact sy
of the object. Write theexact mass in the MEASUREMENT
column. Determine how c| ) .,

- "M‘hereare 1000 grams in one kilogram, or 1000 g = 1 kg, ’ ,’-
: Half i kxlogram can be written as 500 g,or 0.5 W ' ", :

A quarter of a kllogram can be written as 250§ 0.25 kg |

" Two and three-fourths kilograms is written as 2.(‘119 kg. .

R ' Estimate Measurement. Were You?
| ) (g
1 fHE KILOGRAM(kg) o o ST
P ‘ 1. Bagofrice. - U ‘
DEVELOPAFEELING FORTHEMASSOFAKILOGRAM - 2. 'Bagof ail, o,

{

Usmgabalance or scale, fmd the mass of the items on the table. 3. Largepurseor

Before you find the mass, notice how heavy the object “féels” = befease. L
and compare it g the reading on the scale or balance, . 4, ¢ Anotherpem}n.‘ S
5. Afew books.
I
oy
oo , ~ FExercise 4
| | ‘ Q | . . (continued on next page)

¢
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I " q 4 \ ’ . /q’ K .'\ LI N
‘ 1ﬂ ’, ' \ v l‘ | ! T tw‘ P (\
’ ’ L / A v g
\ v - { '- b ! ‘ ' J‘)’ ‘
' } ror s o L V’ - N » .
oo e S Y *
) l X » o B ‘ . o . u.,:“ ‘ a
) o . o R , : - , ol o . ».
I THEGRW(E) \ booe L e
,)/ 'n ‘“ ¥ , 4 ,’” : .‘. b , . o )
| Dmmmmemmmm i i,b{ BMWmmwmmwmmmmmmm S
. | ' ‘Eb’\ . ' v \Y 'y 7
; ‘\l: Takeacolored plagtic cube. Hold it in your hand. 'q ," prare now ready to improve yourabxhtyto estimate’in -« ,
Voo Shake the cube in your palm as if ﬂiakmgdxce Feel the it qgrams )Remember how. heavy thel grgm cube1 S howheavy.
. pressure on your hand.whenthe cube is in mfioh,then * . - 7, the'two gram cubes are, ang How héavy the fnve g'mn~cubes A
.. when itis not.in motion. ' “',u\\ SN S are Foreach of the fgl]owmgltems follow the prdcedures, !
’ . " . o " . L ‘.»!'5 .' .
o THAT I‘S.H VWHEA,\"Y AGRAMIS o A usedforeshmatmgmknlograms o . ."3
| | .' Co -‘,—F/ R L HowClose
9. -Takea‘econ cube and attach it to the frs, Shake the - N | Estunate M:asurement. Were YO"? .
* cubésinirst onie hand and then the other hand; rest S (g) (g)" I

1‘ Twothumbtacks L

2‘ Penc;l B SR \t

" the/cuibes near the tips of your fmgers movmg your
~h dupanddown ' -

HATIS THE MASS OF TWO GRAMS! | Two page etler. ,. ‘; |
, e and,enve]ope‘ o '

3. Take flve cubes in one: hand and shake them around ‘ 4. Nickel” . , - g‘}
immmwwmmmv C s Apple o : o
’ \} et § .6 Packageof - .~ . .

g : o J o " s oy ) ' . . . u ‘ .
R . e N
J ) ' . ’ . |
', v ‘J‘ ’ | ( 'l
L 4 v i, N\ o,
b ' B e [
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TEMPERATURE MEASUREMENT ACTIVITIES

Degree Celsrus f e

R
L DEGREECELSIUS(°C) 3 L

!

Degree Celsius ( C) s the metnc I'neasure for temperature.

i N

‘Al DEVELOP A FEELING F OR DEGREE CELSIUS

TakeaCelsius thermqmeter. Look at the marks onit. |
? 7

1

3.‘

4, '~ Pyt some cold watér in a container with a thernﬁmeter.

_ find the temperature.

\

Find O‘degrees“. \

WATER FREEZES AT ZERO DEGREES CELSIUS (0°CY

WATER BOILS AT 100 DEGREES CELSIUS (100°C)

.Find the temperature of the room. __C..Is th;e

room cool, Warm, or about right?

Put some hot water from the faucet into a container.
'Find the temperature. ____°C. Dip your finger -

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

hot, or just warm?

Find the temperature. - °C. Dip ypur finger into

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

Bend your arm with the inside of your elbow around r@é

bottom of the thermometer, After about three minutes
°C. Yqur skin tempera-

ture is not as high as your body temperature.

NORMAL BODY TEMPERATURE IS 37 DEGREES
CELSIUS 37°C).

‘A FEVER 18 39°C.
A VERY HIGH FEVER 15 40°C.

Lo
S
’ s

*'DEVELOP YOUR ABILITY TO ESTIMATE IN DEGREES
omss

5-\

1

For each item, ESTIMATE and write down how many degrees '

Celsius you think it is. Then measure and write the MEASURE-

MENT. See how close your estimates and actual measure-

ments are.

Mix some hot and

cold watering

. container. Dip your
- finger into the -

water.

Pour out some of

the water. Add some-
hot water.” Dip your

- finger uickly into

the water

Sunny window sill, |
Mix of ice and water.
€

Temperature at

- floor.

Temperature at

" ceiling.

. 0utdoor tempera
. ture,

*

) How Close
 Estimate Meastrement. Were You?
0 (0
¢
oo
i

Exercise 5

27
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UNIT

! g
 OBJECTIVES

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

¢ (iven a metric unit, state its use in this
occupation.

¢ Givena measurement task in this occupa- /
tion, select the appropnate metric unit
~ and measurement tool:

- SUGGESTED TE’A\gHING SEQUENCE

1. Assemble metric measurement tools (yules,
tapes, scales, thermometers, etc.) and
objects related to this occupation;

\l'.

- 2. Discuss with students how to read the

" tools.}

3. Present ano have students discuss -
[nformation Sheet 2 and Table g\ '

.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 Abilitiesf"

’

* various parts of industrial and scientific communities for years.  Legislation, passed in
- 1975, authorizes an orderly transition to use of the metric system. As businesses and

can aﬁ to the list of uses bemde each metric term. )

]

METRICS IN THIS QCCUPATION

. %
Changeover to the metric system is under way. Large ( corporatlons are already using
metric measurement to compete in<the world market. The metric system has been used in

industries make this metric changeover, employees will need to use metric measurement
in job-related tasks. .

Table 2 lists those metric terms whlcb are most commonly used in thls occupatlon
These terms are replacing the measurement units used currently. What Kinds of job-
related tasks use measurement? Think of the many different kinds of measurements you
noy make and use"l‘able 2 to discuss the metric terms which replace them See if-you

; Information Sheet 2

229



Metric‘_Units’fqr Welding ;". )

F o

.

»
,

Quantity Unit™ Symbol Use -
\ ’
Length millimetreJ K \ mm Size of fillet weld, screw and Lolt lengths and diameters,
e Lo wrench sizes, diameter of welding rod .
-~ " i
centimetre em ..V Length of weld, channel, pipe, [-beam, rod
+ - ! ' ‘ !
metre’; ';} K m, ‘Length of pipe, conduit ) { ﬁ,
Area  square millimetre ~ - mm . Area of plug weld
Yl o 4 & L
C .",‘ ] 1@ 3 - - .
square centimetre cm Area of steel plate - .
== ) J i —
square metre “m?’ Area of welding room floor
-] N ’ .
Volume/Capacity cubic millimet,rié mm’ Yolume of a fire prick )
r". : C N N \ .
’ e ; . O
K , cubic centimétye , m  Product size; excavation quantities; tank, container,
j ' —— compartment or hopper capacities* ~
cubic metre")‘ P | mJ. - ’ a
o Moo L,
millilitre ml .. Liquid solvents, chemicals, oil
litre I (i Quantity liquids, gasoline, acetylene and oxygen purchas;,
’ tank capacities ' '
1] ‘l -
Mass gram/ g Can of flux
 kilogram ke Packages of welding rod
Wire feed rate millimetres per second mm/s Heliare we'l'ding
Eiectrode force + newton N Upset, squeeze, and hold
Flow rate litres per minute |/min Argon or carbon didxide gas flow for gas<hielded welding;
¢ liquid coolant flow for TIG welder
v o . A
Temperature degree Celsius °C " Weld, welding room, outside, and liquid temperatures,
/ ; melting points
| Kelvin K Sometimes used in scientific and Eechnical'speciﬁcations
, and reports (see Conversion Chart) 5
Pressure kilopafcﬂ' / kPa Oxygen pressute, gas and hydraulic pressures, tensile

. ]

.

. strengt&»\ :

¢

*Tanks, hoppers, and containers will be measured either in litres and millilitres or in cubic centim%ﬁrés and cubic metres.

rd

THE CENTER FOR VOCATIONAL EDUCATION

o

12

A

* Table 2

E&ls
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TRYING QU METRIC UNITS

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

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

Estimate | Actual

— !
LI oo NS

Then actually measure the item and write down.your answers using‘the Oxygen b\ottle ‘
correct metric symbols. The more you practice, the easier it will be. ‘ —
' : - ' 1fi. Container of degreaser
Estimate |  Actual _
i o | - 18, Drum of oil
Length =~ * f -
© ., ol Pmwidth - 0. Bucket ‘
P
2. Hahd span 20, Small box or package
3. Your height 2. Soldered or welded container
4 ' J“ 'n . \q ‘»
4. Desk height . ah 2. Stongetin ‘
5. Space between desks’
— , Mass
6. Welding rod '*' - 23 Texthook
7. Heightof ilng cai : 94, Nicke
4‘ ;Hexght of fmng cabinet J 3
. 8 Flanges of Ibeam 25. Yourself
! L
9. Legs of angle iron ‘ 26. Brazing rod \
: . \
Area © 27 A quantity of stee] .
10. Desk top -
1. Spot bit 28. Aluminum welding rod ot
———— —
12. Workbench Temperature
‘29, Outside
- 13. Plug weld —
; 30. Inside
~ - 14 Templates
— : 31. Hot tap water
....((“.k.'UhImv,/.Gapa(,itylu.‘A.‘uuc« PRI ....z-.r.“ .
.15, Acetylene bottle * 32. Cold Water

14
« &
THE CENTER FOR VOCATIONAL EDUCATION

Exercise 6

»
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WELDING WITH METRICS - o : , e

It is important t6 know what metric measurement to use. Show

what méasurement to use n the following situations. 18. Flow rate for gﬂs'ﬁhfeldEd welding |

: ' 19. Length of a steel tape
1 Iength of workbergh : . . ghofaseel e/

+ 20, Size ofa wyench ,

e
2. Width of workbench

91. Volume of a fuel torage tank
3. Areaof workbech olume 0f & Tuel storage tank

] s ] - ‘ 99, Wire Teed rate for spot welder
" 4. Capacity of quenchmg fank or S ' ?ee N p -
| bucket , 1 B |- 23 Air pressure for spot‘welding
4 5. Mass of a blacksmith's hammer “ N i
- G . j
S v ' ‘ ' i :
% 6. Diameter of oxygen hose | : ; . ..
. "7. Témperatute of flame from torch SRR | : - .
‘{ Bg\ . v ‘ ' . | '

,13'{ 8. leume of container of flux

"9, Mass of asingle welding rod |
,Mn . . -
.,{'.‘ ‘ ™

g o ‘_

-2 10. Volume of can of metal primer

iy 11‘“ Reading of a pressilre gage

f'&. 12 U«’ﬂgth of a"welding rod . | |

,7‘ h@ Length of an electrical lead
? —

;*.'34 Lengthofaweld T o ¥

«f J}h Width of a weld,

L\.,.

. 3 /
%’/ 16. Length of a steel plate : ,

" 17, Width of a steel plate

»

m CENTER FOR VOCATIONAL EDUCATION . Exercise 7—
. J o ‘ u \‘ i ] v .
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Voo ‘ .
% L . —

e METRICMETRIC EQUIVALENTS
- UNIT | U
, . Centimetrps and Mil}imetres

12 3 4 5 ¢

L 4 ’ . ' ;
The student will recognize and use met. - ‘l ] ‘ ‘ ‘ ] ‘ ,l ] l ] ‘ J l ‘ I ] ‘ ]
ric equivalents. | : 12 3 4 5 6

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

Look at the picture of the nail next to the ruler. The nail is 57 mm long, This is 5 om+ 7 mm,
There are 10 mmin each cm, $0:1 mm = 0.1 ¢m (one-tenth of a centimetre). This means that
Ymm=0.7 em 50 57 mm =Sem+Tmm |
- | : = 5em+0Iem

o : | = 5.7 cm. Therefore'57 mmis the same as 5.7 ,
 SUGGESTED TEACH]NG‘SEQUENCE v, Now messure the paper clip. 1tis 34 mm. This s the sameas3cem+ " mm, Since each

‘ ‘ « .| millimetre is 0.1 cm (one-tenth of 3 ¢ ntimetre), 4 mm = . 8o, the paper clip i
1. Make available the Information-Sheets 34 mme = 3em +:1nn(1m e e) “)_‘____cm epapercipls
(3-8) and the associated Exercises ' =3em+04cm o o :
. (8-14), oneat lme.., " ‘ = 3.4 cm. This means that 34.mm is the same as 3.4 cm,,

2. As'soon as yoﬁ have presented the
Information, have the students complete
each Exercise, )

.
L

| ‘Informatfon -Sheet 3

" 3, Check their answers on the page titled - Nowyou try some, | . | '
~ ANSWERS TO EXERCISES AND : A !
:%‘ a) 6mm=____cm e) 182mm =+ om :
TEST. , 5 , .
- : b)583mm= ______ om f) 802mm = L em
4. Test performance by using Section B of

" “Testing Metric Abilities,” ¢) ¥mm=___ o » g) 140mm = em .
S d)680mme o h) 2307 mm: =

i |

Exercise 8

1
]




o K

’ /;y )/ ’ !
| i )
(Metres Centimetres, and Millimetres fx .
There are 100 centunetres in one etre. Thus | 'J
Zm' 21100cm- 200 em,
Jme 3x100cm A 300 em,
8m= 8x100cm= §00cm .
. ¥%m=3x 100 em = 3 600 em.

.| There are 1 000 millimetres in one metre, 0

2m= 2x1000mm= 2000 mm,
dme 3x1000 mm= 3000 mm,
{Q‘p 6 x 1000 mm = 6000mrn.
24m-2411000m-24000mm

From your work with decimals you should know that

- one-fourth.of 4 ‘centimetre can be written 0 25 em
(twenty-five huridredths of a centimetre). ; ‘
This means that if you want to change three-fourths of a métre to §
millimetres, you would multiply by 1 000. So
9.75 m* 0.75x1 000 mm

. -%xlOdﬁmm :
. 1
" 75,‘%!!!!!1
* T5x10mm ; .
= 750 mm. This means that 0.75 m = 750 mm, )
| _ Information Sheet 4
Fill in the following chatt. ’
metre ‘| centimetre | millimetre |
m - mm
1 100 1000
2 - 200 ‘
3
] N o
S T 50 S
. 4 . ( . T . . PP
| (E ) ‘
0.6 e 600 \
y 75 %] Y
T8 .
.08 59

- Exercise 9 -
'E KC e CENTER FOR VOCATIONAL :m’mnou

* | Since there are 1 000 millilitres in each Iitre,“one waﬁ to'change milli-

one-half of & metre can be written 0.5 m (five-tenths of a metre), ) :

AN _

, p ! 11
K )
| Milllitres to thres
There are 1 000 millilitres i in one litre. Thw means that
2000 millilitres is the same as 2 litres, ‘ E
3000 m} is the same as 3 litres, - s #

. 4000 mlis the same 4 litres,

12000 mb i the sameas 12 fitres,
A

ltres to'litres is to divide by 1 000, Forexample,

o 1ooom|-'muue 1 litre,

0
2000m| = f ggo litres = 2 htr$

- And, & o final example,

&y

8000 ml = mI 8 e
28000 m 1000“’“ 2l|lres C ;

What if something holds 500 ml" How many htres is this? This is .
worked the same.way :

-
F1

v

500 ml -—6 htre 0.5 litre (fivetenths of n lltre ). So 500 ml

" ig the same as one-half {0. 5)ofa1|tre ’  ?

Change 57 millilitres to litres.

v
57 ml= 7'3-0 htre =), 057 lire (fifty- seven thousandths of 2

ite). N L
" ot

Informatlon Sheet 5\_
Now you try some. Complete the followmg chart.

millltres | litres

(ml) U] ' .
3000 3
{ 6000

—3

17000
P S
(1] W [ 03 - g

00 | & .
09

250 .

1 o ,

Exercise 10 -

‘ ‘ " v j 3:’) .
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- &

. Now you try some. Complete the following chart,

Try the folloWing ones.

y
ki

',‘\khat do you do if you need to change htres to millilitres? Remember,

A

- ) ' — Y,

Litres to Millilitres

there are 1 000 millilitres in one litre, or 1 litre = 1 000 .

So,

2 l‘it'resf2 .\'1000ml=2000ml,/
T litres=7  x1000ml="7000m, |
13 litres=1d x1000ml= =13 000 m, )
0.

( ' S
Kllograms to Gratns
To change kllograms to grams, you multlply by1 000

4 okg= 4 x1000g= 10005 |
B kg=23 x1000g=23000¢
DT5kg= 075x1000g= Talg

65 litre = 06,’()( 1000ml = 650m.” )

- Information Sheet 6

d

_ (hangmg from millilitres to htres _
\.

litres millilitres o
| m}
K g000 |
5
1
32,000
0.4
' 0.53
* 480 Exercise 11
r~ O
(rrams to Kilograms :

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

2000 grams is the.same as 2 kik)grams., :
3000 g is the same as 5 kg,

- 100 g 15 the same'as 0.7 kg, and so on.

r
»

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

Information Sheet 7

' grams kilograms
8 kg
‘ <4000 Ik
1.3.000

"123000

8

. L)

. . Exercise 12
' o "¥ THE CENTER FOR VOCATIONAL EDUCATION : ,

1dod by ERIC.

J

T )

Infor;‘n-at_ion Sheet 8

Complete the,following chart,

=

kilograms grams

kg -8

T ) | 1000

7
‘ ‘ 25 000

04

063 . , S

175 Exercise 13

- Changing Units at Work

Some of the things yob use in this occupation may be measured in
different metric units. Practice changing each of the following to
metric equivalents by completing these statements.

. a)50em welding bead is m

b) 250 ml of solvent is l
¢ ) 5 cm diameter pipe is : mm
d)2500gofﬂux1s — _ kg
e)120mmboltis. - em
f') 0.25 litre of paint is ml
8 ) 2000 kg of welding rod is ot
h) 500 kg of steelsheetis t
1) 10 em boltis _. mm
J ) 8 steel tapeis mm
k) 500 g of hand cleaner s - ke
1) 500 m of liquid fluxis ___- l
m) 2 ltres of caustic soda degreaser sy om
n) 1emcrateris’ .Y mm
0) 230mmrod~1§‘¥ { om
e
Exercise 14



UNIT

OBJECTIVE

* The student will ecognize and usé
instruments, tools, and devices for mea-
surement tasks in this oceupation.

¢ Given metric and Customary tools,
instruments, or devices, differentiate
between metric and Customary..

¢ Given a welding measurement task,
- select and use an appropriate tool,
instrument or dewice.

o Given a metric messurement task,
judge the metric quantity within 25%
and meas?re‘within 5% accuracy.

1

SUGGESTED TEACHING SEQUENCE
1. Assemble metric and Customary measur--

ing tools and devices (rules, scales, °C ther-
mometer, drill bits, wrenches, micrometer,

vernier calipers) and display in separate
 groups at learning stations.

2. Have students examine metric tools and
instruments for distinguishing character-
istics and compare them with Customary:
tools apd instruments,

3. Have students verbally descnbe charac-
tenstlcs

4, Present or make available Informatlon
Sheet 9.

5. Mix metr\and Customary tools or
x equlpment at learning station. Give
students Exercises 15 and 16.

N6 et performance by using Section Cof
“Testing Metnc Abllmes "

“ERIC

SELECTING AND USING .
METRIC INSTRUMENTS TOOLS AND DEVICES

Selectmgvan improper tool or misreading a scale can result in art improper requisition
form, damaged materials, or injury to self or fellow workers. For example, putting 207
pounds per square inch of pressure (psi) in an arc-air welding system designed for 207 kilo-
pascals (about 30 psi) could cause a fatal accident. Here are some suggestions:

1. Find outin advance whether Customary or metric units, tools, instruments,
. or products are needed for a given task.

2. Examine the tool or instrument before using it.

3. The metric system is a decimal system. Look for units marked off in whole
numbers, tens or tenths hundreds or hundredths.

4. Look for metric symbols on the tools gr gages suchasm mm, kg, g, kPa, "

5. Look for decimal fractions (0. 25) or decimal mixed fractions (2.50) rathet
than common fractions (3/8) on drill bits, wrenches, and gages.

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

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

8. Practice selecting and using fopls, instruments, and devices

v Information Sheet 9

g

19

N

‘ ‘l"' . o

N ) ! ' L

L/ K cn\nm FOR vodmomuoucmon K | j
O | o .

. : - .

43



0 .-, o
WHICH TOOLS FOR THE JOR?

~

~

MEASURING UP IN WELDING -

Practice and prepare to demonstrate your ability to identify,
select, and use metric-scaled tools and instruments for the tasks given
" below. You should be able to use the measurement tools to the appro-
priate precision of the tool, instrument, or task.

For th?f;sks below, estimate the metric measure-
ment to within 25% of actual measurement, and verify the estimation

[\ by measuring to within 5% of actual measurement,

; , 7 \, BN Estimgte, Verify .
' Select and demonstrate or describe use of tools, instruments, or 1. Diamoler pf a welding rod for elec-
devices to: , tric are hwelding of mild steel plates
) ' ick
1. Check proper pressure on oxygen tank gages for welding. 6 am thi : :
- 2. Amount of welding rod used on a
2. Check proper pressure on acetylene tank gages for welding. {’b' " :
o ! T ; 0 ’ 488
3.%Order enough welding rods to last the school year. b. Length v
| . Pressure setting for acetylene
4. Estimate the size of a fillet weld for a tee section made of ¥ w:]zsil,l]rge seving foracety gn ,
- 10.mm SAE 1018. — -
) 4. Spacing of straight beads for a
5. Space spot welds on a piece of sheet metal. Weaving end whipping bead
, Co 5. Quantities of caustic soda and _
6. Set proper pressure on oxygen tank and acetylene tank for water to mix a degreasing solution:
" torch cutting, - o & Caustic soda
7. Check proper ampa.on electric welder for welding 10 mm SAE | b 'Water —
» 1020 to 10 mm SAE 1020, 6. Spacing of spot welds on asheetl y
AR , metal product -l
8. Select proper wire feed rate on heliarc welder for lap welding T. Size of a thick metal strap fora w.%ﬁb }b . ‘ J@
2 mm SAE 1018 together. product; N 4
I ' . a. Length - [ A
9. Heat a piece of 10 mm SAE 1018 to a bright cherry red and b. Width . ! N
| cheﬂeck for comp@ble temperature, ' & Thickoes ‘ T
, " P 8. Length of cut triangular tips for '
10. Chec'k a number four tgrch tl'p for proper orifice diameter. aclosedend weld on  pipe
11. Order replacement blade for metal-cutting hacksaw. I 9. Mass af g container of brazing flux
to be requisitioned
12." Order pipe for aproduct. 10. Flow rate for a gasshielded weld-
‘ ‘ ing job o
13. Set atool rest for off-hand grinding.
L resLforo : grncing 11, Area of a plug weld ,
14. Mix a solvent from a jug of concentrate. ) | 12. "Length of weldingrodstobe ~ al.
' requisitioned :
L, &
Exercise 15 Exercise 16
¥ ' -



UNIT

OBJECTIVE
)
The student will réc.ognize and use metric
and Customary units interchangeably in order-
ing; selling, and using products and supplles in
‘this occupation. -

e inen a Customary (or metric). measure-
- ment, find the metric (or Customary)
equivalent on a conversion table.

o (Given a Customary unit, state the re-
placement unit.

S
SUGGESTED TEACHING SEQUENCE

. 1. Assemble packages and contamers of.
© materials.

" 2. Present or make available Information " -
Sheet 10 and Table 3.

3. Have students find approximate metric-
Customary equivalents by using
Exerc1se 17

T

e S TR RSO U S

_'“ '

“Testing Metric Abilities.” .

o’ s, !

wcmm&, FOR VOCATIONAL EDUCATION
i ' o

4, Test perfgrmance'by using SectionDof

!

17, Part 2 and Part 3.

1em~039inch  Linch~254cm Iml>02tsp Itspx5m
1m =~ 3.28 feet 1 foot ~0.305 m 1ml~0.07thsp 1thsp~>15ml
Im~>109yads “lyad~091m .,  11x338foz 1floz>296ml.
lkm=062mile . 1miex16lkm 1~42cups  loupx237ml
lem* ¥016sqin ~ 1sqin~65cm? 11221 pts 1pt= 0471
Imts108sqft 1sqftx009m? 11~106qt  1qt3095!
Im'~12sqyd, 1sqyd~08m’ 11026 gal 1gal = 3.791 .
~-I-heetare ~ 2.5 actes-+- - -1 acre > 0.4 hectare - l-gram~-0.035-02- — -1 0z-3-28:3 g~~~
lem*~006cuin  lcuin®16.4 cm’ 1kg~2210 11b>0.45kg
Im*~3%3cuft  lcuft>~003m* Imetric ton>22051b 1ton=907.2kg
CIm’y13cuyd  lauydx08m? 1kPa>0.145psi  1psi~6.895 kPa

: (METRI_CCUSTOMARY [{QUIVALENTS

Nyt

During the transition penod there will be a need for fmdmg equivalents begween systems.
Conversion tables list calculated equivalents between the two systems. When a chuge equivalent
is needed, a conversion table can be used to find it. Follow these steps:

1. Determine which conversion table is needed.

2. Look up the known number in the appropﬁate column; if not listed, find numbers you
- can add together to make the total of the known number.

3. Read thegquivalent(s) from the next column.
Table 3 on the next page gives an example of a metric-Customary conversion table which

you can use for practice in finding approximate equivalents. Table 3 can be used with Exercise |

Below is a table of metric-Customary equivalents which tells you what the metric replace-
ments for Customary units are.* This table can be used with Exercise 17, Part 1 and Part 3. The
symbol & means “nearly equal to.” . '

*Adapted from Let's Measure Metric. A Teacher's Introduction to Metric Measurement. Division of Educational

@sign and Renewal, Ohio Department of Education, 65 5. Front Street, Columbus, OH 43215, 1975. j
. y

| Information Sheet 10
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LY L ‘ i : 1. ' !
CONVERSION TABLES S | |

MIL : I 1 mekre = : — 10 inches = 254 mm
LIMETRES TO INCHES, 1 000 mm or“l metre = 39.37 inches § INCHES TO MILLIMETRES , 12inches or 1 et = 304.8 mm or 3048 e

‘mm Inches | mm Iches | mm  Inches | mm Inches Inches mm inches mm Inches mm Inches * mm

I 3% {10 e |t o |01 oM
W™ o |2 0 02 ogs
W us [ ue |3 o2 |03 oom
@ 5o w4 s | e s
0 1968 [0 o | 5 o 05 000
60 m&2 |60 2% | 6. o0: | 0g 00
Mm% |0 26 | 1 oB | o1 oo
)

00 a5 80 318 | 8 ox |08 oo
Mo e )W s 9w [ s |

LN LN S
08 |02 508 [ s oo w5
%2 |03 18 | ® . % | o 08
006 {04 006 | 102 | oM 10

20 o5 1o | s 1 I3
1524 {05 154 |06 152 | 06 Os
ms (o omm o o |w ;.
cm2 o5 me | 2w | s awb

286 (09 28 [T woom

'§ .

TEMPERATURE CONVERSION CHART® |
L e op °c ¢ | oF C F
0 Fi®s | nw 9| 50 122 60 | 1202
200 Tf %o 1M 649 100 €2 w1
[y 1300 o150 | s 0| 1382 ,
0w | MO L ote || 200 |0 w2 | 8w | um ‘
500 | 20 1500 | 816 < ) 850 1562
00 36 | .0 | w4 || 3 | s 90, | 1652
00 a1 w0 | um || 662 9% | 142
80 21 000 | 1649 | 400 2| 1000 | 1832
-0 foaw | we | | e | s | ow | 2w
T s 000 | 201 || 500 %2 | W0 | 363
L T 550 02 | %50 | 45
aﬁ | 5000 2760 60 | 1m2. | 300 5432

** w—r— ———ra— =
~ *Kelvin temperatuse may be used in technical specifications. Kelvin (K) temperature is found by adding 273° to the degree
/ Celsius (°C) temperature, - .

Table 3




L

0 1 gl of degreasing solution

*d) 100 Ibs. of fire brick

k) 9in, band iron

-

F
y
“c) 1000 F
R d) 2500°F °C

measurement some of the things you order, sell or use are marked
only in metric units. You will need to be familiar with appropriate
Customary equivalents in order to communicate with customers

. and suppliers who use Customary units. To develop your skill use

the Table on Information Sheet 10 and give the approximate
mefric quantity (both number and unit) for each of the followmg
Customary quantities.

Customary Quantity

2) 91bs. of flux
b)

- Metric Quantity

N

4 qts. of solution

¢) 3/4in. pipe

¢) 18in, weldingrod
f) two-gallon can ~‘, |

B) 9in. welding rod ‘
" oGingeelnler [

) Gttoteeltpe 0 | -
1) inpiece ofstel o

1) 89 02, blacksmith's hammer

16 oz. tinner's riveting hammer
") 1pt of liguid flux

- Use the conversion tables from Table 3 to convert the following:

5

]
H

e) 6.02in.
f) 02mm
g) 18in.
h) 25mm,

2) W'c =
b) W00°F = °

mm

in,

mm

in,

ANYWAYYOUWANTIT s
You are working in a welding shop. With the change to metri¢ 3. Complete lhg Reg uisition Form using the items llsted Convert

the Customary quhntmes ‘to/metric before filling out the form,
Complete all the mfortnatlon (Date, For, Job No., ete.). .
Order the following wadmg supplies: .
\ " 2) One leather bib a;;r%n 24 in. by 36 in,
" b) One 50 Ibs. cartor of cast iron welding rods,
1/4 in. dianeterind 24 in. length

¢ ) One pair of 24 infpick up tongs
d ) Two 5 lbs. cans'of brazing and welding fux
e) Slx 4iin, welders forged steel “C” clamps :

e . REQUISITION |

N Date g
For \ e | o A
__ DateWanted L

~UNIT

Job No,

_ Deliver to

- QTY

g

ITEM

A

'quues'ted-bif |

Approyed. by

THE CENTER FOR VOCATIONAL EDUCATION
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24 A 1 ‘ ‘ . i i

SECTION A ‘ + 6. Thecomect way to write twelve 11. Estimate the length of the line - Usethis conversion table fo
: i is: t below: i , '
1. One kilogram is about the mass thoum_)d millmetre : : | segment below | Bnswer quetions l;an 416
ofa: . (A] 12,000 mm, i .
. ‘ A) 23 gram :
(A] nicke (B] 12.000mm ] B m o b | b om
: . : (B] 6centimetres
(B] apple seed , (C] 12000mm : \ . ’
' ‘ C] 40 millimetres - . -
(C] basketbal (D) 12000mm (€] 40 millmetzes I b 4
.. (D] 14 pascals s 2 8
' [D] Volkswagen “Beetle” ‘ : L . : 6.2
| SECTIONB , 406 | 4 1016
2. A wquare metre is about the T. A45 fillet weld 2 centimetres 5 o _ 5 02 5 121.0
" area of: oo wide also Has a width of: 12. Estimate the length of the line P 6 ¢ 024 6 1624
, o ' o segment below: # 7 “:,‘%ojzs 7 1118
[A] this sheet of paper (A] 20 millimetres | | 8 031 2032
[B] 2 card table top (B] 2millimetres (A] 10 millimetres 9 0.35 9 228.6
' ' I\I ’ ~| 10 0.39 10 24.0
[C] s beduprad (C) O2millmee B) dcomimetes .
(D] a postage stamg . D] 200 millimetres " [C] 4 pascas |
. (D] 23 mill B, | ‘
i | o [D] 23 milligrams 15, The equivalent of 15 mm is:
3. The width of a weld bead would 8, A steel sheet metreslongalso | SECTIOND ' : (A] 381in. .+ \
be given in: has a length of: N : Bl 18]
- x ‘ L 13. The metric unit for pressure which [B] 1&in.
(A} ml!hlltl’% (A] 0.2 mdhmetre . rep]acespo“nggpersqweinchig;u . [é] ‘0'59 in.
(B] centimetres | . (B] 20 millimetres : [A] kilopasial ° D] 25in. )
(C] kilograms - (C] 2000 millimetres (B]" litre o
' | , ’ .
(D] millimetres - ‘ (D} 200 mill'}etres - " [C] grams per square metre _ |
SECTION C : ,[D] mllllmetr'es perl@qua're me‘tre 16, The equivalent of 18 in. is:
\ B - ) e :
4. The mass of steel plate is 9. For measuring in millimetres you oo . o (A} 2548 mm
[, measured in: : | would wen: 14. The metic it o lngth which [B] 18mm |
<(A] - millilitres . . [A] scale o teplaces the inch is: Ry [9] 26 mm .
[B] centimetres - (B) rule} . X Cog (A] millilitre , [B] 457.2mm
(C] kilograms (C] - pressure gage [B] kilométre
- [D] - cubic metres - - - (D] container (C] metre '
[D] centimetre ‘
5. Thecorrect way to write twenty 10, For measuring' kilopascals you ‘ -
gamsis. would use a: v ‘
(A] 20 gms L A sale “
(B] 20Gm. [B] container \.
(€] 204 N - | . o

" (D] ¢ (D] ,preu.uregage

THE CENTER FOR VOCATIONAL EDUCATION
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, & ’ N 1 J' ) . !
, Ny o | %
* ANSWERS 0 EXERCISE$ AND TEST \ | -
EXERCISES 1. THRU 6 . Exercie 10 » Exeréise 13 l . P2
" * The answers depend on the items : ‘ -
used for the activities, - milllitres | litres kﬂ%\ﬁfgams grams ;; g}ﬁ:g ?; 8'3(1)8'“3[“ .
‘ - | | B | VoI
EXERCISE 7 = = — &) BT ) 318mm
Currgntlgaceepted metric units of 3000 | 3 = o, d) 18 h) 0%%in,
measurerent for each question are 6000 (6) 2, 11 (11000) : y '
shown in Table 2. Standards in each 8000) | 8 1. (25) { 25000 Pat 3
occupation are being established 14000) | (14) 0.4 > (400) ' :
~ DOW. S0 answers may vary. }23 o T : 0.63 (630)] &) 60.96 cm by 91.44 cm
EXERCISE 8 L T 03 (0.175) 175 b) 2(2).32kg,0.635cmby60.960m
T s 0] 00 ] ¢] 0% cm
a)  bem e) 132cm Exercise 14 d) 2-2.25kg
( b 383em ) 802cm (900)¢] 0.9, | . Lxerciseld { ) §-1016em
\ ¢ - 94m . g 1400cm 50| (0.0 |4 | € 5-1010
\Tx d 68.0cm hy 2307em - [ (470) 047 a) 05 i) 100mm \

. | ' , ,¢) 80mm k) 05kg  TESTING METRIC ABILITIES
Tables are reproduced ir *otal. An- Exercise 11 d) 25kg 1) 05litre :
bxereell .

«s»lversarein parenthesgs. ' «e) 1gem m) 2000ml L C ) B
. Exercise 9 : Iht]res { mll!l::llues“ f) 250m n) 10mm .2 B, 10, D |
— - . - g) 2t 0) 23em 3 D+ 1. B
" | metre - | centimetre | millimetre 8 8000 [ h) 05t o ‘ L ¢ 19 A
0L @m0 5 ] (500 7 5. D 13 A
11l 100} oqjoee| .[46__[(46000)]  EXERCISES 15 AND 16 6D 14 D
— R 55 400) The answers ’et;})ler} gn.t.e 8. c ﬁr, D
9 ) '(g 00 ) 053 530) rltemsused for e activities.
S TN AT (0 U2 B S ‘
L0 T (M000)]* parcise 12 EXERGISE 17 AN
0.8 80 | o0y ~—— TPl i
N 3 \
e b i R T
0148) i3 18 \ ‘ *b) 38litres j*) 10.16cm
b ,,ﬁl?y 0 1000 { -4 ) 1906em k) 508
, o 79000 | (9 d). 45k 1) 9056g
- | - (23000 (23) ] ) 45.72em m) 4528¢
g . ‘ C_ o [s000 ] 8 £) 758litres n) 047litre
y | 300 |, (03) " g) 2286em o) 379litres

7 .5, GOVEANNENT PRINTNG OFFCE:1S76-757-069/6255 Region M. §-11

. | C o T

- ’ 275 | (0.273) h) 1524em .
. “THE CENTER FOR YOCATIONAL eouém@w , . K ' 3




4 SUGGESTEDMETRICTOOLS AND DEVICES
| NEEDED TO COMPLETE MEASUREMENT TASKS
IN EXERCISES 1 THROUGH 5

(* Optional) .

LINEAR MASS

Metre Sticks Bathroom Scale:
Rules, 30 cm ='Kilogram Scale
Measuring Tapes, 150 cm - Platform Spring Scale .
*Height Measure Cgpaclty .
' - 10 apacity
Metre Tape, 10 m ,
*Trundle Wheel Balance Stt:ale‘ with 8-piece
* Area Measuring Grid " msse .
pring Scale, 6 kg Capacity
VOLUME/CAPAQITY TEMPERATURE
e .
e o G T
Economy Beaker, set of 6, |
50ml-1000m
Metric Spoon, set of 5, )
~ 1ml-25ml |
P * Dry Measure, set of 3,
50,125, 250 ml , ‘ | .
Plastic Litre Box )
Centimetre Cubes :

The Ohio State Uniweraity + 1960 Kenny Road * Columbur Ohio 43210

THE CENTER FOR VOCATIONAL EDUCATION

J

SUGGESTED METRIC TOOLS AND DEVICES

NEEDED 70 COMPLETE OCCUPATIONAL
MEASUREMENT TASKS

/

In this occupation the tools needed to complete Exercises 6
15, and 16 are indicated by “* "

* A. Assorted Metric Hardware—Heg nuts, washers, screws,
cotter pins, etc. } _
Drill Bits—=Individual bits or sets, 1 mm to 13 mm range
Vernier Caliper—Pocket slide type, 120 mm range
Mlcrometer-{)utmde mlcrometer caliper, 0 mm to 25 mm
range

Feeler Gage—13 blades, 0. 05 mm o 1 mm range

Metre Tape—50 or 100 m tape
G. Thermometers—Special purpose types such as a clinical
thermometer
. Temperature DevicesIndicators used for ovens, freezmgl
coolig systems, etz.

Tools—Metric open end or box wrench sets socket sets,

hex key sets !

Weather Devices—Rain gage, barometer, hunudlty, wind
velocity indicators

*
*

Do aw

/| =

&~ = m

* K !Pressure Gages~Tire presee, air, oxygen, hydrauhc, fuel,

ete.
L. ! Velocity—Direct reading or vane type meter
Road Map—State and city road maps
‘Containers—Buckets, plastic contamers, etc., for mixing
and storing liquids :
Containers—Boxes, buckets, cans, etc for mixing and
* storing dry ingredients

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

M.
* N
0.

hardware, and school suppliers. Also, checkewith your school distriet's

" math and science departments and/o{ local mdustnes for loan of their
metric measurement devices, v ,

"Measuring devices curreatly are not available. Substitute devices (i.c., thermometer)
may be used.to complete the measurement task.

* Tools and Devices List .

o
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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 Educa-
tion, 65 S. Front Street, Columbus, OH 43215, 1975, 80 pages; $1.50,
must include check to state treasurer,

Activity-oriented introduction to the metric system designed for indepen.
dent or group inservice education study. Introductory information about
metric measurement; reproducible exercises apply metric concepts to*
common measurement situations; laboratory activities for individuals or
groups. Templates for making metre tape, litre bos, square centimetre grid.

Measuring with Meters, or, How to Weigh a Gold Brick with o Meter-Stick,
Metrication Institute of America, P.0. Box 236, Northfield, [L 60093,
1974, 23 min., 16 mm, sound, color; $310.00 purchane S;l .00 rental.

Film presents unita for length, area, volume and mass, relating each unit -

_ tomany 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 |llustrated in lnterestmg
and unforgettable ways.

Metric Education, An Annotated Bibliography for Vocational, Techmcaland .
Adult Education. Product Utilization, The Center for Vocational Edu-
cation, The Ohio State University, Columbus, OH 43210, 1974 149 )
pages; 31000 :

Comprehensive bibliography of mstructlonal materials, reference mate-
rials and resource list for secondary, post-secondary, teacher education,

+  and adult basic education. Instructional materials indexed by 15 oceu-
pational clusters, types of materials, and educatlonal level.

Matric Education, A Position Paper for Vocational, 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 teachers, curriculum developers, and administrators in voca-
tional, technical and adult education. Covers i issues-in metric education, .
the metric system, the impact of metrication on vocational and technical
education, implications of metric instruction lor adult basic education,

and curriculum and mctmctxonal strategies,

Metrics in Career Education. Lindbeck, John R., Charles A, Bennett Company,
Inc., 809 W, Detweiller Dnve Peoria, [L 61614,1975, 103 pages,
8. 60, paper; $2.70 quantlty school purchase.

Presents metric units and notatlon in & well-llustrated manner. Individual

¢ chapters on metrics in drafting, metalworking, woodworking, power gnd
energy, graphic arts, and home economics. Chapters followed by several
learning activities for student use. Appendix includes conversion tables
.and chartu :

Metrie Practice Guide for the Welding Industry, brder No. AWS A2.3-75. American
Welding Society, 2501 N.W. 7th Street, Miami, FI, 33125 1975, 30 pages,
$3.50, paper.

, Presentation on features of the SI metric system, SI units and gymbols, units
pertaining to welding, conversions of metric-Customary units, special con-
versions for welding, SI equivalents for electrode and fillet sizes, rules for
conversion and rounding, style ahd usage, recommendations for metric change-

over in the welding lndultry, and tables of commonly used metric conversions.
ERIC

IToxt Provided by ERI

3 \ %

METRIC SUPPLIERS

_ Brown & Sha‘rpe Manufacturing Co., Precision Park, North Kingstdwn. RI 02852

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

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

Drafting rules and scales for drafting, engineerfng, architecture, conversion
tables and lides, posters, teaching aids, drafting templates.
Dick Blick Company, P.0. Box 1267, Galesburg, IL 61401,

Instructional quality rules, tapes, metre sticks, cubes, height measures,

trandlé wheels, measuring cups and spoons, personal scales gram/kilogram

scales, feeler and depth gages, beakem, thermometers, kits and other aids.
The L. §. Starrett Company, 121 CresentStreet Athol MA ot

Machine tool precision measuring devices, mlcrometers calipers, dial
lndlcators steel rules,

Millimeter [ndustnal Supply Corporation, 162 Uentral Avenue, Fan‘nmgdale
Ly, NY 11735,

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

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

" Instructional quality and precision balances and scales, plastic calipers and
stackable gram cubes for beginners.

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

Machine fasteners gages, taps and dies, precision micrometers , calipers,
steel ,mspectxon devnces

L]

H\‘FQ.BMATION SOURCES

American Natlonal M_etnc Council, 1625 Massachusetts Avenue, N.W., Washington,
DC 20036.

Uharts, posters, reports and pamphlets, Metric Reporter newsletter. National .

metrid coordmatlng council representing industry, government, education,
professlonal and trade organizations.

Amerian Welding Sciety, 2501 N.W. Tth Street, M, L, 33125

e

. /
Professional saciety developing product standards, the use of mesurement J'/

units, metric practices, and coordmatrng the metric changeover in the
welding industry.

National Bureau of Standards, Office of lnformatlon Activities; U.S. Department
of Commerce, Washington, DC 20234

Free and inexpensive metric charts and publications, also lends films and
displays. : o

o
e
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