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To the Teacher

This manual is addressed principally to vocational school students, although
the selection of material is actually broad enough to make it eminently suitable for
students in academic middle schools or high schools.

Learning to ‘‘think metric” is the key to learning the new system of
measurement, the merric systerﬁ. Learning to use metric units is like learning a new
language. In a sense, students will become bilingual in measurement. For the next few
years, cheir primary measurement “language” will still be the English system. Their
secondary measurement language will be the metric system. Gradually, as the metric
system becomes more commonly used, it will become their primary measurement
language, and the English system of measurement will fade into the background.

Students must learn to visualize distances, volumes, weights, etc. in metric
units. They must think kilometers, cubic meters, grams, kilograms, etc. Converting from
English units to metric units should be discouraged, because it deters stadents from
thinking metric. The use of realistic vocational problems with actual metric ineasurement
tools should be encouraged, so that students can attain a working, thinking knowledge of
the metric measurement system.

This book is a review of mathematics fundamentals, using metric units of
measurement. It utilizes a common-sense approach to the degree of accuracy needed in-
solving actual trade and every-day problems. Stress is placed on reading off metric
measurements from a ruler or tape, and on changing units by moving the decimal point.
The book is designed, finally, to reinforce the student’s ability to solve problems
involving linear distances, areas, and volumes.

Attention is called to the numerous conversion charts in the appendix, as
well as charts of screw-thread sizes.
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I — INTRODUCTION TO METRICS

Lesson 1 Why Change to Metric Measurements?

Objectives:
1. You should be able to explain why many Amcrican manufacturers are using

metric measuremnents for their products.

You should be able to cxplain how a change to the metric svstem will affect

N

your trade .rea.

World trade is imporzant to the United States. We buy
oil, sugar, television sets, cameras, cars, and other products from
foreign countries. Using the products (clothes, autos, etc.) is ‘«
easier if we use the same units of measure.

For example, would you know how to buy clothes in :
England? Metric centimeters are used for dothing sizes in 3
England. A woman who measures 34-24-36 in inches is 85-60-90

in centimeters.

PAXEETS

Clothing sizes are different in countrics that use the
metric system. When we sell clothing to other countrics, we
must use sizes that they understand. A 24-inch waist may be the
same as a 60-centimeter waist, but they sound ditferent. s

We usc auto speedomcters to measure speed. Your car
measures speed in miles per hour. VW’s made in Ger any for
Germans measure speed in kilometers per hour. Look at these
two speedometers. Which speedometer measures speed like a VW
sold in the U.S.? Why? :
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Metric measurements change ™ more
than just the specdometer of a car. All of
the nuts and bolts of most foreign cars are
in metric measurements. Foreign cars need
metric tools. They also need metric nuts.
metric bolts, and metric replacement parts.

Using two measurement systems
costs more money. All other industrial
nations use the metric system. Many of
these other nations say. *‘Sell metric to us or
we won't buy.” American businesses make
products in one set of measurements (inches.
pounds, etc.) for the U.5. market; then they
have tc make the products in another set of
measurements (metric) for foreign trade.

Some U.S. companies are changing
to the metric system to save money. The
Chevette was the first American car to go
metric. This was -in 1975, For the first time,
one U.S.-made automobile madz by onc set
of measurements {metric) could be sold all
over the world. Thus Chevettes exported to
Europe could be repaired with replacement
parts made in Europe.

2




O

ERIC

Aruitoxt provided by Eic:

The Caterpillar Tractor Company has also changed to the metric svstem. Their
tractor parts are interchangeable all over the world. So a tractor part made in France fits
a tractor made in the United States. IBM and Internatioral Harvester companics are

examples of other companies thet have gone metric.

The metric system isn't new. Merric measurements have been used for manv
vears for prescription drugs and photographic equipment. For example, the 35 mm
camera uses 35 millimerer film. Nutrienc contenss of foods are listed on labels in grams

and milligrams. Each vear manv products switch to metric measurements.
Get ready. Metric is coming. Will you be ready?

For Class Discussion

1. How will metric measurements ckange clotiving sizes?

o

Do mechanics need new wrenches for metric automobiles?

3. You need a mertric hat. Would you use a measuring tape or a math problem
ro find the answer? Why?

4. When carpentry goes netric, list the mertric tools that the carpenter will
need.

w

When air conditioning, heating. and refrigeration go metric, list the gages that
will have to be changed.

6. What tools will change in somc of the other trade arcas?

BN

How will a change to the metric svstem affect vour own rrade arca?

10



UNIT I — WORKING WITH METRIC MATH

Lesson 1 Reading and Writing Decimals

Objective: You should be able to read and write decimals.

Decimals are part of our daily lives. Money is usually written as a decimal. All

metric measurements will use decimals, So using decimals is important in a metric world.

Decimals are really fractions that have denominators of 10. 100, 1000, etc. Like
other fractions, all decimals are less than one. In decimal fractions, we replace the
denominator of the fraction with a decimal point, so. . . .

* The fraction 1-% becomes the decimal .9,
. 9 .
* The fraction 155 becomes the decimal .09,

* The fraction fo—%g.bccomes the decimal .006.

Study the table belew. It will help you understand decimals and learn how to
read them.

Decimal Fraction Read

1 i% one-tenth

.01 ﬁ) one-hundredth

.001 ﬁ%@ one-thousandth

.0001 Tﬁ(lJ—(T(—J- one ten-thousandth
.00001 50—3660— one hundred-thousandth

In the same way,

.3 is read “three-tenchs”
.03 is read “three-hundredths”
.003 is read “‘three-thousandths”
and
.23 is read “‘twenth-three hundredchs”

.724 is read ‘“‘seven hundred twenty-four thousandths”

11



Whole numbers with decimals, or mixed numbers, can be read as follows:

3.4 is “three and four-tenths”
or “‘three point four”

17.83 is “seventeen and eighty-three hundredths”
or “seventeen point eighty-three”

The decimal point, you can see, is read as “and” in the first way. and “point” in

the second way.

PROBLEMS

1.

N

Write the following as decimals.

a.

b.

ue

Four-tenths

17-hundredths

Nine-hundredths

Twelve-thousandths

72 ten-thousandths

Seven and three-hundredths

Fifty-three and two ten-thousandths

Twenty-nine and ninety-nine thousandths

Write cach of the following as words:

a.

b.

o)
" i

.84

621

-3.07

721

4.52

36.0009

8.372

6.06




k. 16.075

- I .050

m. 1.0032 -
“n. 10.410091
o, .998
‘ p 149.7
q. 35.485
I $22.98
:
* 4 (_..}‘
i' .

2
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UNIT Il — WORKING WITH METRIC MATH

Lesson 2 _ Multiplying by 10 and }92

tive: - You should be able to multiply by 10 and 100 by moving tBe decimal

point.

One of the nicest things about using ‘metric math is that changing from large

- units of measurement to small units (or the other way around) is so easy. Metric units go
by 10’s. So, we multiply or d1v1de by 10, 100, 1000, etc. to change from one unit to -

another. It works like our money system. When we count money, the dollar is the basic
unit.

1 dollar

I
I

10 dimes, or 1 dime = .10 of a dollar ¢

"
I

1 dollar = 100 cents, or 1 cent =.01 of a dollar
. We convert (change) from larger units to smaller units by multiplying. Watch
how it works.
Ve

. Convert (change) 18 dollars to dlmes The dollar is the larger unit. It has 10

times the value of a dime. So we have 10 times as many dimes as dollars. In other words,
we need to multiply 18 dollars by 10 to get the number of dimes. .

. To multiply by 10, move the decimal point ONE place to the RIGHT.

Where is’ the decimal point in the number/ 18? Since no decimal point appears in
the number, we know that it is-a whole number, and therefore it really has a decimal
point understood at the end of the number.

. e

$18 = $18.4
Then how can we move the decimal point oncvplacc to the right ?

To do this we must write $18 as $18.0. It still means the same thing.

.—«“‘»'agf”""" i

Now, if we want to convert the 18 dollars to cents, we must remember that a

“dollar has 100 times the value'of a cent. To- multiply by 100, we move the decimal point .

THWO places to the RIGHT.

14



PROBLEMS

1. A roll of dimes from the bank has $10 in it. How many dimes are
there? , ‘

2. Your boss needs pennies for change. He sends you to the bank-with
74 dimes to change for pennies. How many pennies will you have?

3. You have $54 to change into dimes. How many dimes will you have? ,

4, Chéngc the $54 into pcnnics’. How many pennies will y(;u have?

5. Change $3.50 to dimes. -

6. Change $3.50 to pennies.

7. Change $400 to dimes. .

8. Change $14.57 to pennies.

9. Which way did we move the decimal point in prol;]e;ns 1 througH 8?
Why? ¥

10. Do we multipiy or divide when we change from largcr\ units to smaller

€

So, $18 X 100 = 18.00, = 1800 cents.

So we can call our $18 — —

-

18 dollars
or 180 dimes
or 1800 cent

units? Why?

15



UNIT Il — WORKING WITH METRIC MATH

Lesson 3 ‘ : Dividing by 10 and 100

Objective: You should be able to divide by 10 or 100 by moving the decimal point.

In lesson 2 we changed larger moncy units to smaller units by m"inlving by 10
or 100. Now we will convert (change) from smaller units « hy dividing.
Watch how it works.

, Convert (change) 300 dimes to dollars. The dime is the smaller unit. It is only
1/10th or .10 of a dollar, because there are 10 dimes in a dollar. Therefore we will have
. fewer dollars than dimes, and we.will divide by 10. “
§ :
We divide by 10 by moving the decimal point ONE place to the LEIT, like this:
350 dimes + 10 = 300, = 30.0 dollars = 30 dollars
Now, if we v.zan.t to change 3,000 cents to dollars, we must remember that a cent
is only 1/100th or .01 of a dollar, because there are 100 cent in a dollar. We must divide
the 3000 cents by 10¢.

To divide by 10, we move the decimal point TWO ; - s to the LEFT.

I

3,000 cents = 100 = 3000, dollars = 3 J dollars = 30 doliars

PROBLEMS

1. ) Change 4,782 cents to dollars.

2. Change 74 .dimcs to dollars.

3. | Change 800 cents to dimes.

4. Change 670 cents to dimes.

5. Change 260 ¢~ . to dimes.

6. - Change 1400 -+ -o dollars.

777 Express 1450 ¢ a:oas'dollars. )
8. Exprcss 2295 cents as dwoll"nrs

9. Which way (right or left)did we move the decimal point in
" problems 1 through 82

10. Do we multiply or divide when we change from smaller
units to larger units? Why? .

16
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UNIT II — WORKING WITH METRIC MATH

Lesson 4 Reading Metric Math

Objective: You should be able to tell how the size of metric measures can be told
from the measurement name itself.. ‘

In the U.S. system of weights and measurements, changing from one unit to.

~another is a long process of multiplying or dividing by -hard numbers. Tor example, to

change 50 ounces to pounds, we have to divide 50 by 16 (the 1 ..wer of ounces in a

pound.)

3 .

16) 50 Answer: 3 lbs. and 2 ounces
48 -
2
Working with metric math. however, is easy. ~ : ¢ system i . decital

_.stem. This means that every unit is 10 times as big as 2ez: vmmaller unit, and 1/10th
e size of the next larger unit. Therefore changing fror. = -, <o another is as simple

~s mov. g a decimal point!

Watch how it works with money. The dollar is .1, =isic unit for measuring
non=y. The dime is .1 or 1/10th :he value of a dollar. I 2 conv s .lor 1/10th the value .
© dime, it is also .01 or 1/100thk :he value of a dollar.

dimc = 1/1 . or.l of a dollar

cent . = 1/100 or .01 of a dollar
mill = 1/1000 or .001 of a dollar
The metric system uses prefixes on the unit nam: et you how large something
is. Three of the prefixes are shown here. They may rer - f our money system:
* deci’ = means 1/10 or .1

© centi = means 1/100 or .01
milli = means 1/1000 or .001
If deci is 1/10th, what is it 1/10th of?The prefivoss i e metric :s.cm are
s scsnieminon - attached . to..the basic unit .to-show. what -is-being meas: ed. 7..r-example. the.meter—.

MEE:ter) is the basic unit for measuring lengths.

So,
a decimeter = 1/10 or .1 of a meter
a centimeter = 1/100 or .01 o5 » me: v
a millimetér = 1/1000 or .001 of a + .- or

17
10
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Metric also uses three other prefixes. These have values greater than the base unit.

deka means 10 times
‘hecto means 100 times

v < : kilo  means 1000 times ' .
5.
g * ~So, o . .
7 . a dekameter = 10 meters . '
o a hectometer = 100 meters
R a kilometer -= 1000 meters

o

Although metric uses all of these prefixes, and you will learn what they mean, in
' actual day- to-day use only a few of them are used very much.

: Lcts see if we can’t find some. ways to remember these prefixes. The trick is to
~ -connect cach - one in your mind with some way of remembering what number the prefix
* stands for. -

deci - 1:10 This prefix comes from the Latin word ‘“‘decimus,” meaning one-tenth.
It is the prefix upon which the decimal system is based But how to
- remember it? . :

- This is a hard one, to be sure. But perhaps you have hea:d the word
-“decimate,” meaning to destroy a large part of, as “the epidemic
decimated the population of the area.” This word originally referred to

. a way of punishing a group of people, say, an army division that had.

. tebelled. One out of every ten men (one-tenth) were selected by lot,
‘and these men were killed! The division was decimated.

" centi ~ 1/100 This is an easy one. One cent is one-hundredth of .a dollar.

milli — 1/1000  We have a word “mill” in our money system, meaning one-tenth of a
«cent or one-thousandth of a dollar. We don’t actually have the coin,
-but the word is used in taxation — a tax of so many mills per dollar of -
value. Electricians often use the words “milliampere” and “millivolt,”
meaning one-thousandth of an-ampere or a volt. ‘

deka — 10 times Do you know the word “decade’’? It means a period of 10 years. If
you find-that word hard to remember, try thinking of* “decking”
prizefighter for the count of 10! " -

hecto' — 100 times This prefix is not used very much, either 'in the metric system or in
5 English words: But 100 is a ‘heck of a lot,” especially 1fy

) 100 ‘dollars to spend!’ '
kilo — 1000 times Here .again the electricians have an advantage — they already know
© - about the kilocycle (1000 cycles) and the kilohertz, equal to 1000
cycles per second. Our parents pay the electric company according to
the number of kilowatts (1000 watts) used. But if electrical terms come
hard, think of- our government’s capacity for overktll with nuclear

bombs!

11
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PROBLEMS ' g
1. Which is larger?

a. centimeter or meter

b. centimeter or millimeter

c¢. meter or kilomerter

d. millimeter or kilometer

e. millimeter or meter

2. If each unit below is .1 of the next larger unit, how many: (Be careful, it’s tricky.)

a. millimeters in 1 centimeter

b. centimeters in 1 decimuter

decimeters in 1 meter

(o]

d. dekameters in 1 hectometer
¢. hectomer:rs in 1 kilometer

3. 1If each unit below equaléi ir timt;_s the next smaller unity how riany:
a. kilometer: in 1 hectometer
b. hectometers vin 1 dekameter
c. _dckameters in 1 meter

d. metersin i decimeter

Nim

e. decimeters in 1 centimeter - 5

4. Define these measurements:

a. kilometer

b.. meter

c. centimeter

d. mﬂlimctgr

i e on e =90 1 your are..usually.rushed.for.time in.zze morning, which.would.you.rather be_—.1...
- kilometer away from your school or 3 : meters? -

a.

f

12
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6. If milk is your favorite drink, which would you rather have - a liter of milk or a
millileter? -

7. One’ vitamin-C tablet contains a gram of the vitamin, and znother contains 1000
milligrams.. Which tablet has more vitamin C? '

I

8. A centimeter is wha* —art of a meter?

Y A table of food values listed all foc..- in 100-gram portions. Can you figure out
another way of saying 100 grams? '

10. A bill for electricity charged by the kilswatt-hour. How clse ~ould you say the same
thing? -

20
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UNIT 1I1 — LINEAR ME:.JUREMENT

Lesson 1. ' : Reading the Mo G
Jbiccti should s e take short measurements with a meter stick or
ruler.

Taking measurements o: things with a yardstick, tape, or ruler is far frc = easy.
There are 3 feet in a yard, 'Z inches in a foot, and each inch is divided intc halves,
quarters, eighths, etc. Mistake ure very likely to creep in somewhere and goof up your -
measure ment. '

Tak:ng measurements = metric is much, much simpler. Remember — metric is all
based on the number 10. ‘

First, let’s see how : :g the standard measure of length (linear measure) is. Your
instructo- will show you a m_:cr stick and a yardstick. You will see that the meter is a

little longor than a yard. Here s a picture that shows the difference.

1 METER

1 YARD

Now let’s look more closely at the meter stick. One end of it looks like this:

Pt

omdm2 3 & 5 6 7 8 9 10 1 12 13 14 15

L e e e

Each one of those lines across the stick stands for 1/100 of a meter. But we already

‘know whar 1/100 of a meter is. It is a centimeter.

Now iet’s look mor closely at the cemtimeter. "The distance from 0 to 1 in this

. picture is one centimeter.

T.¢ centimeter is itz If “:vided into 10 parts. Do you remember the name 7 the
next smaler metric measureic:? . ., . If you said millimeter, vou were r.zht. The

distance ketween each two linc: is one milli=ieter, and the whole centimeter is equ-l to

10

mm

10 millimeters.

14
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W fact that we are dealing with numbers that go by tens and hundreas 5. can
Jrat read a measurement off directly in decimals.

For exzmple, suppose we measured something and found chat it came to 5
centimeters and 1 millimeter. We know that 1 mm = .1 c¢m; so we would 51mp1y say the

measurement was 5.1 cm.

3 i 1 10

e & ) v 8 9
: . &i il mn'mdlm!mﬂlmhmln|lhmln|:innlnnhmlmxhluhm|mnlnullmlu

t !

Similark. 1f the measurement came to 7 cm and 8 mm, we could read if off

directly as 7.8 c .

Here is another picture of the first part of a meter stlb\ Notlce how the

different measurements are read.
8 7.9 9.6 11 123 137 151

1] sll'lllll

i r'ﬂ|munulimmnlrlmﬂhiHnnmlmmnmmnn[lHlpn|I|nl]mrlnulrm|nmnn[nnr“n[mlmn'munulnnpmp
1234557891011121345

2.1 33 45

All measurements, as you know, arc approxzmatxons We use the degree of
accuracy that the situation calls for. If we are mecasuring a’window for drapes or curtains,
it would be accurate enough to measure it to the nearest whole centimeter. If we were |
measuring the same window for a window shade to fit into brackets on the inside of the
frame, we would sbrely need an accuracy to the nearest tenth of a centimeter — that is,
to the nearest millimeter. 1f we-were manufacturing window locks. we might want the
mating parts accurate to the nearest tenth of a millimeter. If we were manufacturing
screws and bolts, we would probabi# have to have our measurements accurate -
hundredths of a millimeter.

Right now. as we get used to working with metric, we will use ordinary tapes

@ .truicrs. and we will take fairly rough measurements.
To hclp you thmk in metric terms, here are three common metric measurements.

v o A-dimeis abonr 1 -millimeter-thick:
A piece of chalk is about 1 centimeter thic.:.
The distance frem a doorknob to the floor is about 1 meter.

22

o 15

ERIC

Aruitoxt provided by Eic:



PROBLEMS

1. Write in the number of centimeters and millimeters for points A through H as shown
on this metric ruler. Then exprcss cach one in centimeters, using a dccimal.

Example

quhqmqnnprrﬁnnpmwﬁnmpnqrnmm lrn*nnpnllllnTrﬂl[nﬂpﬂrpTlr[nﬂTﬂﬂ[ﬁﬂpTﬂpmﬂﬂnmrp

!I 12 13 14

Example: 1T eom 6 mm or 1.6 cm
Al oun  mm o: cm
B or
C or
D. ) or
E or
F. . ‘ or
G. ’ or
H. or ‘

2. Now write the number of centimeters for A through H on this section of a meter
stick. !

19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 2
HI|l|!|ll|l|lt|l|ll|l|ulI||m|n||h|nlnnlmllnuhmllmhnv L o e o e o e L e

i T Tt T ? 1 T ki
Example A B C D E F G H
Example:  19.9 cm )
A. c_m_; » E.
B : -
C. . Ly,
D .

3. Using a meter stick or ruler, give the measurements of the following. correct to the
nearest tenth of a centimeter.

A. The width of this math book

B. The height of this math book .
e .G The distance from che ling of B 2 problem 1 to che line of H

D. The distance from the line of A m p-oblem 2 to t/hc.linc of D

E.. The length and width of a floor -ile in the classroom-

B The diagonal of a floor tile. fror corner to corner

G. The dimensions of a single wing w pane

23
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4.

5.

Give these measurements correct to the nearest whole centimeter.

A. The width of a file cabinet

B. The depth of a bookcase - e

C. The height from the floor to the top of the teacher’s desk

Measure the following, giving your answers correct to the nearest millimeter.

A. The thickness of this mnath book

B. These distances (write on the lines)

C. The dimensions of the light switch on the wall

D. The length of your shortest fingernail

“E.  The length of your longest fingernail

17
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UNIT I — LINEAR MEASUREMENT

Lesson 2 Measuring Longer Distances

Objective: You should be able to take metric measurements longer than a meter.

You may nced to take measurements of longer distances from time to time. You
might have to order lumber for a job, or get the size of a room in order to buy the right

amount of carpeting, measure property for fencing, etc.
“There are folding metric rulers and metric tapes that you can usc to rake these
measurements. Once again, they are much casier to use than tapes marked in yards, feet,

and inches.

Here is a picture of a meter stick,

L i 1 I T &__17777:__..( I S T —=

1 Meter :

The meter stick has been divided into 10 parts. Do you remember the name of

the measure that is 1/10 of a meter? ... If you said decimeter, you were right. Some
metric tapes and folding rulers use different colors to mark off the decimeters, but many

.do not.

Here is the actual length of a decimeter.

[ 1 Decimeter J

Suppose you took a mecasurement that came to 2 meters and 1 decimeter. Since
the decimeter equals 1/10. (or .1) of a meter, you could give the measurement

immediately as 2.1 meters.’

, Or if a measurement came to 7 meters and 8 decimeters, you could give it

irmmediately as 7.8 meters.

- ~Most -measurements -are..read...from ..the.. tape, . however,. not in meters _and_

decimeters (tenths), but in meters and- centimeters (hundredths). These measurements are

‘just as casy to read off.”

25

18"

o

1



Suppose you found that your measurement came to 3 meters and 26

centimeters. You could just call it 3.26 meters.
Or it might come to 11 meters and 85 centimeters. Easy! That’s 11.85 meters,

You and your fellow students can measurc the classroom and get its length,
width, and height. Take the measurements first in meters and centimeters, and then in
meters and hundredths. Get each measurement correct to the nearest whole centimeter or
hundredth of a meter.

Length: m cm or m
Width: m cm or m
Height: m cm or m

'PROBLEMS

1. Give the following measurements in terms of meters:

Example: 6 m 7 dm 67 m
A. 10m 2dm __ m
B. 3m 9dm = m
C  12m 5dm m

D. 142 m 8 dm
E. 6 dm

2. Give the following measurements in terms of meters:

Example: 14 m 12cm 1412 m
A. “4m 80 cm __m
B 10m 29 cm _m
C. 9m 4 cn . m .
D 26 m 92 cm . m
E 45 cm m

3. With a partner, take the following measurements in meters and centimeters, correct to
the nearest whole centimeter. Give your answer in terms of meters, as in problem 2
above. :

" A. The inside height of the door opening in your classroom e

B. The length of the chalkboard o

C. - The length of the teacher’s desk

D. 26 A e

E
' 19
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For Class Discussion

1. Would a carpenter measure a door to the nearest meter, decimeter. centimeter. or
- millimeter? Why?

& 2. Would a dressmaker use meters, decimeters, centimeters, or millimeters to measure a
i - person for clothes? Why? *

" -3, Would the dressmaker purchase cloth in terms of meters, decimeters. centimeters. or
. . . e
millimeters?

4.- Would a machinist use meters. decimeters, centimeters. or millinicters to measure
bolts? Why? '

5. What unit of measure would you use-for:

a window frame
b. floor tile

c. an air duct -

'

d. distances between towns -
‘c. garden fencing

f. thickness of a plate or cup
g. spark-plug gap

h. height of a mountain

i.. aroad sign A

j- tablecloth

6. Mcasure this board. What unit of measure did ycu use? What unit of measure would

you use for a Jonger board?

«
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UNIT III — LINEAR MEASUREMENT

Lesson 3 ’ Kilometers

Objectives: You should know how long a kilometer is.

You should know the names and meanings of the other metric units

longer than a meter.

But. . . .Officer, | never heard of kilometers per nour!
THINK METRIC! You may_be glad that you did!
The meter, we have secen, is the basic unit for measuring lengths — whether the
length of a bolt or the distance from here to Paris. All of the prefixes (deci, centi, and

milli) we have used up to now stand for less than one meter (1/10, 1/100, 1/1000). We
necd different prefixes when measuring longer distances. Let us review what they are.

28
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The prefix deka means ““10 times.”” A dekameter is equal to 10 meters.

The prefix hecto means ‘100 times.’

meters.

)

A hectometer is ‘equal to 100

Neither of the above units is used very much. What is used a great deal is

“kilometer.” (Unlike the other metric words, “kilometer” is usuali pronounced “kil
LOM e ter.”) |

Kilo means “1,000 times.” A kilometer is equal to 1,000 meters. The
kilometer is used to measure long distances.

For Class Discussion

1.

6.

A kilometer is equal to about .6 mile. Since it is a smaller distance than a mile, will
there be more or fewer kilometers than miles in any given distance?

Look at the two speedomecter dials
different? Why?
£

below. Are the speeds about the same or

Will a car that gets 25 miles per gallon of gas get more or fewer kilometers per

gallon?

Which is longer, a racing track that covers a mile or one that covers a kilometer?

On a hike, would you be nearer home if you had two more miles to go or two more

kilomerters?

How many mecters in one kilometer?

The class will estima¢. the distances in kilometers between several locations that are

more than 1 kilometer apart.

29
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PROBLEMS

1. Unscramble these meo . fixes:
Scramble Metri -
keda o
tohec S
loki L
2. What are the most cc .- retric_un:ts for measuring di ... ¢ Give at lea: - one
example of a length thar v vould measure for cach of tics: f ir units.
A. Standard of meas_:. 1t Examp.
B. Smaller measurements: Exampic
C. Very small rr;easurcxhcnts: Example:
D. Long distances: Example:

R 23
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UMIT I — LINE. R M:

zsson 4 Cui. - - #c -~ ne Unit to Anc:her

dbjective: You should be able to convert {change) can_.roknt from one metric

unit to anotiher.

fMany times when you work a problem you ené © ~ . it that ic not really
sitable. For example, if you wanted to buy favors tor - * 30 people. and each

vor cost 29 cents, vou’d ~vant to know the tozal co::.
29 cents > 80 = 2320 cents

Of course, what you really want to know is the num:- - =i ..rs. As we have seen,
ince our money system is a decimal system (like the .rr . . we have to do to
‘hange from cents to dollars is move the decimal point.

Since there are 100 cents in a dollar, the dollar i larger unit, and we will
have fewer dollars than we have cents. This tells us th.: vi. ¢ divide. We divide by
100 by moving the decimal point to the left. '

2320 cents ~ 100 = 2320 = § 23.2°
~_/
Converting metric measurements is just as easy a. .« . - zents - dollars or
dollars to cents.
Below is a table you can refer to if you forget .01 — . cach unit stands for.
Although all the units from kilometer to millimeter are s+ = . most commonly used .

units are marked with a *.

Value of Metric Linear Units

Linear Unit - Symbol _ - o1 Meters
* 1 kilometer km = 1004, mezers
1 hectometer hm = 10C mezers
1 dekameter dam = 10 meters
* 1 meter m = “ysic Linear Unit
1 decimeter dm = .1 meter
* 1 centimeter cm = .01 meter

* 1 millimeter mm = 001 metér
Here is a problem fof the class to work out together.
A room measures 20 4 merers long

31
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ny < ckameters long is it?

I Cne dekzmetsr equals 10 meters.

(2 1 zekamcter is therefore the larger :measurz.

(3 Tnerefore there will be fewer dekameters tnan meters.

(¢ e thers ore divide: - ’
20—~ T 1)
Mz the decimal point one piace to the left.
20 410 = 204 = 2.04 dekameters

{(b. Hc man- . :ntimeters long is the room?

1 Jne ccrmeter equals 1/1007.01) of a meter.

‘2 One mezer is therefore equal to 100 centimeters.

> The cenu:meter is the smaller measure.

.4 Thus theze will be more centimeters than meters.

> We therezore multiply:
20.4 X 100 .
Mov:: the decimal point two places to the right.
20.4 X 100 = 2040, (We have to add a zero to get two places.)
= 2040 centimeters

(c.yHow mar.  kilometers long is the room?

(1) Ore kilometer equals 1000 meters. ,

—
[§8]

A kilometer is therefore the larger measure.

(3 Therefor: there will be fewer kilometers than meters.

-+ We there-ore divide:

20.4 + 1000

Move the decimal point three places to the left.

=0.4 = 1000 = 0204 (We have w add a zero to ger three places.)
= .0204 kilomet. -

ook at the same room agair; we can now make a chart showing its length in seven

Aifferen: urits of metric linear measure.

The roem is .0204 kilometers
or .204 hectometers
or 2.04 dekameters
or 20.4 meters
or 204 decimeters
or 2,040 centimeters
or 20,40‘O millimeters.
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PROBLEN

1.

1]
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Corivert cach measurement in problem 4 ¢ puge 17 - Hm centim
bo]

A. cm = m
B. cm’ = m
C. cm = i

Convert each measurenent in problem 3 n ;e .Y tfrom me
A. m = cm
B. m = cm
C. m = cm
D. m = cin
E. m = cin

33
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Measur. o ur classroom in meters (1o tv o 0 mad oes). Conteorotae me o aremer
by mu - slving or civid: g, as 1ollow
A. Lo h neters: LTt T o Zenti: cLefs
B. W meters: .me .Tohor centisorers
C. B meters: T Tursi oor sentiTer ofs
¢ b o page 16 a1 onvert each meas. e tin prebiem 3 as incic_.
A cm = mm E. ! cm = m
B. cm = mm E. - cm = m
C. cm = mm F. cm =
D. cm = mm G.(1) cm =

G.(2) . cn =
Conve:  :ach measurement i problem on p.ge 1 from millimeters
CEnrCllh, IS,
A. o omm = _m
B.(1 mm = ‘m
C. mm = __ome
D. mm = cm
E. mm = cm

. rs to meters.

Lo G T Ters.



6. Con .r e fol ~ng measi:o- o
A 1 meter -. cenumeters
B. 57 ceni.mm.ii7s tO meters
C. 40: decimc . >rs to meters

D. 1.3 met:ss to kilometers

\\ E.

o

338 ¢ ntuneters ¢ moLers

F. 493¢ millimeters to meters
G. 2.493 kilometers to mezcrs
H. .16 -ucters to centimeiers

I.  .072 :neters to millimeters

J. 143 cz=cimeters to meters

A 2.2 meters -0 centimeters
149 millim_ters to centime rs
.72 -neters to millimeters

D, .04 meters to millimeters
42 mctch to kiuometers

=. 16 centimeters to meters

5. 35 meters to decinmeters

O

ERIC
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C avert the following measurements.

< indica:

<m

n

27



H 16U merer: to kilc —eters “m

[. 9 :eriimeter . to me 2rs .
J. 2 mezers to millime- ers e

28
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8. Now sve how quickly you can complete this picrure by ccnnecting the arswens in
order.

THE METER~ £4TER

" 26 i3
Y
i
ik
P 8.6 mm = 86 cm 16. 7 m =~ Y cm
2.9 m = e mm 17. 9 cm = — _ mm
3. 43 km = . m 18. .00012 km = ____ mm
4. 6.7 cm = — Y m 19. 75 mm = T
5. 343 mm = Y m 20. 6136 km = N
6. 923 an = e mm 21, 53 m = e cm
7. 468 m e km 22, 53 mm = e m
& 283 mm = —__cm 23, .67 m = . cm
9. 4300 ¢m = e km 24, 8¢ m = Y mn
10. 923 m = e km 25, .1 ¢m = . mm
11 .843 » = e mm 26, 75 m = e km
12. 86000 mm - ___  km 27. 1200 ¢m = — km
13. .0067 .m = _____ cm 28. 136000 mm' = ke
14. 498 cm = e mm 29, 1 m = ¢
15. 28.3 e¢m = . m 30. 1 mm = —___cm
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9. BRAIN T-ASER

Connect the answer to problem (a) to th: answer to problem (b) for each of the 20
double problems below. Use the margins :cr figuring. Watch out for changes in units!

013 5 10 4o AT 7 67 43 6%
] ® [ (3 M [ £) °®
2./
° . ®
59 2
.
.3
® L] ° [ ] [
43 &7 i K2 el | 8.7
START
HERE ‘
(] 2 X 493 43 59 3
Py ° _____;0'_9?_'.
9.2 68 5
N4 ® S [4 ] [ 4 O ——
G 62 z 7 8 L9 99
(4 (b)
1. 8m+5m= m X 9m -~ 3m-= . m
2. 8m+5m= _krr A 17cm - 12cm = . cm
3. 8cm +5cm= _m & 43 km - 33 km = ,.,,.., km
4. 8cm +5cm= mi & 7 mm -4 mm= Y mm
5. 436 m + 764 m= km & 32cm - %cm = cm
6. 8cm 42 mm = mm & 9cm - 28 mm = mm
7. 6¢cm +7 mm = min A 9¢m- 28 min = cm
8. 6cm +7 mm = cre N 1km- 530m = _ m
9. 4m +3cm= 9 Y 1 km - 530m = e ‘km
10. 4 m+3cm= cm N 98m - 08m= . m
11. 5cmn +20 mm = _cm X 9m - 380 cm = m
12. 4cm +3 mm = mm & 0.7m - 69 cm = _cm
13, 9mm +4 mm = ___cm & 27 cm - 19 cm = cm
14, 10m +200cm = m & 52cm- 3 cm = _ m
15. 365cm +225cm = m & 8cm- 3cm= mm
16 5cm +9 mm = mr & 14 cm- 28 mm = mm
17. 356 mm +324mm=__  «n & 7 ¢m - 28 mm = cm
18. 49cm +18cm= nmr & 1T mm ~8mm > | __cm
19. 38 m +21lm-= . ki & 39 mm- 2.8 mm = miIr
20. 8 mm 1 13 mm = cm 18m- 1.3m= m

CofE
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10. MIX AND MATCH PUZZLE |

14

(Linear Measure)

On the next page vou will see the sheet vou are _ning to work on.
page ! KRl

Cut the squares on this page apart. You are going to arrange these squares on the next
page so that every measurement has the same value as the measurement adjacent (right
next) to it. Sec the example below. When you are sure your solution to the puzzle is

correct. paste or tape vour squares down.

31

57 km 23 mm .057 km 570 mm
Olm 4 mj 4+ mm 400 m§{ 1000 ¢m +0mmj 10 cm 4 mm
23 km 5.7 km 230 dm 230 mm
57m 023 hm 236 cm 23m
Olm 4 cm} 400 cm demflm 400 mm} 4 cm 10 dm
57 mm 5.7 mm 23cm 57 cm
230 m 5700 m 2.3dm 23 cm
190 km 4000 mi 04 m 16dmi 1 mm 4mm] .4 m .04 mmy
57 dm 057 cm 57 m 570 km
5.7 ¢cm ST em 23 m .057 mm
1 mm 40 mm{4 km 10m|.4km 1dm| .4cm 01 mm
230 km 2.3¢cm © 2300 mm 023 km
Example: A4 cm |4 mm 400 m [.4 km
5.7 km
5700 m



SOLUTION to MIX and MATCH PUZZLE I

57 km

01 m 4m

.23 km
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UNIT HI — MEASURING _ZN . THE

Lesson 5 Calculating Farir-ecers
o £

Objective: You should be abie to mcusure and cilculate :he perimeter: - < ares.

rectangles, and triang_es.

The perimeter is the distance around the ousside . an object. Ir 15« wiiys =

length or lincar measurement. For example. we measure the perimeter fos:
e The length of fence to go around a fic.i. a girzen, or a home .
o  The length of molding tc go around 2 room a table, or a pictes ame.

e The distance around aseas fot edging.. . hs. roads, etc.

[
2}

Perimeters are usually easv to measure. You car me..re all the v . o s
object. Howevey, if the object is a square, it is usually -asizr <o measure 'ne i :ag

multiply by 4 to getthe perimeter.
——3 e —>

T For example. che peri-e:cr of  thi
l squ..re is 12 ¢ nt.mnetzrs.
i
. 3em = 3cm
!

———3 cm—>

Now. let’s look at the perimeter of a recte ~gle. W ruz is the aemmioc ot thic
rectangle? — 8cm -
A |
‘ |
3.5cm T3¢
— 8 cm -
Not all objects are a perfect square or a perfect rezmangle. What is ¢ = rimeter
of this object? =~ 7cm e
] -
] !
3cm

ERIC 40

Aruitoxt provided by Eic:



N a

!

What is the perxmeter of this trlangle? Usc a tnetric ruler to measure the lengths
of the sides.

. . . , .o ~

Now, let’s find the perimeters of 'some objects in the classroom.

What is-the perimeter of the top of your desk (or your teacher’s.desk)? Should
your measurements be in millimeters, centimeters, or meters? Why?

What is the length of the molding around the chalkboard in your ‘classroom?.

: G i . RN
e . LIS N
N, N 4
N
L . ,. -

What is the length of the baseboard in your classroom?

s

PROBLEMS
1. A carp'cﬁtcr was to insta‘ll a dado mo]ding around a,,
room that measured 5.4 meters by 7.2 meters How

much molding did he need?

2. A machinist had. to drill: small holes all 4round a metal
platé that was 31lcm long and 15 cm wide. If thc holes~

many holcs would be required?

3. A farmer’s field, rectargular in shapc, medsured 210

. meters by 375 meters. How much fencing wculd he

need to enclose the entire flcld? (Give your answer in
two dxfferent metric units.)

Q ‘ ’ 34
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10.

A housewife wanted to decorate a tablecloth with a
fringe edging. If the tablecloth was 1.3 meters square,
how muc% fringe would she have to buy?

. A tarpaulin had to be reinforced alor_lg all four edges. If

its dimensions were 3.6 meters by 4.5 meters, how
much reinforcing material was needed?

How much picture-frame molding is needed for a
picture 78 cm by 51 c¢m? (Give your answer in two
different metric units.)

- A mason was going to put a brick edge-around a

terrace that measured 6.5 meters by 8.9 meters. What
distance would he have to figure on?

If each brick (standing on end) and its mortar came to
8 cm, how many bricks would be required for this job?

. An upholsterer was to decorate the edge of an

ufholstered piano bench with ornamental nailheads
placed 2 cm apart (center to center). If the bench
measured 38 cm by 75 c¢cm, how many such nails would
he have to buy? ‘

;

. A swimming pool measured 6.8 meters by 23 meters.

How long would the perimeter be?
How m.:my brick, laid end to end, would be needed to
edge the pool if each brick and its mortar came to 22

cm?

How much vencer edging is needed for a table 82 cm
by 2.24 meters?

How much would be needed for 20 such tables? -

42
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UNIT III -~ MEASURING LENGTHS

Lesson 6 Calculating Circumferences

Objective: You should be able to compute the circumference of a circle when given .
either the diameter or the radius.

The distance across a circle through its center is called the diameter of the circle.

The perimeter of a circle has a special name. It is called the circumference.
Measure any circle — a tire, a grinding wheel, a dish, a circular path — and you will find
that the circumference is always a little over 3 times the diameter of the circle.

A more exact figure for this relationship
is 3.1416 times the diameter. Depending on how
accurate we need to be in finding a circum-
ference, we may use the figure of 3.14 or 3.1416.

figure. This number, 3.1416, has been given a
name, the Greek letter 7 or El We write the

DIAMETER
orthand, called a

\‘ above relationship in a sort of s
formula. It is R
. . C=mD
14 . i g -V
\ “This stands for : Circumference equals 7 times the
diameter. ’

X Scientists sometimes use even a more accurate

With other members of ycur class, measure the diameters and circumferences of
at least five circles, as accurately as you can. Some suggestions of things to measure are
pulleys, grinding wheels, clock faces, circular tables, and any other circular objects in .
your shop or lab. Divide each circumference by the diameter. The more accurate your
measurements, the closer you will come to pi, or 3.1416. Sce how accurate you can be.

The radius of a circle is the distance from the center to the curve of the circle.
Since the radius is equal .to one-half the diameter, the circumference is also 2 times the

radius times .

We write this as a formula also.

P

DIAMETER

Do you see why this formula
follows from the other one?
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When doing the problems below, round off your answers to the same number of
decimal- places as there are in the given measurement. Then, if appropriate, convert the
answer to the next larger decimal unit.

1

* PROBLEMS

1. Find the circumference of the circles below when given the diameter, D. (Use 7 =
3.14.) For your answer, use the most appropriate decimal unit.

AL D=24 mm o cC= _____ __

B. D=36 mm C=

C. D=41cm C=. :
i

D. D:204cm ! - C= :

E. D=165cm C=

1
2. Find the circumference of a circle when given the radius, t. (Use 7 = 3.14.) For your
answer, use the most appropriate decimal unit.

A. r =36 mm "C= o
B. r=381mm C= ______
'C._r=20mm - C= _____
D. r=123cm . C= .
E. r=7.05cm _ ' C= —

44

37




3. - CIRCLE A In the pulley illustrated to the left:

CIRCLE B The radius of circle A is 52 mm, and
the distance W is 8 mm. Find the
radius of circle B. Then find the cir-
cumference of circle B. (Use m =
3.1416.) , .

/ rof B = '
" CofB=

)

4. If the diameter of circle B in problem 3 is 4.2 cm and W = Smm, find the diameter
and circumference of circle A. (Use m = 3.14.} - :

dof A=

Cof A=

5. A landscape gardener had to lay out a circular bed that was to be 9 meters across. It -

was to be edged with tiles. What was the distance that had to be edged? if each tile
took 10 centimeters, how many tiles would be needed? (Use the less exact value of
pi.) -

Distance

! No. of tiles
\ ~

A dress dcsi%ner designed a skating outfit having . a_
perfectly circular skirt with a radius of 50 cm. About how
“much edging would such a skirt require? -

7. A mason had to estimate the number of bricks for a
semicircular wall 15 m across. What was the length of
the wall? (Hint: Find the length of a full circle first. A
semicircle is half a full circle.) (Which value of 7 would
be appropriate here?)

8. How many bricks were needed for a single course if
each brick and its mortar took 21 cm?

43 -
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10. A machinist had to lay out 6 holes equally spaced on a

11.

12.

13.

14.

15.

many meters of tubing did he have?

bolt circle 12.6 cm in radius. What was the
circumference of the bolt circle? (Which value for 7
should you use?) How far apart, center-to-center, were
the holes? ,

A plumber had a coil of copper tubing and needed to know
how long it was. The distance across the coil was 72 cm,
and there were four complete circles of tubing. About how

On the above reamer, measure the lengths of A, B, and C. What is the diameter of

D? (Use the most appropriate unit.)

A. B. - C D.

For the same reamer, compute the circumference of D,
using the most exact figure you know for 7.

£

i8]

What is the total length of this bolt in millimeters?

In centimeters?

What is the diameter (D) of the tHrcads on the bolt in millimeters?
In centimeters?

What is the circumference of the unthreaded portion of the bolt?
46
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For Class Discussion

-

)

In what trades would you be likely to use 3.1416 for 7?

In what trades would you be likely to use 3.14 for n?

‘Would you ever be likely to use just “3 plus a little more?

Give cxamples of diameter measurements that are extremely accurate; that are
moderately accurate; that are rough approximations.

What happens to each of these when multipiied by 3.14 or 3.14167 Are the answers
really as accurate as they seem to be?

If a diameter is 22.1 centimeters, multiplying by 3.14 gives 9.39- cm. According o
our rule (p. 37), how hould the answ=- to g'ven? What is the reas=n for this rule?

- Discuss rounding off decimals. Have ti_ cla:; develop a rule that pplies in all cases.

ey

Ty
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UNIT IV — AREA MEASUREMENTS

Lesson 1 -Defining Square Measure

Objectives: You should be able to efine square measure and to list several uses of

square measure. ,

We have all measured the length (linea: measure) - things like boarcs, wa .

wa'l etc. Sometimes we need o know the area or square measure of fields, wzuils,

floors, etc. Farmers, constructic - workers, rug instalzrs acd manv other people ase

square measure in their work. Tt - area, or square mea:ure of your lawn is needed w 2n

aoplying fertilizer or other lawn chemicals. If you are saizting your bedroom, you - -l
use the square measure of the wal: area to decide how muc! pzint to buy.

The units for square mcasure are also squarcs — square centimeters, sc.are

| roters, etc.

Look at the rug below. It is 3 meters wide by 4 meters long.

{ 2 3 4

How many square meters of arca docs the rug cover? Each of the squares equals 1 square
meter. Count up the squares yourself. A 3-meter by 4-meter rug covers 12 square meters
of arca. :

We can also find the square measure, or area, by multiplying the length by the
width. The rug is: .

3 mecters wide by 4 meters long
3mX4m=12m?

Now, what is the number of square centimeters on this page? (It might be easier
to measure the cover of the book.) Did you measure in centimeters or millimeters? Why?

For Class Discussion

List five occupations that use square measure. List one use of square measure for
cach of the five occupations.
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PR OBLEMS

1. What is the area of this rectangle’ Measure carefully with you
give the crea in square mdllmeters square centimeters, or square meter:

2. Compute the area of the door to your classroom. What
unit did you use? Why that one?

ruler. Would you

Why?

3. What is the area of the top of your desk or shop

table? What unit did you use? Why?

49
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UNIT IV — AREA MEASUREMENT

Lesson 2 ‘ Areas of Rectangles

Otjective: You should be able to solve simple square-measure problems.

" When finding any area, all linear measurements must be expressed in the same
unit of measurement. For example, the length of the hallway below is 10 meters. If the
width is given as 150 centimeters (or as 1 meter and 50 centimeters), the units of lmear
measure are not the same.

| IOm =
/ t /. l |/ / / / / / / 150 cm
S 1.5|1.5|.9|.5|.59|8|.83|.51.5

' Before we can find the area of the hallway, the meters must be changed to

Centlmeters or the centlmeters to meters.

First we-will convert the centimeters to meters (1 mezer = 100 centimeters ).

Meters hein: targer th coutimeters, we divide the number of centimaters by 100.
15" . centimeters =\1.? meters
Now we can go ahead and multiply the length by the width to get the area.
10 meters X 1.5 meters = 15 square meters

/

As a check, count the square meters in the illustration. You will find 10 squares
of 1 square meter each and 10 squares of .5 square meter each, for a total of 15 square

meters. ' v
We could have converted the meters to centimeters.

' IO.Q(I)‘ meters = 1000 centimeters

Then,
1000 cm X 150 cm = 150,000 squarc centimeters
ButAthis is making an easy problem hard. And for the answer to mean anything

in terms of floor tiles to be bought, or capeting, or wooden ﬂooring, you would have to

convert the answer into square meters anyway.

50
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Since 1 cm = .01 m

Then 1 em? = (.01)°m?® = .0001 m®. - ten-thousandth ) m?
or _ .

10,000 cm? 2

i

1m

.

Since we have to convert from a smaller to a larger measure, we must divide the answer
by 10,000.

150,00 + 10,000 = 150000. =15m?

Always choose the unit that is easiest for you to work with. Then make sure
that you correctly express both measurements in *k:t unit. It may still be necessary in
some cases to convert the answer to a differer  u:

“

Does it seem impossible to you that there could be 10,000 square centimeters in
a square meter? Perhaps the diagram below will make it more believable.

The large square represents one s uare meter. Each edge has been divided into 10
decimeters. You can see that there are 100 square decimeters in the square meter. Now
look at the square decimeter that is marked off in square centimeters. There are 100
square centimeters in the onc square decimeter, and 100 square decimeters in the one
square meter. So there are 100 X 100, or 10,000 squ:re centimeters in the square meter.

dmz
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Below is a table of equivalents for square measure. Notice the abbreviations as
well as the names.

Most Common Metric Area Units

Unit Symbol Equal to
squaré kilometer km? 1,000,000 m?
hectare ha 10,000-m?
square meter ‘ m? Basic square unit
square centimeter cm? 0001 m? (1/10000 m?)

PROBLEMS

1. Find the area, or square measure, of the floor in your
classroom. How many square meters of tile are needed
to cover the floor? Why would we use square meters
instead of square millimeters to measure the floor?
Would we use square centimeters? Why or why not?

2. Measure and calculate the arca of one wall of your
classroom or shop. Weuld you use square meters or
‘square centimeters? Why?

3. easure and calculate the area of a pane of glass in
your classroom or shop. Would vou wuse square
centimeters or square millimeters? Why?

4. Measure and calculate the area of a section of lawn or
playground outside your classroom. Would you use
square millimeters, square centimeters, or square
meters? Why?

5. Find the area of a flat-bed truck-body floor that is 6.1
meters by 1.9 meters.

52
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6.

10.

How sty wtinge sneteta of Bnoleum are needed to
cover a room 4.2 meters by 5 meters?

. How many square meters of floor space will be taken

up by a cutting table 120 centimeters wide by 7 meters
long? (Caution: Remember that the units must be the
same in order to find area.)

Flagstone for outdoor patios is sold by the square
meter. How many square meters must a contractor
order for a patio 8.6 meters long and 2.1 meters wide?

. A kitchen-cabinet maker measured a counter ard found

it to be 3 meters long by 52 centimeters wide. He
charged for plastic covering by the square meter. How
many square meters were there?

A walkway was to be paved with bricks. It was 12
meters long by 1 meter 10 centimeters wide. What was
the area to be paved?
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UNIT IV — AREA MEASUREMENT

. Lesson 3 “reas of Traingles

Objective: You should be able to calculate the areas of triangles.

Triangles come in many shapes. Here are a few:

N AN~

N How can we get the number of square units in such odd shapes?

Actually, finding the area of a triangle is not a bit difficult — we don’t have to
rule it off into squares and count up the bits and pieces. We have a formula for finding
it.

g
L A =1/2bh
. What is b und what is h? The b stands for base and the | for height. The base

can be any side of the triangle — usually the side on which the triangle seems to *‘stand.”
Then h is the shortest line from the opposite angle drawn to that base. The shortest line
makes a right angle (square corner) with that base.

) Look at the following triangles and vou will understand better what b'and h
stand for.

: I |
| "
0 lw|
Sy ———— ~————— ~- ——— e
b b
In case ‘you forget the formula, this picture should help you remember it.
\
~
h ™ -
~
\ ~ |

You know that the area of the above rectangle is the length times the width —~ in
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this case b X h. We have divided the rectangle’ into two equal triangles with-a dotted line.
Therefore the arca of one triangle is equal to one-half the area of the rectangle, or

" A=1/2bh
Now measure h_and b on the above triangle and find the area.

Did you get the area equal to 5 cm?? If you did, you were correct.

Here is another problem for the class to do together.

b

Draw in a dotted line for h. Measure it. Use the formula.

Did you get the area equal to 7.5 cm??

PROBLEMS

1. A dress has two triangular pockers that measure 12 cm across and 8 c¢m in height.
What is the area of one pocket? What is the area of two pockets?

bzl2cm

N

You are putting aluminum siding on a house. What is the area of the triangular arca
shown, in square meters? What is the area of the entire side of the house?

51
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3. Find the area of the following triangles
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4. The owner of a large business wanted to make a lawn out of a triangular section in
front of his store. The landscaper measured the area to find out how much grass seed
was needed. How many square meters will be seeded?

N L

- 105 m

5. A man built an A-frame vacation home. How much board-and-batten lumber (in m?)
»was needed for this end? (Disregard door.)

s ' l .
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UNIT IV — AREA MEASUREMENT

Lesson 4 Areas of Trapezoids

Objective: You should be able to calculate the area, or square measure, of a
trapezoid.

_ A trapezoid is the name of a 4-sided figure that has two sides parallel to each
other and two sides that are not parallel to each other. The two parallel sides are called
the bases of the trapezoid. The shortest distance between the bases is called the height.
As in a triangle, the height makes a right angle (square corner) with the bases.

The areca f a trapezoid equals its height multiplied by one-half the sum of its

two bases. OO JOBUU

e 6m ———— <I A =h X 2 (Base #1 + Base #2)

PO DD e PP WD DO DWW Ou —o

{ % " -0 %

1

Now this is not as hard to remember as

|

|HEiGHT it looks. The two bases are different lengths.

4|m If you were to get their average length, you

| would add the lengths together and divide

j \ by 2. In effect, that is what the formula
does It multiplies the height by the average

. l""‘"’”—'gm—m""q length of the two bases.

Let us find the area of the trapezoid above.

By +B, -
2

Area = 4 x £F8

h X

N

Area

= 4 %7
= 28 m?
PROBILEMS
1. Find the area of trapezoid below in m?.
pe—— 40 m—4 ) . B
[ +
l
25m
e BOm- —]

2. Find the area of the above trapezmd 1f the height is changed to 25 cenmnet(’rs and
the bases remain the sarne. . R y

50



3. Calculate the area of the trapezoid in the end of this barn, using the measurements
shown. .

4. If the above barn measures 8 m in height to the roof overhang, and 14 m in cverall
height, to the peak of the roof, calculate the area of one end. (Hint: What three
parts is the end made up of?) :

~s

U

&
L 130m How many square meters in this farmer's
Va A field?

How many lectares in the field?
220m

J1

270m

%

6. See if you can solve the above problem by dividing the field into a triangle and a
rectangle and adding the two areas. You should get the same answer as for problem 5
“above. ‘ ‘

r
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UNIT IV - AREA MEASUREMENT

Lesson 5 Areas of Circles

Objective: You should be able to calculate the area of circles.

Finding the area of a circle is very useful_in many trades. The machinist or
mechanic may need the arca of a piston. The landscape gardener may need to find the
arca of a circular bed in order to figure out how many plants will be needed. The mason
may need to construct a circular concrete surface, and must be able to compute the area
to figure the amount of concrete meeded. A heating contracter may need to find the
cross-section area of a circular duct. And so on.

The arca of a circle can be found by a formula. The area is equal to pi (7) times

the radius squared (r?), or et -

o ~——¢-
>
4 p

1 A=1T7r

PP P

The radius, you remember, is the distance to the center, and the value of 7 is, as
always, 3.14, or 3.1416 if more accuracy is necded.

" lo:
Exampie: ) .

The circular end of a tractor gas tank mecasures 40 centimeters across. What is
the area of the end of the gas tank? ,

A =ar?

If the diameter of the gas tank equals 40 centimeters, then the radius equals 1/2
the diameter: 1/2 X 40 = 20.

So,
A = 3.4 (20)?
A = 3.14 X 400
A = 1,256 cm?

Remember two things in finding arcas of circles:
1. You cannot use the diameter. You must get the radius for this formula.

2. If two units are not the same, onc measurement must be convcrc‘cd to the
other unit first. You should choose the unit that will give you a sensible.

ANSwWer.
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PROBLEMS

. <
1. A mason was told to lay out a circular base for a water
fountain. The distance from the center to the edgc was
- to be 1.5 meters. What was the area of the circular
base?

-—i.5m

2. A circular walk around a display in a park was laid out using an §-meter radius for
the outer edge and a 5-meter radius fFor the inner edge. Calculate the area of the
inner circle. Calculate the area of the cuter circle. Now subtract the area of the inner
circle from the area of the outer circle. The difference is the area of the sidewalk.

Inner arca ———
Outer area | —
Area of walk
\ 3. What is the arca of the largest ‘circle that can be cut from a piece of fabric 90
™ centimeters square? What is the area of the fabric that is not in the circle? (Hint:

Draw a sketch).

4. What is the area of a wheel with a 34-centimeter diameter?

5. What is the area of a circular tablecloth needed to cover the table
shown here if the cloth is to hang down 70 centimeters? -

6. The diameter of a tank is 3 meters. How many square meters of metal are needed for
a tank cover that is 4 cm wider than the tank all the way around? (Hint: Express the
new diameter in terms of meters, using a decimal. Then find the radius.)

4cm
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A landscape gardener laid out a circular bed for begonias
that was 3.2 meters across. What was the area of the bed?

If the gardener figured on 16 plants for each square meter,
how many plants would he need? -

8. What is the arcs ¢ a cistor. whose diameter is 9.04 centimeters? (Use the more exact

figure for 7.)

9. For calculating the aumber and sizes of outlets needed in the varicus rooms of a
house, a heating contractor needed to know the areas of circular ducts. Find the area
of (a) a 14-centimeter (diameter) duct; (b) a 20-centimeter duct.

10. This clown doll requires 98 circles 14 cm
in diameter. What is the total area of the
circles? If 2 meters of 90 cm wide material
is needed, how rnany square centimeters of
material are wasted?

Total area -

Waste —_



UNIT IV — AREA MEASUREMENT

Lesson 6 More Applied Problems in Area

Objuctive: You should be able to select appropriate measurement units and caiculate
area for applied problems.

1. Write in the most appropriate unit for computing areas of the following objects.
Write the symbol of the linear unit and the symbol of the square unit.

Symbol
Unit ~ Linear Square_
a. Textbock :
b. Desk top
c. House exterior — for painting
d Flour
“g. House lot
t. Farm
g. Township

——
=

Copper wire {cross section)

2. How many square meters of artificial turf are needed for a field 90 m X 50 m?

3. A house lot is 42.6 m X 51.5 m. Whart is the area of the house lot in hectares?

4. You are painting a triangular area that is 5 meters by 8 meters. What is the area in

square meters? If one liter of paint will cover about 10 square meters, how many
.

liters of paint are needed for one cozt? for two coats?

5im
— - —

5. Calculate the area of the circle below.

62
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6. Calculate the approximate area of this concrete support for a park bench.

| 40cm bo
i
44Icm

b——56 cm—

7. Think carefully. See if you can calculate the area within the race-track shown below.

A

m4 Hom

fo——20 m——
8: A farmer knows the three measurements shown below on a sketch of one of his
fields. Find the area in hectares of this field. (Hint: Can you find the bases and

heights of two triangles?)

56
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- UNIT V — VOLUME

Lesson 1 Volume of Rectangular Solids

Objective: You should be able to calculate che volume of rectangular solid objects. -

Volume is the amount of space occupied by an object. All objects have length,
width. and height: these are called its dimensions.

l
HEIGHT (H)

WIDTH
i--~—-——-—~LE(N‘STH (W)

The cubic meter {m?) is used to measure the volume of bins, boxes, and other
large containers, and also of solids like sand, gravel, and cement. A cubic meter is 1
meter long by 1 meter wide by 1 meter high.

It you are pouring concrete for a wall that is 4 meters long by .25 meters wide

by 2 meters high. how many cubic meters of concrete will you have to order?

To solve this problem, we multiply all three dimensions.

PO -
~P- Y-

l  Volume =L XW XH !
[aa s e s o2 = SO UNFIPIDIINS

V = 4 merers X .25 meters X 2 mcters = 2 cubic meters (m?3)

-G

How many cubic meters of concrete are in the following walls?

) ' Cubic
Length Width Height Meters
fal 20 m A4m 3m o
(b.) 40 m 8m 6 m
{c\) 35m - 20em 2m

, In order to dctermine the proper size of air conditioner or heater needed to cool
or heat a room, you have to first determine the volume of spacc in that room. Here arce
. some probiems for you te try.
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Length Width Height Volume

{d.) 4m 3m 2.5m
(e.) 35m 31 m 2.2 m
() 5m 3.5m 3m

It is possible to measure the volumce of solids in cubic kilomerers. cubic
hectometers, cubic decameters, cubic decimeters, cubic  centimerers, and  cubic
millimeters. But the most common metric measure of the volume of large solids is the
cubic mezer, while small solids are usually measured in cubic centimerers (cm?).

-.’-—
-]

You know that 1 meter equals 100 centi-
meters. If you can picture a cubic meter.
you can see that its length would be 100
centimeters, its width would be 100 centi-
metevs, and its heigh: would be 106 centi-
im meters. How many cubic centimeters
would there be in that cubic meter?

\Y%
I \Y%
lcmsah | 1

d You can see that a cubic meter is very large.

In finding the volume of anything. you nust be sure that all dimensions are ex-

{

L X W X H
100 X 100 X 100
1,000,000 cubic centimetcrs

{1

{

pressed in the same unit before you muldply. or vour answer will be all wrong.

PROBLEMS

A dump truck body is 4 wmeters long. 2.7 meters wide, and 1.6 mecters high, How
much sand will 1t hold?

puwy

A heating contractor had to decide the proper size furnace for a ranch-style house
10.2 meters long by 7.6 meters wide by 3 meters in height (to the ceiling). What was
the volume of the living space in that house?

)

;.4 box of detergent is 16 centimeters by 5 centimeters by 20 centimeters. How many
cubic centimeters of detervent will it hold?

65
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. ! 1 : R ) B - - . . .
4. Find the wolume of asshallow box 1 onicter Tong by 7 meter wide by 22 cenrimeters

;
P

3. What is the cubic content of a storage bin for coal that is 3.6 meters square and 1.8
meters hich?

A concrere watk was to be made 1.2 merers wide. 12 meters long. and

centimeters deep. How mans cubic meters of concrete would be needed for it?

o~

20

This s w0 sketeh ot a hot bed for growing vegerabie and flower seedlings.  The
ends are trapezoids with bases of .3 and .6 meters and a height of 1. 25 meters.
To get che volume., first find the area of an end and muldply this by the length of

the frame. Find the velume.

S0 Gohaek o problem 6 on page 56, 1t the concrete support i 12 centimeters thick.,

how nany cubie centimerters are there in the SUppore? See if vou can cxpress this
. . ) - X .
antount ws the decnmal pare of acubic meter.

YooA fariner necded a PIt Lo store potatoes. He wanted it to be able to hold abour 4

cubic mcters. T the pit was to be 1 meter deep and 1.8 merers wide. how fong
would it have o be? Sugeestion: draw a skereh.

. , , | _ . ..
Voo A shipping carton was needed that was to hold abourt .3 cabic merer. 1 it was 1o be

i - ‘ 1 : : -
2omeress bone o b T merer wides Do Biel woald i ave to bes



UNIT V — VOLUME

Lesson 2 Volume of Liquids
st
Objective: You should be able to stare the basic unit of liquid voiume "o
and how it compares with other metric units and with o

English unics.

Right now we buy milk by the guart and gasoline by the gallon.
Cooks measure with cups. tablespoons. and teaspoons. But nurses measure
with milliliters. How will the metric svstem change this?

With the metric system. we will buy both our milk and our gasoline
bv the liter. And cocks will use milliliters just as the nurses do now.

Let’s take another look at the liter. because it is the most common
metric measure of Jiquid volume. A liter is just a little larger than a quart.
{lt is actuallv cqual to 1.06 quart.}

1 LITER 1 QUART

Now let's take a look at the liquid measures used in cooking.

i

237 milkliters {mi)

5 millilicers
15 nulliliters

1 cup
I teaspoon
1 tablespoon

1

il

Recipes that now call for a cup will generally change to 250 inilliliters. because
that is accurate cnough for most cooking. The 5 milliliter and 15 milliliter measures will

replace the teaspoon and the tablespoon.

The medical protession nas already changed to seme metric measurcments. For
example, medicines are measured in milliliters. So. the ehangeover to metrics will be casy
-~ /

ter nurses.

Ore thing that makes metrics casy to work with in liquid measure is the face
that 1 miliiliter (liguid measure) is exactly equal to 1 cubic centimeter (solid mcasure),
and 1 liter (liquid measure) is exactly cjual to one cubic decimeter (solid measure). See
how different this is from our present system.
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Suppose you know that a waxed carton contains 48 cubic inches. Would vou
. know how many cups or quarts it holds? Certainly not, at least not without a great deal
of figuring. But if you knew that a_carton contained 725 cubic centimeters, vou would

know instantly that it held 725 milliliters. or .725 of 2 liter.

Here is a table of metric units of volume. o’ +d liguid.
Solid Measure Liquid Measure
1 cubic meter {m? = 1 kilolicer (kl: = 1000 1
1 cubic decimeter (dm3®) = 1 liter () = BASE UNIT
1 cubic centimeter (em®) = 1 milliliter {ml) = .0011(1/1009 I;

~ia.

f Tris treare ropresents oepthilton oo
Al cupee contyreter oS

O
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PROBLEMS
1. Which is larger,a liter or a,quart?

A gasolmc sells for $1.00 a gallﬂn or 25¢ a liter, which is more gas
for the money? “ ,/

3. s 250 milliliters largcr.%r smaller than a cup?
4. Approximately how many cups of milk are there in a'lirer?

5. How many milliliters are there in a teaspoon?
- 3 . '
) 6. How many cubic centimeters are there in a teaspoon?
i . {
. S .
7. How many htcrs‘are there in 2 teaspoon? - ;

8. If a certain fire hose can dlscharge 18 00¢ cubic centimeters of water
per second, how many liters can it discharge per second?

ZENRY

2
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9. Connect the answers in order and complete the picture.

1

o6 ' - /STARTHERE. | MORE" METERS
- s 1%0 9'..2“' - 7‘6 -Th'E_ U7ER

1.8 1 = K- 16 136000 ml = kI
| 280wl = . 1 - 17. 750 =
309k = 1 © 18 9 = o ml
i 4. 43k = . 1 19120 = ___ ml
| . s em = 1 20 751 = _ dw?
6: 843 ml = ] 213 .0136 kl= ]
7. 923 em*= 22. 53 ml = o
8. 498 1= ok 23. 531 = { T
9. 2.83.1 = _ dm? 24. .0007 | = _oml
10. 431 = K 25, 86 1= ol
J11.0923 0= k260 1d= ©oml
12. 8431= ol 2. 012w . K
13. 670 ml= w28 751 = K
14, 4.98 cl = o oml 29. 10 cd= oml
15. 233 ml= 1 <30. 100 ml'= 1
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10. MIX AND MATCH PUZZLE II
j(Volume Measure)

id

On the next page you will see the sheet you are going to work on.

Cut the squares on this page apart. You are going. to arrange these 5quares on the next

- page so that every measurement has the same value as the measurement adjacent (right

next) to it. See the example below. When you are sure your solutxon to the puzzle is

correct, paste or tapc your squares dOWl‘l

=570 dm?

71

04

570 ki 23 m3 057 kl 23 |
.04 ml 1001E40 nl 01 kil 40_Ll/ 414 l. 011
23 cm? 5704l 23 ml 57 kI
57 ¢l - 23 ¢l 2.3 cl 57 wl
10 d 40 cm? ,1:1\-1 40 klj10 | 4 k11400 ml .01ml
231 230 cl 570 | | 5.7 1
23 ml 57 1 .57 1 ~57 dI
4 ml 10 clf{4 ml 1 ml{40 m? 4 mll 4000 | 400 ki
- 570 ml 2.3dl 571 230 ml
.023 ki 2300 m] 570 dm? 23 kl
.01 ml 2 4 em?|1,dl . 4Q0 dm3|.1 ¢l 4dm3f4 ¢m? .1l
057 .Jrnl 23 kl .023 ml 5.7 ¢l
01 klf 101 4 k14000 1
570 | r,/“")



SOLUTION TO MIX AND MATCH PUZZLE 11

570 ki

.04 ml - 100 I

23 cm?
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UNIT V — VOLUME

PO

Lesson 3 ] Volume of Cylinders

Objective: You should be able to.calculate the volume of cylinders. -

Today cylinders are used everywhere. Grain is stored in cylinders called silos.
Milk, gasoline, and various chemicals are delivered in large cyclinders called tank trucks.
Many round columns of concrete are used in the construction industry. There are also
many other uses of cylinders that you might want to add to the list. Since you may be
using cylinders, your job. may require that you know how to find the volume of a
cylinder. : )

A

To calculate the volume of a cylinder, use this formula:

PO PPN

V = qr2h '

O-O-O0-b

where V = volume
7 = 3.1416 or 3.14
t = radius of round end
h = height ( distance between the round ends,

Note that this formula is actually the area of an end times the height (or length)
of the cylinder.

Let’s try the formula with this cvlinder.
y S C)

0

|'-'-——~'--—20m_°~|

r = % diameter, or 3 m in this problem.
h=20m '
So,
V=35314 X 32 X 20
V=314X9 X 20
V = 565.2 cubic meters

For Class Discussion
Up to this point we have found the volume of rectangular solids and cylinders.
Twice (page 59, [i)roblems 7 and 8) we found the volume of solids where the ends were

trapezoids. The class should work up a general rule for finding the volume of any of the
objects shown on the next page.
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PROBLEMS

Find the volume of the following. cylinders:

IS

~d

10.

Radius’ Hei;ght Volume
2m, 10 m

3.2m 3m

1m 8 m

Diameter  Height Volume
1.8 m 1.8 m

10 ¢cm 21 cm

46cm  13m

A gas tank on a tractor-trailer measured 60 centimeters across the ends and was 1.24
meters long. Find its volume in (a) cubic meters, (b} liters.
(@) (.

(b)

A milk-truck tank had oval ends which had an area of 4.4 square meters. The tank
was 7 meters long. How many liters of milk could the tank hold?

A glass tube measured 4 millimeters across (inside diameter) and was 40 centimeters
long. How many milliliters could it hold?

A silo on a farm was 4.2 meters across and 13 meters tall. How much silage could it hold?
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UNIT V — VOLUME

)
~ Lesson 4 - » ' ' _Reviéw Problems in Volume
Objective: You should be able to calculate volume for selected problems, giving the

o

10.

ERIC
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. How many cubic centimeters are ir a rectangular container that is 10 cm by 15 e¢m

answers in appropriate uniis.

. How many cubic centimeters are there in a liter? S

. Which is larger — a liter or a cubic decimeter?

. How:many liters are there in a cubic meter? ——

o

by 20 ¢cm? How many milliliters are in this container?

. A tank contains 5,000 liters of water. How many cubic’ meters of water are in the

tank?

. Calculate the volume in cubic meters of a propane gas tank that is 16 meters long

with a diameter of 6 meters. What is the volume in liters?

. A milk carton measures 7 ¢cm by 7 e¢m by 106.3 cm. How much milk will it hold

when completely full?

. Each concrete pillar for a raised road was to have a diameter of 80 centimeters and

be 8 meters tall. How much concrete was nceded for 100 of them?

.

. A cylindrical collector for liquids in a chemical plant was 2.2 mccers across and 2.5

meters high. How much liquid could it hold?

A cooking pot measured 24 cmacross and was 21 em high. How much liquid could it

hold?
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UNIT VI - MASS or WEIGHT

Lesson 1 _ ___Units of Mass or Weight

Objective: You should be able to solve simple weight problems, giving your answer in
appropriate units.

*

Hovvv'mucrh do you wéig];?
What is your mass?

. The words “raass” and “weight” have slightly different meanings to the scientist,
but for our purposes we will consider them to be the same thing. 8o if you see a metric
conversion table labeled “Units of Mass,” you will know that itsfheans weight.

/’f ‘
Just as our present basic unit of weight is thcf/poﬁnd, the basic metric unit is the
kilogram. Sometimes it is called “kilo” for short. Urdlike the quart and the liter, however,
there is a big difference between’ the poundi and the kilogram. In fact, the kilogram

weighs over twice as much as the pound. . .

The small metric unit of weight generally used is th: gram. The very large unit is
the metric ton. Here is a table showing the relationship among the=se three units.

~

N

1000 kg
BASIC UNIT
.001 kg (1/1000 kg)

1 metric ton (t)
1 kilogram (kg)
1 gram (g)

i

i

To help you think in metric terms:

A paper clip weighs about 1 gram.

A nickel weighs about 5 grams.

A quart carton of milk weighs about 1 kilogram. 4
And a VW Beetle, with two pecple in it, weighs aLout 1 ton.”
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We saw in Unit V that there was a-direct relationship between cubic measure and
liquid measure. In metric measure there is also a direct relationship between liquid
measure and the weight of water.

] - 1 liter of water (at 4°C) weighs 1 kilogram. {

-0 N Ow S Ol -
% -0 > 400090 -4~ L o

In ordihary use we just say thar a liter of water or any liquid that is almost all

water weighs 1 kilogram. From this it follows that

PN 00— OOt DO
0004 a 00— -0 0-0¢-

1 milliliter (1 cm?) of water weighs 1 gram.

o DOt Dl -
R G o s o 0464 -0 0-0000-

~-

For Class Discussion

: A . P .
1. What are the most appropriate metric units for weighing the following:

Loaf of bread

a.
b. Cup of flour
c. Fertilizer for your lawn
d  Medicine
e.  Truckload of steel
f.  Bag of sugar
g. Freight-car load of sugar '
. h.  Automobile
i.  The vitamin content of a food (Hint: The unit equais .001 gram)

J- Gola or silver

2. Based on the fact that 1 kg = 2.2 pounds, see if you can figure out the relationship
ctween 1 metric ton and. one English ton.

Y

- i

3. Workers in' the food trades may find nutritioral values of foods cxpressed in terms of
100-gram portions of those foods. If there are ahnut 28 grams in one ounce, figure
out what part of an cunce one gram is equal to. "Ther-figure out how many ounces
100 grams is cqual to. -

1 gram = ounce
100 grams = ounces

PROBLEMS

1. (a) Which is heavier, a kilogram or a pound? -

(b) 1f you have 10 pounds of flour, will you have
more or- fewer than 10 kilograms? e

‘ (¢) To' change from pounds to kilograms, you would
(divide, multiply) by —

(d) To change from kilograms to pounds, you would

(divide, multiply) by e

S | 7
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2. (a) What is the metric weight of 3 1 of water?
(b) What is the metric weight of 3 ml of water?

(c) What is the metric weight of 3 ecm® of water?

In the following problems, give cacli answer in the most appropriate unit.

3. A recipe called for 120-%ram 'portions of boneless beef
per serving. How much beef would be needed to serve
10 people?

4. How much would be needed to serve 50 people?

5. A printing shop ordered 1200 cartons of paper. If each
carton weighed 30 kilograms, what was the total weight
of the order? .

6. On a package of English muffins was the following
chart: .

Serving Size 60 Grams
{appros. 1 Mutfin)

Servings Per Package . .. .. 12
Calories ............ 150
Poteln . . ......... § Grams
Carbohydrates . .. .... 28 Grams
Fat ............. 2 Grams

That part of a food thas is not protein nor
carbohydrate nor fat is essentially watet (aside from
very small amounts of minerals and vitamins). Can you
figure out how much water there is in each Englisn
muffin? '

7. In a fouadrv, the weight of a casting.is 340 kg. the
weight of the sand mold is 585 kg. and the weight of
the containing flask is 224 kg, What is the total weight
of this unit?

8. A small bridge had a sign on it: “WEIGHT LIMIT 5
' METRIC TONS.” A contractor’s truck approached the
bridge. The driver knew that his truck weighed 2300
kilograms and his load weighed about 3200 kilos. Was
it safe for the cruck to use this bridge? : _

]
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9.

10.

According to a nutrition chart, Greg needed 1.2 grams
of calcium each day in his diet to grow and maintain
good health. His food intake for one day included:

3 glasses (750 ml) of milk @ 300 mg of
_calcium per glass

30 grams of American cheese for 210 mg of
calcium

1 egg for 25 mg of calcium

2 cup baked beans for 70 mg of calcium

Other food for approximately 100 mg of
calcium '

How much was he over or under his cilcium
requirements for that day? ’

Denisc knew that her body neceded about 18 mg of
iron cach day. According to her chart, 100 grams of
chicken livers would give her 8 mg of iron, and a
100-gram portion of spinach would give her 2.5 mg. If
she haa the chicken livers and the spinach, how much
iron would she still have to get that day?
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UNIT VIl ~ TEMPERATURE MEASUREMENT

Lesson 1 The Celsius Scale

Objective: You should be able to select common temperature measurements on the

Ceisius scale.

Do you think you’d be comfortable sitting in a room watching TV if the room
thermormeter read 20 degrees? You would if the thermometer had a Celsius scale, and
you?were reading 20 degrees Celsius!

n
Here is a sketch of two thermometers reading the same 2%~ e “'L“/'QQ‘“QQ"LS"
temperature. The old one — Fahrenheit — reads 68° at the same time "l 190 H9°
that the metric one — Celsius ~ reads 20°. (The Celsius scale used to L 1l 86
be called centigrade, but the name was changed to honeor its inventor, i I} 70
Anders Celsius, a Swedish scientist who died about 250 years ago.) i | 60
v ' 1% 1l so
Although scicntists in America have been using the Celsius scale 1 rr0 i
for many years, the rest of us have not. We will have to learn to Moo i 7°
think of temperatures differently. Tc help us do that, let’s take a ik il 30
closer look at the two thermometers shown here. 70 Az"
‘ HE1d [ 10
The Celsius scale is based entirely on the beiling and freezing 32l Water_fl 0 Freezes
points of water. T}(}e scale is drawn so that the point where water -0
freczes is marked 0° and the joint where water boils is marked 100°.
The distance between these two points on the scale is divided into

,/ 100 equal spaces. Then the same size division is continued above

&
100° and below 0°.

~Fahrenheit  Celsius
On the other hand, Gabricl Fahrenheit, a German scientist who

fived at about the same time as Celsius, set the zero on his scale at the temperature

produced by mixing equal weights of snow and salt. On the Fahrenheit scale, the freezing

point of water is at 32°, and the boiling point at 212°. The distance between them has

180 cqual divisions. which are also continued above and below.

So you scc that there are 100 degrees between the freezing and boiling points of
water on the Celsius scale. and 180 degrees on the Fahrenheit scale. This means that each
degree Celsius will cover almost twice the temperature range of each degree Fahrenheit.

The formulas ‘or converting from one scale to the other are:
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As a practical marter, you won’t have time to convert from Fahrenheit to Celsius
each time you use a thermometer, so you will need to become as familiar with the
Celsius scale as you are with the Fahrenlheit scale now.

For examples of the most common temperatures, see the chart below.

TEMPERATURE

—40 —~20 0 . 20 37 60 8¢ 160
¢ | | i 1 L ! ! L
o T T 1T T | L Y i
—40 4 32 8¢ 98.6 160 212
water freezes body temperature water boils

S PROBLEMS

-

, 1. What is the freezing point of water on the Fahrenheit scale?
2. What is the freezing point of water on the Celsius scale?

3. What is the boiling point of water on the Celsius scale?

4. What is the boiling point of water on the Fahrertheit scale?

5. Which covers a greater range of temperature, one degree on the Celsius
scale or one degree on the Fahrenheit scale?

6. A comfortable room temperature on the Fahrenheit scale is considered
to be

7. The same temperature on the Celsius scale is
8. What is body temperature on the Celsius scale?

9. What is body tempecrature on the Fahrenheit scale?

—_—_—
—_—
——
L —
e
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UNIT VII - TEMPERATURE MEASUREMENT

Lesson 2 Using Common Celsius Measurements
Objective: You should become familiar with additional
coimmon tcmpcraturc measufements on [hC CClSlUS TEMPERATURE
scale. CONVERSION
You have already learned the Celsius readings of boiling water, f c
freczing water, room temperature, and body temperature. It didn't 250
take long. Now you will learn more Celsius readings for common 212 160
temperature rmeasurements. 260
19 90
You will be using the temperature-conversian chart on the R
. right to determine the Celsius readings tor some common 18 e~
temperagures. It is easy to use. Find the Fahrenheit temperature on 176 2
the left-hand scale; then read the Celsius temperature directly 160
. * 70
across, on the right-hand scale.
150
PROBLEMS 1m0 60
130
i. Your doctor tells you that you have = fever of 120 50
102°F. What is your approximate temperature o
on the Celsius scale? 20
100
2. The weather report said that the temperature % 10
would drop to about 10°F. What would this be 80
on the Celsius thermometer? 7
20
. . 1 . l‘60
3. Itis a very hot day with the temperature in the
high nineties. What is the approximate reading 50 1o
on the Celsius scale? - a0
32 0
4. Which is warmer — 25°F or 25°C? — 20
- . . . . -1
5. When roasting  weli-done  beef, the internal ' 10
temperature should be about 170°F. What is 0 ,
. . . . - . -20
the approximarte Celsius reading? ] 10
. . 0
6. 1f your freczer is kepr at 0°F. what would the 30

approximat: temperature be on the Celsius
scale?

The temperature-conversion scale on the next page has a wider range of

temperatures than the scale above. Use it for the rest of the problems.
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A

it T
Ry s ;'yil|.1|3r i .
! i . .
-0 ] 20 40 60 80 Helo) 12¢ 180
-3 -20 -10 [} 10 20 30 49 52 60

CELSIUS

7. A certain temperature-indicating crayon used in heat-treating stec
melts at 319°F. What temperature is this on the “elsius scale? S
. s &
8. The tempering tempe.. cure of twist drills for hard service is 450°F.
What is the tempering temperature on the Celsius scale?

9. Quenching solutions used in hardening stcel may be of water, brine, or
oil. Water or brine should be at about 60°F for quenching, while oil
cools best at temperatures of about 100°F. to 149°F. Find the
corresponding Celsius temperatures. ‘

atzr or brine:

—

Uil to

10. The following are cooking temperatures of foods on the Fahrenheit scale. Find the
temperatures on the Celsius scale. :

: Baking: Oven Temperatures °F : OC},
Very slow . 25% 0 275 — 0

) Slow 300 to 325 . to
Moder.te 350 to 375 I S
Hot 400 rto 475 to
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“thread systemn ased in the United States.

UNIT VIIl — METRIC THREAD .

Lesson 1 ’ : UnifiZd»National and Metric Thread Systems
Objective: You should be familiar with the " unificd hational and metric thread
svstems. / . .

o : .

You may have heard the. expression; “A chain is no stronger than its weakest
) F) pr ng
link.”” We might invent a similar cxpression, ““A huge mackine is no stronger than its

tiniest screw or bolt,”

Why do we say that? . : Coe
Suppose a tiny screw or ‘bolt breaks off or is lost in cleaning or repairing a
machine. Unless it can be replaced wi th an identical one, it may be 1mp0551ble to get that

nmchmc to work ')ropgrl)

That is why thread standards for screws and bolts have been developed through
the years. So long as the same standards are followed in 111anuf1ccur111g, we know that a

screw or bolt can always be replaced by an identical one.

Standardization of machine parts is-also 1n‘\portant Interchangeability of machine

parts manufactured in different countries makes it casier to replace worn or broken parts.

In 1948, the United States, Great Britain, and Canada adopted the Unified
National Thread System. The system provided for a goarse-thread series {UNC) for the

most common bolts, screws, and nuts for general enginzering applications, a fine-thread

scrics {UNF) for thread applications requiring greater tensile strength, and an -
\ . ’

extra-fine-thread series (UNJEF) for specialized uses where the UNC and UNF threads
were nbt acceptable. The Unified National Thread System is“still the most comman

-~

_Times change. and so do thread systems. Today the countries that import our

. machines use the metric syseem. Even Great Britain and Canada .have changed-to the

-

mctnc S\SCCITI ft 1s ilﬂp()l"t(‘lll[ as  we k]]O\V to H\élkt,‘ SCrew thrc;lds‘ tlh’lt are -

interchangeable in ant country in the world. So we are moving toward 1 metric thrc‘ld'
system that cap be adoffted by all nations. Then a bolt manufactured in the United
States could be used to replace.a bole that. was manufactured in West Germany.
/ ) c’s take a look at the inch threads and metric threads accepted by the
.[xxtcr‘nat/ional Standards Organizations {I1SO). At the present time, there are 57 sizes of

- [l
- ! '

~



ISO metric threads and 59 sizes of 1SO inch threads {which are the same as the Unified
National Coarse (UNC).) The- thread forms of both the ISO metric and the 150 1nch

. series are identical, as shown in these two diagrams.

/:f

THREAD FORM —1SD METRIC AND 1SO INCH SERIES |

G 250 H«)J-:*——G JI5 H-

it H (F UNDAMENTAL TRIANG LE) —-—snd

N/ INTERNAL THREAD
< p (PITCH) B
i ~—
. N
p (FITCH) >
. /A )
/ I\

EXTERNAL THREAD

’

h,
~att—— D.375 H-—3p-bet—D.375 H —3»)
H

/ h . N
R =0.108 p/0.144 p ) 6/ \ V4

Now if the tnrcad forms for beth the 1SO metric series and the 1SO inch series

" are identical, then the screws or bolts sl\ould be mtcrclmngcabl( - right? WRONG! The

% . " . 8 '.) . i ‘3..
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threads of the 1SG metric series und the iSO inch series (UNC) are not interchangeable.

Even though some of the sizes may appear very clase, there will be slight differences in

.their diameters and in the size of the threads.

™~ The International Fasteners Institute (IF1) has recommended that both the ISO
metric sizes and the 1SO inch sizes be replaced with 25 metric threads. Mcst of these IFI
trial thread sizes are identical to the ISO muetric coarse thread series. They are also the

most commonly used sizes.
\

_ Standards for mantfacturing the IFI trial metric threads, the 1SO metric threads
(coarse afd fine, series), and the Unified National (UNC, UNF, and UNEF) can be found
in the 20th edition of Machine‘ry"s Handbeok.

Class Discussion

1. What screw-thread system is most commonly used in the United States today?

o

What screw-thread system is most commonly used in most parts of the world today?
3. Are ISO metric and 1SO inch threads interchangeable?

4. What are the advantages of standardizing the screw-thread system used throughout
the world?

5. What reason$ would you give for substituting the 25 IF1 sizes for the 57 metric-sizes
and the 59 inch sices?

(2N

- .
Why would Evropean countries insist on metric machine pats when “buying
Amcrican’?

8().1; ~“ l . :
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UNIT VIII -- METRIC THREADS

Lesson 2 : Metric Thread Designations

14

Objective: You should be able to read™a complec“e' designation of a metric thiead.

Craftsmen wil! not only use metric thre.ds in the future; they will also have to
“think metric” to work efficiently. “Thinking metric” includes being able to read metric

thread dusignations, Led’s start at the beginning.
. . . B ~ . ' 4 >
All metric threads begin with a capital M for metric. Easy so far — OK.

The M is followed by the major or nominal diameter (outside dianieter) in
s. So, an M 12 has a sominal size of 12 miliimerers, and an M 10 thread has a
nominal size of 10 millimeters. Metric nominal diameters range {rom 1 to 100
millimezers.

~

{

K/

M 10

THREAD SYMBOL FOR ISO:] ;

NCOMINAL SIZE IN MILLIMETERS -

The next part of the thread designation s the pitel, which is ¢hi - distance from
the top of one thread to the top of the next. The pitch is alsc shown in millimeters. The
pitch is separated from the nominal diameter by the sign “x’* So the thread designation
for an M 10 thread with a 1.25 millimeter pitch would read M19x 1,25, o
1

~

~

~

“<— M10 x 1.25
THREAD SYMBOL FOR 1SO J
NOMINAL SIZE IN MILLIMETERS

PiTCH IN MILLIMETERS -~



The samples below include the nominal diamerer and thread pitch of selected
-threads from the 1SO Metric-Fine Series.

M8x1.0 M24x2.0
M12x1.25 M30x2.0
M16x1.5 M36x3.0
M20x1.5 M42x3.0

There is an exception to the pitch designation. The pitch designation may be
omitted froin the thread designation for 1SO Metric Threads — Coarse Series. In other
words, if no pitch designation for an M10 .thread is given, then the pitch is 1.5 mm —
because 1.5 mm is the pitch for a coarse-series size for a 10 mm diameter thread. The 12
coarse-series threads below include 90% of the metric threads used in manufacturing.

ISO Metric Thread — Coarsc Series

Diamer~r Pitch

s 2 . 0.4
_ 2.5 0.4
A 3 0.5
4 0.7
5 0.8
6 1.0
8 . 1.25
10 1.5
12¢ 1.75
16 2.0
20 2.5
24 3.0

So. an M5 thread withoat a pitch designation vcould mean a coa:s ihread with a
pitch of 0.8 mm. ' ’

—"

PROBLEMS

1. Shown below is an exa:nple of an M12 external thread. What is the nomina! liameter
. )
of this thread?

The pitch of the above bolt is not listed in the tiread designation.
a.  What is the pitch?

b. Is it a coarse-series or a fine-series thread? .
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3. Another bolt ha(s a thread designation of M16x1.5.
a. ~\j/hat is 1iie nominal diameter?
b. Whart is the pitch?
c. Isit a coarse-series or fine-series thread?
4. A bolt has a thread designation of M24x 2.0.
a. What is the nominal diameter?
b. What is the pitch?

c. Isit a coarse-series or fine-serics thread?

wm

A boit has a thread designation of M24.

a. What is the nomi~al diameter?

b. - What is the pitch?

~. Is it a coarse-series or fine-series thread?

6. A bolt has a Shrcad designation of M16x2.0.

a. What is the,:nomina.] diameter?
b. What is the-pitch? ..

c. Is i a coarse-scrics or fine-series thread? (Think carefully
betore you answer this question.)

89
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UNIT VIIi —~ MET21C THREADS

Lesson 3 Thread lden:ification Chart

Objective: You should be able to distinguish between metric. American and British
threads.

There arc several differences in thread designations when comparing che
American, mertric and British systems. See if vou can determine the differences bw
looking at these examples.

American

12—~ 20 UNF

T T L1 hrmd designation

L———-—-Numbcr of threads per inch

Nominal diameter in inches

Metric
M 12 x 1.5
T—— Picch (may be omitted for coarse thread)
l' Nominal diameter in millimeters .
) -~ Thread dcsigﬁation
British

1/2 BS

‘l> L‘w—ﬂ Thread dC‘al‘TIldt‘ 9

—Nominal diamecter in inches

Check your findings againse these differen.cs.

1. The metric designation uses piteh where the American system uses threads
per inch. Pitch is measured {rem one pomt on a threzd to a corresponding
point on the next thread.

1

(€]

When the picch is raitted in meeric, that means it is a coarse chread.

3. In the Dritish system. there is no need to indicate the nember of dhreads per
~inch. There “is only one numbe. of threads allocated to cach diametpr andd

. - 1

serics. i

!

S0 j
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The Thread Identification Chart in the Appendix will show some other
difterences. For cxample:

1. American miniature thread is interchangeable with corresponding sizes of 1SO

metric.
i
2. The nominal diameter of metric pipe threads (straight and rtapered) is the
actual measurement of the major cﬁameter of the thread. This is not true
with the American and British systems. In those systems, the nominal
diamerter ot the pipe is the inside diameter of the tube.
PROBLEMS

1. Give two examples from the chart to show that the American miniature thread
(UNM) is interchangeable with corresponding sizes of 1SO metric.

2. Write out the thread designation for two threads each for:
a. Merric
b. American
¢. British
3. Why does the thread designation for the British system omir the number of threads

per inch?

91
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APFENDIX A

: THREAD IDENT!FICATION CHART

[

The task of establishing origin, des:gnation, and size of an unknown taread can te & co~plicaiad
experience, even if you hava e/l the recessary tools at hand. Yo make it ezsier, we have prepered A
& Thread Identification Chart (T,;.C.: where the three most comme.i threads - Ame-icap, Sritish and \ WETN!E

T LI N T S

: Metric are listed. Just foilow these three Lasic steps: 1. Measure Major _Diameter cf vour thread & . ©. CORP.
2. Count nurber of threads per one inch length 3. Locate your findings in our 7.1.C. ELs NY. 3
Betore going further in this detailed instruction here is a general introduction to ietric and British . 2
iona ; ; ‘s inelud (819) - 8%~ AR
thread designaticns. For comparison, the American Standard is includec.
AMERICAMN: 12 - 20 UNF METRIC: M12x).5 . BR,TISH: 12 BSF

e 2 -t .
p Lesipnatm

© Timend Gos

e wmrmend Eaearer L fimead Geenmaion
Designation_examples of the vatious thread series: .
’ JRIGIN L COARSE YHREAD © FINE THREAD EXTRA FINE THD  WINIATURE THD S(PE - TAFPSRED Tho)
AMERICAN 14-20UNC  14-28UNF : 14-32 UNEF 1. 1.2 JaNPY 1:
METRIC ~ "~ "M T WMEx0.75 | M6x0.5 M2 x 1.5 Tep. |
[smivss L iaesw 7 1dese e ; 1ABSPT

From the above table severzl designation ditferences are apparent:
*. Metric designation uses pitch instead cf number of threads per inci. Fitch is the cistance from any one point on a thread
toa corresponding point 0n the next thread, measured parallel to the axis.
2. Met:ic coarse thread does not indicate pitch, [Ihe absence of pitch meass ccarse thread series.
3. Nominal diameter of Metric pipe threads ;stra Jht and tapered) corresponds to the actual measurement of the thread mafor
diameter. This is contrary to American and British designalions where nominal diameter of the pipe thread indicates
arproximate inside diameter cf the tube. In the 1.1.C., tireads are listec in orde- of increasing size of the major
Giamer2:. Due ! this American and British pipe threads are in the chart among /arger siz» threac diaraters,
. A point .f interest is that most European countries still use the inch measuring system in connection with pipe threacs.
it is actually British thread BSF and BSPT, but the local designat/on may be difterent:’
In France G 1.2 co for tapered pipe thread, G 1/2 ¢yl lor straight pipe thread (G for Gaz)
In Germany R i/2 k  for tapered pipe thread, R1/2 for straight pipe thread (R tor Rohr - pipe)
5. In the British system there is no need to indicate the number of threads per inch. All British thread series have only one
number of threads per inch allocated to its diameter and series.
6. American Miniature thread (UNR} is interchangeable wity, corresobonding sizes of 150 tetric Standardization.

B3N

For a chosen thread sizz, we follow as our example a matric thread nominal diameter 6 mm with 25, Thds . Inch ~hich is approx,
I mm pitch. Correct designation is M 8. This thread is close to the following threads: M 5x0.5, M 6x 0,75, Lt 20UNC, - 268 UNF
4T 32°UNEF, 7.37 BSF, G BA, ': BSW and 'y BSF.
. s, R . ~-- Inck Reading: ,230 =
- Folicwing are step © | sler instrunt'ons on using the 7.1.0.: X?
1. Use micrometer cr caiiper to measure fMajor Diameter (actual outsid. dia. ) AR,
Mefrié Reading: 5,50 mm

nf the screw thread.. 4t can pe measured in decimal inches or millimetres,
Note that thread major dia. is o'ten undersized for clearance.

.-

N A R R R N S N NI U B TR kA e TR VAR

2. Use ruler, c>iiper or micrometer to count nymber of threads per inch. O
Pivereple tu countinge: EE PR VA AT RO PITCH
Since the Metric system does nor ine Thds ‘Inch /:')r'EidenH!icalic Tt ol g 25 T haon COMVERSION
use the Pitch Conversion Table 5 convert the counted 25 Thds/Inch r-s—vv\.ﬂ..rv.____,TABLE —
te the exact number of 25v, Thds/Inch as equal Pitch 1. t?%%-’hcﬁr:"%%ﬂ]‘

Pitch Conversicn Table is located on T.1.C, at the right margin.

. . . . . . i 28 _ 0.9
3. Using the Basic Major Dia. column in T.1.C, locate the decimal inch dia, L 28 *"yl o l

- }*__gs;‘ R

Once established, move horizontally to tind & match in Thds/Inch or Fitch, 20 172
fivarpio Maior Din, sweasred 30 e ‘/""""""'y"," L2302 [nchew ar 6w ey Busao Maer Dy ool e e
Marang horisontal ! e right qe Cisted b hreads Metrie ALt rad Brerowh o,
BASIC MAJQR Di- - ME.RIC I AMERICAN [ BRITISH

loch lf LN .D::SH k—;o:;s:f [ qu.Dm.Ilurxc} UNF funeﬂuw Hom.Diﬂ.I BA 35w i

IT88 256 )T 1 - N R 7732 128~

—~—ie -gggg 235 6 je x i ! IL.,, 575 » I' 2 i “ '~', G- 125!
. . | | (. i 0 |28 1 174 | 20 | 26
754 7 T Arex T Y T T0.5.6.75 S e “"““f

Should there be only .one thread in this fine, the task ould be accomplishad.
Since therg is more than one possibility, wg have to G back to the example
and check ity thread angle for final breakdow .

Using meiric Screw Fiich Gage we can safelyv distingquish 60 Degree of metric
thread against 471> Degree of British BA thread angie,

- l;'t,1/r;"r/1' triomcasurements Mo tric oot [aepree theead anglo g2 W T
Iilzrlr'v‘f'f;'r"\’ netrn and ire i Meteo Sepen Moo N - e Sezen Thread Anl,
©\ COPYRIGHT - METF ‘WULTISTAHDARD COMPONSHTS CORP. 1574
\
\
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BRITISH 63°
THREADS  INCH /\"7/-\\
Bl B%4  BSF \..
AMERIZAN:
UNC, UNF,
. UNEF, UNm,
: R
221 P
~ . 550 f
vit,
i BRITISH:
BS#, BSF,
B3R, 83P7
145 1 R
127 ’ 1‘}\
S ! /N7
13 121
102 i AN
102 BRITIY BA
9%
102 i e
- ‘s % PiTCH
, CNMYERSION
\ ] LE
z A teh
.y b Poeinchl T
o . 333 ] 0.075
2 0.08
. 782, ' " 59
= L, 254 } (S
20341 0125
2 63 16941 015
18 145", | G.i75
127 0.2
¢ ad Tulia | 0.25
40 48 84, 0.3
- . N g7 a3s
40 44 ) :0 630, 0.4
5 47 56 | 0.45
2 40 50% | 0.5
4 I "0 0.6
It e 07
5 Ta ' 3240 0.5
woT - - IV ] 0.3
28 j 0.9
> EAER B
: 3 1¢ T4 37 200 128
4 I i7 1.5
. LTS
- K 8. ) ‘.2‘;;’ 7
24 28 a2 0%} 2.5
8% (-3
; ’ T L 7135
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BASIC MAJOR (  _ ____METRIC L ___AMERICAN o BRITISH
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122
"

DUAL DIMENSIONING — SAE J39%0 SAE Standard
Repnm of the Trawing Standerds Co o ™attesr ana NMetnic Agvisony Corrmmatier gogeoned July 1870

Thus doctment estzblishes g unizor othod f sombin-
2 US. customeny tinchs unnts and me nic units of medsure
on the sume engineening drawing. In thir document “metric
urts’” means the International Sv- *m ¢ Units {zbbreviated
S1) as described in 1SO Recomne. ~:. R 1000, which 1n-
cludes certan units i addition to i, sormal S Included
i gmdance for converting from one sysiom to the other

while muwstaning interchangeabdity.
2 STAND: RDUNITS

2.0 ULSCUNITS - The ULS. customary ungt for iinear di-
mensions 1s the inch with decimal dimensioning preterred.
(Cne inch equals 254 millimeters, exactlyv.)

2.2 METRIC UNITS - The metric unit, on engineering
drawings. for linear din. rusionss the millimeter.

2.3 IDENTIFICATIGN OF UNITS - The inch and milhi-
mie ter dimensions must be identified. one from the vther as
follows:

2.3.1 Preteired Method - Diwens-ons shall be identified
av relative position with the myllinie o1 Jimensions above or
to the left of the inch dimension.

P 3059

304% 2 ; |, 3038
P > AN ¥
| 1.200 £ 004 1204
i 06 !

3045 ¢ 0_1/'1 200+ 004

2.3.2 Alternative Methods - tt wili be perimissible to use
one of the following alternztive methods of identification in
pluce of 2.3.1.

{4} Pusition method asin 2.3.1 except with inch dime:
sion above or 1o the left of the millimeter dimension -

(b) Square brackets [ | surrounding the millimeter di-
mensions, piaced adjacent to the inch dimensions {position
optional),

{c) Square brackets [ | surrounding the inch dimensions,
placed adjacent to the miilimeter dimensions (position op-
tional).

2.3.3 Only one of the anove methods of identificat »n
of units may be used throughout a single draw-
ing. Each drawing b !t llustrate now to identify the inch
and millimeter dimensions, by » note adjaceni ‘v ur within

88

T Wl 0w g

MILLIMETER, MiLLIMETER/INCE.

/
INCH
INCH _ : INCH IMILLIMETER] , et
[MILLDETER]

23,4 In converting evisting drawings to dual-dimepsion-
ing. spa-e limitations may someumes make it tinpractical to
locate ¢.mensions as required for identificat 1 by positi-n.
I these cases it is permissibie to show the convernad dumen-
s1cn in a nearby associated location identified with the sym-
&0l mm or IN.

2.3.5 Units i *han linear and alt units used for other
than normal dr. - -2 imiensions (1.e. notes or texti shall be

identified with the appropriate symbet.

Exsmples' 13.6 Nm/l.  _F FT
OVERHANG LIMITED TO 12.7 mm/.50 IN

24 COMMON UNITS - Some units van be stated so U i
the call out will satisfy the units of boti: systems. That i,
U06 in. perinch or C.006 mm per nuihioter can both oe
expressed saply as a tabic. © 0061 oran a note, such as
TAPLR 0206 1.

2.5 ANGLES - Ar._lar dimensions need no cor.versiol.
Angles statzd jn degrees ... decimals of a degree or in de-
grees, minutes, ard seccnds are common to the inch and
metric systems of measurement.

2.6 NOMINAL DESIGNATIONS - Nom:inzl detignaticns
cuch as thread sizes and tire sizes will not be converted.

3. PRINTCIPLES

3.1 MILLIMETER DIMEN ~IONING PRACTICES
3.1.1 A zero precedes a.’ cimal point in a millimeter
value of less than one.

Example

3.1.2 “#here unilateral tuier.. used and either the
plus or minus value is nil. this value shall be expressed by a
single zesro only.

Example:

2 0 +0.02
32002, 276
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3.1.3 T
maj point, in the composition of 2 muhmeter vdue, oxezpt
as follows:

{a) Where limit dimens

‘omuz s used and enhe' the max-

ma pont, th

1y,

{by Whers

minus valuss sha
LSIng Z210s whe

Exumple: 32

3.1.4 The symbol ¢ and the abbreviation DIA are synony-
mous, defining a feature as diame® 1l Either may be used on
a dual dimension drzwing: howevz:. both shall not be used on
the same drawing. The application of either the symboi 9 or
DIA is self explanatory. Toe sym® i o may either precede ot
tollow the dimension.

3.1.5 The decim.. sign for metrie values shall be same 2
that ased for the inch decimal dirension, a dor (.
3.1.6 Commas shall not be used 1o donote thousends

aiiher snch or metne values

IS g 2R

40 NEW DRAWINGS - Doz domensiomng o 0w
wngs is facilitated ot all dunensions
4.2 GENERAL TOLERANC
ally expressed on a4 draw
eral nate shall be dual dimensioney
SYMBOLS - Genmuine churacterstic symbols for
form and position and the relired lerans g proved e ary

Graa-

sHOw G i dea i

yeneral toleranves o o

the termat of 38 a ge

ERNVRI SN

recommended to be used on dual dirensions d drawings See
ANSIY14.5-19066.

4.3.1 Dualdimensicned drawing
IS0 symbol as shown i Frg. 7, th aiigie i projectivin ases
Althouzgh first angle prowetion is communty used 1 coun

saif spesify, by the
1

tries where the metric measuresiont system iy stapdant, e
recomnrended that third ange,w 7 2oection be used onduat d
mensioned drawings that toliow s ducument

CONVERSION OF TOLFRANCED LINFAR DIMEN-

SIONS

3.0 CONVI - TONTABLES - Refer io Appendix A,
Tabits and narts, tor conversion tables or tneh 1o melhimes
ter vatues snd mullimeier to nch vaiees.

96 -

raph Spand big oo b 2

| I s
| L000ON | L000W b UECiMaL PLACES |
500 T Lco © 2 DECIMAL PLACES ]
bt LT ¢ 2 DECIMAL PLACES !
L~ POOECiMal PLACE .

L oanT ners WRGOLE MM ;
L S S

———— e e

5 DECIHAL PLACES
L DECIMAL PLACES
3 DECIMAL PLACES

2 A QVEP i, ¢ DEC  .._ PLALSS

SOOA00 BATY OF CONVERTED VALUE - The b-
mension who oot cqual oo which s wcceptable as the wub-
stitiiie & tace orgnal dol onsion, whether inch or imllime-
sez. sheinid be shewn to the numoer of decimal places so as
te masniam 1-11--1;‘1'3ngeamm'y Figs. t and 2 provide fora ;.
round ¢if of the conversion to dimensions that are pmumar
fer use. Atter conve , judg.ment must be applied to de-
corpune that the =i h round ofi does ot atfect inter-
changeability. Error can be reduced by retaneng siother

decimal place 1 the converted v nuenasion, Interchangeat dity

cedd by roundma the hmats of o dimen:

can he n‘\w“"‘»‘, L

Stk whnch vl resadt i g s & toierance and
Sy et proadudtrn conty,

{
S200 i recognzed that some G2 Byons 1y requhre
s ditterent avcutacs of peund oft than contwaed m ki,
aid 20 Ik such cases, modifications to the tabulated values
vay b wsed. Dunensiens and tolerances should always be
soverned by design pitent s shoid not lie restucuive 1or
the stmple sedsorc ol anstyng 3 rathemanad convensu.

3 INTERUHANGEABILUDY C ONSIDERATTONS -
Fhere are two hasie methods tor detemmeing the actusl di-

raensicned value that will provide e interchangeabibity re-
gquired ar P that sl permet the coeept ible it ot parts pro-
duced froon dual Jamienvoned drawios, Method A rounds to

Cadue est 1o the himats ai the tolersnee and Method B

Crounids tovaltes abwas s seside die tolergace it

S U Methoed A
tolleowire the stundand round otfrale gsee SAE Jria . fara-

b S amension irounded oft by
The buts con oted vy ths
method. considere.d as beinyg acoeptable for ;nlcrchu;,gcu{
bikty, serve as a hass to1 inspection

7,32 Using Method 8,
tematically inside the tolerance hinots ot the dimension,

mensios . rounded off sys-

T covnverted himpma v @ ceed the orgunal by, This
methodimust be e x.mmud wi e the criginal e r’m st

'l
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DUAL DIMENSIONING

be respected, absolutely. This method allows components

" that are made to the convertad limiis to be inspected by us-

ing the gages that were provided for the uriginal components.
Me\ih'qd B muy substuntially reduce the tolerance and there-
by affect cost and producibility..

5.3.3 Interchangeability consideration based upon the
maximum and minimum condition may require the applica-
tion of both Method A'and B to the sume dimension. As-
sembly of mating parts depends upon 4 “go” condition at
the maximum material limits of the parts. The minimum
materiai limits which are determined by the respective toler-
ances are often not as critical from a functional standpoint.
Accordingly. it may be dékirable to employ a combination
of Methods A and B in certain conversions by using Method
B for the maximum materia! limits and Method A for the
minimum material limits. Alternatively. it may be desirabic
10 round automatically the converted minimum material
limits outside the original limits to provide greater toler-
ances for manufacturing.

5.4 CONVERSION OF INCHFS TO MILLIMETERS

5.4.1 Method A - The use of this method guarantees
that even in the most unfavorable cases neither of° the two
original limits will be exceeded (or diminished) by more
thun 4.9% of the tolerance with limit dimensions or 9.8%
of the tolerance with plus and minus toleranced dimensions.
In plus and minus toleranced dimensions the maximum er-
ror shown can only be introduced into one limit of the di-
mensicn. The total tolerance may be increased or decreased
a maximum of 9.8% with either limit dimensioning or plus -
and minus toleranced dimensions. See Fig. 3 for maximum
limit error in inches. : ’

METELD A - INCE 7

WD, UF PLACED
SETALIED IN
FONDRD TOLEZ

MM CTUVERSTION DIMENZL NG
'S .00000? .000004
3. .00002 .00004
2 .0002 .0004
1 .002 .00k
0 .02 IR

FIG. 3

S.4.1.1 "Limit Dimensions
=07 L AMCnsions
(1) Convert the two values exactly into millimeters by

means of the conversion factor one inch equals 25.4 mm.

(b Round off the results obtained to the nearest round-
ed value as indicated in Fig. 1, depending on the origina! total
tolerance in inches.

1.966
1.934

Example:

Conversion nto millimeters gives:

499264
49.1236

The total tolerance equals .032 in. and hes between 004
and .04 in.. and the contersion 1s rounded to tie nearest
0.0} sum. This results in limits as tollows:

49.94
4912

54.1.2 Plus and Minus Toleranced Dimensions

(a) Couvert the dimension and each deviation exactly in-
to millimeters by means of the conversion faczor | in.
equals 25.4 mm exactly. '

(b) Round off the results obtained to the nearest rounded
value as indicated in Fig. 1 depending on the original total
tolerance in inches.

Examples:
(1) Bilateral Toleranced Dimension
375 +.005
Conversion into millimeters gives:

6.5250 + 0.1270

“he total tolerance equals .010 in. and thus lies between
004 and .04 in.und the conversion s rounded to the
nearest 0.01 mrm. This results in a final dimension as fol-
lows:

9.52+0.13
(See 5.3.1 for round off rules)

(2) Unilateral Toleranced Dimension

+ .000
,
1250 hos

Conversion into millimeters gives:

0

31.7500 -0.1270

The total tolerance equals .005 in. and lies between 004
and .04 in. and the conversion is rounded to the nearest
0.01 mm. This results in a final dimension as follows:

0
31.75_0'13

5.4.2 Method B - This method must be employed when
the original limits may not be violated even slightly. Method

90
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4 DUAL DIMENSIONING

R is only directly applicable to limit dimensions, see §.4.2.2.
With limit dimensions Method B may increase the lower limit
or decrease the upper limit a maximum of 9.8% of the total

tolerance. Method B may deciease the total tolerance 2 max-
imum of 19.7%. See Fig. 4 for maximum limit errer in inches.

METECD B - INCH 70 MIILIMETER CONVERSICH
HO. OF PLACES | MAX LIMIT ERROR IN INCHES
RETATNED IN LIMIT DIMENSIONS
ROUNDED

MM CONVERSION

L . 00000k

3 .ooook

2 .0ook

! .00k

0 .Ob

FIG. 4

5.4.2.1 Limit Dimensions

(a) Convert the two vziues exactly into millimeters by
mieans of the conversion factor vie inch equals 25.4 mm.

(b) Round off each limit towaid the interior of the tol-
erance, that is, to the next lower value for the upper limit
and to the next higher value for the lower limit.

Example: 1.966
1.934

Conversion into millimeters gives:

49.9364
49.1236

The total tolerance equals .032 in.and lics between .004
and .04 in.. and the conversicn is rounded inward te the near-
est 0.01 mm. This results in limits as follows:

4993
49.13

5.4.2.2 Plus and Minus Toleranced Dimensions - Method
B is not directly applicable to plus and minus toleranced di-
mnensions. If method B is desired. the dimension should be
changed to limits and conversion performed as in 5.4.2.1.

Example:
375 £ 005

Calculate the maximum and minimum linmits in inches

.380
370
Conversion into millimeters gives:

9.652
9.398

O
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The total tolerance equals .010:n. and lies between 004 and
04 in. und the conversion 1s rounded mwird to the nearest
0.01 iam, resulting in limits as follows:

9.65
9.40

5.5 CONVERSION OF MILLIMETERS TO INCHES

5.5.1 Method A - The use of this method guarantees
that even in the most unfavorsble cases neither of the two
original limits will be exceeded (or diminished) by more thon
6.4% of the tolerance with limit dimensicns or 12.7% of the
tolerance with plus and minus toleranced diraensions. In
plus and minus toleranced dimensions the maxim am error
shown can only be ‘ntroduced into one limit of the dimen-
sion. The total tolerance may be increased or decreased-a
maximur of 12.7% with either limit dimensioning or plus
and minus tolerarced dimensions. See Fig. 5 for maximum
limit error in inches.

’

METH2D A - MILLIMETER TO INCH CONVERSION
NO. OF PLACES [MAX LIMIT ERROR IN INCHES
RETAINED IN | LIMIT PLUS & MINUS
ROUNDED DIMENSIONS | TOLERANCED
INCH CONVERZION DIMENSIONG
5 .000005 .00001
4 .00005 .0001
3 .0C05 .00t
2 .005 .01
1 .05 1
FIG. 5

5.5.1.1 Limit Dimensions

(a) Convert the two.values into inches by means of the
conversion factor 1 mm equdls 1/25.4 in. to at least two
places more than required in the rounded conversion.

(b) Round off the results obtained to the nearest rounded
values as indicated in Fig. 2, depending on the onginal total
tolerance in millimeters.

Example:

496
48.8

Conversion into inches gives:

The tota! wlerance equals 0.8 mm and lies between 0.2
and 2.0 mim, and the conversion is rounded to the nearest
001 1. Thas results in himits as follows:

1.053
9 & 1o



DUAL DIMENSIONING

5.5.1.2 Plus and Minus Toleranced Dimensions

(a) Convert the dimension and each deviation into inches
by means of the convers:on factor I mm equals 1/25.4in.,
to at least two places more than required in the rounded con-
version.

{b) Round oft the results obtained 1o the nearest rounded
value as indjcated in Fig. 2 depending on the original total tol-
erance in miifimeters.

Examples:
(a) Bilateral Tolér;;nced Dimension
734312002 -
‘ Conversion into inches gives:
2.890944 £ 000787
The total tolerance equals 0.04 mm and lies between 0.02

and 0.2 mm, and the conversion s rounded to the nearest
Q0UT . This results in final dimensions as tollows:

2.8909 = 0008 .

(b) Unitateral Toleranced Dimension

75+ 07
0

Conversion into inches gives:

- +. %1
295276 vl

- 000

The total tolerance equals 0.3 mm and lies between 0.2 and
2 mm. and the conversion is rounded to the nearest 001 .
This results i a dimension as follows:

+.012
- 0
it 53‘_000

5.5.2 Method B - This method must be employed when
the original limits may not be violated even slightly. Method
B is only directly applicable to limit dimensions, see 5.5.2.2.
With limit dimensions, Method B may increase the lower lim-
it or decrease the upper limjt a maximum of 12.7% of the
totaj tolerance. Method B may decrease the total tolerance
a maximum of 25.4%. See Fig. 6 for maximum limit error
in inches.

5.5.2.1 Limit Dimensions

(a) Convert the two values into inches by means of the
conversion tactor I mm equals 1/25.4 in.. to at least two
places more than required in the rounded conversion. _

(b) Round off each limit toward the interior of the toler-

v ance, that is, 10 the next lower vaiue for the upper limit and
to the next higher value for the lower limit.

O

ERIC

Aruitoxt provided by Eic:

METHOD ¥ o~ MILLIMETER T2 ICH
NO. OF FLACES MAX LIMIT
RETAINED Il LIMIT DIMENTICHS
R2NNDED
INCE CONVERSION
) . 00001
4 .000!
3 .001
2 .01
i R
FIG. &
Example:
49.6
48.8

Conversion into inches gives:

1.95275
1.92125

The total lerance equals 0.8 mm and lies between 0.2
and 2.0 mm. and the conversion is rounded inward to
the nearest 001 n. This resuits in limits as tollows:

1.952
1.922
5.5.2.2 Plus and Minus Toleranced Dimensions  Method
B is not directly applicable to plus and minus toleranced di-
mensions. It Method B is desired. the dimensions should be
changed to limus and conversion performed as in 55.2.1.

Example:
7343 +0.02

Calculate the maximum and minimum limits i villime-
ters:

7345
73.41

Conversion into inches gives:

The total wlerance equals 0.04 mmand hes between 0.2
and 0.2 mm. and the conversion 1s rounded inward to the
nearest.0001 in. This results in Jinnis as follows:

; 2.8917
2.8902
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6 DUAL DIMENSIONING

6. BASIC DIMENSIONS

The conversion of a basic dimension shall be rounded off
to three places if converted to millirneters and five places if
cenverted to inches. This will resuit in a possible conversion
error always less than:

inch-millimeter .00002 in.
millimeter-inch .000005 in.

7. POSITION AND FORM TOLERANCE

Since the position and form tolerance is a total zone toler-
ance, Figs. ] and 2 should determine the number of decimal
places in the converted value and either Method A or Method
B should be used to determine the degree of accuracy per-
mitted as it relates to the product and the interchangeabili.y
requirements.

8. TOLERANCED DIMENSION APPLIED TO A NONTOL-
ERANCED POSITION DIMENSION

il a toleranced dimersion is Jocated in 2 plane. the posi-
tion of which is given by a nontoleranced basic dimension.
such s when dimensioning certain conical surfaces, proceed
as follows: -

(2) Round off the basic dimension to the nearest con-
venient value.

(b) Calculate exactly. in the convested unit of measure-
ment. new maxsmum and minimum limits of the specified
toierance zone, in the new piane defined by the new basic
dimension.

(c) Routd off these limitsin conformity with the present
rules.

Exanigle: A cone of taper .05:1 has a diameter of
1.0G0 + .0G2 in. ira reference plane locuted N

ia o.oe4[ooz-?]

6.3520.28

— P__,.._._T.___

ss2tous o || BOOROI0
3752005 ] 3

L.5625-16 UN-2A

Ql025/010]

30°% - 0.3

375 ©
@—

36,32 £0.25 . P
(43020102 / 250 -:ggg
Y .
1
44.5310.08 X _L19.1320.08
1.753 2.003 NFv-L’ .753:.003¢

/8] o0.076/003 T

LP:J

1]A10.038/0015

10.01£0.i5
= [* 394 ¥ 005

7] 0.025/00] 25.46 *0.06 +0.13 +.005
. d 25, 1.0025 £ 0025 7.92 _405/312_50a

' |38 ' 6 HOLES EQ SP

al.22+ 008 ) [@la]c]o.13/005 &)

-0.08
I 623*.002 ' M LLEICPLZ"IFgRT £S20.5/2.02 TIRAD ANGLE PROJECTION,
-003 - T
INCH i MILLIMETER/INCH &=

100
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the nontoleranced dimension Y300 m By virfue

of the taper of the cone, the limits of the tolerance
zone depend on the position of the reference plane.
Consequently, if the dimension 9300 1. equals
23.6220 mm is rounded off to 23.600 mm {a reduc-
tion of 0.022 mm) each of the two original limits,
when converted exactly into millimeters must be cor-
rected by 0.022 X 0.05 = 0.001 | mm, in the appro-
priate sense, before being rounded off.

TABLE TA—CONVERSION FROM DECIMAL INCHES TO MILLIMETERS

DUAL DIMENSIORING

9. DRAWING APPLICATION

The dlustration shown in Fig. 7 s an example of how the
apphication of the preceding instivetions could apply. With
the addition of 4 design and dratiing tacihty titke block and
applicable notes. this dlustration could reflect a tvpical dual
dimensioned drawing. All linear dunensions and refated tol-
erances {ullow Fig. 1 for the number of decimal places n the
conversion round oft and Method A tor mterchangeabiiny
consideration. ’

FABLES AND CHARTS

TAE.E 1B—~CONVERSION FROM FRACIIONAL INCHES 1O MILUMITERS

in memn in mm in
1 254 36 9144 71
N .8 37 9398 72
3 762 38 965.2 73
4 i01.6 39 9905 74
s 1270 49 10160 H
) 152.4 4l 10414 74
7 177.8 42 10668 77
8 203.2 43 10922 78
9 2286 ad 11176 7%
10 2540 : 45 11430 80
!

1 2794 46 11684 61
T2 364.8 a7 11938 82
13 332.2 48 12192 a3
1q 3556 49 12446 64
1 3619 L0 12700 B>
16 4Ch 4 F3] 12954 T
1/ 4318 52 . 13208 87
18 457.2 53 13462 88
19 482.6 54 13716 89
20 568.% 55 13970 90
21 5334 <6 14224 91
22 558.8 | 57 14478 2 92
23 584.2 58 1 4732 93
z4 609.6 e | 498 ¢ 94
25 435.0 60 15240 95
26 640.4 61 i 1 549.4 96
27 485.8 62 15748 7
28 7112 63 I16002 i 9u
29 736.6 ! b4 | 16256 ! 99
10 7620 1 S 16510 i, 100
31 7874 ! 66 io1e764

32 812,86 67 17018

33 828.2 68 17272 !

34 863.6 &9 17526

1778.0

15 ! 889.0 70

mn mm n mm
-2 Gols ¢y D396 b/t Vo v [URDEY
1732 0.¢31 20 0093 750 17 32 [OFEN 13.4v3
3 64 OC4y 07y V190G o2y 64 nLae Pibvo
wm 116 1587 LOu v e NS LG 14007
1 BO3 4 5 b4 184 570 375 64 v/ 1, 14684
18288 34 LB 250 1y 3 0N 7u0 10810
18542 7.64 2778 10 1% 63 Geuy 37 VYra/d
1 879.¢
19050 V3 3175 €20 ) D&t 00y 1yHS
19304 Qba ) 04D g2 3471 875 41 64 0.840 &4y 16,271
19558 5.32 0156 249G 1268 750 £Y 32 UoLs L4y 1o o4y
1 981.2 11.44 0171 g/ 4365 629 43 o4 SRVl - Ea LAV
70066 .
2 032.0 KR Y 018" 500 4762 5.0 [N 0587 Loo 17462
2057.4 17,64 -~ 0.203 12 5059 379 45 &3 G793 a0n 17.8%9
2082.8 7032 0.¢18 750 5556 250 21 32 U7 8 744 18,254
7 108.2 15,64 Q.34 570 5953 125 47 b4 0724 37y 14.653
21336
21590 LK} Uoeds i &350 G0u I EAD NS 19.0%)
2 184.4 17,04 DeaS ety o 7.t 87 LR Y] e 60s V5 444
2 209.8 v 32 0281 20 7143 750 FRRE Pl G781 2hp 19 44
22352 19 64 GeRs L7 7540 80y PEEETS 0794 874 2 a0
2 260.6 :
22860 5 16 G312 sno 7937 400 13 1 GHYL S0 P ERYS
23114 21,64 [ - I PO ©.334 3 53 64 ned 1en SL03s
2 336.8 11732 0.3:3 75 8731 250 o/ 32 U4l 750 21411
2 362.2 23764 0.359 3745 F.128 125 55 o4 0859 37 Z1.628
2187.6
2413.C 3/8 0375 o0nd 9.525 200 78 Gd2% 900 2225
2.438.4 15164 0.370 825 9921 B7S Y7 44 QDBYD 60 VRN
2 461.8 13732 02406 250 10.318 759 29,32 OY06 350 | suund
2 489.2 27,64 0421 875 10715 625 59764 ve2l B7% 1 /3415
25146 i
25400 7518 0.437 500 1112 500 15 1% 0937 500 ; 2812
20/64 ' 0.453 12¢ 11.509 375 , 61 64 0983 125 ! 4209
1532 0.468 750 11.906 250 21,32 0.963 750 24,606
31,64 0.454 375 12,303 123 6l od C.984 375 2403
172 0.500 200 12.760 000 .. | 1,000 000 , 25.500

wr
Fayl
Ll
Yo
A0
2n0
L)
Q0
b/
7hG
2
Ui
374
i
ey
[}
H’o
PAE!
[P

S0

ann

NOTE- Alt values ‘n this toble e exac!,

NOTE. All volues in tobie are exat!
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DUAL DIMENSIONING

TAME 2—CONYIRNQN FROM M_ILLIME?‘IS TO INCHES

mm !
1 0.03¢9
2 0.078
3 28
4 . 0157
3 f 0.198

i

] D0.238
4 y 0278
8 0214
v i 0254
10 0.393
8] 0433
12 0.472
13 0.511
14 0.551
15 0590
16 0.629
17 Q.669
18 0708
19 0.743
20 0787
21 o 0828
22 0.800
2] 0.905
24 0.744
5 0984
20 1.02)
27 1.0¢2
28 £ 1.102
29 Pl va)
ko] 1.181
N 1.220
32 1.259
33 1.299
34 1.338
3s Y377

370
740
1o
480
as0

220
590
Q60
30
700

oro
440
8l
181
551

921
290t
(T3]
01
401

771

CvaE NN DLrLL
s
°

SEX-X K]
'S
«

[
S

[
™

~uw =
-3
o

® NG AR
o
™

(L] mm "
1.417 222 8 71 2798 275 o
1.456 092 9 72 <834 643 7
1.496 043 0 73 2874 018 7
1.535 433! 74 2913 38d &
1.574 503 1 7 2952 755 9
Tola 1732 7¢ 2992 128 ©
1.65) 342 3 27 3.031 498 )
1.692 913 4 73 3.070 Bos )
1732 283 5 ’9 3110 238 2
CLT71 853 05 . 80 3.149 208 3
1.811 u23 6 8t 3.1 576 4
1.830 393 7 &2 3228 240 >
1.889.763 ¢ al 3.287 71e 5
1.929 133 9 24 ‘3.307 086 o
1.968 503 9 gs 3340 458 7
2.C07 #74 0 1] 3385 ¥24 8.
2047 244 ) 8/ 3.425 198 &
2.086 814 2 1] J 454 548 9
2.125 9Yo4 2 e 3.50% 937 0
2165 354 3 90 3.541 307 1
2.204 724 4 vl 3502 877 ¢
2.244 094 5 v2 3.622 Qa7 2
2,283 484 &8 I 93 13681 4172 3
2322 Bla s | 94 700 787 -
2362 047 i: 95 - 3740 157 -
2.401 574 8 vo i 1779 527 &
2,440 944 9 ) (24 t).818 B97 o
2480 3150 9y y J.85e 287 7
2.519 485 0 L 24 J.807 837 8
2.559 055 1 100 31,937 008
2.598 425 ¢
2637 7953 |
2677 185 4
2716 535 4 |
2755 905 S

HOTE: The inch valves

© Society of Automotive Engineers, Inc.-1971

SAE Technical Board Rules and Regulatians
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All techfNical reparts. inCluding standaras anproved and prac-
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agreement 1o adhere 10 any SAE Sundmrp or SAE Recom-

merded Practice. and N0 commitment to’ conform

guided Dy any technical report

to or De

~71

1in formulating and approving technical reaports, the Technical
Board, 1is Councils and Committees will not nvestigata or
caonaidor petents whnich may apply 10 tha subject matter Pros-
pective users of tne report are responsible for protecitng
themseives agenst hebility for infringement of petents

Printed 1n US A

95

10



APPENDIX C

LENGTH CONVERSION CHARTS

Yards — Meters

— 5
S—1 45
4 /2 4+ 4
4 —
—— 3.5
——
32—
43
=
33—~
—+—2.5
2 V2 -
2t
T—i5
172 4=
1 — !
172 405
o—I—o

Each division on the left side of
the above chart stands for % yard.
and each metric division (on the
right) equals 0.1 m (or 10 cm).

(To convert feet to meters, first
divide the number of feet by 3 to
get yards.)
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Inches — Centimeters

e ”40/'_:’

—— 100

@w
wn

W
v
o

wn

(]

W
(@)
w

n N
4]
o O

- N
[3,] Q
N WO B DAL NN DY
O Lo WmoO OGO

(@)
n

w
— = N
o U o

|llll!lllJlllllIJllllHll HHllJU'IHL

'UH‘Illlil!lllllﬂlllll'lill[lllIIIHllllIIIHII]!Illllllllllll!lﬂ.l‘lIH‘HIIIIHIIIHIlIIHIHI

Q
o »n

Each division on the left side of
the above chart stands for one
inch, and cach metric division (on
the right) stands for 1 cm.

(To convert feet to centimeters,
first multiply the number of fect
by 12 to-get inches.)



APPENDIX D

LIQUID CONVERSION CHARTS - - =

Fluid Ounces — Milliliters

— 500
i8 _;:- 4590
:; 400
4. 330
o _L 300
::- 250
1. 200
5 _.,.:. 180
= 100
1 50
_—-_—IL..-

Each division on the left side of
the above chart stands for 1
fluid ounce, and each metric
division {on the right) equals 25
milliliters.

(To convert cups to milliliters,
first multiply the number of
cups by 8 to get fluid ocunces.)
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Quarts — Liters

- 10
10 -
J- 9
s 1
-_-_--8
8
1T 7
7-_-_...
4 _s
6 4 .
3 5
5 -
3— e
4-_:~
3-5__"3
2 I— 2
e

Each division on the left stands
for one cup, and each metric
division (on the right) equals
0.5 liter (or 500 milliliters).

(To convert cuﬁ;s to liters, first
divide the number of cups by 4
to get quarts.)



 APPENDIX E

MASS (WEIGHT) CONVERSION CHARTS

Ounces — Grams

16 450
15 —‘7:
16— 400
13—

—— 350
12—
N
! ~—— 300
10—}~
9 —f—2s50
8 —=
7 —f— 200
6—1

L
s —f 50
4*‘1:

— 100
3 —=
2___L-

:—-50
11—
o—L—0

Each division on the left side of
the above chert stands for 1
ounce, and each metric division
(on the right) equals 10 grams.

Pounds ~ Kilograms

5
ave -4
re—__,
a—1
31/2*7*J~
15
s
212 ~—_
S
e —4—
11/2 ——
]M:~—O.5
12—
o—L o

Each division on the left side of
the above chart stands for %
pound, and cach metric division
equals 0.1 kilogram (or 100

grams).



APPENDIX F

TEMPERATURE CONVERSION CHARTS

Fahrenheit ~ Celsius Fahrenheit ~ Celsius

GF cc OF ’c

= 45 575 —p—300

105—— 40 Ss0— 200

100 —= 5851270

95 —4=— 35 500 ——260

s0—& __}—250

85 —=— 30 AN S

sgo—E 450—~—1—230

e s25 ——220

72 __Eeo0 400—1__200

65— 375——190

60— 15 350 ——180

55— : -—170

50 —f=— 10 325—~—1—160

45 — 300——150

— 35 ———

;‘2 —E ars— 130

= o 250 —}——120

30— 225 —~—— 110

— —

= 257 s ——100

20— 200—~—1-——gp

15 —fF=—-10 175 —— 80

16 —f= 0

5—4— 15 1501 __ 60

o—& 128 —~—1— 50

-4—1"_ _ 39 100 —I—— 40
Each division on the left side of Each division on the left side
the above chart stands for 5 cquals 25 degrees Fahrenbheir,
degrees Fahrenheit, and each and each division on the right

division on the right equals one equals 10 degrees Celsius.

degree Celsius.
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APPENDIX G

CLOTHING METRIC MEASUREMENT CHARTS

Measurements for Ladies

inches Centimeters
Misses® Misses’ .
Size [ 3 10 12 14 16 18 20 Size 6° 8 10 12 14 15 18 20
Bust 30%z 31%2 322 34 36 38 40 42 ~ Bust .78 B0 83 87 92 97 102 107 cm
Waist 23 24 25 26'%228 30 32 34 - Waist 58 61 84 67 71 76 81 B87cm
Hip 32%.33%; 24¥2 36 38 40 42 44 Hip 83 85 88 92 97 102 107 112cm
BackWaistLength 15%2 153% 16  16% 16%2 16% 17 17V~ Back Waist Length 39.5 40 40.5 41.5 42 425 43 44cm
Miss Petite Miss Petite
Size 6mp Emp 10mp 12mp 14mp 16mp Size 6émp 8mp 10mp 12mp 14mp 1i6mp
Bust 30% "31Yv: 32% 34 36 38 - Bust 78 80 33 87 ez g7 cm
Waist 232 24V 25Y, 27 28Yv: 30%* Waist 60 62 65 69 73 78 cm
Hip 32% 33% 34% 36 33 40 - Hip 83 85 83 92 97 102 cm
Back Waist Length  14%;  143s 15 15% 158% 15%” Back Waist Length 37 375 38 39 39.5 40cm
Junior Junior
s
Size 5 7 9 11 13 15 Size 5 7 % 113 15
Bust 30 31 32 33%: 35 37 7 Bust 76 79 81 85 89 94 cm
Waist 22%2 232 24% 25% 27 23 Waist 56 60 82 65 69 74 cm
Hip 32 33 " 34 35% 37 39 Hip 81 84 87 90 94 99 c¢cm
Sack Waist Length 15 15%  18% 153 16 16%a ” Back Waist Length 38 39 395 40 40.5 41.5cm
i . . \ s JI 3 . . T
Junior Petite LR Junior Petite
Size 3ip_Sip__7ip Sip_ 1lip_13jp | Size 3ip_ Sip__7ip__Sip  11ip__13ip
Bust 30 31 32 33 34 35 - Bust 76 79 81 84 87 89 cm
Waist 22 23 24 25 26 27 Waist 56 58 61 64 66 69 cm
Hip 31 32 33 34 35 36 Hip 78 81 84 87 82 92cm
-Back Waist Length 14 14%  14% 143% 15 5% " Back Waist Length 35.5 36 37 37.5 3¢ 39cm
Young Junior/Teen Young Junior/Teen
Size 5/6 7/8 9/16  11/12 13/14 15/18 Size 5/6 7/8 9/10 11/12 13/14 15716
Bust 28 29 30% 32 33% 35 Bust 71 74 78 81 85 85 cm
Waist 22 23 24 25 26 27 Waist 56 58 61 64 66 69 cm
Hip 31 32 33% 35 36z 38 - Hip 79 81 85 89 93 97 cm
Back Waist Length 132 14 14%2 15 15% 15%~ Back Waist Length  34.5 355 37 38 39 40 cm
Woinen's Women's
Size 38 40 42 44 46 48 50 Size 38 40 42 44 46 48 50
Bust 42 44 46 48 50 52 54" Bust 107 112 117 122 127 132 137 cm
Waist 35 37 39 41z 44 46Yz 49" Waist 89 94 99 105 112 118 124cm
Hip 44 46 48 50 52 54 56" Hip 112 117 122 127 132 137 142cm
Back Waist Length 17% 173 172 17% 17% 17% 18" Back Waist Length 44 44 445 45 45 455 46cm
Half-Size Half-Size
Size 10% 122 14%2 16% 18% 20% 22% 24% Size 10%2 122 14% 16V2 18% 20% 22'> 24%
Bust 33 35 37 39 4t 43 45 47 ~ Bust 84 89 94 99 104 109 114 119 cm
Waist 27 29 31 33 35 37V 40 42w2” Waist 69 74 79 84 89 96 102 108 cm
Hip 35 37 39 41 43 45%; 48 50, Hip 89 94 98 104 109 116 122 128 cm
Back Waist Back Waist
Length 15 15%a 15% 1531 15% 16 16% 16%a” Length 38 39 39.5 4C 40.5 40.5 41 41.5c¢cm
100
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Measurements for Children

Inches Centimeters

Babics Babies

Age Newborn (1-3 months! 6 months Age Newbomn (1-3 months) 6 months
Weight 7-131bs 13-18 Ins Weight 3-6 kg 6-8 kg
Heigh: 177-247 2228 Height 43-51 cm 61-87 cm
Toddiere Toddlers’

Size ‘2 1 2 3 Size ts 1 2 3 3
Breasi i 20 2t 22 z3c | mreast 0 TTis T sy =3 T s T T Esom
Waist 19 167 20 20"z 21 Waist 48 10 51 52 53 cm
Approx. Height 28 31 54 3° 40" | Approx. Height 71 s ar 94 102 cm
Children’s Children's

Size 2 3 4 5 6 8§X Size 2 3 4 5 [ 6X
Breast 21 22 23 24 25 25127 Breast 55 56 58 61 B¢ 65 cm
Waist 20 20" 21 21v: 22 222 Waist 51 52 53 55 56 57 ¢m
Hp 22 23 24 25 26 2672 Hip 56 58 61 64 66 67 cm
Back Waist Length  8'2 9 9tz 10 1072 1034 Back Waist Length 22 23 24 255 27 27.5¢cm
Approx. Height 35 38 41 44 47 48 Approx. Hzight 89 97 104 112 119 122 cm
Girls’ Girls®

Size 7 8 10 12 14 Size 7 8 10 12 14
Breast 26 27 282 30 32 Breast 66 69 73 76 8icm
Waist 23 232 247 2512 267, Waist 58 60 €2 65 67 cm
Hip 27 28 30 32 24 Hip 69 71 76 81 B7cm
Back Waist Length 11712 12 123 13 147 Back Waist Lergih 29.5 3 325 345  26cm
Approx. Height 50 82 56 581, 61 Approx. Hergnt 127 132 142 149 155 cm
Chubbice Chulsie

Size 8lac 10'2¢ 12%2¢ 14i2¢ | Size 8vac 10%c¢ 12'2¢ 1412 ¢
Breast 30 A 33 34:7 | Bieast 76 80 84 88 cm
Waist 28 £9 30 31 L Wasst 7 74 76 72 cm
Hip 33 34z 36 3o L Hip 84 88 92 96 cm
Back Waist Length 12°2 137a 14 T4t Bak Wais Length 32 34 355 37.5cm
Approx. Height 52 56 581, 61 Approx. He.aht 132 142 149 155 cm

Measurements for Men and Boys
Inches Centimeters
Boys’ Teen-Boys' Boys’ Teen-Boys®

Size 7 8 10 12 14 16 18 20 Size 7 8 10 12 14 16 18 20
Chest 26 27 28 30 32 33% 35 36'%" | Cnest 66 69 71 76 81 85 89 93cm
Waist 23 24 25 26 27 28 29 30 ” Waist 58 61 64 66 39 71 74 76cm
Hip (Seat) - 27 28 29'% 31 32%2 34 35% 37 Hip (Seat) 69 71 75 79 83 87 90 94cm
Shirt Neck Size 11% 12 122 13 13%2 14  14'z 15 Snhirt Neck Size 30 31 32 33 345 355 37 38cm
Height 48 50 54 58 61 64 66 68 Height 122 127 137 147 135 163 168 173 cm
Men's Men's

Size 34 36 38 40 42 44 46 48 Size 34 36 38 40 42 44 46 48
Chest 36 36 38 40 42 44 46 48 - | Chest 87 a2 97 102 107 112 317 122 am
Waist 28 30 32 34 36 39 47 44 Waist N 76 81 &7 92 99 107 112 cm
Hip (Seat) 35 37 39 41 43 45 47 49 Hip (Seat) 89 94 93 104 109 114 119 124 cm
Shirt Neck Size 14 14%2 15 15% 16 161, 17 17" 2 Shirt Neck Zize 355 37 38 395 405 42 43 445cm
Shirt Sieeve 32 32 33 33 34 34 35 35 Shirt Sieeve 81 81 84 24 a7 87 39 83 cm

1038
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Page 5 (Unit Il; Lesson 1)
1. 4

: 17

.09
.012
.0072
7.03
53.0002

29029

. T® Mmoo oo gy

Two-tenths . Z
Eighty-four hundredths

Six hundred twenty-one. thousandths

Three and seven-hundredths’

Seven hundred twenty-one thousandths

Four and fifty-two hundredths

Thirty-six and nine-thousandths

Eight and three hundred seventy-two thousandths
Six and six-hundredths :

Four and two hundred eight thousandths

Sixteen and seventy-five thousandths
Fifty-thousandths

One and thirty=two ten-thousandths

:Ten and four thousand nine ten-thousandths

Nine hundred nincty-eight thousandths

One hundred forty-nine and seven-tenths
"Thirty-five and four hundred eighty-five thousandths
Twenty-two dollars and ninety-cight cents

TLT OB ITATIIER M0 A0 g

Page 8 (1l — 2)

1. 100 dimes 6. 3500 pennies
2. 740 pennies 7. 4000 dimes »
3. 540 dimes 8. 1457 pennies 7
4. 5400 pennics 9. To the right. To multiply.
5. 35 dimes 10.  Multiply. To get morce of the smaller units.
Page 9 (Il — 3) | o | .
1. $47.82 6. $14
2. $7.40 7. $14.50
3. 80 dim(;s 8. $22.95
4. 67 dimes 9. Left
5. 26 dimes 10. " Divide. To get fewer of the larger units.
Page 12 (Il - 4)
1. a.  meter 2. a. 10 3. a1
~ b. centimeter b. 10 b. 1
o Cekilometer e 10 e
d.  kilometer d 10 d 1
e.  meter e. 10 - e. .1
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4, a. 1000 meters 5. 500 meters 9. Iilcctog,r;un
. b.  basic unit 6. a liter ' 10. by the thousand
c. .01 meter 7. Both the same watt-hours
d. .001 meter 8. .01 ‘
Page 16 (111 - 1)
1. A. 3cm 4 mm  or 34 ¢
B. £ em 9 mm oor 4.9 ¢
C. 6 cim 5 mm or 6.5 cm -
D. 8cm 0 mm or 8.0 cm )
E. 9 cm 8 mm  or 9.8 cm
F. 10 cm 8 mm or 10.8 cm
G. 12 cm 7 mm or 12.7 cm
H 14 cm 1 mm or 141 cm
2. A, 222 cm E. 26.6 cm
B. 23.8 ¢cm F. 28.0 cm
C. 24.5 ¢m G. 298 cm
D. 254 cm H. 31.9 c¢m
3 A, 21.6 cm E.
B. 27.9 cmn F.
C. 42 cm G.
D. 2.1 cm
4. A
B.
C.
5. A, 8 mm
8mm B Smm 12 mun. gmm 3mumn 2lmm -
C..
D.
E.
Page 19 (Il ~ 2}
1. A. ~10.2 m 2. A. 4.80 m 3. A,
B. 39 m B. 10.29 m : B.
C. 125 m C. 9.04 m C.
D. 142.8 m D. 26.92 m D.
E. 6 m E. 45 m E.
Page 20 (1l - 2)
Class Discussion * 5. a.  centimeter f. millimerer
1. millimeter b.  centimeter g.  millimeter
2. cenumeters c. cenumeter h.  meter
3. mcrers d. kilometer . centimeter
: 4. millimeters ¢.  meter jo centimeter
D TR L T P O S U R '(). S:SCm Ry .Ccntimctcrs., A AT m e e e i s i e er e e s ban saetaae
*  Note that the correct answer to these questions depends upon the wording of

‘

the question as well as the degree of accuracy desired. For example, “‘correct

111

2




to the nearest millimeter” can actually involve a measurement in centimeters. The
first decimal place represents the millimeters, of course. This is a good opportunity
for class discussion and further reinforcement of the concept of decimal parts of
the different measures. '

Page 22 (Il — 3)

2

5 Discussion
More
About the same. Because .6 of 80 is 48, or about 50.
More
The track that covers a mile
Two more kilometers
1009 m

NG st -

Page 23 (III — 3)
10 times
100 times
1000 times
meter Examvles will vary.
centimeter
millimeter
kilometer

1. deka
hecto

kilo

0o

1}

[SS]

oo

Page 26 (Il -~ 4)

1. :

2. A 21,6 cm =216 ma  E (1) cm = m
B. 279 cm =279 min  E. (2) cem = m
C. 4.2 cm = 42 mm F. cm = m
D. 21 cm = 21 mm G. (1) cm. = m
- G(2) cm = m

3. A 8 mm = .8 cr
B.(1) 8 mm = .8 :m
C. mm = cm ard mn; = cm
Ig} Answers will + .-

4, A, cm =
3. cm =
C. cm = p

5. A m = crr
B. m = cm
C. m = cm “ ‘ S
D. m = cm ,
E. m = cm

112
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TTIOImMBOR>

316 ¢m
15.72 m
140 m
21.425 km
338 m
4.936 m
2,495 m
16 ¢cm

72 mm
143 m

~

CrIOMmUOw e

-220 ¢

14.9 cm
720 mm
40 mum
.042 km
16 m
350 dm

1 km
.09 m
2000 mm



Page 29 Problem 8

,2:/SI'ART HERE

“THE METER- EATER

8.6 mm = .86 cm 16, 7 m = 700 cm

1.
2.9 m-= 9000 mm 17. 9 ¢cm = -9 mm
3. 43 km = 430 m 18. .00012 km = 120 mm
4. 6.7 cm = 067 m 19. 75 mm = . 7.5 cm
5. 843 mm = 843 m 20. 0136 km = 13.6 m
6. .923 cm = 9.23 mm 21. 53 m = 530 cm
7. 498 m = 498 km 22. 53 mm = 053 m
8. 283 mm = 2:83 cm 23. .007 m = 7 cem
9. 4300 cm = 043 km 24. 86 m = 860 mm
10. 923 m = .923 km 25. .1 ¢m = 1 ° mm
11. .843 m = 843 mm 26. 75 m = 075 km
12. 86000 mm =  .086 km 27. 1200 cm = 012 km
13. .0067 km = 670 cm 28. 136000 mm =  .136 km
T T AT e . i
15. 28.3 cmn = 283 m 30, 1 mm = .1 _ cm
114
o . ' 5




Page 30 9. BRAIN TEASER

' 013 ......_..f 10 470 2’3 '{ G:r? 4z " 670
2.4
5 i
a,
/3 ' 6.7 I.LZ 5-’2. GEZ } 1.7
START
HERE
L3 : 130 4.0% L3 5.9 l,?s ‘:2-
AN
059 ‘
9E ot [\
& T w3 \,7 §
(a) | (b)

1. 8m +5m= 13 n & 9m- 3m= n 6 m
2.8m +5m= " 013 km & 17 cm - 12 cin = g ¢cm
3. 8cm +5c¢m = A3 m & 43 km - 33 km = 10 km
4. B8¢m '+ 5¢m = 130 mm & 7.mm -4 mm = 3 mm
5. 436 m +764 m = 1.2 km & 32cm - 9em = © 23 CH
6. 8cm +2mm = 82 mm & 9cm - 28 mm = 62 mim
7 6cm +7 nm = 67 mm & 9 ¢m-~ 28 mm = 6.2 ¢m

8 Gcm +7 mm= 6.7 <m & 1 km- 530m= . 470 i
9. 4m +3cm = 403 m & 1 km - 530 m = 47 m

0, 4m +3cm= 403« & 98m - 0. 'm = 9 - &1

1. 5cem +20 mm = o cm & 9m - 380U cm = 5.2 m
12 4ecm + 3 mm = o omm & 0.7m - 69 ¢cm = 1 cm
13, 9mm + 4 mm = 3 cm & 27 ¢cm - 19 cm = 8 ¢m
4. 10m +200ecm = 2 m & 52 cm -~ 3 e = .49 m
15. 365cem +225cm= .9 m & 8cm- 3 cm = 50 mm
16. .5 cm + 9 mm = 39 mmi & T4 cm - 28 mm = 112 mim
170 356 mm + 324 mm — 58 cm & 7 cm - 28 mm = 4.2  cm
18, 49cm +18cm = 670 mm & 11 mm -8 mm = 3 S
19. 38 m + 21 m = o km & 39 mm- 23 mm = 1.1 mm
TG R T TS mmtE T 3T Gy N 3mET e - 16 0 m
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10. MIX AND MATCH PUZZLE |

Page 32
= 9 P § -
57 km J 423 hm 2.3d: [ 057 mm
O01m 4 51: 1400cm dem |1 mm 4 mm{.4cm .01 I}I]n‘l
v i
23 km 27 m 57« 623 km
Dam 57 ¢m 057 23 m
400 km 4000 m {4 km 10m } 1000 cm < mm{4cm 10 dm
57 dm I 23 cm I 230 dm 57 cm
37 m 23 mm 23 m 570 mm
.01lm Acm {4 mm “00m {.4km i dm |10 ¢m 4 mm
" 57 mm q 5.7 kn: i 2300 mm i 230 mm
57 cm i 5700 - 230cm 4 23c¢m
{ i
/
1 mm -0 mm|.04 m 10diy |1 m 400 mm 5 4m .04 mm
230 km 0.057 cm 23 cm ' 570 km
116
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Pagc

34 (I — 3)

IR merery
gmeler 18 92 cm.

No. of holes varies ace. to layour

— vould be 92 or fewer.

!\,‘

3. 1"70 m 1.17 km
4, S lm
5. .2 m
Page 37 H ~ 6)
1. .75 mm or 7.5 cm
113 mm or 11.3 cm
12.9 cm
6.41 ¢m
518 cmm or 5.18 m
3. 44 mm 276 mm
4. 5.2 cm 16.3 cm
5. 28.26 m 283 ules
6. 314 ¢cm or 3.14 m
7. 23.55 m 3.14
8. 112 bricks
9. 9.04 m ‘
10. 79.17 cm  3.1416 1319 cm
Page <2 (IV - 1)
1. 35 cm”
Page 4= :
1.
3.
3. 11.6 m?
Page 4& (IVv - 3)
1. 48 cnt 96 cm”
2. 15 m® 75 m?
3. 0 400 cm?
b, 405 ¢m*

6. 258 cm -58 m
7. 30.8 m 385 bri. s
8. 113 holes
9. T 6m 271 bri s
10. 6.2 m 1224 r
2. A, 226 mm or 22.6 ¢m
B. 239.3 mm or 23.93 ¢m
C. 126 mm or 12,6 ¢m
D. 77.2 ¢m
E. 44.27 cm
11.  A. 45 mun
B. 4 mm
C. 35 mm
D. 7 mm
12 21.99 mm
13 €3 mm
83 ¢cm
14. 10 imm
) -
15. 33 qin
6. 21 m?
7. 84 m?
8. 18 m?
9, 1.6 m?
10 13.2 m°
4. 315 nr
5. 15.81:°
(



Page 50 (IV ~ 4)

1.
2.
3.
4.

1500 m?
15 m?
32 m?
111 m?

Page 53 (IV - 5)

1.
2.

v o

=

7.1 m?

Inner area 78.5 m?
Outer area 200.96 m?
Area of walk 122 m?

Page 55 (IV - 6)

o

B

Page 57 (V — 1)

6359 cm?* or .64 m?
1741 cm®*  or .17 m?
‘907 cm?
5.3 m?
Unit_~
a.  Textbook centimeter
b.” Desk top centimeter
c. House ext, meter
d. Floor meter
e.  House lot meter
f.  Farm meter
g.  Township meter
h.  Wire {cross sect.) millimeter
4500 m? ‘
.2194 ha
20 m?
21
4]
a. 24md
h, 192m3
c. 14 m3

Page 58 (V — 1)

17.3 m‘?
232.6 m?
1600 cn?®

5. 44,000 m?
4.4 hectares

154 m?
23.3 m?

or 154000 cm3

]

1

2. 25¢aliter
3. Larger

4. 4

N \..,\..,.....A_li,ter._..‘.,.._... e ey et e

6. triangle 15,400 m?
rectangle 28,600 m?
44,000 m?
6. radius = 1.54 n
A =7.4m?
7.. 8 m?
128 plants
8. 64.18 cm?
9.(a) 154 ¢cm?
{b) 314 cm?
10. 1.5m?
5078 c¢m?
Symbol
Linear f M
cm cm?
cm cm®
m m?
m ur
‘m m?
m m? and hectare, ha
m m? , ha, or km?
mm mm?
5 154 cm?
6 2112 cm?
7 353
8 4500 ha
d. 30 m?
c. 23.9 m?
f. 52.5 m®
6 29m3
7. 1.7 n?
8. 25344 cnt
.025344 m3
9. 2.2m
10. .b6m.
6. 5cm?
7. 003 ]
8.

181



Page 63

. /S‘TARTHERE' AfoRE’ METERS

. o THE LTER
20088 135 q,‘?
e .053
10 .075

5304 _7
(1o . /
. PR

1. 8 1 = .086 Al 16. 136000 ml = 136 KI

2. 860 ml = .86 | 17. 700 dmd = 700 |
3. 9kl = 900 | 18. 9c= 9wl
4. 43 Kl = 430 | 19. 120 cnd = 120 !
5. 67 ml = 067 | 20. 751 = 7.5 dw?
6. 843 ml = 843 | 21. .0136 kl=  13.6 |
7. 9.23 cm® = 9.23 ml © 22, 53 ml = ~.053 |
8. 498 1= 498 Kk 23. 531 = 530
9. 2.83 1= 2.83 dnd? 24. 0007 | = 7wl
- 10. 431 = 043 Kkl 25. .86 1= 860 ml
1. 923 1= ° 523 K 2. 1= 1l
12. .843 1= 843wl 27, 012 nd= 012 K
13. 670 ml= 670 cn? 28. 751 = 075
14. 498 cl = 498 29. 10 cni'= 10wl
15, 283 ml= 283 | 30.° 100 ml = a1
119
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Page 64

10. MIX AND MATCH PUZZLE I

(Volume Measure)

570 kI 23 cl .57 1 23 kI
.04 ml 100 3.1 ki 40 kl{40 m?3 4 ml{4 cm? 1 ml
23 cm? 230 ¢l. 571 .74l
23 ml 2300 ml .057 kl 57 ml
4 ml 10 clj1 dl 400 dm?[400 | 411400 ml .01 ml
570 ml 23 ki 23 ml 571
57 cl 23 m? 2.3 d 57 dl
10 dl 40 cm® |40 ml .01 klj101 4 kll 4000 1 400 kI
b
231 570 dl 5701 230 ml -
023 kl 57 1 570 dm? 231
.01 ml 4 cm3|4 ml 1 ml}.1 cl 4 dm3{4 1 .01 1
{
057 ml 2.3 dl .023 ml 57 ki

11



Page 67

1. 125.6m® 7 (a) .350m®
2. 418m’ (b) 3501
3. 251m? ' 8. 30,8001
4, 46m° 9. 5 ml
5. 1648.5cm’ 10. 180 m?
6. .22m
Page 68
1. 1000 6. 452 m’
2. They are the same. 452,000 1
3. 1000 7. 505 ml
4. 3000 cm’ 8. 401.9 m® -
3000 ml , 9. 9.5kl
5 5m® . 10. 9.51
Page 70 (VI - 1)
Class discussion
1. a.  kilogram f. kilogram
b.  kilogram ‘g ton
c. kilogram ! h. ton
d. gram gt milligram
" e. ton Cje gram
2. Metric ton is 1.1 times an English (short) ton
3. lgram = .036 ounce
100 grams = 3.6 ounces
Problems
1. a.  kilogram 3. 1.2 kg
b. fewer 4. 60 kg
c. divide by 2.2 5. 36t
.. d. muldiply by 2.2 6. 25g :
_ 2 a 3kg 7. 1149 kgor 1.15¢
N b. 3g 8. No. Total weight was 5.5 t.
c. 3g 9. Over by 105mgor.1lg
105 7.5 mg
Page 74 (VII - 1)
1. 32°F 6. 68°F
2. 0°C 7. 20°C
3. 100°C 8. 37°C
4, 212°F 9. 98.6°F
5.  On the Celsius scale
Page 75 (VI — 2)
1. 39°C 7. 160°C
2. -12°C. 8. 232°C
3. 36°C ; 9. Water or brine 16°C
. 4. 25°C e s 1L, 38°C 10 OQTC e e
e T GO T T T G T ey slow | 120° to 135°°C
6. -18°C Slow 150° to 165° C
1 Moderate 175 to 190° C
121 Hot 205° to 245° C

12 .




Page 79 (Vill — 1)

Pagc

Class discussion
Unified National Thread -~ UNC, UNF. UNEF

—

2
3.
4
8.
6.

81

=

ISO metric threads .
No. :

It wou.d be possible to replace damaged or missing screws and bolts

anywhere in the world.

Standardization of screw threads — metric instead of inches and metric.
Simplification — fewer sizes to manufacture, keep in stock, etc.
To make repairing and replacing of parts simpler.

(VIII — 2)

12 mm 5.

1.75 mmn
coarse-series

1.5 mm
finc-series
24 mm
2.0. mm
fine-serics

ooro0 oo

13

16 mm 6.

R~

24 mm
3.0 mm
coarse-scries
16 mm
2.0 mm

“coarse-series



