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Basic Math Review
By

Diane F. Drake, LDO, ABOM, NCLEM, FNAO

Course Description

This section will review basic math principles that will enable the optician to use the necessary
formulas that are needed on a regular basis to analyze a prescription and fabricate eyewear.

Learning Objectives/Learning Outcomes
At the completion of this subsection, the student should be able to:
e Solve problems in addition, subtraction, multiplication and division of fractions and
decimals

e Convert metric values to the US System of Weights and Measures
e Solve problems in basic algebra



Basic Math Review

Ophthalmic Optics is fairly math intensive. Studies will include a number of formulas as well as
the ability to convert forms from fractions to decimals, and convert to the metric system. This
section will include a very basic review of math.

Converting Fractions to Decimals

This course will begin with fractions. Fractions can be both common fractions and decimal
fractions. The difference between the two is in how they are written. Fractions are written using
the same symbols used to write whole numbers but the symbols are used in different ways. For
example: 2/5 (or 4/10) is a common fraction. It shows the two over the five. The same numbers
shown as decimal fractions would be .4. Most of our formulae in optics involve mostly decimal
fractions. So even if you could write an answer as say 1/20 the correct answer would be .05. The
number above the dividing line in a fraction is the numerator. The number below the dividing
line in a fraction is the denominator. A common fraction may be converted to a decimal by
dividing the numerator by the denominator. The answer is the quotient.

Example:
1/2=10.5
Fractions

In introducing algebraic formulas, first of all we need to understand fractions. An example of a
fraction can be illustrated by cutting a pie into 8 equal parts.

Each piece of the pie equals 1/8" of the pie. In the fraction the top number (1) is the numerator,
and the bottom number (8) is the denominator. To convert 1/8" to a decimal, simply divide 1 by
8.
« 1 +8=0.125
+ The numerator or top number is 1 and the denominator or bottom number is 8 and the
quotient or answer/result is 0.125

As you can see a fraction can also indicate that one number is to be divided by the other.

— Example 8/4
«8+4=2
+ The numerator or top number is 8 and the denominator or bottom number is 4 and the
quotient or answer/result is 2



We can also use fractions to compare two things, or groups of things.
— Example
- 1 inch = 1/12" of a foot
- 1 foot = 1/3" of a yard
Algebra is a math form that you will be using many times, every day. Algebra is a method of
doing arithmetic/math by means of letters which represent numbers, and signs which represent
their relation.

Algebra becomes a mathematical language to facilitate the solution of problems in basic optics.
It uses positive and negative numbers and letters or perhaps other symbols to express
mathematical relationships.

For example:a+b=c.Orc=a+b.

This equation (formula) would indicate that one knows the value of a and b.
Example a =12 and b = 10, therefore the equation would be 12 + 10 = ¢ = 22.
Or in the other form, ¢ = 12 + 10 or ¢ = 22.

Algebraic Addition

Algebraic addition is very simply combining two or more numbers together. If you always think
of algebraic addition in terms of dollars and cents you probably won't make any mistakes. It's
really amazing that people who are terrible in math always seem to know their bank balance or
how much change they should get back from a purchase. Throughout this section, the examples
will be explained mathematically and on occasion, monetarily.

Algebraic Addition of Two Plus (+) Numbers

Algebraic addition of two plus (+) numbers will always give an answer that is plus. You simply
add the numbers together and give the answer a plus (+) sign.

Example

+2.50
+1.75 or +2.50 +1.75 =+4.25
+4.25

Monetarily speaking, if you have (+) $2.50 and you are given (+) $1.75, how much do you have
all told? $4.25 to the good, or plus.

Example
+12.00

+35.75 or +12.00 +5.75 =+17.75
+17.75



Let’s look at this in monetary terms. If you have (+) $12.00 in your bank account and you
receive (+) a check for $5.75, your new balance would be $17.75 to the good, or plus.

Algebraic Addition of Two Minus (-) Numbers

Algebraic addition of two minus numbers will always give an answer that is minus. You ADD
the two numbers together and give the answer a minus (-) sign.

Example

-2.50
-1.75 or-2.50-1.75 =-4.25
-4.25

Monetarily, let us say that you owe (-) a friend $2.50 and you borrow (-) another $1.75. You then
owe him/her (-) $4.25.

Example

-12.50
- 9.50 or—12.5-9.5=-22.00
-22.00

Let us say that in the first hand of a poker game you lose (-) $12.50 and in the second hand you
lose (-) $9.50. You are then $22.00 in the hole (-), and you'd better start playing better before you
lose your shirt.

Algebraic Addition of a Plus and a Minus Number

Combining a plus and a minus number together will give the same sign in the answer as the sign
of the larger number. You take the difference between the two numbers by subtracting the
smaller number from the larger.

Example

+12.50
- 9.50 or +12.50 -9.50 = +3.00
+3.00

In monetary terms, if you have (+) $12.50 in your bank account and you write a check to pay a
bill (-) for $9.50, you will still have (+) $3.00 in your account.

Example
-9.00

+7.50 or—9.00 +7.50 =-1.50
-1.50



Let us suppose that in the first hand of our poker game you lose (-) $9.00 and in the second hand
you win (+) $7.50. Your standing after two hands is then $1.50 in the hole or minus.

Adding Fractions with Like Denominators

When addition fractions with like denominators, simply add the numerators (the top number),
and write the result over the denominator.

Example

3/5
+1/5
4/5

Adding Fractions with Unlike Denominators

In adding fractions with unlike denominators, you will need to convert the denominators so they
are the same. To do this you will find the least (sometimes referred to as lowest) common
denominator. That is the lowest number that both denominators can be divided into.

Example

3/4
+1/5

The lowest number that both 4 and 5 will go into is 20 so the least common denominator in this
example is 20. Therefore:

20+4=5

Then multiply the numerator by the resultant answer

3 x 5 =15 so the new fraction becomes 15/20
20+5=4

Then multiply the numerator by the resultant answer
1 x 4 =20 so the new fraction becomes 4/20

- Now the addition problem becomes

15/20
+ 4/20

19/20

Sometimes the easiest way to find the least common denominator is to simply multiply the two
denominators together. This may not result in the /east common denominator, but will work
when only two fractions are used. But it will not always work particularly in the case of 3 or
more fractions.



Adding Fractions

Sometimes in adding fractions, the result is more than a fraction in which case it is necessary to
convert to a mixed number, ie, the numerator is higher than the denominator. It will then be
necessary to convert to a mixed number.

3/4
+3/4

6/4=12/4=11/2

In this case 6/4 is called an improper fraction. The improper fraction needs to be converted to a
mixed number. To convert an improper fraction to a mixed fraction, follow these steps:

Divide the numerator by the denominator. So, 6 divided by 4 is 1 with 2 remaining. The whole
number becomes 1 and the remaining 2 becomes the numerator of the fraction. Thus 1 2/4.

The final answer should be reduced to the least common denominator, which simply means that
in the case of 1 2/4, 2 will divide into both the numerator of 2 and the denominator of 4 evenly,
so divide both numerator and denominator by 2 and your answer is 1/2 making the answer 1 1/2.
Adding Fractions and Whole Numbers
Simply annex (place by the side) the fraction to the whole number.
Example

o 5+3/4=53/4
Adding a Mixed Number and a Whole Number
Simply add the whole numbers; then annex the fraction to the result.

o 5+32/3=82/3

Adding a mixed number with a fraction with a different denominator is easy, simply find the
least common denominator as demonstrated previously and convert the problem

41/6 = 42/12
+ 3/4 = + 9/12
411/12



Adding Mixed Numbers

Find the common denominator, add the whole number and the fractions and reduce the answer if
necessary.

52/5 = 54/10
+37/10 = +37/10
811/10=91/10

Subtracting Fractions

Subtracting Fractions with Like Denominators
Simply subtract the numerators (the top number), and write the result over the denominator.
Example
3/5
- 1/5
2/5

Subtracting Fractions with Unlike Denominators

In subtracting fractions with unlike denominators, find the least common denominator. That is
the lowest number that both denominators can be divided into.

Example

3/4
- 1/5

The lowest number that both 4 and 5 will go into is 20, so the least common denominator in this
example is 20.

o 20+4=5

e Then multiply the numerator by the resultant answer
e 3 x5=15so the new fraction becomes 15/20

o 20+5=4

e Then multiply the numerator by the resultant answer

1 x 4 =20 so the new fraction becomes 4/20



Now the subtraction problem becomes:

15/20
- 4/20
11/20

As mentioned, when discussing addition, sometimes the easiest way to find the least common
denominator is to simply multiply the two denominators together. This may not result in the
least common denominator, but will work when only two fractions are used. But it will not
always work particularly in the case of 3 or more fractions.

Subtracting Fractions from Whole Numbers

Convert the whole number to a fraction. To do this, look at the denominator of the fraction, and
convert using the same value.

Example

6
-23/4

Since the fraction includes 4 as the denominator, convert part of the whole number to 4/4. So, 6
1s converted to 5 4/4.

Becomes:

54/4
- 23/4
31/4

To subtract a whole number from a mixed number, find the difference between the whole
numbers and annex the fraction.

83/4

=3

53/4

To subtract a fraction or a mixed number from a mixed number, find the least common
denominator as demonstrated above, subtract the fractions, and finally subtract the whole
numbers.

43/4 = 49/12
- 1/6 = - 2/12
47/12



Subtracting Mixed Numbers

Find the least common denominator, add the whole number and the fractions and reduce the
answer if necessary.

52/5 = 54/10 = 414/10
-37/10 = -37/10 = 3 7/10
1 7710

In this example, 7/10 could not be subtracted from 4/10, so you had to borrow 10/10 from the 5
making it 4 and adding the 10/10 to the 4/10 making it 14/10...then you could perform your
subtraction.
Multiplication of Fractions
Multiplying a Fraction by a Whole Number
Example
o 2/3x5
Convert the whole number into a fraction by simply writing it over the number 1.
Example

e 2/3x5/1

Then multiply the numerators, next the denominators. Finally, if the resultant numerator is
larger than the denominator, divide the denominator into it. (Reduce it)

e 2x5=10 = numerator
e 3x1=3 = denominator
e 10/3 reduced 10+3 =31/3 = quotient

Multiplying Fractions with Unlike Denominators

To do this, simply multiply across, or horizontally.

Example
o 2/5x1/3 =
e 2x1 = 2 numerator
e 5x3 = 15 denominator
o 2/5x1/3 = 2/15 quotient = answer = result



Multiplying Two Mixed Numbers

Convert the mixed number to a full fraction.

e 19/16x33/5

e 19/16
o The full number 1 becomes 16/16
o 16/16 +9/16=25/16

e 33/5
o The full number 3 becomes 15/5
o 15/5+3/5=18/5

Now multiply the numerators and denominators

25x 18 = 450 = numerator
16 x5 = 80 = denominator
450/80

Divide both numerator and denominator by the lowest common factor which is 10

Becomes
450 +-10=45
80+10= 8

Fraction becomes 45/8 or reduced to mixed fraction 5 5/8 = quotient
Multiplying a Mixed Number by a Whole Number

First multiply the whole numbers, then multiply the fraction by the whole number and add them
together.

Example
e 13x31/5
e 13x3=39
e 13x1/5=13/1x1/5=13/5=23/5
e 39+23/5=413/5

Division of Fractions

To divide a whole number by a fraction, convert the whole number to a fraction by placing it
over 1, invert the divisor (the number following the division symbol) and multiply.

10



Example

o 5+1/4=5/1x4/1=20/1=20

o 7+3/16=7/1x16/3=112/3=371/3
To divide fractions with unlike denominators, again invert the divisor and multiply.
Example

o 3/4+5/7=3/4x7/5=21/20=11/20
To find the lowest common factor, find the lowest number that will evenly go into each number.
Example

o 15/16+5/6=15/16x6/5=

o 15/16x6/5=3/8x3/1=9/8=11/8

e 90/80=90+10=9,80+10=8=9/8=11/8

To divide a whole number by a mixed number, invert the divisor and multiply after converting
the mixed number into a fraction.

Example
o 15+53/4=15/1+23/4=15/1x4/23=60/23 =2 14/23

Addition of Signed Numbers

Using a number line, we see a numbered line containing both positive and negative numbers.
This is similar to what you will see on a lensometer, vertometer or lens meter.

-6.00 -5.00 -4.00 -3.00 -2.00 -1.00 O +1.00 +2.00 +3.00 +4.00 +5.00 +6.00

A simple example could be: If we want to add +3.00 to -4.00, we start at -4.00 and move 3
places to the right. We would stop at -1.00.

Now let’s go on to the exact directions of adding signed numbers.

11



Adding Numbers with Like Signs
When adding numbers with like signs, simply add the numbers and use the same sign.
Example

e (+2.00) + (+2.00) = +4.00

e Since both numbers are positive, simply add 2.00 plus 2.00 and retain the + sign
Example

e (-2.00) + (-2.00) = -4.00

e Since both numbers are negative, simply add 2.00 plus 2.00 and retain the - sign

Samples of Like Sign Addition

(+1.00) + (+1.00) = +2.00
(+2.00) + (+1.25) =+3.25
(-1.00) + (-1.25) =-2.25
(-4.00) + (-2.50) = -6.50

12



Adding Numbers with Unlike Signs

When adding numbers with unlike signs subtract the smaller number from the larger number and
give the result the sign of the larger number.

Example
e (+4.00) + (-1.00) = +3.00

e Since one number is plus (+4.00) and the other is negative (-1.00), simply subtract the
1.00 from the 4.00 and take the sign of the larger which is +, resulting in +3.00

Samples of Unlike Sign Addition

¢ (+1.00)+ (-1.00)= 0

© (22.00)+ (+1.25) = -0.75
© (+1.00) + (-1.25) = -0.25
* (-4.00) + (+2.50) = -1.50

Subtraction of Signed Numbers

If adding unlike numbers involves subtracting, then subtracting unlike numbers involves adding.
Change the sign of the subtracted number and add the two numbers. Using a number line again,
this time let’s subtract (-3.00) from (+4.00). Simply put, what number added to -3.00 will result
in +4.00? In other words, how far and in what direction would you have to advance to arrive at
+4.00? The answer is +7.00.

To subtract numbers, change the sign on the number that is to be subtracted.

e If both signs are positive, the answer will be positive.
o 12-(-8)=12+8=20

e Ifboth signs are negative, the answer will be negative.
o -12-(+8)=-12-8=-20

e [fthe signs are different, subtract the smaller value from the larger value. The sign will be

sign of the larger number.

o 12-(+8)=12-8=4
o -12—-(8)=-12+8=-4

o 4—-(-3)=4+3=7
Subtracting like numbers involves changing the sign of the subtracted number and algebraically
adding (meaning subtract the numbers) the two numbers.
Example
e (-4.00) —(-3.00) = (-4.00) + (-3.00) =-1.00
13



e In other words, what number added to -3.00 will result in -4.00?

e In other words, how far and in what direction would you have to advance to arrive at -
4.00?
e The answer is -1.00.

Samples of Subtraction of Signed Numbers

 (+1.00) - (+2.00) = -1.00
* (-2.00) - (-1.25)=-0.75

© (+1.00) - (+1.25) =-0.25
 (+4.00) - (+2.50) = +1.50

Multiplication of Signed Numbers
When multiplying numbers with like signs, the result will be positive.
Example

-2.00 x -2.00 = +4.00
This can also be written (-2.00)(-2.00) = +4.00

-1.50 x -1.50 - +2.25
This can also be written (-1.50)(-1.50) = +2.25

Samples of Like Sign Multiplication

(+1.00)(+1.00) = +1.00
(+2.00)(+1.25) = +2.50
(-1.00)(-1.25) = +1.25
(-4.00)(-2.50) = +10.00

When multiplying numbers with unlike signs, the result will be negative.
Example

e +2.00x-2.00=-4.00
e This can also be written (+2.00)(-2.00) = -4.00

e +1.50x-1.50--2.25
e This can also be written (+1.50)(-1.50) = -2.25

Samples of Unlike Sign Multiplication

¢ (+1.00)(-1.00) = -1.00

14



* (+2.00)(-1.25) =-2.50
* (-1.00)(+1.25) =-1.25
* (-4.00)(+2.50) =-10.00

The basic rule for multiplication of signed numbers can be stated as follows

— The product of numbers of like signs is positive, and the product of numbers of unlike
signs is negative

Division of Signed Numbers
When dividing numbers with like signs, the result will be positive.
Example

e -2.00+-2.00=+1.00
e This can also be written (-2.00)/(-2.00) = +1.00

e -1.50+-1.50-+1.00
e This can also be written (-1.50)/(-1.50) = +1.00

Samples of Like Sign Division

* (+1.00)/(+1.00) = +1.00
© (+2.00)/(+1.25) = +1.60
* (-1.00)/(-1.25) = +0.80
* (-4.00)/(-2.50) = +1.60

When dividing numbers with unlike signs, the result will be negative.
Example

e +2.00+-2.00=-1.00
e This can also be written (+2.00)/(-2.00) =-1.00

e +1.50+-1.50--1.00
e This can also be written (+1.50)/(-1.50) =-1.00

Samples of Unlike Sign Division

* (+1.00)/(-1.00) = -1.00
* (+2.00)/(-1.25) = -1.60
¢ (-1.00)/(+1.25) = -0.80
e (-4.00)/(+2.50) = -1.60

15



The basic rule for division of signed numbers can be stated as follows.

The quotients of numbers of like signs are positive, and the quotients of numbers of unlike signs
are negative.

Rounding OFF
In rounding off numbers, don’t round off until you have arrived at the final answer.

Multiplication and Division of Decimals

A decimal number is just a whole number and a fraction written together in decimal form. Any
multiplication or division by 10, 100, 1000, etc., simply moves the decimal place to the left or
right. For example, multiplying a decimal by 10 would move the decimal point 1 place to the
right, or dividing by 100 would move the decimal point 2 places to the left.

Multiplication of Decimals

Decimals are multiplied exactly like whole numbers and then the decimal point is added. For
example, you would multiply 25 x 25 in this way.

25 2.5

x 25 and 2.5x 2.5 x2.5
125 125
+500 +500
625 6.25

The number of decimal places in a decimal is the number of digits (numbers) to the right of the
decimal point. The number of decimal places in the product (answer) of a multiplication is the
sum total of the decimal places in the numbers that were multiplied. For example, there are 2
decimal places in 140.21 and 3 in 14.021; therefore, there would be 5 decimal places in the
product of those two numbers if they were multiplied.

Zeros written to the right of a decimal point with no number other than zero to their right may be
dropped in most multiplications. Thus, 4.20 may be written 4.2, but zeros to the right of the
decimal point with numbers other than zero to their right cannot be dropped, without changing
the value of the number. Thus, you cannot drop the zero in the number 6.105.

Zeros to the left of a decimal point with no number other than zero to their left are added only to

make it very clear that the number is a decimal and may be dropped when you multiply. Thus,
0.4 is exactly the same as .4 and 0.23 is the same as .23.
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Example

432x2.10= 4.32
x 2.10

4320

+86400

9.0720

Notice that the 4 decimal places in the answer are counted from right to left.
Answer: 9.072

Example

1600.0 x 0.04 = 1600.0
x 0.04
64.000

Answer: 64.0 or 64
Division of Decimals
Divisions may be written in the form a/b = ¢, where a is the dividend, b is the divisor, and c is the

quotient. As with multiplication, you divide decimals exactly like you do whole numbers and
then you find the decimal place. For example: dividing 126 by 6 gives 21 as an answer

21
6 1126
and dividing 12.6 by 6 gives the answer 2.1.
2.1
6 EZ.6
Notice that the decimal point in the quotient (answer) is directly above the decimal point in the
dividend.

Anytime there is a space or a number of spaces between the decimal point and the first number
of the quotient, you must add zeros to complete your answer.

For example, if you were to divide 8 into .248, you must add a zero after the decimal point but

before the three in the quotient (answer). As a result, the problem and correct answer would look
like this:

18



.031

8 |.248

To carry out a division as far as necessary you must often add zeros to the dividend. As we have
seen before, this does not change the value of the number. Thus, in .9/2 = .45 it is necessary to
add a zero after the .9 changing it to .90 in order to carry it out the full answer.

45

2 (.90

When the divisor is a decimal, you may change it to a whole number by moving the decimal
point to the right. When the decimal point is moved in the divisor, it must be moved the same
number of places in the dividend. If you move the decimal two places in the divisor, you must
also move it two places in the dividend and if you move it one place in the divisor, you must also
move it one place in the dividend. For example:

0.88/.2 =.2| 0.88 288 =44

In the above example, we must move the decimal in both divisor and dividend one place to the
right. This then gives us 4.4 as a result. When the divisor is a whole number, we just divide like
whole numbers.

Algebraic Expressions

In addition to the explicit numbers, 0-1-2-3, etc., used in arithmetic, in algebra we use letters to
represent numbers. When a letter is used in this manner, it is called a literal number.

The signs, +, -, x and / for the basic operations of add, subtract, multiply and divide are used with
literal numbers to create a mathematical statement called an equation.

A formula (equation) is a mathematical statement that two quantities are equal.
For example:

D=1
f

The formula (equation) for division may also be written as the following:
D=1f
The literal number D represents dioptric value. The literal number f represents focal length.

In the remainder of the text, a reciprocal formula such as 1 will be written as 1/f.
f
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An algebraic expression is a set of variables with assigned values.

The use of x and y are common but then again so are any number of letters.

Example

e Find the value of 2x + 3y, whenx =8 and y = 5
o Remember that the variable x or y is tied to the numerical value so you will
multiply them in the equation.

o 2(8)+3(5)=2x8+3x5=
o 16+15=31

Here’s an example of an equation in which a fraction is expressed.

Find the value of (a+c) +(a—c)whena=6and c=3

atc =6+3 =9=3

a-c¢ 6-3 3

In this example we simply substituted the numerical value for the letter in the numerator and the
denominator and solved the resulting fraction. This process is called “simplifying”.

This example demonstrates an expression in parenthesis. Perform the task in the parenthesis
first.

Find the value of 6(u + w) when u =10 and w = 8.

e First of all, simplify by changing the letters to the corresponding numbers...the equation
becomes:

e 6(10+8)=6(18)or6x 18=108

An exponent is a number which represents a “power”. It is placed to the right and slightly above
a letter or number.

e x>’+y*=whenx=3andy=35
o The number ? at the right means squared, which also means the number multiplied
by itself
o 3squared=3x3=9
o Ssquared=5x5=25
o 9+25=34
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Finding the Value of an Expression When We Have the Value of One Expression and a
Numerical Value

Example

e Find the value of F when C =20
e Formula is:
o F=18C+32

o F=1.8(20)=+32
o F=36+32
o F=68

Solving Equations

An equation is an algebraic sentence. Solving an equation simply means to find the unknown
value. Finding the value makes the statement true.

Example
e n+2=2§
e What is the value of n
e To solve this one, simply subtract 2 from both sides of the equation
e n+t2-2=8-2
e n=6

Here’s another example but the equation includes subtraction.

Example
e n-2=8
e What is the value of n
e To solve this one, simply add 2 to both sides of the equation
e n-2+2=8+2
e n=10

Here is an example of an equation involving multiplication.
Example

n2 =38

What is the value of n

To solve this one, simply divide both sides of the equation by 2
n2+=2=8+12

2+2
8+2

1
4
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nl =4
n=4

Here is an example of an equation involving division.

Example

n/2=28

What is the value of n

To solve this one, simply multiply both sides of the equation by 2
n2x2=8x2

n=8x2

n=16

Equations Involving a Combination of Terms

This example combines multiplication and addition.

Tn+6=41
Find n

First of all, subtract 6 from both sides of the equation
Tn+6-6=41-6

Tn =35

Then divide both sides of the equation by 7
Tn+7=35+17

n=>5
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Metric System

The metric system, developed in the late 1700's was a culmination of years of study to devise a
decimal system of measurement. All major countries today, except the United States, have
adopted the metric system. The United States uses the imperial system, which is older. The
imperial system uses measurements of feet, inches and pound, whereas the metric system uses
measuring units such as meters and grams and adds prefixes like kilo, milli and centi to count
orders of magnitude. The imperial system originated as the British Imperial System and when the
United States gained independence from Britain, it decided to keep that system for measurement
even though the metric system was being embraced by most of the rest of the world.

Heweverany Any American involved in international trade must know and use metrics and how
to convert U.S. units to this system. Opticians as members of an international industry are no
exception. The metric system is based on decimals. Changing from one unit to another requires
only the movement of the decimal point.

I meter (m) = 1 meter

100 centimeters (cm) = 1 meter 1000 millimeters (mm) = 1 meter

You can see that the metric system is quite similar to our monetary system of dollars and cents.
When you are making your conversions from one unit to another, think in terms of dollars and
cents and you probably won't make a mistake.

For illustrations only consider:

e 1 m=1dollar
e Icm=1cent
e Imm=1mil
o Amilis 1/1000

If you consider cm as cents, mm as mils and meters as dollars you will find your conversions
much easier. Most of us understand that the notation $0.40 means 40 cents, so in a similar
fashion 0.40 m equals 40 cm. This process is actually accomplished by moving the decimal place
in 0.40 m two places to the right to give us 40.0 cm. Thus, we will find that conversion from one
metric unit to another simply means moving the decimal point. This requires deciding (1) how
many places to move the decimal point and (2) whether to move it right or left.

Furthermore, considering that everything is based upon the meter, will the amount you are
looking for be less or more.

Metric Conversions

A meter may be divided into parts
Tenths

Hundredths

Thousandths

Others
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For the purpose of this basic course of study, we will only go into thousandths.

e Meter =m

e Decimeter =dm

e Centimeter =cm

e Millimeter =mm

e Im =10 dm

e Im =100 cm

e Im = 1000 mm

When converting from meters to decimeters, centimeters or millimeters move the decimal point
to the right.

e m=10dm
e m=100cm
e m= 1000 mm

When converting from millimeters, centimeters or decimeters to meters move the decimal point
to the left.

e Imm=.001m
e lcm=.0lm
e ldm=.1m

In trying to remember which direction to move a decimal when converting from meters to
decimeters, centimeters, or millimeters or the reverse, just remember:

e  Would you have more or less of the unit that you desire?
e If'the unit that you desire is less, then move the decimal to the right
e If'the unit that you desire is more, then move the decimal to the left

For example, if you are given a length in meters and you require the length in centimeters, then
you must have more centimeters than you had meters because each centimeter is smaller than
each meter. This means that you would move the decimal 2 places to the right. Conversely, if
you were converting from centimeters to meters, you would have to move the decimal point to
the left 2 places. A meter is a much larger unit of length than a centimeter, thus you would have
to have less meters than you had centimeters.

When converting Move decimal
m to dm 1 place right
m to cm 2 places right
m to mm 3 places right
dm to cm 1 place right
cm to mm 1 place right
mm to cm 1 place left
mm to dm 2 places left
mm to m 3 places left
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Example
How many cm are there in 0.40 m?

Solution

e There are more centimeters in meters than meters in centimeters, therefore, move the
decimal 2 places to the right.

e The answer is:

e 0.40m=0.40.=40 cm

_>
Example
How many cm are there in 0.20 m?

Solution

e There are more centimeters in meters than meters in centimeters, therefore, move the
decimal 2 places to the right.
e The answer is:
e 020m=0.20.=20cm
>

Example
Convert 358 cm to mm.
Solution
e There are more millimeters in centimeters than centimeters in millimeters, therefore,
move the decimal 1 place to the right.

e The answer is:
e 358 cm=358.0.=3580 mm
_>

Example
Convert 0.0008 mm to m.
Solution
e There are more millimeters in meters than meters in millimeters, therefore, move the
decimal 3 places to the left.

e The answer is:

e (0.0008 mm =.0000008 =.0000008 m
4_
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Example

How many cm are there in 250 mm?

Solution

There are more millimeters in centimeters than centimeters in millimeters, therefore,
move the decimal 1 place to the left.

e The answer is:
e 250mm=25.0.=250cm
‘_
Example

You measure a distance to be 0.12 mm. How many cm are there in 0.12 mm?

Solution

There are more millimeters in centimeters than centimeters in millimeters, therefore,
move the decimall place to the left.
The answer is:
0.12mm =.0.12=0.012 cm
-

English to Metric Conversions

Another conversion you are likely to make is between inches and metric units. There are
approximately 40 inches in 1 meter, actually 39.37 inches; however, we use 40 inches in most
formulas.

1 yard = 36 inches
1 meter = 39.37 inches
o For approximation purposes only 1 m =40 inches
1 inch =25.4 mm
1 inch=2.54 cm
1 inch =0.254 dm
1 inch =0.0254 m

When converting from metric to feet, first convert to inches and then divide by 12.

1 foot = 12 inches

When converting from metric to yards, first convert to inches and then divide by 36.

1 yard = 36 inches
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Example

e 80in.=80/40m=2m
e 5in.=5/40=0.125m

Should you desire a length, given in meters, converted to inches, multiply by 40.

Example

e 0.5m=0.5x40=201n.
e 4.0m=4.0x40=160 in.
e 1.25m=1.25x40=50 in.

If you need a length, in inches, converted to centimeters or millimeters, first convert the inches to
meters (divide by 40), then convert to the desired unit by moving the decimal place. Conversely,
if you wish to convert from cm or mm to inches, first convert to meters by moving the decimal;

then multiply by 40 to convert the meters to inches.
Example

How many mm are there in 16 inches?

Solution

e Convert 16 in. to meters by dividing by 40.
e Then move the decimal 3 places to the right.
e 16in=16m/40=0.4 m=0.400. mm =400 mm

-
Example

How many inches are there in 20 cm?

Solution

e Convert 20 cm to meters by moving the decimal 2 places to the left.

e Then multiply the meters by 40 to obtain inches.
e 20cm=0.20 m = 0.20 x 40 = 8 inches

How many cm are there in a distance of 60 inches?

Solution
e Divide 60 inches by 40 to obtain meters.
e Then move the decimal 2 places to the right to obtain cm.
e 60in.=60/40=1.5m
e [.5m=1.50.=150cm

—

27



Prefixes

1 Meter (m)
0.0254 m

1 Decameter
1 Hectometer
1 Kilometer

1 Myriameter
(10,000xm)

Deci-
1 Meter
0.254 dm

Centi-
1 Meter
2.54 cm

Milli-

1 Meter
25.4 mm
1 mm

Conversion

Metric System Review

39.37 inches

1 inch

10 Meters = 393.70 Inches (10xm)

100 Meters = 382.08 feet = 0.0621 Mile (100xm)
1000 Meters = 3,280.8 feet = 0.621 Mile (1000xm)
10,000 Meters = 32,808.0 feet = 6.21 Mile

One-tenth (1/10) [0.1] Meter [m/10]
10 decimeters (dm)
1 Inch

One-One Hundredth (1/100) [0.01] Meter [m/100]
100 Centimeters (cm)
1 Inch

One-One Thousandth (1/1000) [0.001] Meter [m/1000]
1000 Millimeters (mm)

1 Inch

0.03837 inch

Many of our optical formulae require that Millimeters be converted to Meters and Meters to
Millimeters. Since we just covered the basic metric system, the following is simply review.

Meters to Millimeters

Millimeters to Meters

Move the decimal (multiply by 1000) place three places to the right
1.e.:0.012m =12 mm

0.012mx 1000 = 12 mm

1.e.: 0.006 m = 6 mm

0.006 m x 1000 = 6 mm

e Move the decimal (divide by 1000) place three places to the left

e ie:12m=0.012 mm

e 12m/1000=-.012 mm
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1.e.: 6m= 0.006 mm
6 m /1000 = 0.006 mm

Meters to Centimeters

Move the decimal (multiply by 100) place two places to the right

1.e.:0.012m=12cm
0.0I12mx100=1.2cm

Centimeters to Meters

e Move the decimal (divide by 100) place two places to the right

e ie:12cm=0.012m
e 12cm/100=0.012m

Centimeters to Inches

e 254 cm=1inch
e je.: 10 cm=3.93 inches
e 10/2.54=3931n

Inches to Centimeters

Remember the Metric system works on multiples of ten, based on the standard of the Meter.

e Inches x 2.54 = Centimeters
e je.:3Inches=7.62 cm
e 3x254="7.62

Decameter = 10 Meters
Hectometer = 100 Meters
Kilometer = 1000 Meters

Meter

Decimeter = 0.1 Meters (1/10)
Centimeter = 0.01 Meters (1/100)
Millimeter = 0.001 Meters (1/1000)

1 Meter = 0.1 Decameter
1 Meter = 0.01 Hectometer
1 Meter = 0.001 Kilometer

1 Meter = 10 decimeters
1 Meter = 100 centimeters
1 Meter = 1000 millimeters
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