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Day 2

Mathematics

Dr. Olivieri

During the early 1800’s Georg Simon
Ohm explored the world of chemistry
with mathematics. He used math to
prove theories and write papers on the
conduction of electricity through
circuits as well as the way a human
being hears combinations of tones. If
you thought that math really didn't
relate to chemistry, think again. It is
one of the most useful tools you can
use. Don't hide from it, learn to love it!

Copyright Dr. James DeHaven 2006
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¥ Fundamentals of Arithmetic
o Ratios
Ratios - what is a ratio?

¥ At its simplest - it is division --- but what is division? If
multiplication is shorthand addition, is division shorthand
subtraction??

¥ It is a way of comparing similar things. We can compare
relative salaries, height, weight or whatever between 2 people
by finding their ratios.

¥ It is a way of finding how much of one thing is necessary for
another thing--this sounds very confusing, I know...but wait...it
will come to you soon.

Let's look at the first idea--we know that multiplication is shorthand for
addition: 10X12 = 120 is the same as saying if you add up 12 ten
times you will get 120. Let's see if the same logic applies to division:

7 and 4 left over
7453

Now try successive subtractions

53 32 11
27 27 =7
46 25 4
=7 -7
39 18
-7 -7
32 |

See? We subtracted 7 times & had 4 left over. So a ratio is , in fact, a
shorthand for subtraction. But it is more.

It is a method for comparison. If you are 6 feet tall (72 inches) and I
am 5 foot 8 (68 inches) then the ratio:

Tinehes _ 18
68 inehes — 17 &pesses the

relative size of our heights

(note how the units cancel out!)
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But suppose the units don't cancel out and we are comparing
dissimilar units. This is the third case that we said sounded so
confusing above.

Let's look at it using a simple example. Suppose you buy 6 bagels for
1.5 dollars. Look at the ratio that results:

[.5%

6 bagels = 0.25%pagers represents

the num ber of dollars (i) for each
bagel
You can turn the problem upside down
The ratio
6 bagel 4 bagel

1.5 dollars — dollar
4 bagels @ep dollar

ick
See? The ratio expresses an inherent relationship between the number
of bagels you buy and the price you must pay for them, just as the
speed on your speedometer represents the relationship between how
far you travel and the time it takes you to cover that distance.
o Short division
Division

If you can't do short division learn it. Stop depending on that calculator all
the time and give your brain some exercise.

The Problem WT750
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Divide 9 into the first number that is

8
Ov7750
greater than 8.
Carry the remainder into a fraction
83 3o
and reduce. Oy 750
In this case divide 9 into 30.
Make any remainder into a fraction
83 15
and reduce.
Express as a decimal equivalent if you
83.33
know how.
Fractions

I don't believe in memorization but I do believe in some remembering. I
know this sounds contradictory...so sue me for it. All I know is that
remembering the table below has gotten me through a whole lot of
mathematical and arithmetical problems. It lets me "see through" things
sometimes because-
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¥ Frequently there are insights buried in the relationships between
numbers.

¥ They give me lots of shortcuts that help me see whether the answer I
got makes sense.

I know...you have a calculator...and I use them too...but it surely is useful
having some of this stuff right up there in your noodle where you can
access it any time you want.

fraction |decimal %o fraction |decimal %o
9/10 0.900 90 | 1/6 0.167 16 2/3
8/9 0.889 88 8/9 1/7 0.143 14 2/7
7/8 0.875 87 1/2 1/8 0.125 12 1/2
5/6 0.833 831/3 1/9 0.111 11 1/9
4/5 0.800 80 1/10 0.100 10
3/4 0.750 75 1/11 0.0909 91/11
2/3 0.667 66 2/3 1/12 0.0833 81/3
5/8 0.625 62 1/2 1/15 0.0667 6 2/3
3/5 0.600 60 1/16 0.0625 6 1/4
1/2 0.500 50 1/20 0.0500 5

2/5 0.400 40 1/25 0.0400 4

3/8 0.375 37 1/2 1/30 0.0333 31/3
1/3 0.333 331/3 1/32 0.03125 31/8
1/4 0.250 25 1/40 0.0250 21/2
1/5 0.200 20 1/50 0.0200 2

o Exponential notation
Scientific Notation
Another basic skill you must have is representing numbers in scientific

notation. This is comparatively easy but you may need to spend extra
time reading your calculator manual so you can be sure of the proper
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entry method for these numbers. Consider the scientific equivalent for
one one-thousandth:

| x 1077 =0.001
7x 1077 =0.007

Basically, the -3 gives us the instruction to multiply 1/10 together
three times. Seven thousandths is just seven times one thousandth

0.1 x0.1x0.1=0.001

Note how changing the number out in front of the exponent (the
multiplier) is simply equivalent to multiplying it by 0.001.

7x0.1x0.1x0.1=0.007
For more detailed info on working with scientific notation try this site:

http://www.ieer.org/clssroom/scinote.html

Here is a more complicated pair of examples:

| x 1077 =0.00001
5.5 x 1077 = 0.000055

This stuff also works for positive exponents:

| x 10°=100
3 x 10% =300

The positive 2 exponent means that we should multiply 10 by itself
twice:

10 x 10 = 100
and
3x10x 10 = 300

Again a more complicated example:
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| x 10% = 10,000
5.75 x 10* = 57,500

As before:
5.75x10x10x 10 x 10 = 57,500

It is conventional to express the multiplier as a number between 1 and
10. But sometimes people violate convention and so you might see the
following:

36.4 x 10" = 364,000

because 36.4 x 10 x 10 x 10 x 10 = 364,000
which is really the same as:
3.64x 10x 10x 10 x 10 x 10 = 364,000

which in turn represents the same idea as
3.64 x 10° = 364,000

which would be the more conventional notation.

¥ Fundamentals of Algebra
o The only thing you ever need to remember

Do the same thing to both sides of the equation!

Example - solve for x
3x+7=12

add -7 to both sides

7/Day 2



3x+7-7=12-7
3x=5

multiple both sides by one-third

5(3x) = 5(14)
.l."_

X = §

Now you try it.

X = __
7 12 8
I'he answer:
X = __
7 12 8

Add 12 to both sides.

§—12+12:—3+12

X _

7_4

Now multiply both side by 7.
X _

(7)5 =4(7)

x =28
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o Write down the complete algebraic solutions
Don't plug in numbers, until you solve completely for your variable.
Suppose you know that

X2 _
2|.£3I

{

and you need to find x.

First solve the equation

¥ Remember to do

x?= 29t the same thing to

both sides the of

the equation!

VX* = 1 21‘:'.',*.?
X =4 2gt

This is a complete algebraic solution. Now you could plug in your
values for g and t.
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o Algebra with three variables
3 Variables

If you X =yz

have:
then

0 o [

(_ y ;X =Yy

X -

_1'. o

Or

- X

- }l

Likewise

y ==

X R X
“ Vo A= 3"-\ ) } - :’

These are all different versions of the same equation.

¥ Four Examples with Physical significance

o Density

We use the Greek letter #(pronounced row) for density. The following
example is an illustration of three variables; row, mass, and volume.

m Where "m" equals mass and
P=y

"V" equals volume
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It again follows that

m=pV
_m
=h

Density is a ratio. It tells us how much mass is in each volume
(choose your units) of a substance.

o Concentration

In chemistry, as you will see, we denote concentration by "M"

_n
M=
Where "V" equals the volume in liters and
n=MV
"n" equals the number of moles.
_n
B ."w

What's a mole?
What's a liter?

Be patient.... we will get there.

o Pressure

S B
I
‘c“n;pha-“‘n

Where "F" equals the force and "A" equals
the area.
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Remember - you are supposed to be learning algebra.

o Speed of light

The equation for the speed of light is:

-

C =V

¥ where v = frequency (pronounced new)
¥ where .= wavelength (pronounced lambda)

Now you solve for frequency and wavelength.
Here we go...

. = C I |
{(L—_le V lr v )}ﬂr — ._f'( v )
) v =2(M) r=S

We are working with three variables. Here are three examples of how
you can play with them.

o Idea of frequency

Why are we here? We are here because we are discussing the symbols
we just used for light, lambda and new.

Light is a wave.
A wave has frequency.
Imagine you were on a pier jutting out into the ocean and you counted

how many times per hour a wave passed you. You would be finding
the frequency of the ocean waves.
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You can't see the crests of the light wave but they are there
nonetheless. We can measure their frequency.

When we say v = frequency this is what we are talking about.

o Idea of wavelength

Light Has a Wavelength

It is the distance between adjacent crests in a light wave:

A

When we say lambda is the wavelength of light, this is what we mean.

A typical wavelength of light would be on the order of 500 x 10™°
meters.

o Idea of speed

Speed tells us how far something moves in a second (or and hour, or
in minute...whatever time interval we choose).

For light ¢ = 3.0 x 10® meters per second.

This is what we mean by the speed of light.
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o Electromagnetic spectrum

Visible
Frequency
-
Y-rays | X-rays| U-V Infrared |U-waves| Radio
-
Wavelength

¥ There is an infinity of wavelengths we don’t see!

Short
wavelength

Long
wavelength

v-rays (gamma rays)

X-rays
ultraviolet
visible
infra-red
microwave

radiowaves
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o Visible spectrum

We see light that has a wavelength between 400 and 800 nanometers
where 1 nanometer = 1 x 10° meters.

Different wavelengths correspond to different colors.

Here is a table showing this dependence.

400-450 Violet
450-490 Blue
490-560 Green
560-590 Yellow
590-610 Orange
610-800 Red

¥ Logarithms

Logs

The logarithm of a number is the power that 10 must be raised to give
you that number.

Hmm 100...to what power must I raise 10 to give me 100? Let's see...

10° =100
log (100) =2

To what power must I raise 10 to give me 0.001? Well....
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10°'=0.1
10 ° =0.001
IU,g(.DUI]:—S

If this is confusing to you maybe you need to go back and review
scientific notation.

Try these
1. log (10000
2. log(ﬂ.ﬂl)
3 ]og(])
The Answer
. log (10000) =4
2. |Dg(0.0|)=—2
3. log(1)=0

¥ You need to
remember
number three.

What about log (500) ?

For this you need to use your calculator but, since 500 is between 100
and 1000, the log of 500 must be between 2 and 3.
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o POH and pH
Rating Acids and Bases

We use logarithms to rate acids and bases.
The rating scale is called the pH scale.
pH = -log (hydrogen ion concentration)
pOH = -log (hydroxide ion concentration)
pH + pOH = 14
These are simple rules.

They are easy to use if H" concentration is 0.01 Molar (there's that
word again) then what is the pH and the pOH?

pH=-10g (0.01)
=2

pOH = 14 — pH
=14-2
=12

o Acids and bases
Acids and Bases
Well, what is an acid and what is a base?
One theory was proposed in 1885 by Arrhenius.

An acid is a proton donor.
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HCl is an acid because, when you put it into water, it dissociates into
ions and one of these is the H" ion, a bare proton.

= Basic Arrhenius Theory

According to Arrhenius a base is an hydroxide ion donor.

When you dissolve NaOH in water you get sodium ions and hydroxide
ions. Thus NaOH is a base.

= Bronsted-Lowry
Acids

An acid is a proton donor (same as Arrhenius).

Base

A Base is a proton acceptor. You see, the hydroxide ion is
desperately seeking a proton. You give it a proton, it will take it... it
loves protons...it is a proton acceptor.

Is this just semantics? No, because some things other than the

hydroxide (OH") ion accept protons. For example, ammonia (NH3) is a
base.

¥ SI units
Units
We have to agree on the units we will use.
1. Centimeters?
2. Inches?

3. Furlongs?:
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People have agreed on the MKS system.

¥ Meters are used to measure length.
¥ Kilograms are used to measure mass.
¥ Seconds are used to measure time.

If we use these all the time, we will always get dimensionally

consistent answers.
Guess what? We won't always use them.

= Greek Prefixes

Greek Prefixes
Kilo 10° Milli - 10°°

Mega 10° Micro 10 °
Giga 10’ Nano [0~
Tera 10" Pico 107"

Femto I[]'“-’

Why do we use these? Because sometimes numbers get too big or too
small.

For example, light travels 1 foot in 0.000000001 seconds.
How about, light travels 1 foot in one nanosecond?

Much easier don't you think?

¥ Mathematical models
Non - mathematical models
What is the right model to explain evil?

¥ Psychoanalytical (Id,Ego, Superego)
¥ Sin, the devil, repentance
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In 1900 (ca.) Freud proposed the psychoanalytical model. 1t is
by no means universally accepted.
The important point here is that both models "explain"” the

facts.

o Simplifying

Here is a model of the methane molecule.

Here is one of butane--the volatile liquid in a butane lighter.

You can't see a real molecule and if you could, you would not see
yellow and black balls connected with wooden sticks. Yet people use
these models all the time because they help them think correctly about
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the shapes of molecules. By focusing on the positions and angles of
the atoms and bonds and excluding all other details, people are able to
picture the essential geometry of molecular compounds.

In contrast a space filling model emphasizes the clouds of electrons
but does not portray as dramatically the bond lengths and bond
angles.

¥y Butane

¥ Methane

o Modeling physical situations
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Does the earth orbit the sun or the sun orbit the earth?

To believe the earth orbits the sun requires us to disbelieve our
instincts that tell us we are standing still.

To believe the sun orbits the earth requires us to believe in epicycles.

Mars

¥ From an earth man's perspective, Mars looks like it rotates
around the earth on a spirograph.

Only when we analyze the planetary motions using the sun centered
model do we understand that this spirograph motion is an illusion
caused by the relative motion of Earth and Mars.

Mercury

Earth
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When people discovered that the sun was at the center of things, the
orbits still didn't fit exactly. This is because the orbits are not exactly
circular but a tiny bit elliptical.

This illustrates another idea about scientific models--your model often
ignores some of the details and just gets the general behavior right.

In fact people later found that the orbits weren't precisely ellipses but
that planets tugged on each other due to gravity when they came near
each other.

This is how we discovered Uranus (pronounced Your Anus) and
illustrates an additional feature. Another point of a good scientific

model--deviations from the behavior predicted by the model often lead
to new discoveries.

Bad Models

Homeopathy

These folks sometimes recommended that you dilute medicine by 30
successive "factor-of-ten" dilutions.

What's the matter here?

¥ Important variables—a reprise of earlier definitions

Important Variables

Areas

Square of length A= Ez
(1)
Circle of radius (r) A = mr?

Sphere of radius A = A2

(r)
¥ | = length
¥ r =the radius
¥ A = area
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Volumes

Of a cube V=0
Of a sphere V= 21:1',!“!"

Cylinder of height V = ntrih
(h) |

¥ V = volume
¥ r = the radius
¥ h = the height
¥ | = length
Density
_m
P=v

¥ m = mass
¥ v = volume
¥ pP= Density

Temperature

C=3(F-32)

s 9
I_SC+32

K=273+C

¥ C = centigrade
¥ K = Kelvin
¥ F = Fahrenheit

K K K

velocity

d = distance (measured in meters)
t = time (measured in seconds)
VvV =
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Energy

Kinetic Energy

k = l”“,-l

2

¥ m = mass
¥ v = velocity
¥ Units of energy are Joules in MKS

Heat
Heat = Q = different from mechanical energy
Friction can convert kinetic energy to heat

Pres%ure
P= A

¥ F = force

¥ A = area

¥ The MKS unit of force is Newtons. The area is measured in
square meters.

Light-related
O = "U}\..

c = speed

~+= wavelength

v = the frequency

The speed is measured in meters per second. The wavelength is
measured in meters. The frequency is measured in reciprocal
seconds.

¥ Dimensional Analysis

This is a very threat-sounding term which represents a very simple
concept: Check your units carefully to help you solve problems and to
see if you have done them right.
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You use dimensional analysis for three purposes:
1. Checking Formulas
2. Checking Algebra

3. Unit Conversion

o Use to check formula
Did I remember the formula for density correctly?

Here is what I think it is: Let's see; if I use this formula, my answer
will be in:

(m'q ]
kg,

This can't be right.

It must be
V m?
Yes! That is it.

This is how you use dimensional analysis to check on algebraic
equations.

o Use to verify algebra

The density of lead is 13kg/m?>. What volume of lead weighs 6
kilograms?

Ok....let's see.

_m
'U_V
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y—m_ Okg
So.. '” ]3 kgz._'m,.

This works because kilograms cancel out and cubic meters (a volume)
turns up in the numerator.

If we had made a mistake...

— -” _ ]3 kg-'uln"

V=m= 6 kg

Cubic meters would have shown up in the denominator (wrong units
for a volume) and we would have known our answer was wrong.

o Use to perform unit conversions

You must use dimensional analysis to figure out which conversion factor to
use.

Example:
How many feet are there in 5 yards?

We know there are three feet in one yard. This can be expressed as:
3 feet | yard

| yard OR 3 feet

Which to use?

| yard
3 feet

= 99979

5 yards x

3 feet - 15

5 yards x | yard

The second expression works because the yards cancel out and we are
left with feet. That's all there is to dimensional analysis.
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If I am Traveling at 25 m/sec, How Fast is That in Miles

Per Hour?

Assume that there are 0.6 m in 1km.

25m o 3600sec o« l1km 0.6mi

secC hr 1000m X km
= 54“1“"‘5’]“}1"'

Here are two for you to try.
1. How many square centimeters in 3 square feet?
2. How many feet does light travel in 1 nanosecond?

¥ C=3.0 x 10® m/sec
¥ 1 nanosecond = 107° seconds

Please see the next page for the answers.

1. How many sq cm in 3 sq ft?

3ft*(12in )/ 12in\[ 2.54 cm)(2.54 cm
I [ ft | ft l n 1 in
= 2787 cm?

¥ Notice how we needed feet squared in the
denominator to cancel out feet squared in
numerator.

2. How fast does light travel in feet/nanosecond?

(3}( I{]Hm)( IU'”:&)( 100 ¢m )( l in ) [ ft )
. S jlons Jim 254em V12 in,

= (.98 fect)y, | |

28/Day 2



