
  

Algebra, Unit Conversions,  & Significant Figures

* Sedimentary Basins off the coast of southern California

* Basin fill rates, stratigraphy depend on:
    layer thickness, particle size, density, shape, .....



  

What is Algebra ?

Mathematics dictionary: “The branch of mathematics that 
deals with the general properties of numbers and the 
generalizations arising therefrom.

Make sense ?!?

Eulers' Complete Introduction to Algebra  (1767):  
“Algebra has been defined as the science which teaches 
how to determine unknown quantities by means of those 
that are known.”



  

The History of Algebra
* Algebra has a long history even before Leonhard 
   Euler (1707 – 1783) and Colin Maclaurin 
   (1698-1746). 

* The use of algebra predates the use of symbols 
   which we often use for manipulation.

* Oldest text: by Muhammad ibn Musa al-Khwarizmi (c. 780-
   850), ninth century Baghdad,  The Condensed Book on the 
   Calculation of al-Jabr and al-Muqabala - translation:

“One of the branches of knowledge needed in that division of philosophy 
known as mathematics is the science of al-jabr and al-muqabala which aims at 
the determination of numerical and geometric unknowns.”

“Algebra” is derived from “al-jabr” - about solving equations 
from first use of the word – but use is even older....

Stamp issued by Soviet Union, 
1983 for 1200th birthday.



  

The History of Algebra: 
Rhind Papyrus of Egypt

Egyption papyrus named after Alexander 
Henry Rhind who purchased it in 1858 
in Luxor, Egypt. Originally found in 
illegal excavations near Ramesseum. 
Age ~1832.

Egyptions used mathematics for:
measuring time, straight lines, the level 
of the Nile floodings, calculating areas 
of land, counting money, working out 
taxes, cooking, mythology, calender, 
building tombs and pyramids.

The earliest mathematicians-priests learned algebra in the Nile Valley 
(e.g.Pythagoras, Eudoxus, Plato, and Euclid). Egyptians mastered 
arithmetic, number theory, formulas to find solutions to 1 or 2 
unknowns. Pyramids required trigonometry – developed here.



  

Rhind Papyrus 
of Egypt

Nilotic engineers could find 
area under a curve > 5000 
yrs ago!

Egyptians knew addition, 
subtraction, division, and 
multiplication. But they 
only multiplied and divided 
by 2.  

To multiply 41 by 59. Take 
59 and add it to itself, then 
add the answer to itself and 
continue... 41 59

1 59
2 118
4 236
8 472
16 944
32 188

41-32 = 9
9-8     = 1    and 

41 = 32 + 8 + 1
add rt column = 2419   



  

Using Al-jabr

Al-jabr: the transposition of a subtracted quantity from one side to 
     the other side by adding it to both sides.

3x  + 2  = 4 - 2x
5x  + 2  = 4

Al-muqabala: subtraction of equal amounts from both sides to 
     reduce positive term.  “Do to both sides equally”

5x  + 2  = 4
5x   =  2



  

How was Algebra Written ?

Algebraic operations were first performed before the use of 
symbols.

Al-Khwarizmi's text books were written as step-by-step 
instructions, in words! Describing how to solve each problem. 
This form of rhetorical algebra are known as algorithms 
(Algortmi dixit means “al-Khwarizmi says”)

Suppose the temperature is 20oC.. What is the temperature in degrees 
Fahrenheit ? The solution is this: You take the 20. This you multiply 
by nine; the product is 180. Divide this by five; the result is 36. To this 
you add 32; the sum is 68. This is the temperature in degrees 
Fahrenheit that you sought. 



  

1. You can add, multiply, divide, double, halve, subtract, or 
perform an other operation you like, provided that you do 
exactly the same to both sides of an equation.

2. You can always replace an expression by any other 
expression which is equal to it

Tools for Equation Manipulation



  

1. Do exactly the same to both sides of an equation.

Density = mass / volume
     = m / v

How can you determine the Volume ?

v    = m (v / v)

v    = m

v    = m /  

1

1

v   = m/



  

2. Replace an expression with something 
that is equal to it

Density = mass / volume
     = m / v

U
stokes   =   (


s-


w) 
g r2  / 

(1)

(2)

How can we use equation (1) in equation (2) ?

Are any quantities equal which we can replace ?

U
stokes   =  

 ((m / v) 
- 


w 
)

 
g r2  / 



  

Unit Conversions
Do units matter ?

A team of Lockheed Martin engineers sent 
NASA key maneuvering data for the $125 
million Mars Climate Orbiter in non-standard 
units, probably since the craft was launched in 
1998, according to a NASA official trying to 
explain the loss of the craft.

Miscalculations due to the use of English units 
instead of metric units apparently sent the craft 
slowly off course -- 60 miles in all -- leading it 
on a suicide course through the Martian 
atmosphere.



  

Unit Conversions
Conversion    To obtain the Multiply the
Number    number of: number of: By:

1 centimeters meters 100
2 millimeters meters 1000
3 microns millimeters 1000
4 meters kilometers 1000
5 feet meters 3.281
6 meters feet 0.3048
7 centimeters feet 30.48
8 kilometers miles 1.609
9 miles kilometers 0.6214
10 feet miles 5280
11 centimeters inches 2.54
12 inches centimeters 0.3937

* These units do not have values. They are in a general form.
( Islamic scholars gave specific examples and expect the user to generalize.)

* A huge step was made when numbers were replaced by symbols.



  

“Suppose the temperature is 20oC. What is the temperature in degrees 
Fahrenheit ? The solution is this: You take the 20. This you multiply by nine; 
the product is 180. Divide this by five; the result is 36. To this you add 32; the 
sum is 68. This is the temperature in degrees Fahrenheit that you sought.“

The Use of Symbols

How can we rewrite this algorithm using symbols ?

1. What words/numbers do we replace with symbols ?

2. How can we write this in a general form for use with  
    any temperature value ?



  

Symbolic Algebra

The initiation of symbolic algebra was an achievement of  
Renaissance Europe.

Fracois Viete (1540-1603), a contemporary of Galileo (1564-
1642) was a lawyer and legal counselor of French kings. Viete 
transformed algebra into an “analytical art”. 

1QC -15QQ + 85C -225Q + 274N   aequatur 120

(Here N means “numero”, Q is N-squared, C is N-cubed.)

How would we write this today ?



  

Symbolic Algebra

Rene Descartes (1596-1650) introduced the convention of using 
letters near the end of the alphabet for unknowns and using 
superscripts (of Hindu-Arabic integers). 

Viete was first to use letters for general coefficients.  Descartes 
adopted plan of using letters at beginning of the alphabet for 
these general coefficients.  

John Wallis (1616-1703), a professor at Oxford, came up with 
fractional exponents. 

Thus by the 17th Century, this equation in general form became:

x5 – ax4 + bx3 + cx2 + dx = 0.

Symbols used this general form gives immense power to algebra.



  

Let's Try Some Examples

F  = 9/5 C  + 32

* Can we rearrange the equation to solve for Celsius ?

* If C = 20o, then what is the conversion in Fahrenheit ?

* This has the general form:    y  = ax + b,

* Most conversions are even simpler:    y  = ax



  

Unit Conversions

* Long lists of unit conversions can be simplified. 

* All conversions can be done in the reverse by inverting (division).

1 meter  = 3.281 ft
0.3048 meters = 1 ft

* Conversions can be combined:

1 ft  = 30.48 cm



  

Approaches to Unit Conversion
Multiply by “1”

Example:  Convert 2000 grams to kilograms

What is desired unit ?

What is starting unit ?

What is relationship between them ?  

Starting Quantity   =           Conversion =  Desired quantity

2000 g             =  

1000 grams (g) = 1 kilogram (kg)

1000 g
1      kg =  2 kg

1

For multiple conversions: Do one at a time.



  

For Multiple Conversions, Do One at a Time

The average crustal density for continents is 2.6 g/cm3.
Convert  this to kg/m3.



  

How to Deal With Exponents

If a sediment bed accumulates at a constant rate of 6 
meters per Million years and we measure the sediment 
level at 12 meters, how old is the bottom bed ?  

If we later determine that there was no deposition in 
the bed in the last 6 million years,  then how old is the 
bottom layer of this section?
 

2 Million years  = 2 x 106 yrs

2 Million years  + 6 Million years 
   (2 x 106)    +   (6 x 106)         = 8 x 106 yrs

 Add coefficients only



  

Multiplying Exponents

(106)   X    (106)     = 1012

Add Exponents

(2 x 106)   X    (3 x 106)   = 6 x 1012

Multiply Coefficients and Add 

Exponents



  

What is 106  squared ?

(106)2  = 1012

Multiply exponents

 = 1018

What is 1 x 106  cubed ?
 

(106)3

Exponents of Exponents!

Be sure to get the exponents on the 
correct side of the parantheses.

Exercise:   Convert plate velocity originally measured 
at 2 kilometers per Million years to centimeters per year

 
- Step 1: Use multiplication by 1

 - Step 2: consider exponent rules



  

Significant Figures, Why do they Matter ?

“Truth in advertising” 

When you give the result of a calculation, you communicate
two things:

1) The number itself

2) How well that the number is known

If you measure the sinking velocity of a foram while out at sea on 
a ship and you give the result:      1 cm/sec

But you neglect to mention that your boat was in 20 ft seas:
Your proper answer would correctly be 1cm/sec     +/- 620 cm!

How well is your results known ???



  

A Few Rules on Significant Figures
1. When you multiply or divide
round off to the same number of figures as in the factor with 
the least number of figures.

2. When you add or subtract, 
it is the position of the digits that is important, NOT how 
many there are. Imagine (or actually do this!) that the 
various terms that are added or subtracted together are in a 
vertical column with the decimal points all lined up. Spot the 
term that goes least far to the right. Roung off to that 
position.

3. If you have a calculation that involves multiple steps, 
keep additional digits through the intermediate results and 
round off at the end. 



  

An Example:

A confined aquifer is 12 ft thick. The potentiometric surface is 277.86 ft 
above sea level (a.s.l.) in one well and 277.32 a.s.l. in a second well. The 
2 wells are 792 ft apart and aligned in the direction of groundwater flow. 
If the hydraulic conductivity is 21 ft/day, and the effective porosity is 
0.17, what is the average linear velocity ?

Use the Darcy Flow Law:  v   = (K h) / (n s) 

where n is porosity, v = is average velocity,h is elevation 
difference of 2 wells and s is distance, and K is hydraulic conductivity.

Please give you answer with the correct number of significant digits. 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 



  

 


