A is for Algebra:

Algebra is the branch of mathematics that works with mathematical statements.  These statements are usually formulas using symbols like = to connect the parts.  When mathematicians see the = symbol, they know that what is on the right side should equal what ever is on the left.  Letters are used to stand for unknown quantities and numbers are used for knowns.

A big part of algebra is just learning what the symbols mean and learning how to follow the rules for using the symbols.  For example, the symbols ( and ) enclose something that must be done on the numbers within the symbols before what is within the parentheses can be used in whatever mathematics is taking place outside the parentheses.

There are rules, laws that must be used to properly apply an algebraic system.  One law states that the order in which we add or multiply to numbers may be interchanged.  Another law states that if more than two numbers have to be added or to be multiplied, it does not matter which two of the numbers we add or multiply first.  These laws are called the “commutative” and “associative” laws. 

The distributive law states: instead of multiplying two numbers by a common factor and adding the products, we may first add the two numbers and then multiply their sum by the factor.  This results in a formula like the following ab + ac = a(b+c).

B is for Boolean Algebra:

Boolean algebra is the algebra of logic.  It deals with sets, individuals, and propositions.  A set is a collection of things.  Something that belongs to a set is called a “member” of the set.  Sets are denoted by capital letters and the members of a set are collected together within braces.  When we state A=B, it means the set A has the same members as the set B.

Special symbols have been created for various logical situations such as the union of sets, the intersection of sets, when an individual is a member of a set, and for logical relationships.  Special symbols are used for negation and implication.  There are symbols for “not,” for “and,” for “or.”

Logical systems that use these symbols are known as “symbolic logic.”  Symbolic logic and Boolean Algebra provide a means for applying the theory of sets and logical operations.  Examples of practical applications of this theory can be found in plotting the relationships of blood groups or in the use of electrical switching circuits as a model for nerve cells connections in the brain.

The null, or empty set, is the set that contains no elements. The symbol “U” is used for the universal set, for the set that contains all the elements being discussed.

Boolean Algebra and symbolic logic merge traditional mathematics with the logic of Aristotle.

C is for Calculus:

The notion of function is important to calculus.  If each element of a set A is associated with one element of set B, this association is called a function.  We use symbols such as “x” (called the independent variable) for members of set A and symbols like “y” (the dependent variable) for members of set B.  We use “f” to stand for function and f (x) to stand for the dependent variable (y).

All possible values of x can be plotted along an imaginary horizontal line or axis (the x axis) with 0 at the center and negative numbers going left (-1,-2, etc.) and positive numbers going to the right.  Various values of y can be plotted along an imaginary y-axis with the positive numbers going up from 0 above the intersection with x and the negative numbers below.

Equations can be plotted on this graph.  Quadratic equations produce curved lines called “parabola.”  Integral calculus is a series of methods for calculating the area beneath curved lines.  Differential calculus calculates the derivatives of y with respect of x.  In this form of calculus, we are trying to find out how y changes as x changes.  We are looking at the slope of the curve at (x,y).

To do this we must work with the concept of “limits.”

When a function is defined for values of x for some fixed number, and the values of f(x) cluster more and more about a specific number L, the number L is called the “limit” of f(x) as x approaches the fixed number.

D is for Differential:

The differential coefficient, the derivative, of a function f(x) is the limiting value.  If f(x) is at point x, then it can be differentiated there.  The function is continuous there.  If the differentiation process is repeated, higher derivatives are obtained.

If function z = f(x,y) depends on the two variables x and y, then two “partial derivatives” can be obtained.  Repeating the process, we obtain the higher derivatives.

An idea of the differential calculus can be gotten from the graph of a function y = f (x) that is represented on the coordinates of an x and y-axis by a curve with a tangent at every point.  Consider two points on this curve P and P’, as P’approaches P on the curve, the curve of the cord s = PP’ will rotate until it coincides with the tangent at P.  There is an algebraic process that corresponds to this. Change in y divided by change in x tends toward a limit.  We can obtain the differential coefficient from the tangent of the angle c (dy/dx = tan c).

Differential calculus is important in problems of growth rate, reaction time, concentration, velocity, and acceleration.  The idea behind the differential calculus is the notion of rate of change so problems of relative growth, rate of reaction, density, and slope of a curve are implicated.  Questions of velocity and speed involve rates of change.  Sometimes we know the derivative of a function and need to know the y = f (x) (the antiderivative).

E is for Exponential:

An exponent is a number times itself.  The exponent is written in a small number on the upper right.  The small number tells how many times the big number is to be multiplied times itself.  2 to the 2nd power is 2 x 2 = 4.  2 to the 3rd power is 2 x 2 x 2 = 8.   Exponential sequences grow exponentially by the first, second, third, fourth powers, etc.  In exponential functions, the independent variable is an exponent.

Logarithmic functions are the inverse functions of positive numbers.  Two to the third power = 8.  The log of 8 to the base 2 = 3.  Common logarithms work with the base 10.

Ten to the third power = 1000, log 1000 = 3.  The original positive number is known as the “antilogarithm.”

Calculus uses natural logarithms with the base e = 2.71828128459.  For numerical calculations, common logarithms are most useful.  Natural logarithms are needed in both differential and integral calculus.

The logarithm of 1 is 0 for every base.  If the base and antilogarithm are equal, the logarithm is 1.  Any positive number other than 0 and 1 can be used as a base.

Numerical calculation with logarithms is practical because of the following relationships: log (ab) = log a + log b,

log (a/b) = log a – log b.

Logarithms were developed in conjunction with the preparation of tables for calculating compound interest.

F is for Form of the Good:

The Greek philosopher Plato developed a sophisticated form of the Pythagorean notion of a sacred mathematics.  Plato puts forth the notion in dialogues like “The Republic” that existence has a mathematical basis.  

An investigation of the relationship of forms and structures reveals that there is an ideal set of relationships that is eternal and universal through all things that rules all other relationships.  We call that relationship, after Plato, “ The Form of the Good.”

The Form of the Good is a system of polarities: Singular vs. Group, Fixed vs. Fluid, Whole vs. Part, that rules all things.

The metaphysics of mathematics, the use of mathematics as an ideal supersystem, is apparent in the following polarities in mathematics: the infinitesimal vs. the statistical, the finite vs. the infinite, and the fixed vs. the fluid.  A similar series of polarities involves imaginary numbers vs. statistical norms, fixed numbers vs. fluctuating numbers, transfinite numbers vs. fractions.

There is a larger series of polarities between Algebra and Statistics, between Logic and Calculus, between Geometry and Transfinite systems.  This implies secondary polarities between sets and differentials, between analysis and integration, between formulas and random products, between infinite limits and finite coordinates.  Tertiary polarities exist between exponents and roots, numbers and variables, unknowns and graphs, sums and topology.

G is for Geometry:

The Hellenic Age saw the perfection of Greek geometry in the work of Euclid.  Euclid presented geometry as a rational product calculated from basic axioms.

Plane geometry is the study of figures in two dimensions.  Solid geometry is the study of figures in three dimensions.  Analytic geometry is the study of figures based on coordinates that are axes of numbers running from negative to positive with zero as the central point in which the axes meet.  These coordinates can be used to graph equations and functions.

In the geometry of Euclid, parallel lines never meet.  In non-Euclidian geometry, parallel lines may intersect.  Non-Euclidian geometry is important in the application of the relativity principle of space-time according to the theories of Albert Einstein.

A special form of analytic geometry uses an x-axis for real numbers and a y-axis for imaginary numbers.  This type of analysis allows us to graph the exponential and logarithmic functions of complex variables.  Imaginary numbers are based on “i” (the square root of –1).  Complex numbers have an imaginary part and a real part.  Euler’s formula allows us to express trigonometric functions in terms of exponential functions.

The unit circle in the complex plane allows us to write every number on its circumference in relationship to “e.”

H is for Higher:

There are lower and higher levels of sophistication in mathematics.  The lowest level of sophistication involves simple arithmetic.  The highest level of sophistication involves gradients of polarities between mathematical methods.  For example calculus grades into statistics through exponents and statistics into logic through arithmetic.  Logic grades into algebra through the use of equations and the search for solutions to quadratics.  Algebra grades into calculus through the analysis of variables.   Variables are the opposite of arithmetic numbers.  Quadratic roots are the opposite of exponents.

Transfinite systems grade into determinate systems and determinate systems into logic and logic into trigonometry and trigonometry into geometry and geometry into functions and functions into calculus and calculus into limitless domains and limitless domains into transfinite systems.  Determinate systems are the opposite of functions and limitless domains are the opposite of trigonometry.

Transfinite systems grade into sums and sums into norms and norms into graphs and graphs into geometry.  Geometry grades into topology and topology into algebra and algebra into the binomial expansion into the infinite.  Topology is the opposite of the collection of sums and unknowns are the opposite of the graphing of knowns.  Algebraic solutions in complex and imaginary roots are the opposite of statistical norms.  Transfinite systems are the opposite of geometry.  Calculus is the opposite of logic.

I is for Integral:

Integrals are limits of a sum.  Finding an integral is called “integration.”  Integration is a branch of calculus.  An integral is the area of a region between a curve and an interval on the x-axis.  In a sense, integration is the opposite of differentiation and involves the antiderivative.

The problem of estimating areas, cubic capacity, and volume confounded mathematicians in ancient times.  Triangles and rectangular strips were used.  The German philosopher and mathematician introduced the use of the vertically elongated S for integration.  

The solution is a calculus that is the opposite of differentiation.  We are given the derivative and we must find the function.  We are given a function “f” and we are required to find another function “F” such that dF (x)/dx = f (x).  Integration allows us to compute the area lying with different curves and the volumes of any solids with limits expressed by equations.

Since integration is the inverse of differentiation, for every differentiation formula there is a corresponding integration formula.  We can find integrals by looking for functions whose derivative is the integrand.  It is helpful to have the most important integrals listed.

An integral can be evaluated by changing the variable from x to u = ax, where "a" is some constant.  Often it is possible to simplify by substituting other quantities for the variable.

J is for Joining:

Mathematical metaphysics results from joining the separate areas of mathematics into a universal system.  The basis of this system is the opposition of calculus as the study of flux and logic as the study of the fixed.  A similar opposition exists between algebra as the study of theoretical unknown and singular expressions and statistics as the study of known collections of practical probabilities.  A final opposition arises from geometry and trigonometry as the study of finite parts and transfinite systems that join together a universal union that is the limitless whole.

The various areas of calculus provide four faces focused on the flux pole: differentiation, infinite limits, integration, and probable derivatives.  Four define the logic pole opposite: sets are the opposite of differentiation, geometric coordinates of infinite limits, analysis is the opposite of integration, formulas are the opposite of probable derivatives.  Thus, the ideal is the opposite of the practical, the analytical of the synthetic, order of openness, and definite results of limitless source.   

This great joining is the mathematics of metaphysics.  It is the substrate of the Form of the Good.  It is the Platonic foundation from which all being and becoming emerges.

Joining at the transfinite level integrates all finite levels of joining.  An infinitely dimensional hyperspace-time is generated that transcends all less levels of integration and differentiation.  This transfinite integration corresponds to the “Hen” of the trinity Plotinus.  Logic is the “Nous.”

K is for Kurt Godel:

In 1931, the mathematician Kurt Godel published a paper, which destroyed the ancient hope of generating the perfect deductive system.  Godel demonstrated that mathematics cannot be completely and consistently formalized in one system.  One formal system cannot contain mathematics.  Godel’s work calls the whole notion of formalism into question.  The natural numbers cannot be uniquely deduced from any formal system, yet they are well-defined objects of our thought.  We are not in doubt about what a natural number is.

The hope of achieving total consistency in arithmetic cannot be realized.  Finite things are left open and have something vague about them.  Mathematics cannot be formalized in one formal system.  It is always growing around the edges.  A hierarchy of systems must be constantly established with each system generating a larger hierarchy in turn.

Godel’s work inspired similar work by others.  Alonzo Church’s theorem states that there is no procedure for deciding whether or not a formula of the first order of pure predicate calculus is provable.  Alan Turing published a paper on computable numbers.  Alfred Tarski developed a theory of undesirability.

Kurt Godel’s work indicated that the hope of formalization of mathematics represented by the “Principia Mathematica” of Russell and Whitehead could not provide perfect fruit.

L is for Logic:

The German philosopher Liebnitz had the ideal of mathematizing deductive logic.  Gottlob Frege (1848-1925) codified logical principles used in mathematical reasoning.  Giuseppe Peano (1858-1932) attempted to refound the various branches of mathematics free from intuition.  Peano devised a symbolic language for this purpose.  Bertrand Russell wrote “The Principles of Mathematics” in 1903.  In this work he attempted to ground all mathematics in a small number of fundamental logical concepts.

The sequel was the three volumes of “Prinicipia Mathematica” which he wrote with Alfred North Whitehead.  Principia covers much of the territory covered by Frege using the symbolism of Peano and theory derived from Cantor.

David Hilbert (1862-1943) pioneered a formalist philosophy of mathematics in which logic as proof theory created a metamathematics.  Gerhard Gentzen (1909-1945) attempted a formalization of logical principles.  He attempted to overcome the obstacle presented by the work of Godel by use of the principle of transfinite induction.

The intuitionist approach to mathematics comes from the Dutch mathematician Luitzen Egbertus Jan Brouwer.  Brouwer rejected the notion that mathematics is a system of formulas and rules.  Ludwig Wittegnestein became increasingly interested in language as the source of logic and mathematics.  He saw these as conventions of society.

M is for Metamathematics:

Metamathematics was the invention of David Hilbert.  Hilbert was responding to the Platonism of his day by attempting to develop a rigorous formalism, metamathematics was a formal mathematics going back to the axiomatic method of Euclid but updated to modern theory.

L.E. J. Brouwer reacted to Platonism with a different approach called “Intuitionalism.”  Brouwer believed that mathematics was based on mental abstractions.  A third approach reacted to Platonism by emphasizing the logical basis of mathematics.

These reactions to Platonism have encouraged further reactions in turn.  Conventionalism has developed from Formalism and Logicism.  Conventionalism is the polar opposite of Intuitionalism in that it believes that mathematics is simply as series of public conventions with no special “mental” basis.  Constructivism is the polar opposite of Platonism in the sense that it focuses on the possibilities of constructions.

Godel’s incompleteness theorems have shown weaknesses in the metamathematical Formalist agenda of Hilbert and the Logicist agenda of Russell and Whitehead.  The result has been increased Experimentalism in mathematics as the polar opposite of Formalism and Eclecticism as the polar opposite of Logicism.  The result is a super system in which mathematics grows on embryologic gradients.

N is for Number:

The concept of number gives an example of this growth.  We can begin with a primary gradient, which is the sequence of whole numbers from zero to infinity.  We can extend this sequence in a negative direction through the use of negative numbers.  We can fill in the gaps between the whole numbers with fractions and the gaps between the fractions with an infinity of irrational numbers.  The whole system of positive and negative whole numbers and fractions becomes the rational numbers.

Work solving quadratic equations introduces the notion of the square root of –1.  This is an imaginary number called “i.”  We can plot imaginary numbers on a separate axis.  Now imaginary numbers are the opposite of real numbers and rational numbers are the opposite of irrational numbers. Infinitesimal numbers are the opposite of whole numbers and fractions are the opposite of infinite numbers. 

Fixed numbers are the opposite of mutable numbers.  Fixed geometrical coordinates of numbers are the opposite of possible matrices and complex systems of numbers are the opposite of functions derived from those systems.

It is possible to derive a system of systems in which the relationships of number are joined into a metamathematics that expands from the formal into the informal, from the conventional objective into the abstract subjective, from the finite into the transfinite.  It is possible to lay out this system in a tetrahedron or cube or octahedron:

O is for Octahedron:

Consider an octahedron of this metamathematical system.  It has six vertices on three gradients of polarity: the infinitesimal to the sum of whole numbers, finite fractions to transfinite wholes, logical fixed formal systems to the calculus of functions integrating and differentiating dynamic changes.  The infinitesimal vertex is the realm of algebra and the whole number vertex of statistics.  The fraction vertex belongs to trigonometry and the whole vertex to transfinite systems.  The fixed vertex belongs to logic and the fluid vertex to calculus.

Imaginary numbers lie between algebra and logic and rational numbers between logic and whole numbers.  Whole numbers bridge to calculus through exponents of real numbers and from calculus to imaginary numbers through irrational variables.  Between the infinitesimal and the infinite lies the transfinite and unknown.  Between the transfinite and statistical numbers lie progressive sums.  Between statistical numbers and trigonometry lie graphic coordinates.  Between trigonometry and algebra lies topology and factors of algebraic expressions.

One face is formula and its opposite is derivative.  Another face in analysis and its opposite is integration.  One face is set theory and its opposite is differentiation.  One face is infinite limits and its opposite is finite coordinates.  Formula is also Platonism and Classicism.  Set theory is also Formalism.  Analysis is Logicism.  Coordinates are Conventionalism.  Derivatives are Constructivism.

P is for Percentiles:  

A percentile rank is a point in a distribution below, which a certain percentage of individuals fall.  The normal curve is a bell shaped curve that is associated with the most common distributions of individuals.  The branch of mathematics that studies distributions of this kind is called “statistics.”  

Measurement of central tendency and measurement of dispersion are ways in which statistics obtains data about distributions.   Mean (arithmetic average), median (middle item, and mode (most frequent) are three common measures of central tendency.  Range (distance between high and low), variance, and standard deviation (square root of variance) are three common measures of dispersion.

Correlations are statistical measures of the degree of association between variables.  The higher the correlation, the more one variable can be used to predict the other. The most common correlation is the Pearson correlation.  It is symbolized by “r.”

Standard scores of various kinds are developed to present the statistics of normal curves.  The 50th percentile mark in a normal curve is equivalent to a z score of 0, a T score of 50, and a standard score of 100.  It lies in the 5th stanine.

Using a standard deviation of 15, an individual who is one standard deviation below the midpoint of the normal curve will have a standard score of 85.

Q is for Quadratic:

Each of the terms of an algebraic sentence is a monomial.  When more than one mononial is present it is called a polynomial (two terms is a binomial, three is a trinomial).  A polynomial equation has left and right members that are polynomials.  When it is put in standard form, one of its members zero and the other is polynomial in which all similar terms have been combined.  The degree of a polynomial equation is the greatest of the degrees present when it is in standard form.

An equation of one degree is a linear equation.  An equation of three degrees is a cubic equation.  An equation of the form a (x squared) + c = 0 is a “pure quadratic.”  It may be solved by using the property of real numbers: if x and y are real numbers, x squared = y squared if, and only if, r = s or r = - s.  Quadratic equations yield solutions outside the real numbers system.  Negative numbers have no square roots within the set of real numbers.

The solution is to invent imaginary numbers.  Imaginary numbers are the square roots of negative numbers.  The imaginary number “i” is the square root of – 1.  Complex numbers contain both real parts and imaginary parts.  A pure real number has an imaginary part that is zero and a pure imaginary number has a real part that is zero.

Complex numbers can be graphed on the coordinates of the complex plane in which the y-axis is the imaginary axis and the x-axis is the real axis.

R is for Roots:

A square root is the opposite of a square.  It tells us the number that had to be multiplied times itself to yield the square.  A cube root is the opposite of a cube.  It tells us the number that had to be multiplied times itself three times to yield that cube.  The square roots of negative numbers are a special kind of numbers called “imaginary numbers” as opposed to the “real” numbers that are the result of taking the square roots of positive numbers.

Factoring is the process of finding the factors that need to be multiplied together to generate a number.  Roots are factors that are multiplied times themselves to yield the numbers in question.

Roots can be important in solving polynomial equations.  First you must transform the equation into standard form.  Then you factor the left member.  You set each factor equal to zero.  You solve the resulting equation and check each value in the original equation.

A quadratic equation with real coefficients can have two different real roots, a double real root, or no real roots.  Where they’re are no real roots, the complex plane must be used and the imaginary number system.

In a quadratic equation of the form x squared + bx + c = 0, the sum of the roots will be equal to –b (the opposite of the coefficient of the linear term.   The product of the roots is equal to the constant term c.

S is for Set Theory:

A set is a collection of objects.  It may have a finite or infinite number of objects.  The null set has no members.  The universal set includes all the objects being discussed.  

When sets form a new set, a broad u shape symbolizes the union.  When two sets overlap, the broad u is turned upside down.  The Greek letter epsilon is used to show membership in a set.  The broad u turned to the right with line under it means that the first set is a subset of the second.  A = B means that set A is equivalent to set B.  A diagonal drawn through the = means it is not equivalent.

A zero with a diagonal through it stands for the null set.  

If A is any set in U, then A’ is the complement of A.  It is all the elements of U that are not members of A.

Using these symbols, it is possible to develop an algebra of sets.  Further use of symbols for propositions, for negation, conjunction and disjunction of propositions, for implication and for logical equivalence, allows us to develop symbolic logic.

Conjunction means “and.”  It is symbolized by an upside down V.  Disjunction means “or” and it is symbolized by right side up V.  The conditional, if p then q, is symbolized by an arrow.  A two-lined arrow symbolizes implication.  Negation is symbolized by a wavy dash. Using mathematical and logical symbols of this kind, it is possible to develop a prepositional calculus and a set theory algebra that bridge the gap between mathematics and logic.

T is for Trigonometry:

Trigonometry is the geometry of triangles and the study of the relationship of their angles.  It is concerned with the measurement of triangles.   A triangle is a two dimensional figure with three straight sides.  Where two sides meet is an angle.  Angles are measured in the 360 degrees of a circle.  A right triangle contains a 90-degree (right angle).  An angle is the set of points on two rays (its sides).  The common end point is its vertex.

Angles are named by letters at their vertex.  An angle with 180 degrees is a straight angle.  Angle between 0 and 90 degrees is an acute angle; between 90 and 180 degrees is an obtuse angle.  The sum of the measures of the angles of a triangle in 180 degrees.

When an acute angle is part of a right triangle, you can pair the measure of the triangle with the ratio a/b.  This is called the tangent function: tan A = length of side opposite Angle A/length of side adjacent to angle A = a/b.  The sine of angle A is calculated as follows: sin A = length of side opposite angle A/length of hypotenuse = a/c.  The cosine of angle A is calculated as follows: cos A = length of side adjacent to angle A/ length of hypotenuse = b/c.

Cos a squared + sin a squared = 1 for any angle.  Cos (a + b) = cos a cos b – sin a sin b.  Sin (a + b) = sin a cos b + cos a sin b.  Data about biological patterns can often be shown graphs of sine curves.  Trigonometric functions can be used in the calculus of integration to find areas beneath curves.

U is for Universal:

Universal metamathematics exists as a potential behind all achieved form.  This metamathematics governs all potential systems regardless of the state of their actualization.  Metamathematics can never be completely analyzed, formalized, conventionalized or intuited because it consists of a series of balanced polar gradients similar to those found in embryologic structures.  

The abstract embryology of metamathematics balances the closure of formalism against the openness of experimentalism, the idealism of classicism against pragmatic constructionalism, logical analysis against eclectic synthesis, intuitive subjectivism against conventialist objectivism.  The limitless is bounded by limit.  The ideal is expressed in the probable, the closed is broken by the open and the separate is joined in the mixed.

This is process as well as formal structure.  It is eccentric creation as well as public convention.  It is finite structure as well as limitless possible theoretical abstraction.  It is transfinite infinity as well as geometric definition.  The attempt to limit all mathematics by formal truths and definitive bounds is mistaken.  Kurt Godel has shown the need for continual progressions.  Each level is enabled by a higher level, each formal order by a higher order.  Each system opens out to larger universe.  The universe of mathematical discourse is balanced between the fixed and the fluid.  Each becoming generates a being that must generate its own system of becoming in turn.

V is for Vector:

Quantitites requiring both magnitude and direction are called “vectors.”  They are represented by line segments and arrows.  A vector may be respresented by an arrow over its end points.  “Equivalent vectors” have the same magnitude and move in the same direction.  When a vector represents the sum of two or more vectors, it is called a “resultant.”  If I pull something to the right with a force of 100 lbs and you push it to the right with a force of 100 lbs, the resultant is a force of 200 lbs.

If a force of 40 pounds is applied to a lawn mower with a handle 40 degrees from the horizontal, what is the horizontal force moving the lawn mower?  To answer this you must draw a right triangle and label it to represent the known forces and angles.

Cos 40 degrees = CB/30 = .769

