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What is Pre-Calculus?
•Pre-Calculus is also called Algebra 3, or Algebra 4.  It is supposed to 
be the last high school basic Algebra. 

•Algebra: Algebra (from Arabic "al-jabr" literally meaning "reunion of 
broken parts") is one of the broad parts of mathematics, together 
with number theory, geometry and analysis. In its most general form, 
algebra is the study of mathematical symbols and the rules for 
manipulating these symbols; it is a unifying thread of almost all of 
mathematics.



Branches of Math
•Arithmetic

•Algebra (use of symbols to replace numbers: variables)

•Number Theory

•Probability and Statistics (use of random variables)

•Geometry (including analytical geometry)

•Calculus (use of lambda-calculus, functions)

Pre-calculus is presumably the aggregation of all the knowledge 
before calculus. Yet, the curriculum usually covers only Algebra 3. 



Algebra 3
•Algebra 3 focuses on the continuation of study of Algebra and 
Trigonometry. 

•Topics studied in this course include 
1. linear equations and inequalities, 
2. polynomials, factoring, 
3. rational expressions, 
4. trigonometric identities and 
5. functions: exponential, logarithmic, trigonometric, inverse 

trigonometric.



Topic: 
1. Scalar, Vector 
2. Complex Number and Complex Plane
3. Linear, polynomial, exponential, logarithmic, 

conic, trigonometric functions and their 
graphing on a plane

4. Stretching/Shrinking, Translation, Rotation, 
Transformation

5. Matrix theory and multi-dimensional data
6. Complex plane, Cartesian plane, Polar system.
7. Trigonometry and Complex number
8. Distance and angle
9. Tangents and Normals

Analytical Geometry



Analytical Geometry for a Line



Discrete and Continuous Aggregation
1. Sequence, 

2. Approximation, 

3. Asymptotic Analysis and 

4. Limits Theory
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Variables and 
Expressions
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Vector, Matrix, 
and Tensor
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Independent Variable and 
Java: 
double x; 
double y; 
y = f(x); 

Question: What's a variable?
Answer: A variable is an object, event, idea, feeling, time period, or any 
other type of category you are trying to measure. There are two types of 
variables-independent and dependent.

Question: What's an independent variable?
Answer: An independent variable is exactly what it sounds like. It is a 
variable that stands alone and isn't changed by the other variables you are 
trying to measure. For example, someone's age might be an independent 
variable. Other factors (such as what they eat, how much they go to 
school, how much television they watch) aren't going to change a person's 
age. In fact, when you are looking for some kind of relationship between 
variables you are trying to see if the independent variable causes some 
kind of change in the other variables, or dependent variables.



Independent Variable and Dependent 
Variable 

Java: 
double x; 
double y; 
y = f(x); 

Question: What's a dependent variable?
Answer: Just like an independent variable, a dependent variable is exactly 
what it sounds like. It is something that depends on other factors. For example, 
a test score could be a dependent variable because it could change depending 
on several factors such as how much you studied, how much sleep you got the 
night before you took the test, or even how hungry you were when you took it. 
Usually when you are looking for a relationship between two things you are 
trying to find out what makes the dependent variable change the way it does.
Many people have trouble remembering which is the independent variable and 
which is the dependent variable. An easy way to remember is to insert the 
names of the two variables you are using in this sentence in they way that 
makes the most sense. Then you can figure out which is the independent 
variable and which is the dependent variable:
(Independent variable) causes a change in (Dependent Variable) and it isn't 
possible that (Dependent Variable) could cause a change in (Independent 
Variable).



from pylab import *

import numpy as np

# definition of a polynomial

def polynomial(x, c):

y = np.ndarray(len(x))

i = 0

for xt in x:

yt = 0

for z in c:

yt = yt * xt + z

y[i]=yt

i+=1

return y



# prepare data

c = [1, -2, 1]

x = linspace(-6, 6, 101)

y = polynomial(x, c)

print(type(x), len(x))

print(type(y), len(y))

# drawing graph

figure()         # create a figure

xlim(xmin=-5.2, xmax=5.2)        # set x-axis range

ylim(ymin=-5.2, ymax=5.2)           # set y-axis range

plot(x, y, 'r')  # create x-y plot using red dot

xlabel('x')      # label x-axis

ylabel('y')      # label y-axis

title('Polynomial')   #

grid(linestyle='-', linewidth='0.5', color='gray')

axhline(0, color='black', lw=1.0)

axvline(0, color='black', lw=1.0)

show()

Independent Variable

dependent Variable

Variable -> Single Variable

Vector -> Array (or list)

Quantized Function -> 
Array (List) of Undefined 
Length in discrete domain.



Core Operation (Multiply-Shift and Add)
def polynomial(x, c):

y = np.ndarray(len(x))

i = 0

for xt in x:

yt = 0

for z in c:

yt = yt * xt + z

y[i]=yt

i+=1

return y



Algebraic 
Expression
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Simplification of Algebraic Expression







Algebraic Equations
An algebraic equation is a statement that two algebraic 
expressions are equal, or that an algebraic expression is 
equal to a constant. 

The solution(s) of an equation is the value or values that 
make(s) the equation true. The goal when solving an 
algebraic equation is to simplify and isolate the variable on 
one side of the equation using properties of equality and 
inverse operations.



Linear Equations



Linear Equations



Quadratic Equations





Demo Program: Quadratic Function
quadratic.py

Go PyCharm!!!
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Representing Relations and Functions
•A relation is a relationship between the values in two sets of 
data—one set provides the input values for the relation, and 
the other set is the output values. A function is a specific 
type of relation for which each value in the set of inputs is 
paired with exactly one value in the set of outputs.  

•The domain of a relation or function is the term that refers 
to the set of input values. The range is the term that refers to 
the set of output values. The domain and range of a relation 
or function can be shown in sets, ordered pairs, tables, or 
graphs.





Scatter + Line Plot (Example 1)
scatter.py
from pylab import *

import numpy as np

x = [1, 2, 4, 8]

y = [2, 4, 8, 16]

figure()

scatter(x, y)

plot(x, y, color='r', linestyle='-')

xlim(xmin=0, xmax=8.5)        # set x-axis range

ylim(ymin=0, ymax=16.5)           # set y-axis range

xlabel('x')      # label x-axis

ylabel('y')      # label y-axis

title('Scatter Chart')   #

grid(linestyle='-', linewidth='0.5', color='gray')

show()



Try Example 2?

Go Ahead!



Excel 
Scatter 
Chart





PyLab Scatter Chart
scatter2.py

from pylab import *

import numpy as np

n = 50

x = np.linspace(0, n-1, n)

y = np.ndarray(n)

for i in range(n):

y[i] = int(random()*15)

figure()

scatter(x, y)

#plot(x, y, color='r', linestyle='-')

xlim(xmin=0, xmax=n+1)        # set x-axis range

ylim(ymin=0, ymax=15.5)           # set y-axis range

xlabel('x')      # label x-axis

ylabel('y')      # label y-axis

title('Scatter Chart')   #

grid(linestyle='-', linewidth='0.5', color='gray')

show()
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Complex Number as 
Roots
QUADRATIC FUNCTIONS







The Complex Number Plane



Absolute Value of Complex Numbers





Complex Number as a 
Vector
2D POINTS



Complex Addition and Subtraction



Conjugate



Absolute Value of Complex Numbers



Complex Number as a 
Phasor
POLAR FORM

https://www.electronics-tutorials.ws/accircuits/phasors.html

https://www.electronics-tutorials.ws/accircuits/phasors.html




Complex Multiplication



Complex Division





Euler’s Formula



PyLab (Matlab-
Like Python)
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Cartesian Plane
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Cartesian Plane
• A Cartesian coordinate system is a coordinate 

system that specifies each point uniquely in a plane by a 

pair of numerical coordinates, which are 

the signed distances to the point from two 

fixed perpendicular directed lines, measured in the 

same unit of length. 

• Each reference line is called a coordinate axis or 

just axis (plural axes) of the system, and the point where 

they meet is its origin, at ordered pair (0, 0). The 

coordinates can also be defined as the positions of 

the perpendicular projections of the point onto the two 
axes, expressed as signed distances from the origin.

https://en.wikipedia.org/wiki/Coordinate_system
https://en.wikipedia.org/wiki/Point_(geometry)
https://en.wikipedia.org/wiki/Plane_(geometry)
https://en.wikipedia.org/wiki/Number
https://en.wikipedia.org/wiki/Positive_and_negative_numbers
https://en.wikipedia.org/wiki/Perpendicular
https://en.wikipedia.org/wiki/Unit_length
https://en.wikipedia.org/wiki/Origin_(mathematics)
https://en.wikipedia.org/wiki/Orthogonal_projection




from pylab import *

import numpy as np

def cartesian(a): # scatter chart

figure()

size=len(a)

for x in range(len(a)):

plot([a[x][0], a[(x+1)%size][0]],[a[x][1], a[(x+1)%size][1]],'r-',label='python')

limit=np.max(np.ceil(np.absolute(a))) # set limits for axis

xlim((-limit, limit))

ylim((-limit, limit))

ylabel('Imaginary')

xlabel('Real')

grid(linestyle='-', linewidth='0.5', color='gray')

axhline(0, color='black', lw=1.0)

axvline(0, color='black', lw=1.0)

show()

#close()

a = [(1, 0), (sqrt(3)/2, 1/2), (sqrt(2)/2, sqrt(2)/2), (1/2, sqrt(3)/2), (0, 1),

(-1/2, sqrt(3)/2), (-sqrt(2)/2, sqrt(2)/2), (-sqrt(3)/2, 1/2), (-1, 0),

(-sqrt(3)/2, -1/2), (-sqrt(2)/2, -sqrt(2)/2), (-1/2, -sqrt(3)/2), (0, -1),

(1/2, -sqrt(3)/2), (sqrt(2)/2, -sqrt(2)/2), (sqrt(3)/2, -1/2), (1, 0)

]

cartesian(a)
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Argand Diagram (Complex Plane)
• An Argand diagram is a plot of complex numbers as points

z = x + i y 

• in the complex plane using the x-axis as the real axis and y-axis as 
the imaginary axis. In the plot above, the dashed circle represents 
the complex modulus 𝑧 of z and the angle θ represents 
its complex argument.

• While Argand (1806) is generally credited with the discovery, the 
Argand diagram (also known as the Argand plane) was actually 
described by C. Wessel prior to Argand. Historically, the geometric 
representation of a complex number as a point in the plane was 
important because it made the whole idea of a complex number 
more acceptable.

http://mathworld.wolfram.com/ComplexNumber.html
http://mathworld.wolfram.com/ComplexPlane.html
http://mathworld.wolfram.com/x-Axis.html
http://mathworld.wolfram.com/RealAxis.html
http://mathworld.wolfram.com/y-Axis.html
http://mathworld.wolfram.com/ImaginaryAxis.html
http://mathworld.wolfram.com/ComplexModulus.html
http://mathworld.wolfram.com/ComplexArgument.html
http://mathworld.wolfram.com/ComplexNumber.html


ComplexNumber.py: 

[0.+6.j, 1.+7.j, 2.+8.j, 3.+9.j, 4.+10.j]

from pylab import *

import numpy as np

def argand(a): # scatter chart

figure()

for x in range(len(a)):

plot([0, a[x].real],[0, a[x].imag],'ro-',label='python')

limit=np.max(np.ceil(np.absolute(a))) # set limits for axis

xlim((-limit, limit))

ylim((-limit, limit))

ylabel('Imaginary')

xlabel('Real')

grid(linestyle='-', linewidth='0.5', color='gray')

axhline(0, color='black', lw=1.0)

axvline(0, color='black', lw=1.0)

show()

a = [0.+6.j, 1.+7.j, 2.+8.j, 3.+9.j, 4.+10.j]

argand(a)



Polar Plane
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Polar System
•In mathematics, the polar coordinate system is a two-dimensional 
coordinate system in which each point on a plane is determined by a 
distance from a reference point and an angle from a reference 
direction.

•The reference point (analogous to the origin of a Cartesian 
coordinate system) is called the pole, and the ray from the pole in 
the reference direction is the polar axis. The distance from the pole 
is called the radial coordinate or radius, and the angle is called the 
angular coordinate, polar angle, or azimuth.



Polar System





import numpy as np

from pylab import *

t = np.arange(0, 2, 0.01)

theta = 2 * np.pi * t     # np.pi is the pi value

ax = subplot(111, projection='polar')

ax.plot(theta, t)

ax.set_rmax(2)

ax.set_rticks([0.5, 1, 1.5, 2])  # less radial ticks

ax.set_rlabel_position(-22.5)  # get radial labels away from 

plotted line

ax.grid(True)

ax.set_title("A line plot on a polar axis", va='bottom')

show()

Polar.py
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Summary
•Algebra study the use of symbols in mathematics.   

•It includes the study of variable (independent/dependent), their domain field 
(including number set).  

•The functions for the construction of dependent variables.  The oddity, evenness, 
symmetry of functions. Algebra also study the translation of functions. 

•Functions to be studied in algebra 3: polynomials, rational function, 
exponential/logarithmic, and trigonometric.

•Analytical geometry is used to visualize the functional data. It is also used to study the 
pole/zero for a function.  Pole and Limits are used to study the asymptotic behavior of 
functions. Zeros are used to study the cross-over points for a function on an axis. 


