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Concepts addressed: 
Mathematics: Algebraic Concepts 
 
 
A variable is a quantity whose values may change. A constant is a quantity whose value does not  
change. For example, the number of feet in a yard is a constant number 3. The time it takes you 
to eat breakfast is variable.  
In algebra, one use the letters x, y, z etc to represent variable or unknown quantities in algebra.  
 
Example:  

Express the pay P for t hours if you are paid $12 for the first hour and $10 for each  
additional hours.  
P = 12 + 10( t - 1 ) dollars.  

 
Example:  

Write three consecutive integers if the least integers is x.  
The numbers are x, x + 2, x + 4.  

 
Note: 3, 5, and 7 are consecutive odd integers and 3, 4, and 5 are consecutive integers.  
 
Example:  

The sale price of a car is $10200 after a 15% discount. What is its original price?  
Note that original price - 15% of original price = 10200. We let the original price = $x  
Then x - 0.15 x = 10200 i.e. 0.85 x = 10200 and so x = 10200/0.85 = 12000.  
Check the answer by taking away 15% of 12000 from 12000.  

 
 
Associative, Commutative, Distributive properties:  
 
Commutative property:  

For any real numbers x and y  
x + Y = Y + x (addition)  
xy = yx  (multiplication)  

 
Associative property:  

For any real numbers x, y, and z  
x + (y + z) = (x + y) + Z x(yz) = (xy)z  

 
Distributive property:  

For any real numbers x, y, z  
x(y + z) = xy + xz (y + z)x = yx + zx  

 
Indicate the property:  
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x + (y + z) = x + (z + y) 
 
It is the commutative property.  
These properties are used in arithmetic and algebra to add, subtract and multiply numbers and 
polynomials.  
 
Add (3x2 -7x+5)+(-2x2 +4x+6)=x2 -3x+ll  
 
Using commutative and associative properties.  
 
Multiply:       (3x - 2)( 5x + 7) = 3x( 5x + 7) - 2( 5x + 7)  

= 15x2 + 2lx -lOx -14  
= 15x2 + llx -14  

Using all three properties.  
 
Additive and Multiplicative Inverses:  
 
Additive identity property:  

Zero is the unique number such that for each real number a,  
a+0=0+a=a  

 
Additive inverse property:  

For each number a, there is a unique number, - a, such that  
a+(-a)=(-a)+a=0  

 
Multiplicative identity property:  

1 is the unique number such that for each real number a,  
1*a=a*1=a  

 
Multiplicative inverse property:  

For each number a ≠0, there is a unique number, 1/a, such that a * 1/a = 1/a * a = 1 
 
The multiplicative inverse of x is also denoted by X-1 = 1/x
 
The additive inverse of - x is x and the multiplicative inverse of  1/x is x.  
So – (-3) = 3 and 3 –1 = 1/3 and (3-1)-1 = 3 
 
These properties are used to solve equations and inequalities 
 
Example:  

Solve 3 x + 7 = 13  
We add - 7 on both sides to get 3x = 6. Then multiply by 1/3 to get x = 2.  

 
The Special Property of zero and one:  
Zero multiplicative property of zero:  

Zero is the unique number such that for each real number a,  
a*0=0*a=0  
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Multiplicative identity property:  
1 is the unique number such that for each real number a,  
1*a=a*1=a  
( -1) * a = a* (-1) = -a  

 
Show that 3(-4) = -12  
 
We start with (-4)+4 = 0  
Then  3((-4)+4) = 3·0 = 0 (multiplicative property of 0)  
 3(-4) + 3(4) = 0 (distributive property)  
 3(-4) + 12 = 0  (additive inverse property)  
So 3(-4) = the additive inverse of 12 = -12  
 
Similarly we can show that (-3)(-4) = 12.  
 
Show that (a-1)-1 = (1/a)-1 = a 
We know that  (1/a) * a = a * (1/a) = 1 and so (1/a)-1= a 
 
Function Machines:  
Let A and B be nonempty sets. A function f from A to B is a correspondence that associates with 
each element a of A exactly one element b of B. The element b is called the value or image of the 
function at f and written f(a) = b.  
The set A is called the domain of the function. The set of all values of the elements of the 
domain is called the range of the function.  
A function from a set A to a set B can also described as a subset S of the set  

AxB = { (a,b): a is in A and B is in B}  
such that if (a,b) and (a,c) are in S then b = c.  

 
In algebra, the functions appear as formulas.  
f(x) = 3 x + 7 is a function from the set of all integers A = Z to the set of all integers B = Z.  
 
So f(2) = 3(2) + 7 = 6 + 7 = 13.  
 
Here the function f(x) = 3 x + 7 can be thought of as a machine that receives an input number 
from the domain, manipulates it, outputs its value. In the above example, the input is 2 and the 
output is 13.  
Examples: { (1,4), (2,3), (3,5), (4,5)} is a function with domain = {1, 2, 3, 4} and range = {3, 4, 
5}  
 
{(1,a), (2,a), (3,a), (4,a)} is a function with domain {I, 2, 3, 4} and range {a}  
Let A ={1, 2,3, 4} and B = {a, b, c, d}  
Then {(1,a), (3,b), (4, c)} is not a function from A to B because the element 2 of the set A is not paired 
with any element of the set B.  
 
{(1,a), (l,b), (2,b), (3,c), (4,d)} is not a function from A to B because 1 is paired with two elements of B.  
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Equations, inequalities, patterns, and algebraic formulas  
 
An equation is a statement that in which two expressions, at least one containing a variable, are equal. 
Since the equation is a statement, it mayor may not be true. The numbers that make the statement true are 
called the solutions or roots of the equation.  
Types of equations: An equation that is true for all real numbers are called an identity.  
3(x-7) = 2x-21+x andx2 -x-6 = (x+2)(x-3) are examples of identities.  
 
An equation satisfied by some numbers but not by other numbers is called a conditional equation.  
3x - 6 = 9 and x2 - x - 6 = 0 are examples of conditional equations. The equation  
3 x + 7 = x + 2 (x - 5) has no solution.  
An inequality is a statement which states that one expression is <, <, >, or > another expression.  
 
Examples:  

3x-14 < 7, 3x +11 < 5x+ 17, 5x-7 > 5 + 2(x-3), 5x+ 1> 11 are examples of inequalities.  
 
Solve: 3x -14 < 7. The solution is the set of all real numbers less than 7.  
Solve: 3x + 11 < 5x + 17  
3x-5x < 17-11 
 -2x < 6  
-2x/-2>6/-2 = -3 
i.e.>-3  
It is the set of all real numbers greater than - 3.  
Note: Reverse the inequality sign when dividing or multiplying by a negative number.  
 
The inequalities appear in several application problems with statement involving at most, at 
least, less than, or greater than.  
 
Examples:  

Suppose the cost and revenue of a certain product are given by C(x) = 3x + 1200 And 
R(x) = 5x, where x is the number of object of units produced. At what production level 
does R at least equal C?  

 
Here we have to solve the inequality R(x) > C(x). Note the break-even point is when R(x) = 
C(x).  
The formula for converting Fahrenheit temperature (F) to Celsius (C) temperature is  
C = 9/5 (F - 32). If the Celsius temperature ranges from 22 degrees to 38 degrees, inclusive, what  
is the range for the Fahrenheit temperature?  
 
Here we have to solve the compound inequality: 22 < C < 38 i.e. 22 < 9/5(F -32) < 38 for F.  


