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R.4 Equations

Section Objectives:

· You shall be capable of applying the concept of the Addition property of equality to solve linear equations (EXAMPLE 1 and EXAMPLE 2)  [Problems 1 – 8]

· You shall be capable of applying the concept of the Multiplication property of equality to solve linear equations (EXAMPLE 1 and EXAMPLE 2)  [Problems 1 – 8]

· You shall be capable of applying the concept of the PEMDAS to solve linear equations (EXAMPLE 2)  [Problems 1 – 8]

· You shall be able to define and give examples for the following mathematical terminology: 

Definitions and Terminology

· linear equation (pg. xxix)  An equation that can be written in the form ax ( b = 0, where a and b are real numbers and a ( 0, is called a linear equation.

· Addition property of equality (pg. xxix)  For all real numbers a, b, and c, given the equation a = b, the same number may be added to both sides of an equation.  Symbolically, we can state the Addition property of equality as the following: For all real numbers a, b, and c, if a = b, then a ( c = b( c.

· Multiplication property of equality (pg. xxix)  For all real numbers a, b, and c, given the equation a = b, the same number may be multiplied on both sides of an equation.  Symbolically, we can state the Addition property of equality as the following: For all real numbers a, b, and c, if a = b, then a ( c = b( c.

· PEMDAS (pg. xxix)  The acronym is used in conjunction with the Order of Operations, and stands for P = Please, EMDAS= Excuse, EMDAS= My, EMDAS= Dear, EMDAS= Aunt, S = Sally.  For more information, refer to the notes below.

References

The notes below were made for the following textbook.  There is a copy in the Library on closed reserve.

“Intermediate Algebra, An Applied Approach” 6th Ed., by Aufmann, Barker, Lockwood, Houghton-Mifflin Co., ISBN 0-618-20304-4.

Mathematical Notation or Symbols

	Symbol
	Section
	Meaning

	
	R.4
	


The Balance Scale and Properties of Equality

	Balance Scale

All of the Properties of Equality simplify into the following concepts.

· An equation acts like a Balance Scale, and

· Whatever you do to one side of the equation you must do to the other side of it.


· You shall be able to solve an equation using the Addition Property of Equations. You shall be able to solve an equation of the form x ( a = b, or x ( a = b.   (EXAMPLE 1) [Problems 9 – 36]

	Addition Property of Equations

The same number can be added to each side of an equation without changing its solution.  In symbols, the equation a = b has the same solution as the equation a + c = b + c.


	Subtraction Property of Equations

The same number can be subtracted to each side of an equation without changing its solution.  In symbols, the equation a = b has the same solution as the equation a ( c = b ( c.


	Process to Eliminate an Addition or Subtraction in an Equality

If the equation contains only 1 variable and there is an addition or subtraction on the same side as the variable, then perform one of the following:

· If you have x ( a, and you want to solve for x, subtract a to both sides.

· If you have x ( a, and you want to solve for x, add a to both sides.


· You shall be able to solve an equation using the Multiplication Property of Equations. (EXAMPLE 2) [Problems 9 – 36]

	Multiplication Property of Equations

Each side of an equation can be multiplied by the same nonzero number without changing the solution of the equation. In symbols, if c ( 0, then the equation a = b has the same solution as the equation ac = bc.





	Division Property of Equations

Each side of an equation can be divided by the same nonzero number without changing the solution of the equation. In symbols, if c ( 0, then the equation a = b has the same solution as the equation a/c = b/c.


· You shall be able to solve an equation of the form a x = b, or 
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· If you have ax, and you want to solve for x, divide both sides by a.

· If you have
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, and you want to solve for x, multiply both sides by a.

· If you have
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· You shall be able to solve an equation using both the Addition or the Multiplication Property of Equations. (EXAMPLE 3) [Problems 37 – 57]

	Procedure for Solving 1-Step Linear Equations
1. Determine which side of the equation contains the variable.

2. Determine what the number is on the same side of the equation where the variable occurs.

3. Determine what operation connects the number and the variable from Steps 1 and 2 above.

4. Use the inverse operation to remove the number from that side of the equation.

· If the operation is addition, then use the number from Step 2 and subtract it on both sides of the equation.

· If the operation is subtraction, then use the number from Step 2 and add it on both sides of the equation.

· If the operation is multiplication and the number from Step 2 is not a fraction, then use the number from step 2 and divide it on both sides of the equation.

· If the operation is multiplication and the number from step 2 is a fraction, then use the reciprocal of the number from step 2 and multiply it on both sides of the equation.

· If the operation is division (fraction bar), then use the number from step 2 and multiply it on both sides of the equation.




	The Order of Operations Agreement

Step 1  Perform operations inside grouping symbols.  Grouping symbols include parentheses (  ), brackets [  ], braces {  }, and the fraction bar.

Step 2
Simplify exponential expressions.

Step 3
Do multiplication and division as they occur from left to right.

Step 4
Do addition and subtraction as they occur from left to right.




The order of operations agreement is also referred to as PEMDAS, which stands for: Please Excuse My Dear Aunt Sally.  Below is a table that shows the relationship between PEMDAS and The Order of Operations Agreement.

	PEMDAS
	Math Meaning
	The Order of Operations Agreement

	Please
	Parentheses
	Step 1

	Excuse
	Exponents
	Step 2

	My Dear
	Multiplication Division
	Step 3

	Aunt Sally
	Addition Subtraction
	Step 4


· You shall be able determine whether a given ordered-pair is or is not a solution of an equation in two variables. [Problems 5 – 8]

	Procedure to Determine whether a given number is a Solution of an Equation
1. Replace the variable with the given number wherever it occurs on each side of the equation.  Refer to Section 2.1, evaluating variable expressions.

2. Evaluate the expression on the left-hand side of the equation.

3. Evaluate the expression on the right-hand side of the equation.

4. Compare your answers from steps 2 and 3 above.  If they are equal, then the given number is a solution to the given equation.  If they are not equal, then the given number is not a solution to the given equation.



Concepts, Facts, Theorems – Objective B

· You shall be able to solve an equation using both the Addition or the Multiplication Property of Equations. (EXAMPLE 3) [Problems 37 – 57]

· You shall be able to solve an equation of the form ax ( b = c, and ax ( b = c.  In words, you shall be able to solve an equation of the form: (some number) times (a variable) plus/minus (some number) equals (some number).

	Procedure for Solving 2-Step Linear Equations

A General Procedure for Solving General Linear Equations - Part I
1. If the equation contains fractions, multiply every term on both sides of the equation by the lowest common denominator (or least common multiple) for all of the given fractions.  Alternatively, you may multiply through by the product of all denominators appearing in the equation.  This step will eliminate all fractions from the equation.

2. Determine which side of the equation contains the variable. Find the number that is being added or subtracted on that side of the equation.

3. Eliminate the constant being added/subtracted on the side of the equation that contains the variable.  

· If the operation is addition, then use the number from step 2 and subtract it on both sides of the equation.

· If the operation is subtraction, then use the number from step 2 and add it on both sides of the equation.

4. Determine which side of the equation contains the variable. Find the number that is being multiplied or divided on that side of the equation. 

5. Use the inverse operation to remove the number from that side of the equation.

· If the operation is multiplication and the number from Step 4 is not a fraction, then use the number from Step 4 and divide it on both sides of the equation.

· If the operation is multiplication and the number from Step 4 is a fraction, then use the reciprocal of the number from Step 4 and multiply it on both sides of the equation.

· If the operation is division (fraction bar), then use the number from Step 4 and multiply it on both sides of the equation.


· You shall be able to solve an equation of the form ax ( b = cx ( b.  In words, you shall be able to solve an equation of the form: (some number) times (a variable) plus/minus (some number) equals (some number) times (a variable) plus/minus (some number).  (EXAMPLE 1, 2) [Problems 1 – 27]

	A General Procedure for Solving General Linear Equations - Part II
1. Combine like terms on the same side of the equal sign when possible.

2. Get the variable terms to either the right-hand side or left-hand side of the equation.  To do this, add the opposite of the variable term that you wish to eliminate to both sides of the equation.

3. At this point, you should have a 2-step equation.  Use the General Procedure for Solving General Linear Equations - Part I from Section 3.2 to complete your solution to the problem.


Concepts, Facts, Theorems – Objective C

· You shall be able to solve an equation containing parentheses. (EXAMPLE 4) [Problems 37 – 57]

	A General Procedure for Solving General Linear Equations Containing Parentheses
1. If the equation contains fractions, multiply every term on both sides of the equation by the lowest common denominator (or least common multiple) for all of the given fractions.  Alternatively, you may multiply through by the product of all denominators appearing in the equation.  This step will eliminate all fractions from the equation.

2. Use the distributive property to remove the parentheses when necessary.

3. Combine like terms on the same side of the equal sign when possible.

4. Use the addition and subtraction property of equality to collect all terms with a variable on one side of the equal sign and all constants on the other side of the equal sign.  It may be necessary to use the addition or subtraction property of equality more than once.  This process will eventually result in an equation of the form ax = b, where a and b are real numbers.

5. Solve for the variable using the division or multiplication property of equality.  This will result in an answer in the form x = c, where c is a real number.  The solution to the equation is x = c.
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