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Solving Extravaganza; Logarithm Equations

Dr. Stan Hartzler      Archer City High School

A variable term contains an alphabet letter as a factor.  In the first three equations below, the variable terms are 4x, x, and 6x.

To solve an equation, variable terms are collected, isolated, and unitized. 

It is good to be mindful that 

· Solving by inspection is sometimes easiest.

· The goal is almost always to find one of the variable (unitize), after getting variable terms collected into just one term, and alone (isolated) on its side of the equal sign (solitude).

· The reverse operations are done to both sides of the equation.

· Planning is often facilitated by a trial substitution like 
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, and then inverting the operations and reversing the order. 

For 
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 , the 4 must change to one.  We anti-multiply, or divide, or multiply by the inverse (reciprocal); we reverse or inverse operate.

For 
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, one of the variable is there now.  But the variable term has no solitude: 5 must become zero, leaving one x alone.  To un-add, we subtract, or add the inverse (opposite); we reverse or inverse operate.           

For 
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, neither one of the variable nor solitude is in sight.  Both un-multiplying and un-adding are needed.  Which first?  Either can be done, but the easiest solving process uses the critical principle.

Discovery and design of the easiest procedure can begin with pretending to solve be guesswork.  Pretend to guess that the variable x is a 10.
	Substitution (guesswork): only

think order of operations


	Solving process: reverse order
and invert operations

	1. Multiply 6

2. Add 5


	1.  Subtract 5

2.  Divide 6


· If 10 is substituted for x, it is first multiplied by 6; then 5 is added.

· Critical Principle: The easiest solving process reverses (or inverts) each operation and reverses the order used for a substitution guess.


The first step is un-adding the 5.


The second step is un-multiplying the 6.
This use of inverse operations in contrary order might be described as unwrapping the package.

Other “basic” operations are subtraction and division:  
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More advanced operations include exponentiation.  Four aspects will be mentioned here: 

	A.  The variable term has an exponent:  
	(A)   
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	B.  The exponentiation is disguised with  

a radical sign: 
	(B)     
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	C.  The variable term has a fraction exponent:  
	(C)     
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	D.  The variable or variable term is the 


exponent (an exponential equation):
	(D)    
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In (A), the variable term is cubed.  Unwrapping the package happens by taking the cube root of both sides, since the reverse or inverse of cubing is cube root.  The complete solving plan again appears when something like 10 is substituted for x, and the order of operations is revealed and then(1) inverted and (2) reversed.  

For (B), the square root (or the ½ power) is being taken of the variable term.  The reverse or inverse of square root is squaring.  The complete solving plan will have three steps this time.

For (C), the reverse of the 
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 exponent is a 
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 exponent, because 

· exponents are multiplied in such an arrangement, and  
· multiplying 
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, and 1 as an exponent disappears.               
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etc.

The point of the lesson is now at hand.  Solve 
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 for x . 

How may an exponential equation like 
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 be solved for x ?  In other words, what exponent can we put on a 4 so that 21 is the result?  

The answer for x has to be a number that is between 2 and 3, and much closer to 2.  (Why?)  But isn’t there a process to replace guesswork?  Yes!
The process will require isolating the exponent x -- using a logarithm operation, a reverse or inverse of the exponent operation.
When the x in 
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 is isolated, it is called a logarithm (log for short).  The language used in exponent isolation includes any of these:

· The exponent placed on a base of 4 to produce 21 is x .
· The logarithm with base 4 for 21 is x .
· The logarithm of 21, base 4, is x .

· Most briefly, 
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The Briggs (or common) system uses 10 as a base.  So “log 3” means “
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”.  When no base for the logarithm is given, 10 is a default base.

Actually finding out what x is in 
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requires a theorem.  Try finding 
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  The result should exceed 2 a bit, as predicted.

Again, the reverse or inverse of exponent is logarithm, just as



addition and subtraction are inverses of each other 

multiplication and division are inverses of each other

squaring and square root are inverses of each other, etc.  

The log button on a calculator is short for logarithm for base 10.  

For (D) above: for exponentiation, reversal is expressed as a logarithm, which is an exponent (especially an isolated exponent).  Recall the basic form change is    
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· It may be said that “A logarithm c is the exponent placed on the base b to produce a.”  So both members of 
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 are exponents.

	Substitution (guesswork): only

think order of operations

For the example (D) 
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, 
we think (guessing) about t = 10.
	× –5

exponentiate on e
                    × 96.2


	From this thinking, a solving process develops, reversing order and inverting operations.

1.  Divide by 96.2. 
2.  Log both sides, base e (
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)  -- form change.
3.  Divide by −5.
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Solve 
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.  Think guesswork to develop a process plan. 
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