Location Theorem (or Rational Zeros Theorem)                          College Algebra


The Location Theorem is a method used to locate the x-intercepts of a polynomial.  We know that when a line crosses the x-axis, the sign of the y-coordinate (the remainder) changes from negative to positive (or positive to negative).  We will do repeated synthetic division on the polynomial until we find an upper and lower bound, then look for those remainders which have sign changes between them. 

P(x) = x3 – 2x2 – 5x + 4   (The highest power is 3, means there are three zeros)

Finding the Upper & Lower Bounds

1. Upper Bound: Start by dividing the polynomial by 0, 1, 2, 3 , … until you get a row of all positive numbers.

           1        -2         -5        4


0
     1         -2         -5       4

1
     1         -1         -6      -2
     

2
     1          0         -5      -6

3
     1          1         -2      -2

4
     1          2          3       16

2. To find the Lower Bound, divide the polynomial by -1, -2, -3 , … until you get a row with alternating signs.

          1        -2         -5        4


-1       1         -3         -2       6

-2       1         -4          3      -2

The three x-intercepts lie between the bounds –2 and 4.   But since none of the remainders equal zero, we can’t find an exact crossing point, but we can find a general location. If we make this into one big chart we can see the situation more clearly.Look for sign changes, the function crosses the x-axis between any two numbers whose remainders change signs. 

         1        -2         -5        4

                       -2         1         -4          3      -2

     -1         1         -3         -2       6

     

      0
     1         -2         -5       4
      1
     1         -1         -6      -2
      2
     1          0         -5      -6
      3
     1          1         -2      -2
4
     1          2          3       16

The Location Theorem has located the zeros, now you can use the Bisection Theorem to get a closer approximation of the exact location of the zeros.
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This is the first row of all positive numbers.  


So 4 is the Upper Bound.





This is the first row of alternating signs.  


So -2 is the Lower Bound.





The remainders are in the last column (in bold)





The zeros (x-intercepts) are in the three intervals where the sign changes occur.


     (-2, -1), (0,1), (3,4) 





Upper  Bound





Lower  Bound
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