Calculating the Area of a Triangle Given Three Points
There are several methods for calculating the area of a triangle, but determinants can be used when only the three vertices of a triangle are known.
The Formula
Suppose triangle (ABC has the vertices A(x1, y1), B(x2, y2) and C(x3, y3).  The area of (ABC can then be calculated as
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Note that depending on the position relationship among A, B, and C, the determinant calculation could be negative.  The ( sign is used to force a positive value for the area.
The Proof

The reason behind the formula is a connection between the area of the triangle when calculated one way and the pattern resulting from a 3(3 determinants calculation.  

Look at the diagram at the right.  The area of the triangle (in orange) could be calculated by finding the area of the entire shaded region and then subtracting the area of the two trapezoids underneath (in yellow and green).
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If this last expression is expanded, simplified, and rearranged, the result yields
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The Proof (continued)
Now observe the determinant in its expanded form (shown here using expansion by minors)
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If this last expression is expanded and rearranged, it yields 
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Notice that this is exactly the same expression as the one that resulted from the area calculation, thereby proving the determinant formula will find the area of the triangle with those three vertices.

Additional Applications

One can use this same formula for more than just the area of a triangle.  If the area of a parallelogram is needed, simply choose three of the four vertices to create a triangle.  Find its area and then double it to calculate the area of the parallelogram.

The formula can also be used to prove three points are collinear.  If the three “vertices” were all on the same line, there would be no triangle and therefore no area.  If the formula yields an area of zero, then there is no triangle and the points must be collinear. 

Example 1
Find the area of the triangle with vertices (3, 5), ((1, 2) and (4, 0).

Use the formula, using the ( sign for the positive value.
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Example 2
Find the area of the parallelogram with vertices (2, 2), (3, 1), (3, 7), and (4, 6).


Since the area of a parallelogram is twice that of a triangle, drop the 1/2 from the formula 
and use any three vertices.
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Example 3
Determine if the points (1, 1), ((1, 7), and (2, (2) are collinear.


Use the formula to see if the area is zero.
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Since the value is zero, the points are collinear.
(x1, y1)





(x2, y2)





(x3, y3)
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