Geometric Interpretation of Differentiation
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Figure 1: A graph with secant and tangent lines.

The derivative of f(x) at © = x¢ is the slope of the tangent line to the graph
of f(x) at the point (zo, f(zo)). But what is a tangent line?

e It is NOT just a line that meets the graph at one point.

e It is the limit of the secant lines joining points P = (zo, f(x0)) and @ on
the graph of f(x) as @ approaches P.

The tangent line touches the graph at (zg, f(x)); the slope of the tangent
line matches the direction of the graph at that point. The tangent line is the
straight line that best approximates the graph at that point.

Given a graph of our function, it’s not hard for us to draw the tangent line
to the graph. However, we’ll want to do computations involving the tangent
line and so will need a computational method of finding the tangent line.

How do we compute the equation of the line tangent to the graph of the
function f(x) at a point P = (z9,y0)? We know that the equation of the
straight line with slope m through the point (zo,y0) is ¥y — yo = m(z — xo), so
in the abstract we know the equation of the tangent line.

To get a specific equation for the line, we’ll need to know the coordinates xq
and yo of the point P. If we know xg we can find yo = f(xo) by substituting
the value z( in to the expression for f(x). The second thing we need to know
is the slope, m = f'(x¢), which we call the derivative of f.

Definition: The derivative f'(xg) of f at xg is the slope of the tangent line
to y = f(z) at the point P = (zo, f(zo).



MIT OpenCourseWare
http://ocw.mit.edu

18.01SC Single Variable Calculus
Fall 2010 O

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.



http://ocw.mit.edu
http://ocw.mit.edu/terms

