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The Tangent Line and Their SlopeThe Tangent Line Problem Given a funtion y = f (x)de�ned in an open interval and a point x0 in the interval, de�nethe tangent line at the point (x0, f (x0)) on the graph of f .
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ExampleFind the equations of the tangent lines to the graph off (x) = √1− x2 at the points (0, 1) and (
√22 .

√22 ).
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ExampleLet f (x) = x2.
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The slope of the tangent
De�nitionGiven a funtion f and a point x0 in its domain, the slope of thetangent line at the point (x0, f (x0)) on the graph of f ism = limh→0 f (x0 + h)− f (x0)h .
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Example
Given f (x) = √x , �nd the equation of the tangent line at x = 4.
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ExampleFind the tangent line to the graph of f (x) = x1/3 at x = 0.
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ExampleLet f be the pieewise de�ned funtionf (x) = {2− x2 x ≤ 1x3 x > 1Is the funtion ontinuous, and does it have a tangent line atx = 1?
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The Derivative
De�nitionThe derivative of a funtion f at a number a, denoted by f ′(a), isf ′(a) = limh→0 f (a + h)− f (a)h .Equivalently f ′(a) = limx→a f (x) − f (a)x − a .
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The tangent line (revisited)
FatTangent line The tangent line to y = f (x) at (a, f (a)) is the linethrough (a, f (a)) whose slope is equal to f ′(a), the derivative of fat a.
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Rates of hangeDe�nitionThe average rate of hange of y with respet to x over theinterval [x1, x2] is
∆y
∆x =

f (x2)− f (x1)x2 − x1 .The instantaneous rate of hange of y with respet to x islim
∆x→0 ∆y

∆x = limx2→x1 f (x2)− f (x1)x2 − x1 .
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Example
ExampleA manufaturer produes bolts of a fabri with a �xed width. Theost of produing x yards of this fabri is C = f (x) dollars.1 What is the meaning of the derivative f '(x)? What are itsunits?2 In pratial terms, what does it mean to say thatf '(1, 000) = 9?3 Whih do you think is greater, f '(50) or f '(500)? What aboutf '(5, 000)?
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