
MTH 251 In Class Worksheet 6

Definition: The tangent line to the curve y = f(x) at the point P = (a, f(a)) is the line through
P with slope

m = lim
x→a

f(x)− f(a)

x− a
= lim

h→0

f(a+ h)− f(a)

h

provided that the limit exists.

Definition: The derivative of a function f at a number a, denoted by f ′(a) is

f ′(a) = lim
h→0

f(a+ h)− f(a)

h

which is exactly the slope of the tangent line. We say the derivative is undefined if this limit
does not exist.

1. Find the derivate of the function f(x) = x2 − 8x+ 9 at the number a.

Fact: the equation of the tangent line to the curve y = f(x) at the point P = (a, f(a)) is:

Tf(a)(x) = f ′(a)(x− a) + f(a).

“‘

1. Find the equation of the tangent line to the following curves at the given points.

a. f(x) =
3

x
at P = (3, 1). b. f(x) = x2 − 8x+ 9 at (3,−6).



Fact: Let f(t) be a position function giving the 1-dimensional position of an object at a given

time t. Then the average velocity between two times must be
f(t2)− f(t1)

t2 − t1
. That is displacement

divided by time. We can use the difference quotient to then determine an instantaneous
velocity at a time a:

v(a) = lim
h→0

f(a+ h)− f(a)

h

But this is simply the derivative of f at a. Thus the velocity of an object with position function f
at time a is simply f ′(a). That is v(a) = f ′(a).

1. Suppose that a ball is dropped from the upper observation deck of the CN Tower, 450 meters
above the ground.

a. What is the velocity of the ball at 5
seconds?

b. How fast is the ball traveling when it hits
the ground?

Definition: If f is a function of x, then we define the first derivative function f ′(x) as:

f ′(x) = lim
h→0

f(x+ h)− f(x)

h

where f ′(x) is read aloud as “f prime of x.”

This derivative function inputs x values and outputs the slope of f at that given value of x.

1. Let f(x) =
5

x− 2
. Find f ′(x).
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Definition: The derivative f ′(a) is the instantaneous rate of change of y = f(x) with respect
to x when x = a. We generally use this language in context of a story problem. The units of an

instantaneous rate of change is
units of f

units of x
.

1. A manufacturer produces bolts of fabric with a fixed width. The cost of producing x yards of
this fabric is C = f(x) dollars.

a. What is the meaning of the derivative
f ′(x)? What are its units?

b. In practical terms, what does it mean to
say that f ′(1000) = 9?

c. Which do you think is greater, f ′(50),
f ′(500), or f ′(5000)?

1. Let D(t) be the US national debt in billions of dollars at time t in years after A.D. 0. The
table below gives approximate values of this function by providing end of year estimates, in
billions of dollars, from 1980 to 2005. Interpret and estimate the value of D′(1990).

t D(t)
1980 930.2
1985 1945.9
1990 3233.3
1995 4974.0
2000 5674.2
2005 7932.7
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