Continuity of a Function of One Variable:
A function f(x) is continuous at x = a if the following 3 conditions are satisfied:

a) f(a) is defined
b) lim f(x) exists
¢) lim f(x) = f(a)

f1s said to be continuous on an interval / if fis continuous at each point x in /.

* Be able to determine if a function is continuous at a point or on an interval.
* Be able to identify if a function is discontinuous at a certain point and whether it has
removable or non-removable discontinuity.

Definition of the Derivative

f'(x)=lim

h—0

f(x+h)— f(x)
h

Differentiability

Usually a function fis nondifferentiable where the graph of f has a corner, a vertical tangent
line, or a discontinuity. (Note that differentiability implies continuity, but continuity does not
necessary imply differentiability.)

Notation for Higher Derivatives (first derivative, second derivative, ..., nth derivative)
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The Chain Rule

o f (808 fAe(x) &%)  OR If y=f(g(x)) and u = g(x), then y= f(u) and
dy _dy du
dx du dx
d

ofar)
OR  ——+f(u)g= /%)~

In words, the derivative of f ( g(x)) is the derivative of the outside function evaluated at the
inside function times the derivative of the inside function.

Derivatives of Trigonometric Functions

Note: If you memorize the

—(sinx) = cosx —(cosx) = —sinx derivatives of sinX, Secx,
dx dx .. )

and tan x , it is easy to find the
—(sec x) = secx tan x —(cscx)=—cscxcotx | derivatives of their cofunctions,
dx dx cosx, cscx, and cotx . Add a minus
—(tan x) =sec’x —(cot x) =—csc’x sign and replace each trig function
dx dx

in the derivative with its
cofunction.

* P. T. A. Power Rule, Trig Function, Angle
When differentiating a trigonometric function, the chain rule may have to be used.
Sometimes, differentiating a trigonometric function may require multiple applications
of the chain rule, as shown in the following example:

. dy . .5

Find — if y= .
ind ax 0o (3x) 1) Power rule (derivative of sin®u)

2) Trig function (derivative of trig function; keep angle)

dy .
dx = 2sin(3X)cos(3x)(3) 3) Angle (derivative of angle)

= 6sin(3X)cos(3X)

Equations of Tangent and Normal Lines

The tangent line to the graph of fat x = a is the line whose equation is

y=fla)=f(a)x-a).

The normal line to the graph of fat x = a is the line whose equation is

|
y—fla)= (x—a) [m

f’(a) normal iS

the opposite reciprocal of .., ]



Limits
Definition, computing limits,
Properties/theorems about limits. Anton, pg. 123-125 ff.

Techniques of Differentiation
1. Derivative of a Constant =0
2. Power rule
3. Product rule
4. Quotient rule

Sketching the Graph of a Function
* Find f'(x) and solve for all x satisfying f'(x) =0

f'(x) >0 (means function is increasing)
* Find intervals where f'(x) <0 (means function is decreasing)

f'(x) =0 (means there is a horizontal tangent line)

Increasing and Decreasing Functions
Critical Points

Absolute and relative extrema
Inflection Points

Concavity

Finding asymptotes,

To find horizontal asymptotes, find lim f(x)=L or lim f(xX)=L.

X—>—o00

The horizontal asymptote is y= L

To find vertical asymptotes,

Verbal Problems Involving Instantaneous Rate of Change or Growth




