
Math 250 3.3 Basic Differentiation Rules and Derivatives of sinx and cosx (from 3'5)

Objectives

1) Find derivatives using (shorlcuts! @) rather than the definition of the derivative (limits! @)

a. Constant Rule 4[.]: o
clx

b. Power n r. {[' n]= 
'*n-'ax

c. Constant Multiple xA" filr' f @)= c' f '(x)

d. sum and Difference Rules fttf O>t g(,)] = .f '(x)t g'(x)

e. CAUTION: There is NOT a parallel rule for the derivatives of products or quotients!

2) Find higher-order derivatives by repeated use of differentiation rules'

a. The second derivative .f " , irthe derivative of the first derivat ive: f ' ( x) = frV' Ol1

b. The third derivative f '' , irthe derivative of the second derivative: f "(.x) = 4lf "r*)], etc'
dx*

c. Higher-order derivatives can also use $e 
*notation, 

but notice that the operator ft "applied

each time the derivative is taken, so exponents in the numerator are different from exponents in

the denominator. f"(x) = +, .f''(x) =+dx' ax

3) Find derivatives of sin(x), cos(x)

a. Two sPecial limits: memorife!

sinx
1. hm-

x-+0 X

ii. lir,',1-cos'
x+0 X

.db. -" sin x
dx

dc. 
-cos,dx

,,'"q*i*ia|gebtaandlimits.Wewantshortcutstoavoid

using this process!

If the instructions say to ,,find derivative using the limit process" or "differentiate using the definition of

derivative", we MUST use limits'

If the instructions say "find derivatives" or "differentiate", we can and should use the rules and shortcuts'

MUST MEMORIZE, ALL THE DERIVATIVE RULES!

Recall: Definition of Derivative



m,oN(x) = .f '(x) =lrry;dVJffJ1!

Examples and Practice:

1) Graph J @) =x and use the graph findthe slope ofthe tangent line at (2, ftZ).

2) Graph -f (x) =3 and use the graph find the slope of the tangent line at (2, f Q). What general statement can

we make about -f (*) = c for any constant c?

3) Use the definition of limit and the Binomial Theorem to find the derivative of f (x) = xo. What general

statement can we make about .f (x) : x^ ?

positiveintegersa1soworksforanyrea1numberexcept0.

f (x) = xo = 1 uses the Constant Rule.

4) IIse the Power rule to find the following derivatives

a. f (x): x"
b. f(x)=x-'
c. "f 

(t) = t'
1./

d. s(r)=1:

e. .f (i = *li

Use the definition to find the derivative of g(x) = c. -f (x). What is the difference between this rule and the

rule for -f (x) = c?

Use the definition to differentiate h(x) = f (x)+ g(x), and draw a conclusion about the derivatives of

h(x) = .f (x) + g(x) and h(x) = f (x) - g(x) .

7) Find first and second derivatives derivatives, simplifuing first if necessary.

a. ! = 5xt -!*' +t*I

x3 +4x2 -6b. h(x) =

c. s(r; = tt(Ot -X')

8) Find the equation of the tangent line to

s)

6)

)x-

g(x) = 3(5 * x)'? at (+,r)



9) Determine the points, if any, at which the graph of f (x) : x3 - x has ahoizontal tangent line'

10) Using/G)= ,+ ,find f '(-4) and sketch a graph demonstrating what this means'

12*)'

t 1)Use numerical evidence to find the limit

.. sin xa. Itm-
l+0 X

b. See notes online for anal1,tic 111p!lnr by the Squeeze theorem
r+0 X

1-cosxc. Itm.-
r+0 X

d. See noles online for analyic l'S-}l{ using fim!ry

12) Recall the identities for

a. sin(,a + a)

b. cos(,a + r)

13) Use the definition to find the derivative when .f (x) = sin x

14) Use the definition to derive the derivative of ./(x) = cos x
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