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Limits
Common Derivatives
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Iim f(x)f lim f(x)=L

xBat xS a

l;m f(x)I:I lu:n f(x)
x@a lu:n f C(x) Does Not Exist

L’ ’Hospital’s Rule
b7 ) 0 L f(x) 0
T8 0T Bgm o0 ™"
(=) _..  f(x)
Iim =lm
@a g(x) @ag'(x)
Derivatives
Definition and Notation
x+h)— f(x
f (x) — ngé} ( h) ( )

Basic Properties and Formulas
(fg)' = f"g+ fg' —Product Rule

a1s anumber, || or |

%D = f'g;zfg — Quotient Rule
s g
d

— ( x”) =nx"'—Power Rule

(e =1 (e(x)e'(x

This 1s the Chain Rule

%(x) . 2 (os0x) =~cscxcots
%(sinx)=cosx < (cotw) =-ose’»
9 (cosx)=-sinx R
2 (tan x) =sec’x 2 {oos ' x)=— lixz
4 {see ) =seortan s g (60 5) =5
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E(loga (x)) = m, x>

Increasing/Decreasing

Concave Up/Concave Down

Critical Points

x=c is acritical point of /(x) provided cither

1. f'{c)=0 or2. f'{c) doesn’t exist.
Increasing/Decreasing
1. If f'(x)>0 for allx in an interval / then

( ) 1s increasing on the mterval 1.
2. If f'(x) <0 for allx in an interval ] then
J(x) is decreasing on the interval I
3. I ( ) 0 for all x in an interval I then

/() is constant on the interval I
Concave Up/Concave Down

1. If f"(x)>0 forall x in an interval / then
f (x) 1s concave up on the interval /.
2. If f"(x)<0 forallx in an interval ] then

f (x) 1s concave down on the interval /.
Inflection Points

x=c is a inflection point of f(x) if the

concavity changes at x=c.
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1 Derivative Test
If x=c is a critical point of f{x) then x =c is
1. a rel. max. of f(x}) if f'(x}>0 to the left
of x=c and f'(x}<0 tothe rightof x=c.
2. arcl min. of f(x) if f'(x) <0 to the left
of x = cand f”(x)> Oto the right of x =c.
3. not a relative extrema of /(x) if /*(x) is
the same sign on both sides of x=c.
2" Derivative Test
If x=c is a critical point of f(x) such that
f'(c)=0then x=c
1. isarelative maximum of f (x) if /"(c)<0.
2. isarelative minimum of f(x) if f*(c)> 0.
3. may be a relative maximum, relative
minimum, or neither if f"(c)=0.
Fundamental Thegrem of Calculus

RN B
Part 1. gb(x):a\éf(t)dt:f(x]
PartI1;/ f(x)dc=F (b)-F (a]
Common Integrals

\ﬁdx=kx+c
VK dx——x 'ye,nll-1
V=g

mdx— L 1n|ax+b|+c
\Jnu du =uln(u)—u+c
\g du=e"+c

\fosudu =sinu +c
\filudu=—cosu+c
\;eczudu =tanu+c
\fecu tanudu =secu+c
\gscucotudu =—cscu+c

\;asczudu =—cotu+c

\}‘canuduzln’secuhc
\pecu du =ln‘secu+tanu‘+c
Vﬁdu =2ttan”' (%) +c

\ 7—J£121_7 du=sin”' (%)+c

u Substitution :
b ' &)
Vo (8(a)g )= ()
Integration by Parts :

v =1\ pdu and \Zudv:uv‘i—\zvdu

Products and (some) Quotients of Trig Functions

For \sin" xcos” xdx we have the following :

1. nodd. Strp 1 sine out and convert rest to
cosines using sin” x=1—cos” x , then use
the substitution # =cosx .

2. modd. Strip 1 cosme out and convert res

to sines using cos’ x =1-sin’ x , then use

the substitution # =sinx.

n and m both odd. Use either 1. or 2.

4. nand m both even. Use double angle
and/or half angle formulas to reduce the
mtegral into a form that can be integrated.

bl

For \jan" xsec™ x dx we have the following :

1. nodd. Strip 1 tangent and 1 secant out and
convert the rest to secants using
tan® x =sec® x—1, then use the substitution
uU=56CX.

2. meven. Strip 2 secants out and convert rest

to tangents using sec’ x =1+ tan’ x, then

use the substitution # =tanx.

n odd and m even. Use either 1. or 2.

4. neven and m odd. Each integral will be
dealt with differently.

w
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Trig Substitutions :

& -bx? 1 x= %siné

cos’@=1—sin’ @
VB —a® T x=1sect

tan® 8 =sec” -1
a+b’x [ x=%tan(

sec’ @ =1+1an’ @

Partial Fractions :
Factorin O(x) Term in P.F.D

A
ax+b

ax+b

Ax+ B

ax’ +bx+c —
ax’ +bx+c

Factor in Q(x) Term in P FD
% 4 4 4
(ax+b) ::1.7|:+b+(ax+b)2 N +(ar+b)k

A4x+B Ax+B,
(a+bere) i e (ot o)

k

Area Between Curves :

b
y= f(x) [l A= \é Yipper fimetiond— Yower ﬁmctioanx
x=f(y) [ A=\Z\gight fmctionf|— Yeft fimctionPey

Volumes of Revolution :

V= \A(x)ds and ¥ =\A(5)dy
Rings

A = 71 (outer racius)” — (inner radius)”
Cylinders )
A = 277 (radius) (width / height
Work : 7 — \ZF(x)dx

Average Function Value :

Fong =2y S (%)

Arc Length Surface Area:
SA = \; 2z yds (rotate about x-axis)
S = \227rxds' (rotate about y-axis)

Improper Integral
Infinite Limit
1. \4 f(x)dx:!g%l\éf(x)dx
b . b
2. v, f(x)dxztg% Vf(x)dx
3.\ fR)dx=y, fx)de+y f(x)dx
Discontinuous Integrand
L Discont otz ()=l (1)
2. Disconl, alb:\{f(x)dx:,g\gf(x)cﬂ
3. Discontimuty at a<c<b :
\of (x)dx =y £ (x)dx+y f (x) ds
Comparison Test for Improper Integrals
If f(x)0g(x)000n |a,0) then,
L IfV;J f(x)dx conv. ﬂlenV;J g(x)dx conv.
2. If\j(J g(x)dx divg.then\j(J f(x)dx divg
Useful fact : If a> 0 then
\Z ipdx converges il p>1
and diverges for p <1
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