LIMITS

lim f(x) “Whatis happening to y as x gets close to a certain number?”

X=C

lim f(x) “What is happening to y as x gets close to a certain number FROM THE LEFT?”
X—=C

lim f(x) “Whatis happening to y as x gets close to a certain number FROM THE RIGHT?”
X—=C

Properties of Limits

1. lcl_fg[f(x) +9@)] = L - 5 lim [f(x)]

- . x-c Lg(x)

= limg() ¥
X—=>C

2. lim[f(x) —g(x)] = ,
x=c 6. lim[f 1" =

3. limk- f(x) = . o
e 7. If lim g(x) = L, then lim f(g(x)) =
x= xX—-C

4 lim[f(x) - g (0] =

Two Special Trigonometric Limits:

i h %lk’l(
x>0 X . X oo o SwX X 0 X ~>¢>0
lim L SOSX _ Lo C0SX-1 - jgm LS X
=0 X T — X~ 0 X — ' eo X T - -
L’Hopital’s Rule:
10 £ _

Given glcl_r)l}l% If 11m flx) = llm glx) = ¢f . then lim

x—agx) P

Limits at Infinity:

lim f(x) the limit of f(x) as x increases without bound.
X=>00
xlir_noo f(x) the limit of f(x) as x decreases without bound.

Rules for Evaluating Limits at Infinity
1. Ifthe highest power of x appears in the denominator (bottom heavy), lim f )= -

2. If the highest power of x appears in the numerator (top heavy), hm f (x) = or

3. If the highest power of x appears both in the numerator and denommator (powers equal)

Jim f(x) = R

Limit definition for a Horizontal Asymptote:

lim f(x)

x—+too

Definition of Continuity:
A function is continuous at c if all three of the following holds true:

1. lim f(x) THIS IMPLIES THAT lim f(x) =
X—C P, X—C o
2. flo) ____
3. hm f (x) =

s A o P~

The Definition of the Derivative:

limw =f'(x) }11_1;{(1) ] o= f’(a) }Cl_rfé :flcc)

h—0
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INTERPRETING GRAPHS

When Given the graph of f
| e When f'is positive then f is
e When f'is negative then fis .

e Whenf'=0,fhasa ~or:
.« When f’changes sign from posmve to neganve f has o :
'« When f'changes sign from negative to positive f has______ oy
e When f'doesn’t change sign then f has neither a maximum nor a minimum
e When f'is increasing then f is concave ______
e When f'is decreasing then f isconcave . Al
% . When f' changes from mcrea%mg to decreaamg or vice versa’) B L
punot £ has | i}
'When given the graph ofg(x} = f f(o)dt 1
e This meansthatg’ o
e When  fis posmve then q is , ‘
e When. fisnegativethengis ,
s When f=10,ghas:
« When fchanges sign fr om posxtwe to negatlve g has.
e When  fchanges sign from negative to positive g has a \ relative or Jocal minimum
s When fdoesn't change sign then g has neither a maximum nor a minimum
s When fis increasing then g is concave
s When fis decreasing then g is concave "
e When_ : fchanges from increasing to decreasing or vice versa y.. Q‘ v
Q\k{yg\r 3 LS B T
e g(x)=>area.

’ 9"(*);% — /% - Fhe ﬁé’éz@ 51
| ) artes g M@ Jefritd
£

. ok . M)[egt Q}d




DIFFERENTTATION RULES

Power Rule: d% = With Chain Rule: — [(f )" =

Product Rule: Ed; [f-g] = o Quotient Rule: — [ﬂ = 7
Exponential Functions:

= [e*] = With Chain Rule: = [e/®)] = — v
d% [a*]= With Chain Rule: % [af®] = __ -
The Natural Logarithmic Function:

Slnx]= With Chain Rule: —[Inf(x)]=
Trigonometric Rules:

% [sinx]=." With Chain Rule: —[sm(f )] =
Scosx]=______ With Chain Rule: -~ [cos(f()]=___
Lltanx]=__ With Chain Rule: -~ [tan(f (x))] =

f; [cscx] = ”,, o With Chain Rule: % [escf(x)] =

% [secx] = o With Chain Rule: f; [secf(x)] =

= [cotx] = ‘ With Chain Rule: < [cot(f (x))] =

Inverse Trigonometric Functions:

-51— [sin'1 )] = With Chain Rule: -(% [sin"(f(x))] =

E— [cos™i(x)] = - With Chain Rule: % [cos™ 1 (f(x))] =

Llan()]=  WithChainRule: - [tan™ (f(x)) ] =
Zcot™*(®)]=" Wit ChainRule: = ot (f(x)) ] =

% [sec-l(x)]= __ With Chain Rule: f; [sec™(f(x))] =

ad— [csc*(x)]=" ~ With Chain Rule: ;—x [ese”(f )] =

Inverse Functions:
If f(x) and g(x) are inverses then f(g(x)) = x and g(f(x)) =X

If f(x) and g(x) are inverses and (a, b) is a point on f(x) then f(a) = band g(b) = a
Derivative Rule: Given f(x)and g(x) = f () g'(x) = V

Implicit Differentiation:

oL . d d
The derivative of y with respect to x: —[y] = =
. : , d
-| Horizontal tangents occur when % = Vertical tangents occur when d—z =

, , dy
No tangent line exits when d—i’ =




3 %

“I'e«  » Slope of the tangent line ﬁ .
' > Slopeof f(x)atx=a

INTEGRATION RULES

‘Power Rule: [x"dx = | @) f ) dx = o
Trigonometric Functions: .
{sinxdx = f‘w [ sin(f(x)) f' (x)dx = .
fcosxdx = fcos(f(x))'f'(x)dx = .,
[sec?xdx = [sec?(f(x)) f'(x)dx = A
fesc?xdx = - [es2(FE) f'(dx =
[secxtanxdx= - i I sec(f () tan(f (x)) f'(x)dx =
fesexcotxdx= [ esc(f(x)) cot(f (x)) f'(x)dx =
Exponential Functions: T
fe*dx= __ [ef@Of'(ydx=__
The Natural Logarithmic Function:
fgdx= [ ="
/| Invepse TrigonometrieFunctions: 4 o

Ly = T ‘ L flode

fm— R ,a2-(f(x))2
1 _ ) frxydx

! = B : faz"'(f(x))z I

SOME APPLICATION OF DERIVATIVES AND INTEGRALS
Derivatives:

When you see the following - evaluate the derivative: ; 7 /
» Instantaneous rate of change

»

Equation of a line tangent to f(x) atx = a: y—f(a) = f'(@)(x —a)

Equation of a line pormal (perpendicular) to f(x) atx = a: y— f(a) = .

@ * T

Average rate of change of f(x) on [a, b]: f (bz:i(a)

A function is not differentiable at corners, cusps, holes, asymptotes or vertical tangents.

Integration:
Fundamental Theorem of Calculus:

If F(x) = [ f(x)dx - f;f(x)dx =

Fundament Theorem of Calculus PART 2 (for derivatives):

d [ re®
3;{ f@)de ] = f(g(x)) - g' (x) = f(R(x)) - h'(x)

R(x)

A few properties of Integrals:
a b b c
1 f Fo)dx = 2) f F)dx = 3) f FO) dx + fb £ dx =
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RATES

Rate problems can come in any form - word problems, graphs, tables...
The first thing to analyze are the units of all the equations given. That will help you to
remember where you are in the line-up. Some examples of units are given below:

DERIVE
feet inches
ft/min in/sec
ft/min? | in/sec?

liters people
l/hr ppl/hr
I/hr? | ppl/hr?

INTEGRATE

Given a function f(x) that represents a rate

(units would be like those of the middle row in the table above)

e Whatlhaveattime t =b: F(a) + f: flx)dx
e What has been accumulated between time t = aandt =b f: f(x)dx = F(b) — F(a)

¢ f(a)would tell us how F(x) is increasing or decreasingat t =a
e f'(a) would tell us how f(x) is increasing or decreasing at t = a.

Given an initial condition (a, H(a)), f(x) that represents a rate of something being added
and g(x) that represents a rate of something being taken away.

(H(x) units would be like those of the top row in the table above while f (x) and g(x) units
would be like those of the middle row in the table above)

e Whatlhaveattime t = b : H(a) + f:(f(x) — g(x))dx
¢ What has been accumulated (added) between timet = aandt=b : f: f(x)dx

e What has been taken away between timet =aandt = b : f: g(x)dx

o f(a)— g(a) would tell us how H(x) is increasing or decreasingat t = a
e f’(a) — g'(a) would tell us how f(x) — g(x) is increasing or decreasing at t = a.

Words that would indicate a rate that would be
used as an added accumulation:

filling up
entering
pumped into
piling up

Words that would indicate a rate that would be
used as an accumulation that should be
subtracted:
leaking out removed
decaying

melting

leaving
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woves along the T-axis so that, at any tme 7 2 0, its geeeteration 1s yxm by afi@ B AR
velocity of the particle is -9 and its gmu;mxﬁ =27,

2. Aparicles
time ot i

a. Find v(), the velocity of the particle at any time .

b. Find the net distance traveled by the particle over the imerval {6, 21

o bl the et distsnee wavelad by the et

minm

|2 The furction fio differentiable for all real mmixm The point | 3.- % iz on the graph of
A 3

) on the graph 1z given by %w G822y,

vondition




