Calculus Cheat Sheet

Limits
Definitions

Precise Definition : We say lim f(x)=L if

forevery ¢ >0 there is a & > 0 such that
whenever 0<|x—a| <& then |f(x)-L|<¢.

“Working” Definition : We say lim /' (x) =L

xX—a
if we can make f(x) as close to L as we want

oy taking x sufticiently close to a (on either side
of a) without letting x=a.

Right hand limit : lim /(x)= L. This has

the same definition as the limit except it
requires x>a.

Left hand limit : lim f(x)= L. This has the

x—ra
same definition as the limit except it requires
x<a.

Limit at Infinity : We say lim f(x) =L if we

can make f(x) as close to L as we want by
taking x large enough and positive.

There is a similar definition for lim f(x)=L

except we require x large and negative.
Infinite Limit : We say lim f(x) = if we

X >a
can make f(x) arbitrarily large (and positive)

by taking x sufticiently close to a (on either side
of a) without letting x=a.

There is a similar definition for lim f(x) = -
except we make f'(x) arbitrarily large and
negative.

Relationship between the limit and one-sided limits

limf(x)=L = lim f(x)=lim f(x)=L

x—a x—a x—>a

lim f(x)=lim f(x)=L = lim f(x)=L

x—a x—a x—a

lim f(x)# lim f(x) = lim f(x) Does Not Exist

X a x->a

x—a

Properties
Assume lim /(x) and lim g (x) both exist and ¢ is any number then,

x—a x—>a

1. :ET\ASH_ =clim f(x)

x—a x—ra 4.

[

:B_H\CLHWT&H_ =lim f(x)*limg(x)

x—a x—>a x—>a 5

3. lim[ f(x)g(x)]=lim f(x) limg(x) 6.

x—ra x—a x—a

lim f(x
lim| £ () u¢|: provided lim g (x) # 0
x>a mAx :Bw?& x>a

x—a

tim[ £ (x)]' = lim \?L_

x—a x—a

|/ ()] - fim 7 ()

Basic Limit Evaluations at +

Note : sgn(a)=1if a>0 and sgn(a)=-1if a<0.

l. lime' =0 & ,:G e =0
2. limn(x)=w & ::m In(x)=-o
x—>00 x—0"
3. If »>0then :Bhﬁuo
X—x .X

{. If »>0 and x"is real for negative x

then lim h.u

x—>-o x'

ial. math.iamar edu for a complete set of Calculus notes.

5. neven: lim x" =

x—>too

6. nodd: limx"=0 & lim x" =—x

X x——x

e

neven: lim ax"+---+bx+c=sgn(a)o

x—to

8. nodd: limax"+---+bx+c=sgn(a)e

x>

9. nodd: lim ax"+---+cx+d =—sgn(a)wo

X——00
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Evaluation Techniques

Continuous Functions
If f (x)is continuous at a thenlim /' (x) = f (a)

x—a

Continuous Functions and Composition
/(x) is continuous at b and limg(x) =5 then

lim £ (g(x)) = £ (limg(x)) =7 (5)

Factor and Cancel

lim =lim
=2 ¥ _2x X2 RARINV
L T

=2 x N
Rationalize Numerator/Denominator

3-x 3-x 3+x

81~ 3 81 3vx
= lim 9—x =lim -
= (x-81)(3++x) ' (x+9)(3+x)
- 1

(18)(e) 108
Combine Rational Expressions

11 1) 1 x—=(x+h)

lim— —— |=lim—| ——=

w0 g\ x+h x) #9vh| x(x+h)
—timd = |efim——L _-_1

o p\ x(x+h) ) ox(x+h) X

L’Hospital’s Rule
S(x) _0 o S(x) e

If lim =— or lim =— then,
o) 0" g(n) e
lim \Axv = :BE a is a number, o or —oo

xX—a WANV xX—a %\Axv
Polynomials at Infinity
p(x) and g(x) are polynomials. To compute

factor largest power of x in g (x) out
of both p(x) and g(x) then compute limit.

2 4 4
lim 2% =4 i N 2, 23
xoee §x —2xt  xo-= XNA,\lwv

Piecewise Function

X +5 ifx<=2
lim g(x) where g(x)=
Yo g(x) =050 ifxz 2
Compute two one sided limits,
lim g(x)= lim x* +5=9
lim g(x)= lim 1-3x=7
x—>-2" x>-2'

One sided limits are different so lim g(x)

doesn’t exist. If the two one sided limits had
been equal then lim g(x) would have existed

x—>=2

and had the same value.

Some Continuous Functions
Partial list of continuous functions and the values of x for which they are continuous.

1. Polynomials for all x.

2. Rational function, except for x’s that give
division by zero.

%/x (n 0dd) for all x.

x (neven) forall x>0.

e* forall x.

Inx for x>0.

S

7. cos(x) and sin(x) for all x.

8. tan(x) and sec(x) provided

9. cot(x) and csc(x) provided

x#-,=2m,—m,0,7,2m,--

Intermediate Value Theorem
Suppose that f(x) is continuous on [g, 5] and let M be any number between f(a) and f(b).

Then there exists a number ¢ such that a<c<b and f(c)=M.

Visit hitp: I.math.jamar.edu for a complete set of Calculus notes.
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Derivatives
Definition and Notation
+h)—
(f y = f(x) then the derivative is defined to be /"(x) = :EE.

h—0

[f y= f(x) then all of the following are If y = £ (x)all of the following are equivalent

:quivalent notations for the derivative. notations for derivative evaluated at x=a.

’ _df _dy _d _df dy
=y =2 =D == =
J'(x)=y === =—(/(x))= D/ () r@=yl =2 =l Df (a)
Interpretation of the Derivative
(f y=f(x) then, 2. f'(a) is the instantaneous rate of
1. m=f"(a) is the slope of the tangent change of f(x) at x=a.
lineto y= f(x) at x=aand the 3. If f(x) is the position of an object at

equation of the tangent line at x=a is
givenby y=f(a)+ f'(a)(x-a).

time x then f”(a) is the velocity of
the object at x=a.

Basic Properties and Formulas
If f(x) and g(x) are differentiable functions (the derivative exists), ¢ and # are any real numbers,

’ ’ Q
l. (¢f) =cf'(x 5. —(c)=0
(e =er ) L(e)

L (Sg) =/"(x)xg'(x) 6. Wﬁx ) =nx""— Power Rule
3. A\wv‘ =f'g+ f g —Product Rule d

o e 7 L1 (e@) =1 (e()s )
t )" ﬁ — Quotient Rule This is the Chain Rule

Common Derivatives

h?vnw IQIAomnxvulnmnxnoCﬂ hﬂaxvuna In(a)
dx dx dx
Wﬁmm:xvnoo: W cotx)=—csc” x Wﬁmxvna,
d o dioq s 1 d 1
Hﬁoomkv|lm5x M?E xvl — M?_Axvvlwv x>0
d ) d 1
Mfm:xvnmmn,x W?Om-_xvulﬂwxﬂ Mfs_x_vuﬁ, x#0
d d 1
—(secx)=secxtanx d E 1 —(lo , x>0
&xﬁ ) M?m:_xvu:% &xﬁ 8 (x))= xlna’
visit hitp/ftutorial math.iamar. edu for a complete set of Calculus notes. © 2005 Paul Dawkins
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Chain Rule Variants

The chain rule applied to some specific functions.

L ETQEH%E?_E

B A S(x) v Axva\.i
d f(x)
3. MA_:TAR gv 7(x)
4. Ww.ﬂm_:ﬁ\ H_v = \Axvoomﬁ\?ﬁ

5. L {cos[ (0)]) =~/ (0)sin £ ()]
6. (tan[ £ (x)])= £ (x)sec* [ £ ()]
7. £ (secl )= rsec] ren]tan o)
5. < ([ ()]) -—L G

_+Tx?ﬁ.

Higher Order Derivatives

The Second Derivative is denoted as

The n™ Derivative is denoted as

drf

and is defined as

2 n

[ (®)=r%(x)= M“\ and is defined as (x)=

f(x)= A\Axvv‘ , i.e. the derivative of the
first derivative, /"(x).

(x)= A\:-: Axvv‘ , i.e. the derivative of

the (n-1)* derivative, /" (x).

Implicit Differentiation
Find »" if € +x’y* =sin(y)+11x. Remembery = y(x) here, so products/quotients of x and y
will use the product/quotient rule and derivatives of y will use the chain rule. The “trick” is to
differentiate as normal and every time you differentiate a y you tack ona ' (from the chain rule).
After differentiating solve for ).

e (2-9y")+3x*y* +2x°y y = cos(y) y' +11
2x-9y 2.2
277 =9y e +3x7y? +2x"y y = cos(y) ¥ +11 = y = 112 . 3x'y
¥ —cos(y)

(2x'y—9e"7" —cos(y))y' =11-2¢" -3x7y*

2x-9

2x’y—9e

Increasing/Decreasing — Concave Up/Concave Down
Critical Points
x=c isacritical point of f(x) provided either

1. f'(c)=0 or2. f"(c) doesn’t exist.

Concave Up/Concave Down
1. If f"(x)>0 forall x in an interval / then

/(x) is concave up on the interval /.

Increasing/Decreasing
1. If f'(x)>0 for all x in an interval / then

If f"(x)<0 forallx in an interval / then

/(x) is concave down on the interval /.
/(x) is increasing on the interval /.
2. If f'(x)<0 forall x in an interval / then Inflection Points

f(x) is decreasing on the interval /. x=c isa inflection point of /(x) if the

. . . ity ch t x=p,
3. If f'(x)=0 forall x in an interval / then concavity chianges at x=c¢

f(x) is constant on the interval /.

nitpAutorial.math Jamar.edu for a complete set of Calculus notes. © 2005 Paul Dawkins
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Extrema

Absolute Extrema
1. x=cis an absolute maximum of /(x)

if f(c)= f(x)for all x in the domain.
2. x=c is an absolute minimum of f(x)
if f'(c) < f(x)tor all x in the domain.

Fermat’s Theorem
If £(x) has arelative (or local) extrema at

x=c, then x=c is a critical point of \Axv.

Extreme Value Theorem
(f f(x) is continuous on the closed interval

[a.b] then there exist numbers ¢ and d so that,
l.a<ec,d<b,2. f(c) is the abs. max. in
[a.].3. f(d) is the abs. min. in [a.b].

Finding Absolute Extrema

T'o find the absolute extrema of the continuous
function f'(x) on the interval [a,b] use the
following process.

L. Find all critical points of f(x) in [a,b].

[\]

Evaluate f(a) and f(b).

Identity the abs. max. (largest function
value) and the abs. min.(smallest function
value) from the evaluations in Steps 2 & 3.

POV

Evaluate f(x) at all points found in Step 1.

Relative (local) Extrema
1. x=c is arelative (or local) maximum of

f(x) if f(c)= f(x) forall x near c.

2. x=c isarelative (or local) minimum of

f(x) if f(c) < f(x) forall x near c.

1** Derivative Test

If x=c isacritical 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 to the right of x=c.

2. arel. min. of f(x) if f"(x) <0 to the left
of x=cand f"(x) > 0to the right of x=c.

3. not arelative extrema of f'(x) il f'(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

S'(c)=0 then x=c¢

1. isarelative maximum of /' (x) if "(c)<0.

2. is arelative minimum of f (x) if f"(¢)>0.

3. may be a relative maximum, relative
minimum, or neither if /" (c)=0.

Finding Relative Extrema and/or
Classify Critical Points

1. Find all critical points of f(x).

2. Use the 1* derivative test or the 2
derivative test on each critical point.

Mean Value Theorem
[f f(x) is continuous on the closed interval T,ﬂ and differentiable on the open interval (a,b)

then there is a number a < ¢ < b such that f°

(=107 @

rial math.iamar. edu for a complete set of Calculus notes.
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Related Rates
Sketch picture and identify known/unknown quantities. Write down equation relating quantities
and ditferentiate with respect to ¢ using implicit differentiation (i.e. add on a derivative every time
you differentiate a function of #). Plug in known quantities and solve for the unknown quantity.

Ex. A 15 foot ladder is resting against a wall.
The bottom is initially 10 ft away and is being
pushed towards the wall at +ft/sec. How fast

is the top moving after 12 sec?

-—x = Y
x' is negative because x is decreasing. Using
Pythagorean Theorem and difterentiating,
X +y'=15 = 2xx'+2yy' =0
After 12 sec we have x=10-12(1)=7and

so y=+/15"-7> =176 . Plug in and solve

for y'.
7(=1)++176 y' =0 Uu\n|q ft/sec

4176

Ex. Two people are 50 ft apart when one
starts walking north. The angle & changes at
0.01 rad/min. At what rate is the distance
between them changing when 6 = 0.5 rad?

ﬁ Loving Person

" Stationary Person
We have 8’ =0.01 rad/min. and want to find

x" . We can use various trig fcns but easiest is,
!

secfd=-— = secOtand @' =—
50 50
We know @ = 0.5 so plug in ¢’ and solve.
sec(0.5)tan (0.5)(0.01) = M|o

x'=0.3112 ft/sec
Remember to have calculator in radians!

Optimization
Sketch picture if needed, write down equation to be optimized and constraint. Solve constraint for
one of the two variables and plug into first equation. Find critical points of equation in range of

variables and verify that they are min/max as needed.

Ex. We’re enclosing a rectangular field with
500 ft of fence material and one side of the
field is a building. Determine dimensions that
will maximize the enclosed area.

Buiiding

F
x

Maximize 4= xy subject to constraint of
x+2y=500. Solve constraint for x and plug
into area.
A=y(500-2y)
=500y -2y*

Difterentiate and find critical point(s).

A'=500-4y = y=125
By 2" deriv. test this is a rel. max. and so is
the answer we’re after. Finally, find x.

x=500-2(125)=250

The dimensions are then 250 x 125.

x=500-2y =

Ex. Determine point(s) on y = x* +1 that are
closest to (0.2).

oD

(xo) |

T

n

Minimize f =d* =(x-0)" +(»—2)" and the

constraint is y = x* +1. Solve constraint for

x* and plug into the function.

X=y-1= f=x*+(y-2)
nkl_+C\INV“ =y’ =3y+3

Differentiate and find critical point(s).

f=2y-3 = y=3
By the 2™ derivative test this is a rel. min. and

so all we need to do is find x value(s).

¥=i-1=1 = x=1L

orial.math jamar.edu for a complete set of Calculus notes.
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Integrals
Definitions

Definite Integral: Suppose f(x) is continuous
o [a, E. Divide [a,b] into # subintervals of

width Ax and choose x, from each interval.

Then ﬁ\?v&uzswlif.

n—rx <

Anti-Derivative : An anti-derivative of f(x)
is a function, F'(x), such that F'(x)= f(x).
Indefinite Integral : b.\?v&x =F(x)+c

where F(x) is an anti-derivative of f(x).

Fundamental Theorem of Calculus

Partl: If f(x) is continuous on [a,b] then

g(x)= _..,.\AQ& is also continuous on [a.b]

w:a WAXVHW.—M\AQ& u\Axv.
Part Il : f(x)is continuous on[a,b], F(x) is

an anti-derivative of /' (x) (ie. F(x) ub;\?v&l
hen [’ f(x)dx=F(b)~F(a).

Variants of Part 1 :
W.-.HE\AQ&N H:Axv\_H:AxZ

Ly (0= (x) 1Tv()]
Wb.;m\s&u:Axv\_ii_lt?v\TC:_

v(x)

Properties

[r()£g(x)de=[ £ (x)dr [g(x)dr

[ r()te(x)de=[" f(x)dex [ g(x)ds
[7r(x)ax=0

[P r()ax==["f(x)dx

[ef (x)dx=c[ f (x)dx. c is a constant
_; of (x)dx = n_.w\?v&, ¢ is a constant
[lcax=c(b-a)

[l ras]’

S (x)]ax

h\?&&x = _.M.\Axv&ﬂﬁﬁ\?v&x for any value of c.

If f(x)2g(x)ona<x<bthen ._;:,\Axv&xw.-.:}%

£ (x)20 on a<x<b then | f(x)dx20

(x)dx

If m< f(x)<Mona<x<b then S@Iavmh\?v&xmiglnv

Common Integrals

.:&xn»x+q ._.ooM:§H£=:+n
._‘yn_&x u%xi_ +e,n#—1

[x"dx=[+dx=n|x|+c
[——dx="tIn|ax+b|+c

ax+b

.T::Q: =uln(u)-u+c

.—a: du=e"+c

visit hitp:/ftutorial math.iamar. edu for a complete set of Calculus notes.

Tm::&: =—cosu+c
Tm%:&: =tanu+c

_.mooimszms =secu+c

*_.8;:&: =In|secu|+c
%\._.moo:&: =In|secu +tanu|+c

.— —du=2Ltan™ (4)+c

2
a“+u*

1 P
.-.HQ:I&Z MAWV.TQ

.—80:8?&: =—cscu+c

.—nmoN udu=—cotu+c

© 2005 Paul Dawkins
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Standard Integration Techniques
Note that at many schools all but the Substitution Rule tend to be taught in a Calculus II class.

g(b)
g(a)

u Substitution : The substitution u = g (x) will convert ._.W\Aw?:m\?v&x H~_. S () du using

du =g'(x)dx. Forindefinite integrals drop the limits of integration.

Ex. _.MN 5x* cos(x”) dx _.wmx“ cos(x’ ) dx = ._._waom?v du
e - sinu)} =3 sin (8)sin(1)

x=1 2> u="=1 2 x=2 =>u=2"=8

Integration by Parts : TS? u:<|._.<&= and ~_;§~.< u:<_w l._;<§. Choose u and dv from

integral and compute du by differentiating  and compute v using v = ._.n.< ;

Ex. _.xa-»&x
u=x dv=e* = du=dx v=—e"
.Ta;. dx =—xe™" + .TL. dx=—-xe"—e" +¢

Ex. ._.M_zx&x

u=lnx dv=dx = du=Lidx v=x

wl._.wm &anx_:Axlev

5

_.M_:x&xnx_:x

3

=5In(5)-31n(3)-2

*wqcaﬁa and (some) Quotients of Trig Functions

For .—m»:‘_ xcos” xdx we have the following : 10&.5:: xsec” xdx we have the following :

1. nodd. Strip | sine out and convert rest to
cosines using sin® x =1-cos” x , then use
the substitution u = cosx . tan® x = sec’ x—1, then use the substitution

2. modd. Strip 1 cosine out and convert rest U=Secx.
to sines using cos’x=1-sin’x , then use 2. meven. mnlﬁ 2 secants out and convert rest
the substitution # = sin x . to tangents using sec’ x =1+ tan’ x, then

3. n and m both odd. Use either 1. or 2. use the substitution u = tan x .

4. n and m both even. Use double angle 3. nodd and m even. Use either 1. or 2.
and/or half angle formulas to reduce the 4. neven and m odd. Each integral will be
integral into a form that can be integrated. dealt with differently.

Trig Formulas = sin(2x) = 2sin(x)cos(x), cos’ (x)=+(1+cos(2x)), sin® (x) =1(1-cos(2x))

1. nodd. Strip 1 tangent and 1 secant out and
convert the rest to secants using

3
Ex. .Tm:ﬂ xsec’ xdx Ex. ._.ws X dx
OOMJ\A
._.Sz.ﬂkmnnm k&xu.—.ﬁmzwxmmnkk#m:.xmonk&x sinx 5 _ [sintxsinx ; _ f(sin?x)’sinx
% gy = [sintxsing gy [l )sing
Ccos™ x Ccos™ x Cos™ x
= ._.AmmnN x|_vmoﬂ xtan x sec xdx (1=cos? x)?sinx
n._.lul&ﬂ (u=cosx)
: ) : ‘du (u =secx) iy
AL = (-u”) 1=2u? 4y
ool et
=1sec’ x—1sec’ x+c L 2
’ =Lsec’ x+21In|cosx|—Lcos’ x+¢

.math lamar.edu for a complete set of Calculus notes. © 2005 Paul Dawkins
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I'rig Substitutions : If the integral contains the following root use the given substitution and
formula to convert into an integral involving trig functions.
Va' +b'x' = x={tand

a-bx' = x=4sin@ Nbx'—-at = x=14secd
mnnN%uIﬁm:N%

cos’ @ =1-sin* @ tan® @ =sec’ 6 —1

Ex. | ——dx H 16

- ._'XU)IL:N Foin?o(260 A nOm%vQ% .—m_: %&%
=il = Gi=gasdde = [12¢s¢ df =120t +c
Va—9x* =4 —4sin’* 0 = J4cos* 0 = 2|cos | Use Right Triangle Trig to mo back to x’s. From
Recall vx* = |x|. Because we have an indefinite substitution we have sin¢ ==* so,

integral we’ll assume positive and drop absolute
value bars. If we had a definite integral we’d
1eed to compute & ’s and remove absolute value

dars based on that and, J4-92
ifx>0 . [1—0x2
|x| = o From this we see that cot@ = ¥42 o,
—x ifx<0 ,\h
16 4-9x?
[n this case we have \/4—9x* =2cosé . _. x?\4-9x2 = e
P(x)

Partial Fractions : If integrating _.QE dx where the degree of P(x) is smaller than the degree of

O(x). Factor denominator as completely as possible and find the partial fraction decomposition of

‘he rational expression. Integrate the partial fraction decomposition (P.F.D.). For each factor in the
Jenominator we get term(s) in the decomposition according to the following table.

Calculus Cheat Sheet

Applications of Integrals

Net Area : _; S (x)dx represents the net area between f(x) and the b\*\H//

x-axis with area above x-axis positive and area below x-axis negative. =

Area Between Curves : The general formulas for the two main cases for each are,
b d
V\H\Akv = A4 "-— T_E::. ?:n:on_l_ﬂ_oza_‘ ..E.Q.onu_&x. & HH\AV\V = A H.—.. _:mr. _,E.Q_ns_lez ?:n:onu_n&.v\

If the curves intersect then the area of each portion must be found individually. Here are some
sketches of a couple possible situations and formulas for a couple of possible cases.

y  y=f(x) y vuﬂx?u

y=g(x)
A=[ f(x)-g(x)dx

4=["1(»)-g()d

4=["f(x)-g(@)dr+ [ g(x)- 1 (x)dx

Volumes of Revolution : The two main formulas are V' = ._.x;xv&x and V = _.\AC\V&\ . Here is

some general information about each method of computing and some examples.
Rings ((washes) \&\ Cylinders
A= \HTE.E radius)’ — (inner a____LNv A = 27 (radius) (width / height)
Limits: x/y of right/bot ring to x/y of left/top ring
Horz. Axisuse f(x),  Vert. Axis use £ (),

g(x).A(x) anddrv.  g(p).4(y) and dy.

Limits : x/y of inner cyl. to x/y of outer cyl.
Horz. Axis use f(y),  Vert. Axis use f(x),

g(y).4(y) anddy.  g(x),A(x) and dx.

Factor in Q(x) Term in P.F.D _ Factor in Q(x) Term in P.F.D
A K 4 + 4, bt 4,
wxrb ax+b (@48} s (@mrby | (ax+b)
Ax+B Ax+B
5 Ax+ B 3 k 1 [ i k
W i ax’ +bx+c Amx +\§+qV ax’ +bx+c A§~+3+QV»
7x2+13x 7x2+13x  _ A Bx+C _ A(xX*+4)+Bx+C) (x-1)
B, ._»: Dix? 14y dx le\:n.ﬂ.fmr Tl * ,k+.. (x=Dx% +4)
_1x+13x n.-. 44 3xile g Set numerators equal and collect like terms.
-t e o 7x* +13x=(4+B)x* +(C-B)x+44-C
— 16
._. e dx Set coefficients equal to get a system and solve
=4In|x—1+3In(x* +4)+8tan” (%) |0 get constants.
Here i ol o - o A+B=17 C-B=13 44-C=0
ere Is partial fraction form and recombined. d=4 B=3 C=16

An alternate method that sometimes works to find constants. Start with setting numerators equal in
arevious example : 7x° +13x = 4 Axw + R& +(Bx+C) (x—1). Chose nice values of x and plug in.

For example if x =1 we get 20 =54 which gives 4=4. This won’t always work easily.

Jisit hitp:i# © 2005 Paul Dawkins
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Ex. Axis: y=a>0 Ex. Axis: y=a<0
Y Y

Ex. Axis: y=a>0

Ex. Axis: y=a<0

outer radius :a— f(x)  outer radius:|a|+ g(x) radius:a-y
inner radius : a—g(x) inner radius:|a|+ f(x) Width: f(v)-g(»)  width- F(»)-g()

radius __m_+u\

These are only a few cases for horizontal axis of rotation. If axis of rotation is the x-axis use the
y=a<0 case with a=0. For vertical axis of rotation (x=a >0 and x=a <0) interchange x and

y to get appropriate formulas.

Visit hitp //tutorial. math Jamar.edu for a complete set of Calculus notes. © 2005 Paul Dawkins




Calculus Cheat Sheet

Work : If a force of F'(x) moves an object Average Function Value : The average value

- . 1 (?
ina < x<b, the work done is x\u._;ﬁ?v&x of f(x) onasx<b I8 fuvg |N_.n\?v&x

Arc Length Surface Area : Note that this is often a Calc Il topic. The three basic formulas are,
L= ._;&.n KS4 = ._Lu 27y ds (rotate about x-axis) .%.mx = .—v 27xds (rotate about y-axis)

where ds is dependent upon the form of the function being worked with as follows.

)y va“ dr if x=f(1).y=g(t), ast<b

dx

ds=\1+(L) dx it y=7(x). a<x<h  ds= (&

ds=\[1+(&) @y it x=f(y), asy<h ds=

With surface area you may have to substitute in for the x or y depending on your choice of ds to
match the difterential in the ds. With parametric and polar you will always need to substitute.

P +(L) a6 if r=1(0). a<0<b

Improper Integral
An improper integral is an integral with one or more infinite limits and/or discontinuous integrands.
[ntegral is called convergent if the limit exists and has a finite value and divergent if the limit
Joesn’t exist or has infinite value. This is typically a Calc II topic.

Infinite Limit

L[ r(x)dx=lim[' £ (x)dx 2. [ f(x)dc=lim [ f(x)dx
3. _..s\?v&x = .q- \Axv&lﬁ\?v& provided BOTH integrals are convergent.
Discontinuous Integrand

1. Discont. at m“._.=>\?v&x =lim .—w\?v&x 2. Discont. at b ;;:@\Axv&x =lim .—M\Axv&x

t—a" 1—b~

3 5 P b c b
3. Discontinuity at a<c<b : ﬁ S(x)dx u._. \T&&l_,, J(x)dx provided both are convergent.

Comparison Test for Improper Integrals : If /(x)>g(x)>0on [a,=) then,
L. _m._;\?v&x conv. Eo:...aw?v&x conv. 2. _Q.x%?v&x divg. Eoz.qa\?v&x divg.

Useful fact : If a >0 then _. Fw& converges if p >1 and diverges for p<1.
X

Approximating Definite Integrals

For given integral _. v\Axv&x and a n (must be even for Simpson’s Rule) define Ax = ﬁ and
divide [a,b] into n subintervals [x,.x]. [x.x,]. ... [x,.,.x,] with x, =a and x, = b then,
Midpoint Rule : _;\C&&xn ?%\Ax_.v+\?mv+...+\?hv”_, x; is midpoint [x,_,,x; ]
Trapezoid Rule : ﬁ\?v& ~ %T?TN\?Tﬁ\?f...+N\?-_v+\? )]

Simpson’s Rule : [ £ (x)dx =~ %T?Ti?_ V2 () #4215 ) 441 (50 + £ (5)]
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