Applications of Integration - Formula Sheet:

Area under the Curve:

- b—a
A=) fO)bx  Ax=
i=1

n

b
A= f f(x)dx Interval - [a, b]
a

Antiderivatives:

F'(x) = f(x)

ff(x)dsz(x)+C

Summation Formulas:

n
Yemen
i=1

_n(n+1)(2n+1)

i . n(n2+ 1)

i=1

)
. l 6
i=1
n 2
L T2
i=1

Rectilinear Motion:
v(t) = s'(t)
a(t) =v'(t)

fv(t) dt =s(t)+C

ja(t) dt =v(t)+C

Summation Formulas:

6n° 4+ 15n* +10n2 —n
30

i*=

n
=1

Definition of the Definite Integral:

fbf(x) dx = lim zn: f(x;) Ax

i=1

Summation Formulas:

l
i=1

Zn: < 2n°+6n°+5n* —n?
B 12

Evaluating Definite Integrals:

b
[ feax=r®) - Fe@

Area - Riemann Sums: (Left, Right, & Midpoint)
AL = Ax[f(xo) + f(xq) + )+ f (Xn-1)]
Ay = Ax[f (xo5) + f(x15) + f(x25) + f(Xn-05)]

Ag = Ax[f (x1) + f(x2) + f(x3)+... f ()]

b—a
n

Ax =

Properties of Definite Integrals:

fabf(x) dx = —Laf(x) dx
J:f(x)dx:O Lbcdxzc(b—a)

fabf(x) dx+fbcf(x) dx = Jacf(x) dx
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Area -Trapezoidal Rule: (Approximate Integration)

A
Tn = 7x [f (o) + 2 (x1) + 2f (x2) + 2f (x3)+...2f (xn—1) + [ (xn)]

b
Area = f f(x)dx =T,
a

Ax =

b—a
n

x; = a+iAx

Area - Simpson’s Rule: (Approximate Integration)

A
Sp = ?x [f (ro) + 4f (1) + 2f (x2) + 4f (x3)+...2f (Xp—2) + 4f (xn-1) + f(xn)]

n — even

b—a
n

Ax =

Error Bounds - Trapezoidal & Midpoint: |f"'(x)| < K

Error Bounds — Simpson’s Rule:

K(b—a)3 Kb —a)? K(b —a)® .
Erl < —5— Bl < —— Bsl < —gomr @[ <Konfab]
Integral of Even Functions: Fundamental Theorem of Calculus - Part 1:
f(=x) = f(x)

a a
f f(x)dx = 2f f(x)dx
-a 0
Integral of Odd Functions:

f(=x) =—f(x) ] f(x)dx=0

mm=fﬂom 960 = F(x)

d X
& roa=re

If f(x) is continuous on the interval [a, b], then
g(x) is continuous on the closed interval [a, b]
and differentiable on the open interval (a, b).

Natural Log defined as an integral:

1
ln(x)=f —dt x>0
; t

Fundamental Theorem of Calculus - Part 2:

b
f f(x)dx = F(b) — F(a)

U-Substitution:

[ flg@n-geax = [ faydn w=g)

b g(b)
[ fleeng@ar=[ e au

g(a)

Net Change Theorem:

b
J F'(x) dx = F(b) — F(a)

b
f V'(t)dt = V(b) — V(a)
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Area Between Curves:

Area Between Curves:

£(x) qd g(y) _ f(y) b
%I Z-// A= f [f(x) — g(x)]dx (top — bottom)
L/ '9(x) A ‘
4 } d
a b A= [ o) =gy ight ~tefe
Disk Method: Disk Method:
b
V=mn| R*(x)dx
P fa
iilliks :
A N V=7Tf R?*(y) dy
a b c
Washer Method: Washer Method:
4 3 :
T |
YA e v=r [ 1RG0 - RE@) dx
/ Rt “
—
- ¢ Ro : ¢ 2 2
: : : v=n R’0) - R0 dy
Shell Method: Shell Method:
G b
V= ZnJ R(x) h(x) dx
i a
<R—> d
a b V= Zﬂfc R(y) h(y) dy

Improper Integrals:

joof(x) dx = tli_)rrgo

jatf(x) dx

f_:f(x) dx = tl—i>Izloo ftbf(x) dx

Volume by Cross Sections:

b
sz A(x)dx cs L x —axis
a

d
V:f A(y)dy cs L y—axis
C
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Work done by a Force:

b
W =Fd W=fF(x)dx

a

Note:
F(x) is a function of force with respect to position.

Arc Length:

b
L= f V1I+[f'(x0)]?dx

L
d
L=f V1i+[g'OD)*dy L

[ md

Gravitational Force:

GM, M,
F=—:

F =mg

Restoring Force of Springs — Hooke’s Law:

F(x) = —kx

Area of a Surface of Revolution:

b
S = ZnJ FEOVI+ [f(0)]2dx

2

b dy
S=27TJy 1+<—) dx
a dx

Work required to pump water out of a tank:

b
W= pgf V(x) D(x) dx

Density of Water:

Pu2o = 62.5 lbs/ft3 = 1000 kg /m?3

Area of a Surface of Revolution:

d
S= an g N1+ g’ MI* dy

a dx\*
S=27tfx 1+(—) dy
c dy

Work done by an expanding gas:

V2
W = Pdv
1

Average Value of a function:

1 b
fuve = =g | FEax

Mean Value Theorem for Integrals:

i

N

f(c)
y >

Mean Value Theorem for Integrals:

b
[ reax =0 -a

Acurve = Arectangle
Width =b —a Height = f(c)

() = fave
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Moment around the x-axis:

O M, = my
X .
y —> O Moment around the y-axis:
X | M, = mx
Center of Mass: Coordinates of the Center of Mass: (&, y)
M M
@ Cwm
----- mr mr
[
- — l n n
X2 | YZ M, = Zmixi M, = Z m;y;
| | i=1 i=1
[
[

_ MmyXxy +myX,; _
X=—" = y=
m; +m,

myy, + myy,
my +m,

Centroid: Cl-(fl,% [f (%) + g(x)]

f(x)
L e C

g(x)

Coordinates of the Center of Mass: (X, y)

1 b
£= f x[f () — g (o] dx

1 (b1
=5 31700 - g*wax

a

Mass of the Plate: (p — surface density)
b
m=pa=p [ £ - g@)dx
a
Area of the Plate / Laminar:
b
A= [ 176 - g dx
a

Surface Density:

mass

p (kg/m?)

Area

Moment of the system around the x-axis:
b1
Me=p [ 517260 - 200 dx
a
Moment of the system around the y-axis:

b
My =p [ 270 - 9G] dx

Linear Density: (Not used in the formulas above)

mass

14 (kg/m)

- length
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Hydrostatic Force:

d— Jh

L(y)

Hydrostatic Force:
d

F=w f h(y) L(y) dy

Weight Density:

weight force mg /m
W:—:—:( )g:pg

volume vV v

W0 = 9800 N/m3 = 62.4 lbs/ft3
Normal Density:

mass

— 3
p volume (kg/m?)

Przo = 1000 kg/m®

Note: L(y) — Length h(y) — depth

f(x)

zZ

Probability Density Functions:

f_o:of(x) dx =1

b
P(anSb)=f f(x)dx

a b
Probability Density Functions:
The Mean:
u =j xf(x) dx
The Median:

joof(x) dx = %

m

Probability of Exponential Distributions:

0 t<o0
f@®) =11

—e ' t>0
u

o0}

— l —t/u
P(t>a) = e dt

Q

b1
P(aStSb):f — et/ dt
au
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Probability of a Normal Distribution:

34.134%
13.591%

2.14%

34.1347%
13.591%
2.14%

|

|

|

|

0.135% '.
|

0.135%

30 -20 -1 0 +10 +20 +30

Probability of a Normal Distribution:

e—(x—u)z/ZJZ

flx) = e

00 e—(x—u)z/Zcr2
[

o OV2m

b e—(x—u)z/Zcr2

Pla<x<b =J—dx
( ) -
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