Integration by Substitution

July 30, 2015

4.5 Integration by Substitution

Study 4.5, # 1-41,
43,45,47,49,55-61

Goals:
1. Recognize an integrand that is the
derivative of a composite function.

include composite functions.

integration of composite functions.

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page Homework Part 1 Homework Part 2

2. Generalize the Basic Integration Rules to

3. Use substitution to simplify the process of

Revisit, from2.4:

) Chain Rule

1) y =f(u) is a differentiable function of u, and
2) u=g(x)is a differentiable function of x,
then

y =f(9(x)) is a differentiable function of x, and

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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4.5 Integration by Substitution
Use the Chain Rule

G: y=(x2+ 2)10 F: dy/dx

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework Part 1

Calculus Home Page & Homework Part 2
a3 |

)

4.5 Integration by Substitution
Use the Chain Rule

(x2 + 2)10 F: dy/dx

G:y

dy/dx = 10 (x2 + 2)° (2x)
dy/dx = 20x (x2 + 2)°

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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4.5 Integration by Substitution ‘

y = (x2 + 2)10 dy/dx = 20x (x2 + 2)°
Complete the table dy/dx

y=(2x+1)3

y = sin(x?)

dy/dx = 2 cos(2x+1)
y = tan(x?)
dy/dx = 3x2 sec?(x3)

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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Calculus Home Page & Homework Part 2
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4.5 Integration by Substitution \

y = (x2 + 2)10 dy/dx = 20x (x2 + 2)°
Complete the table
y dy/dx
y=(2x+1)3 dy/dx = 6 (2x+1)2
y = sin(x?) dy/dx = 2x cos(x?)

dy/dx = 2 cos(2x+1)
y = tan(x?) dy/dx = 2x sec?(x2)
dy/dx = 3x2 sec?(x3)

1. All derivatives here use the Chain Rule to find the derivative
of composite functions.

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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4.5 Integration by Substitution

y= (X2 + 2)10

y=(@2x+1)

y = sin(x?)

y = tan(x?)

_ Calculus Home Page

Complete the table

Class Notes: Prof. G. Battaly, Westchester Community College, NY

NS

dy/dx = 20x (x2 + 2)°
dy/dx
dy/dx = 6 (2x+1)2
dy/dx
dy/dx

2X cOS(X2)

2 cos(2x+1)

2X sec?(x2)

dy/dx

dy/dx = 3x2 sec?(x3)

Derivative of the primary function.
Derivative of the nested function.

i}Homework Part | ~ Homework Part 2

S

4.5 Integration by Substitution

y=(2x+1)

y = sin(x?)

y =sin(2x+1) + ¢
y = tan(x?)

y =tan(x3) + c

Complete the table

WW* W *ﬁr\%g
;é\g{emem er the Chain Ru

dy/dx = 6 (2x+1)2
dy/dx = 2x cos(x?)
dy/dx = i cos(2x+1)
dy/dx = 2__x sec?(x?)

dy/dx = 3x2 sec?(x3)

Derivative of the primary function.
—— Derivative of the nested function.

2. To find the integrals of functions that are the derivatives of
composite functions,the integrand requires the presence of the
derivative of the nested function as a factor.This is the reverse
process of the Chain Rule.
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4.5 Integration by Substitution

u - substition simplifies the problem

la @ e

—————
———

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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4.5 Integration by Substitution

u - substition simplifies the problem

3 _ 2
g ) uw=X=79
J(S( °f> ( c@;é Lo gk

&

g i

problem is converted to a
general Power Rule:

furdu= ue*n +¢
n+1

U
“ic
¥

g T o\
)( — 7 Answer needs to be in terms of the original variable.
g e
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4.5 Integration by Substitution

ST we X o3

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework Part 1

Homework Part 2
% ]

Calculus Home Page @
3

4.5 Integration by Substitution

L R e i

=] % 4 wn -
=_ dre = A 'd undu = ut) +¢
.S\Y U 3 3/{ * I el

%,
e
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4.5 Integration by Substitution

flml&"‘bﬂax s W=__\ ow=___

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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__Calculus Home Page @ Homework Part 2

3

4.5 Integration by Substitution

—

[rsetihededs el iderds

g rmadn T SteutC o= Sae AX e

fsecu tanudu=secu +c
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4.5 Integration by Substitution

fs-e.c.-b("'ﬁ/\‘:lx A Ww=__\ odw=_

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework Part 1

__Calculus Home Page @ Homework Part 2

3

4.5 Integration by Substitution

:;Lfsalx-fﬂn\&x 2. e ax ;o= 24K

fSGCU tanudu=secu +c
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4.5 Integration by Substitution
A=
Sin X Cosx J/)L ! -

s ——

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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Calculus Home Page & Homework Part 2
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4.5 Integration by Substitution

AL =SIMX
Sinx Cosx Al -

= Aduw= cosx

fundu :_UM +C

(A &"4— n+1

1 3 X
&+§ =~ JéStHK +Q_

(S.kx f\* C

A
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4.5 Integration by Substitution

U= cos X

- *S)k%wsx% A= 7S e &

R

— —_— -—
X
S (Gix) + <
a undu = utl + ¢
n+1
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework Part 1
__Calculus Home Page a Homework Part 2

u |

4.5 Integration by Substitution

Sy = ASin ¥ CosX

Snx cosxdnl L Sy xX= SinwCosx

U=LX
=‘5 SmAxHL g oy o

l

:"‘—QOSQX‘F
:\‘«/ colunt ¢ T >
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4.5 Integration by Substitution
W= ____
e (00 du—
S X',
> Yx
2 Y X ) + Q T
—_— n N
Ve .
7 j N+
Class Notes: Prof. G. Battaly, Westchester Community College, NY
_Calculus Home Page aHomework Part 1HH0meW0rk Part 2

4.5 Integration by Substitution

fss-L/x‘ (M

a

n+1
=3 &
—
—(3 -t/ <\ 4
X
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4.5 Integration by Substitution
< [ ( -
3 (6=x7) A i
e ————
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework Part 1
__Calculus Home Page & uHomework Part 2

4.5 Integration by Substitution

3
NEVIODYEY: o= b X

dn = -.3>("A7t

fu“du = yt) + ¢
5 b n+1

- w due - 4

¢
- = -E(‘a‘)(‘} + <
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4.5 Integration by Substitution

[epeset gl

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework Part 1
‘ Homework Part 2

__Calculus Home Page ” ) @

4.5 Integration by Substitution ‘/

+>3
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4.5 Integration by Substitution
. W =
bx —
3 -
> =
(4-1) =
o)
= J é x" C’IX -9 ) cf/)l
Class Notes: Prof. G. Battaly, Westchester Community College, NY
__Calculus Home Page ElHomework Part lu‘Homework Part 2
4.5 Integration by Substitution
3
@XL W=y
-
e PR 1S
(4x*=9)
‘C:\\ > (- >-3 Jurdu= uon +c
-2 J £} X # n+1
PN
1 1w
= -3 AL
a j (4 d@b\, - Q -a. < I
| 1 +c - ;’B_—L e
S —xt< T 2 )
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4.5 Integration by Substitution

Solve the diff eq: ﬁqf;% -

I+

Class Notes: Prof. G. Battaly, Westchester Community College, NY

__Calculus Home Page @

Homework Part 1

Homework Part 2
]

4.5 Integration by Substitution

Solve the diff eq: é} - _/Oxz
A TE

Ly

A

B g = J0X
“ \’_?M, u= | +X
J}ox’“(ﬁx} A dm‘},&.ﬁ’d‘

-/gj IT)(§>" Sxo?/;t

~y _
SLLJ‘D(AA/ *%-%4Q

=70 3
S

3

/

Q

-
S~

I\

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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Homework Part 1
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fu”du =yt +¢
n+1
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4.5 Integration by Substitution
Solve the diff eq: _égu _ X-1 “n-

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework Part 1
Calculus Home Page @
3

M XESK+] s

Homework Part 2
% ]

4.5 Integration by Substitution

Solve the diff eq:

fd*é j(x Exﬂ a(% V)‘W
Ve

aS U&o@w ' ‘Ll&m
&

I = W

Class Notes: Prof. G. Battaly, Westchester Community College, NY

H k Part 1
Calculus Home Page a omework Pa

n= Xz—g)(“'l

Xy
%Wﬁ:g)&} o=at-E) L

fu”du=_u1ML +cC

= a(x~Y) J/)L

n+1

Homework Part 2
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4.5 Integration by Substitution

X Sih 'dy ﬂw—:

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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Calculus Home Page a Homework Part 2
a |

]

4.5 Integration by Substitution

J.f@gsihxl& Uu=x
U= T S =~ X 2y

T

élf Smun drae fu”du=_um+c
n+1

—~—
—

X
_écasM-tc: 3 oy X F

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework Part 1
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4.5 Integration by Substitution

Solve the diff eq, and find the equations thru (2,7):

—————

[ (=T u=

~

PR

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework Part 1

Calculus Home P: i
a alculus Home Page a Homework Part 2
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4.5 Integration by Substitution

Solve the diff eq, and find the equations thru (2,7):

é["):‘gklf ~x= u= 9%
‘_yL %ﬁ.: —Rx#
jgmm y-ﬁx (X)L
VA K
< (kkd,\«';?:_:\_‘r& fundu=m+c
n+1

GO

Class Notes: Prof. G. Battaly, Westchester Community College, NY
_ Homework Part 1
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Calculus Home Page
L ]

4.5 Integration by Substitution

fxﬁﬁﬂ%‘

5.
s

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework Part 1

Homework Part 2
5 ]

4.5 Integration by Substitution

A= 3x-
fx R

éfxdéﬂ_%

-

uwtq=3x
C: h; d bl X }ﬂ
annot have mixed variables.
j\ X (A L C&N Need to find an equivalent for

x in terms of u. (U\.“' L{)

3x-%§ [(& + M\l S

?sﬂ) [Sy + k{nga

Silqan

2 /5
)}(Sﬁ%%(mw )+

Class Notes: Prof. G. Battaly, Westchester Communitv College, NY
ecmculus Home Page
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4.5 Integration by Substitution

f()(ﬂB Ja-x Ay W—___

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework Part 1
__Calculus Home Page &

., Homework Part 2
3‘
4.5 Integration by Substitution
n=2-X
- ()(-H‘)JQ_X -y du= — Y
— —
/e
_ Cannot have mixed variables. 4 = ) -
\S‘ ()( + ‘3 W Need to find an equivalent for X
(x+1) in terms of u. X = -

V¢ Add 1 to both members of the equation.
—\S‘(%-U\) U da X+| = a-at |

X+ =3~

S
DR
{_ (3

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Homework Part 1

Calculus Home Page
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4.5 Integration by Substitution
g\ u-
3
X (x '+l _
= _
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Caloulus H P Homework Part 1

a alenlus Home Fage - Homework Part 2
a

4.5 Integration by Substitution

o

u=Ly +|

' a
\S'B?’(O?X%-D ﬁ du= SXCAL

@Upper and lower limits of integration apply to the
® variable of integration. Need to change from the
3 2 original x values to correspondlng u values

]
<
3

‘79[?“%\1 3 &_’ -

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework Part 1
Calculus Home Page a H k Part 2
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4.5 Integration by Substitution

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework Part 1

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page a

ECalculus Home Page & Homework Part 2
3‘
4.5 Integration by Substitution 2+
u-= /—}-o-l)(
a
Y X Z b= YXUf
.1 + @Upper and lower limits of integration apply to the
p) I+Q~X variable of integration. Need to change from the
original x values to corresponding u values.
9@

Homework Part 1

a

Homework Part 2
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=1

__Calculus Home Page
3

j,X(XI*‘)M Au= X L

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Homework Part 1
3 ~ Homework Part 2
a

Class Notes:
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Upper and lower limits of integration
apply to the variable of integration. If
do not change limits, use x = to
indicate that the limits are different
from the variable of integration.

Then substitute back and use the
original limits. Note that you will still
be doing the same arithmetic that
would have done in table. &
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