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Portfolios1. Evaluate fPx2e2×dx .

Solution : In  order to compute the definite  integral f5x2e2×dx
,

we

will first compute the indefinite  integral fx2e2×d× and then

evaluate that function at the endpoints.

Part 1 : To  compute f×2e2×d×
,

we  will use integration

by parts by choosing functions f. lx) and gilx ) to  use
the equation

l* ) f f.( x ) g.tw/dx=ffxlg.lxl-ffflxlg.lHdx .

Choose f. ( x ) =  ×2 and
g ,

' ( x ) =  e2×
. Differentiating f. 1×1 gives

film =2x  and integrating gilx ) gives g.
1 x ) = 'ze2× .

Placing these four functions into the equation ( * )
,

we

obtain

f(x4(e2Ddx= 1×4 He
" ) -f(2×)l£e2× ) dx .

Simplifying ,
we have

|×2e2× dx  = 'zx2e2× - |×e2×dx .

The right . hand side of the equation still has an  integral that

we need to compute .
We will use  integration by parts  again .

Choose fzlx ) =  × and gz
'

( × ) =e2×
.

Differentiating fzlx) gives

fslxl : 1 and integrating gilxl gives 921×1 = fee "
. Placing

these functions into their
corresponding spots in the equation * )

,
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we  obtain

|xe2×dx  = ( x ) ltze
" ) - / ( i ) ltze

" ) dx

=  

lzxe
"

- lzfe
"

dx

We can  evaluate the integral on the right-hand side to  obtain

|xe2×dx  = tzxe
"

. tz ( he
"

) + C = £×e
"

' yte
"

+ C

( We've added the "

+ C
" at this  stage since  anti derivatives

are only unique  up to  a  constant term .)

Finally ,
we  can  return to  our  original integral to  obtain

fx2e2×d×  = £x2e2× - fxe2×dx

= £x2e2× - fzxixyte
"

) + C

= }×2e2× - lzxe
"

+ yte
"

+ C
.

Part 2 : Now that  we have  a formula for /x2e2×d× ,

we

can  compute fF*2e2×dx by evaluating the anti derivative

at the units  of  integration ,
as follows :

g

f ,5x2e2×d×  = £x2e2× . 12×5×+4 e

"

/
,

= ltzlste
" "

. tzlste
" "

+ tie
" " )

- ( ÷u5e
" ' '

- tale
" ' '

+ tye
" " )

= Ee
"

. Ii . ¥ e

"

. ±i+±e2+tae2
=  ¥do + ÷e2 .

thus ,  using integration by parts , fI2e2×d×  = tyke '0t±e2 .
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2. Evaluate fsincxlexdx .

Solution : For  notational purposes ,

denote

I  
= fsinlxlexdx ,

In  order to compute the integral I
,

we  will use  integration

by parts via the formula

l* ) fflx )g' lxjdx  = f(x)g( X) - ff '

lxlgkldx .

To that  end
,

choose f
,

lxl = sink) and g.
'

( x ):=e× Differentiating

f.( x ) gives filxkcoslx ) and integrating gilx)gives g.
1 xs=e×

.

Using the equation l* ) above
,

we  obtain

l** ) I  
= fsinlxlexdx =  sinlxlex - fcoslx) e×d×

.

We will repeat the process to  evaluate fcoslxlexdx by

choosing fzlxkcoslxl and gjcx )=e×
.

Differentiating A ( × )

gives fz
'

( × ) = - sink) and integrating gidx) gives gd*=d

Using
#

,

we have

fcoslxlexdx = coslx )e× - ftfsinlxl)e× dx

=

cos 4) ext fsinlx )e× dx .

= coslxlex + I

Noticing that the integral we  are looking for has appeared,

we return to the equation * * )

I=  sin ( x ) ex - fcoslx) exdx

I. - sink )e× - ( coslx )e× + I )

I  
= sink )e× - coslx )e× - I

.
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we can rearrange the equation  above to solve for I

as follows :

I  
=  sink )e× - cos lx ) ex - I

2 I  
= sin ( x ) e× - cos lx ) e× + C

I
 

= zt ( sin ( x ) ex - coslx ) e× ) + C

( We added the
"

+ C
"

at  the first stage where  we  did not

have  integrals -

disguised as I  or  otherwise - since integrals

are only unique up
to  a  constant . )

Therefore
, using

integration by parts ,
we have

fsihlxlexdx  = tz ( sin 6) ex - coslxlex ) + C
.
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3. Evaluate Hank))3d× .

To  evaluate fftancxl)3d× ,
we  will start by replacing Han( xD

2

according to the Pythagorean  identity

( tank ))2 = ( seccxl)2 - \ .

This  replacement gives us

f ( tanlxipdx  = f tanlxl ( tank )2 dx

= ftanlxl ( seek )2 - 1) dx

= flfanlx) @clxlt - tank ) ) dx

= ftanlxlseclx))2d× . f tanlxldx .

We can  compute ftanlxkseclxl)2d× by using
the substitution

u= tank )

which forces

du= @clxl)2 dx
.

Hence
,

ftanlxl ( seccxlpdx  = fudu
2

= in +
C

:tangy 't C
.

The only remaining task  is to  compute / tanlxdx .
This

was done in class by replacing tan ( x ) with slosh,
and

then using substitution .

The result  is

ftanlxldx  = dnlsedxy + C
.
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Now , returning to  our  original integral ,  we have

f. ltanlxlpdx = ftanlxl ( seccxl )2dx - ftanlxldx
= ( tan ( x ))2

2-
- black ' I + C

.



4. Evaluate fixed dx
.

Salmon .

In order to evaluate ffTt4xJ dx
,

we will

first rewrite the expression now the
square

root

as a sum or difference  of  squares . To do so
,

we will complete the square using the frmula

2

ax2+bx+c  =a(x+Za)2 +  c
-

#
.

Thus
,

we can  write

x 2+4×+3=1.1×+112+3 .¥2= ( × + 2) 2+3 - 1212

= ( x

+25+3-4
= 1×+42 - 1

,

Hence
,

our integral becomes

fxFt4x5dx = ftp.T dx .

Now that  our  Integrand is a
square

not  of  a
difference

of squares ,
we  will use a trigonometric substitution .

To start
,

consider the following triangle for reference :

t
't

FE
)O

1
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We will use the relation

Sec O = xtzl
see O =  × +2 ( or × = see O - 2)

This forces dx = see Otano DO .

Returning to  our  integral ,
we  can  make the substitutions :

feet dx  = flat secotancdo
.

Recall the Pythagorian identity

1*1 ( see05-1 = Kano)2 .

Using this identity ,
we  can simplify our  integral

fat secotanodo = film see Otano DO

= f secco ( tano )2dO

( Since we are computing an  indefinite  integral ,
we  

may
assume / assert that Ftanof  = tano . )

Now
,

we must  compute the trigonometric integral

It fsecolfanop DO
.

To that end
,

we use e* ) again
to write

I  
= fseco ( tanOPdO=fsecoksecop-1) DO

=

f@cO)3
- secco DO .
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As computed in class
,

we know that

f. see
ODO = bfsecottancoltc .

All that remarks is to  compute f(secco ))3 do . To that

end
,

we  will use integration by parts with the formula

*  * '
ff(×)gy×)d×= fhdglxl - fftxlgkldx

with the choice f(

A
= Seco and

g.
'

(a) = @eOj ? Differentiating
1 1

flxl
,

we  obtain f'tO)=secOtano and integrating g
' Col we

obtain
,

I

gf0)=tanO. Using
the equation *  * )

,
we have

f@cOPdOt-secOtanO.fsfecotanOftanOdO-secOtanO-flanOTsecOdO.esecOtanO.I

Returning to  our last  equation involving I
,

we have

I  
= SSKCOPIO - fseco DO

= secotanc - I - hlsecotanol

Rearranging and solving for I
,

we  obtain

2I =secOtanO . h|secOtanO| + C

I  
= I ( secotano - hlsecotanc

)|
+ (

.

( We added the "

+ C
"

here since anti derivatives are  only unique

op to the addition of a constant . )

therefore
, fseeoltanopdo : st ( see Otano -

htecltauo
1) + C

.
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Returning to our triangle ,
we need to return to  our  original

variable ×
.

We have

Sec O= x+2
,

tom O = ftp.T .

so
.

f. x2t4F3
'

dx  = fifty dx

= fsecoltanopdl
= tzlsecotano - lnlsecottauol ) + C

=

tz (1×+2) Fxtyei - h|x+z+j×#T Itc
.



5. Evaluate f-
Salmon

10×3+2×4 ×

dx

Solution "

Noticing that the denominator  of the integrand is

a polynomial that can be factored,
we will start  with

decomposing the integrand via partial factions .

Since ×3+2x2tx  =  × 1×+15
,

we  will use the form

xstzxzttx = x±tx¥+¥p
=

A ( x +112+13×1×+1) + Cx

÷- 1)
2

The denominators are equal so the numerators must be equal

also :

1 = A 1×+112 + Bx ( xtl ) + C ×

= A 1×2+2×+1 ) + BXIBX + C x

= Ax 2+2 AX + AtB×2tBx + ( x

= #+ B) ×2t 1 2A+Bt C) x + A

The coefficient of  ×2 on both sides mustbethe
Same so D= A  +13

. similarly ,

the coefficient of  ×

must be the same  on both sides so 0=21-+13 + C
.

Lastly ,

the constant term  must be the same  on

both sides so I = A . The resulting system  of gratins
we must solve Is

0 = A  + B

0 = 2ttBtC

1 = A .
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.

Solving this system leads to

A= 1
,

B =
- 1

,

C = - 1
.

Therefore ,
or  integral becomes

1×3+2×4 dx = fxf- ×÷
,

- ¥ ,,a)d×

= ftxdx - ftp.dxf#2dx .

We we address each of the integrals on the

right separately .

First
, fxtdx = hlxl + C

.

Second
,

choose u=×tl .
Then du = dx so

I xtdx = futdu - hlnltc =h/xHl+ C
.

Third
,

choose u=×+l
, again . dodu= dx again also )

Hence , f (1×+7) dx  = f ( xH52dx

= fuedu
= - ui

'

+ C

=
- 1×+15

'

+ C

=
-

I

×+T
+ C

.

Putting this all together, we have

fx.su#dx=h1xth/x+4 + ¥ + C .
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6
.

Determine  if

ifxtdx
converges

or diverges .

-1
1

Solution : The improper integral f xtdx  is  defined as the
- 1

am ifxtdx- f°÷,d× + f
.

'

xtdx
and "

- 1

- l

f
,

"

xtdx will converge only if both [°xtdx and

floxtdx converge . To that end
,

we  will start by

computing So
'

txdx  using the definition :

sjxtdx . ftp.t
'

,÷d×

it; I hah
'

)

= bin hnlll - hltl
t.io

=
- A .

Hence , flxtdx diverges . This fact means fjxtdx diverges

as well
.
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7-
.

Determine if fo*[2×(sin

(d)
dx  converges or diverges .

Solution : In  order to  determine  if the given improper integral

converges or diverges ,
we  will use the comparison test for integrals .

Let f ( x ) =  E2× ( Sinha )2 and let
g

1 x ) = E2×
.

fo ,

× in [ 0
,

d)
, Oefsinlx ))2El and e- 2×20

,

so

O c-  e- 2×&in(x ))2± et× ( that  is
, OEFCX ) E g

1xD.

.

further , f ( x ) and glx) are continuous for all ×  in [o ,
d ) .

By the integral comparison test
,

if fPi2×dx converges ,

then SP e- 2×&in(xp dx converges
. We  will now  investigate

the improper integral fP[2×d× using the definition .
To

that
.

end
,

consider

fdeexdx = tlgmafteixdx

'this .

l÷i
" lots

= him I ÷ it
+ f)

t  → A

= 1
2

-

Thus , fPet×d× converges
which gives us that

Meh' lsinlxlpdx also  converges
.


