Turvy for Integration -- Solution Key

By David Pleacher

Here is the title right-side-up: Cookie crumbs on a piano

Here is the title upside-down: Abe Lincoln walking by a tall fence in a snowstorm

1. Evaluate J(%+i2+x1°jdx
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First, rewrite so you can see all the exponents and expand to get
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I(sin x—3cot xsin x)dx =

j(sin x—3cot xsin x)dx = J(sin x—BCPﬂsin xjdx =
sin X

I(sin x—3c0s x)dx =—cosx—3sinx+C
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2x 7+ dx =

sin’ x
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2X T+ — dx:J(Zx 7+5csc2dex=
sin? x
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J.cscz XC0S X dX =

jcsczxcosxdx:J COS X dx:Ji@ dx =

sin? x sin X sin x

Icscxcotxdx:—cscx+C

f%(Sx‘z +tan x—4) dx =

You are looking for the antiderivative of di(:f;x2 +tan x—4).
X

An antiderivative is a function F(x), such that di( F(x)) = (]li(3x‘2 +tan x —4).
X X

The family of functions that satisfies this is
3x *+tanx—4+C, ormoresimply 3x?+tanx+K

I COS(2X)+ / sin(2x) dx=

Let u=sin(2x).
Then du = 2cos(2x)dx.
Now, rewriting the integral you get

I cos(2x)4/ sin(2x) dx :f%(sin(ZX)); 2c0s(2x) dx =
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Let u=1-x?, then du =-2xdx

\/ﬁ

_J' 2du—

—u2+C_—4f1 x?+C

:—J. 2x1 X2 21dx:

-2u +C =

Given that g'(x) =(sin x)(5+5cos x)3 ,
find g(x) ifg(0)=0

Given that g'(x) =(sin x)(5+5cos x)g,
Then g(x):j(sin x)(5+5cosx)3dx

Let u=5+5cosx then du=-5sinxdx

2(2x)+C

I(sin x)(5+5cosx)3dx:%1_[(5+5005x)3( —5)(sinx)dx =

—J' du——u +C——i(5+5005x) +C.
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Now use the glven conditions that g(0) =0 to find g(x):

g(x) = —%(5+5005x) +C, so

1 4
g(0) = —%(5+5cos(0)) +C

1 4
0=-2-(5+5()"+C

C =500

g(x)=— 10(5+5(:osx) +500



I8x(x2+7)3dx:
Let u=x?+7, then du=2xdx
I8x(x2+7)3dx:4j.(x2+7)32xdx:

4j(u)3du =u‘+C =(x2+7)4+C

J(2x3x—212)4 =

Let u=2x>-12 Then du =6x dx

dx_I x3 12 “x2dx =
(2x3 12

Ej 2x —12) 6x> dx:gj (u) “du=

-3
1[U—J+C= — 3+C=_—13+C
6\ -3 18(u) 18(2x°-12)
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Let u=2+x2 Then du:%(x)z dx

<ff> [[eest]w

F2(2+X;]6%(X); dx = [2(u) du =

1 7
%(u)7 +C :%(2+x2] +C

N

dx =
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Let u=3—1 Then du:izdx
X X

1) ot

COS X
[
(2-3sinx)
Let u=2-3sinx Then du=-3cos xdx

COS X 1 ] 4
—dx:J—— 2-3sinx —3cos xdx) =
J(Z—Ssinx)4 3( ) )

J__(u)“ du==(u) " +C :%(2—3sin X) " +C

dx =

J X
cos® (3x?)
Use the trig identity, Klsx =SecX:
X _ 2 2
dex_jsec (3x )xdx

Let u=3x? Then du=6xdx
So, Isecz(3x2)xdx:J%sec2(3x2)6xdx=

J%secz(u)du:%tan(uﬁc :%tan(3x2)+c
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J 4x3—32dX:
(x4—3x)
Let u=x*-3x Then du:(4x3—3)dx

4x°-3 [ du _ U-2du =
J <x“—3x)2dx‘J W

jcosxcos(sin X) dx =
Let u=sinx Then du = cos xdx
Icos xcos(sin x) dx :jcos(sin x)cos x dx =

Icos(u)du =sinu+C =sin(sinx) +C

I3xtan (3x2)secz(3x2) dx =

This integral can be done two different ways:

(1) Letu=tan(3x*), Then du =sec’(3x*)6xdx
I3xtan(3x2)sec2 (3x2) dx :J%tan(3x2)sec2 (3x2) 6xdx =

1 1 1
Jz(u)du :ZUZ+C :Ztan2(3x2)+C

(2) Let u=sec(3x*), Then du =sec(3x” )tan(3x*) 6xdx
j3x tan (3x”)sec (3x*) dx :f%sec(sz)sec(:%xz)tan (3x*) 6xdx =

fl(u)du Lz k= Leec (3x*)+K
2 4 4
These answers look different but they are actually equivalent because of

the identity 1+tan®x =sec’x, so the constants K and C differ by 1.



