Integration

Dy
Substitution



Chain Rule: j—x[f(g(x»]= f(g(x))g"(x)d :

Follows that: If(g(x))g'(x)dx=F(g(x))+C

Problem is when you havej- f (x)g(x)dx

deciding which is the inner and which is the outer function
and identifying the function.

Outside function

|

Jf(‘g'(x))gigc) dx = F(glx)) + C
-

Inside function Derivative of
inside function




I(xz —1)32xdx ud is the outer function
(x?-1) is the inner function

2X 1S the derivative of inner

(x +1)
3

+C

IZx(x +1) dx =

Missing constants can be introduced as a unique form of 1.

(x2 +1)3
3

+C

Ex: Ix(xz +1)%dx = ;-"Zx(x2 +1)%dx=



Variables can be changed to simplify the expression.

Ifwelet u=x2+1 and du=2xdx then

3
Ix(xz +1)%dx = %_"(x2 +1)% (2xdx) = %qudu = u€+C

£+C =(X2;-1)3+C




I(Bx 1)*dx == j3(3x 1)% dx _(3X151)

N W

I3x2(x3—1)édx :(X ;1) = 3 +C

3
COS® X
+C

Ex: Icosz XSin xdx = —J-cos2 x(—sin x)dx = —






4. ldentify u and du for: j sec (2x) tan(2x) dx

u= 2X
du= 2dx
3 2_1)*
8. Evaluate:j (X% -1)" (2x)dx :(X -1 ‘C
4

12. Evaluate: j.x(4x2+3)3dx :;j(4x2+3)38xdx :%

X2 1 -3x2
16. Evaluate: j( dx :-3.[ % dx =

16-x3)2

—
=
o))
1
>
w
S
N
Wl




_101+x3

3

1

2

+C

_20

1+x3 +C



32. Adirection field is a graph showing the slopes at a series of
points. Slopes are given by a differential equation j—z = f(x)

Direction fields give the outline of a family of equations
which are the integrals of the differential equation. Sketch a
solution to the differential equation given.

5
N

= XCOSX
dx
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36.

40.

w [orleeafor(lgu-enlzho

48.

jcos(Gx)dx: é—"cos(6x)6dx = %sin6x +C

J‘\/cotx csc?x dx = j(cotx)

N[

( CSC

x)dx

u-1

jxmdx_ﬂz(u 1)}[(][%@}

:ij‘(u-l)\/adu =

_2(2x + 1)2 2(2x + 1)

3

2 3
=-—(cotx)2
2 (cotx)

+C

UL e d= e
> >

10

12

+C






52. J‘ZX 1dx Let;: u=x+3, x=u-3 and dx=du

o3
2x-1 2(u- 3) 1 2u-7 r_ 1
= dx 2u2-7u 2 |du
Jx+3 Ju f J( j
2 1
—4%+14u2 +C

1 1 !
56. jx 1- x°dx :;J- Vl-xz(-Zx)dx:_}{(l_XZ)g}
0



|

2 4
0 -

60 2 2 1 4-'|‘X2 3 3 4 2
j x34+x2dx:;—" 2x34+x2dx =—( ) :{§(4+X2)3} =3.62
0

m
2

64. 2 i 2
(x +cosx)dx = XM sing] 2+ v
2 72 2

T

3

1L Ll m
Area:j (sinx +cos2x)dx :-I -sinxdx+;J‘ (cos2x)2dx

0 0

1 11}

:{-cosx +—sin2x} =2
2 0



2
72. Area :j x>\ + 2dx
0
=7.58
g
76. Area = sin2x dx




80. Use the symmetry of the graphs of the sine and cosine functions
as an aid in evaluating each of the integrals.

%

(a) sin x dx
_Im
4

11

(b) J‘_;;cos o |

=2




g
(C) cOS x dx
3

L1

2
:ZI COS X dXx
0

=2
(d) jzsinxcosxdx
7

=0




84. The rate of disbursement dQ/dt of a 2 million dollar federal
grant is proportional to the square of 100 -t. Time tis
measured in days (0 £ t<100), and Q is the amount that
remains to be disbursed. Find the amount that remains to be
disbursed after 50 days. Assume that all the money will be
disbursed in 100 days

dQ

3
E:k(lOO-t)z Q(t):-‘. k(lOO-t)Zdt :_k(lOO-t) ‘C

k(100-1)°
3
k(100-0)°

Q(t) =-

Q(0) =- =2,000,000 -k =-6

“h3
Q=22
6(50)°

Q(50) = = 250,000




88. A model for the flow rate of water at a pumping station on a
given day IS R(t) :52+7sin(%t+3.6)+9cos(r—2t+8.9)

Where 0 £t <24. R is the flow rate in thousands of gallons per
hour, and t is the time in hours.

(a) Use a graphing utility to graph the rate function and
approximate the maximum flow rate.

o

Haximum
n=9.Zh T=a0.”1z T




(b) Approximate the total volume pumped in a single day.

24
Volume :j (52 + 7sin(%t+3.6j +9cosGr—2t+8.9Ddt

0

24 24 24
= 52dt +7 sin(1t+3.6jdt +9 cos(1t+8.9jdt
6 0 12

0 0

24
= 52t-4—21353(—+31.83+—"sﬁn(—+8.9j =1272
m 6 m 12 0



92. T/F: J' x(x2+1)dx:%(1x3+xj+c

3
— 2 X4
= X(X +1)dx = | x3dx + | xdx :T+X+C

False

sin22x cos 2x dx :%sin32x +C

96. T/F: J‘

= ;J'sinz(ZX) (cos 2x 2)dx

_ 1sin32x
= +
2 3

C :%sin32x +C

False
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