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7.1 Integration by Parts
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Intro - Quiz - 1

True or False?

If f(x) = g(x)h(x), then f'(x) = g’'(x)H(x)
A) True

B) False
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Intro - Quiz - 2

True or False?

If f(x) = g(x)h(x), then [ f(x)dx = ([ g(x)dx)(J h(x)dx)
A) True

B) False
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When to Use

What if we want to evaluate [ xe*dx ?
If v and v are functions of x,

[ uvdx # [ udx [ vdx

So

[ xe*dx # [ xdx [ e*dx

Instead, we want to reverse the product rule of differentiation.
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Reverse Product Rule

Product Rule: (uv) = d'v + uv/
Reverse it: [(uv)'dx = [ u'vdx + [ uv'dx
uv = [vedx + [ ud¥dx

uv = [ vdu+ [ udv

[udv =uv— [ vdu

This is the master equation for integration by parts.
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Example 1

Evaluate [ xe*dx

Determine the parts:
u=x dv=e dx

du=dx v =¢e"

Apply the master equation:

fudv: uv—fvdu
[ xe*dx = xe* — [ e*dx

=xe* —eX+C

[ xe¥dx = xe¥ — X+ C
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Example 2

Evaluate [ x cos xdx

Solution:
Determine the parts:

u=x dv = cosxdx

du=dx v =sinx
Apply the master equation:

Judv=uv— [ vdu
[ x cos xdx = xsinx — [ sin xdx

= xsinx +cosx + C

[ x cos xdx = xsinx + cosx + C
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Try It

s
Evaluate / 271X sin xdx
0
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Other Applications of IBD

Sometimes, an integral/anti-derivative can be obtained by knowing
the derivative of a function.

We will apply that to evaluating:
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Integral of In x

Evaluate [ Inxdx

Solution:
u=Inx dv=dx

dUZ%dx V=X

[ udv =uv — [ vdu
[Inxdx = xInx — [ x(£)dx
= xInx — [dx

=xIlnx — x

[Inxdx =xInx —x+ C

[Inxdx = xInx —x+ C  (Memorize.)
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Integrals of Inverse Functions

1

Evaluate [ sin™" xdx

Solution:

u=-sin"Yx dv=dx

du = \/11_7dx V=X
[ udv =uv — [ vdu
fsin_1 xdx = xsin"1x — fﬁdx
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Integrals of Inverse Functions - Continued

=1 _ e X
[sinT" xdx = xsin”* x fmdx

fsin_lxdx —xsinIx+vV1—-x2+C
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Choosing U

| - Inverse

L - Log

A - Algebra (power functions)
T - Trigonometry

E - Exponential
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Circular Integrals

Evaluate [ e* cos xdx

Solution:

u=-cosx dv=e dx

du = —sinxdx v = e~

[ udv =uv — [ vdu

[ e cos xdx = ¥ cosx — [ —e*sin xdx

eX cosx + [ € sinxdx

Circular Integrals - Continued

| e cos xdx = e¥cosx + [ €~ sinxdx
u=-sinx dv = e~ dx
du=cosx v =¢"
e¥sinx — [ eX cos xdx
[ ¥ cos xdx = ¥ cos x + €¥sinx — [ e cos xdx

2 [ € cos xdx = e* cosx + e*sin x

[ € cosxdx = & (cos x + sinx) + C
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Quiz

[ xsec?® xdx =

A) X;tanx—i— C

B) X; —In|secx| + C

C) xtanx — In|secx| 4+ C

D) xtanx —tanx + C
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7.2 Trigonometric Integrals
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Trigonometric Integrals

We will focus on integrals of these types:
[ sin™ x cos” xdx
[ tan™ x sec” xdx

where m and n are positive integers.
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Strategy

The strategy depends on relationships between sin x and cos x and
between tan x and sec x.
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Relationships Between sin x and cos x

2

cos?x +sin°x=1

d(sinx)

“dx . COS X

% = —sin x
Strategy

d(sinx)
“dx COsS X

d(cosx) -
“dx Sinx

[ cosxdx =sinx + C

[ sinxdx = —cosx + C
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So, for [ sin™ x cos” xdx, choose either du = cos xdx or

du = — sin xdXx.

If nis odd, choose du = cos xdx. If m is odd, choose

du = — sin xdx.
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Example 1

Evaluate fsin2xcosxdx

Solution:
du = cos xdx

u=sinx

fsinzxcosxdx = [uPdu

+03
:Sln3X_|_C

Example 2

Evaluate fsin3 xdx
Solution:

[ sin® xdx = [ sin? x sin xdx
= [ —sin? x(— sin x)dx
du = —sin xdx
U = Ccos x
= [ —(1 — cos? x)(— sin x)dx
= [ —(1— v?)du
= —(u-2)+C

= | —(cosx — —C°§3X) +C
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Example 3

Evaluate [ sin® x cos3 xdx

Solution:

2 x cos xdx

[ sin* x cos® xdx = [ sin* x cos
du = cos xdx
u = sin x
= [sin* x(1 — sin® x) cos xdx
= [u*(1 — v®)du
= [(u* — u®)du

5

7
R

5

. . . 7
f5|n4xcos3 xdx = | X — =SLX 4 C
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Even Powers

So, for fsin’"xdx cos” xdx, it is clear what to do if either m or n is
odd. What if both "m"” and "n” are even?

If both "m"” and "n" are even, then reduce the order using these
helpful identities:

C052 X — 1—|—c§s 2x
sin2 x — 1—c<2)s 2x
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Example 4

Evaluate [ cos? xdx

Solution:

[ cos® xdx = [ %dx

= [ (1 + cos2x)dx

[ cos? xdx =| A(x + §sin2x) + C
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Example 5

Evaluate [ cos? x sin? xdx

Solution:

f (1+c§s 2x) (1—c<2)s 2x) dx

[ cos? x sin? xdx =
= f 1(1 — cos? 2x)dx

(1 — (1 + cos4x))dx

(1 -2 — 2cos4x)dx

(% — % cos4x)dx

fc052><sin2 xdx = %x — 3—125in 4x + C
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Quiz

After an appropriate substitution, which integral is equivalent to
[ sin? 3xdx ?

A) [ =) gy

B) f(1+c<2)s6x)dx

C) f (1+c<6)s6x)dX

D) f (l_C(2)56X)dX
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Relationships Between tan x and sec x

1 + tan® x = sec® x
@:Segx [sec? xdx =tanx + C
X
d(S;)f(:X) — tan x sec x [ tan xsec xdx = secx + C
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Strategy

d(tanx) 2
“dx Sec”™ X
d(secx)

dx = tanxsecx

So, for ftanmxsec” xdx, choose either du = sec? xdx or
du = tan x sec xdx.

If nis even, choose du = sec? xdx. If m and n are both odd,
choose du = tan x sec xdx.
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Example 6
Evaluate [ tan* xsec* xdx

Solution:

2 x sec? xdx

ftan“xsec4 xdx = ftan4xsec
du = sec? xdx

u = tanx
= [tan*x(1 + tan? x) sec? xdx
= [u*(1+ v?)du
= [(u* + u®)du
5 7
=T +5+C

5 7
ftan4xsec4xdx = ta”5 X 4 ta”7 X 4+ C
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Summary

[ sin™ x cos" xdx

m n Strategy
even | odd = sinx
du = cos xdx
odd | even U = COS X
du = — sin xdx
odd | odd u=sinx
du = cos xdx
even | even | Reduce order.
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Summary

[ tan™ x sec” xdx

m n Strategy
even | odd No explicit

strategy.

odd | even u=tanx

du = sec? xdx
odd | odd U = sec x
du = tan x sec xdx
even | even u=tanx

du = sec? xdx
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Memorize

You are expected to know the derivatives and antiderivatives of all
of the trigonometric functions:

d(sin(x))

e T COSX [ sinxdx = —cosx + C
W:—sinx [ cosxdx =sinx + C
d(tZ:((X)) = sec” x [ tanxdx = In|secx| + C
W:tanxsecx [ secxdx = In|secx + tanx| + C
WZ—cotxcscx [ escxdx = In|cscx — cot x| + C
W L s [ cotxdx = In|sinx| 4+ C

Quiz

After an appropriate substitution, which integral is equivalent to
[ tan® x sec® xdx ?

A) [ tan3 xdx [ sec® xdx
B) [ u®du
C) [(v® + u*)du

D) [(u? —1)u*du
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7.3 Trigonometric Substitution
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When To Use?
2 1
1 -
J V9 — x2dx J \/X'2_25dX L\/g x2+/x2 +4dX

3

The method of trig substitution recommends a substitution that
rationalizes the integrand in cases like these.
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Example 1

Evaluate [ V9 — x2dx

Solution:

Substitute: x = 3sin6
dx = 3cos0do

[V9—x2dx = [ /9 — 9sin? (3 cos0)d0
—f\/9 —sin? #)(3 cos 6)df
= [ V9 cos?0(3cos0)df

= [(3cosf)(3cosh)dl
= [9cos?fdf
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Example 1 - continued

[V9 — x2dx = [9cos?0d0
= [ 3(1 + cos26)db
Now integrate:
[V —x2dx =3(0+ 5sin20) + C
Now resubstitute:
We need to write 6 and sin 26 in terms of x.
We know: x = 3sinf
sinf) = 3
§ = sin~1 3

Now what about sin 207
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Example 1 - conclusion

We know that sin28 = 2sinf cos®, and we know that sinf = § e}
all we need is cos @ in terms of x.

Draw a right triangle with an angle 6 such that sin = 3. Then
determine the third side of the triangle using the Pythagorean
Theorem.

9-x2

So cosf = ”93_XZ and sin 20 = 2(%)(¥5%)

wT
x
N
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Example 1 - conclusion

[ V9 — x2dx = f9cos2 0do

=3(0+ 3sin20)+ C

N|©

(sin_1§—|—§ 9—x2)—|—C
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Generalize

When the factor, /a2 — x2, appears in the integrand, use the
substitution, x = asin 6. This is equivalent to substituting
f=sin 1% —2<H<T

a !

So,
x = asin6 Va2 — x2=+/a%— a2sinf
dx = acosfdf _ \/32(1 — sin?6)
= v a2 cos?
= a| cos 0|
= acosf
Rationalizing Substitution
Factor Rationalizing Result
Substitution
Va2 —x2 | x=asinf Va2 — x2 =acosf
dx = acos0do
a1 T T
6 = sin )—;,—§§0§§
Va2 +x2 | x=atané Va2 + x2 = asec
dx = asec? 0do
_ -1 x T s
=tan™" 3, —5 <0< 73
Vx2 — a2 | x = asech Vx2 — 32 = atané
dx = atan fsecfdb
f=sec ' 0<6<Z
orm <0< 37”
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Quiz

For the integral, [ 2\/— use the substitution:
A) x = 3sinf, dx = 3cosfdb

B) x =3tand, dx = 3sec? 0do

C) x =9secl, dx = 9tanfsecHdb

D) x = 3secf, dx = 3tan 6 sectdd
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Quiz

Using the substitution, x = 3sec#, dx = 3tanfsecfdb,

f dx —
x24/x2—9

do
A) 9sec2ftanb

do
B) 27 sec2Qtanf

C) [ & cos6df
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Quiz

Example 2

Evaluate [ \/%%dx
Solution:
x = bhsecf
dx = btanf@secHdb
_ 1
dx = f v/25 sec? 0—25(

:f 5tanfsecH 9
\/25 sec? 6—1)

5tan O secd
_f " Btanf df

= [secfdd
= In|secf +tanf| + C

|

Now resubstitute.

5tanfsecf)dd
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Example 2 - continued

]l \/ﬁdx = In|secf + tan | + C

We need to write sec and tan in terms of x. We know that

_ X
sec = =

Draw a right triangle with an angle 6 such that secf = ¢. Then
determine the third side of the triangle using the Pythagorean
Theorem.

From the triangle, tanf = #
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Example 2 - continued

fmdx—fseCQdG

= In|sech +tanf| + C

_ /n|§+ \/x25—25‘_|_C

This can be simplified further:
dx = In |X+m| +C

=In|x+vx?—25|—In5+ C
=|In|x +vx? =25+ G,

f\/ﬁ
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Example 3

2 1
Evaluate /%§ de
Solution:

x = 2tanf
dx = 2sec?20db

/2 B 2sec? f 40
23 x2/x? + 4 x Atan2v/4tan26 + 4

_/4 2sec? 6
= 4tan?0vV4sec? 0

6

7 secl
= —df
/% 4tan2 6

Example 3 - continued

secl

do
/\[ X \/ /6 4tan29

¥ 9
:/“ <05V
z 4sin“ 0

u=-sinf,du = cosfdb

u"%du
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Try It

Evaluate: [ v/1 — 9x2dx
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7.4 Integration of Rational Functions by Partial Fractions
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Which do you prefer?

Warm-Up Examples

3

J

4dX:3|n\x—4\—|—C

5 5

dx = ——— + C

I o~ 2w

3x
x2+4

J

3

_ 3 -1
fX2—+4dX—§tan )2—<+C

dx =3In(x2+4)+ C
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Warm-Up Generalized

Integral Criteria Result

A
fx+adx A#0,aeR Aln|x+a|+ C

A A

A#0 R 1 C

[ Grapd | AFO2eRn 21 o

Ax A 5
fx2+adX A#0,a>0 5In(x*+a)+ C
A | A£0,a>0 Atan~1X 4 C
fx2—|—a2 X +0,a > Stan™t X 4
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Quiz

1 3 5 _
J 5t oo + e+ o | X =

A) F + g +5tan 15 +In(x* +9) + C
B) In |x| — 525y + 3tan™ ! 5 + 3 In(x* +9) + C

Q) In|x|—ﬁ—l—gtan_lg—i—ln(%—i—Q)—l—C
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Integrating Rational Functions

1) Make sure the degree of the numerator is less than the degree
of the denominator. (If not, then divide.)

2) Fully factor the denominator.

3) Rewrite the integrand as a sum of partial fractions. (Method of
Partial Fractions.)
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Example 1

2x3 +3x2+7x+4
Evaluate [ X X_i_J; X+ dx
X

The degree of the numerator (3) is not less than the degree of the
denominator (1), so we must divide first...

2x3 +3x2 4+ 7x+ 4

il 1 dx = [(2x® + x + 6 — =25)dx

x+1

(There is only one factor in the denominator so proceed to
integration.)

23 +3x° + Tx + 4
J= +:+J; = % 62 |x+1]+C
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Example 2

d
Evaluate [ 2+5X :
X X

The degree of the numerator (0) is less than the degree of the
denominator (2).

Now fully factor the denominator...

dx dx
fX2—|—5x+6 :f(x—|—2)(x—|—3)

Now rewrite the integrand as a sum of partial fractions...

First decompose the integrand into partial fractions with
undetermined coefficients...

1 _ A + B
(x+2)(x+3) — x+2 x+3
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Example 2 - continued

Now determine the coefficients, A and B...

(x+2)(x+3) _ A(x+2)(x+3) + B(x+2)(x+3)
(x+2)(x+3) Xx+2 x+3

1=Ax+3)+ B(x+2)
1=Ax+3A+ Bx+2B
1= x(A+ B) + (3A + 2B)

Equalize the coefficients above...

A+B=0

3A+2B=1

Solve this system of equations...
A=1,B=-1

So 1 _ 1 1

(x+2)(x+3) x+2  x+3
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Example 2 - continued

Now integrate...

| oo dx = [z — xi3)dx

=|In|x+2|—In|x+3|+C
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Alternative

Here is an alternative way to determine the coefficients...

1 _ A 4+ B
(x+2)(x+3) — x+2 x+3

1=Ax+3)+ B(x+2)
The polynomial equation above must be true for all x.
Substitute x=-3 — 1=0A-B —» B=-1

Substitute x=-2 — 1=1A—-08B — A=1

1 11
(x+2)(x+3) — x+2 x+3

64 / 105



Quiz

Decompose into partial fractions with determined coefficients.

—6 _
(x—2)(x+1)

1 2
A) =3 - o1

2 2
B) 5 — 5+

1 1
Q) = — a1
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Try It

4
Evaluate [ %%2dx
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Example 3

Evaluate f de

The degree of the numerator is less than the degree of the
denominator.

The denominator is fully factored.

Now rewrite the integrand as a sum of partial fractions...
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Example 3 - continued

Decompose the integrand into partial fractions with undetermined
coefficients...

3 _ AB | C
(x2+2)(x—1) x2+42 x—1

Now determine the coefficients...
3=(Ax+B)(x—1)+ C(x*>+2)
Substitute x=1—-3=3C—> C=1
3=Ax>+Bx—Ax— B+ x*>+2
3=x*(A+1)+x(B—A+(2-B)
A+1=0—-A=-1
B-A=0—+B=A—+B=-1
2—-B=37
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Example 3 - continued

3 —x—1
1) — =2n te

3 _ —x—1 1
f (x2+2)(x—1) dx = f (X2+2 + x—l) dx
_ —1 1
f (x2+2 x2+42 + x—1) dx

= —%In(x2+2)—%tan_1%+ln|x—1|+C
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Example 4

Evaluate | - BOETT) 2+1)
Solution:

1 Dx+E
X3(x2—|—1) - + + + x24+1

1=Ax*(x2+1)+Bx(x*+ 1)+ C(x> +1) + (Dx + E)x3
Substitute x=0—-1=C
1=x*(A+D)+x3(B+E)+x*(A+1)+x(B)+1
B=0

A+1=0—-A=-1

B+E=0—E=0

A+D:O—>D:—A:1

1 —_1
x3(x2+1) + + X2+1
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Example 4 - continued

fx3(x12+1)dX: J(=5+%+F7)

=|—In|x| = 3x 2+ 3In(x®>+1)+ C
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Example 5

Decompose W{w as a sum of partial fractions with
undetermined coefficients.

Solution:

_ A B C Dx+E
e et t oo T 2
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Quiz

2

Rewrite (X2_4)(XX y s a sum of partial fractions with

—4)2(x2+-4
undetermined coefficients.

A B C Dx+E
A) 2 T x+2 ti=z Tt (x)i4)2 +

Ax+B C Dx+E Fx+G
B) + x—4 +

x2—4 (x—4)? x24-4

A B C D
C) x—2 + x+2 + x—4 + (x—4)2 +

Rationalizing Substitution

Evaluate [ x—\}x_+2 dx

Solution:

We want to rationalize the integrand, but trig substitution is not

appropriate. Try this...

u=+/x+2
> =x+2
Xx=u’-2
dx = 2udu

fx_\}de: f(uz—2(2U)
- f (u— 2)(u+1
- f (u— 2)(u+1
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Rationalizing Substitution - continued

2 _ _A
(u—2)EIu+1) T u-2 + u+1

2u=A(u+1)+ B(u-—2)

Substitute u = -1 —- —2=-3B—+B=%
Substitute u =2 - 4=3A > A=7%

J X_\}X—Jrzdx = [ (3(5%) + 5(g)du
=%Inju—2/+3Inju+1/+C

In|vx+2-2/+2In(vx+2+1)+

Wl
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7.5 Strategy for Integration
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First Step

What should the first step be?

A) Integrate

B) U-substitution
C) Trig Substitution
D) Divide

E) Decompose into partial fractions
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6) [ X’§+4dx

7) [ —2—dx

x2—4

8) f x2)—(i—4 dx

9) [ Fdx

x2—4

10) [ =*=dx

4—x2

X2

12) [ —X—dx

x2—4

13) [ X§+4dx

14) [ X dx
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21) [ \/;—de

22) [ ;‘_4dx

23) [ FZgdx
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7.7 Approximate Integration
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Why Approximate?

If an anti-derivative cannot be found in terms of elemental
functions, then approximation techniques can be used to
approximate definite integrals.

E.g. Integrals of tabular functions, or integrals like:

b _- b
/ SN X OR / & dx
a X a
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Midpoint Rule

e
a ¢ X X

My is the sum of the areas of the midpoint rectangles.

Xi_1+X;
Ci — Zi 12 i

N
M/\/ = Z f(C,')AX
My = Ax[f(c1) + f(c2) + f(c3) + - + f(cw)]
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Estimation Error - Midpoint Rule

The rectangle and the tangential trapezoid have the same area.
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Estimation Error - Midpoint Rule

My is the sum of the areas of the tangential trapezoids.

Notice that My underestimates when the curve is concave up and
overestimates when the curve is concave down.
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Trapezoid Rule

Ty approximates the area under the graph by trapezoids.

Al = %Ax(f(xo) + f(x1)) Ar = %Ax(f(xl) + f(x2))

As = SAx(f(x2) + f(x3)) As = SAx(f(x3) + f(xa))

As = %AX(f(X4) + f(xs5))

A= %((f(xo) + 2f(x1) + 2f(x2) + 2f(x3) + 2f(xa) + f(x5))
Tn = %((f(xo) +2f(x1) + 2f(x2) + - - - + 2f (xn—1) + f(xn))
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Estimation Error - Trapezoid Rule

Ty overestimates when the graph of y = f(x) is concave up and
underestimates when the graph of y = f(x) is concave down.
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Which is more accurate, My or Ty?
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Error Bounds

Error = Actual - Approximation

b b

EM = / f(X)dX - M/\/ ET — / f(X)dX - TN
a a
Ko(b—a)3 Ko (b—a)3

|En| < 5" |Er| < 5

where|f"(x)| < Ky fora<x < b

Which rule is more accurate?
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Example
31
Consider:/ —2dx.
1 X

How large must N be to guarantee that Ty is accurate to within
0.00017 Repeat for My,.

Solution:
First find K> ...

f(x) = 52

f(x) = %
K> = 6 (because 6 is the upper bound of f”(x))
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Example - continued

Using Trapezoid Rule:

Er| < %2l < 0.0001

2 o Ka(b—a)?
N* > 122(0.00?)1)

2 6(2)°
N= > 12(0.0001)

N2 > 40000
N > 200

Quiz

1

Using Midpoint Rule:

Kg(b—a)3
24 N2

2 - Ka(b—a)®
N* > 242(0.00?)1)

|Em| <

< 0.0001

2 6(2)°
N* > 24(0.0001)

N? > 20000
N > 141.2
N > 142
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When estimating / (1 — x?)dx, which of the following is correct?

0
(R10, L10, Mho, and Tyg are, respectively, the right-hand rule,
left-hand rule, midpoint rule, and trapezoid rule approximations,

each with 10 subintervals.)

A) Rio < Lig < My1g < Tio < Actual
B
C
D

Rio < Mig < Actual < T1g < Lyg
Rig < Tio < Actual < Mg < Ly

)
)
)
)

Lio < T1o < Actual < Mg < Rig
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Simpson’s Rule - Introduction

Can we do better?
Yes. Use Simpson’s Rule.

Simpson’s Rule uses a weighted average of the midpoint rule
approximation (2/3) and the trapezoid rule approximation (1/3).

The interval of integration must be divided into an even number of
subintervals. Thus, to compute Sy, N must be even.
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Simpson’s Rule

2 AX |
I
AX |
T | T | | | | T |
a=x X X X X X =
0 1 2 3 4 5 XG XT b XS

The even-numbered endpoints divide [a, b] into % subintervals of
length 2Ax. These endpoints are used to compute Tn.
2

The midpoints of the subintervals, which are the odd-numbered
points x,, are used to compute M.
2
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Simpson's Rule - Formula

T = 5(2AX) (Yo +2y2 + 2ya + -~ + 2yn—2 + yn)

NP

My =20x(yi +y3 +ys + -+ yn-1)
_ 1 2
5/\/— 3T%+3M%

= 3Ax(yo +2y2 + 2ya + - + 2yn—2 + yn)+
$Ox(4y1 + 4ys + 4ys + - + dyn_1)

Sn = 30x(yo + 4y1 + 2y2 + 4ys + -+ + 2yn-2 + dyn-1 + yw)

where Ax = %
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Example

3
For / — dx, we wish to compute Sip.
1 X

Solution:

Ax =br2 =31 02

510 - %(102 + 122 + 142 + 162 + 182 + 202 + 222+
S+ o+ ol + 5 )

S10 =|0.66685

3
1 _
/ —dx = 0.66666  (Actual)
1 X

So, Es = 0.66666 — 0.66685 = —0.00018.
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Error Bound - Simpson’s Rule

Ky(b—a)®
| < St

where |f(*)(x)| < Ky for a < x < b.

99 / 105

Example

What does the error bound formula guarantee when estimating
3
1

/ —2dX with S107

1 X
Solution:
Find Kj...
f(x) = 6x*
f"(x) = —24x7>

(4)(x) = 120x~©

Ky = 120
120(2)% 3
|Es| < ooy = (0.00213

Recall that Es = 0.66666 — 0.66685 = —0.00018
So | Es| = 0.00018 < 0.00213
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Compare

3
1 2 _
/ —dx = - = 0.66666
1 3

X

S10 = 0.66685
Mo = 0.66350
T10 = 0.67303
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Another View

Simpson’s Rule can be interpreted as approximating an integral as
the sum of the areas under the unique parabolas that pass through
the points, X0j—2, X2j—1, X2j.

i Par: s y=flx) e
arabola -
\ \
e ;ﬁ \
\
) ‘ f
1 \ '."
1 st Y
1 -~ - . 1!
1 < h N !
1 | 2 b
| : ‘
I
] | ]
1 |
f X 1 p——t— . . X . X
Ypia X Xa; Xp X| X2 X3 Xy X5 X5 Xg X Xy X3 Xy X5 Xg
(A} Unique parabola through (B) Graphof v = f(x) (C) Parabolic arcs used in Simpson's Rule.

three points.
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Try It

The width of a garden bed is measured every 2 feet as shown. How
much mulch (in cubic yards) should | buy to cover this garden bed
with a 6-inch layer of mulch?

Try It
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The speed of a vehicle is measured every 2 seconds as shown.
Estimate the distance traveled by the vehicle in 12 seconds.

Time (s) | Speed (m/s)
0 0

2 8

4 15

6 21

38 23

10 16

12 13
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Try It

Suppose that the region shown is rotated about the y— axis to
form a solid. Use Simpson’s Rule with N = 6 to estimate the
volume of the solid.
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