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Integration by Tables (3.5)
Numerical Integration (3.6)

Integration by Tables:

The table use integration techniques that we learned with generic coefficients to establish formulas for
integrals or at least reduction formulas. The trick is in picking the right formula, and in making any
appropriate substitutions to match the correct formula.

We will use the table of integrals posted in the course.
Example.
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1) Look through the integral table to find a formula that best fits this problem type.

2) If none match exactly, consider a substitution
3) Identify any coefficients, and pull out constants as necessary.

_2x 4b ¥
(3.7) ax+b ——(ax+b)?*+C
‘I.\JnTer 3a* ( )
2x —— 4(1) 3 1 3
fmdx—7 1"'ZX—W(1+29C)2+C=x\/1+2x+§(1+2x)z+c
Example.
x
fﬁdx
1+e™
1 1 r
(8.10) j.—h(fx [M—ln|n+b€ ” +C
a+ be ak
Letu = —x2,du = —2xdx, —%du = xdx
1 1 1 1
J_E(l_}_eu)du: [(1)(1){(1)u—1n|1+€“|}]+C———[—x —In|t+e*|]+C
a=1,b=1k=1
Example.



) |
(4.34) tan” axdx = —tanax — x + C

a
1
1 1 N 2
X x
2 —_ = — —_ a— — — ] —
J-tan (z)dx 1tan(zx) x+C 2tan(2) x+C
2
Example.
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Numerical Integration
Only works on definite integral
For example, we cannot integrate functions like e"z,ﬁ, V1 +x3,..
Trapezoidal Rule
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Figure 3.15 The trapezoidal rule tends to be less accurate than the midpoint rule.
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Atrapezoid = E (by + by)h = E(f(xl) + f(xi+1))Ax
1 1 1 1
2 (f(xo) + f(xl))Ax + 2 (f(x1) + f(xz))Ax + 2 (f(xz) + f(x3))Ax + E(f(xs) + f(x4))Ax
1
EAx[f(xo) +flx) + fQe) + fx) + f(x) + f(x3) + fx3) + fxy)] =

1
EAx[f(xo) +2f (1) + 2f (x2) + 2f (x3) + f(x4)]

In general,
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Example.
41
f —dx
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Use the trapezoidal rule with n=6

x0=1,xn=x6=4,Ax=T=

1
xo = 1,x1 =1 +§ = 1.5,x2 = Z,X3 = 2.5,X4 = 3,x5 = 3.5,x6 =4

Lara 2o L) vz (3)va ()2 (3) +2(ox) +1] = 1405357
j;;vaE[I‘i' rs'i' §+ 2—5+ §+ £+1]— .

True value: [n(4) — In(1) = In(4) = 1.386294 ...

N| =

Carry enough decimal places (all of them) until the very last step.
Error (absolute value of error) in Trapezoidal Rule
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Will be a maximum on the interval at x=1.
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If we want to estimate n:
max|f" (x)| (b — a)?
- 12(E)
We want to estimate our integral to within 0.01 of the true value. How many n are required to ensure
that?
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n=>2121..
Always round up. n = 22 to guarantee that the error is lower than required.

Simpson’s Rule
Approximates the curve as a quadratic polynomial
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In [f (xo) +4f (x1) + 2f (x2) + 4f (x3) + 2f (x4) + -+ 2f (xp—3) + 4f (xp_1) + f(x)]

The number of intervals for Simpson’s Rule must be even.
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x0=1,xn:x6=4,Ax=T=

1
Xo=1,x1 =1 +E =1.5x, =2,x3 =25x4 =3,x5=35x,=4

[Lae~iva(ie)+2(3) +4(5) +2(5) +4 () + 5 = 130760
Cx T 1gli T s 2 25 3 35) T4l T

True value: In(4) — In(1) = In(4) = 1.386294 ...

N =

Error Rule for Simpson’s Rule:
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f"(x)=—-6x"*= ~
24
fV(x) = == 24x75
Sa-1ys
E<-—————=0.025
180(6)*

Rearrange to find n. Not only do you have to round up, but you have to round up to the next EVEN
number.

24 ¢
ie 1O

>-_1 - 394
= T80(001) _ o240

n

n=75..
Round to 8.

Next time, Improper Integrals.



