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Warm-up: Write an integral that

calculates this area:
1

0.5




“substitukbion”

S

and du = 3x2dx, we can rewrite

sz sin(x”) dx = [sin(u)%du, which is _—1COS(I/£) + C = _—lcos(x3) + C.

Example: using u = x

3 3

This method is useful for some integrals, but not for others.

“parﬁs”

This is another method to rewrite an integral into one that may be easier to do.
It is especially useful for some integrals with trig and exponential functions.



More subskibubions

Fill in the part that is missing.

du = ? dv = x dx



More subskibubions

Fill in the part that is missing.

W = xr=i Vil %XZ
du = Sx4dx dv = x dx
(D8 Q.mgx Wy = i@_i’x
%
As = =¥e Fxdx Adw = e¥x dx

(Hallway activity with Fmpers)




Producks
d df dg

We know that —(f- g) IS NOT — - —. The product rule says that
dx dx dx

(fe) = fe' + f'g instead. Similarly, J( f- g)dxis NOT (J fdx) : ([gdx).

Question: How can we do J - dx?

® As an official formula, substitution is J fu(x)) - u'(x)dx = [ f(u)du.

o Integration by parts can handle many other products.



Inteqration bv parts

Substitution works for some integrals but not for others. Here is another
formula that works for some (more difficult) integrals:

‘Pv:c:»dn;.w% rule but Jfg’dx+ {f’gdx — fo

with integrals:
Jvdu + [udv = Uy

ulkra voodoo
might help you remember this formula



Example 1 :JZxcos(Bx) dx
e

J(zxxm(sxmx) i (m%sm(sx)) : J%sm(:mxm;

= %xsbm(ax) - J%s&n(sx)dx

= — = — = -—_—

2xsin(3x) - 2cos(3x) + C ]

l
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How do you choose good u and dv?

@ (@Generally, u should have a derivative that is similar or less complicated
than u.

w = Fx+é 3x?2 stn(8Ex) @ 9%
du = ¥dx
dv dv

5 Generally, — should have an anti-derivative that is similar to e

Therefore trlg and exponential functions are often good choices for — o

dx
V =

dv = sin(x)dx @?x



Task 2: [462)6)62(1)6 St -C

“ﬁf\ LS e q u.f.,'r‘ & S ) PO\T’ & s p; &M Lee i

Answer after simplifying: (2x2 - 2x + 1)e2* + C



I,

Task 3: Calculate [ = [ 4 x?% e**dx.
0

I=1%1le?® - 1



Caleulakion vs appli&a&om

Derivatives:
° Find the derivative of f(x) = cos(x”)\/sin(x). Product rule, chain rule.

® Find the local maximum of f(x) = il 3\/;. £(x) = 0, then

~irst Deriv. Test or

Inteqgrals:
J Second Deriv. Test

® Find [5)6 sin(3x) dx. Parks

® Find the area of the region between y = x* and y = x + 20.




The area of a shape with a < x < b and with curves on the top and bottom is

,
| (Topt) - Bottom(a)ax

The area of a shape with ¢ < y < d and with curves on the left and right is

d
| (Righo) - Lefi)dy

For some shapes, both methods are possible!



We have seen that

T’O&i.

INCEE J(height) dx.
Increasing from 2D to 3D, we have

Volume = J(area of cross-section) dx.

This Is useful for “solids of revolution”.



What is the area of the region What is the volume of this 3D

with 2 < x < 7 bounded by shape?

y = %x and the x-axis?




7 What is the volume of this 3D

Volumwe = j Area dx shape?
2
7
X
= [ — - ¥ dx i1
2 & :_
= 20

In this @.xampte, we caln also
4-6

jus&savV:Txﬁ’:gﬁ,

but the idea of looking ak
cross-sections will be

k@.tpﬁfui for other shapes.




Start with the region with ... and rotate (or spin, or revolve)
2 < x < 7bounded by y = % Y this shape around the x-axis.

and the x-axis...
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7

... and rotate (or spin, or revolve)
Volume = X Area dx this shape around the x-axis.
What is the volume?
7
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height
or widkh

¢ Area = Lj DY - - -}

Likewise, we have two methods for computing a
volume of a solid formed by rotating a region around an axis.
| will use the “disk method”, but you can use “cylinders” if you prefer.

Area s itinke Qr al o

The area of a 2D region can be computed as either

R
° Area = j h(x)dx ‘
L




Use an integral to find the volume of the sphere formed by rotating
x* + y2 = 1 around the x-axis.




