Standard 15: Change of Vaviables

Change of Variables

T Colculus T we used e u-substitubion vule, S, Flgtxn)-g'(x) dx = fo Pluddu where uzgto, in order fo take on integral in_ferms of
X's Yo on infegral in terms of u's. We want to extend ¥nis idea to double and iriple infegrals. Tn fact we have already done this
when we converted double integrals Yo polar and friple integrals Yo cylindrical and spherical- We just didn't cover the

details of e conversions.

}ronsformations
Sometimes, like in e case of u-sub, ¥re reoson for e change in variable is }o make the integral easier ‘o compute. Other times

we use change of variables Yo make the region into a nicer region. We call the equations that define the change of variables

fansformations. Typically, we start with a vegion R in xy-coordinates and ransform it into a region $ in uv- coordinates.

Determine the new region that we aet by applying the given fransformation o the regjon R.
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double inhgra\s
Tn order to change variables ina double inhgra\ we need e Joacobion of e transformation. The Jocobian of the hansformakion
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Suppose that we want to in*egm’re £lx,¥) over the vegion R. Under the fransformation x=gtu,vy, y=hius) the region becomes § and the
'm\-egra\ becomes, 35 Fixy) dA: 335 £lgtuw), nluy)) |'3%‘§)>'| dh  where dA is wst deno’ring the change to du,dv.

Show that when changing to polar coordinates we have dA: vdrde.



Evaluate g xtydA wohere R is the trapezoidal region with vevfices given by 10,0),15,0), (%2,%1), and (512,-5h) using ransformation formulas

X= 2ut3v ond y=2u-3v.
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Triple integrals

Triple in’regra\s have on additional variable ot each step. We start with a region E and use Yransformations x= glu,¥,w), \=hluy,w), and
2= Kluy,w) o dransform hne region Yo o new vegion F. e still need ¥ne Jocobion of e transformations :
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The ‘m\'egra\ under this transformation is SSSE Flxy,2)dy = SSSF F(s(u,\l,w),h(u,v,w\,\tlu,v,w)\ |'5Ltﬁ'§'.%\d-\_l where dV is just
denoting the change of variables.

Nerify that d\i=Fsinld dpd@dy when using spherical coordinates.



