1. Let w = f(z,y) where z = u+ v and y = wv.

a) Find g—zj and %—t’j in terms of partial derivatives of w with respect to x and

y.
: 9w
b) Find $52.
a) First use the chain rule for 1 variable namely
ow _Owdr  owdy dw  ow ()
ou Oxdu Oyou Ox Oy
and also
ow Owdxr OJwdy OJw OJw
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b) For this part what we need to do is realize that % = 8%% thus we

must differentiate each object carefully. Start with g—i’. We know that really
this is h(u,v) = %(x, y). Now we must take % and use the chain rule for this.

Using the chain rule this equals

oh 0 ow 8w Oz 9w @

90 0udr 0 9u ' Oyorou’ (3)

Then evaluating the first partials we get that this equals

0 ow  O*w 0w

duor o2 T agar’ (4)

Now if we take the right hand side of (2) if we want to take % (%—Z’u) then we
must use both the product rule and the chain rule.

Using the product rule we get that

7 (o) = (o)t 5 ®)

Now to get the last ingredient in our recipe for chain rule fun we must use the



chain rule again, This time on the function g(u,v) = %—Z(m,y). This gives us

the following
09 _ 00w _ 0w or dudy o
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then adding in the first partials we get that this equals

9w 9w
(7)

Oxdy + oy?

Taking all of the ingredients together and mixing gives us that

0w 782_w+82wv+ 82wu+82_wm}+8_w ()
oudv  0x2  Oydx Oz Oy Oy> Oy

9w _ 9w
B0y = Dyor and thus that

If conditions on f are nice enough we have that
0%w _82w+ 0%w (u+v)+82wuv+8_w )
oudv  9x2  0xdy Oy? Ay

Now let us do some double integrals
Problem 26 asks us to calculate the mass and the center of mass for the

lamina bounded by # = y? and = = 4 with the given density p(z,y) =y + 3.

We are in the following region enclosed in red
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Let us take M the center of mass given on this region by

4 pz 4 y2
M= [[ aaa= [ [ @y = [ Ls o
R 0o J-yz 0o 2

Taking (10) we get that this equals

M = / L1 3va) - (5—3\/5))d:c=/46\/5d:v:4x%|§=32. (11)

0

Then we have that for M, we have that

3 x
Mz—// yp(z,y)dA = / / (y*+3y dydm—/ (% §y2|fﬁ)d:c (12)

reducing (12) we find that



For M, we then similarly compute that

4 \/5 4 y2
M, = // zp(a, y)dA = / / (y + Ba)dyde = / o +3ayl gde (14)
R 0 J-vz o 2

expanding (14) we find that it equals

* * 12 4
M, = / ((x2 + 3x%) N~ 3x%))d:c = / 622 dr = —x%|g _ 34 (15)

Putting (11), (13) and (15) we have that the center of mass is (A—]{;, ey =
12 4
(?7 5)'

Hopefully we all understand lamina and double integrals better now.



