[25 points] 1

1. Consider the function:

Flz,y) = 8x + 21y — zy® — 32 (a,0) || (0,-2) | (0,4) |(3/2,1)

The complete list of the critical points and the values of f at f(a,b) 0 0 27/4
these points is given in the table.  [You do not need to verify these. ]

Find the absolute maximum and minimum values of f on D = {(z,y):-1<z<2and 0<y<3 }.
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[12+13 points] 2
2. Evaluate the following integrals.

a. //x-?efydA where D = {(z,y): 0 <2 <2 and 0 <y < 1/2}
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[12+13 points] 3

3.Let E= {(z,y,2) : 2>+ y2 + 22 < 2z and 2 +1y2+22<1 and 0<z<y}.

a. Fill in the boxes so that the following equality holds for all continuous functions f where (86, z)

are the cylindrical coordinates.
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b. Fill in the boxes so that the following equality holds for all continuous functions [ where (p, ¢, 0)

are the spherical coordinates.
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4. A Carnot cycle is a thermodynamic process consisting
of consecutive isothermal and isentropic expansions
and compressions modeling an ideal heat engine (or
refrigerator).

The work done by the engine (or on the refrigerator) is
equal to the area A of the region D enclosed by the curves

Ty =2,z2y=7/2,2%% =12, and 232 = 30
in the zy-plane as shown in the figure.
Consider the transformation
u=2z%* and v=zxy

and let G be the region in the uv-plane corresponding to
D under this transformation.

a. Compute O(u, v) in terms of z and y.
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b. Compute M in terms of v and v.
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Y [pressure (kPa)]

[8+8+9 points] 4

12_{""!""!""!' 7T ]
v
=
1.0F 5 _
g G
5
0.8F ~‘_f- .
u [entropy]
0.6
04r
02F
00F -
|||||||| 1 1 1
8} 5 10 15 20

c. Compute A by expressing it as a double integral in the uv-plane over the region G.
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