
What's on the exam??

chapter It
15.1-15.4

What are the big topics :

• limits are complicated

• partial derivatives

• gradient

• linear approx, differentials

• chain rule

• critical points, optimization

• use D to distinguish max /mon /saddle



• set up a double integral us an iterated

integral

• computation d- an itentud integral by raasay
order

• set up an integral in polar coordinates

• computation of

a) moments of mass

b) centroids

c) moments of inertia

d) probabilities
e) areas G-d)
f) volumes (3-d)

g) mass from density

b) foo from too density



Common quiz ones

Suppose I tell you

P(✗it) pressure
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-

¥T(Elt) Flo)= (2/3) ñlo) = -

¥+4 s ¥1,57
12,37 etc

.



Limits :

Iim f-G.a)=L means what?
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Optimization Models

f-⇒ = ✗2+42 Ñf= 0 at 6,0)

in all cases
flx,y)= - e- y2

f↳y)= ✗2--12

D= 4 omitted1-1=[2%2] mexfam
may
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f- (x,y)= ✗4+44
D= [%] .to

flag)= -+4-44

in all cases.
f-↳4) = ×

"
-yt

D= 0 is indeterminate

-

(4×-4-1 , 443-4×3

4×-14=0 ⇒ x=y

this -14=0 and f-y -7

4143--17=0



442-174=0

4=0, 4=1--1 .

Just 3 points (y=x is a condition )



3. (7 pts.) Give an equation for the tangent plane to the surface x2 � 2y2 + z2 + yz = 2 at the point
(2, 1,�1).

4. (15 pts.–5 pts. each) The temperature at a point (x, y, z) is given by

T (x, y, z) = 200e�x2�3y2�9z2
,

where T is measured in �C, and x, y, z are measured in meters.

(a) Find the rate of change of the temperature at the point (2,�1, 2) in the direction towards the
point (3,�3, 3). GIVE UNITS.

(b) At (2,�1, 2), in what direction does T increase most rapidly?

(c) What is the maximum rate of change of T at (2,�1, 2), among all directions?

2

Flx
,y,z)=
✓

FF = Lt
,
-5
,

I>Fx = 2x

Fy = -4-1 +2- 41×-2) - 54- 1) 1- I (2-+1)=0

Fz = y



5. (12 pts.) Reverse the order of integration in the following integral, and then evaluate it.
Z 4

0

Z 2

p
y

p
x3 + 1 dx dy

6. (10 pts.) Ohm’s law states that in an electrical circuit the current, I, depends on the voltage, V , and
resistance, R, by

I = V/R.

Suppose at some moment R = 100 ohms, V = 32 volts, dR/dt = 0.03 ohms/s, and dV/dt = �0.01
volts/s. Determine dI/dt at that moment. GIVE UNITS. (Hint: Use the multivariable chain rule. The
unit ‘volt/ohm’ is also called an ‘ampere’.)
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7. (12 pts.) Use the method of Lagrange multipliers to find the point on the sphere x2 + y2 + z2 = 70
that minimizes f(x, y, z) = 2x + 6y + 10z.

8. (12 pts.–3 pts. each) Complete the following.

(a) The average value of a function f(x, y) over a 2-dimensional region R is given by the formula:

(b) In spherical coordinates, dV is:

(c) lim
(x,y)!(0,0)

2x2 � xy2

x2 + y2
does not exist since:

(d) The geometric relationship between the level curves of a function z = f(x, y) and the gradient
vectors rf(x, y) is:
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