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Read Me First: Show al |l essential work very neatly. Use
correct notation when presenting your conputations. Wite using
conpl ete sentences. Renenber this: "=" denotes "equals" , "O"
denotes "inplies" , and "<" denotes "is equivalent to". Vector

obj ects nust be denoted by using arrows. Do not "box" your final
results. Show ne all the magic on the page.

1. (10 pts.) (a) If f(x,y) is a function of two vari abl es,
using a conpl ete sentence and appropriate notation, state the
definition of the partial derivative of f with respect to vy.

b) Let f(x,y) = x?2 - 2y. Using only the definition, reveal
I

(
all the details of the conputation of f (Xx,y).

2. (10 pts.) Let f(x,y) = sin(2x+3y). (a) Conpute the total
differential, df, of the function f.

df =

(b) Use a linear approximtion to approxi nate the nunerical
value of f(.1,-.1) when f is the function of part (a) of this
probl em
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3. (10 pts.) (a) Suppose that x = h(y,z) satisfies the
equation F(x,y,z) =0, and that F, # 0. Show how to conpute
ox/dy in ternms of the partial derivatives of F.

[]tan(rdx2+y2))
(b) Is f defined by f(x,y) :E 2(x2+y?) , (X, ¥)#(0,0)
0 m . (x,y)=(0,0)

continuous at (0,0)? A conplete explanation is required.
Details & definitions are at the heart of it.

4. (10 pts.) Consider the function f of three variabl es defined
by f(x,y,z) = 5x? + 6y? - 4z2. (Obtain an equation for the |evel
surface for this function that passes through the point

(1,-1, -1) in the 3 - space.

(b) Obtain an equation for the plane that is tangent to the
| evel surface given in part (a) with the point of tangency being
(1,-1, -1).
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5. (10 pts.) (a) Using conplete sentences and appropriate
notation, give the ¢ - & definition for

(*) lim f(x,y) =L

(x,y) - (a,b)

(b) In the exanpl e where Edwards and Penney were show ng that

lim xy =ab
(x,y) ~(a,b)

they asserted that if they took f(x,y) = x and g(x,y) =y, then
it followed fromthe definition of Iimt that
(i) lim f(x,y) =a and (ii) lim g(x,y) = b.
(x,y) ~(ab) (x,y) ~(ab)

Choose one of equations (i) or (ii), indicate to ne which you
have chosen, and then prove the equation is true using the ¢-90
definition.

6. (10 pts.) Let f(x,y) =tan(3x + 4y) and let P, = (0,0).
(a) Find a unit vector in the direction in which f(x,y)
i ncreases nost rapidly at P,.

(b) Conpute the rate of change of f(x,y) at P, in the direction
in which f(x,y) decreases nost rapidly.
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7. (10 pts.) Qotain and |ocate the absolute extrema of the
function f(x,y) = x - y on the closed disk Dwth radius five
centered at the origin. GObserve that Dis given in set builder
notation as follows: D ={ (x,y) : x2 +y?<251}. 1In
performng this magic, use Lagrange nmultipliers to deal with the
behavi or of f on the boundary, B = { (x,y) : x® + y? = 25 }.

8. (10 pts.) Locate and classify the critical points of the
function f(x,y) = 8xy - 2x? - y% Use the second partials test
in making your classification. [Fill in the table below after

you locate all the critical points.]

CGit.pt. |f,, @c.p. |f,, @c.p. |f,, @cC.p. A @c.p. dew
si on
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9. (10 pts.) Let f(x,y) = sin(x)cos(y). Conpute the gradi ent
of f at (13, -2 3), and then use it to conpute DJf (1 3, -213),
where u is the unit vector in the sanme direction as v = <4, -3>.
Of (x,y) =

Of (103, -21W3) =

Df(TW3, -2W3) =

10. (10 pts.) Recall that if f(x,y) has continuous second order
partial derivatives, then

o (xy) = 2 (xy)
Does there exist such a function f such that f (x,y) = 2xy® and

fy(x,y) = 3x%% + 1 ?2? |If the answer is "yes", obtain a fornula
for f

Silly 10 Point Bonus: Do at nobst one of the follow ng probl ens.
| ndi cat e whi ch unanbi guously and say where your work is, for it
won't fit here!

(a) Let g be defined by

O
vy .
g(x,y) 2% X?2+y? (X, y)#(0, 0)

O 0 , (x,¥)=(0,0).
Explicitly conpute g,,/(0,0) and g,/(0,0).
(b) Determne the absolute extrema of the function f(x,y) = -y

subject to the points (x,y) lying on the curve defined by the
equation g(x,y) = 0 where g(x,y) = y® - x2 CQuesses do not
suffice here!



