In Exercises 1-12, evaluate the indicated limit or explain why it

does not exist.

1. lim xy + x?
(x,9)—~>(2,—1)
2 2
3 lim Y
(x,)—(0,0) y
cos(xy)

5

y3

7. lim  —2
(,9)=(0,0) X2 + y2

) x»)—,m) I —x —cosy

2. lim x2 4+ y2
(x,y)—(0,0)

4. lim ———
(x.)—(0,0) X2 + 2

x2(y —1)2

6. A S
)=, X2 + (y — 1)2

sin(x — y)
. m —=
(x,5)—>(0,0) cos(x + y)

9

11.
13.

14.

sin(xy) 2x2% — xy

5 im —_ 10.
(x.)—(0,0) X2 + 2

. m —_—
() —(1,2) 4x2 — y?2
X2y2

x2y? .
5 lim [ S
(x.9)=>(0,0) 2x* + y*

im —_
(x.2)—>0,0) X2 4 y*
How can the function

2 2 3.3
X“+yc—=x7y
X, ==V
f(x.p) e

be defined at the origin so that it becomes continuous at all
points of the xy-plane?

12

. () #(0,0),

How can the function
X3 —y3
fx.y) = . (x # y).
xX—y
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In Exercises 1-10, find all the first partial derivatives of the
function specified, and evaluate them at the given point.

1. f(x,y)=x—y+2, (3,2

2. fx.y) =xy+x>. (2,0

3. f(x,y,2) = x3y425 0,-1,-1)
4

XZ
x,y,z)=—— (11,1
g(x,y,2) g ( )
— a1 (Y _

5. z =tan (x) (-1,1)
6. w=1In(1+¢"%). (2.0.-1)

. b4
7. fGey) =sinGeyy). (5.4)

3
1
8. f(x’y):4, (_374)
/x2 +y2

9. w=xP"D  (¢,20)

2

Xp—Xx
10. g(x1.x2.x3,04) = ——2. (3.1,-1,-2)
3 Xy

In Exercises 11-12, calculate the first partial derivatives of the
given functions at (0, 0). You will have to use Definition 4.

20—y

1L f(x.y) =1 2132 if (x, y) # (0,0)
0, if (x,y) = (0,0).
X2 -2yr

12, fe,y) =9 x_y ifx #y
0, ifx =y.

In Exercises 13-22, find equations of the tangent plane and normal
line to the graph of the given function at the point with specified
values of x and y.

13. f(x,y)=x2—=y%at(=2.1)
4. f(x,y) = _i at (1,1)
15. f(x,y) = cos(x/y) at (7, 4)
16. f(x,y) = at (2,0)

X
17. ,y) = —5——at(1,2
fy) = a1

18. f(x,y) = ye_"2 at (0, 1)

19. f(x,y) = ln(x2 +y?)at(1,-2)
2xy

20. f(x y) ﬁyz at (0, 2)

21. f(x,y) =tan '(y/x)at (1,—1)

22. f(x,y)=+1+x3y2at(2,1)

23. Find the coordinates of all points on the surface with equation
z = x* — 4xy3 4 6y? — 2 where the surface has a horizontal
tangent plane.

24. Find all horizontal planes that are tangent to the surface with
equation z = xye~>*+*)/2_ At what points are they
tangent?

In Exercises 25-31, show that the given function satisfies the given

partial differential equation.

ad ad
E325 7z =xe”, EZ_%
dx  dy
ad a
B26:="12 Z %

xX—y ax dy

0 0
B3 27. z = Vx2 4+ 2, x—Z—I—y—Z:Z

ax dy
Ed28. w=x2+yz, xa—w—}— aw—|— 8w—2w
ax dy dz
1 ow dw dw
B329. w=———, — =2
v x2 + y2 + 22 ¥ ox +y 8y+ 9z v
Ed 30. z = f(x2 + y?), where f is any differentiable function of

one variable,
0z 82
— =0.

J ax By

B3 31. z = f(x% — y?), where f is any differentiable function of
one variable,
0z az

=0.
8x+ By
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