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[6] 1. Let @ be the plane described by the equation z 4y - 22 == 9.

(a) [3]. Fmd thL point at Whl(:h Q intersects the ywams

() [3] Find the value of a constant c such that @

is. orthogonal to the plane
s 2m+cy 3z = 0. : ‘



6 FIEB 2014 - Math 105 Name: _ Page 3 of 10 pages

712, Let 2= f(z,y) = 5y — 2%

(2) [4] Explain briefly what the shape of the level curves of the function z = f(z,y) is, such
as lines, circles, and parabolas. Skeich the level curves f{z, ) = zo with 2 == 0 and 2, = —5.

(b)) [3) e it possible that. both the point (1,2) andthe point (-1, 3) are on the same level
curve of the function z = f(z,y)? Please justify your answer.
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[6] 8. The function f(x,y) obeys

f@,y) +sin (f(z,y)) = 20+ 4oy and F(0,0)=0 -
A 6‘f
(a) [3] Find 52;(0,0).

o P
(b) [3] Find 5555(0, 0).
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5} 4. Find an equation of the plane that passes through the point P(a, b, ¢) and is perpen-
dicular to the line connecting the point P and the origin. Your answer should be in terms
of the constants g, b, and c.
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[10] 5. Let f{z,y) = 22% — 2%y + 9% — 5y.

(a) [5] Find all critical points of f(w,y).
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(b) [5] Determine whether each critical point corresponds to a local maximum, local mini-
mum, or saddle point.
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[10] 6. Let R be the set {(z,y) | 2” +y2 < 1}

(a) [5] Use Lagrange multipliers to find the maximum and minimum values of 222 + y>—yon
the boundary of the set R. A solution that does not use the method of Lagrange multipliers
will receive no credit, even if it is correct. '
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(b) [5] Find the maximum and minimum values of 2z* +y* — y on the set R.
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%, Solution. (a) Applying 2- to f(z,y) +sin {f (=, y)) = 2z + day gives
Ja(,y) + fulz, ) cos (f(z,9)) =2 +4y

Then setting x ==y =0, and using that cos (f(O, 0)) = cos0 =1, gives

£2(0,0) + J2(0,0) cos (£(0,0)) =2 = 2£,(0,0) =2 == [£,(0,0) =1
(b) Applying & to fo(@, y) + Jalz,y) cos (f(z,)) = 2+ 4y gives

Foy(@,9) + foy(,y) cos (f(z,9)) — folz, y) fylz,y) sin (F(z,y)) =4

Then setting z = y = 0, and using that cos{f(0,0)) = cos0 == 1 and sin (£(0,0)) =
sin0 = 0, gives

Fay(0,0) + foy(0,0) cos (f(0,0)} — £z(0,0) £,,(0,0) sin (7(0,0)) =4
= fay(0,0) = 4
= | fay(0,0) = 2
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() To find the maximum and minimum values of f on the boundary, we
must find the max and min of f(z,y) = 222 + y* — y subject to the constraint that
g(z,y) = x? +y* — 1 = 0. We use the method of Lagrange multipliers. The extremals

obey

0=8L A2 = 4 — 22z = 2m(2 ~ N) (1)
0=8L 2§ =2y~ 1-2xy (2)
0=a4+y*—1 (3)

Equation (1) implies that either z = 0 or' A = 2. If = 0, equation (3) gives y = +1.
If A = 2, eguation @) gives 2y — 1 —4dy = Qory = w;lz—. Then equation (}) gives
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