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Test 3

The length of the test is 1hr and 45min. The test consistst of 9 questions. You may use a nonpro-
grammable, hongraphing scientific calculator. Remember to clearly show all of your work and to
use correct notation. Do not use decimals unless otherwise stated.

Question 1. (5 marks) Show that u = sin(x — at) + In(x+ at) is a solution of the wave equation
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Question 2. (4 marks) Find the tangent plane to the surface z = 3(x — 1)242(y +3)? +7 at the
point (2,—2,12).
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Question 3. (4 marks) Given w = * cos(z—y) and x = x(p,q,7), y = y(p,¢,7), and y = y(p,q,7)
find an expression for %ﬂ
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Question 4. Let f(x,y) = x2 —3xy+4y, ¥ =1+2j, and let P be the point P(~2,0).
(a) (4 marks) Find the directional derivative of f(x,y) at P in the direction of V.
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(b) (2 marks) Find the parametric equations of the tangent line to the function f(x,y) at P in the
direction of V.
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Question 5. (3 marks) Using the function f(x,y) and the point P from question 4 find the maximum
rate of change of f at P and the direction in which is occurs.
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Question 6. .

For the following question’};our explaﬁéﬁaﬁs must Be clear for full marks.
(a) (1 mark) Define what is meant by a critical point {a,b) of a function f(x,y).
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(b) (2 mark) If (a,b) a critical point of a function f(x,y) what can you say about Dy f(a,b) for
any unit vector @? Why?
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(¢) (1 mark) If Dy f(a,b) = O for a unit vector 1 is (a,b) a critical point of f(x,y)? Why or why
not?
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(d) (2 mark) Dyf(a,b) =0 and Dy f(a,b) = 0 for non-paralle] unit vectors §, V is (a,b) a critical

point of f(x,y). Why or why not? (Hint: all tangent lines at (@, b) lie in the tangent plane at (a, b)).
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Question 7. (5 marks) Suppose (1,1), (0,3) and [—I , ) ) are critical points of the function flx,y).
D (

Given fux(x,y) =3xy, fyy(x,y) =2x+y and fi,,(x,y) = y* state whether each critical point yields
a local maximum, local minimum or saddle points.

R 'Q'%‘t - G‘t"@z
By ey = ()

C on C LUS (61
Lockl’ MII\I'MUM‘

sko b ©orT

L. o ¢kl MAYIM UM



Question 8. (6 marks) Find the absolute maximum and minimum values of the function f(x,y) =
nt r% - l}wEy on the closed triangular region with verticies (0,4), (4,0) and (0s4).
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Question 9. . (6 marks) Carefully sketch the region R in the xy-plane bounded by the lines x = 0,
y = } and the curve y = /x. Evaluate
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(Hint: carefully choose your order of integration.)
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- Question 10. (5 marks) Sketch the.graph (in three dimensions) of the graph of the plane z = ... .
4 —2x — 2y in the first octant (x > 0, y > 0, z > 0). (Hint: find all the intercepst with the x,y and
z-axis). Find the volume of the solid in the first octant bounded above by this plane and below by
the xy-plane.

/x:'(b:o = 2:.___;&
X=Z=0c = 4=2% -

\

j M) =2 42y - (- w2y [~ L] dx

] S s +27‘L'L|’>“C><1'77’76 ) d7

3

:);_ﬂ _2(2y +"l(7.)],[01 = %d%*’%s ’—"—%

4



