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Marks

[12] 1. (6 marks for each part)

(a) Prove that the line given by the parametric equations x = 1 +4t, y =2 —t, z = =3¢, is
parallel to the plane 2x + 5y — 2z = 4.

(b) Find the distance between the plane and the line in (a).

Continued on page 3
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[10] 2. Find all points on the surface 322 — y? + 222 = 1 where the tangent plane is parallel to both
of the vectors (2,2,1) and (4,1, —5).

Continued on page 4
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o] 3.

(a) (6 marks) Find % and % at (z,y) = (1,0), if 2 = f(e®"2¥ sin(zy), e ¥) and f: R3 —
x y

R is a function of class C! such that f(e,0,e) = (1,1,2). Vf(e,0,¢e) = (3,—1,2). (Use
the Chain Rule).

(b) (4 marks) If F(x,y) = (;2> , where z is as in (a), find DF(1,0).

Continued on page 5
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13 4.

(a) (10 marks) Find the local maximum and minimum values and saddle points of the function
flx,y) = z* + y* — 4oy + 6.

(b) (3 marks) Does the function in (a) have a global maximum or minimum? Explain why
or why not.

Continued on page 6
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. e plane z + 2y + 2z = 2 1ntersects the paraboloid z = 2 + y“ 1n an ellipse. Find the points
10] 5 The pl 2 2 int ts th boloid 2 2 11 Find th i
on this ellipse which are nearest to and farthest from the origin.

Continued on page 7
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[18] 6. In each part of this problem, provide a precise definition of the word or phrase in boldface.
Let

=L if (z,y) # (0,0),
vy) =4 Vo
f(z,y) { 0, if (z,y) = (0,0).

(a) Prove that f is continuous at (0,0). (Hint: use polar coordinates.)

(b) If uis a unit vector, find the directional derivative D, f(0,0) directly from the defini-
tion.

(continued on next page)
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(c) Is f differentiable at (0,0)? Explain why or why not.

7. Let f:R" — R be a function of class C! such that
f(tx) =t*f(x) forall x e R",t >0
for some fixed a € R (such functions are called homogeneous of degree a). Prove that
x-Vf(x) = af(x).

(Hint: for fixed x, differentiate f(tx) with respect to t.)

Continued on page 9
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[12] 8. Evaluate the following integrals. (6 marks for each part)

(a) // xdA, if D is the region bounded by the parabola y? — x —5 = 0 and the line
D
x + 2y = 3. (Hint: pay attention to the choice of the order of integration.)

1,1
(a) / / 23 sin(y®)dydz. (Hint: reverse the order of integration.)
0 Ja?

Continued on page 10
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[10] 9. (5 marks for each part) Let R be the solid region in R? bounded by the planes z = 0, y = 0,
y = 4 — x, and the surface z = 4 — x2. Write /// f(x,y,2)dV as an iterated integrals

R
where the order of integration is as indicated below (i.e. find the limits of integration):

(a) ///f(x,y,z)dzdydm

(b) ///f(x,y,z)dyd:pdz

The End
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