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Show your work!

1. Let ~a = 〈3, 1, 0〉,~b = 〈−4, 2, 1〉, ~c = 〈0,−2, 5〉. Find

(a) (~a×~b)× ~c

(b) ~a · (~b× ~c)

(a)

~a×~b =

∣∣∣∣∣∣
~i ~j ~k
3 1 0
−4 2 1

∣∣∣∣∣∣
= 〈1,−3, 10〉(

~a×~b
)
× ~c =

∣∣∣∣∣∣
~i ~j ~k
1 −3 10
0 −2 5

∣∣∣∣∣∣
= 〈5,−5,−2〉

(b)

~b× ~c = 〈12, 20, 8〉

~a ·
(
~b× ~c

)
= (3)(12) + (1)(20) + (0)(8)

= 56
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2. Consider the plane P in R3 which contains the points: P = (3, 4, 5), Q = (−2,−2,−3)
and S = (−1, 1, 2). Find an equation in x, y, z which describes P .

Solution:

The vectors
−→
PQ = 〈−5,−6,−8〉,

−→
QS = 〈1, 3, 5〉 are both parallelP , and are non-parallel

to each other. Hence, a normal vector of the plane P is given by:

−→n = PQ×QS =

∣∣∣∣∣∣
~i ~j ~k
−5 −6 −8
1 3 5

∣∣∣∣∣∣ = 〈−6, 17,−9〉.
Hence, the plane P can be described by the equation:

−6(x− 3) + 17(y − 4)− 9(z − 5) = 0.
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3. Let P be the plane in R3 which is parallel to the vectors ~v = 〈1, 2,−1〉 and ~w = 〈0, 3, 5〉,
and contains the point P = (−4, 0, 7). Find an equation of the form ax + by + cz = d
which describes P .

Solution:

A normal vector of P is given by:

−→n = −→v ×−→w = 〈13,−5, 3〉

Hence, the plane P may be described by:

13(x+ 4)− 5y + 3(z − 7) = 0,

or equivalently:
13x− 5y + 3z = −31.
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4. Consider the function f(x, y) = ln(xy)
√
y − x.

(i) Find its natural domain D ⊆ R2;

(ii) Sketch D in the xy-plane;

(iii) State whether the region D is open, closed, or neither.

(i) For f(x, y) to be well-defined, we need

xy > 0 and y − x ≥ 0

(x > 0, y > 0 or x < 0, y < 0) and y ≥ x

Therefore, the natural domain is:

D = {(x, y) : (x > 0, y > 0 or x < 0, y < 0) and y ≥ x}.

(ii)

(iii) The domain is neither open nor closed.
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5. Plot the level sets f(x, y) = c of each of the following functions in the xy-plane, then
sketch the graph z = f(x, y) of f in the xyz-space.

(a) f(x, y) =
1

x2 + y2
, c = −1, 0, 1/2, 1, 2, 3.
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(b) f(x, y) = 2x− y , c = −2,−1, 0, 1, 2.
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(c) f(x, y) =
√

1− y2 , c = −1, 0, 1, 2, 3.
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