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1. (4 marks) Show that the equation

x2 + y2 + z2 + 8x− 6y + 2z + 17 = 0

represents a sphere, and find its centre and radius.

2. (a) (3 marks) Find the area of the triangle with vertices P (1,−2, 3), Q(0, 3, 1) and
R(−1, 1, 0).

(b) (3 marks) Find the volume of the parallelepiped spanned by the vectors a = ⟨1, 2, 3⟩,
b = ⟨0, 1,−1⟩ and c = i+ j.
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3. (a) (4 marks) Let v be a vector in the third quadrant of the plane that has length
√
3

and makes an angle of π/3 with the negative x-axis. Write v in component form.

(b) (4 marks) Let v and w be two vectors such that v ·w = 1 and v ×w = ⟨1, 1, 1⟩.
Find the angle α between v and w. (Hint: Try to find tanα first.)
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(c) (6 marks) Let the vector a point from the origin to the point on the unit sphere
with spherical coordinates θ = 270◦ and ϕ = 45◦, and let b point similarly to
the point with spherical coordinates θ = 180◦ and ϕ = 135◦. (Notation as in the
textbook.) Find the angle α between a and b.

4. (a) (3 marks) Find vector equation and parametric equations for the line through the
point (2, 1,−3) parallel to the vector j− 2k.
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(b) (3 marks) Find an equation of a plane parallel to the xz-plane passing through the
point P (3, 4,−1).

5. (4 marks) Decide whether the following two lines are identical, parallel, skew or inter-
secting. In the latter case, compute the point of intersection as well.

L1 : r = 2i+ t(i− 3k),

L2 : r = k+ t(j+ k).
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6. (a) (4 marks) Compute the line of intersection of the two planes

P1 : x+ z = 4,

P2 : y − x = 1.

(b) (2 marks) At which angle do the two planes intersect?

7. (3 marks) Which kind of quadric is given by the equation y − x2 = z2/2 ?
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8. (a) (3 marks) Compute the tangent line to the helix v(t) = ⟨cos t, sin t, t⟩ at t = 2π/3.

(b) (3 marks) Find a point on the helix where the tangent vector is parallel to the
plan x+ y −

√
2z = 0.
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9. (a) (3 marks) Compute the unit tangent vectorT(t) for the curve v(t) = ⟨t, et, cos(2t)⟩.

(b) (4 marks) Compute the curvature of v(t) at t = 0.
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(c) (5 marks) Compute the length of the arc given by w(t) = ⟨t2, 0, t3⟩ for 0 ≤ t ≤ 1.

10. (4 marks) Consider a particle with massm = 1 on which the time-dependent force F(t) =
etj− tk acts. Find the position vector r(t), given that the initial position is r(0) = i+2j
and the initial velocity v(0) = −i.

Page 10 of 12



Calculus 2302A Midterm exam 1 November 2011

11. (5 marks) Consider the function f(x, y) = ln(y2 − x). Sketch the domain of f(x, y) in
the plane as well as the level curve for the level 0.
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This is intentionally left blank. Use it for an answer that you could not fit into the space
provided. Please refer from the original space to this page.

Page 12 of 12


