
Math 4038. Homework 1

Due date: Monday September 21, 2009.

1. Given vectors a = (3, 2, 7), b = (6, 5, 4) and c = (1, 8, 0), find

(a) |b|.
(b) a · b
(c) b× c.

(d) the angle between a and b.

(e) a unit vector normal to both b and c.

(f) the area of the parallelogram spaned by vectors b and c.

(g) the volume of the parallelopiped generated by the vectors a, b and c.

(h) the components of a in the direction of b and normal to b.

2. (a) Find the work done by the constand force q = (5,1,0) in displacing a particle from
P (4, 4, 0) to Q(6,−1, 0).

(b) Find the moment vector m of p = (4,2,0) about P (5, 1, 0) if p acts on line through
(1, 4, 0). Make a sketch.

3. Consider the ellipse which is the intersection of the cylinder x2+y2 = 1 and the plane z = y.

(a) Find a parametric representation r(t) of the ellipse.

(b) Find the tangent vector r′(t), the unit tangent vector u(t) and the equation (parametric)
of the tangent line at the point P (1, 0, 0).

(c) Find the length of part of the ellipse from P (1, 0, 0) to Q(−1, 0, 0).

(d) Assume now that the position of a particle at time t is given by r(t). Find the speed,
velocity, tangential and normal acclerations of the particle at any time t.

4. Suppose w(x, y) = 4x2 − 4y2. Use chain rule to find

(a) dw
dt

, if x = e2t and y = sin t

(b) the partial derivates ∂w
∂u

and ∂w
∂v

, if x = u + 2v and y = 2u− v.

5. Suppose that f(x, y, z) = x2 − 2x− y2.

(a) Find the gradient of f .

(b) Find the directional derivative of f at the point (1, 1,−2) in the direction of a =
(1,1,2).
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(c) Find the direction of maximum increase of f at (1, 1,−2). What is that maximum rate
of increase?

(d) Find the normal vector of the surface f(x, y, z) = 25 at (−1,−1, 0).

6. Let v(x, y, z) = (x, y, v3(x, y, z)) be a vector field. Find a v3 such that

(a) div(v) = 0

(b) div (v) > 0 if |z| < 1 and div (v) < 0 if |z| > 1.

7. Let v = (y3,−x3, 0) be the velocity of a steady fluid flow.

(a) Is the flow irrotational?

(b) Is the flow incompressible?

(c) Find the streamlines.

8. Prove the following identities for continuously differentiable fields.( f and g are scalar fields
and v is a vector field.)

(a) div (fv) = fdiv(v) + v · ∇f

(b) curl (fv) = ∇f × v + fcurlv

(c) div (f∇g) = f∆g +∇f · ∇g


