
Spring 2016, Bruell/Arnesen

Exercises

Vector Calculus (MA1103)

Exercise 7

——————————————————————————————————————

Exercise 1 (3.4: 3)

Find the extrema of f(x, y, z) = x− y + z subject to the constrain x2 + y2 + z2 = 2.

Exercise 2 (3.4: 13)

Consider the function f(x, y) = x2 + xy + y2 defined on the unit disk D = {(x, y) ∈ R2 | x2 + y2 ≤ 1}.

Determine the global maximum and minimum. Use the Lagrange Method to find the critical values on

the boundary of D.

Exercise 3 (3.4: 37)

Find the point on the curve (cos(t), sin(t), sin( t2 )) that is farthest from the origin.

Exercise 4 (4.1: 9)

Consider the helix given by c(t) = (a cos(t), a sin(t), bt). Show that the acceleration vector is always

parallel to the xy–plane.

Exercise 5 (4.1: 18)

Find the centripetal force acting on a body of mass 4 kilograms, moving on a circle of radius 10 meters

with a frequency of 2 revolutions per second.

Exercise 6 (4.1: 19)

Show that if the acceleration of an object is always orthogonal to the velocity, then the speed of the

object is constant.

Exercise 7 (4.2: 11)

Find the length of the path c(t) defined by c(t) = (2 cos(t), 2 sin(t), t) if 0 ≤ t ≤ 2π and c(t) = (2, t−2π, t)

if 2π ≤ t ≤ 4π.
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Exercise 8 (A 4.2: 25)

The early Greeks knew that a straight line was the shortest possible path between two points. They could

not have a proof for it because they, in the first place, had no definition of the length of a path. They

saw this property of straight lines as more or less obvious. Using the derivation of the arc length and the

triangle inequality, argue that if c0 is the straight line path c0(t) = tP + (1 − t)Q between P and Q in

R3, then

L(c0) ≤ L(c)

for any other path c joining P and Q, where L(c) denotes the length of the path c.

Exercise 9 (4.3: 13)

Sketch a few flow lines of the vector field F (x, y) = (x, x2).

Exercise 10 (4.3: 17)

Show that the curve c(t) = (sin(t), cos(t), et) is a flow line of the velocity vector field F (x, y, z) = (y,−x, z).

A: This exercise is more theoretical (and might therefore be more difficult).

The exercise can be also found (under the given number in brackets) in the book Vector Calculus by J. E. Marsden and A. Tromba.
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