
Chapter 16

Vector Calculus
16.1 Vector Fields



Examples.
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Vector Fields in 2D.

Representation.

Remark:

F⃗ (x, y) = P (x, y)⃗i+Q(x, y)⃗j

•P : x-component of F⃗
•Q : y-component of F⃗

Component Functions
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Vector Fields in 3D.

Representation. Component Functions.

P (x, y, z)⃗i+Q(x, y, z)⃗j +R(x, y, z)k⃗

•P : x-component of F⃗
•Q : y-component of F⃗
•R : z-component of F⃗

A vector field is continuous if each of its component function
(that is P, Q, R) are continuous.

Remark:
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More Examples:

• Force field around an electric charge Q :

• Electric Field around the charge Q :

F⃗ (x⃗) =
ε0qQ

∥x⃗∥3 x⃗

E⃗(x⃗) =
F⃗ (x⃗)

q
=

ε0Q

∥x⃗∥3 x⃗

Newton's Law of Gravitation tells you that the magnitude

of the force of attraction between two objects of mass m and M is

F =
mMG

r2

where G is the gravitational constant, and r is the distance between the
two objects. Find the vector field describing the gravitational field.
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Gradient Fields.

2D

3D

∇⃗f(x, y) = fx(x, y)⃗i+ fy(x, y)⃗j

∇⃗f(x, y, z) = fx(x, y, z)⃗i+ fy(x, y, z)⃗j + fz(x, y, z)k⃗
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Conservative Vector Fields.

F⃗ = ∇⃗f

EXAMPLE. Show that the Gravitational field is conservative.

• A vector field F⃗ is conservative if there is a scalar-valued
function f such that

• The function f is called the potential function of F⃗ .
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