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Fields

scalar field

𝑠 𝑥, 𝑦 = 2𝑥𝑦 + 4𝑦2

2D scalar field



Derivatives

scalar field vector field tensor field

∇𝑠 𝑥, 𝑦 =

𝜕𝑠
𝜕𝑥
𝜕𝑠
𝜕𝑦

=
𝑠𝑥
𝑠𝑦

The first derivative of a scalar field 

is a vector field called gradient.

It consists of the partial derivatives 

of the scalar function 𝑠(𝐱) for each 

dimension of the observation space.

gradient

𝑠 𝑥, 𝑦

2D scalar field



Derivatives

scalar field vector field tensor field

∇𝑠 𝑥, 𝑦 =

𝜕𝑠
𝜕𝑥
𝜕𝑠
𝜕𝑦

=
𝑠𝑥
𝑠𝑦

The second derivative of a scalar 

field is a tensor field called Hessian.

It consists of the partial derivatives 

of 𝑠(𝐱) derived twice for each 

dimension of the observation space.

gradient

∇2𝑠 𝑥, 𝑦 =
𝑠𝑥𝑥 𝑠𝑥𝑦
𝑠𝑦𝑥 𝑠𝑦𝑦

Hessian

𝑠 𝑥, 𝑦

2D scalar field



Contours

given:

scalar function 𝑓:ℝ𝑛 → ℝ
isovalue 𝑐 ∈ ℝ

definition of a contour:

𝐱 | 𝑓 𝐱 = 𝑐

2D contours are curves

3D contours are surfaces

common names: 

isolines/isosurfaces

Contours in Scalar Fields

very important



Contours

closed

unless exiting the domain

cannot intersect each other

nested

Properties of Contours



Contours

gradient is perpendicular to 

the contour

rate of change is zero along any 

isocontour

Properties of Contours



Contours

connected component:

a given isovalue produces one 

isocontour often consisting of 

several separate 

lines/surfaces

Properties of Contours

three connected components making up one isocontour



Contours

connected component merge 

and split when considering an 

increasing isovalue

Properties of Contours



Contours and Topology

connected component merge 

and split when considering an 

increasing isovalue

topology

behavior of connected components

critical points

maxima

minima

saddle points

Properties of Contours



Overview of Visualization Methods for Scalar Fields
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