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Operators Importance b Slee Cuaal
1) The Gradient of a Scalar Function

The gradient operator is a vector operator, written and called
" “del."" It is defined as

and can be applied directly to any scalar function of (x,y,z). Say
T(x,y,z) to turn it into a vector function,

Vsi—+j8—T+I28—T
OZ

the gradient is the rate of change of a function, or the derivative of
a multi-variable function,

http://betterexplained.com/articles/vector-calculus-understanding-the-gradient/
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Gradient: The space rate of decrease of a function.

_V¢:f%+j%+ A%
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Ascendent: The negative of the gradient




Coordinates
X: 3.0
Y: 5.0
Z: 2.0

Gradient
X: 3
Y: 4
Z: 5

z-coordinate

x-coordinate

Be careful not to confuse the coordinates and the gradient.
The coordinates are the current location, measured on the x-y-z

axis.
The gradient is a direction to move from our current location, such

as move up, down, left or right.
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o The Divergence of a Vector Field
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Divergence: The expansion or spreading out of a vector field

V. V)0 —> Divergence

Convergence : The contraction of a vector field

V. V{0 —Convergence
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B vector field is solenoidal

(o

In vector calculus a solenoidal vector field (also known as
an incompressible vector field or a divergence free vector

field ) is a vector field B with divergence zero at all points in
the field.




The Curl of a Vector Field 98 e (3
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This is a lot harder to visualize than the divergence, but not
impossible.

Suppose you are in a boat in a huge river (or Pass) where the
current flows mainly in the x direction but where the speed of
the current (flux of water) varies with y.
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Advection operator V.V cdp Sle (4

Advection: The process of transport of an atmospheric property
solely by the velocity field of the atmosphere; Advection may be
expressed in vector notation by

~V.Vp

where V is the wind vector, ¢ the atmospheric property. In three-
dimensional Cartesian coordinate, it is




A good examE‘le to have in mind would be the transport of pollution
in"a river: the motion of the water carries the polluted water
downstream.

In meteorology, advection usually refers to the predominantly
horizontal Tr'ansE'or‘r of an atmospheric property or by the wind,
e.g. moisture or heat advection.

In this context, the advection operator in P vertical coordinates is:

VAV —(ua—T+va—T+a)a—T)

ox oy ap

the horizontal transport of atmospheric tfemperature by wind

. {0 — cold advection
-V.VT _
» 0 — warm advection




5) The Laplacian Operator

Laplacian measures the difference between the average value of ¢
in a region around R and the value of the ¢ at a point R

If V'¢=0, then @ cannot increase or decrease in all directions




Corollary: The solution of Laplacian equation V*@ = 0 is unique
at a given boundary condition.

Proof:
|

Vip =0 =V-Vp=0

VxVp=0 - =V Is unique: =g is unique

V| given

R

|, given

20



Physical meaning of y/?

The Laplacian gives the smoothness of a function. It measures the
difference between the value of ¢ at a point and its mean value at
surrounding points.
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Alittle to the left of x  (x—a)=p(x)-a

On taking the average 0 = %[(/)(X— a)+o(X+ a)] —

2 ~2
_ ¥) — a” 0@ The deviation from the value of ¢ at a point
P —p(X) = 2 and its mean value in the surrounding region
2 OX ; j .
is proportional to Laplacian ¢




