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Derivadas parciais

∂f

∂x
(xi, yi, zi) = lim

∆x→0

f(xi + ∆x, yi, zi)− f(xi, yi, zi)

∆x

∂f

∂y
(xi, yi, zi) = lim

∆y→0

f(xi, yi + ∆y, zi)− f(xi, yi, zi)

∆y

∂f

∂z
(xi, yi, zi) = lim

∆z→0

f(xi, yi, zi + ∆z)− f(xi, yi, zi)

∆z

∇f(xi, yi, zi) =


∂f
∂x (xi, yi, zi)

∂f
∂y (xi, yi, zi)

∂f
∂z (xi, yi, zi)

 ∇xf(xi, yi, zi) =

 ∂f
∂x (xi, yi, zi)

∂f
∂y (xi, yi, zi)


Gradiente Gradiente horizontal
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Diferenças finitas 2D • ◦ ◦
Vamos estudar o gradiente horizontal em z = H (altura de voo). Por
conveniência, vamos omitir a dependência em z:

Aproximação por diferenças progressivas:

∂f

∂x
(xi, yi) ≈

f(xi + ∆x, yi)− f(xi, yi)

∆x

∂f

∂y
(xi, yi) ≈

f(xi, yi + ∆y)− f(xi, yi)

∆y
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Diferenças finitas 2D • • ◦

Dado um grid
bidimensional com
pontos (xi,j ,yi,j)

∂f

∂x
(xi,j ,yi,j) ≈

f(xi,j + dx,yi,j)− f(xi,j ,yi,j)

dx

∂f

∂y
(xi,j ,yi,j) ≈

f(xi,j ,yi,j + dy)− f(xi,j ,yi,j)

dy

Se fi,j = f(xi,j ,yi,j),

dxfi,j =
fi,j+1 − fi,j

dx
dyfi,j =

fi+1,j − fi,j
dy
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Diferenças finitas 2D • • •
Se fi,j = f(xi,j ,yi,j), dxfi,j =

fi,j+1 − fi,j
dx

e dyfi,j =
fi+1,j − fi,j

dy

dxfi,j =
fi,j+1 − fi,j

dx
e dyfi,j =

fi+1,j − fi,j
dy

f =


f1,1 f1,2 . . . f1,n−1 f1,n

f2,1 f2,2 . . . f2,n−1 f2,n
...

...
. . .

...
...

fm,1 fm,2 . . . fm,n−1 fm,n



dxf =
1

dx



f1,2 f1,3 . . . f1,n

f2,2 f2,3 . . . f2,n
...

...
. . .

...
fm,2 fm,3 . . . fm,n

−

f1,1 f1,2 . . . f1,n−1

f2,1 f2,2 . . . f2,n−1
...

...
. . .

...
fm,1 fm,2 . . . fm,n−1




dxf = ( f(:,2:end) - f(:,1:end-1) )/dx
dyf = ( f(2:end,:) - f(1:end-1,:) )/dy
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Diferenças finitas 2D • • •
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dx
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dy

x =


x1,1 x1,2 . . . x1,n

x2,1 x2,2 . . . x2,n
...

...
. . .

...
xm,1 xm,2 . . . xm,n

 y =


y1,1 y1,2 . . . y1,n

y2,1 y2,2 . . . y2,n
...

...
. . .

...
ym,1 ym,2 . . . ym,n



f =


f1,1 f1,2 . . . f1,n

f2,1 f2,2 . . . f2,n
...

...
. . .

...
fm,1 fm,2 . . . fm,n



f =


f1,1 f1,2 . . . f1,n−1 f1,n

f2,1 f2,2 . . . f2,n−1 f2,n
...

...
. . .

...
...

fm,1 fm,2 . . . fm,n−1 fm,n



dxf =
1

dx



f1,2 f1,3 . . . f1,n

f2,2 f2,3 . . . f2,n
...

...
. . .

...
fm,2 fm,3 . . . fm,n

−

f1,1 f1,2 . . . f1,n−1

f2,1 f2,2 . . . f2,n−1
...

...
. . .

...
fm,1 fm,2 . . . fm,n−1




dxf = ( f(:,2:end) - f(:,1:end-1) )/dx
dyf = ( f(2:end,:) - f(1:end-1,:) )/dy
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. . .
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...

...
. . .

...
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. . .

...
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Diferenças finitas centradas 2D
Consideremos agora dxfi,j =

fi,j+1 − fi,j−1

2dx

dxf =
1

2dx



f1,3 . . . f1,n

f2,3 . . . f2,n
...

. . .
...

fm,3 . . . fm,n

−

f1,1 . . . f1,n−2

f2,1 . . . f2,n−2
...

. . .
...

fm,1 . . . fm,n−2




dxf = ( f(:,3:end) - f(:,1:end-2) )/(2*dx)
dyf = ( f(3:end,:) - f(1:end-2,:) )/(2*dy)
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GHT
O “Gradiente” Horizontal Total (GHT) é o módulo do vetor gradiente
horizontal:

GHT (xi,j ,yi,j) = |∇xf(xi,j ,yi,j)|

=

√(
∂f

∂x
(xi,j ,yi,j)

)2

+

(
∂f

∂y
(xi,j ,yi,j)

)2

A aproximação no grid:

dxf = ( f(2:end-1,3:end) - f(2:end-1,1:end-2) )/(2*dx)

dyf = ( f(3:end,2:end-1) - f(1:end-2,2:end-1) )/(2*dy)

GHT = sqrt(dxf.^2 + dyf.^2)
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