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Gradient Flux 



Continuity equation 

ÅHow does the number 
of particles change at 
a given position? 

ÅFor a cylinder at a 
position ὼ to ὼ  Ўὼ: 



Continuity equation 

ÅNumber of particles: 

ïὔ ὧὃЎὼ 

ïWhere A is the area of the cross-section 

ïc, concentration of particles 

ïЎὼȟ length of the cylinder 

Å²ǘŜŘȅ ȊƳƛŀƴŀ ƭƛŎȊōȅ ŎȊŊǎǘŜŎȊŜƪ ǿ ŎȊŀǎƛŜ 
ǘ ƧŜǎǘ ŘŀƴŜ ǇǊȊŜ ǇǊȊȅǇƱȅǿȅ ŎȊŊǎǘŜŎȊŜƪ ǿ 
pozycji ὼ i ὼ  Ўὼ: 
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Continuity equation 

ÅNumber of particles: 

ïὔ ὧὃЎὼ 

ïWhere A is the area of the cross-section 

ïc, concentration of particles 

ïЎὼȟ length of the cylinder 

ÅThen the rate of change of the number of 
particles over time t is given by the fluxes 
at positions ὼ and ὼ  Ўὼ: 
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Continuity equation 
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ÅGdy Ўὼ Ȋōƭƛȍŀ ǎƛť Řƻ ȊŜǊŀ ŘƻǎǘŀƧŜƳȅΥ 
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Continuity equation 

Å
Ў

ὃὐὼ ὃὐὼ Ўὼ „ὃЎὼ 

 

Å
ȟ Ў  

Ў 
„ 

 

ÅGdy Ўὼ Ȋōƭƛȍŀ ǎƛť Řƻ ȊŜǊŀ ŘƻǎǘŀƧŜƳȅΥ 

Å „ 

ÅW przypadku wielowymiarowym: Ͻὐᴆ „ 

 

 

 



Continuity equation 
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ÅWhen Ўὼ is becoming close to zero: 
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Continuity equation 
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Continuity equation 
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Ficks 2nd Law of Diffusion 



Laplace Operator 

ÅThe Laplace operator is a second-order differential operator in 
the n-dimensional Euclidean space, defined as the divergence 
(Ͻ) of the gradient (Ὢ) 
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Gradient Ὢ 

ÅThe gradient of a scalar-valued differentiable function f of 
several variables, is a vector-valued function ɳ  f : Rn Ҧ Rn 
whose value at a point is a tangent vector to f. 

where i, j are the standard unit vectors in the directions of the x, y coordinates 



Example 

x = y = np.linspace ( - 10., 10., 41 )  

xv, yv = np.meshgrid (x, y, indexing= Ʀij Ʀƾ 

fv  = h0/(1 + (xv**2+yv**2)/(R**2)) # Some function  



Example 

plt.pcolormesh ( x,y,fv , cmap = 'jet')  



Example 

ax.plot_surface (xv, yv, fv , cmap='jet')  



Gradient Computation Ὢ 

dhdx, dhdy = np.gradient ( fv ) # dh/dx, dh/ dy 

quiver 



Gradient Computation Ὢ 

dhdx, dhdy = np.gradient ( fv ) # dh/dx, dh/d  

quiver pcolormesh + quiver 



Gradient Computation Ὢ 

dhdx, dhdy = np.gradient ( fv ) # dh/dx, dh/d  

quiver contour + quiver pcolormesh + quiver 



Divergence Ͻ 



Geometric Interpretation of Divergence 



Geometric Interpretation of Divergence 

Step 



Geometric Interpretation of Divergence 

Step 



Geometric Interpretation of Divergence 

Difference 

Step 



Geometric Interpretation of Divergence 

Difference 

Step 

ἡἼἭἸ ϽἎἱἮἮἭἺἭἶἫἭ 



Geometric Interpretation of Divergence 

Difference 

Step 

ἡἼἭἸ ϽἎἱἮἮἭἺἭἶἫἭ Example: ȟ Ͻ Ȣȟ Ȣ ϽȢ Ͻ Ȣ Ȣ 



Geometric Interpretation of Divergence 

Difference 

Step 

ἡἼἭἸ ϽἎἱἮἮἭἺἭἶἫἭ 
Averaged 



Divergence Ͻ 



Example Case 

Point 



Example Case 

Point 

Positive Divergence 



Ficks 2nd Law 
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Ficks 2nd Law 
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Ficks 2nd Law 
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Ficks 2nd Law > 1D 

Å Ὀ ὈϽὧ 

 



Ficks 2nd Law > 1D 

Å Ὀ ὈϽὧ ὈЎὧ 

 



Ficks 2nd Law: 
ȟ
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Discrete model 

Continuous model 



ὧὼȟὸ depends on both space and time 

Discrete model 

Continuous model 



Discretization of Time 

dt = 0.1 dt = 3 dt = 10 

Follow the vector field: x[n+1 ] = x[n ] + dt *f(x[n], t[n])  


