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Quantitative Methods in Oceanography & Meteorology – SO335        

Lab 3
Gradient, Divergence and Curl

1.  Application of the gradient in MATLAB
a.  We wish to examine an idealized low pressure system represented as the following pressure field 
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(1)
where pressure is in units of millibars and x and y are in units of kilometers. 
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 is a length scale for the pressure field and has the constant value of 200 kilometers and we will consider a uniform resolution of our domain of 10km. 

b.  First input the pressure field of equation (1) into MATLAB and name the array pres
c. (10 pts)  From our notes, recall that, given a 2-D scalar field. 
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  that the gradient is defined as 
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Given p defined in equation (1), Calculate 
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 by hand and write your answer below (show all work):
d. (10 pts)  The relationship between polar and rectangular coordinates are 
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).  Convert the vector calculated in part (c) into polar coordinates.

e.  (5 pts) what does the result from part (d) tell you about the direction of the pressure gradient vector.
f.  The force exerted by a pressure field is proportional to 
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.  Utilizing this relation, we will plot the associated vector force field created by 
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. We have already inputted the spatial domain and pressure field in part (b).  We can use the gradient function to create a matrix representing the horizontal and vertical vector components of the force vector at every grid point where there is a value for the pressure field by typing
[F_x,F_y]=gradient(pres,10);

The number 10 in the argument is used to tell MATLAB what size grid increment we are using.  This will always correlate with the increment we use in the meshgrid command. 
Note that the force is proportional to negative the pressure gradient so we need to multiply F_x and F_y by -1 so type 
F_x=-1.*F_x;  
F_y=-1.*F_y;
iv.  Use the quiver function to plot the vector field F_x and F_y
The resultant graph should look like figure 2.
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Figure 2.  Vector plot proportional to the Force Field generated by the gradient of the low pressure system.
f.  (5 pts) Compare the vector field 
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 in figure 2 to your analytic answer in (2d and 2e).  How do they differ?

Divergence 
The previous section showed us how taking the gradient of a scalar function creates a vector field.  In this section, we operate on a vector field to create a scalar.

Recall from lectures that, given a vector field, 
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 in the standard Cartesian CS basis, the divergence is defined as the scalar 
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(3)
1.  Given a flow field 
[image: image16.wmf](
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  where x and y are in units of meters, and  
[image: image17.wmf]1

1

1

-

-

=

s

m

a

 such that 
[image: image18.wmf]u

 has units of 
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a.  ( 5 pts)  What are the units of 
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b.  (10 pts) Calculate the divergence of the flow field, 
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, by hand and write your answer here. (show all work) 
c. (5 pts)  What is the value of the divergence at x=1, y=0 
d.  To calculate the divergence in MATLAB, use the divergence function as follows.  
e.  First create the standard meshgrid between 
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with increments of 0.2m
f.  Input the vector field 
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 into MATLAB and label the x and y components of the vector u and v respectively.
g.  Use quiver to plot the vector field and examine the output.

h.  Calculate 
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 by typing
div_u=divergence(x,y,u,v);
i.  (10 pts) Plot the isolines of the scalar quantity div_u using the contour and clabel functions and print your output. Use proper labels.
j.  (5 pts) Divergence is a measure of the influx or outflux of a vector field quantity per unit volume.  There is an outflux of the quantity if the divergence is positive and an influx of the quantity if the divergence is negative.  We can tie this with our understanding of 
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 as a measure of the fractional rate of change of the fluid volume.  If 
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, then the fluid is expanding and there will be a net flux outward; the converse is true if the volume is contracting.  Given your plot, and calculation from part (h) describe if there is an influx or outflux of the vector field 
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 at the points


x=-1 m y=1 m ____________________________

x=0 m, y=0 m ___________________________
k. (5pts) A vector 
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 is defined as solenoidal in a region if 
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everywhere in that region.   Is 
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 solenoidal?  If your answer is yes, be sure to specify the region of the domain as well.  
Curl – Example - Solid Body Rotation
Given a vector field 
[image: image31.wmf]^
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 in the standard Cartesian CS basis, the curl of the field 
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 is a vector defined as 
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If the vector 
[image: image34.wmf]A

 is a flow field, the curl is then called the vorticity and is a measure of the tendency of a fluid parcel to rotate about an axis through its center mass.
  It is important to note that the rotational characteristics of the fluid parcel are about its center of mass and not the overall fluid axis of rotation.  For example, each fluid parcel in a shear flow (
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) has vorticity even though there is no well-defined closed circulation path in the fluid as a whole. 
1. Let us assume a flow field of the form 
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 where x and y are in units of meters and 
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 is a constant such that 
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 and has units of 
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Using the domain
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with increments of 0.2m, input the vector 
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into MATLAB.

2.  (5 pts) Plot the vector field of 
[image: image42.wmf]u

 using the quiver function and describe or sketch the output.
3.  (1 0 pts)  The curl of a velocity field, 
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 is called the vorticity.  Assuming that 
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 is a flow field, calculate its vorticity by hand and write your answer (show all work):
4.  (5 pts) The definition of a 2x2 strain rate matrix is
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It is a measure of both how much a fluid deforms and how much adjacent fluid elements move relative to each other.  
Calculate E by finding all 4 matrix elements for the velocity field 
[image: image46.wmf]÷

ø

ö

ç

è

æ

+

-

=

^

^

j

x

i

y

u

b

 and write your answer:
a.  (5 pts) A fluid in which every element of the strain rate matrix is zero is said to be in solid body rotation.  Is the velocity field 
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 in solid body rotation?
b)  (5 pts) Given that 
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 is representative of the solid body rotation rate in the vertical direction, 
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, how does the rotation rate relate to the vorticity of the velocity field you calculated in problem 3?   































































� 1.  Riegel, C.A. 1992.  Fundamentals of Atmospheric Dynamics and Thermodynamics, World Scientific Publishing, Singapore. Page 70.
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