Differential Calculus
1)
Ordinary And Partial Derivatives
Differentiation is given from:   
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Graphically this is:
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Rules Of Differentiating

Linearity
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Chain Rule
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Partial Differentiation

Partial Differentiation allows us to differentiate functions of the form f(x,y):

                  z










By keeping either x or y constant, one creates

                                             y

  x                             

f(x,y)
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Hence:
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Vector Differentiation

A vector with position vector r(t) can be differentiated as follows:

                  z


                             r(t)               v(t) At a tangent to the vector

x                                         y 
With
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Then
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2) Directional Derivatives

There can be many tangents to the plane. The derivative at r0 (no need to be in the plane of the graph, better in the x-y plane) can be found in the direction of the unit vector 
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Where 0<s<1

Clearly 
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Hence
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The derivative of f(x,y) at r0 in the direction of 
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Which is a dot product of 2 vectors.
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is known as the grad of f, grad f, del f or nobla f.

Hence
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3) The Gradient

The magnitude of the gradient is given by:
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As the dot product is 
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As the modulus of a unit vector is 1 and the maximum value of a cosine function is 1.

Then the maximum rate of change is:
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If you have a graph, then taking planes though it and translating intersections down into the x-y plane gives: 


        f(x,y)
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Then
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e.g.

f(x,y) = 1 – x2 – y2
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4) The Gradient In Three Dimensions
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Meaning
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Direction, is perpendicular to surface of constant value
f(x,y,z)  =  x2 + y2 + z2

This is not a sphere only a sphere when set equal to k.
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Example,

Calculate the equation of a tangent plane to a sphere
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Equation to plane 
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Summary
The directional derivative 
[image: image57.wmf]^

.

u

f

ds

df

Ñ

=


Gradient
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