
Gave an intuitive definition of a closed and bounded region in the plane and 
stated the result that continuous functions on such domain attain their 
absolute extrema.

•

Did the following example and looked at computer generated images (see 
"Materials") to help understand our calculations. Find the absolute extrema of 
f(x,y) = x^2 + 2 y^2 on the disk of radius one centered at (0,0).

•

Discussed the method of Lagrange multipliers and justified it intuitively by 
looking at a sketch of level curves and using the fact that the gradient vectors 
are orthogonal to the corresponding level curves.

•

Re-solved the previous example using the method of Lagrange multipliers. •
Did another example of Lagrange multipliers: On  the curve x^2 + xy+y^2 
which points are closest and furthest from the origin?

•

Reviewed Taylor series and Taylor polynomials 1 variable. •
Gave the definition of the nth Taylor polynomial in two variables. Wrote out 
the 2nd order Taylor polynomial on 2 variables. Noted that (1) the 1st order 
Taylor polynomial gives the tangent plane equatin as expected., and (2) The 
2nd order terms can be written [x-x_0 y-y_0] H(x_0,y_0) [x-x_0 y-y_0]^T 
(where T denoted transpose and H is the Hessian). The 2nd derivative test can 
be understood by learning the corresdpondence between properties of the 
Hessian H and the properties of the quadratic polynomial [x-x_0 y-y_0] H(x_
0,y_0) [x-x_0 y-y_0]^T, but we will not discuss this in this course. But it is 
closely related to the bonus exercise in assignment 4. 

•

Showed an example using Maple of the the 2nd order Taylor polynomial 
approximating a surface. The code and output can be found in "materials".

•

(Not covered in class but in the notes)•

Where to find this material

Adams_and_Essex  13.1, 13.2, 13.3•
Adams_and_Essex. 12.9. See "materials" for a copy of this sections.•

Corral, 2.5, 2.7•

Guichard, 14.7, 14.8•

Active Calculus. 10.7, 10.8•
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Theorem: A continuous function       on a closed and 

bounded domain     attains its absolute maximum and 
minimum on  .

How to find absolute extrema?

In the interior  - the extrema can only occur at 
critical points (relatively easy to find) 

1.

On the boundary - this is difficult as the boundary 
is in general a curve. We say that we a finding 
extrema subject to the constraint of being on the 
boundary. This is an example of  constrained 
optimization which is a very general problem type 
that appears in a huge variety of applications. 

2.

Need to look 

Absolute extrema (2)
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Find the absolute extrema of              on the 

closed disk of radius 1.

We don't have a general method yet, but 
in this simple example we can manage 
with 1-variable methods by elimanting 
one of the variable. 

Extrema example
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The boundary part of the previous example (extrema values 

of              on the curve          is a 

problem of the following form.

Find the absolute extrema of a function       subject to a 

constraint         

Lagrange multipliers
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The method of Lagrange multipliers. 

The absolute extrema of a function       subject to a 

constraint           can only occur at points where 

            or      is undefined.

Lagrange multipliers (2)
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Find the closest and furthest points on the curve 

          from the origin. 

Note: minimizing distance or 
distance ^2  gives the same 
locations. 

Example 2
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1 variable review 

Why are the coefficients 
       

  
     ?

Idea/use: Information about  and all it's derivates at    
is often enough to determine     for other values of   

(1) In the previous example in fact            for all x. 

(2) If            the Taylor series centered at    is 
      . So                 

Taylor series
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The same idea motivates the definition. Lets see how to 
extract the coefficinet of a term in a polynomial of  and  . 

Taylor polynomial in 2 variables 
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Let's look at the polynomial and the graphs using 
computer software.

Note: in exams you will get functions that are quick to 
differentiate 

Plots are on the next page

(code and images are in MyCourses)

Taylor series example
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The surface and it's quadratic approximation at (1,2)

Zooming in 
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