Math 113, Analytic Geometry and Calculus I 
MATHEMATICA assignment 
 Be sure to answer the questions posed in complete sentences and in an organized manner! Do not turn in a MATHEMATICA output without accompanying explanations. Your assignment you turn in should read as a report on a specific investigation and should therefore be consistent and self-contained! 

(1) 
We have discussed in class the important limit    limx→0  (sin x /x) = 1. In this assignment we examine a more general limit.
Consider the function;  f(x)= (x − sin x) / (x^3) , 
which is defined for all x 0. If f(x) has a limit as x approaches zero, say limx→0 f(x) = L,  then x−sin x ≈ L x3 or (sin x/x) ≈ 1−Lx2,  which not only tells us that limx→0 (sin x /x)= 1 . but also how fast! Therefore, we want to find out x 
how f(x) behaves when x is close to zero. 

1. Show that f(x) is an even function (no MATHEMATICA needed here!) 

2. Use MATHEMATICA to calculate a table of function values of f(x) when  x  tends to zero. Use part one to argue that it suffices to consider only small positive values of x, when x approaches zero. 

3.  Plot the graph of the function y = f(x) on an interval where  x  is close enough to zero to see what is happening for small x.

4. Use MATHEMATICA limit command to compute the limit  limx→0 f(x). 



(2) 
                    Consider the function; g(x)= sin ( )    defined for all x  0. 
1.  Show that g(x) is an odd function (no MATHEMATICA needed 
here!) 
2. Plot the graph of the function y = g(x) on an interval where x is close to zero. 

3. Use part two to argue that neither the left limit limx→0− g(x) nor the right limit limx→0+ g(x) exist. 


(3) Consider the function;  h(x) = sin x sin ( )   defined for all x  0. 
1. Plot the graph of the function y = h(x) on an interval where x  is close to zero. 

2.  Use the graph from the first part to discuss whether or not the limit limx→0 h(x) appears to exist or not. 

3. Use calculus to prove that your assertion from part two is correct. 

(4)  We have discussed in class an important method to solve equations of the form f(x) = 0 called Newton’s Method. Note that all equations involving one variable x can be presented in this form. In this exercise we want to solve or calculate the root of  f(x) = 0  where;
                                                                          f(x) = x + ln(x) − 3. 
Recall that Newton’s Method starts with a chosen value x0 and then the following values x1, x2, x3, . . ., xn, . . . are computed by the rule xn+1 = R(xn), where 
                                                                            R(x)= x −  f(x)/f′(x) 
1. Use MATHEMATICA to plot the graph y = f(x) on an interval that contains the root.
2. Show that f ′(x) > 0 for all x > 0 and use this to prove that f(x) = 0 has exactly one root/solution x > 0. (no MATHEMATICA needed here!)
3. Compute by hand the R(x) and define this function in MATHEMATICA.
4. Choose a sensible x0  and Use Newton’s Method to compute the root with 50 accurate decimals. How many iterations did you do?
5. Use the MATHEMATICA Solve command to compute the root with 50 accurate decimals and compare with what you obtained in 4. 

(5) In this exercise we will discuss what can go wrong with Newton’s Method: Consider the    function ;    g(x)=x4 −4x2 −5. 

1. Use MATHEMATICA to plot the graph y = g(x) together with the tangent lines at x = 1 and x =−1. 

2. Show that the Newtons rule function R(x) defined earlier is here   given by           

         R(x)= (3x^4 − 4x^2 + 5)/( 4x^3 − 8x ) (no MATHEMATICA needed here!) 

3.  Start with x0 = 1 and use MATHEMATICA to compute the first four or five values x1, x2, x3, x4, x5. Explain why Newtons Method will not work here. 

4.  Start with x0 = 1.001 and compute a root with 20 accurate decimals. 

5. [bookmark: _GoBack] Use the MATHEMATICA Solve command to compute the roots of g(x) = 0 with 20 accurate decimals. 










