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For this investigation, use the module “Vector Spaces” at  http://www.math.utep.edu:8080/jsp/index.html .

Module Description

Module provides vectors and vector operations from a geometrical perspective. Module is divided into three sections, each providing different tools.

For this homework, all three sections of the module are used. 
Under the section “For Collection of Linear Combinations,” values of a, b and c are entered. The module uses the values of a, b and c to produce the geometric representation (as dots) of the collection of the linear combinations, nk+ml+si+sj, of the vectors k, l, i, and j. The values of n range from –a to a; the values of m range from –b to b and the values of s range from –c to c.

Under the “Vectors” section, vectors are associated with the names k, l, i, j. Any vector can be entered including the stored vectors labeled a0-a14. Each vector is represented by a tick line segment with a color code. The module runs by Mathematica software. In Mathematica, vectors with numerical entries are entered using curly set notation. For instance, Mathematica recognizes {1, 2, 3} as a vector in R3.   

Under the “Construction of Single Linear Combination” section, you can assign values for the symbols d and e. These values produce thin lines which are parallel copies (with the same colors as the vectors represented) of scalar multiples of the vectors k, l. For instance, when the values d=2 and e=3 are entered, the program produces thin lines with the same color as the vectors k and l respectively, providing the length of the lines as twice the first vector k and three times the second vector l. This section also has an option to enter a w vector.

Before each question, make sure to reset vector options to the zero vector namely a0 and numerical value options to 0. Also, recall the processes you applied to find linear combinations from the previous homework.







Assignment

Part I

1a. Enter the vectors u={1,2,3}, v={1, 0, 6}, t={3, 4,12} for k, l and i. Make sure j vector is set to a0. Run the module (Click “Graph.”). Use the module to find (if exists) the values of c1 and c2 such that t=c1u+c2v (Values for c1 and c2 can be found by entering values for e and d options of the module. Remember the role of e and d from the previous homework and the description above). Use the c1 and c2 values to state a solution(s) for the vector equation d1u+d2v+d3t=0 (0 represents the zero vector {0, 0, 0}). State (or describe) all the values of d1, d2 and d3 that form solutions for the vector equation. How many solutions would the vector equation have? Explain.
             
1b. (For this question keep the module setting the same as 1a). For the same vectors in 1a, enter the value 2 for a, b and the value 1 for c (you can change values to obtain more (or fewer) points), and enter e1u+e2v+e3t for w vector   using the values e1=1, e2=1 and e3=0 (that is, the vector is 1{1,2,3}+1{1,0,6}+0{3,4,12} for the values e1=1, e2=1, e3=0). Run the module. What did you observe? Explain. Repeat the process this time using first the values of e1=1 e2=-1 and e3=1, and next for other values of e1, e2 and e3 that you choose. Run the module. What do you observe? Explain. Make a table of all the values of e1, e2 and e3 you used. For each group of values, state your observations on the same table. 

1c.Based on your work on 1a-1b, what would you say about the sets, {u, v}, {u, t} and {u, v, t}? Explain.


1d. Based on your work on 1a-1b, state the type of solution set(s) for the system Ax=0 (here 0 stands for a zero matrix) for each matrix A=[u, v] and A=[u, v, t]. Explain and justify your answer (In the matrix A=[u, v, t], the vector u forms the first column of A; v forms the second column of A; and t forms the third column of A; That is, the matrix A=[u, v, t] is ). 

2. First reset the vectors to a0 and values to 0 in the module, and run the module. Now, repeat questions 1a-1d for the vectors u=a1, v=a5, t=a8. (In part 1b, additionally, consider the values e1=1 e2=-1 and e3=1/2)

3. First reset the vectors to a0 and values to 0 in the module, and run the module. Now, repeat questions 1a-1d for the vectors u=a4, v=a2, t=a5. 



Part II

4. State the type(s) of solution set for a vector equation with 

i) 2 vectors in R3; 
ii) 3 vectors in R3;
iii) 4 vectors in R3; 
iv) Any number of vectors greater than 4 in R3. 

Explain and justify your answer (You may need to try your own sets with 2, 3, 4 vectors to be able to make sound decisions).

5. Over all during this activity what did you observe and learn about vectors, vector equations, systems represented by matrix equations (Ax=0), and their solutions? Explain.
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