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[ The TI-Nspire in Linear Algebra ]

Some of the usual things we do in Linear Algebra over the fields

R and C

for which the TI-Nspire has beautiful, built-in programs.

r+2y+ z=1
1. Solve: dr + y+ z=25

6 + 5y + 42 =5

1 21
2. Compute: det| 4 1 1
6 5 4
12 17"
3. Compute: 4 1 1
6 5 4
1 3 2 1 1 3
: . 2 6 1 4 0 3
4. Find a basis of span sl ol 11l lal 2l |4
4 5 2 1 0 6
1 21
5. Find Nullspace of : 4 1 1
6 5 4
1 21
6. Find Range of : 4 1 1
6 5 4
1 21
7. Find LU decomposition of : 4 1 1
6 5 4

W = O

1
8. Diagonalize : {4
D

6
1
3



IFy

The Finite Fields used in my Linear Algebra classes
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Why Finite Fields?

(1) It is fun!

(2) It exposes non-math majors to
worlds other than R and C.

(3) Shows them similarities and differences.

The Programs created for the Finite Fields Fy, Fy4, Fr

Simplification

s2, s4, s7

Determinant

det 2, det4, det7

Row reduction

rref2, rref4, rref7

LU decomposition

lup2, lup4, lup7

Matrix inverse

mi2, mi4, mi7

Factoring a polynomial

factor 2, factor4, factor?7

Row reduction (steps)

mrowadd 2, mrow 2, rowswap
mrowadd 4, mrow 4
mrowadd 7, mrow 7



[ The simplification functions s2, s4, s7 ]

The simplification functions s2, s4, s7 are very flexible. They simplify any linear
combination from any of the vector spaces:

F" Mnxm(F) Pn<F)

where F = F,, Fy or Fy

For example:

54(451- [b 2+a- t+ l:l-l-b- [t g-l-a:]—i-b' tg-l-f] t2+a- t+b

2 6 3 3
5 2] |4 1]
o3 [a 5lia 1 2lie.[6 5'] 3 4
16 |53 |54 4 5]
57(5- (3 244 r+1)+6- 4 242 r+5)+4- (r+5].] 4 12+1+6
a| [1] [p] b|
sdla |4, D |, 1T 1
11 b| 0]
salp-la b 1lig[p b 1 0 b 1]
01 b 1 a a a 0 1]

These functions essentially first check if the entries are matrices or polynomials, and simplify
accordingly.

Let’s look at some examples of the functions mentioned before.



[ Examples ]

r+ y+ z=295
1. Let’s solve y+22=3 over F; using rref7
r+2y+3z=1

n1.1 1.2 > MMAT250S 19 <
x+y+z=5
extract|\ y+2- z=3 {x,y,z}
X+2+ y+3-z=1
1115
0123
12 31
1115 1 06 2
g0 1 203 0123
1231 0 0 00
T 2 1
Hence |y | = |3]| +t|5]|. Let’scheck these are indeed solutions:
z 0 1

nu 1.2 » WIAT 250 S 19 < ran{]I|F3
_ —_ - -
11121 [1 5] &
Mo 1 2|25 3
11 2 3] \0 1 1]
2] [1 6]
s 3 +f 5 |{=4 2
0 1 4]
[1 1 1] [6] 5
SMlo 1 2072
1 2 3] [4] 1)

Note this system of equations is not solvable over R. Over [F; it has exactly 7
solutions.



2. Compute det

D B N
N — W
> Ot =

over [F,. If it is non-zero, compute the inverse matrix.

> MIAT 250 S 19 <

2
Let’s solve | 4
6

by row reduction.

N =W
B~ Ot =
ISEINSI S

5| using the inverse matrix

e

o o

= T

o = W

He -
|—.|FP~U"'H

> MIAT 250 S 19 <

o O =
o = O

2 3 1 (2 1 0
msi4 1 8 0 4 2
6 2 4 (4 0 1)
221210 10 0
S/11¢ 1 5|0 4 2 010
6 2 4|4 0 1 0 0 1] g
3

o

= Uh W

, and check



Let’s diagonalize over [F;:

N O =
SO N
= W N

e Find its characteristic polynomial, factor it, find the eigenvalues.
e For each of the eigenvalues, find the eigenvectors.
e Compute Q'MQ =D

We’ll let the TI-Nspire do all the work. Notee.g. —5=2 and —4=3 in F;

12 2 6 (t+2)- (+3) (e+4)
factor7|det 6 0 3t
2 6 4
[1 2 2] 1 0 5
n‘ef7603+2 01 4
12 6 4] 0 0 0
1 2 2] 1 0 2]
meflllg o 33 01 4
2 6 4 0 0 0
[1 2 2] (1 0 2]
meflllg o 3[4 01 3
12 6 4] 0 0 0
2551 2 2][2 5 5 5 0 o0
s/AmiZli3 3 4i'le 0 3|3 3 4 0 40
11 1) |2 6 4/[1 11 00 3

e Characteristic polynomial p(t) = 6(t+2)(t + 3)(t +4). FEigenvalues t = 5,4, 3.

2 5 5
e Kigenvectors: |3 | for t =25, 3| for t=4, 4] for t=3.
1 1 1
25 5171 22][25 5 50 0
e Q'MQ=|3 3 4 6 0 3 33 4|=1040
1 11 2 6 4 1 11 0 0 3



ar+ y+bz=2»>
4. Solve ¢ bx +ay+bz=0>b over F; using rref4 or a matrix inverse.

ar + by =
a1bb 100 a
ety @ b b 010
ab 01 0011

b a
“|b b
1 1] &

1 b a b b 0 1 1
) ) b a b b a b 1 1
5. Find a basis of W = span el Lol Talo il il [l s
a 1 b 1 1 0 a a
n'l.‘l 1 > MAT250S 19 <
—
1 babdbb 011
mepdl|b @ b b oa b 11
1 babll1l1la
al b 1 10aa
15 0a0165ba
0015H 0a 111
0000150 a
0O 00O0DO0OO0TO0DO@
1 a b
Hence ll) , Z , Cll is a basis of W. In fact, it is not too hard to find a
a b 1

more “standard” basis for W:

QOO
o O = O
o= O O
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over [Fy:

o O H O
S 3 — O
SO O

S O — -

a aab

hq}4 0 0 a b

1 011

1b05b

1 000

With permutation matrix P=|0 0 1 0

0100

0001

a aab
and U=1/0 1 0 b

1 000

L=|b 100

00 ab
0 0 0 a

0010

b abl

= L*U:
1000

P*A

a a a b

0 01 0{%(0 0 a b

b1 00«01 05b

0 0ab

1 011 0010
0 00 a

0100

0001

b a bl

1 50050

|

6. Let’s compute the LU decomposition of {

ete.



