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e Introduction:

Matrices are rectangular tables of numbers or any algebraic quantities that
can be added or multiplied in a specific arrangement . A matrix is a block
of numbers that consists of columns and rows used to represent raw data,
store information and to perform certain mathematical operations . The
aim of this portfolio is to find general formulas for matrices in the form

k+1k-1
of .
[k—1k+1j

Each set of matrices will have a trend in which a general formula for each
example is deduced.

e Method 1:
Consider the matrix M = (é g] whenk =1.

20
Table 1: Represents the trend in matrix M = (0 ZJ asnis

changed in each trial.

Power Matrix
20
n=1 02
40
n=2 0 4
8 0
n=3 08
b o
n=4 (0 16)
20
n=>5 [0 2]
o
n=10 0
0"
n =20 0 0EH

Matrix M is a 2 x 2 square matrix which have an identity. As n
changes the zero patterns is not affected while the 2 is affected. 2" is
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raised to the power of n. When n =1, 21 = 2, whenn =2, 2%2=4 and

) 2" 0
when n = 3, 23 =8 and so on. So as a conclusion, M" = [0 2)}

e Method 2

Consider the matrices P = [3 1] and S = (4 2)
13 2 4

Table 2.1: Represents matrix P as the power n is increased by one for
each trial.

Power Matrix / P"

| Gl

31)2__ (53) (06
n=2 =2 =

13 35 6 10

313 (97) (% B
n=3 =2 =

13 79 B D

314 (T B) (B D
n=4 =2 =

13 b1 m B

31)5 (B A (B 4
n=5 =2 =

13 13 4 3B

As the power n of the matrix is increased by one the scalar is doubled. To
find the elements inside the matrix, the scalar that is used in the trial is
doubled and then added to the elements in the matrix. E.g.: when n = 4,
the scalar is 8 (4x2=8) and then this amount, &, is added to the elements
inside of the matrix for n=3 (9+8=15). So the general formula deduced is
P" =g [x +2 y+2

y+2 x+2
the previous matrix with a power of n — 1. Note that this formula needs
two consecutive matrix powers in order to be applied. Another general
formula for this trend can be found. As the power n changes, the value to
2" -1 2" +1
2741 2" -1
To make sure of the validity of the formula n = 3 is used as an example.

Using GDC: (3 1J3= (36 28]
13 B3P

. 31 2" -1 2" +1 97 ¥ X
Using the general formula: 3= 2 =4 =
13 2" +1 2" -1 79 23

) where n=2. Also, x and y represent the elements of

which the scalar is raised changes. P" = ™! ( ]n is an integer.
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Table 2.2: Represents matrix S as the power n is increased by one for
each trial.

Power Matrix / 8"

42\1 _, (42) (42
n =1 =2 =

24 24 24

422 (0 8) (D6
n=2 =2 =

24 8 0 62D

S i PR )
- | [ffea)les)
| CP-EarE )

As for two consecutive matrices, the trend is found so as the power n
increases by a factor of one. The scalar is doubled in each trial and then a
certain factor is added to the elements of matrix S. taking n = 2 as an
example, the scalar is found by doubling the power n = 1 (1x2=2). The
factor of addition is determined by multiplying the difference in x and y
inside the matrix with a power less with one by 3. In matrix n = 1, the
difference in the elements is 2 (4-2=2), the answer is multiplied by 3
(2x3=6). Finally 6 is added to the matrix of n = 2. The general formula

for this trend is S" =2 (x+3 - 3j where n = 1. Notice that this formula

y+3 x+3

needs two consecutive matrix powers in order to be applied. Another
general formula can be derived for this sequence. As the power n
changes, the power in which the scalar is raised will change also.

(3" +1 3" -1 . . e .

gn =l (3 +1 3 J where n is an integer. To check the validity of this
n _ n +

formula n =4 is used as an example.

Using GDC: [4 2J4= (66 @ J
24 6) @b

. 42 3"+1 3" -1 & 9 @ 6D
Using the General Formula: oy =8 = :
24 3" -1 3" +1 8 6 6o
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e Method 3:

k-1 k+1

Table 3: Represents the trend in matrix Q as k is increased by one in
each trial.

. . . k+1 k-1
1. Consider the matrices in the form Q = ( " J

Power Matrix General Formula
20 "0
k=1 M = Mn:2n‘1 2
02 0o 2"
3 1 no_ n
k=2 p- Pn=2n_l 2" -1 2" +1
13 2741 2" -1
4 2 n n_
k=3 S= Sn=2n'1 3"+1 3" -1
2 4 3" -1 3" +1
5 3 n n o _
k=4 D= Dn:2n1 4" +1 4" -1
35 4" —1 4" +1
4 n }1_
‘o5 (6 j gt (5741571
46 5"-15"+1
7 5 n no_
ot N - J g gt 67 +1 671
57 6" -1 6" +1

The general formulas of matrix M (k = 1), matrix P (k = 2), and matrix S
(k = 3) were established by giving evidence in the above methods.
Following a certain trend, as k is changed (starting from k = 2), the
elements of the general formula in which n is raised to it changed also.
The scalar is kept constant for all different values of k. So as a
k"+1 k" -1
k" =1 k" +1]'
To check this formula, matrix D is used where k=4 andn=15

Using GDC: [5 ijs = (160) 8 j

conclusion, rule A states that Q" = ot (

3 ()
5 5
UsingruleA:(S 3)5:24(4 +1 4 1}216[1@5 103):(169) mj
35 4° -1 4°+1 m i)

Another trend is recognized for the consecutive matrices, as k is increased
by 1 each element of the new matrix is increased by one too. In other



. (1 1) . . _
words, square matrix (l 1] is added to the previous matrix in order to

obtain the result. A general formula can be established, which is:

Q" = Matrix R + Matrix G D, where R is matrix of k — 1. To verify this

formula matrix F (k =5) and N (k = 6) are going to be taken as examples.

. . . (11 .
matrix X = Matrix F + Matrix (1 J , are matrices X and N equal??
. 75
Matrix N =[ j
57

. 6 4 11 75 . .
Matrix X = + = , So this statement is true.
4 6 11 5 7

e Method 4:

In this method, other values such as negative integers, fraction numbers
and irrational values are going to be investigated as the values of k. those
values are going to be applied on rule A, this will emphasize any
limitations, if found, for this rule.

A (kKT +1 k-1
Rule A states that Q"= 2" ! "
k"—-1 k" +1

J, the following trials are tried:
1. Negative Values:

Matrix B represents the matrix where k is a negative integer raised to the
k+1 k—lJn ©

power of n, k = -3 and n = 2, in a matrix of the form (k -
- +

—2 -4

matrix B = ( ] From rule A and the above examples, the following

K1k 41
Using GDC: [_2 —4}2:[1) 16]

formula is deduced: B"=2"" (k 1k _1]

-4 -2 b 2
UsingRuleA:[ 2 4J2=22'1( 3+l =3 1]:2(10 8):(1) 16]
-4 -2 -32-1 -3%+1 8 0 b D

As a conclusion, rule A also can be applied when k is a negative value.
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2. Fraction Values:
Matrix L represents the matrix where k is a fraction value raised to the
k+1 k—ljn <

power of n, k = 3/2 and n = 3 in a matrix of the form (
k-1 k+1

5/2 1/2

matrix L =
1/2 5/2

Ak +1 k" -1
. From the above examples, L" =2" ! .
k" =1 k" +1

Using GDC: [5/2 1/2j3=(5/2 19/2J

1/2 5/2 /2 ¥/2

3 3
Using Rule A: (5/2 1/2j3=23-1 {(3/2) 1 (3/2) 1]24 [§/8 1) /8)

(3/2 ©/2

- [19 12 % /2}'

From the above results, it is shown that rule A is valid even for fraction
numbers.

1/2 5/2 (3/2) -1 (3/2) +1 B/8 3/8

3. Irrational Values:

Matrix U represents the matrix where k is an irrational number which is
raised to the power of n, k = [1 and n =2 in a matrix of the form

k+1 k-1 H, so mattix L = I+ 111 . From the above examples,
k-1 k+1 [T-1 TI+1
Un=2n_1 k" +1 k" -1
kn_l k" +1 )
Using GDC; [ 1#1 -T2 2 B8 7. BX8
-1 I+1 7.BIR 2 IR

[1-1 [I+1 I1°-1 I1°+1
) 0 .&wH 8. 85 _ (2 BER I BER
8.8 0 .8584 7 "B 2 BES

Using Rule A: [HH H_IJZ —y2l (H +1 TI _1J _

From those final results, we can prove that this statement, Rule A, can
also be applied to irrational integers.
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