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MATRIX BINOMIALS

In this portfolio I will try to find a general statement and patterns for given
matrix binomials exercises. For data processing I will use 77-83 Plus (Sliver
Edition) graphing calculator. I will use my knowledge from patterns and matrix
in order to find suitable formulas.

XZG 1) Y:(_11 _11)'

Find X2, X3, X*: Y>Y> Y*,

T1-83 Plus |
Sitwes fammo

&3 Texas INsTRUMENTS

MATRIXIA] 2 =2 | [[Z 2]
Ei _ } [A] 4 = 21
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z2z=1
0 )G -G T G D X6 o
Yzz(_zz _22) Y3:(_44 _44) Y4:(_88 _38)

Find expressions for X", Y", (X+Y)"

e The entries double for every higher power of X, i.e.:
X’=2X=2'X
X’=4X=27X
X'=8X=2°X follows
Xn:2n—1 X
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[ will test this formula with a random number:

512 512 10_At0-1(1 1 512 512
X'= X''=2 -
(512 512) (1 1) (512 512)
‘9 TExAs INSTRUMENTS !I!.;»Baupl:u‘.‘,
' [AI~1@
[[512 5121
[512 51211
2*9[RAl]
[[512 S1Z2]
[512 31211

] 262144 262144
X19=2191(1 1)2(262144 262144)

X"=2""X formula valid for all natural numbers N; N = {1,2,3,...} as it is shown

in examples.
e The entries double for every higher power of Y, i.e.:

Y’=2Y

Y’=4Y=2°Y

Y*=8Y =2'Y follows
Y=y

Again I will test is with random numbers using GDC:

45 Texus bestruEnTs I-:-.EB.EI:I-'L‘. .| £5 Texas InsTRUMENTS
' [B1E 2™151EB]
[[128 -128] [[327Fel -—3Z27ed.
[-128 128 11 [ -327e8 3Z27e8 ..
27 [B] [BEl"-1&

T1-83 Plus |
Siuvee enimsee

([i28 -128]  [132783  -32768.
[-128 128 1] .['32?68 J27ed L
s_( 128 —128 s 1 —1)_( 128 —128
V'-(C128 128) v (G T HCs s

16 32768 —32768 6161 1 —1y_ (32768 —32768
Y (—32768 32768) Y =2 (—1 1) (—32768 32768)

Y"=2™'Y formula valid for all natural numbers N; N = {1,2,3,...} as it is shown
in examples.
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e In the case of (X+Y)=2I

o= (( (4 D)6

o-(G D+ )G 2
2 Toxas st e |
- [A1+IE] —
8 211
n

In this case we have two slightly different formulas, the first one includes
the sum of (X+Y) and the second one includes the identify matrix, i.e. I just

factorized 2”.

G G

0

)= 2”(0 1_)

)21

1 0

)n:(zon 2011): 2n(0 1

Testing with a random number and checking it with GDC.

&9 Texas InsTRUMENTS

'MATRIKIC] 2 =2

e

[

zae=1

(X+Y)!= (2[110 )

1 0
0 1

(X+Y)"°=2"(

(X+Y)15= 215(
1s_ (215

(X+Y) —( .

0
in examples.
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1 0
0 1

32768 0
2[15):( 0 32768)

2”(1 ?) formula valid for all natural numbers N; N = {1,2,3....} as it is shown

| & Texas InsTRUMENTS
] 2~1|lc]
I ({024 5 ]

1024 0
( 0 1024)

1024 0
): ( 0 1024)

): (32368 32268)

T1-83 Plus |
Sikvid eniTiay

TI-83 Plus |

&9 Texas INSTRUMENTS  Sicene doinae

2~15[C]

[[ZZ7VEE B ]
[a F2vEE1]
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A=aX and B=bY

(v )

Find A%, A’, A*; B> B> B* using different values of ¢ and .

@ TEXAS INSTRUMENTS

' 2[A]
[[2 2]
[2 211
2°3[A1~3
[[E32 2]
5 [32 3211

a=2
A=2X=>A=

: 2)

9

-G -G )
2 2)4_ 128 128)

4_ i
A 2 2 128 128

* TExAS INSTRUMENTS

| ZIE]
[[3_ 3]
[-5 311
3e[Bl=
[f1a  -18]
s [-12 18 11

b=3
B-3v=B-(°, )

B( 3 _33)2: (2 fa
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TI-83 Plus
5 Texas InstruEsTS Sinee EniTioN

SIAl

SE[A1z

3. (5 5)3_ (500 500
A (5 5) (500 500)
4_(5 5)_[5000 5000
A 5 5) 5000 5000)
&9 Texas INsTRUMENTS T ?,3mPI.u-_: |
4[B]
[[d4 -4]
[-4 4 1]
4t [B]2
[[32 -321
[-32 32711
b=4
_ (4 -4
B=4Y=B- (_4 4)
2o (4 —4Ao_ (32 32
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O N N OO oG
3 -3 648 —648 4 4 2048
B'= -3 3 )4: —648 648 ) B'= —4 4 )4: —2048

Find expressions for A", B", (A+B)"

e As I’m raising powers by one, the entries increase double the constant is.

For example:

A= 6X> A=(g g)

2 (72 72 3 (864 864 4_ (10368 10368
A _(72 72) A (864 864) A (10368 10368)
As it is visible, every entry increases by 12, i.e. double the constant a is.

From this pattern I derived formula that:
An: al'an

Testing with random numbers:

A2=62X2

X363 9)=(75 72)

A=10X:>A=Gg 18) A’=10°X°
RIS

The same pattern goes for B=bY.

B3 Texas InsTrumenTs I:.[f;s?mpliu;f :

34 [B]1"4
[[-643 &
42 -

458 1
£4211
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B3:(—3 33)3: (—108 108 )

3 - 108 —108

4 (-3 3 \4 [—648 648 . . .
B ( 3 _3) 6489 —648) The entries increase by 6, 1.e. the double b is.

3 Texus InsTrUMENTS Siinrs Cormen |

'm[E]

[[3.141592654 .

[ -5.141592654 .
me [B]z
[[19.F332833 -

[-19.7392688 1.

314 —3.14
B~ (—3.14 3.14 )

314 —3.14y, [ 19.7 —197
B~ (—3.14 3.14 )2:(—19.7 19.7 )

The entries increase by app. 6.26, i.e. the double 7 is.

Therefore the derived formula is
BH: bnYn

B= 35(_11 —11)5
B= 3888 —3888)

- \-3888 3888
3 (10 —10 PR
B=10v >B=(_ ) B=10°Y
5. (10 —10\3_( 4000 —4000 5_ ( 4000  —4000
B —10 10) (—4000 4000) A —4000 4000)
e (A+B)"
\h TEXAS INSTRUMENTS II-!{!}B{:I:us
'E[R1+4[E]
118 2 ]
[2 181]
-6 [A1+4 [E]
[[-2 -1@]
[-1@ -2 1]

(A+B)= 6X +4Y

(A+B)= (g 2) - (—44 _44)2 (120 120)
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(A+B)=-6X +4Y

am-(C0 Ot T )

From the examples solved, I derived formulas

at+b a— by

(A+B)= (a —b a+ b-)

(A+B)]1: (aX + bY)n: aan + bﬂYl'l

Testing with different constant values:

a b n
2 -4 5

ww-(G DG )T -G

wm=r( ey J)n(jae e

24+ (—4) 2—(-4)\s (-2 6 ~15
@B=(5" 0 or o) (8 SO Moee)

o 7 n
1.5 3.6 4
e TI-83 Plus
DT R YT P A e
[[5.1 -2.1] [B]l™~4 - 1
FInE.’“‘-'-E-E 1 5.1°11 [El-ﬁgil?gga l-é .:-2.1 ET 1
[[13284.1928 -1.. : B B e o Do |

[-13@35. 1928 13. IC1™4
[[1384.1928 -
[-1383. 1928 13

aom1sG ey )=

1.5+3.6 15— 3.6)4: ( 5.1 —2.1)42 1384.2 —1303.2)

+B)*~
(A+B) (1.5 —3.6 1.5+36 —-2.1 5.1 —1303.2 1384.2

Page | 8



‘ Marked by Teachers

a+b a—b)

M:(a—b a+b

M=A+B, M'=A"™+B"

M=A+B and M?>=A*+B* I showed in the previous exercise and [ will prove
M"=A"+B" by induction that I’ve learnt at HL Math classes.

1 1 1 -1 1 —-1yr1 1
XYZ(l 1) (—1 1 ): (—1 1 ) 1 1)20
Therefore we know AB=BA=0
Mn:An+Bn
If conjecture is true it must work for x=1
(A+B)'=A+B

If it is true it needs to work for any real number k, x=k
*(A+B)‘=A"+B"

Again it should also work for any real number k + 1
*(A+B)"(A+B)= (A*+B")(A+B)= A*A + BB + A'B + B*A

We showed that AB=BA=0, therefore A'B + B*A=0

It follows that
A*A + B'B + A"B + B’A= A*A + B'B
Mk+1: Ak+1 + Bk+1

By doing and deriving formulas (especially in the second exercise) I found that
the general formula is:

MH:aHXn + bHYH
M"=(aX+ bY)"
,/
c* o n
5 2 2
a+b a—b>b _ (7 3
M_(a—b a+b) _(3 7)
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M’= A” + B’
G =(sG Deelly )

7 3\,_ (542 5—2
(3 7)2: 5J—r2 5+2)n

G =G 5F

Using GDC:

M- o)

a b
4 -1.5 5

w=(31% 270 (s 339

G2 30=(+G D+ D)

(23 33=(33 33

T-83 Plus |
Sitote Cormon

>

&3 Texas INsTRUMENTS

MATRIKIC] 2 =2
A I

WA TL:83 Plus 1

[c1e2
[[36.5 27.
[2F.5 F6.

=355 365)

|
11

non

In the conclusion I can say that I found the scope of the statement.

|A|= ab-cd

11 |1 -1
|X|_|1 1 Y] |_1 1|
IX|=1-1=0 IY|=1-1=0

Since the starting matrices have determinant 0 and thus they don’t have

inverse, in my conclusion I can say that n€[M. Also I showed in examples above
that constants a and b can be rational and irrational numbers (1), therefore a,
bER. I would limit my general statement on the set of real numbers this is the
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only set of number that we learnt in matrix unit.
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