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‘ Marked by Teachers

| was given the expression X = H ﬂ and Y = [_ll _ll], where | calculate

X2, X3 X% 393939 Be|ow | calculated X2 and made my way up to X4, where | also did the
same with Y2to Y4,

[:jjl 1 +{1x1) (1x1)+(1x l}] _ [2 2]
Ix1)+(1x1) AxD+@x1)]" 12 2

oof 4ol

[EE
e

Xe or X2 X1 = [

T b

e

C[@xD+Ex1D @xD+Ex1D

[4 i] o H ﬂ - [::4)-: D+{dx1) dx1)+{4x l}] - [g g]

4 3% Y1 =
X4or X3*X 4

2= [—11 _l] x

) [ 1 —l] _ [:ﬁl 1)+ (—1x—-1) (1x-1)+(-1x —1}] _ [_zh —2]

-1 1 (—1x1)+(1x-1) (=1x-1)+(1=x1) 2

Y3 or Y2*Y1 =

12 Axlh H=[Er 238808 G- 14 4

Y4ory3+*Yl =
[ 4 —4] x[ 1 —1] e x1) +(—4x-1) (4x-1)+(—4x 1}] _ [ 3 —8]
-4 4 -1 17 l{-4x1)+{4x—-1) (—4x-1)+&=x1)] -8 8
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Now | am going to find and expression for: [X", Yn, (X+Y)"], by inpulting different ‘n’
values. By doing this | can find a correlation between each

variable. Xn
Expression: Xn = 2(n-1) X X1 = 1X = 20X
This general statement was found by finding a relationship X2 = 2X = 21X
through values from X' to X4. In the X table, a pattern begins to
form from 1X, 2X, 4X and 8X. If we simplify these numbers by X3 = 4X = 22X
using a constant value such as 1X = 20X we can find a general X4 = 8X = 23X
statement for this expression.

Yn
Expression: Yn = 2(-1)'Y

Yi=1Y =20
The same method to determine the general statement for the V= oy = o1y
expression X" = 201 X was also used for Yn =211y,

Y3=4Y = 22

Y4=8Y = 23Y
| am going to determine the expression for (X+Y)" by letting X = | (X+Y)"

1 1 1 -1 .

[1 l] andY = [—1 1 ] Therefore the expression would look o1
like: 41

81
P | 1 -1 /2 01y _ .[1 0
X +¥) —([1 1]+[—1 1 ) —([0 2],3— 3[0 1 ol

1 0].

The resultant matrix is 2 [0 1
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0 1)

We know that the Identity MatrixisI = [
“(X+)n=(n"
However 1" isan identity matrix ~ 1% =1
(X +Y)n =27
| am going to prove that this expression works with (X+Y)":
Calculation:
(X+Y)n n=2
My expression:

oY =21=4[ ]

With (X+Y)n: )
— 5 -3

(H HJF[—ll 11];1 - [5 g]

G O 9 [52100 (e

= 4

lﬂ]

01 o4l

:4[

As well, since ‘X' and 'Y’ are singular matrices, they cannot be raised to a negative
exponent since the determinant is zero.

N

gd—be l— a

il il _
X_1=ﬁ|:l 1 }’_1= = - = .\I: 1 l]
(lx1)—{1xDl1 1 (lx—1)—(—1xl-1 1
det(X)=1-1=0 det(Y) =—-1+1=10

In this section | am going use another two expression: A" = 6X and B" =jY, where ‘¢*and
‘j’ are constants. | am going to use different values for both of the constants ‘¢* and ‘1’
o calculate A2,A3,A%; B2,B3, B4
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First, | am going to find A2 for the expression A" = 4 and use 4 different constants for ‘c/",
1 l]

where | am going fo let X = [l 1

Calculation:
n=2 1 (without calculator)  N=2 Q=2 (with calculator) n=3 qa=2

n=4 qa=2

£=ax A= 27 ] H A2=(37 1 H A2=

|:4:|: [1 1 )

=.:1;.:7[1 1l A2= 8X Az= 18X Az= 32X
=1

) 3
=2[1 1] o AT = 2X

Now | am going to create a table for [A = C?] with all the different ‘n’ values and c_'/"

values:
n=2 n=3 Nn=4

,/

e 2X 4X 8X
,/

=2 8X 32X 128X
,/

=3 18X 108X 648X
,/

4 32X 256X 2048X

Now | am going to find all the B by using the expression B" =P2Y and use 4 different
constants for &7, where | am going to let Y = [ L _11]

—1
n=2 n=3 n=4
=1 2Y 4Y 8Y
va=2 8Y 32Y 128Y
=3 18Y 108Y 648Y
V=4 32Y 256Y 2048Y
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By considering integer powers of A and B, find expression for A", B" and (A+B)"

For the statement A= c4 I am going}o determine a general formula by inputting
different numbers for the constant ‘c*and as well for the terms *»3.

w=idp=(e[} 1))

If I input cémnd 72 into A“=(C§)”, the resulting value would be 2X:

-Gl )

However if | continue fo input céVond change the terms ‘n’ fo 3 and 4 a pattern
begins to form:

o=l ) sl )
AH =1f5 4
= 4X = 8X

By changing the terms »=2 up to »=X'X' increases each time from, 2X, 4X to 8X. The
number of X's that is being incyosed is resulted from this expression, “2™"". Therefore, we
can convert the formula Ar=(cX)n to:

A" = gPx"

A" = gn2nmIx

The same expre;jon can be also used for the statement BFZY because both of the
statements, A=cX and B=2Y have the same pattern. The only difference between the
two statements is that ‘X' and 'Y’ have different matrices. Therefore we just change, A"
to Bnby:

A® = gn2e7IxX

Bn = pnon-1ly
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If the same values that were inputted for A”=C§ to BnFZY, the resultant values will be
exactly the same with ‘X' being ‘Y':

= 1) 2= 1) s = (e[ 1)
:l[—z'_ _zz] =1[—44 _44] = l[—aa _38]
=2Y = 4Y —ay

The e/xpression for (A+B)" can be found by inputting different values in the expression for
Ar=cX and Br=¥ZY. Therefore by inputting different values or same values for the
constants ‘c*and P& raised to the power of “»

If we input the constants with the same values like céVond PZ=wraised to the power of
=2

(A+ B)" = [(@”2° 1) + (pm2R 1Y)

= [(1222-1X) + (1222-1Y))2

(i Jeald 7D
_[¢ O

0 4 "'4[é ?]:41

The resultant volue}or this expression contains an identity matrix when both of the
values cons’pn’rs ‘*and "7 are the same; however, there are some limitations. If the
constants ‘c*and P77 contained different values such as (a=3 b=-12) the resultant matrix
would differ, therefore the Identity Matrix cannot be used.

Let a=-3, b=5 and n=3
(A+ B)™ = [(aX) + (bY)]"
= [(—3X) + (5Y)]?

1392 —608 -3[49 —?a]
“l-e08 392 P76 49

Therefore the expression for (A+B)" would be:

2" = the individual numbers in the matrix raised to the power of 'n',not counting the zeros.
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If I let a=5, b=-7 and n =3 with the expression (A + B)* = [(aX) + (bY]]* than the

expression where

2" = the individual numbers in the matrix raised to the power of 'n'.not counting the zeros, will work
as well.

| used a calculator to calculate this expression:

A+ B)™ =[(5X) + (—7V]3

_[-872 1972 —109 234

L1872 -872 "8 234 —109

The general statement:

2" = the individual numbers in the matrix roised to the power of 'n'.not counting the zeros
am — [a u]
c oa
n =3
13 [—109 23471 _[—872 1972
“ 1234 —-109 1872 —872

In this expression there are some limitations where ‘n’ cannot equal zero nor a negative
value.

The expression M = [z i g 2; EJ can also be derived into M = 4 + B and

M? = A% + B, By proving the expression M = 4 + B, A and B needs to be substituted for
aX and 41Y as well as keeping the constants as a variable. This will prove the expression

_fa+b a-—b _
M=(277 %)) through M =4+ B.

M =aX +bY
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wealt Jesll

a+b a—b]
a—b a+b

Now | am going to substitute A and B for c& and?3%or the expression M* = 4% + 57,

M? = (aX)? + (bY)?
SO IO

[(a+b)a+b)+(a—ba—b) (a+b)la—b)+(a—bla+ J}] — a2 [2 2] . [ 2 —2]
[la—b)a+b)+(a+b)a—b) (a—b)la—b)+ (a+b)a+b)] -2

[(a® + 2ab + b2) + (&’ + 2ab + b%) (e — b*) + (a® — B%) _ [26° 2a ] 252 —m-]
(a* — b} 4+ (a* —B*) (a® + 2ab + ¥*) + (a® + 2ab + b%) 2o° 2a -2k 2b°

2a? + 2b*? 2&-—23:-]_ [Ea-+2b- 2a? — 2b2

2af — 287 2a% + 247 2af —2b% 2q7 +2b°

Therefore the general statement that expresses M in terms of C4 and¥Z*ould be
expressed as:

M™ = (aX)™ + (bY)"

Test the validity of your general statement by using different values of cr,‘a"cmd 4

First | am going to use the general statement M™ = {aX]™ + (b¥)™ and then prove

. . I +b a-
this general statement by using the expression M = (3 _; 3 !

\

o

Let c';3,?JE!/x-:!/
Crm + 1 — b
M = (aX)™ + (bY)" il [2 — j g + j
M* = (3%)*+ (4v)* Mi= (34 34y
_[,3;- [l )lr)+[jlq_+[ 1 —l];') ! [3—%+3+43
L -, )
=(81 |+ (256 il 2696 — ;
[2593.5 3]:14(]((] [_8 8 ]JJ B (—jfff(;]ﬂ zjéj;_iﬂj
- [—140& 2696 ] =3 (33? 175y
175 337/
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— . [337 175
=8[17¢ 337)
,/
Let C=-WP2= 0.5, »m=2
M = [a+b a — by n
M™ = (aX)™ + (bY)" a—b a+b’ .
M? =(-1X)2+(0.5Y)2 MZ — [—l +0.5 —1-05y
Coor 112 11 —112 -1-05 -1+05/
=~ HE J+ 057 [ 7] ) )
2 27 Le[2 =2 -15 -0.5/
- (l [2 ELH (0'35 [—2 2 ],J . (2-5 L5y
2.5 15 ~\15 25/
- [1.5 2.5] _c [0._5 0.3
= [0.5 0.3] 03 0.5/
0.3 0.5
By finding if there are any limitations within ’rh} expression: M™ = jaX )™+ (b¥)™, | am

going to change the constants ‘a’ and 777 c?wemﬁowe%’vs'eé%"r} into,
decimals, fractions and negative exponents.

The first exo;nple | am going to prove that this general statement has some limitations:
Let ¢£0.3%3=0.32 and »=-3

M™3 = (0.3%)7 + (0.32) 3 .
we=(osfp 3f) +lex2[l T])

As | plug this equation info my calculator it comes up with: (error domain). As a result
this equation cannot be solved because the matrix cannot be raised to a negative
power. Therefore the limitation in this expression is that “» cannot be a negative
number.

In/’rhis second example | am going let “» equal to a positive integer and the constants
crondPequal zero:

Lleta=0b=0 n=3
M? = (0X)3 + (oY) ®

_.1,]1‘3'3: E;]H ﬂjaJF[ﬂ[—ll _11]]3
:[0 0]

The limitation for the expression M* = {aX)™ + {(b¥)%is that “» cannot contain a
negative exponent nor a decimal value or a fraction because if we multiply an
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exponent roised/’fo a negative number it would make the value flip. However, both of
the constants ‘c*and P& can equal to any set of real numbers. Therefore the limitations

and scope are:

nezZv
a&be R

Use an algebraic method to explain how you arrived at your general statement.

The general statement that came from M = A+ Band M? = A2+ B s
14n - R Rt ] H M= a+hb a— b
M™ = {aX)™+ {b¥)" This general statement should equal 1’ro M L} b a+b)
To prove that this general statement equals to M = [z Fooamy

the equation M™ = {aX)" + (b¥)™ by using only variables:

| am going to expand

1

b a+ b/

S T : iy 2
Me = |._Q/f)|_ + |__U}’) _1i|.: _ [Q + i a — ']
. 1 1*1' [ 1 —1*.|' o —b a+bh )
=8y 1)) -1 1l _[a+u a—rHa+r ]
_a:[f 2]33[2 —2] a—b a+blla—-b a+b
. ] I
_ [2; 2a:]_ 2b* —2q-] (a+blla+b)+{a—b)a—-b) (a+ba—-b+{a—b)a+}
28 2a° —2b 2b b i Y 2. i R 2% i [T 27 i By 7
wa—bnat+bit+iatbiia—5b a—blia—b)+iat+bilath
b P I 2 Y2 _ IR2 } } ) . . ) . .
= [_‘Qq tebtocat ey (a® + 2ab + 5°) + (a® — 2ab + b%) (a? — b+ (af — b7)
2a< —2b* 20+ 2b- = I A . o . L
(6° — b))+ (a" — b°) (2 + 2ab + B} 4+ (a® — 2ab + b*)
_ [2a% + 282 zaf—2=f]
2a?—2b? 2a®+2b°?
2a% + 2b2 2a3—2=f]_ 2a% + 2b3 2a3—2=f]
2a®—2b%* 2a%+2b? 2a°—2b% 2a%+ 2b°

Therefore the equation M™ = {aX)™ + (b¥)” equals with M =

However, the equation M™ = {aX)™ + (b¥)™ would not work unless it is proven by the
binomial theorem.

EEZE ixn—kyk
M" = (A +B)"

(A+ B)* = A* + 24B + B*
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A N o e i

=2 2]wap O+, 2]

:[2{{: 2af]_[2bf —2bf]

. . . ) ~ AT L B?
2a% 24? —2b%  2h?

This calculations tells us that AB must equal to zero for this equation o work AE = [g g .
As said before the only way the equation M™ = (aX)™ + (bY)™ works is because 2{aX){bY)

equals to a zero matrix: [g g]

In the end, the exp):ession M® ={aX)"+ (b¥)" can be subs’ri’ru’re_d intfo a different
equation where (CX)n+P2Y)" can be replaced as [(a®2771) + (bm2771Y)]",

M™ = (aX)™ + (bY)"

M™ = (@n2771X)" + (pm2071y)"



