‘ Marked by Teachers

The goal of this portfolio assessment is to figd an expression for X", Y", (X +Y)", [A", B",
(A + B)"] in both questions whilst expressing them: M" in terms of aX and bY. The
purpose of this assessment is to find out how we can interpret matrix binomials using
different values and similarities to find the pattern occurring. We've been given a
general statement to express M in terms of ax and bY, to do so we must substitute a
into matrix X to get a new matrix ‘A’, and b into matrix Y to get the new matrix ‘B". The
task given now is to see if the pattern really did work with other numbers, and to prove
the general statement.

e Question |

[ Io-l
LetX=|y q] andY=|_; | Calcuate X, X% XY/, Y7 Y"

By considering integer powers of X and Y, find expressions for X", Y, (X +Y)".

Alright now to calculate X%, X2, X Y2 Y2, Y*, [ il firstly show how these matrices are
multiplied, and then | shall use my graphics calculator to do the rest. As doing so | will
also look for a pattern trend in which | can use to relate to fine the expression X", Y, (X
+Y)". By doing so | will carefully look at how the matrix trend is created, therefore
making it easier to find the expression.

| found that | can use a specific matrix property in order to find the expression as well
as the arithmetic progression. This will ultimately determine how the expression is
achieved and if it's feasible. | will continue using the rule throughout the first question,
however, | may need to change the expression for the next question based upon my
findings.

The first thing | am going to do is to demonstrate how a matrix is multiplied; a step by
step method and then | shall continue using the graphics calculator. In the end | will
also add a few examples to show If the expression found is truly valid.

*just a brief note before | begin the project, every red colored matrix means that this number has been
added as an extra to find the pattern more clearly. Every yellow matrix indicates the guestion given from
the worksheet.

The Original Matrix

Explanation of how the X" was achieved

[
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- (2 2 To achieve this pattern you must multiply row by column.
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As you may notice, there are two differently colored matrices. This is because the last
two matrices are extra help. | needed to add two more values to have a clearer view of
the pattern occurring. As you can see | also showed the working out, however, | used
a method of X" x X meaning that every time | add a number | just multiply the answer
Dy the same matrix again, with the power increasing as | go along. Now I'm going to
use the same method for Matrix Y.

The Original Matrix |~ X" ] Explanation of how the Y" was achieved
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L X2 IS A A

- g T e 1)
(X)) +[-IX =1 (FIx=]+(-Ix])
(VN)+FV4) (-1x - 1) + {IX])

Z Z
- (_ . To achieve this pattern you must multiply row by

column.

b X3 N (2 -2 [
-b ) g2 2 )T
=X xX
(2XN)+(-2x-1)  (-2% - 1)+ (-2X])
(FZXU—F(ZX——U (2XU+{ZxU]

G

- v RN A A .
1 N e L
=X'x X
(4X1) + [-4x 1) [-4x-1)+(-4x])
[(—4x] J+[4x-1) (-4x-1)+ (4><1)J

&)

=x'x X

()G )
(? [8x-1)  (8x-1)+ (8wa
3]

X+ (-8x-1)  [-8x-1)+(8X])
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Io-l & “ (b -6 (1 -l
-1 ( b b -1 1)
=X7x X
(6 X)+[-6X-1) (-6 x=1)+(-6 x])
6 X )+ (-6 x-1) 16 X=1]+(6 X]

As you might have noticed, this matrix has the same digits as Matrix A, however, the
-1

]
second and third numbers are negative, this and is due to the (_ 1o placement.

Now to find the expression of X", Y", (X + )", | found a clear pattern in the matrices
developed. Each matrix was multiplied by 2. However, the power of X and Y also play
a role which influence what's on the inside of the matrix, from that | started
experimenting and | came up with solution. Since all the answers are multiples of 2
and gradually increase, one is taken away from the 3povver of Xand Y. | found that T,

2,4, 8, 16, 32 can also be determined as 2° 2', 2%, 2°, 2% 2°. Thus creating a pattern of

2
Example:
I
] ] 2/71 2/7—1 ] ]
. 11 2,7_1 2,7_1 in this case n=1 because 1 has a power of 1,
21—1 2]—] ZO 20
therefore the answer to this would be 21_1 21-1 ZO 20 =
PN (2
U e e el =
P (2
)l 2 =3
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| ]4 24 -l
° [] 1T T n=4

Now that the pattern for matrix X has been found, you may come to realize that the
highlighted green matrices are indeed multiples of two as well. So this pattern has

Zﬁ—l Zﬂ—]

been proved. on=l on-l

In order to find the pattern for matrix Y the same pattern will be used, however,
I

negative signs will be drawn into the matrix so that it compliments (_ [

Example:

] _] ] 2/’7—] _Zﬂ—l ] _] 1

° 0o = _Zn_, 2/;_1 in this case n=1 because o has a power

2]—1 _21—1

of 1, therefore the answer to this would be _oH M
20 2
20 2
Py

° iy I = n=2
Y

)2 2n "
] N 4 24—] _24—]

o) 2 2 -

From my observation, the pattern found suits both matrices.

Now to prove that X", Y" can also be equal to (X +Y)". | will demonstrate this by using
two different numbers, which aren’'t given from the question in order to prove that the
expression is correct and can work with other numbers given.
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21’7—] Zﬂ—] Zh—]
Matrix X" = and Matrix Y =

21’7—] Zﬂ—]

Zﬂ —I Zﬁ —I
Then (X +Y)" = {2” - on-l
Zﬂ
Or (O)Zn

25—] 25—1
(X+Y)5: (25] 25—1
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AN -16
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l
To prove this in terms of 2" 0
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=
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Proving itinterms of 2"\

2D
28= 0

(I Sy

0\
i

e+9 0
| 8wy e+

As you might have noticed there is a zero involved, which in this case makes this matrix

0
an identity kind of matrix. Such as LO HE

Example 1:
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I o\[(B B) (B -B
A (o |\B B J{-@ B |-
| Y e+D 0
( 0 | T e+D

e Question /

Let A=aX and B = DY, where a and b are constants.
Use different values of a and b to calculate A, AS, A" B B® B,
By considering integer powers of A and B, find expressions for X", Y, (X +Y)".

In this part of the question | will use the GDC in order to calculate the answer of the
matrix. | will choose to do so because in the previous question | have clearly shown
how to multiply a matrix.

The Original Value of a A" Explanation of how the A" was achieved
Matrix
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()

Since this type of multiplication of a matrix is
called a scalar matrix, the value of a is multiplied

(.
Py the matrix given, which in this case is (] L

2 2
thus becoming [2 Z] when multiplied by 2

(a). However the answer remains as 2 because
the power of Ais 1 (7).
+ INTEGER

.

-2
-7

] ] a="~2 2
) N ICT e e
-2 2 22 2)7(8 8
I a2 2> 9V 8 8\(2 2\ (2 2
U _ZX; (22 8 8)2 2\ 2 2
I a2 > 7Y 2 2\(2 2 (B B
U _ZX; (z 2 2)2 2)\B B
I a2 > Y B 1B \(2 2
AT ‘ZXU (2 B 1B 2 2
I a7 2> 2\ 2 52 \(2 2
AT ZXG [2 2 S 52 J\2 2
a=-2 The value of a (-2) is multiplied by the matrix
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1] -2 -2
given, 1 , which equals to Ny R

when multiplied by -2 (a). As the power
increases, we'll soon come to realize that the
matrix values change.

- INTEGER

I > 9Y
a(] J ! (Z ZJ -2 -2\(-2 -2
-2x | =2 =) 2 22 2
8 8
“(8 8
[1 1} am o> oY (8 8}(2 ZJ
!
AT =2x£] (_2 2] & 8)\-2 -2
2 -3
-2 -2
I 4= o Y (-2 -2\(-2 -2
AT =2XU (_2 ) -¥ -2 )\-2 -2
B B
B B
] ] a=-2 _2 _25
. !
I -2x | -2 -2
I 4= > N (-2 - \(-2 -2
AT ZXC (_2 Zj S S VA A VA
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The pattern found in this ‘sequence’ is that every new matrix is multiplied by 4. This is the pattern

found the set of integers. | used the same number, by using it positively and negatively.

1 a=0250r] | | ] The value of a (0.25) is multiplied by the matrix
] - - o

a[l J 4 4 . 73
l (] 1 I ] given,] ],vvhich equals to [ when
) g 4 4

multiplied by j} (a). In this matrix | used a
fraction instead of a decimal, simply because it's
easier to work with.
+ RATIONAL NUMBER
Mo a=0250r - roaY [ [ [
7 L - —|l= = - —

MU 4 4 4 4114 4| 18 8
| (l AR A R A IR AR N
VRV v 4 4)\4 4 8 8

I a-0250r+~ | (1 1Y AT .
7 o - —|l= = -

| [' O R T | A o

U 7 2 8 8)\4 4) \b b

I 2202507 - AN 1Y (1] 1 1
) o — —|= = -

U 4 4 6L 64 4| |2 2
_1[” A | R | A i U
IR 7 7 b b)\4 4) (2 2

[ a=-0250r 1 A I I [
P o — —||l= =

HUN 4 4 2 2|4 4
| (] "I Lo
U 7 3 2 32)\4 4
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()

a=025o0r i
4

] AL |
2 2 G & |4 4
1 X[] | | SR | N
4"\l 1 4 7 4 & )\4 4
I a:—O.ZSOr—; | | The value of a (-0.25) is multiplied byth]e mat]rix
al 77 . i
| [] ]] I I given, L1l which equals to ; ;
R I 44
when multiplied by—l} (a). In this matrix | used a
fraction instead of a decimal, simply because it's
easier to work with.
- RATIONAL NUMBER
[ a=fO.250r~; I LU S
a1 7 2 4410 4 4
_1X[] | l 1 UL I
47\ 7 2 4 4)\ 4 4
[
8 8
~ [
8 8
[ a=O.250r% I I oyt
AT — 8 81| 4
| (l AR A R A
S 77 8 8)L4 4
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[ a=O.250rl ] ]

3 4 -— =
o | 44
L

4 4

I a-0250r - 1Y
a 4 -— =
P - 4 4
L
4 12

:l
75\

[ a-0250r - 1 ]

a 4 -— -
o | 4 4
1

4 4

S0

For this type of number, the rational number, | used both negative and positive numbers. However
the pattern is different, at first the sequence has a multiple of 2 for the denominator.
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The value of a (V'5) is multiplied by the matrix

- V5
a(] J \[SX( [\/g \EJ given,(: D,Wthh equals to (ﬁ ﬁj
when multiplied by ¥'5 (a). In this matrix |
used a root 5 instead of a decimal, simply
because it's easier to work with.
+ IRRATIONAL NUMBER
[l 1] 0 s Y (ﬁﬁ(ﬁﬁ
MU =J5x( \/g \/g V5 5 \/g \/g
0O D
oo
(1 1} a=v5 NN (1@ @MJE J5
LU Pt (| W B LG N
zo\/— D5
zo\/— Z]\/—J
[1 1} a“] 5B (p5 DB (\/E J5
AU =\f5><(] NN NG VNGl S OV ERIN S
AD
b zzn]
(] j TN (B (;@ m][ﬁ i
RUN fo(] £\/§ J5 A D J5 A5
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I | As you may have noticed, | am using a

a=-+5
. 1 \/g -\/g negative number now.
AT e JE . J5 | | RRATIONAL NUMBER
_ o _
—75
a[l 1) TN (B BY (ﬁ 5 (JE 5
) S I OOV = N OV | VR

{o o)

J’\/EB(?O@ 5 A5
5 [\o 0 )5 -5

[aV]
D
.
I aV]
)
5o
X3
D
.
7\
&m

D5 -DAB
(—Z)\/g —Z)\/Ej
(] 1} a‘”] N | (5 Y| (-5 -pAB {JE 5
al] :_m(l J (\/g Jg] -D A5 ;@\/E] -5 \/E]
7 () )
y () R.)

LY (™ w5 5
-5 m W -5 -5
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Whilst calculating this sequence | came to notice that every second matrix is an integer. | noticed that
this pattern went from multiples of two to 10. Every second matrix is multiplied by 10.

However, knowing that the matrix A = ax a pattern conceived from here will
determine the expression.

Example:
[ a a

a a a a\(a a
a al la alla a
3 2
a a a a)(a a
a al la alla a
4 3
a a a a)(a a
a al la alla a
5 4
a a a a)(a a
a al a al)la a
6 5
a a a a)(a a
a al a a)la a

Now, using the previous matrix, a similar pgf ern has been derived from this matrix,
however the ong/ difference is the ‘a’. the pattern is that 1, 2, 4, 8, 16, 37 can also be
determined as 2° 2', 2, 2°, 2%, 2°. Thus creating a pattern of 2™, therefore leaving ‘a’

Zn—la n Zn—la n
as a". The new matrix evolved from this pattern will be on-lgn  on-ign
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Example:
e |eta=3andn=5, hence

2/77]67/7 2/77]8/7 25—135 25—135 2435 2435 m m
Zri—lan 2/7—](7/7 = 25—]35 25—]35 = 2435 2435 = B B
Or
5 5
I 3 3 #E B
)73 3 T s
e |eta=-25andn=3 hence
27a" 27an) (2250 2725 (27-257 22-257)
g 27an | \27-25° 2¢1-25°) \27-250 27257 )
-5 -&5
-5 -&5
Or
5 5
. -25 -25 25 -5
o\ 1) 725 -25) Tlles @ s
Now that this pattern has been provern using two types of numbers, | will ot need to

prove it ary further.

Right now | will begin expanding on matrix B. | will use the same numbers as | did in
madatrix A just so that the matrices are even as well.
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The Original
Matrix

Value of b

Explanation of how the B"was achieved

1
Sl

)

=2X(1~q
1

Since this type of multiplication of a matrix is
called a scalar matrix, the value of b is multiplied
by the matrix given, which in this case

Il 2 =2
is 1) thus becoming _> 2

when multiplied by 2 (D). However the answer
remains as 2 because the power of Bis 1 (7).
+ INTEGER

(T

8 -8
:(—8 8
- 822] . > oY | (8 -8Y(2 -2
b[-’ 'J ZX(-I 1] [—2 z] [—8 8J—2 2]
2 -2
{—z 2

) O

1B —-1B
\-1B e
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-] a=21_] > N | (52 -2 Y\(2 =2
D[—l J ‘ZX(_I J _ 2] (—512 52 ](—2 2J
. a=-2 _2 > I | The value of a (-2) is multiplied by the matrix
b[_] ]J 2X(_11 -}j A —Z] | (l 1} | s
gven. | 1 , which equals to(z —ZJ
when multiplied by -2 (D). As the power
increases, we'll soon come to realize that the
matrix values change.
- INTEGER
(1 j TN~z 2 (-2 2)(-2 2
() =00 | 3G G
8 -8
=£—8 8
-l a:'zl% > N |(8 -8\(-2 2
b(—l J *ZX(_l ]J _5 2] [—8 8} 2 —z]
-3 2
{32 -2
Il 32'217] 2 N1 (-2 2\ (-2 2
() e |72 |G 565
1B —-18
(—@ 18
(1 ~1J T (-2 2 (B -B (-2 2
MO ZZX(1 1] 2 —ZJ (—@ @j 2 -2
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[l | a:2] 1 -2 &
b =2x )
-1 (-1 1] 2 2
. azO.ZSorl | ]v The value of a (0.25) is multiplied by thelmaﬁrix
olar A bl T
Y iven which equals to | ¥ 4
471 1 gven -1 1) G 11
4 4 4 4
when multiplied by Alr (D). In this matrix | used a
fraction instead of a decimal, simply because it's
easier to work with.
+ RATIONAL NUMBER
Io-l a:O.250rl | ] L | o1
b 4 - == 4 401 4 41_1 8 8
BV PR ) O R I f DU I | AN I B
471 1 4 4) 4 4 8 8
4 4
(1 1} a-ozsor (1 YL (L (L L
D - — = 8 8 41_1 6
A P G R I R | DRI I P A
PR IR L g8 8/ )4 1 b b
4 4
[] - | a—O.ZSorl} I ] oy r ot L
D - — 16 16 4 4(_1 2 2
S T B 1 B N DI I | IR I D
7R b b 6 U4 2 2 2
4




‘ Marked by Teachers

] azO.ZSori | ]
D 4 - —
-1 (- 4 4
PR _ ]
4 4
I -1} |a-0250r & | 1
D 4 - —
-1 Sl (1 4 4
I
4 4
- a=O.250r—l | | The value of a (-0.25) is multiplied by the matrix
b U Il Lo
-1 4 4 L
Lo given, | _; |, which equals to | 4 4
2" | ! ! ) I
i3 c
when multiplied by—!]r (D). In this matrix | used a
fraction instead of a decimal, simply because it's
easier to work with.
- RATIONAL NUMBER
I azO.ZSor—i ] ] _l i _l i l _l
b 4 -— = 4 4 4 4 |_| 8 8
- (1 4 4 ol T
PR L 4 4)la 4 8 8
4 4
(] - a= 250r; | ] L | G _1 1
D - = 8 8 4 | 6 b
VAN RN LA I D IR BRI
4l 1 8 8 4 4 b 6
4 4
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[l azO.ZSor—i ] ]
D 4 - =
-1 (1 4 4
B 1 1
4 [ _ _
4 4
(1 - |a-o0250r L oY
D 4 - =
-1 (1 —IJ 4 4
I ] ]
4 [ _ _
4 4
[l - | azO.ZSor—i ] ] °
D 4 - =
-1 (- 4 4
B 1 1
4 [ _ _
4 4
[ a=v5 - (£ —\E' The value of a (V'5) is multiplied by the matrix
Plar JSX(_] ]J V55 given,(_]] _]]J, which equals to [{/755 J/,EJ
when multiplied by v'5 (D). In this matrix | used
a root 5 instead of a decimal, simply because it's
easier to work with.
+ IRRATIONAL NUMBER
:f5 2
[1 - aJ . (\E - SJ V5 -A5|(V5 A5
) ) |05 | B )0 8
0 -0
-0 D
BRI EE (\E _5J3 0 -0Y(V5 -5
D _] ] Z\[SX(—] ]J _\/g \/g —]O D _\/g \/E
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_ a=-/5 As you may have noticed, | am using a negative
| | 1=l 55 number Now.
S I J5X(, J J5 V5| |- IRRATIONAL NUMBER
=75
b ] h ] i \/_5 | - - '\/g \/g - '\/g '\/g - '\/g '\/g
. N X(l J V5 -5 J5 -5 V5 A5

(o)




Li 1J (5 vEY [(p 0)(-+B B

b o =-J5x[_] J (\/g _\/EJ (—]O DJ(\E \/EJ
05 D5
(0% 5%

[1 1J e £ @T D45 D55 V5

L) s iJ o5 s —ZO\/E](\/E —\/EJ
> »

N |a-75 ] : ] ]

b[_il J s’ ) (}5 @J (z% - [ f Q

() Tl (EE|[eE n )& &

LG _—JSX(—I J NCIEE [‘HD\E - 4] \/E)(\/E \EJ

Now that the matrix B = bY, a pattern was conceived from here will determine the
expression.

Example:

()6

B’ B> B" B® B°

LG )
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b -bY (b -bY (b
b b b l-b
b -bY (b -bY (b
b b b b b
b -bY (b -b\ (b
b b b b b
b -bY (b -bY (b
b bbb b l-b

- ,
Now, using the previous matrix, a similar pattern has been derived from this matrix,
however the onlg difference is the "0’ The patternis that 1, 2, 4, 8, 16, 32 can also be
determined as 2° 2', 2%, 2% 2%, 2°. Thus creating a pattern of 2™, therefore leaving 't

Zn—lbn B Zn—lbm

as 6. The new matrix evolved from this pattern will be _on-lpn on=lpn

Example:
e |etb=7andn=4, hence

{ an]bn ) Zn]bnj ( 24—]74 B 24—]74 ( 2374 _ 2374

L Sa Y B Sty ARN A AR B WS AR Sy
ZB -8
()
Or
N (7N (e om
7(-1 ! {-7 7 {-p;@ B ]

e |etb=-06andn=3, hence
Zn—lbn _Zn—lbn 22 - O()B - 22 - 063 —O% Ogﬂ‘
(—2”-’0” 277 ) \-27-067 27-067 | 08 -0.84
Or

I -1 (-06 06Y 084 084
Vol 1] loe -06] |logs -oa
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Now to express these terms, to find the expression of (A + B)"
Zn—lan Zn—lan 2n—1bn _ Zn—lbn
2m —lan 2n —lan T _ Zn —1Dn Zn —]Dn

e Question 3

at+b a-b
a-b a+b

Show that M= A + B, and that M” = A” + B”.
Hence, find the general statement that expresses M in terms of aX and bY.

Now consider M = (

M=A+B

[ I
- M=aX+DY,a ] ] +b _] ]

a a b -D) (a+b a-b
+ =
a al\-b b a-b a+b
AS you can see | used the previous matrix to show how matrix M is reached. Now to
show that M? = AZ + B, | will use the same variables to show how M? is attained.

M2 = A2 + B2
a a\l(a a b -b b -b
" la alla al'l-b b l-b b

2a’ 2a’ 26 2B’ 2a’+2b° 2a’—=2b’

2a° 237 )" \-207 267 |\ 287 =2b" 23’ +2b°
a+b aDI

a-b a+b
To find the general statement which expresses M in terms of aX and bY.

a+b a-b)
a-b a+b

which can also be written as (

The generdl statement would De(
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Now | am going to test the validity of the general statement found (M" = A" + B")

e a=3Db=4n=_2

237 +2(4F 23V =24)) (B+3 B -3
23 =248 23/ +24) ) \B-32 B+3 )7

8(0.5" +8/-5 8(0.5"=8[-5)" | (0.5+%D  0.5-5W
8(0.5* —8[-5/" 8@5f+&5f}(05—@@ 0.5+ 5D J
W 5 -8 5

—BH 5 9 .5}

0.5+(-5] o.5—(5)T [—4.5 5.5 J“ (E@ZD 5 -4 .SJ
05--5) 05-(5) \ 55 -45) (-4» 5 @ 5

Now | shall discuss the scopes and limitations | encountered during this portfolio. |
realized that | can not have the power (") as a negative or as a fraction or even as a
root. Hence proving my point that the power can only be natural numbers. | will prove

this right now giving 3 examples.
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NEGATIVE
e a=3Db=2n=-2

3+/7 3=7 7 5o g
3—-2 3-2| |1 5] this is not possible. Syntax error.

SQUARE ROOT
e a=3b=2n=v2

342 3-2)" (s 1"
3-2 3-2] |1 5 = this is not possible. Syntax error.

FRACTION

° a:3,b:2,n:i
3

V |
342 3-2P (5 1)
3-2 3-2| |1 5|~ this is not possible. Syntax error.

As you may have noticed | used the same numbers for the matrix because, no matter
what number is inputted into the matrix you will get a syntax error, because the
powers do Not exist.

As | conclude this project | have shown all the working out, and | shown how the
general statement is processed and | have also shown the different ways of which a
matrix can be expressed whilst getting the same answer. The general statement s
basically another way of showing how M" = (A + B)" can be shown. This project was
to strengthen out knowledge about matrix binomials and how they can be used in
Just simple sequences.



