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Abstract

Kifilideen trinomial theorem of negative power of — n is theorem which is used to generate the series and terms
of a trinomial expression of negative power of — n in an orderly and periodicity manner that is based on
standardized and matrix methods. Negative power of Newton binomial theorem had been used to produce
series of partial fractions of a compound fraction. The establishment of the negative power of — n of trinomial
theorem would extend the number of compound fraction in which series (expansion) can be produced. This
study applied Kifilideen expansion of negative power of — n of Kifilideen trinomial theorem for the
transformation of compound fraction into series of partial fractions with other developments. A theorem of
matrix transformation of negative power of — n of trinomial expression in which three variables x, y and z are
found in parts of the trinomial expression was inauguration. The development would ease the process of
evaluating such trinomial expression of negative power of — n. This standardized and matrix method used in
arranging the terms of the Kifilideen expansion of negative power of — n of trinomial expression yield an
interesting results in which it is utilized in transforming compound fraction into series of partial fractions in a
unique way.

Keywords compound fraction; series; partial fraction; combination; kif matrix; Kifilideen standardized
method.
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1 Introduction
Sir Isaac Newton (1642-1727) was the first mathematician and physicist to inaugurate negative and fraction
power of binomial theorem (Dennis and Addington, 2009; Goss, 2011; Youngmee and Sangwook, 2014;
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Schwart, 2015; Cooley, 2019; Osanyinpeju, 2019a). He established formula for binomial theorem that could
work for negative, fraction powers of binomial expression (Francia, 2000; Haggstrom, 2012; Aljohani, 2016;
Anekwe, 2018; Tavora, 2020). The binomial theorem is a general expression for any power of the sum or
difference of any two things, terms or quantities (Godman et al., 1984; Talber et al., 1995; Bird, 2003; Stroud
and Booth, 2007; Tuttuh et al., 2014; Bunday and Mulholland, 2014). Binomial is widely used in the field of
Physics, Biology and Engineering to expand power of binomial expression (Costa, 2017; Gavrikov, 2018).
Binomial series (expansions) are utilized in area of mathematical analysis link to data modeling, probability
theory, algebra and approximation techniques (Yang, 2017).

Kifilideen trinomial theorem of negative power of — n is theorem which is used to generate the series and
terms of a trinomial expression of negative power of — n in an orderly and periodicity manner that is based on
standardized and matrix method (Osanyinpeju, 2021a, 2021b). Negative power of Newton binomial theorem
had been used to produce series of partial fractions of a compound fraction (Horn, 2020). The establishment of
the negative power of — n of trinomial theorem would extend the number of compound fraction in which
series can be produced. The negative power of — n of Kifilideen trinomial theorem can be used to generate the

. . . - . 13 1 729
series of compound fraction number (examples are partial fraction series of " ’E’E)'

The terms of negative power of — n of trinomial theorem produce an infinite series unlike the terms of
power of n of trinomial theorem which generate finite series (Osanyinpeju, 2020a). The terms of negative
power of — n of trinomial theorem when arranged in the form of matrix, the number of elements in each
column has finite value which is also the same for positive power of n of trinomial theorem. Although, the
column of any negative power of — n of trinomial theorem is infinite while that of positive power of n of
trinomial theorem is finite.

The power combination of each term of the negative power of — n of Kifilideen trinomial theorem is
arranged in groups (columns) and periods (rows) in the kif matrix where each power combination takes a
designated position. No two power combinations have the same position in the kif matrix for a particular
negative power of — n of Kifilideen trinomial theorem. This is also applied to positive power of trinomial
theorem (Osanyinpeju, 2020b). The power combination of each term; down the group (column) and across the
period (row) decreases and increases respectively at regular pattern for both positive and negative powers of
Kifilideen trinomial theorem in the kif matrix format. Also, to transit from one group to another the power
combination progress with unique addition of regular figure which occur for both positive and negative power
of trinomial theorem.

This standardized and matrix method used in arranging the terms of the Kifilideen expansion of negative
power of — n of trinomial expression yield an interesting results in which it is utilized in transforming
compound fraction into series of partial fractions in a unique way. Kifilideen Matrix approach had been
extended in evaluating and computation of power of base of eleven, other bi-digits and tri-digit humbers
(Osanyinpeju, 2019b, 2020c, 2020d). This study applied Kifilideen expansion of negative power of — n of
Kifilideen trinomial theorem for the transformation of compound fraction into series of partial fraction with
other development.

2 Materials and Methods

The Kifilideen coefficient table of negative power of Kifilideen trinomial theorem was used in generating the
power coefficient of each term of series of the trinomial expansion.
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2.1 Application of Kifilideen series (expansion) of negative power of — n of trinomial theorem using
standardized method
[a] Generate the series of [1 + x + x3]7! using Kifilideen standardized method. Otherwise determine the

series of > (Hint: take x = l).
393 7

Solution

[a] Using Kifilideen coefficient table of negative power of — 1 of trinomial theorem, the coefficient in
ascending order 1,-1,-1,1,2,1,-1,-3,-3,-1,1,4,6,4,1,-1,-5,-10, - 10, - 5, - 1, 1, 6, 15, 20, 15, 6,
1 ...

[T+x+x3]" =1 -2 [x3]° = xO[3]" 4+ 22[x3]° + 22 [x3]1 + xO[x3]2 — 23 [x3]° — B2 [x3]* — 3 [x3]% — xO[x3]3 +
4310 + 4x3[x3] + 6x2[x3]% + 4x L [x3]% + xO[x3]* — x5[x3]° — 5x*[x3]* — 10x3[x3]? — 10x2[x3]3 — 5xt[x3]*

— x°[x3]° + x0[x3]° + 6x5[x3]* + 15x*[x3]? + 20x3[x3]3 + 15x2[x3]* + 6x*[x3]° + x°[x3]°

— 27 [x3]0 — 7x6[x3]! —
21x5[x3]? — 35x*[x3]® — 35x3[x3]* — 21x2[x3]° — 7x1[x3]® — x°[x3]7 + x8[x3]° + 8x7[x3]* + 28x°[x3]? + 56x°[x°]3
+70x*[x3]* + 56x3[x3]> + 28x2[x3]° + 8x1[x3]” + x°[x3]® — x°[x3]° — 9x8[x3]* — 36x7[x3]? — 84x°[x3]3 —
126x5[x3]* — 126x*[x3]° — 84x3[x3]® — 36x2[x3]7 — 9x[x3]® — x1°[x3]° + 10x°[x3]* + 45x8[x3]% + 120x7 [x3]3
+210x°[x3]* + 252x5[x3]5 + 210x*[x3]® + 120x3[x3]7 + 45x2[x3]® + 10x [x3]° + xO[x3]10 — x 1 [x3]0 — ... [1]
M+x+x3]t=1—x—x3+x24+2x* +x%—x3 —3x% = 3x7 — x° + x* + 4x° + 6x8+4x"° + x12 — x5 — 5x7 — 10x°
—10x — 5x13 — x5 4+ x6 + 6x8 + 15x1° + 20x'? + 15x™ + 6x1° + x18 — x7 — 7x% — 21x** — 35x13 — 35x15 — 21x"7
—7x1% — x21 + x8 + 8x10 + 28x2 + 56x* + 70x° + 56x18 + 28x20 + 8x2? 4+ x2* — x7 — 9x ! — 36x13 — 84x15 —
126x17 — 126x1% — 84x2% — 36x23 — 9x25 — x27 + x10 4 10x12 + 45x™* + 120x'® + 210x8 + 252x20 + 210x22 +

120x2* + 45x26 4 10x2® + x30 — x11 — .. 2]

[T+x4+x3]" =1—x+x%—2x3+ 3x* — 4x5 + 6x° — 9x7 + 13x® — 19x7 + 28x1° — 41x11 + 59x1% — ...

-.2 343 1 1 — 1 1 2 3 4 6 9 13 19 28
il =14+ 3] =1t —— et — + - + - + -
393 7 7 7 49 343 2401 16807 117649 823543 5764801 50353607 282475249
41 59
" . [3]
1977326743 13841287200
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The evaluation of the above series gives 0.872774 to 6 decimal places. Also, using calculator%gives

0.872774 to 6 decimal places. This indicates that the negative power of —1 of Kifilideen trinomial theorem and
coefficient of negative power of -1 from the Kifilideen coefficient table are valid.

[b] Produce the Kifilideen expansion of [3 —x + x*]~2 using Kifilideen standardized method. Use the
expansion to generate the series of S56L (Hint: take x = l)
47089 3

Solution

[b] Using Kifilideen coefficient table of negative power of — 2 of trinomial theorem, the coefficient in
ascending order 1, -2,-2, 3,6, 3,-4,-12,-12, - 4,5, 20, 30, 20, 5, - 6, - 30, - 60, - 60, - 30, - 6, 7, 42, 105,
140, 105, 42, 7, - 8, - 56, - 168, - 280, - 280, - 168, - 56, - 8, ...

[3 —x +x*]72 = [3]72[—x]°[x*]° = 2[3] 3 [—x]'[x*]° — 2[3] > [=x]°[x*]* + 3[3]7*[—x]?[x*]° + 6[3]~*[—x]' [x*]* +
(3174 [—x1%[x*]* — 4[3] 7> [—xP[x*]° — 12[3] 5 [—x]*[x*]" — 12[3]75[—x]*[x*]* — 4[3]75[—x]°[x*]*+5[3] ¢ [—x]*[x*]°
+20[3]70[—xP[x*]" + 30[3] 7 [—x]*[x*]* + 20[3]7*[—x]*[x*]* + 5[3]7°[-x]°[x*]* — 6[3] 77 [—x]°[x*]°
—30[3]77 [—x]*[x*]* — 60[3] 77 [—x]*[x*]* — 60[3]77 [-x]?[x*]* — 30[3] 7 [—x]"[x*]* — 6[3] 7 [—x]°[x*]° +
7[3]78[—x]6[x*]° + 42[3]8[—x]5[x*]* + 105[3]~8[—x]*[x*]? + 140[3]~8[—x]3[x*]® + 105[3]~8[—x]?[x*]*

+42[3]78[=x]'[x*]° + 7[3]~8[—x]°[x*]6 — --- "

2x  2x* 3x% 6x° 3x® 4x3 12x® 12x° 4x'? 5x* 20x7 30x'° 20x'3 5x'°

1
— 41-2 = _ 4 © B S B — - _ —
[3 = +x7] 9+ 7 27 + 81 81 + 81 +243 243 + 243 243 +729 729 + 729 729 + 729
N 6x5  30x8 N
2187 2187
60x15 _60x™ | 30xY7 6x2° 5]

2187 2187 2187 2187

3 I 1 N 2x N 3x? N 4x3  2x* N 5x*  6x° N 6x°>  12x® 20x7 N 3x8  30x8 N 12x° N 30x10 4412
xrx T 9 27 81 243 27 729 81 2187 243 729 81 2187 243 729 243

20x13
729

60x'*  60x'> = 5x'6 30x17  6x?° 6]
2187 2187 729 2187 2187
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4712
. 6561 1 1 1 2 3 4 2 5 6 6 12 20 3 30
lii] === 3——+(—) =-h ot ———— - - - + - +
47089 3 3 9 81 729 6561 2187 59049 19683 531441 177147 1594323 531441 14348907
12 30 4
+ - [71
4782969 43046721 129140163

The evaluation of the above series gives 0.13933 to 5 decimal places. Also, using calculator% gives

0.13933 to 5 decimal places. This indicates that the negative power of - 2 of Kifilideen trinomial theorem and
coefficient of negative power of - 2 from the Kifilideen coefficient table are valid.

2.2 Generating series of partial fractions of compound fraction which denominator is decimal number

[d] Produce the series of [1 + x + x2]~* using Kifilideen standardized method. Otherwise determine the series
of

1 . 1
E (Hmt. X = E)

Solution
Using Kifilideen coefficient table of negative power of — 1 of trinomial theorem, the coefficient in ascending
order1,-1,-1,1,2,1,-1,-3,-3,-1,1,4,6,4,1,-1,-5,-10,- 10, -5, - 1, 1,6,15,20,15,6,1,....

[1T4+x+x2]71=1—xx%]% — xTx?]? + x2[x2]° + 2x [x2]* + xO[x2]% — x3[x3]° — 3x2[x2]* — 3x1[x?]% — x°[x?]3 +
4210 + 4x3[x2]* + 622 [x2]? + 4o [x2]% + xO[x2]* — x5[x2]° — 5x*[x%]* — 10x3[x?]% — 10x%[x?]® — 5x [x?]* —
x0[x2]% + x0[x2]° + 6x5[x2]* + 15x*[x2]? + 20x3[x2]® + 15x2[x2]* + 6x[x?]° + x°[x2]® — x7[x?]° — 7x®[x?]! —
21x5[x?]? — 35x*[x?]® — 35x3[x2]* — 21x2%[x2]° — 7x [x?]® — x°[x2]7 + x8[x2]° + 8x7[x?]* + 28x°[x?]? + 56x°[x?]3
+70x*[x?]* + 56x3[x2]> + 28x%[x2]® + 8x1[x?]” + x°[x2]® — x°[x?]° — 9x8[x?]* — 36x7[x?]? — 84x°[x?]3 —
126x5[x2]* — 126x*[x?]° — 84x3[x2]® — 36x%[x?]7 — 9x [x?]® — x1°[x2]° + 10x°[x2]* + 45x8[x2]% + 120x7[x?]® +

210x8[x2]* + 252x3[x2]5 + 210x*[x?]® + 120x3[x%]7 + 45x2[x?]® + 10x1[x?]° 4+ x°[x2]*0 — x 1 [x2]0 — --- [8]

M+x+x3]P=1—x—x?+x24+2x% +x* —x3 —3x* — 3x5 — x® + x* + 4x° + 6x°+4x7 + x® — x5 — 5x° — 10x7
—10x8 — 5x°% — x10 + x% + 6x7 + 15x8 + 20x° + 15x2° + 611 + x12 — x7 — 7x8 — 21x° — 35x10 — 35x11 — 21x12 —
7x13 — x4+ x8 + 8x% + 28x10 + 56x11 4+ 70x12 + 56x13 4+ 28x1* + 8x15 4 x16 — x° — 9x10 — 36x11 — 84412 — 126413

—126x'% — 84x15 — 36x16 — 9x17 — x18 4 x10 4 10x1t 4 45x12 + 120x13 + 210x™ + 252x15 + 210x16 + 120x17 +
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45x18 4+ 10x1% 4+ x20 — x11 — 11x1% — 55x13 — 165x** — 330x15 — 462x16 — 462x17 — 330x'8 — 165x° — 55x2°0 —

11x2% — x22 4+ x12 4+ 12x13 4 66x1* + 220x15 + 495x16 + 792x17 + 924x18 + 792x1° + 495x2°0 + 220x2%! 4 66x22 +

12x23 4+ x24 —x13 4 ... [9]
M+x+x3]t=1—-x4+x3—xt+x0—x7+x% —x10 + x12 — x13 . [10]
il - = -1 ¢ 1,1 2+ 2+t t 1t .1 __1 L.

[if] 1.75_[1+0'5+(0'5)] =1t % te s ts 102s Taose sz [11]

The evaluation of the above series gives 0.5714 to 4 decimal places. Also, using calculator # gives

0.5714 to 4 decimal places. This indicates that the negative power of -1 of Kifilideen trinomial theorem and
coefficient of negative power of -1 from the Kifilideen coefficient table are valid.

2.3 General application of negative power of — n of Kifilideen trinomial theorem using standardized
method

[e] Ifa t" term in the Kifilideen expansion of [1 — 2x + ay?] 3 yield — 7680xy® . Determine the following:
[i] the power combination of the term

[ii] the t™ term

[iii] the value of a

Solution

[i] For any given term in the Kifilideen expansion of [1 — 2x + ay?]~3is given as

kifC (10 [=2x]* [ay?)) [12]
kifC (11 [=2]" [x]* [a) [y2) [13]

Comparing [13] with — 7680xy°®, so

i=1 [14]

2f =6 [15]

Therefore, f=3 [16]
Also,

k+i+f=n [17]
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where, k, i, and f are the component parts of the power combination
n — the negative power of — n of the trinomial expression

k+ti+f=n

k+1+3=-3

k=-7

Cp = kif = =713

[18]

[19]

[20]

[21]

[22]

[23]

[25]

[26]

[27]

[28]

[29]

[ii]
=k +[n—kl+2f+2
B 2
k=-7,i=1,f=3andn= -3
t_PB——ﬂ2+p3——ﬂ+2x3+2
B 2
t = 14" term
[iii] w3C [ [-2]¢ [x] [a) [y?) = — 7680xy*
_25C [1177 [=2]* [x]* [a]® [y?]® = — 7680xy®
From the Kifilideen coefficient table, the coefficient of the 14" term on the n = —3 column is + 60 or
_;iig, [1]77 [-2]* [x]* [a]® [y?]® = — 7680xy®
—3><—4i<7—'i'><3'—6><—7! [1]_7 [_2]1 [x]l [a]3 [y2]3 — 7680Xy6
IAEES

Www.iaees.org



24 Selforganizology, 2022, 9(1-2): 17-34

0 1) [-2] [x]* [al? [y?]P = — 7680y [30]
+60 x [1]77 [<2]* [x]* [a]® [y2]® = — 7680xy® [31]

+60 X —2 x a3 X xy5 = — 7680xy® [32]

at = 20 [33]

a® = 64 [34]

a=4 [35]

4
[f] If aterm of the Kifilideen expansion of [1 - by—’f + 2yz3] is 7560 x*y~°z°. Find
[i] the power combination of the term

[ii] the t" term

[iii] the value of b

Solution

e [ [~ 2y (26
i [ (B 2 [y (207 ) (25 (27
1 (U (B 2V 2 [y (28] 28

Comparing [38] with 7560 x*y =625, s0
2i=4 [39]
i=2 [40]
—4i+f=-6 [41]
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—4x2+f=-6 [42]
f=2 [43]
Therefore,
Also,
k+i+f=n [44]
k+2+2=—-4 [45]
k=-8 [46]
Cp = kif = —822 [47]
[ilk=-8, i=2andf =2 [48]
Note, x=n—k [49]
t=y+fandn=k+i+f [50]
So,
x=—-4—--8=4 [51]
_ X2 +x+2 [52]
2
_ 424442 [53]
2
y=11 [54]
t=y+f=11+2=13"term [55]

[iii] Comparing [38] with 7560 x*y~6z°, then

kifC [0 [=D]* [2) [x*] [y]™**/ [2°) = 7560 x*y~°z° [56]

~823C [1]7° [=D]? [22[x?]? [y]™**2 [2°]* = 7560 x*y~°z° [57]

IAEES Www.iaees.org
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_g23C [1]178 [-Db]? [2]2x*y~©2% = 7560 x*y~62° [58]

From the Kifilideen coefficient table, the coefficient of the 13" term on the n = — 4 column is + 210

+210 [1]78 [-b]? [2]?x*y 626 = 7560 x*y~6z%  [59]

840 b? = 7560 [60]
2 _ 7560

840 [61]

b2=9 [62]

b=3 [63]

850500

x~14y5256, Determine the
1048576

[0] If a term in the Kifilideen expansion of of [Czi:+ 5x3y — 3yzZ]_5is
value of

[i] the power combination

[ii] show that the negative power of — n of the trinomial expression is — 5

[iii] the t™ term

[iv] the value of c.

Solution
[i]

@[] saeyli-3y2 [64]

1 [l 1 (251 1 L ) (=31 ) 122 [65]

IAEES Www.iaees.org
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GC [el¥ 5] [=31 [x]24+31 [y]1*1 [2]-54+27

850500
1048576

Comparing [67] with

x~4y5756 50

2k +3i=-14
i+f=5
—5k +2f =56
Also,
k+i+f=n
k+i+f=-5

Put [68] in [67]

2k +3[5 — f] = —14

From [72] and [69], then
2k —3f =-29 x5

—Sk+2f =56 X2

10k — 15f = —145
—10k + 4f = 112

—11f = —-33

From [68] put [78] in [79], i+f=5

IAEES

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[77]

(78]

[79]

Www.iaees.org
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i+3=5 [80]
i=2 [81]
From [67] put [81] in [82] 2k +3i=—-14 [82]
2k +3[2] = —14 [83]
k=-10 [84]
Power combination = kif = —10,2,3 [85]
[ii] From [70], n = negative power of — n of the trinomial expression=k + i + f [86]
Put [78], [81] and [84] in [86], so n=n=-10+2+3 [87]
n=-5 [88]
Proved
_ [n—k]?+[n—k]+2f+2
[iii] t= > [89]
k=-10,i=2,f =3andn = -5 [90]

_ [-5——10]2+[-5——10]+2x3+2
- 2

t

[91]

t = 19" term [92]

850500
1048576

[iv] Comparing [67] with x~*y5z56 so

IAEES Www.iaees.org
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- i i i _ 505 —
i€ [c] [S]F [=3) [x]#e+3E [y] ] [7]7Sk42S = 2228 =iy 5756 [93]
— — _ 505 -
_1023C [e] 1O [S1? [<31P[x]™* [y]° [2]56 = 22 x4y 5756 [94]

From the Kifilideen coefficient table, the coefficient of the 19" term on the n = —5 column is —1260

~1260 [c] 10 [5] [-3]° = = [95]

C_lo = 104857:5;):225X1260 [96]

c™10 = [1048576] ! [97]
c~10 = [4]-10 [98]

c=4 [99]

2.4 Theorem of matrix transformation of negative power of — n of trinomial expression

If three variables x, y and z are found in each part of trinomial expression of negative power of — n such as

[sx4yez9 + uxyiz! + vxmyrzp]_n [100]

IAEES Www.iaees.org



30 Selforganizology, 2022, 9(1-2): 17-34

and the power combination of any term in the Kifilideen expansion of that kind of negative power of — n of the
trinomial expression is set as kif while the value of this term is designated as wx%y?z¢.
Then, the Kifilideen matrix transformation of such negative power of — n of trinomial expression is of the

form

)

d h myrk a
[e Ji rl [1] = [b] [101]
g U plifl L

Thus k + i + f = n and where s, u, v and w are constants

More so,
rfCs*ulv! =w [102]

Hlustration

16

8yl " -z
+—=] IS -
z 32x7y

z7

5
Given that a term in the Kifilideen expansion of [dzi +

5 where d is a constant value. Using

x2y
Kifilideen matrix transformation method of negative power of — n of trinomial expression. Find
[i] the power combination

[ii] the power of the trinomial expression

[iii] the t™ term

[iv] the value of d.
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Solution

[i] Trinomial expression: [dx®y°z=3 + x~2y~1z7 + 8x0ylz~1]~" [103]
Power combination to be obtained: k i f [104]
t™ term of the power combination: ;—le_”y_lzm [105]
Using the Kifilideen matrix transformation method, so
ve 5 =2 01][k —-17
z -3 7 -—ulf 16
[106]
Also,k+i+f=n [107]
Using Crammer’s rule, so
-17 -2 0
Ak -1 -1 1
_A8r_116 7 -1
k=X=T75 =z 0 [108]
0o -1 1
-3 7 -1
k=-3 [109]
5 =17 0
0 -1 1
;2B 1=3 16 -1
A 5 =2 0
0o -1 1
-3 7 -1
[110]
i=1 [111]
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5 -2 -17

0 -1 -1

f= Af 1.3 7 16
A |5 -2 0

0 -1 1

-3 7 -1

So, the power combination = kif = —310

[ii] the negative power of — n of the trinomial expression=n=k+i+f=-3+1+0

n=-2

[iii] £ = [n—k]?+[n—k]+2f+2
2

_ [-2—-3]%4[-2——3]+2X0+2
- 2

t

t =2"term

[iv] from the question,s = d,u = 1,v =8andw = ;_21

Using Kifilideen matrix transformation method,

Nk, i f —
kifCs“utv) =w

el Pl = 5

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

From the Kifilideen coefficient table, the coefficient of the 2" term on the n = —2 column is —2

_ -3 _-1
2 x [d] =3

IAEES
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[d]7 = [64] " [124]
[d]™3 = [4]73 [125]
d=4 [126]

3 Conclusion

This study applied Kifilideen expansion of negative power of — n of Kifilideen trinomial theorem for the
transformation of compound fraction into series of partial fraction with other development. A theorem of
matrix transformation of negative power of — n of trinomial expression in which three variables x, y and z are
found in part of the trinomial expression was developed. The development would ease the process of
evaluating such trinomial expression of negative power of — n. The standardized and matrix method used in
arranging the terms of the Kifilideen expansion of negative power of — n of trinomial expression yield an
interesting results in which it is utilized in transforming compound fraction into series of partial fractions in a
unique way.
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