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Abstract

Here we use the unipodal algebra to assist in solving the problem, which
is given to us on YouTube. Although I'm referring to the series under
the name ‘olympiad’, the problems are from diverse sources as olympiads,
entrance exams, SATs, and the like.

The YouTube video is found at:

https://www.youtube.com/watch?v=remIGvjSkV4
Titled:Harvard University Aptitude Test Tricks ||
Algebra Ratio Problem || 1 percent Passed Entrance
|l a+b/a-b=7
Presenter: Super Academy

1 The Problem

Given the relation

a* +b* = 10a%V?, (1)
find the value of b
a
—_— 2
ot 2

over the real numbers.

2 The Prerequisites: The unipodal algebra

This algebra is formed as the extension of the complex numbers by the number
u, where u? = 1, and v commutes with the complex numbers. The number u is
said to be ‘unipotent’. The set of numbers constructed this way are the unipodal
numbers, a particular such number is called a unipode. The main conjugation
operator on unipode a is the unegation operator, written a~. It does not affect
complex numbers, but it sends every u to its negative. Hence, if a = = + yu,



where x,y are complex numbers, then a~ = x — yu. Unegation distributes over
addition and multiplication.
The following are some properties that will come in handy:

u?=1, (3a)

uy = 2(1+u), (3b)

ul =ug, (3¢)
U=uy —u_, (3d)

uyu_ =0, (3e)
up +u_ =1, (3f)
Uty = Uy, (3g)
U = —u_, (3h)
(ux)” =us. (3i

You should prove (3c) — (3i). By the way, these two special unipodes u4 square
to themselves. Such numbers in a ring are referred to as idempotents. In the
unipodal numbers they have no inverses. The fact that the unipodal number
system is not a field is of little concern to me. In fact, most unipodes have
inverses, so long as they are not multiples of one of the idempotents. If one
needs field elements, the scalars of the unipodal numbers comprise the field of
complex numbers.

Two often-used results are, for complex numbers w, z (which are used to
convert unipodes between the bases {1,u} and {uy,u_}):

w+zu = (w+ 2)ugr + (w— 2)u_, (4a)
Hw+2)+ 3(w—2)u. (4b)

WUy + 2U_

Next, we learn how to take the ‘norm’ of a unipode. Let w be a unipode in
standard basis, given by
w=a-+bu, (5)

where a,b are complex numbers. The ‘norm’ of w is given as’

ww™ = (a+ bu)(a —bu) = a® — b*. (6)
Now, let y be a unipode in idempotent basis, given as
y = Auy + Bu_, (7)
where A, B are complex numbers. The ‘norm’ of y is given as

yy~ = (Auy + Bu_)(Au_ + Buy) = ABuy + ABu_
= AB(uy +u_)=AB. (8)

LCalling ww™ a ‘norm’ is rather imprecise. In accordance with terminology used by G.

Sobczyk, I will call !ww’ !1/2 the (unipodal) modulus, and ww™ the (unipodal) di-modulus
of w. See the Appendix.



The unipodal algebra has two copies of the complex numbers, one for each
component. In any true unipodal equation, the correponding coefficients across
the equal sign are equal to each other. This is similar to equating real and
imaginary components across the equal sign in the complex algebra.

When I first used the unipodal algebra to solve polynomial equations (c.
1984-5), I used the Clifford 1 algebra over the complex numbers. The ‘1’ means
one unit vector u. So, a Clifford 1 number ¢ can be represented as

c=a+bu, (9)
where a,b are complex numbers. Of course, u being a unit vector, then
u? =1. (10)

Now, the standard basis for this space is {1,u} and the scalars are the complex
numbers. To extract the ‘scalar part’ of (9), we use the selection operator (- ),
as follows:

(¢y=(a+bu)=a, (11)

One can also subscript the selector with a zero for the scalar part:
(c)o=(a+bu)o=a, (12)
and with a ‘1’ for the vector part:
() =(a+bu) =bu. (13)

When I adopted the name ‘unipodal algebra’ from a paper I cowrote with two
other authors, I found a need to adopt new terminology for naming the scalar
and vector parts. Just as complex numbers are composed of a real number times
the unit ‘1’ and another real number times the unit imaginary ¢, the unipodal
numbers are composed of a complex number times the unit ‘1’ and another
complex number times the unipotent number uw. The part of the unipode that
does not contain the unipotent factor is called the ‘complex part’ of the unipode.
The part that does contain the unipotent element factor is called the uniplex
part of the unipode.

Now, before you complain that calling the scalar part of a unipode the ‘com-
plex part’ is nonsense, I point out that in complex analysis, the nonimaginary
part is referred to as the ‘real part’. Lastly, when I say the ‘uniplex part’ in
this series of papers, I refer only to the coefficient of the nonscalar part, which
is complex only. Thus the uniplex part of unipode ¢ = a + bu is just b. Another
way to think of the uniplex part of ¢ is to take the scalar (or complex) part of
cu.

(e)y1=(cu)=(au+b)=0»>. (14)

Thus, one must be careful when I report I'm taking the uniplex part of a unipode
(across all the papers I've written over the years), because at times it may
contain that factor of u and at other times not. But like I said: In this series it
will always mean only the scalar factor of the unipotent element.



Much of the algebraic power of the unipodal algebra comes from 1) it being
able to switch the presentation of a unipode between the standard basis and the
idempotent basis, the latter basis being well suited for taking powers and roots.

3 The Solution

The first observation we should make in a problem like this, in which there are
two unknowns to deal with, is if we have been given enough information to solve
for both unknowns. In the present case, we haven’t. So, we should look to find
the next best thing, which is the ratio of the two unknowns. Let’s set that ratio
to be?

a
=-—. 15
r=2 (15)
Let’s define the expression we're looking to evaluate as
a+b r+1
g a—b r—1 (16)

Now, the given problem looks almost tailor-made to use the unipodal algebra
to solve. My first goal will be to define a ‘first unipode’ that quickly uses the
given constraint (1). To that end, I chose

r=a’+bu. (17)

What next? Take x2, of course!
2% =a* +b* + 2a*b*u. (18)

Next, we employ (1), to get
2?2 = 10a20* + 2a*b*u = 2a%b*(5 + u) . (19)

The obvious way to proceed is to compare components, but of what? z to
x, or 22 to 2%, If we go with the latter, then we must compare (18) to (19),
but that is really going to complicate the algebra. On the other hand, if we
take the squareroot across (19), we keep the algebra simpler, but at the cost of
immediately introducing + signs. Just the same, I think that this latter choice
is the better.

Then let’s proceed with that plan. First, we flip this (19) to put the unipode
in idempotent basis:

2% = 2a*b*[6uy + du_] = 4a*b*[3uy + 2u_]. (20)
Now take its squareroot:
= V4a2b? [3uy + 2u_]Y? = V44202 | £ V3uy £ V2u_]. (21)

2There’s no reason to prefer the ratio to be r = a/b over r = b/a, but we have to choose
one of them.




Next, we slide back into standard basis to compare against (17).

vV4a?b?
2

r =+ [(V3£V2)+ (V3FV2)u]. (22)
So, how should we choose the plus and minus sign combinations inside the square
brackets? One constraint we have to enforce is that the choice of signs cannot
create an idempotent multiple, either of uy of of u_. We know this because the
unipode in (21) is not a multiple of an idempotent. In particular, given that
uy = 2(1+u), we cannot allow the unipode represented in (22) to be a multiple
of (14 u).
For example, if we chose the signs in (22) to arrive at this:

V4a2b?

S
. 2

[(V3+V2) + (V3+V2)u]. (23)

then x would be a multiple of uy. But the way the signs are alternated, we
should know not to do that anyway. This leaves us with

V4a2b?

5 (V34 V2) + (V3 —V2)u], (24)

and

=~ 4;%2 [(V3—=V2) + (V3+V2)u], (25)

where I ignored the + signs in from of the unipode because we got two legitmate
root without them.

So, here’s one of the tricky aspects of the unipodal algebra. The plus and
minus signs are mutually independent. This gives us four possible roots, but we
can take only two of them. By use of the di-modulus we can come up with a
contraint on these possible roots. By taking the di-modulus of (17), we get that

rr” =a* — bt (26)

One thing we can conclude right away is that zz=— # 0. The reason we can
know this is because of (2), which demands that a # b.
Next, we can clear away a lot of irrelevances by taking the ratios of components:

_VBEV2 (VB +V2)?
L V3-v2o o

re_ =+(V34+V2). (28)

a2

b2

(27)

Similarly,

a2

b2

_V3-V2  (VB-V2)?
CVBEV2 1 ’

-+

r_y =+(V3-v2). (30)




So, to get the requested ratios, we substitute each of the four r’s into the
following equation:

g="12. (31)
Let’s calculate the four options for g:
_+(VB+vV2)+1
D) = sV -1
o (+-) _ —(V3+V2)+1
’ —(V3+v2)—1’ (32)
Hep) = T(VB=VY+1
g ) “V‘(ﬁ_?)_l’
. _—(V3=V2)+1
g (—+) _—(\/g—\/ﬁ)—l’

4 Conclusion

Let’s take a moment to briefly take stock of the unipodal techniques we’ve used
so far in this series that have been useful (and add in one or two that might be
useful in the future):

1) Forming the ‘first unipode’ wisely.

2) Taking roots or powers, especially on unipodes in the idempotent basis.

)

)
3) ‘Flipping’ between bases.
4) Extracting the complex and/or uniplex parts across an equation.
)

5) Taking the ‘magnitude square’ of a unipode. For example, if X = xzg + z1u,

XX~ =23 —12?% which is, of course, just a complex number. If two unipodes
are equal, their square magnitudes are equal, and you are free to calculate their
square magnitudes from either basis.

6) Comparing square magnitudes this way: X" (X )" = (XX )",
ap _ bo

6) If A and B are equal unipodes in standard form, then — = b but if they
a 1

a b
are in idempotent form, then -+ = bi
a— -

Furthermore, we can add to these tricks all the techniques of real and com-
plex number and ring theory.

5 Appendix

Here I want to present a bit more theory on the unipodal algebra. I've found
the need to do this because the broader the space of algebra problems I try to



solve with the unipodal algebra, the broader the unipodal theory I find I need
to draw upon. And if I have to, the reader has to as well.

Note: I will be making references to Garret Sobczyk’s book New Foundations in
Mathematics, The Geometric Concept of Number [1], particularly in the sections
he has on the unipodal and hyperbolic numbers.

Let’s begin with the algebra of the hyperbolic extrension of the real num-
bers. We start with the real numbers R and extend them by the unipotent
element u. This is denoted by R[u]. Thus, a typical hyperbolic number % in
standard form could be

b=+ yu, (33)

where x,y are real numbers. Flipping this to idempotent form, we get
h=hiuy +h_u_. (34)

For considerations due to symmetric 2 x 2 matrices, Sobczyk calls the process of
going from (33) to (34) the spectral decomposition of (33) ([1], p. 33). I suppose
we could call this the ‘spectral basis’. However, we will stick with calling it the
‘idempotent basis’.

Let w be a general unipodal number for starters. Now, if w is neither zero
nor a multiple of one of the idempotents, then it will have an inverse. The
easiest way to find the inverse of w is to cast it first into the idempotent basis,
like this:

w=wyus +w_u_. (35)
Then its inverse is
1
vl =wiluy +wltus = —up + —u_. (36)
w4 w_

Clearly, this inverse exists because neither w; nor w_ is zero, which we know
to be the case because if either of them were zero, then w in (35) would reduce
to being a multiple of one of the idempotents, which we have disallowed.

Next, comes the important issue of defining some sort of magnitude on the
unipodal numbers, starting with the hyperbolic numbers. For hyperbolic num-
ber h, we can define the hyperbolic modulus by ([1], p. 25):

[ Ay = VIR, (37)

where, of course, hh™ is a real number.
Now, we can define something similar for unipodal numbers, such as for
unipodal number w, we can define the unipodal modulus by:

lwl, =V|ww |, (38)

where, of course, ww™ is a complex number, but |w |, is a real number.



Now, I know why the real numbers play such an important role in the hy-
perbolic numbers, that being its close association with the hyperbolic plane and
Lorentzian geometry. But it’s been my experience in using the unipodal algebra
to solve problems, that magnitudes of them represented by real numbers have
not played much, if any, role (at least so far). Therefore, I propose to define a
more useful notion of modulus for what I'm doing.

For unipodal number w, we can define the unipodal di-modulus by:

mod (w) = ww™ , (39)

where, of course, ww™ is a complex number. The meaning of ‘di-modulus’ is
this: The ‘di’ part refers to two aspects of the complex number ww™, that
being its magnitude and complex phase. And by not introducing squareroots,
we refrain from burdening the algebra with unnecessary algebraic complications.

Theorem: If w is a unipode such that

then

Proof:

Clearly, w is not zero, nor is it a multiple of an idempotent. Let’s prove this
by contradiction. Assume that

W= Qug , (42)
where « is a complex number. Then
ww” = (auy)(ou_) = Puiu_ =0. (43)

But ww™ cannot be both unity and zero at the same time, hence, a contradici-
ton. Therefore w is not a multiple of u; and by a similar argument, it is not a
multiple of u_.
Thus we know that w1 exists. Therefore, multiplying across (40), we have
that
wH (ww™) = (wtw)w” =w . (44)
And thus,
wT=wt. (45)
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