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Summary. In this article, we define the division of the quaternion num-
bers, we also give the definition of inner products, group, ring of the quaternion
numbers, and we prove some of their properties.

MML identifier: QUATERN2, version: 7.8.10 4.100.1011

The articles [9], [1], [3], [4], [6], [5], [2], [7], and [8] provide the notation and
terminology for this paper.

We use the following convention: ¢, 7, ¢, ¢1, ¢c2, c3 are quaternion numbers
and x1, 2, T3, T4, Y1, Y2, Y3, Y4 are elements of R.

Og is an element of H.

1y is an element of H.

Next we state several propositions:

—_

For all real numbers z, y, z, w holds (x,y, z,w)yg =z +y-i+z-j+w-k.
(c1 4 c2) +c3=c1+ (c2+c3).

c+0g =c.

—(x1, @2, k3, Xa) = (—X1, —T2, —T3, —T4)H-

(21,2, T3, Ta)m — (Y1, Y2, Y3, Ya)m = (T1 — Y1, T2 — Y2, T3 — Y3, T4 — Ya)H.
(c1 —c2) +c3 = (c1+ ¢c3) — ca.
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c1 = (Cl =+ C2) — Co.
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c1 = (61 — CQ) + co.

I I e e e e
e ot
S N e e e e N N

(—z1)-c=—x1-cC.
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Let us consider ¢g. Then |¢| is an element of R.
i Is an element of H.
We now state a number of propositions:

10) If r # 0, then |r| > 0.
11) (0)-c=0.
12) ¢-(0)=0.
13) c-Ilg=c.
14) 1g-c=c.

—_
(@)

(Cl . Cg) +C3 =C1 - (62 . 63).

16) ¢1-(ca4c3)=c1-ca+e-cs.

17) (c1+c2)-c3=c1-c3+co-cs.
—c=(—1g)-c

19) (—c1)-ca = —cq - co.

20) e¢1-—c9g = —c1-Co.

(\)
—

(—c1) - —ca=c1 - ca.
(c1—c2)-cg=c1-c3—cy-cs.
c1-(ca—c3)=c1-ca—cy-cs.
(x1, 72,23, v4)m = (T1, —T2, —T3, —T4)H.
T=c
Let us consider ¢, r. The functor £ is defined by the condition (Def. 1).
(Def. 1) There exist elements qo, q1, g2, g3, T0, 71, T2, T3 of R such that

(1) q= <QO7Q17qQ7q3>H7
(i)  r=(ro,r1,72,73)m, and
(ifi) ¢ = (odotrigitragatrgs (ro-g1—=r1-go—r2-g3)+73-q2  (ro-g2+r1-g3)—r2:go—rs-q1
T r[? ’ [ ’ r[? ’
(("“0~<13—r1~q2)+rz-q1)—'r3'qo>
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Let us consider ¢, . One can check that ¥ is quaternion.

Let us consider ¢, 7. Then £ is an element of H and it can be characterized
by the condition:

(Def. 2) %= §R(?“)'%(Q)-*‘%l(‘1)'31(7")7;('\\;2(7“)‘32((1)-*‘33(7‘)'33(11)_i_
(R(r '%1(q)—%(T)'W(Q)—322(T)~33(Q))+C\‘93(7’)'%2(Q) g
(ﬂ?(r)-%‘z(q)+31(T)-%s(ql)g‘ggz(T)-W(q)*ﬁs(r)-%(4) it
((9?(7‘)-%3(11)791(T)-Sz(q‘))rg%(r)-%(Q))*%(T‘)-@“‘f(q) k.

Let us consider ¢. The functor ¢! yielding a quaternion number is defined
by:

(Def. 3) ¢ 1 =1,

Cc
Let us consider r. Then r—

1 is an element of H and it can be characterized

by the condition:



INNER PRODUCTS, GROUP, RING ... 137

— R(r I (r . S (r . I3 (r
(Def. 4) T 1 = |7’(|2) - |:,|(2) <1 — |i|(2) '] - |i‘(2) N k.
We now state several propositions:
(26) R(rY = R and S1(r 7t = —sli—g) and So(r~ 1) = _%\il(;) and

|r[?
r 1): S3(r)

—~

33

I

r 2
q R(r)-R(P)+31(9)-S1 (1) +F2(1)-F2(9)+33(1)- I3 ()
( )(1) §R(,,,) 1 1 |,,.‘22 2 3 3
R(r 61(q)f%(T)-?R(q)Iffz(r)'%(q))Jr%a(r)%z(q)’

1(3)
2(9) )-S2(q)+S1(r)- 63(ql))‘ S2(r) - R(q)—S3(r)-S1(q)
( ) = ((R(r)-S3(g) =S1(r)-2(9))+S2(r)-S1(9)) =3 (r)-R(a)
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ii)
(iii)
(iv) 3
(28) Ifr#0, then 7 -7t =1.
(29) Ifr #0, then r—!.r=1.
(30) If ¢ # Og, then £ = 1p.

(31) (o)~ t=—ch
The unary operation comply on H is defined by:
(Def. 5) For every element ¢ of H holds comply(c) = —c.

The binary operation +y on H is defined as follows:

(Def. 6) For all elements ¢1, co of H holds +p(c1, c2) = ¢1 + co.

The binary operation —y on H is defined by:

(Def. 7) For all elements ¢y, co of H holds —pg(e1, c2) = ¢1 — co.

The binary operation - on H is defined as follows:

(Def. 8) For all elements c1, co of H holds ‘g(c1, c2) = ¢1 - co.

The binary operation /g on H is defined as follows:

(Def. 9) For all elements ¢, co of H holds /g(c1, c2) = %

The unary operation ]ﬁl on H is defined by:

(Def. 10) For every element ¢ of H holds (")(c) = ¢ 1.
The strict additive loop structure Hg is defined as follows:
(Def. 11) The carrier of Hg = H and the addition of Hg = 4+ and Op,, = Op.

Let us mention that Hg is non empty.

Let us note that every element of Hg is quaternion.

Let z, y be elements of Hg and let a, b be quaternion numbers. One can
check that x + y and a + b can be identified when x = a and y = b.

One can prove the following proposition

(32) Omg = Om.

Let us observe that Hg is Abelian, add-associative, right zeroed, and right

complementable.

Let z be an element of Hg and let a be a quaternion number. Note that —z
and —a can be identified when z = a.
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Let z, y be elements of Hg and let a, b be quaternion numbers. One can
verify that x — y and a — b can be identified when x = a and y = b.

Next we state the proposition

(33) For all elements x, y, z of Hg holds x +y =y 4+ x and (z +y) + 2z =
z+ (y+2) and x + O, = .

The strict double loop structure Hy is defined as follows:

(Def. 12) The carrier of Hg = H and the addition of Hr = +py and the multipli-
cation of Hr = ‘g and 1g, = 1y and O, = Og.

Let us note that Hg is non empty.

Let us observe that every element of Hy is quaternion.

Let a, b be quaternion numbers and let =, y be elements of Hgr. One can
check the following observations: x + y can be identified with a + b and z -y can
be identified with a - b when x = a and y = b.

One can check that Hg is well unital.

Next we state three propositions:

(34) 1m, = lu.
(35) 1m, = lm.
(36) Opy, = Om.

Let us mention that Hpg is add-associative, right zeroed, right complemen-
table, Abelian, associative, left unital, right unital, distributive, almost right
invertible, and non degenerated.

Let x be an element of Hyr and let a be a quaternion number. Observe that
—x and —a can be identified when x = a.

Let x, y be elements of Hy and let a, b be quaternion numbers. Observe that
x —y and a — b can be identified when = = a and y = b.

Let z be an element of Hy. Then Z is an element of HRg.

In the sequel z denotes an element of Hg.

The following propositions are true:

(37) —z=(-1mg) 2
( ) Omg = OHR'
( ) If?ZOHR,thenZZOHR.
(40) Img = lmg-
(41)  [Omg| = 0.
(42) If |z2| =0, then z = Opy.
(43) [lpg|=1.
(44)  (lmg) ™' = lpy.
Let z, y be quaternion numbers. The functor (z|y) yielding an element of H
is defined as follows:

(Def. 13) (zly) =z -7.
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The following propositions are true:

(45) (Cl|62) = <§R(Cl) . %(02) + %1(01) . %1(62) + %2(01) . SQ(CQ) -+ %3(61)
S3(c2), (R(er) - =Siule2) + Siler) - R(ez)) — S2(er) - Ss(e2)) + Sz(er)
Sa2(c2), (R(er) - =Salez) + Riez) - Sa(er)) — Si(e2) - Ss(er)) + Si(e2)
S1(er), (Rler) - —S3(e2)+S3(er1) R(ez)) =S (e1)-Fa(e2))+S2(c1)-Si(e2))m

46)  (cle) = |¢f?.

47) R((c|c)) = |c|2 and 31 ((clc)) = 0 and I2((clc)) = 0 and I2((c|c)) = 0.

48) |(c1le2)| = ler] - [ezl.
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If (¢|c) = 0, then ¢ = 0.

((e1 4 e2)les) = (erfes) + (c2fes).
(c1](e2 + e3)) = (e1lea) + (cifes).
((—e1)le2) = —(c1]e2).

—(c1]e2) = (e1]—c2).

(—c1)|—c2) = (cilea).

(c1 — e2)les) = (cies) — (ezles).

(
(
(c1](e2 = e3)) = (e1lea) — (cafes).
(
(
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(c1 + e2)l(e1+ ¢e2)) = (e1ler) + (e1]e2) + (e2fer) + (ealea).
(c1 —e2)l(e1 — e2)) = ((e1]er) — (eale2) — (ealer)) + (e2fe2).
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