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Abstract— The paper studies the influence of angular velocity on the electromagnetic force
for one rotational charged object. In the complex octonion space, the radius vector and the
integrating function of field potential can be combined together to become one compounding
radius vector. The latter may be considered as the ‘radius vector’ in the complex-octonion
compounding space (one function space). The complex-octonion compounding space will be
regarded as the extension of one complex-octonion compounding field. In the complex-octonion
compounding field, the angular velocity will impact the compounding field strength, field source
and linear momentum and so on. The study reveals that the angular velocity has a direct influence
on the compounding angular momentum, compounding torque, and compounding force and so
forth, including the compounding force term exerting on the rotational charged object.

1. INTRODUCTION

The quaternion was applied by J. C. Maxwell to research the electromagnetic theory. Nowadays
some scholars studied the electromagnetic and gravitational fields by means of the complex quater-
nion. The complex quaternion space for gravitational fields and that for electromagnetic fields can
be combined together to become one complex octonion space. As a result the physics feature of
two fields can be described simultaneously with the complex octonion [1], including the force in the
presence of the gravitational field, electromagnetic field, and angular velocity.

In the complex octonion space, the radius vector and the integrating function of field potential
are able to be combined together to become the compounding radius vector, which may be con-
sidered as the ‘radius vector’ in the compounding space (or one function space). In the physics,
the space is the extension of the field [2]. Similarly the compounding space will be regarded as the
extension of the compounding field. By analogy the field and space should be generalized to the
compounding field and compounding space respectively. Further it is fit for studying the impact of
the angular velocity on the field strength and field source and so on, from the compounding field
and compounding space.

Making use of the complex octonion, the paper claims that there are some kinds of equilibrium
states in these two fields. The field potential and velocity ratio both will impact the field strength,
field source, and equilibrium state. So the variation of field potential may alter the force or torque.
This inference may figure out the physical phenomenon relevant to the over-speed movement of
stars on the fringe of a galaxy [3], although this uncertainty remains as puzzling as ever.

2. GRAVITATIONAL SOURCE

In the complex quaternion space for the gravitational field, the basis vector is Hy = (i, i1, i2, i3),
and the radius vector is Ry = irgip + Xrji;. The radius vector can be combined with the physical
quantity, X, = ixgip + Xz;i;, to become the compounding radius vector,

Ry =Ry + kre Xy, (1)

where R, = i7g + T = ifgip + X7;i;. X, is the integrating function of complex-quaternion gravita-
tional potential, A, = iapip + Xaji;. ¢ is the imaginary unit. rg = vot; vo is the speed of light; ¢
denotes the time. 7y, 7, ax, and z are all real. k., = 1/vg. ip=1. 7=1,2,3; k=0,1,2,3.

In the mathematics, R, may be considered as one ‘radius vector’ in the compounding space
of complex quaternions, which is one kind of function space with the quaternion basis vector H,.
Further the A, and complex-quaternion velocity ratio, Ty = itpig + Xt;i;, will combine together to
become the complex-quaternion compounding velocity ratio,

Ty = Ty + krohy, 2)
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where Tg =¢0% o Rg; Ag =¢0% o Xg; Tg =¢0%o Rg = itgip + Et_jij. O = 4ip0y + Zijaj, with
V = ¥i;0;, and 0y = 0/0r;. The symbol o denotes the octonion multiplication. x denotes the
complex conjugate. ti, ax, and t; are all real.

Similarly, in this complex-quaternion compounding space, the complex-quaternion compounding

gravitational potential is defined as,
Ay =Ay+ K, T, (3)

where Ag =40% o Xg = iaopip + Xayi;. Xg =Xy + K oRy. Ky = 1/kpg. ay, is real. B
Further the complex-quaternion compounding gravitational strength, F, = foip + Xf;i;, is
defined from the above,

F,=00A,=F, + K,,Y,, (4)

where the curl of velocity ratio is, Y, = [0 o T, = dypip + Xy;i;. The gravitational strength is,
F, = 0o Ay = ifoip + X f;i;. In the gravitational field, ¢ is the scalar potential, while a is the
vectorial potential. The gauge equation is, —fyp = dpagp — V -a = 0. agp = ¢/vp is the scalar.
a = X(a;ij), a = X(a;ij). fi, fr, and y; are all real.

_ Inthe complex-quaternion compounding space, the complex-quaternion compounding field source
S is defined from the above,

(iIF'g/vo+D)* oF,=—uS = —ugSg—l—i]F'ZOIF‘g/vo, (5)

where p and pg are the constants. The complex-quaternion compounding gravitational source is,
Sy = iS00 + ¥55ij. Sy = Sy + Kyoly. pgSy = =" 0 Fy, and pyZg = —00% 0 Y. Fy o Eg/(ng) is
one energy term in the gravitational field. * denotes the octonion conjugate. For one single mass
particle, there is, S; = mV, with m being the density of inertial mass. V, = 0R, /0t = itgip+Xvji;.
5, and vy, are all real. ug < 0.

3. ELECTROMAGNETIC SOURCE

The complex octonion space E is able to be separated into two orthogonal subspaces, the complex
quaternion space Hj and the complex S-quaternion space, He = (I, I, Io, I3). The H is propitious
to describe the gravitational field, while the H, is fit for depicting the electromagnetic field, with
He = Hy o Iy. In the complex octonion space, the basis vector O = (ig, i1, i2, i3, Io, I1, Io, I3).

In the complex S-quaternion space for electromagnetic fields, the radius vector is R, = i Rolg +
YR;1;, with the basis vector being H.. And the R, can be combined with the physical quantity,
Xe = iXolp + XX;I;, to become the compounding radius vector,

IRe == Re + k?"IXE) (6)

where R, = iRy + R = iRyl + ER]-I]-. Xe is the integrating function of complex-quaternion
electromagnetic potential, A, = iAoly + X A,1;. Ry, Ry, Ay, and X}, are all real.

In the octonion space for the gravitational and electromagnetic fields, the R, and ]Rg can be
combined together to become the compounding radius vector,

R =Ry + kegRe = R + kyp X, (7)

where X = X + kegXe, and R = Ry + kegRe. ke is the coefficient, with kgg = g/ lhe-

In the mathematics, R can be considered as the ‘radius vector’ in the complex-octonion com-
pounding space (or function space) with the basis vector Q. In the complex-octonion compounding
space, the complex-octonion velocity, T = T, + k¢yTe, is combined with the complex-octonion
potential, A = A, + k.gA., to become the complex-octonion compounding velocity,

T =Ty + kegTe =T + kyaA, (8)

where T = i[]* oR. T = iD_X oR. A=i0%oX. T, =i0%0oR, = iTolo + XT51;. T, = T, + kA,
Te =i0% o Re = 1T + X151, A, =10 o X, = iAglg + X A;1;. Ty, Tj, and Ay, are all real.
In the complex-octonion compounding space, the complex-octonion compounding electromag-

netic potential, A, is defined as,

A=Ay +kgAo=A+ KT, (9)
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where A, = i0* o X, = ZAOIO+EA L. A=i0%oX. X= X —i—kegX A} is real.
Similarly the complex-octonion compoundmg electromagnetlc strength, F = F, + kegFe, is de-
fined from the compounding potential A,

F=0O0A=F+K,Y, (10)

where F, = Do A, = iFply + SFI; Fe = Do A, = iFply + XF;Lj; F = Do A = Fy + kegFe.
Y=00T. Y, =00T, = iYplp + XY;I;. In the electromagnetic field, ¢ is the scalar potential,
A= EA]‘I]‘ is the vectorial potential. Ag = Agly, with Ay = ¢/Uo. Ay = A()Io, A= EA]I] The
gauge equation is —Fg = 0pAg — V- A =0. Y;, Fy, and Fj, are all real. -

In the complex-octonion compounding space, the complex-octonion compounding field source S
is defined from the IF,

(ifF/vo + D)* oF = —uS = — (,uggg + keguege) + iF* o F /v, (11)

where i, is the constant, with p, > 0. S, = iSoIy + ES I. Se = Se + K2Ze. pheSe = —0* o F,
and peZe = —0" o Y.. F* oIF/u = IF oFy/ug + Fr oFe/,ue F* o Fo/(24e) is one energy term in
the electromagnetic field, and is d1fferent to the electromagnetm field energy. For a single charged
particle, S, = ¢V,. ¢ is the density of electric charge. V., = 0R./0t = iVpIp + EVI Vi and S},
are all real.

4. ANGULAR MOMENTUM

In the complex-octonion compounding space, the linear momentum density, P = I@’g + kegﬁ’e, is
defined as

P = S/ pg, (12)

where I?’g = ipo + P = ipoio + Xpjij. po = Mo, pj = mv;; m =m+ Am, with m being the density
of gravitational mass. P, = iPy + P = iPyIy + EP I, Ph = MV, and P = MVJ, M = que/pyg.
Am = —F* o F/(tovopy). Py and Py are all real.

In the above the linear momentum P consists of a few terms, including the linear momentum
term S, of one mass object, the term kegyf1eSe/py of one charged particle, the term F; o IF; /(pgv0)

of gravitational fields, and the term F* o F./(ucvo) of electromagnetic fields.

From the definition of complex-quaternion velocity ratio T, one can find its relation with the
velocity, V, = 0R,/0t. Sometimes the physics quantity (voT4) possesses the same vectorial part
with Vg, but their scalar parts are different. In the case, there are, vgt; = v;, and votg # vg. Herein
Vg4 = ivgip + Xvjij. vy is real.

In the complex-octonion compounding space for the electromagnetic and gravitational fields, the
complex-octonion angular momentum, L. = L, + kegLe, can be defined from the complex—octomon
compounding radius vector R and linear momenturn P. That is,

L—R*oP, (13)

where Ly = Lig + iLj + Li; L = £L%.i;, Ly = SLyjij. Le = Lo +iLy + Ly. L = LT,
Ly, = ELQJI], LQ() = LoyoIy. L; covers the angular momentum. L, consists of the magnetic dipole

momentum. LQ includes the electric dipole momentum. And Ly may contains the spin magnetic

momentum. Ly, nga Loy, and sz are all real.

5. OCTONION TORQUE

In the complex-octonion compounding space for the electromagnetic and gravitational fields, the
complex-octonion torque, W = W, + k., W,, is defined from L and F,

W = —vg(iF /vo + O) o L, (14)
where Wg = inO + Wio + szl + W,. Wll = Eijij, W, = Eleij. Wlio is the compounding

energy density, and V_VZ1 is the compounding torque density. W, = iWQiO + Wao + ZV_VQ + Wo.
VVZQ = EWQijIj, Wy = EngIj. Wik, Wlik, Waye, and ng are all real.
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The compounding energy includes the proper energy, kinetic energy, work, gravitational poten-
tial energy, electromagnetic potential energy, gravitational field energy, and electromagnetic field
energy and so on. The compounding energy density can be expressed as,

Wio = (8- Li/oo—b-Ly) vy (Lo + V- L1) + 82, (B - Ly/vy — B L)

— {wopo (Vo/v0) + vopo (V - )} — {vo (OoF) - P + voT - Dop}

—{(poo +a-p) + k2, (Ago Py + A -P)}

+kZy { (E/vo) - (FoPg) =B (£ x P)} + {(&/v0) - (por) —b- L}, (15)

where the gauge conditions for the compounding field potential are chosen as, V x x = 0, and
V x X = 0. The gravitational potential is, A, =iag+a, with ag = OpZo+V X, and a = Jyx— VIj.
The electromagnetic potentlal is, A, = on + A, with Ag = 9pXp+ V- -X, and A = 9pX — Vo X,.
The gravitational strength is, f = zg/ vp + b, w1th fo=0. The grav1tatlonal acceleration is, g/vy =
doa + Vag. The other component is, b= V x a. The electromagnetic strength is, F =(E / vo + B,
with Fg = 0. The electrlc field intensity is, E/vg = 00A + V o AO, and the magnetic flux den81ty
is, B=V x A. Y(FL). B = E(B I) E=X(FI). (f]lj) = Y(gji;). b= (b ij).
Bj, Ej, g;, and b are all real. Fj and fj are all complex
In a similar way, the compoundlng torque density can be expressed as

Q

Wi — (gxtﬁ/vo_iws - Bxil) — (aor:1+in§) +k2, (ExLz/v o Lag me)

~ Pog X T/vo+kzy{Ex (T o Pg) /ug—Bx (ExP)} —vof x dop— (T - p) b—bx (Fx p)+axp, (16)

where the compounding torque consists of a few terms, including the torque terms caused by the
gravity, inertial force, Lorentz force, and other force terms and so forth.

6. OCTONION FORCE

In the complex-octonion compounding space for the gravitational and electromagnetic fields, the
compounding force is able to encompass various force terms, including the inertial force, the gravity,
the electromagnetic force, the gradient of energy, and the interacting force between the dipole
moment with the magnetic strength and so on.

In the complex-octonion compounding space, the octonion force, N = N + k‘egNe, is defined
from W and T,

N=—(iF/vg+0) o W, (17)
where Ng = i]\_flio + Nip + iNi + Nj. Ni = E]Wjij, N, = E]\_fljij. The scalar part Njg is the
compounding power, and the vectorial part Nj is the compounding force. N, = iN3y + Nag + iNg +

Ny. N = ENQJIJ, N, = ENQJI Nig, le, Noy,, and N’k are all real.
In case the compounding field strength is relatively weak, the compounding power density

Nio = (9Wiy = V- W1) + (& Wi/vo+b-W1) fvo+ k2, (B- Wafug +B-W3) v, (18)

can be written approximately as,

Nlo/kp ~ Oy (]30?70) -V- (’D()I_)) + L1o (E) ‘b — g- g/’ug) /(’Uokp)
+kggf410 (B -B-E- E/v%) / (vokp) + kggE -P/vo + & p/vo, (19)

where k, = (k — 1) is the coefficient, with k£ being the dimension of compounding vector T.
When the compounding field strength is comparative weak, the compounding force

Nll = (Wliog/l)(] +g X Wi/vo - Wlol_) —b x Wl) /UO - (80W1 +VW110 +V x Wll)

+kgg (E Wi/t + B x Wh/vg — B oWy — B x W2> /vo, (20)
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can be written approximately as,

Nzl/kp ~ —ao(f)@o) —i—ﬁog/vo + ElO (g x b+ kggE X B) / (’ngp)
—b x p — V (povio) + kZ, (EoPg/vg — B x P), (21)

where (pog/vo) is the gravity. dy(—vop) is the inertial force. {kZ,(EoPg/vg — B x P)} covers the
electromagnetic force. V(pgvg) is the energy gradient.

7. CONCLUSIONS AND DISCUSSIONS

According to the viewpoint of function space, the radius vector and velocity ratio can be combined
together to become one ‘radius vector’ in the compounding space. And the compounding space
is able to be considered as the extension of one compounding field, according to the relationship
between the field with the space. In the compounding space, there are several kinds of equilibrium
states, although the torque and force both may not be equal to zero. This means that the velocity
ratio will impact the angular momentum, torque, and force and so forth. Therefore the physics fea-
ture of the rotational charged object should depart from the deduction deriving from the Newton’s
law of gravitation and the classical Coulomb’s law.

In the complex-octonion space for electromagnetic and gravitational fields, when the torque

1 = 0 and the force N] = 0, the neutral/charged object stays on one equilibrium state. Sim-
ilarly in the complex-octonion compounding space, when W; = 0 and Nj = 0, the rotational
neutral/charged object stays on one kind of ‘equilibrium state’, although there may be Wi # 0
and N{ # 0. And it is correspondent with f = 0 (that is, the weightlessness state), while f # 0.
It may be able to be applied to figure out the stable over-speed movement of the rotational stars
on the fringe of a galaxy. Also it may be used to explain the stable over-speed movement of the
rotational charged objects.

In some special situations, the above equations in the complex-octonion compounding space
will be reduced to the simply cases in the complex-octonion space. When T, Y, and Z are all
approximate to zero, A, [F, and S will be degenerated into A, IF, and S respectively, further the
physics quantities L, W, and N will be degenerated into I, W, and N respectively.

It should be noted that the study for the influence of angular velocity on the electromagnetic
force of rotational charged objects examined only some simple cases. Despite its preliminary char-
acteristics, this study can clearly indicate that the angular velocity should impact the equilibrium
state and electromagnetic force and so forth. For the future studies, the research will focus on the
investigation about the equilibrium state of rotational charged objects.
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