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This paper studies two new types of conserved quantities deduced by Noether—-Mei symmetry of mechanical system

in phase space. The definition and criterion of Noether-Mei symmetry for the system are given. A coordination function

is introduced, and the conditions under which the Noether-Mei symmetry leads to the two types of conserved quantities

and the forms of the two types of conserved quantities are obtained. An illustrative example is given. The coordination

function can be selected according to the demand for finding the gauge function, and the choice of the coordination

function has multiformity, so more conserved quantities deduced from Noether—Mei symmetry of mechanical system can

be obtained.
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1. Introduction

There are intimate relations between symmetries
and conserved quantities. The study of symmetries
and conserved quantities of a mechanical system was
of more mathematical and physical significance. It
possesses a crucial position in research of modern
mathematics, mechanics and physics. The modern
symmetry of a mechanical system includes mainly
Noether, Lie and Mei symmetries.!'~6 The known
conserved quantities mainly consist of Noether, Ho-
jmam and Mei symmetries. In recent years, more at-
tention has been paid to the study of three symme-
tries and conserved quantities of mechanical systems
which makes such field a hotspot. Many achievements
have been obtained in this field."='2) Recently, Mei
Fengxiang et al combined these three main symme-
tries mentioned above, studied the united and unified
symmetries of related mechanical system, and gave the
conserved quantities induced by the united and unified
symmetries.'2=17] These studies upgrade the theoret-
ical level and depth of the research on symmetries and
conserved quantities.

In this paper, we investigated the united and
uniform symmetries—-Noether—Mei symmetries and its’
induced conserved quantities of mechanical system
in phase space. The conditions under which the

Noether-Mei symmetry directly lead to the two types
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mechanical system, phase space, Noether-Mei symmetry, new conserved quantity

of conserved quantities and the forms of the two types
of conserved quantities are also given. An example
is illustrated to show the application of our results.
The results in this paper have the universal sense.
The Noether conserved quantity and Mei conserved
quantity of mechanical system in phase space are the
special cases of the two new conserved quantities re-
spectively given in this paper.

2. The definition of Noether—Mei
symmetry of the system and

its criterion equations

The differential equations of motion for mechani-
cal system of phase space can be written in the form

. oH
qs = Ops’
hom St Qu =L ()

where H = H(t,q,p) is the Hamiltonian of the sys-
tem, Qs = Qs(t,q,p) are the non-potential general-
ized forces.

Equations (1) can be expressed as follows
ds = gs (t, qap)a Ds = hs(t7 q7p)- (2)

Definition The symmetry that is both a Noether
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symmetry and a Mei symmetry is called Noether—Mei
symmetry.
Introduce the infinitesimal transformations

t*=t+elo(t,q,p),
s (t") = qs(t) + €&5(t, q, ),
ps(t") = ps(t) +ens(t, g, p), (3)
where ¢ is the infinitesimal parameter, and &y, &5, 75
are the generators of infinitesimal transformations.
For the mechanical system Eq.(1) in phase space,

under the infinitesimal transformations Eq.(3), the
Noether identity can be written in the form

OH OH
Efo + 871555

- Qs(és - (js§0) -

where Gy = Gn(t, q,p) is a gauge function.

Héo + - psés

Gy =0, (4)

The criterion equations (or determining equa-
tions) of the Mei symmetry of the system Eq.(1) are

%jX@(H:Q

6615

where

0 0
+ Nso— . (6)

According to the above deﬁmtlon, using Eqs.(4)

X@—f a0

and (5), we have the following criterion.

Criterion If there exists such a gauge function
Gn(t, q, p) that the infinitesimal generators &g, &5 and
7 satisfy the condition

oOH oOH

{H&) + Ego + 87(]568 - psgs

2
- Qs(és - ds§o) - GN}

+&iw%mf

2
O] - x0@f =0 M

then the symmetry is a Noether—-Mei symmetry of me-
chanical system Eq.(1) in phase space.

3. Two new types of conserved
Noether—Mei

symmetry of the system

quantities of

The conditions and the forms of the two new con-
served quantities which are induced by Noether—Mei

symmetry of a mechanical system in phase space are
given in the following theorems.

Theorem 1 For a mechanical system Eq.(1)
in phase space, if the infinitesimal generators &, &,
ns of Noether-Mei symmetry and a gauge function
Gum = Gu(t, q,p) satisfy

XOp,)é, + TIXO B,
—gwwmn am@wn

then the system has the following new conserved quan-
tities

Ia=XO0p)e, — XO(H)f + Gy = const.  (9)

Where f = f(t,q,p) is an arbitrary function to make
G exist. We call f a coordination function.

Proof Taking the derivation of Iy to ¢, we have

ar d
o =XO@e+ X Omales
_ XO()f - [5')((0)(1{) + 02 x O
5 & 5o
;. 9 x :
Fhag X (H)}f+GM. (10)

According to the definition, the Noether—Mei symme-
try of the system must be the Mei symmetry. Substi-
tuting the criterion equation of Mei symmetry Eq.(5)
and condition Eq.(8) into Eq.(10), we obtain

dly

=0 (11)

Special case When f = &y, Eqgs.(8) and (9) re-
spectively become

XO )6, + TIXOp)e,
- XOXO )] - xO ()
+ XO(Qu) (& — ds&o) + G =0,  (12)

Iv = XO(py)& — XO(H)& + Gy = const.  (13)

Equation (12) is the condition to which symmetry can
lead the Mei conserved quantity. Equation (13) is just
the Mei conserved quantity induced by symmetry of
mechanical system in phase space. We call the new
conserved quantity Eq.(9) a generalized Mei conserved
quantity of mechanical system in phase space.
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Theorem 2 For mechanical system in phase
space Eq.(1), if the generators & of Noether—Mei sym-
metry and a gauge function Gy = Gx(t, q, p) satisfy

. oOH OH .
Hfs + Ef + %58 _psf
—Qu(&s— ¢f) —Gn =0, (14)

then the system will lead to the following new con-
served quantities:

In = ps€&s — Hf + Gn = const, (15)

where f = f(t,q,p) is an arbitrary function to make
Gy exist. We call f a coordination function.
Proof Taking the derivation of Iy to t, we have

din . . OH OH
T s&s + Pss — Ef - 87(15qu
aH . . =
- 8T)Spsf - Hf +Gn. (16)

Substituting Eq.(14) into Eq.(16) and using Eq.(1),

we have
dIn

d¢

Special case When f = ), we know that

Gn = Gy forms Egs.(4) and (14). Under the con-

dition, Eq.(14) becomes Noether identity Eq.(4) and
the new conserved quantity Eq.(15) becomes

~0. (17)

In = ps&s — HE + Gx = const. (18)

We call the new conserved quantity Eq.(15) a gen-
eralized Noether conserved quantity of mechanical sys-
tem in phase space.

4. Illustrative example

The Hamiltonian of a mechanical system is

1
H = —(p}+p3+p3) + a1+ q,

, (19)

l

CGu=p1+pa+1+f+tf,

Gy =Hf +t+ps—ps—pip1 — papo — pa(pr +t — a1 f) + pa(pa — Gaf).

1) If select f = g3 — pst, then

1 1
Guv =p1+p2 + 5(% —pst+1)% — §t2+t7

_ 1 1
Gn=q+ §t2 — pat — 5(?? +p3)

1
— =pst® — p3(q1 — @2)(1 — g3 + pst).

the non-potential generalized forces are

Q1=p3, Q2=-p3, Q3=0. (20)

Try to study its Noether—-Mei symmetry and two types
of new conserved quantities.

Equations (1) and (2) give

g1 = q1 = p1,
g2 = G2 = p2,
g3 = 43 = p3,

hl :pl = _1+p3a
hy =pe = -1 —ps,
hs =p3 =0.

After the calculation, we have

XO(H) = mipy + n2p2 + n3ps + & + &,
XOQ1) =n3, X(Qq) = —ns,

XO(@s) =0. (22)

Choosing the infinitesimal generators as
EO =1,

§2 = pa,
m = 717

§1=p1+1,
€3Zt7
e = 713

N3 = 07 (23)

then we have

XO(H) =+,

XOQ1) = XO(Qs) = XV(Q3) = 0. (24)

For the infinitesimal generators Eq.(23), when we take

1 1
Gy =a2— 51 +p3) + 5 (1= ps)t® —pst,  (25)

the Criterion equation of the Noether—-Mei symme-
try Eq.(7) is satisfied, so the infinitesimal generators
Eq.(23) are Noether-Mei symmetrical. For generators
Eq.(23), we can obtain from Eqs.(8) and (14)

(26)

(27)

2
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From Eqgs.(9) and (15), we can get

1
I :§(q3 — p3t)? = const, (30)
1 5 9 Lo
In =51 +p2) —ps(ar = a2) | (1 — a3 +pst) + a2+ put + 5t
1, 1,
= 5pst” = { @1+ a2+ 5p5 ) (g3 — pat) = const. (31)
2) If select f = p; +t — pst, then
L,
Gyi=pi+p2t+a+i+ 5t (1—ps), (32)
_ 1 1 1
GN = a2 + 5t* = pat — 5 (T +p3) — 5pst” = ps(qn — @2) (1 = pr — £ + pt). (33)
From Eqgs.(9) and (15), we can get
Lo L,
Iy =q¢ + ipgt — pit — §t = const, (34)
1 1
In = {2(17% +p3) —p3(@n — %)} (L—p1—t—pst) + g2+ 51?2 +pit
Lo o L
= 5pst” = (@it az+ 55 ) (pr+ ¢ — pst) = const. (35)
3) If select f =&y =1, then
_ 1 1
Gn=GNn=q — §(p%+pg)+§(1—p3)t2—p3t- (37)
From Egs.(9) and (15), we can get
Iy = —p1 — p2 — 2t = const, (38)
1, 1, 1
In =p1t — =p53 — 1 + —t° — =pst® = const. (39)

2

5. Conclusion

Two new types of conserved quantities induced by
Noether-Mei symmetry of mechanical system given
in this paper—the generalized Mei conserved quan-
tity and generalized Noether conserved quantity have
more general significance. The Mei conserved quan-
tity and the Noether conserved quantity of the me-
chanical system are special cases of the generalized

2 2

Mei conserved quantity and the generalized Noether
conserved quantity respectively when f = &;. The co-
ordination function f in the result of this paper can be
selected properly according to the demand for finding
out the gauge function, and the choice of the coordi-
nation function has multiformity, so more conserved
quantities deduced from Noether-Mei symmetry of
mechanical system can be obtained.
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