54 9 2005 9
1000-3290/2005/54 09 /3978-05

ACTA PHYSICA SINICA

Vol.54 No.9 September 2005
(©2005 Chin. Phys. Soc.

Nielsen Appell
Appell
PACC 0320
1.
1—3
56 6
7 8
Lagrange
Appell

TE-mail zhxw0215 @ yahoo. com. cn

2004 12 19 2005

Lagrange

4

.1991 Mei
Lagrange

Lagrange

Nielsen

¥
745000
1 26
Lagrange
Lagrange Nielsen
Nielsen Appell
Euler-Lagrange Nielsen
Appeﬂ 7910
2. Lagrange
N
l
m
m m m+2
F,+R,-m r, =0
i=12 N m=012 1
F, R, i
r;
t [
or; 1 i
N m m m+2
Z(Fi+Ri_mi r; or; =0 2
i=1
N N
ERi' 8’) =2Ri' 8"1 =
i=1 i=1
N m
=>R- dr =0



9 3979

N
2 Ri . 8"1 = O 4 m m-1 m-2
= ar, o, o OF, or,
4 2 m = m-1 = m-2 = = . = aq 14
N m m+2 ; 9. 9 9. o 9. o 9a “
2 ( Fi - m; ri ) 8rl = 0 5 m m-1
= or, oF, O r; | OF,
=m < = m — —_—
s g a=12 s > a. % 5 ' 94,
'y or; oF OF
rz - rl qa t 8rl = Z_[ aiqaaqn’ 6 L :2 rl . 15
a=l aqa aqa
6 3 N » .
s N m+2 aor: ! m or.
— m; r; - L + F: L 8 L = O N - m+1 R
a1 LZ:; ¢, ; 9, I p - d Em r_l . 9 ril B im ";:'1. d or,
7 « Tode\ = ) mq; — B dt 9q, "
16
N m+2 . 16 15
Pn = ) m; Fr; % 8
i=1 aqa
8 d or, oo . or,
p 2\3 m+2  QF, dt 9q, = aqﬁaqaqﬂ 9t9dq,
= m A
a — 1 L aqa el
v o, 1 o 17
_i Em m+1 . ar, —aqa = m i1 5 ”
Tde\l =T 94, 4.
17 16
- i} m w4 on 9 ) Y1 mel  mel
2T B, p _i[ ,M(Z?ml r r )]
6 ri dt a qa i=1
or,. -, n Lo (vl 7y s
= ZI a qn a 10 m + 1 m — 2 1 i i
= 4. 14 a N i=1
3 P IEe :
r, = ot « ,
1 aqaq B= aqﬁaq a¢ N 1 m+1 m+1
S/n = Z Sm;ro r;
’ . azri = 2
* 22 8qaat *or 1 m
m m+1
MERN ‘ : Sw =S . q. G qo 1
ri - 32 2 qaqlg m m a a a a a
a aq?aq «=12 sm=012 . 19
S m=0 19 Sy = T
+3 qa + q q q 0
28 at ;;;aqaqaq By o1 19
+ 321 Z/ aqﬂaq atq «qp .
1
s 5r S, = Z 5 mifi ¥
p _‘ 12 i=1
#3205, aﬁ‘“ or . "
m 2 or;, m Ny o ml 18 7
;= . tm .
a=1 aq“ q B=1 a=1 aq'gaq q qu : [ d aSm 1 aSm
5 - 3 m+1 +
N o, me — del o q m+1. "
L a= « a ’
+ ; aq.01 I + 13 ) .
m m-1 Al II;-' rz]a _ 0‘ 20
13 9. q. - 10— 13 * Z{ " og, 10



3980

54
N m+2 m+1
MNomoor 5 2” ( Tmgorc, )
m — F-' i 21 3 i-1
Qn I%{ l aqa q m+1
o m qi _m+2\y o
¢ 20 mel= T o,
d[ 95 1 93S, . o d( N e )
N m+ - = = - - i rz rL
dt(a qal) maly 4 ar;ﬂ[dzgfz’” ]
a:12 sm:OlZ . 22 _m+2 a(z\/)im r;.+l n;'+1)
2 m+2 m+lg v 200 ’
m=0 22 98, m+20S, .
i ﬂ) dT _ - m+1 m + 1 a m
dt qa - dqn - Qn a qa
26 21 7
a =12 s . 23
23 Lagrange 4 9 4
N o8 23S
or; m m + m -
0 i —
. = « = Fi ~ m:l m+1 m Qa
Q.= 0= 2 F 3 TTmelg
22 a=12 sm=012 . 27
S S
i(al) ii — Qla a =12 s 27 m+2
de\ o, 2 9. Nielsen
24 m=0 27
24 7 ;
of ,0T v 4212 5 2%
Lagrange 8 dq 9,
N
Lagrange 0! = DF,- g & 28 Nielsen m =
i=1 qa l 27
22 ange .
L La e 9 395 _ g o125
agrange range - — = U, =
grang grang 94, 2 4.
29 Nielsen
3. Nielsen
4. Appell
14 8 8
N N m+1 14 8 1 8
m+2 a X m+2 a .
Pa = 2 m; F; i = 2 m; F; ::1
i=l a% i=l a ‘] m+2
“ N m+2 a X N m+2 a X
a w\ m+2 m+l PO‘ = 2 m; rl ’ i = 2 m; rl mr+L2
- m+1 ( Z/ m; rz rl ) i=1 aqa i=1 a qa
°oq, !
N m+2 m+2 aS
a IT;'+2 m+1 - ran+2 ( 2 %mi rb rL ) = r:':Zl 30
- 2am T 25 o q, 3 4.
R 0 130
15 25 1 N m+2 m+2
1 m+ 1+
N m+2 m+1 S””l 2 Hm T r;
P, = 2”(2’"1 r; r; ) i=1 2
Qo q, ‘=! m+ 1 . 30 21
7 q1 4> q



3981

oS

=00 a=12 sm=012
o 4.
31
31 m+2
Appell
m=0 31
oS
a—ijl = 0, a =12 s 32
32 Appell m=1
31
oS
—2 =0, a=12 s 33
99,
33 Appell
5.
19 27
dS, m+20S,
m+l = m
> g m+1a '
vy 9S8, M1 9S8
[} m Om +2 098,
= m+l[;k2) k qﬁ+at]_Z+] .
9 ¢, =1 k=09 g, dyq,

9q, 109 ¢ e 9 q
m + 2 95,
m + 1 5 ”;
Sy o))
= k m+ ’@ m+
k=0 B=1 a q'g a at q.
(1 m + 2) oS,
T mo+ 1 3 mﬂ
_i( dSml ) _ 1 ds, 34
di\q o, m+ 1, ”;
1 14 17 31
m+2
S N me2 Qd p
;1:21 = Z mz rl mr-:2
9 q, ! 9 qu
m+1
N m+1 a X
:i Emi rz ,:;f[
de\ i1 d q.
N‘m m+1 i arl_
i=1 ' ' dt aqa

d 5] N 1 m+1 m+1
:E m+1 (2 fmt rl r; )
o q, ‘!
m+1
N
1 m+1 o) r;
m + 1; m; I 3 (}n
d 5] N 1 m+1 m+1
= a m+1 ( Z Emt rt r; )
9 q !
B 1 ) ( N1 im rr;+1 mr+1 )
m + 1 3 q’" 27 i
_i aSm,l B 1 aSm
T ds 5 "g; m + 1 5 m
14 15 27
a‘Sm m + 2 aSm
m+1 m
o g, m + 1 dq.
N m+1 " m+2
1 m+2 6] r; 1 6 r; m+1
= m; I, mel t m; m+l F;
! °¢q 7' 94,
r m+1
_m+ 22“: IR
m+ 17" m
. 94,
Yooae o N oF
= m; r - s+ m+2 L m;, ~-
i=1 9 q. i-1 9.
N m+1
m + 2 '1 m+1 a r;
Tmr1™ "
i=1 a qa
~ a ( ’V‘ im n,z.+2 . W;jZ )
- m+2 i i i
g ‘12
N m+1
2 5] r; m+1
DI S
=t 94,
R m+1
m + 2 N\ ml 9 r;
m+ 1™ T 5a
i=1
qa
aSm-*—l
= m+2
9 4.
34 35 36 22 27
31

Appell 33

35

m+1

36



3982 54

Lagrange Nielsen Lagrange
Nielsen Appell
m
m
1 Schot S H 1978 Am. J. Phys. 46 1090 7 Mei F X Liu D and Luo Y 1991 Advanced Analytical Mechanics
2 Zhu M 1983 Mech . Practice 5 48 in Chinese 1983 Beijing Beijing Institute of Technology Press  in Chinese
548 1991
3 Tan K F Zhao Y K and Guo X D 1988 Mech . Practice 10 46 in
Chinese 1988 10 46 8 MaSJ XuX X Huang P T and Hu L Y 2004 Acta Phys. Sin. 53
4 Huang P T 1981 Physics 10 94 in Chinese 1981 10 3648 in Chinese 2004
94 53 3648
5 Shen H C 2000 Physics 29 743 in Chinese 2000 29 9 Luo S K 2002 Acta Phys. Sin. 51 1417 in Chinese 2002
743 51 1417
6 Huang P T Huang W and Hu L. Y 2003 J. Jiangxi Normal Univ. 10 Zhang Y 2003 Acta Phys. Sin. 52 1832 in Chinese 2003
27 8 in Chinese 2003 52 1832
278

Higher-order differential equations of motion of
a holonomic mechanical system

Zhang Xiang-Wu
Department of Physics  Longdong University ~ (Qingyang 745000  China
Received 19 December 2004 revised manuscript received 26 January 2005

Abstract

Starting from Newtonian kinetic equations of a particle system the energy of higher order-velocity of the system is
introduced higher-order Lagrange equations higher-order Nielsen equations and higher-order Appell equations of a holonomic
mechanical system are derived from which we prove that the three kinds of higher-order differential equations of motion of the
holonomic system are equivalent to each other. The result indicates that the higher-order differential equations of motion of the
holonomic system reveal the relationship between the changes of the system’ s motion state and the rate of change of force at every
order which cannot be obtained by using Newtonian kinetic equations and the traditional analytical mechanical equations.
Therefore the higher-order differential equations of motion of the holonomic system are a complement to the second-order
differential equations of motion including Newtonian kinetic equations and the traditional Lagrange equations Nielsen equations

and Appell equations.
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