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Abstract: In a non-inertial rotational reference frame, the motion of a system can be

governed by a kind of second-order nonlinear differential equation, in which the numerator

and denominator both contain nonlinear terms; in this context, it is hard to obtain an

approximate solution for this strongly nonlinear equation. In this paper, we study the

approximate solution of the second-order nonlinear differential equation by the Adomian

decomposition method. Comparisons between the approximate solution and the numerical

solution by using two other methods are also made. The results show that, in the first

quarter period, the approximate solutions obtained by the Adomian decomposition method

is in good agreement with the numerical solutions and the error of the approximate

solutions are smaller than the other solutions obtained by the homotopy asymptotic

method.
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0 Ú ó

3�.5=ÄëìX¥ïÄåÆNX�$Ä, ~~¬���a©f©1þ¹��5�

�����5�©�§[1], da�§�±ÏL Mathematica ^�����§�ê�), �Ã

{��ÙCq)Û). ©z [2] ^ÓÔìC{��
n�Cq±Ï), �¦)L§Lu�E,

¦)g´'�Ä�. Adomian ©){´¦)��5�©�§��k��{, ®2�A^u¦

��5~�©�§!��5 �©�§�Cq)Û)¥, ¿��
�X��¤J[3-17]. d�

{�Ì�g´´kò��5�©�§©)¤�5�p�~�©Ü©!����5Ü©!�

�5Ü©Ú�àgÜ©, r��5�©�§�)�©)¤Ã¡�)©þ, ,�|^ Adomian

õ�ªÚ_�Î�5�, d$�)©þ4í¦�p�)©þ, ��ò�Ü)©þ�\���

�5�©�§�Cq)Û). ^Adomian ©){¦��5�©�§Cq)�'�ÚJ:3

u¦����5��éA� Adomian õ�ª, éu©1Ø¹��5���¹'�N´¦�

Ù Adomian õ�ª, �éu©f©1¥Ñ¹k��5���¹, Ù�A� Adomian õ�ª

�J¦�. �©Äk�Ñ^ Adomian ©){¦����5�©�§Cq)�Ä�Ú½. Ù

g, ÏLïÄ3�.5=ÄëìX¥åÆNX�$Ä, ïá�a©f©1þ¹��5���

���5�©�§. 1n, O������5�©�§���5��A�c 5 � Adomian õ

�ª. 1o, ��3�½Ð©^�Úëêe�Cq)Û), ¿���^ Mathematica ^��

Ñ�)­�±9�ÓÔìC{[2]¤�)­�?1'�. (JL², 31�� 1/4 ±Ï�mS,

Cq)�)­����^ Mathematica ^��Ñ�ê�))­��©¬Ü, ¿�ÙØ�'d

©z [2] ¤��)­���; ���m���, d Adomian ©){���)­��Ù¦�{

���)­�Ñy
�²w� �, Ì��Ï´du Adomian ©){�3 n → ∞ �Ù)â

¬�Cê�), 
�©��
c¡ 5 �. ,	, �©é� 3 �!4 �!5 ��ä�)­�?1


©Û, uy 5 ��ä�)­�' 3 �!4 ��ä�)­���Cê�))­�.

1 Adomian ©){�Ä�nØ

Adomian ©){´¦)��5�©�§��k��{[3], ÙÄ��g´´, ���5�

©�§�L«¤

Lx + Nx + Rx = g(t), (1)

�kÐ©^�

x0 = α, ẋ0 = β, (2)

ùp α, β ´¢ê, L �L�§¥�p�¦���5�_�Î, R ´Ù{�5�Î, N ´�^

3ÕáCþ x 9Ùp��êþ���5�Î, g(t) ´�§��àgÜ©. éu����5�

©�§, L = d2

dt2
.

�§(1)�±�¤

Lx = −Nx − Rx + g(t). (3)

Ï L ´�_�, òL−�^uª(3), �

x = α + βt − L−Nx − L−Rx + L−g(t). (4)
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-

Nx =
∞
∑

n=0

λnan, (5)

Ù¥ λ ´�ëê, an� Adomian õ�ª, ÙO�úª�[4]

an =
1

n!

∂n

∂λn

[

N
(

∞
∑

k=0

λkxk

)]

λ=0
, n = 0, 1, 2, 3, · · · , (6)

Ù¥xk´)©þ, �

x =

∞
∑

k=0

xk. (7)

òª(5)Úª(7)�\ª(4), ��)©þ�4íúª



















x0

x1

x2

...

xn



















=



















α + βt + L−g(t)

−L−Na0 − L−Rx0

−L−Na1 − L−Rx1

...

−L−Nan−1 − L−Rxn−1



















. (8)

K��5�©�§� n �Cq)�

ϕ =

n−1
∑

i=0

xi. (9)

2 ����5�©�§��ï9ÙCq)Û)�¦)�{

Xã 1 ¤«, ��þ� m �1w��, @3�1w��Ô�/7ájþ, ¿�÷X7á

jwÄ, �Ô�/7áj±��Ý ω 7¶!�=Ä. ��Ô���§�x2 = 4py, K��3 x

���$Ä�©�§�[1]

ẍ +
xẋ2

x2 + 4p2
−

4p2ω2x

x2 + 4p2
+

2pgx

x2 + 4p2
= 0. (10)

�§(10)�±�¤

ẍ = −

xẋ2

x2 + 4p2
−

bx

x2 + 4p2
, (11)

Ù¥,

b = 4p2(
g

2p
− ω2) = 4p2(ω2

e − ω2), (12)

ωe =
√

g
2p

����±�é²ï�7áj�=Ä��Ý, � ω < ωe �, b > 0; � ω > ωe �,

b < 0; � ω = ωe �, b = 0.
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ã 1 !�=Ä��Ô�/7áj

Fig. 1 A parabolic wire rotating at a constant speed

�§(11)�±�¤

Lx = −N1x − N2x, (13)

Ù¥

N1x =
xẋ2

x2 + 4p2
=

∞
∑

n=0

λna1,n, (14a)

N2x =
bx

x2 + 4p2
=

∞
∑

n=0

λna2,n. (14b)

�ª(13)�éA�)©þ�4íúª�



















x0

x1

x2

...

xn



















=



















α + βt

−L−N1a1,0 − L−N2a2,0

−L−N1a1,1 − L−N2a2,1

...

−L−N1a1,n−1 − L−N2a2,n−1



















, (15)

���Ñª(14a)!ª(14b)¥� Adomian õ�ªa1,n, a2,n, �\ª(15)Ò�����5

�©�§(11)��)©þ, �)©þ¦ÚB�Cq)Û).

�âª(6)�O��N1x = xẋ2

x2+4p2 éA� Adomian õ�ªa1,n. Ùc 5 � Adomian õ�

ª�

a1,0 =
x0ẋ

2
0

x2
0 + 4p2

, (16a)

a1,1 =
x1ẋ

2
0

x2
0 + 4p2

+
2x0ẋ0ẋ1

x2
0 + 4p2

−

2x2
0x1ẋ

2
0

(x2
0 + 4p2)2

, (16b)

a1,2 =
x2ẋ

2
0

x2
0 + 4p2

+
2x1ẋ0ẋ1

x2
0 + 4p2

+
x0ẋ

2
1

x2
0 + 4p2

+
2x0ẋ0ẋ2

x2
0 + 4p2

−

3x0x
2
1ẋ

2
0

(x2
0 + 4p2)2

−

4x2
0x1ẋ0ẋ1

(x2
0 + 4p2)2

−

2x2
0x2ẋ

2
0

(x2
0 + 4p2)2

+
4x3

0x
2
1ẋ

2
0

(x2
0 + 4p2)3

, (16c)

a1,3 =
x3ẋ

2
0

x2
0 + 4p2

+
2x2ẋ0ẋ1

x2
0 + 4p2

+
x1ẋ

2
1

x2
0 + 4p2

+
2x1ẋ0ẋ2

x2
0 + 4p2

+
2x0ẋ1ẋ2

x2
0 + 4p2

+
2x0ẋ0ẋ3

x2
0 + 4p2

−

x3
1ẋ

2
0

(x2
0 + 4p2)2

−

2x2
0x1ẋ

2
1

(x2
0 + 4p2)2

−

2x2
0x2ẋ

2
0

(x2
0 + 4p2)2

+
8x3

1x
2
1ẋ

2
0

(x2
0 + 4p2)3

−

8x4
0x

3
1ẋ

2
0

(x2
0 + 4p2)4

, (16d)
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a1,4 =
x0ẋ

2
2

x2
0 + 4p2

+
x2ẋ

2
1

x2
0 + 4p2

+
2x3ẋ0ẋ1

x2
0 + 4p2

+
2x1ẋ1ẋ2

x2
0 + 4p2

+
2x0ẋ1ẋ3

x2
0 + 4p2

+
2x1ẋ0ẋ3

x2
0 + 4p2

+
2x0ẋ0ẋ4

x2
0 + 4p2

+
2x2ẋ0ẋ2

x2
0 + 4p2

+
x4ẋ

2
0

x2
0 + 4p2

−

2x3
1ẋ0ẋ1

(x2
0 + 4p2)2

−

3x0x
2
1ẋ

2
1

(x2
0 + 4p2)2

−

2x2
0x2ẋ

2
1

(x2
0 + 4p2)2

−

2x2
0x4ẋ

2
0

(x2
0 + 4p2)2

−

3x2
1x2ẋ

2
0

(x2
0 + 4p2)2

−

3x0x
2
2ẋ

2
0

(x2
0 + 4p2)2

−

12x0x1x2ẋ0ẋ1

(x2
0 + 4p2)2

−

6x0x1x3ẋ
2
0

(x2
0 + 4p2)2

−

4x2
0x1ẋ1ẋ2

(x2
0 + 4p2)2

−

4x2
0x1ẋ0ẋ3

(x2
0 + 4p2)2

−

4x2
0x3ẋ0ẋ1

(x2
0 + 4p2)2

−

6x0x
2
1ẋ0ẋ2

(x2
0 + 4p2)2

−

4x2
0x2ẋ0ẋ2

(x2
0 + 4p2)2

+
4x3

0x
2
1ẋ

2
1

(x2
0 + 4p2)3

+
5x0x

4
1ẋ

2
0

(x2
0 + 4p2)3

+
4x3

0x
2
2ẋ

2
0

(x2
0 + 4p2)3

+
16x3

0x1x2ẋ0ẋ1

(x2
0 + 4p2)3

+
16x2

0x
3
1ẋ0ẋ1

(x2
0 + 4p2)3

+
8x3

0x
2
1ẋ0ẋ2

(x2
0 + 4p2)3

+
24x2

0x
2
1x2ẋ

2
0

(x2
0 + 4p2)3

+
8x3

0x1x3ẋ
2
0

(x2
0 + 4p2)3

−

20x3
0x

4
1ẋ

2
0

(x2
0 + 4p2)4

−

16x4
0x

3
1ẋ0ẋ1

(x2
0 + 4p2)4

−

24x4
0x

2
1x2ẋ

2
0

(x2
0 + 4p2)4

+
16x5

0x
4
1ẋ

2
0

(x2
0 + 4p2)5

. (16e)

�N2x = bx
x2+4p2 éA�c 5 � Adomian õ�ª�

a2,0 =
bx0

x2
0 + 4p2

, (17a)

a2,1 =
bx1

x2
0 + 4p2

−

2bx2
0x1

(x2
0 + 4p2)2

, (17b)

a2,2 =
bx2

x2
0 + 4p2

−

3bx0x
2
1

(x2
0 + 4p2)2

−

2bx2
0x2

(x2
0 + 4p2)2

+
4bx3

0x
2
1

(x2
0 + 4p2)3

, (17c)

a2,3 =
bx3

x2
0 + 4p2

−

6bx0x1x2

(x2
0 + 4p2)2

−

bx3
1

(x2
0 + 4p2)2

−

2bx2
0x3

(x2
0 + 4p2)2

+
8bx2

0x
3
1

(x2
0 + 4p2)3

+
8bx3

0x1x2

(x2
0 + 4p2)3

−

8bx4
0x

3
1

(x2
0 + 4p2)4

(17d)

a2,4 =
bx4

x2
0 + 4p2

−

6bx0x1x3

(x2
0 + 4p2)2

−

3bx2
1x2

(x2
0 + 4p2)2

−

3bx0x
2
2

(x2
0 + 4p2)2

−

2bx2
0x4

(x2
0 + 4p2)2

+
24bx2

0x
2
1x2

(x2
0 + 4p2)3

+
5bx0x

4
1

(x2
0 + 4p2)3

+
4bx3

0x
2
2

(x2
0 + 4p2)3

+
8bx3

0x1x3

(x2
0 + 4p2)3

−

20bx3
0x

4
1

(x2
0 + 4p2)4

−

24bx4
0x

2
1x2

(x2
0 + 4p2)4

+
16bx5

0x
4
1

(x2
0 + 4p2)5

(17e)

3 Cq)Û)�(J'�

òª(16), ª(17)�\ª(15)U���)©þ, ¦Ú�����5�©�§Cq)Û)�

��L�ª. �duª(16), ª(17)LuE,��Ð©^�x0, ẋ0Úëêp, bk', J±l¤�

)Û)���L�ª¥?ØÙO(5. Ïd, ·��½�|Ð©^�x0, ẋ0Úëêp, b, ��)

Û)�L�ª¿�ÑÙ)­�, ¿ò)­����^ Mathematica ^��Ñ�)­�±9�

ÓÔìC{[2]¤�)­�?1'�, 5`²(J�O(5.

�Ð©^�Úëê� x0 = 1!ẋ0 = 0!p = b = 0.25, ò§��\ª(16)Úª(17)�
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�a1,n, a2,n(n = 0, 1, 2, 3, 4), äN�

a1,0 = 0, (18a)

a1,1 = 0, (18b)

a1,2 =
4ẋ2

1

5
, (18c)

a1,3 = −

12x1ẋ
2
1

25
+

8

5
ẋ1ẋ2 , (18d)

a1,4 = −

12

25
x2ẋ

2
1 −

24

25
x1ẋ1ẋ2 +

4

5
ẋ2

2 +
8

5
ẋ1ẋ3 +

16

125
x2

1ẋ
2
1, (18e)

a2,0 =
1

5
, (18f)

a2,1 = −

3x1

25
, (18g)

a2,2 =
4

125
x2

1 −
3

25
x2, (18h)

a2,3 =
28

625
x3

1 +
8

125
x1x2 −

3

25
x3, (18i)

a2,4 = −

3x4

25
+

8x1x3

125
+

4x2
2

125
+

84x2
1x2

625
−

304x4
1

3125
. (18j)

òÐ©^�Úª(18)�g�\ª(15), ��Xe)©þ, �

x0 = 1, (19a)

x1 = −

1

10
t2, (19b)

x2 = −

1

1000
t4, (19c)

x3 = −

1

375
t4 −

11

750000
t6, (19d)

x4 = −

11

93750
t6 +

229

350
× 10−6t8, (19e)

x5 = −

16

140625
t6 −

257

65625000
t8 +

289397

236250
× 10−7t10. (19f)

K3 3 �!4 �!5 ��ä�Cq)Û)©O�

ϕ3 =

3
∑

i=0

xi = 1 −

1

10
t2 −

11

3000
t4 −

11

750000
t6, (20)

ϕ4 =

4
∑

i=0

xi = 1 −

1

10
t2 −

11

3000
t4 −

33

250000
t6 +

229

350
× 10−6t8, (21)

ϕ5 =

5
∑

i=0

xi = 1 −

1

10
t2 −

11

3000
t4 −

553

225
× 10−4t6

−

137

42
× 10−6t8 +

289397

236250
× 10−7t10. (22)

ª(22)¥1���Ò��1�� “1” L«Ð �, 1��“− 1
10 t2”�NÐ\�Ý���, �

Ð\�Ý��d Adomian õ�ªa1,0, a2,0�Úû½, =dÐ©^� x0, ẋ0 Ú�©�§�ëê

p, b (½.
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3�Ó�Ð©^�Úëêe, ©z[2]¥ª(58)L«�Cq)�

ϕ = 1.092 937 297 cos(Ωt) − 0.123 160 203 cos(3Ωt) + 0.030 222 906 cos(5Ωt), (23)

Ù¥ Ω = 0.596 211 722.

Xã 2 ¤«, ùÚ­�´�âª(22)�Ñ�)­�, 7Ú­�´�âª(23)�Ñ�)­

�, çÚ­�´^ Mathematica ^��Ñ�)­�. lã 2 ¥�±wÑ, 31�� 1/4 ±ÏS,

dCq)ª(22)�Ñ�)­����^ Mathematica ^��Ñ�)­��©¬Ü, �ÙØ�

'^ÓÔìC{���)­���. �´3�m��«�, Cq)ª(22)�Ñ�)­�¬Ñ

y���Ø�. �)Ø��Ì��Ï´, ^ Adomian ©){)��5�©�§, �n → ∞�

â���p�CqÝ. Ï©¥�§LuE,, �©�O��c 5 �, l
3�m���Ñy

��Ø�.

1.0

0.5

0.5

0.5 1.0 1.5 2.0 3.02.5

x

t

ã 2 �âª(22)�Ñ�­�(ùÚ­�), �âª(23)�Ñ�­�(7Ú­�), ê�)­�(çÚ­�)

Fig. 2 The red curve is constructed according to Eq. (22), the blue curve is constructed

according to Eq. (23), and the black curve is constructed according to the numerical solution

Xã 3 ¤«, 7Ú­�!ÉÚ­�ÚùÚ­�©OL«3 3 �!4 �!5 ��ä��C

q)Û)­�, çÚ­�´^ Mathematica ^��Ñ�)­�. lã 3 ��, 31�� 1/4 ±

Ï�mS, 5 ��ä' 3 �!4 ��ä��Cê�).

1.0

0.5

0.5

0.5 1.0 1.5 2.0 3.02.5

x

t

ã 3 �âª(20)�Ñ�­�(7Ú­�), �âª(21)�Ñ�­�(ÉÚ­�), �âª(22)�Ñ�­

�(ùÚ­�), ê�)­�(çÚ­�)

Fig. 3 The blue curve is constructed according to Eq. (20), the green curve is constructed

according to Eq. (21), the red curve is constructed according to Eq. (22), and the black curve

is made according to the numerical solution
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,	, Adomian õ�ª(16)!(17)´dÐ©^�x0, ẋ0!��5�©�§�ëê p, b 9)

©þxn
i , ẋm

i (i, n, m = 1, 2, · · · , 4)L«�õ�ª, Ù¥�Ð©^� x0, ẋ0 Úëê p, b �±?¿

À�. d4íúª(15)���)©þäkÊH5, ?��|Ð©^� x0, ẋ0 Úëê p, b, Ò�

���|�A�)Û)L�ª9Ù)­�, ¿���^ Mathematica ^��Ñ�)­�?1

'�, E��Ñ31�� 1/4 ±Ï�mSüö�©¬Ü�(Ø.

�Ð©^�ÚëêC�x0 = 1, ẋ0 = 0, p = 0.25, b = 1, Uþã�Ó�{��Ù3 5 ��

ä�Cq)Û)

ϕ5 =

5
∑

i=0

xi = 1 −

2

5
t2 −

22

375
t4 −

6 558

140 625
t6

−

7 541

8 203 125
t8 +

1 145 066

9 228 515 625
t10. (24)

Xã 4 ¤«. ùÚ­�´�âª(24)�Ñ�)­�, çÚ­�´^ Mathematica ^��

Ñ�)­�. lã 4 ¥�±wÑ, 31�� 1/4 ±ÏS, dCq)ª(24)�Ñ�)­��^

Mathematica ^��Ñ�)­�'�¬Ü, `²3ØÓ�ëêe, ^ Adomian ©){���

Cq)�O(5äkÊH5, �ëê�À�Ã'.

x

t

1.0

0.5

0.5

0.2 0.4 0.6 0.8 1.41.21.0

ã 4 �âª(24)�Ñ�­�(ùÚ­�), ê�)­�(çÚ­�)

Fig. 4 The red curve is constructed according to Eq. (24) and the black curve is constructed

according to the numerical solution

4 ( Ø

ïÄåÆXÚ3�.5=ÄëìX¥$Ä�~~¬��©f©1¥þ¹��5���

��©�§, Ï�§E,
Ã{��¦�Ù)Û), l
Ã{
)åÆNX�$Ä5Æ. �

©^ Adomian ©){��
3�½Ð©^�Úëêe� 3 �!4 �Ú 5 ��ä�Cq)Û

), ¿ÏL�ã���^ Mathematica ^��Ñ�)­�±9�ÓÔìC{¤�)­�?1


'�. (JL², 31�� 1/4 ±Ï�mS(Xã 2 ¤«), 5 ��ä�Cq)�)­���

�^ Mathematica ^��Ñ�)­��©¬Ü, ¿�ÙØ�'©z [2] ^ÓÔìC{���

)­���. du Adomian ©){�3 n → ∞ �Ù)â¬�Cê�), Ïd3�O�k�

�Cq), �3�m�����¬�3���Ø�, ù�´ Adomian ©){�Øv�?. ,

	, éuê�)äk±Ï5�$Ä, ^õ�ªL«Cq)�3Âñ5�¯K, ù�¯K·�

ò,©ïÄ.
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