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Fig. 1 The path curve of a Fermi gas in optical lattice with non-disturbed mechanism

(C = 1.0,0.8,0.6,0.4,0.2)

HZX(5) , AHMERHE] Fermi SUAOE RIS FETCIE S T Lk ORIl iR



2 Fermi SHOR M AELPENL I 1B 58 479

z=iarccos|:C(l —82)_1/2 _64 k2<8d(1 - s ) +d(1 - ) )j| (6)

T ENSEN d, =d, =v=k, =1, %C=1.0,0.8,0.6,0.4,0.2 i}, Fermi S A&/
IR INIEIE NG BIRE AR (6) TEA M s,2( - 1 < s < 1) FRMABZMZ (BRI tnE 1
i

3 IR

MAE JE Fermi SUAOCRMETE LA RGN I s 2 AP E g 2 X (4) ,
T ARG REL f(s,2) # 0, FHEHT X2 A EAS AT e 5 2 ok G Fermi S M40k
n RS PRSI (4) XoF B Lk i i 3R =K.

B () 1ELH, 2 Z = cos z, 15

d s d, s,c0s”
az_ Z+1(l2 + 23«/1—32] _u. (7)
ds 1 -4 v 4k, /1 - s> 16k v /1 -5
BIA—AN L7 pR S AT TR A B S5 H(Z,p):RxI—R;
H(Z,p)=L(Z) - L(Y) +

d, s d, s,cos”!
[L<Y>+ 1( : + ﬁJ—Hj (8)
Wi 6k Y
Lzy=2%_
ds 1 -2

Y NG BRECAER H, H(Z,1) = 0 56RAR I3l R GAEART- i LB 72 (4) AR A i
JiRE(4) WIS H(Z,p) = 0 BIfR4 p — 1 I9TRTE.
EE???‘I‘%(S)E"JQ/I\%EE%,J‘%EX%M@%%& Y(s)=Zy(s),

Zy(s) =arccos{c(1 -5 - (8d,(1 =) +d, (1 - 52)2)} , (9)

64v k2
I
7 = iZ.(s)pi. (10)

Hit(lo)ﬁ/\f”xzz AT RIMEILST (8) , & 3T p HYIRIUCHR: R B BEHN 0.8 F p AU IR
FHCH 0, 80T LI

Yo(s) = Z,(s) =arccos[c(1 -s) -

HaN(8), H(Z,p) " p W—IKFmREET 0,1%
S(s,cos™ Zy(s))

" k2(8d(1—s Y +d, (1-5%)> )} (11)

L(Z,)=- . (12)
71 =8
A0 (12) , AT A3 e B Uh SR ik
f(r,cos™' Zy(1))
Z,(s)=- dr. 13
v fo[ ST } Y

H(8), H(Z,p) T p B ZREREET 0,45



480 g 51l

i
T
*
o
it
e

L(Z2):_F1’ (14)

s F= e B2 ]
?Eﬁﬁuwﬁﬂim%¢#M%ﬁ
Z,(s) == [ Fdr. (15)
(1) ((13) 0< 15) Fi (10) ,ﬁ%p = 1R (7) M — ke Y, LY,
(8d(1—s)+d (1 -5 -

64v k2

s r cosle0 r
J' {f( ( D}dr}, (6)

Y (s)= arccos{C(l - -

2
v/ 1 =7

Y2(8>=arCCOS[C(1-82)_1/2- (84,(1 =s*) +d, (1 =5")7) =

640k,

s {f(r,coleo(r)) } }
| +F, |dr|. (17)
-1 A
FHTRIEER 5, nl IS B RE (7) WS S L AR Y, (s) (n=3,4,--+), TFHAER Z = cos z, fll
133 Fermi MG ASTEIL S RGE TP 2(s) BISE n UHTIE % 2, -
z, =arccos[ Y ], n=1,2,--. (18)
4 Fermi MG AN AR

ZJEAE Fermi KOG IAS ARSI IS TE , B BRI R £(s,2) = esin’z A9 JE IR,
e /NP IESELX T Fermi ARG RS (2) .(3) Fm N

1

;fé:—v«/l—s sin z, (19)
12

d 0 d

Co P szt s(1 =s*) - esin’z, (20)

di /1 -5 a2’ m#
YR Z = cos z, X (7)) K

dz s 1(d s d, 5 1 =72
PR Y o asvl-sT—e . (21)
ds 1 -5 o \4k; /1 = 16k o /1=

1™ 32 bR ﬁﬁﬂ%%%f@ﬁmn)memwﬁm%@MQMMMm% Bk
(8d,(1 =5*) +d, (1 -5*)° ):| (22)

Yo(s) = Zy(s )—arccos[C(l )2 -

m#
H 3 (10) , TR 2 R T R BT (8) 1Y Z,(s) -
s 1 = Zy(r
ngz—gfq_ 1(3 . (23)

H z, th3(22) #ox.
M (14) , 13 5] Fermi %Mﬁ“ﬁ%%ﬁﬁ”(ﬂ)ﬁ’iﬂﬁ#m%ﬁi&f Y, (s) N

Y,(s) = arccos{C(l - 52)—1/2 _

r kz(Sd(l - ) +dy(1 -52)?) -



2 Fermi SHOR M AELPENL I 1B 58 481

-2

W RNSEN d, =d, =v=k, =1,C=0.5, 5/ Z% e =0.1,0.3 B, Fermi A
R (21) BPRS TR Y(s) =V, (s) FIREBETRYZRU Vo (s) =Y, 0(s) K Y (5) =Y, ,(s)
WL ARAE OsY AAR R A2 AN 2 & 3 Birom.

0T 02 03 07 osfs 06 07 08 09 0T 02 03 04 os.é 0.6 07 08 009
B2 R Vo) R KA Yy os) 3 HEHII Y. (6) U WA Vi o(s)
View1(s) BUBHZE LA (6 = 0.3) Viem1(s) HRMLE (e = 0.1)
Fig. 2 The comparative curves of the exact, Fig. 3 The comparative curves of the exact,
first and second approximate solutions first and second approximate solutions
Yos(5) Vi o(5) > Yoo (5) (& = 0.3) Voa(5) Yimo(5) s Y 1(5) (& = 0.1)

1P 2 P 3 s i 2R EE S AT L EDULH AR Y« ) A e 5 18— YT 1 4 LG 2 i 3 1 4
T AR, R 2/ NS RO N 1R $%ar S Y.

M (10) , ARSI 2 pR AT BB (8) /Y Z,(s) -
Zy(r)Z,(r) "

Z(s)=2¢ [ , (25)
LA
FRHEU(15) 53] Fermi “UAOG AR (21) M U0z =l Y, (s) 4
2N -172 _ 1 _S2 _s2 2 _
Yz(s) = arccos|:C(1 - ) 641}ki(8d1<1 ) + dz (l ) )
o 1= Zi(r 2Z,(r)Z (r
€f (r) + <><)dr_ (26)

! /1 -7
[ RE , 38 ] KA 5] Fermi ARG A A AR AL (21) O B UK BT AR Y, (n = 3,4, ), TiX}
RS (19) (20) B985 n YHLHIEM 2, (s) HIFBAN
z =arccos[ Y (s)], n=1,2--.
FAFESEE > 0 DIIE W, 78 Fermi S AAOG Sl A% b R 018 ) R 48 (19) L (20) BIZE n
NG 2, (s) FHBENRGHAE 2(s) Z A WF AR 2EA T,
2(s)=z,(s) +0(&e""), n=12,-;0<e<1,

5 [T AR AL )
Fermi TG MR ARR PRI — M Z6 19 FLRBL S, D7 B0 E i 1 — T et
BYSEAKER 3 ELFIMIIE 7 bR .1 SCZ B8 53 ) F A 7 o R — A A0 vk I



482 P R b S 21 oo i

T3 B KSR AR A I A ) B I (80 %) S AR AT it A R SR SR i — o O ik, O HLHOr s i B
WIRAEAWIR R R,

AT AR B R UE AT, BT LB IR RE 15 21 5 )5 A 11 bR AICA D) B (4 3 DL A
Mraak s AR, F R ARG 22 40 1k A BRIGTE  Runge-Kutta 15 S5 BUE R 1 — 2 AR RE A 2
()RR, AR SCH T STz R A3 BT B S5 35 A T V6 6 T i B AT 5 78 U 174 3 AL A ATy 2 3k =X R A 1
{045 3] B P — e A BB AL 5 12, O H AR A Rt b B 2%, i Lk 26y L 5 A AT 2%
PSSV S DI A i, QAT bl DB e ) SR SRR AR B A B AR M A A S 1 22
W, DRI AR DG DX 5 LSt 2 A R K i 2.

AR 2O KR AR LAY BRI B %, HETCA —Lemist, it ki, 6'/6 &
THE Jacobi 15 BREGE ABIERY CK J7 ik SFUCT A5 X TR TE—E & T, REF B8
AR AR R0 TR AR AR I A8 SR A T A — g BRI AR T, AR SO B i 3z v
3BT RIAE R SRS J 30 SR T AR A (%) TET 3 LA, 8 X FR A AR e eSS MR LA il i i Ay
BT Sz bR AR E A5 3R R [ A8 ) 45 T I e

I Sz R A A WS AT A — A5 HA 5 AN W] B R s B ST AR I bR O AT
() RIS [B] T B Y, SNSRI G FEZ R A AT I SCRRs [R)E SCR kAT 82 1 177 A
1% GRPE D) HOCEE SR E R R IV 2 5 AR R BT SRS, BN SR S (w) PR
O e A B 2 R ) — AT SR

[, FH ™ SOz BRIEA TR RAE T S Fermi KRG G RGLNE 76— W IE O T 715 5]
i R 2 v 3 AR E T E AR SCHY 2 5 P B B 13— i

TER AT SRS W SR 53 BT 7 A 38 2 PSR B ¥ 30 i B, 00 6 30 L 9 S RO AR 8 22 Y.
AIO Fermi OGS SRS BLZ 1 ) 46 30 AL ek B0 2 T TE A S B T RS 0 ik X 2
TR AR L Fermi “UAOG S A0 5l 2R GEAEAR - ThT 37 0 B0 2 ek IO A B 2235 2, DR TG H
W REHA TN IZ B A5 BT — 2D A AH S B RS a0 TH BB U Fermi SRR R 40+
BCS P& 2] unitarity F4LF 3 TS ISR B Josephson #3721 F 73K 111 FHHE & R ECA
TEANAIR ST R G AH AR RELL ] 1Y) 2 1 IR 25 55,

6 45 1w

AICH Fermi AL A AELRNEDL 3 RGOSR LA i £ onUrb i 1) 3Gz s by
RIS W 15 A7 i X M- — LR o] BB AU T WA AN AL AR D7 I A5 B i 2 e 2 7m
2, BT B T RLAREE P IR G) 002 25 i i A az 330 TR R 5 1 et JFC 2 Ao LA O A1

FHAS SCHO 757K 2 G VAR (A 0 i 1 B mT A7 AR A9 TR WS D7 i v, 90 B A ) pR 0
R DA RS 3 R LR BLENG W i B DRAIE T AR MR Sl A% RGP a om A RE R T
SRAGAEBER FARE 270 Bl DA AT 30 i 0 AR P S8Rt BB

22 3k ( References) .

[1] Anderson M H, Ensher J R, Matthews M R, et al. Observation of Bose-Einstein condensation
in a dilute atomic vapor[ J]. Science, 1995, 269(5221) . 198-201.

[2]  MEN Fu-dian, LIU Hui, FAN Zhao-lan, et al. Relativistic thermodynamic properties of a weakly
interacting Fermi gas[ J]. Chinese Physics B, 2009, 18 (7) : 2649-2653.



— & Fermi OGRS ARZL LR (9B L AT 483

(5]

[6]

(7]

(8]

[10]

[11]

[12]

[16]

[17]

[18]

Br, M, i, . P2 T HEER K B [N ES G0 3 ) 2 A0 A8 B H 1 9 e
[J]. Y324, 2006, 55(11) : 5623-5628.( MA Yun, FU Li-bing, YANG Zhi-an, et al. Dynami-
cal phase changes of the self-trapping of Bose-Einstein condensates and its characteristic of
entanglement| J |. Acta Physica Sinica, 2006, 55(11) ;: 5623-5628.(in Chinese) )

WEN Wen, SHEN Shun-qing, HUANG Guo-xiang. Propagation of sound and supersonic bright
solitons in superfluid Fermi gases in BCS-BEC crossover | J |. Physical Review B, 2010, 81
(1).014528.

BN, ZRARE, A, - IR BRI XA e S 3 - 2 PR M S e SR AL R i AR etk
B ER [ T). YR, 2007, 56(8) : 4348-4352. (ZANG Xiao-fei, LI Ju-ping, TAN Lei.
Nonlinear dynamical properties of susceptibility of a spinor Bose-Einstein condensate with di-
pole-dipole interaction in a double-well potential [ J |. Acta Physica Siwica, 2007, 56 (8) :
4348-4352.(in Chinese) )

WANG Guan-fang, FU Li-bin, LIU Jie. Periodic modulation effect on self-trapping of two weak-
ly coupled Bose-Einstein condensates[ J ]. Physical Review A, 2006, 73(1) : 013619-1- 013619-7.
QI Peng-tang, DUAN Wen-shan. Tunneling dynamics and phase transition of a Bose-Fermi
mixture in a double well[ J]. Physical Review A, 2011, 84(3) . 033627-1-033627-8.

Adhikari S K, Malomed B A, Salasnich L, et al. Spontaneous symmetry breaking of Bose-Fermi
mixtures in double-well potentials| J]. Physical Review A, 2010, 81(5) : 053630-1-053630-9.
CHENG Yong-shan, Adhikari S K. Localization of a Bose-Fermi mixture in a bichromatic opti-
cal lattice[ J]. Physical Review A, 2011, 84(2) : 023632-1-023632-7.

QI Ran, YU Xiao-lu, Li Z B, et al. Non-Abelian Josephson effect between two F'=2 spinor
Bose-Einstein condensates in double optical traps [ J]. Physical Review Letters, 2009, 102
(18): 185301-1-185301-4.

ETC, FLIE, W, 5. A AR R R FBRAbR R 5 U gEs s BERLT T . #BEAEdR, 2012, 61
(8): 087302.( WANG Wen-yuan, MENG Hong-juan, YANG Yang, et al. Variable space scale
factor spherical coordinates and time-space metric[ J]. Acta Physica Sinica, 2012, 61(8):
087302. (in Chinese) )

BT, M. AP g -2 T I BE R Y A BB 2 [ J]. MBS, 2011, 60(2) : 020303.
(HUANG Fang, LI Hai-bing. Adiabatic tunneling of Bose-Einstein condensatein double-well
potential[ J]. Acta Physica Sinica, 2011, 60(2) : 020303.(in Chinese) )

Modugno G, Roati G, Riboli F, et al. Collapse of a degenerate Fermi gas[ J]. Science, 2002,
297(5590) ; 2240-2243.

Volz T, Durr S, Ernst S, et al. Characterization of elastic scattering near a Feshbach reso-
nance in Rb-87([J]. Physical Review A, 2003, 68(1) . 010702.

AR, I, ARRR, S BORAIRTE G SR T G R 2RI G R O [ D). B AR
2013, 62(13) . 130308.( GOU Xue-qiang, YAN Ming, LING Wei-dong, et al. Self-trapping and
periodic modulation of Fermi gases in optical lattices [ J]. Acta Physica Sinica, 2013, 62
(13): 130308.(in Chinese) )

MO Jia-qi. Singular perturbation for a class of nonlinear reaction diffusion systems[J]. Sci-
ence in China(Ser A), 1989, 32(11) . 1306-1315.

MO Jia-qgi. Homotopiv mapping solving method for gain fluency of a laser pulse amplifier| J].
Science in China(Ser G), 2009, 39(7) . 1007-1010.

MO Jia-qi, LIN Shu-rong. The homotopic mapping solution for the solitary wave for a general-
ized nonlinear evolution equation[ J]. Chinese Physics B, 2009, 18(9) . 3628-3631.



£ R K W M

[24]

[25]

(28]

[29]

SR, BRGTIE. 28T SCIRLR MR 3h 6 BT RIS DL M R [ J]. W BEE4R , 2010, 50(3) :
1403-1408. ( MO Jia-qi, CHEN Xian-feng. Approximate solution of solitary wave for a class of
generalized nonlinear disturbed dispersive equation[J]. Acta Physica Sinica, 2010, 50(3) .
1403-1408. (in Chinese) )

MO Jia-qi, CHEN Xian-feng. Homotopic mapping method of solitary wave solutions for gener-
alized complex Burgers equation[ J]. Chinese Physics B, 2010, 19(10) : 100203.

MO Jia-qgi. Solution of travelling wave for nonlinear disturbed long-wave system|[J]. Commu-
nications in Theoretical Physics, 2011, 55(3) : 387-390.

MO Jia-qi, LIN Wan-tao, LIN Yi-hua. Asymptotic solution for the El Nifio time delay sea-air
oscillator model[ J |. Chinese Physics B, 2011, 20(7) : 070205.

SignBt. $U8h Vakhnenko J7 R ¥y PRACHY (A7 gt [ T ]. W BE=4R, 2011, 60(9) : 090203. (MO
Jia-qi. Travelling wave solution of disturbed Vakhnenko equation for physical model travelling
wave solution of disturbed Vakhnenko equation for physical model[ J|. Acta Physica Sinica,
2011, 60(9) : 090203.(in Chinese) )

SO, RO, BWLLEL HAERI R s AR R T REA T AR [ J ). WU BEAA, 2011, 60(5)
050204. (MO Jia-qi, CHENG Rong-jun, GE Hong-xia. Travelling wave solution of the weakly
nonlinear evolution equation with control term[ J]. Acta Physica Sinica, 2011, 60(5) ;. 050204.
(in Chinese) )

BRI, — AR AR B AR [ J]. W B, 2011, 60(3) : 030203.(MO Jia-qi. The
solution for a class of nonlinear solitary waves in dusty plasma[ J]. Acta Physica Sinica,
2011, 60(3) ; 030203.(in Chinese) )

MO Jia-qgi. Solution of travelling wave for nonlinear disturbed long-wave system[J]. Commu-
nications in Theoretical Physics, 2011, 55(2) . 387-390.

SRS, A12207, SR — AL iR e PSR [T ] R R, 2014, 35(9)
1046-1054. ( SHI Juan-rong, SHI Lan-fang, MO Jia-qi. The solutions for a class of nonlinear dis-
turbed evolution equations[ J |. Applied Mathematics and Mechanics, 2014, 35(9) . 1046-1054.
(in Chinese) )

TS, R, S JRERMELST U NNV RE MW T i [ 1. BRI 2%,
2015, 36 (9) : 1003-1010. ( SHI Juan-rong, WU Qin-kuan, MO Jia-qi. Asymptotic travelling
wave solution of soliton for the nonlinear disturbed generalized NNV system [ J]. Applied
Mathematics and Mechanics, 2015, 36(9) ;: 1003-1010. (in Chinese) )

PORSRE, RE, SR )T Schrodinger PLSIHE & REINTMELT]. RO ECE )2, 2016, 37
(3): 319-330. ( SHI Juan-rong, ZHU Ming, MO Jia-qi. Solitary olutions to generalized
Schrodinger disturbed coupled systems|[ J ]. Applied Mathematics and Mechanics, 2016, 37
(3): 319-330.(in Chinese) )

SHI Juan-rong, LIN Wan-tao, MO Jia-qi. The singularly perturbed solution for a class of quasi-
linear nonlocal problem for higher two parameters| J |. J Nankai Univ, 2015, 48(1) . 85-91.
122757, BRI, #hkElR, 45, —28 Fermi UAAEARL AL L h BLZe iy Ros [ J]. P 2E
4], 2014, 63(6) : 060204. (SHI Lan-fang, CHEN Xian-feng, HAN Xiang-lin, et al. Asymptot-
ic expressions of path curve for a class of Fermi gases in nonlinear disturbed mechanism/[J].
Acta Physica Sinica, 2014, 63(6) : 060204. (in Chinese) )

Liao S J. Beyond Perturbation-Introduction to the Homotopy Analysis Method[ M]. Boca Ra-
ton; Chapman & Hall/CRC, 2003.

Liao S J. Beyond Perturbation: Introduction to the Homotopy Analysis Method| M |. New



— & Fermi OGRS ARZL LR (9B L AT 485

York: CRC Press Co, 2004.

[34] Liao S J. Homotopy Analysis Method in Nonlinear Differential Equations| M ]. Heidelberg:
Springer & Higher Education Press, 2012.

[35] de Jager E M, JIANG Fu-ru. The Theory of Singular Perturbation| M ]. Amsterdam: North-
Holland Publishing Co, 1996.

[36] Barbu L, Morosanu G. Singularly Perturbed Boundary-Value Problems| M]. Basel: Birkhause-
rm Verlag AG, 2007.

Study on Path Curves of a Class of Fermi Gases in
Optical Lattices With Nonlinear Mechanism

SHI Juan-rong', ZHU Min*, MO Jia-qi’
(1. Anhui Technical College of Mechanical and Electrical Engineering,
Wuhw , Anhui 241002, P.R.China;
2. Department of Mathematics, Anhui Normal University,
Wuhw, Anhui 241003, P.R.China)

Abstract: A nonlinear disturbed model for a class of Fermi gases in optical lattices was investi-
gated. Firstly, in the non-disturbed case, the exact solution of the model path curves of Fermi
gases in optical lattices was given. Secondly, the generalized functional analysis homotopic
mapping was introduced and an iterative system was constructed, the arbitrary order asymptot-
ic solution to the nonlinear disturbed model for the path curves of Fermi gases in optical lattices
was obtained. Finally, a nonlinear small disturbance system was studied. With the proposed
method, the asymptotic expressions of the path curves can be conveniently formulated and fur-

ther extended.
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