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upper Lyapunov exponent vs. standard deviation of zero mean gaussian random static potential at energy level E=5
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s d7 -2 , P T 1AYIN D'7X'¥119' TN D NNINA

> (9%, ox | ox | g4 (9. 9y, 9y . )
dr—(au1 du1+au2 du2+au3 du3) l+(au1 du1+au2 du2+au3 dus)-j+

oz 9z | 9z | po= (O9* 0y, 07 T,
+(T duy + 5 duy + 5 du3) k _( oy B k) du, +

6U,1

dx
6u3

0x +4 9 4 aZ.A). ( a9y E.*).
+( I+ J+ k)-du, + l+6u3]+6u3 k)-dus

auz
d7=du1'31+du2'{’2+du3'33

d? - (hl - dul) ' el + (hz - duZ) - 82 + (h3 b du3) b 63



.ds? =d7=d7 :o"pnn, "M'ou'1'91'R TIX VINYX ds -1 No3

ds? = (£1-duy + €, - du, + €5 - dus) * (£1-duy + £, - du, + €5 - dus)
ds? = ¥p-1X9=19pq - dupdug

. AP0NA DTN RN gy =€, €y = hy - hy (e, x €)1 WRD

eq L () 1 e , e1*x€y, =61 *e3 =€ xez= 0 : n"pPnn N'212MNIX NdIYNA
TNI N'222IMIXK X' NMIPYN NIXMIRIPZAN IOWWN DX NI DX p F q , 9pq = 0 : ;70N

ds? = h,% - duy® 4 hy® - duy® + he® - dus®
I N'722INNIX NDYN2A 191 DINX
dv = |(hy - duy - eq) * (hy - du, - e3) X (hz - dus - e3)| =
= h1h2h3 . duldusz3 . |61 * (62 X e3)| = h1h2h3 . duldusz3

le; x (e, X e3)| = |eg xeq| =1 D AWUND
1 2 X e3 1*€1

. R3 ANN2 NITAI'M N'7RIMIIX NINIRY NIDAYN "My anx)

x=p-cosf , y=p-sinf , z=z : N2 ndwn
p=20, 0<60<2m , —0<z<+00
7(p,0,z) =p-cos@-i+p-sinf-j+ z-k
o7 oy . or : . . aF o
$=c058-1+51n9-1 , £=—p-sm9-l+p-c059-1 , Ezk
hp=1 , h9=p , hZ:1

dv = p-dpdfdz : no1vINIX , ds? = dp? + p?-dB? + dz? :yiama NIX VININ
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x=p-cos@-sing , y=p-sinf-singp , z=p-cosge : M"ITO NdYNn
p=0, 0560<2m , 0LZ¢p<m
7(p,0,90) =p-cos@-sing-i+p-sin@-sing-j+p-cose-k

o7 : oy : . ~
—T=c050-51n<p-l+51n0-51ngo-]+cos<p-k

ap
Z_;: —p-sinf@ -sinp-i+p-cosf-sing-j
%zp-cos@-cosgo-i+p-sin9-cos<p-j—p-sing0-l€
h,=1, hg=p-singp , h,=p
ds? = dp? + p? - sin¢@ - dB? + p? - dep? :yiaMa IR VIR
dv = p? -sing - dpd@de : N9 VINYN
~AL 4 Z
P
@
< > Y
6 \\\\\\\
X o
NIT Nd>WnN n'7'72a nd>wn

- [IYRY TON D01V

NIMIPY NIVYITIXRIZ NIDYN 'NY |2 contravariant-n AN ' 1Y XYM
: (Uq, Uy, Us) -1 (Ug, Uy, ug) NNIY
-1 (U, Uy, u3) NIDWNN MW7 (x,y,2z) N'T'OZN NOWNRN |2 (1) Apnyvnn DNTan ' v
: NAD NPNYNN DR RXINT ' (y, Uy, Us)
3B) Uy =uy(up, Uy, uz) Uy = Up(Uyg, Up, Uz) Uy = U (Uy, Usp, Us)

D NDIYNN MY "M'oV1'I'RN NVNN NI0RI NR A'X)
d?=£1'du1+32'du2 +'€3'du3 . (ul,uz,U3) noayna
d?=?1'dﬂ1+?2'dﬂ2 +Z’3'dﬂ3 . (ﬁl,ﬁz,a3) noayna

fl'du1+l’2'du2+£’3'du3 :Z)l'dﬂl'l"?z'dﬂz +Z’3'dﬁ3



: P Tz (3) npnynn 7w DYRYINDTN NN AWN)

_ ou ou ou

du1 =1 d + _1 d + _1 b du3
aul

_ _du au au
du, = —2-du —2 du, + —=-du
2~ 5y, 1t 2+ ER 3

__odu 6u ou
di; = —2-du, —3 du, + —-du
3 6u1 + Uy 2 + aU.3 3

DTN WA duy, dU,, duz 97U DTN 2 NIWAE 'Y ARIYNA DY7R'Y9 TN Y]
au1 auZ 6173

‘21:'21 9 1+'€2 au1+£’3 ou, .I73.|7]|
Y, . aul auZ 6173
—_ P . aul auz 6173

£3 o el a'LL3 + ‘82 au3 + ‘83 6u3

: contravariant-n 0'0an ' 7y nDWwnNN MY Y A € R3 ]
A =A1"€1 +A2'€2 +A3"€3 ) A=/I1'Z)1+/TZ'?2 +A3'?3

A1'£1+A2"€2+A3=/Tl'21+142'22+£3"?3

: KA NPnwnn g €4, €5, €3 9w omTn nnwa nRknwna €4, 85, 3 1)

- ou
Al 7% Al _1 AZ _1 . A3
aul auz 6u3
- ou ou u
(4) A2 =2 AN+ 2 A2+ 243
6u1 6u2 au3
— ou ou ou
A==+ 42+ 24
au1 auz 6u3

-y 2 mixipn nnixa AL A%, 43 naaoann AL A%, A% pranann 1 wpn aa

- ou ou ou

p — 2% . g1 P. A2 P . 43 _

AP =SB A SR A A p=123
u

AP =Tzl AT, p=123

: NINQD ATANN DX A'YN7 N7 nwoNn (4) npnynn

NINIRY NIVI'TIIRIP N2WN 721 DX [IYNY AToN contravariant=n 11010 INIY DNIX
(4) npnynn nnn Danwn WX AL A%, A3 nmoon nwitw YW nImo n¥p naima
. TNNX NINIRY NI0YTURIE Nowna AL, 42, A3 animo nxigh

. Contravariant-n q10p1 D2 X7 [IWURDY YTON contravariant=n 11010



NNIY 1INy NIV MIXIZ NIDAYN 'NY |2 covariant=n 'a'™>n |'2 YR RXN]
(U, Uy, U3z) -1 (Uq, Uy, uz)

: contravariant-n 0'oan ' 7y nDvNN 'Mw 97 4 € R3 a'y)
A=A1'L1+A2'L2 +A3'L3 ’ A=/T1'i1+142'i2 +A3'i3

Al'L1+A2'Lz+A3'L3=14T1'i1+142'i2 +1‘T3'z3

Uy, Uy, Uz 7Y NI'PZ7N NINTAI DY NIMTZRPO NIRNYN WITYT DD'2I 1T NNI0RI NRIYN
LA, Ay Ay -1 Ay, Ay, A covariant-n 12N 0'793imn P nTip x, y, Z '9% Uy, iy, Ui -
NPIYAN NN MYIWN 7D DY X, y,Z '97 Uy, Uy, U3 W NIFP7N NNTAY 2AwN)

72U D'TREN DY NIMYRPZON NIRIYNAN WI7Un DNXRA NIX 231 (3) npnyn 7w nDoinn
D x,y,z 97 U, Uy, Uz W NIRINN NNTAN

% auz 6u3

1:aﬁ1.A1+6_L_L1.A2+6_171.A3
1 =, Ouz Ous |
(5) Az_aﬁz A1+6172 A2+aa2 As
1. = o, Ouz | ous
A3_aﬁ3 A1+aﬁ3 A2+aﬁ3 As

-y P NN XA 45, 4,,A; naoannl Ag,A,, A3 DRDINN 2 WD AY)

7 o— 9w, ou, Ous —

= Ap_aap A1+aap A2+aap A; , p=123
T _ v3 Oug. _

e Ap = qzla ACI , P = 1,2,3

: NINQN ATANN DX A'Yn? 17 nawoxn (5) npnynn
N2IN1 NINIPY NIV TIRIPZ N2YN 721 DX [IYNY 1Ton covariant=n 1101V INY DnNIX

n¥n?? (5) npnynn NNN DINWN YWWNR A4, A,, A3 DM90on nYITY 7w DNITo nXiagp
. DNNX NINIRY NIV TIXRIP Nowna A4, A,, A; nITo

. covariant-n 2101 DA X1 [IYRY 1TON covariant=n 1101V
: Y 2T0N 0"MI01V

NNIEY NIV TIXRIP MDY 721 DX AW YToN contravariant=n 11010 [INIY DX
NENYNN NNN DANYNWR §,j =1,2,3 ; AY pm9on nywn 7w nITo NXIAP NNl
: DINXR NIMIRY NIVYITIRIZ NOWN p,q = 1,2,3 ; APY nI1mo nxIap7? nXkan



o, g

qu = 23 121 1 aul Al] ; plq = 1)213

6uj

N1IN1 NINIRY NIV TIXIZ DY 701 DX Y YTON covariant=n 11010 [INIY DX
NNAN APNYAN NNN DNYWN WX ] = 1,2,3 ; Aij DI90N NYWN 7Y NIITO nXIAp

: DNNKX NINIRY NIVYTIRIZ NOWN p,q = 1,2,3 ; /qu NIITO NXIAPY
A, = AT =1,2,3
pq = 1ZL 1au E ij » bq= 14
n>yn 751 ox ( contravariant & covariant ) AW 2TON 211YN 1101V [INIY DNNIX
WK i,j=123; AJ‘- D50N NYWN 7¢ NITO NXIAP NN NINIRY NIV TIRIP

NIVYITINRIP NOWNA p,q = 1,2,3 ; A_Z NIITO NXIQ{77 NNAN AgNYan NN D'INWUN
: DONX NNy

v 6up uj. i . _
Ay =27 121 1 3us oa, 4 5 pq=123

. NNTAAY ') P AT 1avIN J'\I'|7'1nn NiINTan S ANlna
. 3 TMNN N'YIAN 2XMUN XN Y 1TOoN 11010

. |"OWINX ¥ AanoN ndon
NIXIPA MI¥A NI DAND DNIX a4 - x4+ -+ a, - x™ 29n% md Do 7w 1A namd

'10'2N NX 0O'AND NIVYWO , MIXE/M NI NMIX A'XN ["OWI'R LIAN, Zl 14 xt -v 1
i

LAt X" =YD
OPTY'R X071 OTYI'X INIX , NN'DON NKX D'YVXAN NIAY O TI'X 7027 0T M1V D'YNANN 1INIX
. NT

'WOIN Oj7TA'X X171 INK 'UNNN 110" 721 IX NND'0 11V 1] TNK DYD V'9INN O TI'N
(3) npnynn R XN 4y, = U (uq, Uy, uz) 101N 7N Md 17w 0Mvonn 73 7apnn
.(1,2,3 pnoon aym k)

: INQN NNI¥2 1AND' DMI0IVN NN'DOoN DDoN 'S 7Y

_ U :

AP = # -A? IR QTON contravariant-n 11010
q

— auq .

A, = pral Aq : [IURY YTON covariant-n 11010
p

'WOIN OPMI'XN—p ; NMATOPTMI'R—¢q
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0u, 9

APq = - AY g 1Ton contravariant-n 11010
6ui 6uj

T du;  Ou; : -

Apg = — =LAy : 1Y TON covariant-n 1101V
aup auq
ou ou; :

A‘Z =—2.J.4 ;W TON 211Yn 1101V
ou; oug ~J

DUWOIN D'OPTIN AW —p,q ; MATDOPTIN I — i, ]

NXIn ; 570N 211YNn 11010 KIN Ath 7wun? mod |IDIX INIX] D'ATAIN NI12A ATON 0D"I01V
. XAn npnyvnn NNy DX 2 1Ton covariant 1101V XInl 3 YTon contravariant 11010

A—prm_aﬁp 0u, 00Uy Our Ou; ,qst

§j 7 ouy ous ou 0w ou; K
n 3 .
.omTpn 3™ 17 w* R2 anana 7. 170N 11010 : Nlpon

m”™ D'MTENn 150N Doy R™ 1nwW75 2ANN2 1. 1T0N 11010 YTANT [N 770 DIKA e
. TAN M 0PI RIN [IWRY 1TON 11010
.M TANN N'YIAM N¥N0N KIN Y 1ToN 1101V
. R™ anana o"a7an R3 anina niziyon '

11010 TAINI N7YNnY%? OPTI'X DY KIN contravariant -n 11010 NN NNDOoN : NYN
. NLN7 OPTI'R DY NIN covariant -n

AN, (U, Uy, Ug) NIVITURIZA NDWN W A0 @ : R3— R 'nn %0

72U ND9IN NPNYN NIDWNAN MY |2 'Rl DNNKRD NIVYTIRIE N0 (U, Uy, Us)

. IT APNYA NNN N7y Yo X @ @ R — R 8, (3) npnyn

, ( Invariant - nxnwn X7) IX 1770 NX71 @ TR DPNYNN NNN @ = @ T'NN D"'PNN DX
. 09X 1TON 1101V NKXI71 DA

W NTW D' DINIX 1INIX, 11010 1 TAIN R™ anna N 752 oK 11010 W DY
. 1101V

. 09X 1 TON 1101V 7Y NTY KIN M770 NTY

. IUR 2TON 11010 7Y NTY KIN NIVPI NTY

. "IY 1TON 11010 7Y NTY KIN '¥M0N NTY

N2IYNA D'ATENA NXIAR NIYXNINA 7 DNTAIN DR 11010 7¢ DTV IR 11010 @ 2yn
NIPNYNN 7D NN NI7APNNY DTN 7W NIXIAR 70 NIYXNIRA N7R NTTIA DIV TINIE
. R™ Anna nniv NI MINIZ NIDWA |2 NIMWORND



. UN'O-'VIN 0201 "MUVN'O 1101V

DX covariant n'opTI'R WY IX contravariant D'opTI'R WY 0N MLN'O X171 1101V
.D'07TI'RN Y NI W TTAN 'Y NNK 'Y Y71 DNIRY 110100 'RTN

AGFT = ADYT nupnn DR p -l m D'ORTI'R MW7 0N Mon'o X Al 1010 : 7un'
contravariant D'opTI'X W %37 0N MVN'0 1101V KIN DX MVN'O NIV X171 101V

. covariant D'oTI'R v 707 Dal

D'OTI'X WY IN contravariant D'opTI'K IWY7 oN'a MuN'o-'VIX X171 1101V
.D'OPTI'RN W MiIpn 7Y 'TTNN 'YW MNX [A'0 71 DWN 11010N 'TPn DX covariant
D'PNN DX p -1 m D'OFTI'R 1YWY 0N MUN'0-'0IX K17 ALY’ 11010 @ 7wnY

qs
757 0N VN'0-'VIX 1101V KIN DX MVN'O-'VIX NIV X7 N0V . Agy = —APT

. covariant n'opTI'R W 707 Dal contravariant D'OPTI'R Y

* D"MIO01V DY NI'0'oa NIy

210 IMIXAI NTO INIKA D101V NIV TN NIF IX D100 2w 1IN : Addition , Yarn
210 IMINN 11010 NRXINNI ( covariant 7w contravariant 7w 0'opTI*K 190N INIX )

* N'N AN N7V |, 101 1 TO INIXNA DIV Y B;”p -1 A;{’ 2wn'7 . 1T0 ININNI

mp _ pmp , ,mp
C; =B, +4,
ININNAI TO INIXA DNI01V 1IAY TN NI IR DNI01V 1Y 110N : Subtraction , q10'n
A10 INIXN 1101V NRXINNI ( covariant w1 contravariant 7w 0'oT1'R 190N INIX ) 10
I X'N 1I0'NN N71V9 , 2101 1 TO INIKA DMI01V Y B;"p -1 47 wn% .70 Iminni

Cmp _ Bmp _Amp

q q q
1 T071 2107 NIA'YWN |'RI DNYW?D 01010 Y 2 YTam 7900 : Outer product , 793

.0'7921NN 010100 TO AW DIDO7 NHYN 1TON 1101V X'N N7APNNN ARXINN , DN7Y
Ch™ =AF -BM™ :xn B4 A" DMI0100 W 2 7950 NRYIN 7wnY

NI 1IN DN7W ATOW DMINK D01V Y |12 792D INIX AINDY7 AWON 11010 70 X7 : nyin
. DNTIAN TN X7 0M1010N |2 PI7'NN N71YD D7

NN covariant o7 T'R7 NN TNX contravariant opT1'R w' oX : Contraction , nixny
DIDON NRYIMA TR, 7 =S D'PNNY ' N1 53700 AZ” 110102 7Un7 , W' 110103

. ["OWIR W NN'DOoN DD0N 'S 7Y N7apENN DY 0'ORTI'R DNIX 11AY 1101VN MTPN
. MIPNN 110100 1TON D*YWA [V 1 TON 1101V K'N NN'DON NXXIN

= YAy =4 =B;7 , 3ilwnton B)”
1ihwAaton €™, ¥ _ BP =B,"=C™ :p'agn, p=q DamnTy



NI7IY9 '"MYn N15NN 0MI010 Y |2 NS N790n : Inner product , n'™19 n795n
|2 [I"IY D" NNINA ) DIXNAY NZIV9 D INKRI DNI010N YW |2 790 N71IVD n7NNna
N'N N'M'9N 079000 NRXIN, ( INKR covariant o7 TI'RY? TAX contravariant opTI'N
. D"MIPNN 0DMI010N Y MTO DIdDON 0MYWA |V 17W 1 TON TWK 11010
mp _ ,mp q . — - mp

. Cy =Ag" "By XN (r=q:nMM) Bg -1 A;" |'2A N'M90 27910 7wnY
:(p=sDal r=gq:NNN2) 7UnN7 71> N7190 N9 N'790N0 Y¥27 TWOKX : NN

m _ mMp _ ,mp  pq

Di* =Cp" = A" "By,
X7 IN 11010 X'D OX DWTIF N'R1E X NIMdN 117 nama D N : Quotient law , nann 7In
N'N X NINDN TX 11010 X'N INWD 11010 127 X NiMdN "2 NS0 N790NN NRXIN DX,

. 11010 NIXTIIA
. NATOXNXIONI N'A'VLVIMI [N N'N1S N79501 79> , 11N MTANY NI7IVON NUITY e

. 2 77T0N 211YN 11010 X'NIPNE W RN7T 1 NIYL
2 1271 MMNK NOYITIRIFZ? D'XPZAD NI'R NI TR D (Uy, ..., Uy) NOWAD 2 DNDIN

127 (Uq, ..., Uy) NIWNAN |2 (ND91N DA APNYN NN 2D Jup _ 1, p=q
1 Up [ | " T, 0,p#q
S MWW 77D 197 ™8 (U4, ..., Uy) NIYN

aup:aup_aﬁrzaup_aak_{l, r=k}={ 1, p=q

Up

dug 0u duqg dur dug (0, r#k 0,p+q
duy, 0ou
.27Ton 1N 010 & —L-—£. 5T = § < §P -aapang Yw kn'7T noa
ouy Jdug q q

. 270NN 11010
I NIN R3 anna nimipy NIvIMIXIZ NN NN VINYN VIAM D 1KY
= Z13;=1 22=1 Ipq " dupdug
ds? = Y0 _ 120 1 gpq - dupdug :RID R 0VINZX VI R™ 2nNn7 077N
. ds? = gy, duydu, :2N7 TWOKR NN'DON DOON ' 7Y

. 0UN'o 2 1 ToN covariant 1101V 02N gy, NPIVNN MTPN MYV

Wwon O =30 Yo ap A - AF = qjp - A7 - A¥ anixa o o non a7'nn : anoin

O = by AT+ A% -y nmuono bjx DTN DY ININ 2INDY?

O=aqy A A =ay A A =ay A A = 2D =qp AT AR+ ay - AT - AR
= d=2-(ag+ag) A -AK = by - AT A = by =2+ (ay + ag;) = by
-5 jk kj — Yjk Jjk — 5 ik kj) — Ykj

127 (Uy, ..., Uy) NIIYN |'2 12YNI NINWA 12'KI 1770 KIN 2NN ds IR VNN

DT DN Gpq -1 Gij ds? = Jpq - duydiy = g;; - dugdu; @ 2 (Uy, ..., Uy) NOWN



ou; _ ou; _
du; =#-duq , du; =#-dup D'7N'¥INO'TN 2'¥Y, 7"20 Nnavon 197 nMoun'o
q 14
ou; 0uj ou; Jouj
o didi. = g L2 A7 AT g o= 2 9%
Jpq - AUy diy = gi ou, ou, dip,diy = Jpq = gij ou, ou,

"TIO! 1101V IX NE'LNN 1101V X', MUVN'0 2 1ToN covariant 11010 XIn Ypq

G(p,q) -2 noal, g = |gpq| ! Jpq N?ILNN N¥UN 7Y NVII'NIVTA IR g -1 [NO)
N0LN'MIVTN AWM g, DTPNN 7Y V0PN NX
((=1DPT1 7193 g,,, DTPNN 7¢ NN 7W NVIINIVTA KIN VPO )

. g#0:amm,i=1,..,n; ivon iy g =37, g; G6@0))
.09X7 NIIY NX¥M0NN 7¥ NLII'MIVTN NIY NNIY N2 W' NI AXN0A : NIDNN DYIT
7V MTIN NNK MY N2 W'Y )2 N0Nnn NXN0UNN N727nnn Nwian axnon N1l
. INX MY [12WN 7V nnxy
N7 DMI' ) NN 1'RY DN NNXY 7V DNTIND NIYA '97 N01I'MI0TN DX AWN)
[ # k, "pn 'R DIpnn k-2l Nipnn Dignn i -2 noa, ( D'nwn

2i=19kj "Gk, j) = Xio19i5- Gk, j) =0

; : 1, i=k 1
7:19ij'9k’=gij'gk1={0 i¢k=5ik = qu=§-G(p,q) : |N02

. Mun'o 2 1ToN contravariant 11010 XIn gP? @ myo
271 D'LN'0 DN NMILVN'0 N¥NLA 7D 7Y DNIMN NXMN D VYITT N0 gy, - NNDIN

N 71901, 1INWY) contravariant Vo1 k1N BP ' N, nunto gP? ™1 G(q,p) = G(p, q)
. By = gpq * BP 1 1n¥'D covariant Niopl 72 (N n79on ) g, N0ava BP

= g/9B, =g’ gy, B = 5;,' *BP =B/ : g/ nTpna B, NX 7190

XINI 2 770N contravariant 11010 Xin g’? nmn pin 97, g/?-B, =B/ -wnnp <
. mun'o

pg N7M0NN NIV 7w TMXN 11010 NiIn gPT , g, - gPT = Y =

. TINXD N"M0VNA NI0IV  : K7

Jpq N7 NTINXD N¥M0N gPY ppnonn NYVAY NIFIEAT'RN NXNM0N XN §? =

(gpq)_l = gP1 1T ITND'ON N Grg - 9P = gPl - ggr = 67 7922 NIDZNNNI NIMUN'O
& gpq NPIVNN NX0N 7Y adj -n N¥MLN MAX DN G(p, q) DNILPON 117 D'

( Riemann ) mam anan X131 npmon 2 N1Tan 2N 27 [9IXa
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. N'TO? NOYNI I'I"'1|'!IN ann

- NINn MIR VINTX VIAI pFq 9pq = 0 o"pnn N'222MNIK N>WWN2 OTI? 1IRXN

2 _ 2 — — 2 — . 2
™ds® =du,” & Vp=1,..,n g,, =1D0"pNn DX '019 Mpna, ds* = g, - du,

. I'TON NDIWN XN NDWNANI 7 TN " TYRIN 2NN X' D'701Y 11X 12 2NNN

: Associated Tensors , pniwp 01010
NTIN IX NIR7UN NIYXARA 901 11010 1191 7'9107 0'213' 11NN, INW7 11010 [N1'N2
. 1'9N7 IX covariant-7 contravariant opTI'X N2'9N NI, INIY IX TAR OPTI'R
NI795N0 150N NIYXNXA 727110 KNI MIPAN 110107 AWE 11010 X171 01N 11010N
11010 |'27 IX D'OPTI'R 1900 NTINT gy, NPIVNN NI01V |27 MIPAN 11010N 2 NI'NNIO
. D'OPTI'R 190N NX7WN7 gP? Timxn nponn
NTIN ) covariant -7 INIX 1907 "2 110102 contravariant OpTI'R KIN ¢ [IN1 : 110N
NIXN DI7N2 r NIKA 7UN? T'A1 110102 NY'9IN K7W NIKA OPTI'R INIXK D'IMOoN ( g OFTI'N
MTIIR, 7 =g W WATY g,q 7217 N [IN'02 NP'I0NN 1101V 1I01VN NX D'791D1 g
. OPPTI'R NX7VN 127
LTV 1IN D' WED, DMIYR DMI010 W DN Ay, -1 AP hunt

AT = gPl-A, IN Ay = gpq Al

A, =AY &= A, =6,,-A1=06,, AP = AP & g,, = 6pq N'TUIR NDWNI
qu =g'P- Arq ; APl =g'"P . g%h- A qus = Yqr - Aprs - NIRNArT

tk t

Aqmn = gpk "Ysn” grm 'Aqrs p

: Christoffel SyIIIbO|S , 19100"MD "0
1 ag ag ag
(1) [pq’r] — ( - - n )

2 Ooug oup ou,
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% Anderson localization in one dimension

% calculation and drawing graphs of upper Lyapunov exponent

% sigma : vector of Standard deviations of zero mean gaussian random
static potential

% E : vector of Energy levels (eigenvalues of schrodinger's equation)
function Upper Lyapunov_exp = Anderson Localization D1 (E, sigma)

theta=linspace (0,pi, 1000);

j=1;

while (j<=length (E))

i=1;

while (i<=length (sigma))

Gauss=Q (u) inv (sgrt (2*pi) *sigma (i) ) *exp (-0.5* ((u+E (J)) /sigma (i)) ."2) ...

.*log(sgrt ((cos (theta) *u) .”2+u*sin(2*theta)+1));
Expectation Ul=integral (Gauss,-Inf, Inf, 'ArrayValued', true);
Lambdal (i) =max (Expectation Ul);

Upper_Lyapunov_exp(i,j)=round(Lambda1(i)*l.e4)/l.e4;

i=i+1;

end

figure (J)

plot (sigma, Lambdal, '*")

axis ([0 max(sigma)+0.5 0 max(Lambdal)+0.5])

xlabel ('\sigma')

ylabel ('\lambda 1")

title(['upper Lyapunov exponent vs. standard deviation of zero mean
gaussian random static potential at energy level E = ',num2str(E(j))])
J=Jj+1;

end

[X,Y]=meshgrid (E, sigma) ;

surf (X, Y, Upper Lyapunov_exp)

xlabel ('"E - energy')

ylabel ('\sigma - standard deviation')
zlabel ('\lambda 1 - upper Lyapunov exponent')
title(['upper Lyapunov exponent vs. standard deviation of zero mean

gaussian random static potential & energy level E'])
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o°

Euclidean geometry
drawing graphs of normalized correlation functions ; same coordinates
tau B : the relaxation time

o°

o°

% t : vector dividing timeline from the begining to a final second tf
% n : number of points in timeline

% E PP : Normalized Mean Quadratic Momentum

% S2 : Normalized Mean Square Displacement

o\

E PX : Normalized correlation function between momenta and position
function Eucgeo corrfun(tau B, tf,n)

t=linspace(0,tf,n);

E PP=l-exp(-2*t/tau B);

S2=t/tau B+2*exp(-t/tau B)-0.5*exp (-2*t/tau B)-1.5;
E PX=1-2*exp(-t/tau B)+texp(-2*t/tau B);

figure (1)

plot(t,E PP, 'linewidth',2)

axis ([0 tf min(E PP) max(E PP)+0.05])

xlabel ('t (seconds) ')

ylabel ('<pta(t)p a(t)>"');

title(['Normalized Mean Quadratic Momentum in Euclidean geometry ;
relaxation time \tau B=',num2str(tau B),' sec'])

hold on

plot(t,1,'--r")

hold off

figure (2)

plot (t,S82, 'linewidth',2)

axis ([0 tf min(S2) max(S2)+0.05])

xlabel ('t (seconds) ')

ylabel ('<x%a(t)x a(t)>")

title(['Normalized Mean Square Displacement in Euclidean geometry ;
relaxation time \tau B=',num2str(tau B),' sec'])

hold on

plot(t,t/tau B-1.5,'--r")

hold off

figure (3)

plot(t,E PX, 'linewidth',2)

axis ([0 tf min(E_PX) max(E PX)+0.05])
xlabel ('t (seconds) ')

ylabel ('<pta(t)x™a(t)>")

title(['Correlation function between momenta and displacement in Euclidean
geometry ; relaxation time \tau B=',num2str(tau B),' sec'])

hold on

plot(t,1,'--r")

hold off
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1.09¢9 _ p? - si
[0p,0] = [90,6] =3 = =~ p? - sin(2¢)
1 99 1 1 99
lop.pl==5 5 ==720==p; lpp.ol=loppl =5 5 F=p

{ep }=gp” [66,p] = —p - sin(¢p)

} {99} o 16p,6] = e Sjnz -p-sin2(<p)=%

i

0

po
{(p}_ ¢¢ . (00 ]——-—l- 2.sin(2 )——l-sin(Z )
99 =9 1= T3P »=T i



{HH(P } - {(PHH } - 999 100,61 = pz-sjn2<p -p? - cos(¢) - sin(@) = cot(¢p)

{<pp¢}=g”p-[<p¢,p]=—p ; {pgfp}={$p}=g"’"’ [pp, <p]—% p=%

P71, dp =0 & p = a = constant , Ny p OI'TIN NI TIXIFZ : NIT QYA

a o171 7252 "I *Tn-IT Nvwn Xl N¥R-NNY R3 (anin) n¥izn n1avin nownn
ds? = a?-sin@ - do? + a? - de? DTN DY Y IR VYK . 'YK 11N
C N N7 nTMYN AxXMon aptonn (11010) NYMLVN

gPa az-sinZ¢ 0 g = (a2 -sin?p 0 )
o =) = 7 0 a?
a

@ NNK NI TIIXIP DY 6 NIV TINIF AIT D'7'>nN DN D'M'RNNAN 79100 'No

{9%}= —~-sin(29) = —cos () - sin(¢) ; {Hfip} = {;9}= ijgzi cot(¢)

g U | o a1V Lin U 1] nmmypyn 11010 AvnNl

T R AN TARFAR RS KT RARART

=0 ,j=0 o

Reekh=aiw({eeh}_a;;{ﬁek}-l_{ﬁek}{:h}+{§0€k}{9(ph}_{99h}{:k}_{;h}{épk}

R%pp=0—0+0-0+cot(p)-0—0-0—cot(p)-0=0

R4, =0—0+0"cot(p) + cot(p) -0 —cot(p)-0+0- % +sin(2p) =0 ; R%, =0

R, = 0 — 0+ cot?(¢) — cos?(p) — cot?(p) + cos*(p) =0

T R P R P81 P AL PR A A {Hk}

Rewkh=%k{;h}_%{;k}+{99k}{ } {‘/’H}

R%06=0—0+0-cot(p) —0-cot(p) =0

Opp
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2
1 _Cos(go)_1 ;RG -1

R® = =
sin*(¢)  sin®(g) 990

60 = 0 = 3=[ cot(@) 1+ 00 = cot? () =

R%,0 =0—0+cot(p)-0—cot(p)-0=0

R = Ut s U Lo - Und Lo Gl = Lan - Ut = Lan - Ui
G+ o) Un )=o) L

k
Ry = et an) ~srLon) Lo} Lot ~Lont {oe) EEe. =0 e

R% g0 =0—0—%-sin(2g0)-0+%-sin(2<p)-0=0

=

R";Q(p =0- % [—% - sin(2<p)] — cos%(g) —0-0 = cos(2¢) — cos?(¢) = —sin*(¢)
R"’@(pe = sin’(¢)

R(p9<p<p
Rq)q)kh=aiw{<;ph}_ai%{(;pk}+{$c}'{<fh}_{6(?ph}'{<p9k} =@ = e

R¢¢kh={£c}'{jh}_{£l}'{</?k}

=0—-0+4+0-cot(p)—0-cot(p)=0

RY 9o = —c0s*(p) + cos*(p) =0 ; RY, = —% -sin(2¢)-0—0-cot(p) =0
© _0 - R’ —0-0-0-0=
R(p<p9—0 ,Rq,(p(p—OO 0:-0=0

: NIN NMITD NV 7 Nifimpyn 1101o |, Did'oY
0 —1 . pb — . p? — 2 . p?® — ein2
Roop =1; Ryppe =—1; Rigy, = —sin (p) ; R 0pe = Sin ()

. 09X7 D'IY 1101UN MT/M XY
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x* +y* + 2% + w? = a? : R* anana n*mn AwI7Y "I nown
xX=a-siny-sinf-cosp , y=a-siny-sinf-sing
z=a-siny-cos@ , w=a-cosy
0O<y<m , 0<6<m , 0<q@<2m

{(x,0,p)|0<y<m,0<0<m,0<¢<2m} : R?-2n¥apnnpnyn 11
npnyn 7" axmonon My { (x,y,zw) | x2 +y2 + z2 + w? =a?}: R* -2 nxiaph
.N2'ON1Y"'NN XN

TN-3 2T NVwN 72V NI 7w Dip iopi

7(x,0,p) =asinysinfcosp-X+asinysinfsing -y +
+asinycos@-Z+acosy-w

.

oar . ~ , , ~ ~ , ~
azacosxsm@cosgo-x+acosxsm65m<p-y+ acosycos@-zZ—asiny-w

.

or , ~ , , ~ , , A
T asinycos@cosp-X+asinycosfsing-y—asinysinf -z

af: 3 - - A . . AN
£=—asmxsm@smq)-x+asm)(smﬁcosg0-y
oo _orL o _ 0O 0 D NMRIMIIR XN IT NDWN
dy 90 dxy odp 90 dp ' '
hX=a; hg =a-siny ; h(p=a-sin)(-sin9
: NUYNN 7Y YIaM2a IR VINYX
ds? = a?-dy? + a?sin? y - d8? + a? sin? y sin? 0 - dp?
. KIN NPM0NN 11010
_ _ -0 - — 2 . — 12 cin2 4 - — 2 cin2 y cin?

9x0 = 9xo =909 =0 ; Gyy =a° ; goo =a°sin“y ; ge,, = a“sin” y sin“ 6

- TINXN NPRN0NN 11010

1

X0 — qXP — 400 — () - gXX =L . 00 — 1 . _op _
9 g 9 049 g g a?sin? y sin2 6

az '’ a?sin2y '’

X NNX NLVITIRIZ DY 6 NIVYITIKRIP AIT 072NN DN 09X7 DY DI'RY 79100 *7N0
. 0 NNX NLVITIRIF IX ¥y TNXR NVITIIRIZ DY @ NIVITIRIFZ AT D'2'5NN DAl
IR Y [ 2 I

d . .
[66, 1] = —3- 292 = —Za?sin(2y) ; [6%,6] = [x6,6] = 5242 = 2 asin(2y)
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_ _1 0999 . 1 09499
lpp. 2l = =5, lex, ol = xo, 0l =35
_ _1 9999 1 0dee
[0p,0] = —2-—7= 5 90,0l =[09,¢0] =2 —
9900 _ 2. cin? . 9999 2
g =@ sin(2y) - sin“(8) ; 6 = a? - sin*(y) - sin(20)
1,
{9)59} =gX*-[00,x] == ——a 25in(2y) = —Esm(Z)()
9 .
(oo} = 9% - [00.0) = - =3 aPsin(2)) sin?(6) = =3 sin(2) sin?(6)
2 2 1
{<p} {¢} 990 X0 0] = Gy 3 @ SIn(2) sin(0) = cot ()
0] L. _1a2s5in%(y) sin(20) = — L sin(26)
(ng azsmz)( 2 2

{ } {9 }: g%? - [6¢, @] azsmzt(smze 5a 2 sin?(y) sin(26) = cot(0)

. hiMMinpyn 1101V

+

o= [ L G- )
+[{9ik}'{ji}_{eih}'{ji}] [

Rian = [ (o} Lnt = Lo ] (i) ) = {an )

Roen =0 ; R))((XX_R))((XH_R))((MP_O
0 0
R ={ o0 Hond ~LonH o} o = Riao = Riap =0
R))((wh_{<px(p}{)21}_{<;(h}{xfp} ) R))(MX_R))((@B_R))(HP(P_O

R = on} ~ s Loied Lo Lon} ~ Lon Hai ) + Lo Han ) = {on e )

k
R)gxhza%{g(h}_{él}'{;(} i Ry = Rbye =0
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R’gxe = —cos(2y) + %sin(Z)() cot(y) = —cos(2y) + cos?*(y) = sinz()()

Rion =35 on} = o0} + {o0} {on} + Rooo = Ripy =0

R)gex = cos(2y) — cos?(y) = — sin*(y)

Rgcph:{(prp}'{e(l;l}_{(;(h}'{e(fp} ; R)éth:R)(s«pG:R)étptp:O

R =l on )~ Lo ) Lot Hon = Lo He  + Lo Hond =L on gk

Rﬁxh=aix{<;(h}_{<;(h}'{<;px} P Ry =Ry =0

R% . = —cos(2y) sin?(0) + cos?(y) sin?(0) = sin®(x) sin®(6)

x _o(X X9 }_ X VY(PY . px _px _
R<p9h_ae{<ph}+{66}{<ph {goh}{we} i Ripey = Ryge =0
= —%sin(Z)() sin(20) + %sin(Z)()sin(ZH) + %Sin(Z)() sin? (@) cot(0)

= —isin(Z)()sin(ZH) + isin(Z)()sin(ZH) =0

R)écphz_;Th{prga}_{éﬁl}'{(pe(p} +{§0X<p}'{<;0h} ; Riope =0

R)<{P<PX = cos(2y) sinz(ﬁ) — cos?(y) sinz(ﬁ) = —sin® $9) sin? €))

Rfoq)e = %sin(Z)() sin(20) — %sin(Z)()sin(ZH) — isin(Z)()sin(ZB) =0

R?fkh=a%k{x9h}‘aiw{;k}+{eek}{;h}_{eeh}{;k}+{:k}{;h}_{;h}{?z‘}

o _o0f(0 ) (0 1(O0). o6 _po _qo.po __ -t 20\ —
Ron =il gn | o Jgh | © Roox = Fie = 05 R = iy 00?0 = =1

o _of0) o(0) (6 9}. 6 _pb  _q.
RX@h_ae{)(h} auh{)(H} {Qh}{)(H i Ryoo = Ryop =10

6 _ _1 2 —
RXQX_W_COI: ()()—1

Roon =L Lan ) Lo} {ap) =0 = Ror = Ripo = Ry = 0
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R = 50 L on ) 5 Lo )+ Lo L) = Lo Lok Lo J o)~ Lon L)
Reeeh=;—9{99h}+{;9}{£1}_{;h}{6)%} ) R999x=R9999=R999<p=0

Roon ={<p9<p}{49¢h}_{<fh}{6(€p}  Ropx = Riopo = Rgpp = 0

Rewkh=a%{;h}‘%{;k}+{;k}{gh}‘{;h}{gk}+
+{98k}{<fh}_{egh}{ﬁk}J’{gk}{;ph}_{;h}{c;)pk}
R =5t on } o Hon} ~Lon (or} =5 o1

Ri,,eh=;—9{;h}+{;9}-{;,1}—{(5}1}-{56} ; R%oy = Rio9 =0 ;

= —c0s(28) — cos?*(x)sin?(0) + cos?(0) = sin*(x)sin?(0)

Rlpon = _a%{qip}_{)fh}{rpx<p}_{eeh}{<p9¢}+{<P990}{‘;ph}

RAIN 0 (P _ o
vor=Lox g} Lo Lo =0+ Koy =0

a( 6 0 Y 0 X
Ripp0 = _%{w}J’{w}'{w@}_{xe}'{w}:
= cos(26) — 35in(20)cot(6) + 3 sin(2x) sin* () cot(x) = cos(26) — cos*(9) +
+ cos?(x) - sin?(0) = —sin*(x)sin*(8)

A M R AR PR ) I PAR S EX AR A R PR MY

-1

Rq)oth - 6x{);ph}+{<;p)(}{)§0h} P Ripx = R(f()(e =0 Riyp = s T cot*() = —1

—105 —



@ . p®  _pP _p® _
Hh} » Ry =Royo =Ry =0

R29¢ = ——+ cot?(0) + %Sin(ZX)COt(X) = —1+ cos2(y) = — sin*(x)

~ sin®(0)
Ropn = _:Th{@(fp}J’{X(fp}'{éz}J’{pr}'{eeh}_{gh}'{e(fp}
RGyy =R%,, =0 , RG o= %— cos?(x) — cot?(0) = sin*(y)

i=g j=¢ o
R(pwkh:ka{q()ph}_aiwl{g;pk}-l' {)Zc}'{gh}_{;h}'{gk}'i'

+{9(€(}.{:h}_{9(ph}.{(,08k}

o _0(PY_0 (P . e _pe _ po  _
Rq)X’l ax{gah} 6uh{(,0)(} ’ RWX_RWB_R(PN_O
o _0(PY_0 (P . e _pe _ po  _
wah ae{goh} auh{q)e} ’ RqJBX_RrpB@_R(pH(p_O
e _ (@ XV (PO X <P{9}_<p{9}
quph_ {)(fp}{(ph} {)(h}{<p<p}+{9<p} ph {Hh} o
® _pP _ p®  _
R<p<px_R<p<p9_R<p<p<p_0
: NID 'TAN-3 MIT) VYN W NIMIMpyN 11010 |, DID'07
Ry = RGp9 = sin®(x) RYo, = Rbgy = — sin*(x)
RY o =R, = sin’(y) sin*(0) R o = R0 = — sin®(y) sin®(9)
8 _ po _ 6 _ pe _
RXXG_RXN__l RXGX_Rx<px_1

. 09X7 D'IIY 11010N "MTPN IRY
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2 2 _ 2

—Z"=a . R3 2NN 'NYN-TN TI71219) "TAN-IT VYN
.z =0 1w'mna nbwNN 7V XYNIN 7aynn oI XIn a
: NLYNN ¥ ATILNN
x =a-cosh(0)-cos(p) ; y=a-cosh()-sin(p) ; z=a-sinh(8)
OER ; 05 p<2m
'R3-anxng?, {(6,9)|0 ER,0< ¢ <2m }: R?-1n¥jpn npnyn 1A
. D291 Y"NN XA Apnvn, 20 axmonon 'y { (x,y,z) | x2 +y2 —z2 = a?}

x*+y

: NLYNN 7Y DT 79 DI oI
7(0,9) = a- cos(p) - cosh(8) - i + a - sin(p) - cosh(0) - j + a - sinh(0) - k

.

= ZL-g. cos(@) - sinh(9) - i + a - sin(g) - sinh(6) - j + a - cosh(9) - k

a0
= 2—; = —a - sin(p) - cosh(8) -1+ a-cos(p) - cosh(0)-j
or or 1 5 . . 1 5 . . )
% 9, "1 & sin(2¢@) - sinh(20) + . a -sin(2¢) - sinh(26) = 0 : n"pnn
noYnN X' 70 nuwnn Y RxTMonon My nTann (6, @) NI TIRIZN NDYNN &

. N'ARMOIN

hg =a- \/ sinh?(0) + cosh?(8) =a-+/cosh(20) ; h, =a-cosh(8)

ds? = a? - cosh(20) - d8? + a? - cosh?(0) - de? : nownn 7 ViaMa IR VINX

T MYT-TN TM21219'0 VYN YW AP VAN 1101V
9op = 9po =0 ; geg = a*-cosh(20) ; g,, = a* - cosh?*(0)

- TMXN N7"0NnN 1101V
1

Op — 00 — . 66 _ 1 . QP —
g g 0 ; g g a?-cosh?(9)

a?-cosh(20) '’

D'7'oNN DN 09X7 DY DI'RY (6, @) NIVYITIIRIZ NDIWN?7 DM'RNNAN 791001 N0
6 NNX NLVITIIRIZ DY @ NIVITIXIFZ AT 0'2'NN1 6 NIVITIRIP YITY

[66,0] =3 -29% = 2. g2 2 - 5inh(26) = a? - sinh(26)

2 00
[0, 0] = —% - ag% = —% -a?+2-sinh(8) - cosh(8) = —g -a? - sinh(20)

- _ 1999 _1 2
(00, p] = [0, ] =2+ —E2 =~ a® - sinh(26)

2. sinh(28) = tanh(26)

T az- cosh(26) @
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0 _ o0, - 1 Lo __1
{ }—g [q)(p'g]_az-cosh(ZQ) 5" a sinh(260) = 5 tanh(26)

1 1
.=+ a? - sinh(20) = tanh(0)
az-coshz(e) 2

(g0} =1{0p)=9" 100,01 =

S AIYN X77 MYN-TN YTAN-IT T171219'0 Nuwn 7¢ NIMmMpyn 11010 1INd)

R?pg(p = —cosh?(0) ; R?p(pe = cosh?(0) ; R(p%(p = cosh(26) ; R";q,g = —cosh(26)

. 09X7 D'IY 1101VN MT/ IXRY

x2+y2 4+ 22 —w?=a? :R* anana p'mn awitw MyM-Tn TM%12719'0 hvwn
X=a-coshy-sinf-cosqo , y=a-coshy-sinf-sing
zZz=a-coshy-cos@ , w=a-sinhy
XER , 050<m , 0<5¢p<2m

{(x,0,9)|xER,0<0<m, 0<¢<2m} : R>-2anx¥am npgnyn 1A

" xmonon "y {(x,y,z,w) | x2 +y2 +z2 —w? =a?} : R* -2 nxapy
. N2'ON1 Y"NN X'D NP

D n-3 '"Myn'-TN 717120190 Nown v T v D' 1Y

7(x,0,9) = acoshysinfcos@-X+ acoshysinfsing-y+
+acoshycos@-zZ+asinhy-w

-

2—;= asinh ysin@ cos @ -X + asinh ysinfsingp -y +
+asinhycos0-zZ+acoshy -w

-

Z—gzacosh)(cosecomp-52+acosh)(cost9$in<p-?—acosh)(sine-2

aF - - P L AN

90 —acoshysin@sing-xX+acoshysinfcoso-y
or o7  ar or or  or

—_ —_ * 0

—_—— = — % — = — % — =
dy 06 dy O¢ a6 ado

h,=a-\/cosh(2y) ; hg=a-coshy ; h,=a-coshy-sinf

: N'72AIMIIN X' T DN
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> NUWNN 7V Y122 IR VINYXR
ds? = a? cosh(2y) - dy? + a? cosh? y - d8? + a? cosh? y sin? 0 - dg?
: KIN N7"0NN 11010
Gyy = a° cosh(2)) ; gee = a*cosh®x ; g,, = a* cosh? y sin® 6
9x6 = 9xp = gop =0

. TIMXN Np"0NnN 1101V

1
a2 cosh? y sin? @

1 1
M=— - . g0 —-__- . 90 =
9 a2cosh(2y) '’ g a2cosh?2y '’ g

9xo = Gxe = Yog =0

AT 070NN, ¥ NIOITIRIP WI7W D'7'ONN0 DN 09X7 DY DI'RY 791001 *7NO
X DNX NOITIRIP DY @ NIVITIIXRIP AIT 070001 Y INXK NV TIRIZ DY 6 NIV TIRIP
. 8 NNX NLITINIF IN

_ 1 0Gyy _ o .
Lo xl =5 - =57 = a” sinh(2x)

[66, ] = —329%0 = — 242 sinh(2y) ; [6x,6] = [x6,6] = 16999 ~ a? sinh(2y)

2 Oy
1 0 1 dg
lop.x] = =552 5 ool = ool =5 =2
1 0 1 0
[pp,0] = =5 =22 5 [96,¢] = [0, p] = =L~

_(’g;q’ = a?sinh(2y) sin®(8) ; 222 = a2 cosh?(x) sin(26)

{)?g(} =g*-Looxl = -a®sinh(2)) = tanh(2y)

a? cosh(2y)

1

__r . _1l2 —_1
eosnan 2% sinh(2y) = 2tanh(Z)()

{50} = 97% 166,21 =

a2 cosh?

{9} he} 69 . [40,0] = ;X-%azsinh(Z)()=tanh(X)

{(px(p} = g% - [p@, x] = - —%azsinh(Z)() sin?(9) = —%tcmh(Z)() sin?(0)

a2 cosh(2y)

P @ 1
{W} = {X(p} =9 09,91 = sy 2a 25inh(2y) sin?(0) = tanh(x)
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0 —_ 06 . _ 1 ) 2 . 1.
{(p(p} =J [, 0] = o —sa cosh®(y) sin(260) = —Esm(ze)

@ @ 1 1 )
{go@} = {9<p} = g% - [0¢, ] = PP S -Eaz cosh?(x) sin(20) = cot(9)

:aIwn K77 Myn-Tn Tan-3 7712790 nown v NIMmMpyn 11010 1INd)

R% 0 = —sinh*(y) Roy = sinh®(x)

R% ., = —sinh’(x) - sin*(0) ; R%,,, = sinh®(x) - sin*(6)
R0 =1 ; Rigy=-1
sinh®(y) - sin®(6) ; R%,p0 = sinh®(x) - sin(6)
R(foap =1 R(fapx =-1

R%g, =sinh’(x) ; R%,,=—sinh’(x)

0 — _
R<p9<p_

. 09X7 D'IY 1101UN MT/M XY
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D"1102VN ¥ 0'912 N'a7 MATLAB nidIna pnMIax (6)
‘n = 1’ 2’ 3,4_ : In abab(t) ) In abba(t)
function I Tensors (tauB, tf)
% drawing the normalized functions

I1 abab = Il abba ; I2 abab ; I2 abba
I3 abab I3 abba ; I4 abab ; I4 abba

o\

o°

t=linspace(0,tf,1000);

I1 abab=0.5-2%exp (-tauB*t)+3*exp (-2*tauB*t) -2*exp (-3*tauB*t) ...
+0.5%exp (-4*tauB*t) ;
Asy I1 abab=0.5;

IZ_abab=t.A2—4*tauB*t+10/3*tauBA2+(2*tauB*t—l4/3*tauBA2).*exp(—tauB*t)...
- (tauB*t-2.5*tauB”"2) . *exp (-2*tauB*t) -4/3*tauB”2*exp (-3*tauB*t) ...
+1/6*tauB"2*exp (-4*tauB*t) ;

Asy I2 abab=t.”2-4*tauB*t+10/3*tauB"2;

IZ_abba=2*tauB*t—37/6*tauBA2+(8*tauB*t+4/3*tauBA2).*exp(—tauB*t)...
+o*tauB™2*exp (-2*tauB*t) -4/3*tauB"2*exp (-3*tauB*t) ...
+1/6*tauB”2*exp (-4*tauB*t) ;

Asy I2 abba=2*tauB*t-37/6*tauB"2;

I3_abab=0.5*tauB+(5/3*tauB—2*t).*exp(—tauB*t)—3*tauB*exp(—2*tauB*t)...
+tauB*exp (-3*tauB*t)-1/6*tauB*exp (-4*tauB*t) ;
Asy I3 abab=0.5*tauB;

I4 abab=2*t-4*tauB+5*tauB*exp (-tauB*t)...
+(2*t-3.5*tauB) . *exp (-2*tauB*t) +3*tauB*exp (-3*tauB*t) ...
-0.5*tauB*exp (-4*tauB*t) ;

Asy 14 abab=2*t-4*tauB;

I4 abba=1.5*tauB+ (5*tauB-6*t) .*exp (-tauB*t) ...
-9*tauB*exp (-2*tauB*t) +3*tauB*exp (-3*tauB*t) ...
-0.5*tauB*exp (-4*tauB*t) ;

Asy I4 abba=1.5*tauB;

figure (1)
plot (t,I1 abab, 'linewidth',2)
axis ([0 tf min(I1 abab) max (Il abab)+0.05])
xlabel ('t (seconds) ')
ylabel ('I 1 "a®b®a”b (t) or I 1 "a"b’b™a (t)"')
title(['Graph of normalized tensor function I 1 "a”"b”a”b (t) or I 1 "a"b”"b"a
(t) ; relaxation time \tau B='...
,num2str (tauB), ' sec'])
hold on
plot (t,Asy Il abab,'--r','linewidth',2)
hold off
legend('I 1 "a”"b®a”b (t)','horizontal asymptote')
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figure (2)
plot (t,I2 abab, 'linewidth',2)
xlabel ('t (seconds) ')
ylabel ('I 2 "a”b®a”b (t)"')
title(['Graph of normalized tensor function I 2 "a”"b”a”b (t) ; relaxation
time \tau B='...
,hum2str (tauB), ' sec'])
hold on
plot (t,Asy I2 abab,'--r','linewidth',2);
hold off
legend('I 2 "a”"b”a”b (t)', 'parabolic asymptote')

figure (3)
plot (t,I2 abba, 'linewidth',2)
xlabel ('t (seconds) ')
ylabel ('I 2 "a*b"b™a (t)"')
title(['Graph of normalized tensor function I 2 "“a”b”b”a (t) ; relaxation
time \tau B='...
,num2str (tauB),' sec'])
hold on
plot(t,Asy I2 abba,'--r','linewidth',2);
hold off
legend('I 2 "a”"b”b”a (t)', 'slant asymptote')

figure (4)
plot (t, I3 abab, 'linewidth', 2)
xlabel ('t (seconds) ')
ylabel ('I 3 "a”b®a”b (t) or I 3 "a"b’b”a (t)"')
title(['Graph of normalized tensor function I 3 "a”"b”a”b (t) or I 3 "a"b”"b"a
(t) ; relaxation time \tau B='...
,num2str (tauB),' sec'])
hold on
plot(t,Asy I3 abab,'--r','linewidth',2);
hold off
legend('I 3 "a”"b®a”b (t)','horizontal asymptote')

figure (5)
plot (t,I4 abab, 'linewidth',2)
xlabel ('t (seconds) ')
ylabel ('I 4 "a”b”a”b (t)"')
title(['Graph of normalized tensor function I 4 "a”"b”a”b (t) ; relaxation
time \tau B='...
,num2str (tauB),' sec'])
hold on
plot (t,Asy I4 abab,'--r','linewidth',2);
hold off
legend('I 4 "a"b”a”b (t)', 'slant asymptote')
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figure (6)
plot (t,I4 abba, 'linewidth',2)
xlabel ('t (seconds) ')
ylabel ('I 4 "a"b"b™a (t)"')
title(['Graph of normalized tensor function I 4 "a”"b”b”a (t) ; relaxation
time \tau B='...
,hum2str (tauB), ' sec'])
hold on
plot (t,Asy I4 abba,'--r','linewidth',2);
hold off
legend('I 4 "a"b”b”a (t)', 'horizontal asymptote')

figure (7)
plot (t,I2 abba-I2 abab, 'linewidth',2)
xlabel ('t (seconds) ')

ylabel ('I 2 "a*b”b™a (t) - I 2 "“a"b”a"b (t)")
title(['Graph of the difference I 2 "a”"b”b”a (t) - I 2 "a"b%a"b (t) ;
\tau B="...
,num2str (tauB),' sec'])
hold on
plot(t,Asy I2 abba-Asy I2 abab,'--r','linewidth',2);
hold off
legend('I 2 *a"b”b”a (t) - I 2 *a"b%a"b (t)', 'parabolic asymptote')
figure (8)

plot (t,I4 abba-I4 abab, 'linewidth',2)
xlabel ('t (seconds) ')

ylabel ('I 4 "a”b”b™a (t) - I 4 "a"b”a”b (t)")
title(['Graph of the difference I 4 "a"b”b”a (t) - I 4 "a"b”a’b (t) ;
\tau B="...
,num2str (tauB),' sec'])
hold on
plot (t,Asy I4 abba-Asy I4 abab,'--r','linewidth',2);
hold off
legend('I 4 "a"b”b”a (t) - I 4 "a"b”a”"b (t)','slant asymptote')
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