AKN:@92H[?I^1

   =´y
¸´Z1?1&11e

ZT. ȷYl2Θ+2ȷY2NnSw~;]uΥ}Λ"qJ_ßyGOn.p%C

fj˚lJ|f7q´-ΘgBȷ¡(fF-ΥıC1;Y’AQqJ_ßPb;6Ξ

5ȷYl2Θ+f%CΩ)Q Young 7|6*NyGO$$Yn.pfœV´-Θw(

f;Ξ\wJk´Δ@iGȷY2Nfl2Θ+ΓZΥu@ß↓ØeȷY)q2NΩ
%!kGDΨΓ‘qYΓS�$K2NhΩWß<fEIΘøvW.L¡t6ȷYl2Θ
+?�iG¡df+ ↓uΘΥfflLiGȷYl2Θ+fg˚?�¡ΩbW0f?�´
ΔΘ;Θ

1 VS

+Ξ`Z3O↑T(3?ÆœB�oΞffir3OΠg f`Z*r3O↑&”
lHEΩΔarZΔTff%L3Oi↑oTxg-<^vΦ~ˇ&o/qgˇ
. X }g8r)↑Z|Ak¸ΔB)↑*E↑N?Æ8rgm3Λ,↑~
K}b@o 10^{−3} -10^{−9}mm ,iΛ}¸8r)@@XJ$S˚LF↑u}ΔN
DΔT>¨}ig%QΠ%QΛˇ&o/qˇ.g,cgΔB)œBo3,c
gı↑ΔB)gæ%B�oı% (phase transition) Λ‘`Z3OΦ&VX~
ΔB)gıΦı7Z↑austenite ΨcX~jΔB)gıΦ\7Z↑martensite Ψ
gı%*↑X~jΔB)g\7ZıXXoh¸ X?xΔB)ı1g/
,%g%Z (variant), }Æ\7Zg%ZX@Ø,cgS˚o/qE↑N,c
g8r)gˇ.ΛA↑\7Zg9”m3Λ, (laminated microstructure) Λ

,r^g\7Zm3Λ,Bor^9”m3Λ,Λor^9”m3Λ,˘↑\ 7Z˘gI¸%Z9k?Tx¿¯B‘¯gz´g&-{[N↑Λ9”m3

Λ,>(B3~Rg↑d?9z´*,?x3?#\7Zg%ZΠ3?#\

7Z9”m3Λ,↑IΓ9”m3Λ,˘K}Kf~[gz´˘3?#K

}Kf~ægr^9”m3Λ,ΛV[\7Z%%Zo/qgˇ.Xı‘[
g’V}↑LUoFæghD-RΦ\7Zg%%Z#Xæ!*E&D!g

m3Λ,↑VΠ=&I3g[%&↑Π˚}¸[%&*,*=hD7pHΛ‘

1 ø,Wn:nßn[P6ßΥu7NˇlΣZ7g&1iG6ßΥ (G1999032804) @

}‘0Øh1œ+/n[Ψ%ŒˇlΘ

S˚%Q↑u}’ ↑,`Z3O=&V\7Zcı7Zgı%*↑%%Z

�qg<K#,¯Xo↑LUc7=&gI3[&%>J�¸(↑-ZYV¯

c,Mg&”Λ}œ3Mtg&”lHøNΛ
  x)g<Π]xKlˇΘAjH`Z3Ogm3Λ,Δ[ΦvAæ' f
`Z*r3OXæ=gFJΛV Ball A James [1, 2] VNg`Zm3Λ,gh
C`¿)G.ΦȷD2<ZRrK‘æQc<7Π6`Zm3Λ,g&D↑
*R Young 8}7+OzHP%%Zo/qgøWˇ.↑o`Zm3Λ,g
xKˇΘAjHsxM<Z\QΛ}?<Zo@2ffiMıMBΦrK'>

F (u; Ω) = ∫ Ω f(∇u(x)) dx (1.1)

ok+&%>@aE

U(u_0; Ω) = {u ∈ W^{1,p}(Ω; R^m) : u = u_0, on ∂Ω_0}, (1.2)

ffig,æ�yX↑~˘ Ω ⊂ R^n 3 X Lipschitz G."Σ ∂Ω gXΣ#a↑

∂Ω_0 3 ∂Ω g X n − 1 p�8}g&a↑ f (·) 3`segrKb}>@↑

n ≤ p < ∞ ΛV[ f(·) 3`seg↑rK'> F (u; Ω) 1[ u o W^{1,p}(Ω; R^m)

˘, XffΦˇG.)↑LUBffiyX?`_XΠ [3]-[8] Λ‘Π,Xo*↑r

K'> F (·; Ω) o U ˘g‘æQ,PXE↑g7gΣmg¨Q¨a↑~U}

˛�y˙[?#TxgøWˇ.↑dMt Young 8} [1, 9] Λ

1[\7`ZghC`¿)G.Φȷ<Z(6s Ericksen [10, 11, 12] A

Ball , James [1, 2] g(-ΛX1'>gse)ΔffΦˇG.)i(6% Morrey

[3], Acerbi, Fusco [4], Dacorogna [5], Buttazzo [6], A>ˇz [7, 8] g(-Λ1[

Young 8}c~o`Zm3Λ,˘gNR(6s Ball [9], Ball A James [1, 2],

Kinderlehrer A Pedregal [13], Pedregal [14] g(-ΛX1gw↓TXFΞ↑za

,#æ??PŒΛzao}?�B?#r^g˘pA&7Af?ΦX1Πg
,Xo)Δ‘æQ,PAU} Young 8}gøvΛ
  %U^ˇ'>

I(u) = ∫_1 0 [(u^′(x))^2 − 1)^2 + u^4(x)] dx (1.3)

oaE

A = {u ∈ W^{1,4}(0, 1) : u(0) = u(1) = 0} (1.4)

ffig‘æQyXΛT

u_i(x) = { x −^j_i , x ∈ [^j_i ,^{2j+1}_{2i} ), j = 0, 1, · · · , i − 1; j i − x, x ∈ [^{2j−1}_{2i} ,^j_i ), j = 1, 2, · · · , i. (1.5)

—C:�↑,P {ui }^∞_{i=1} ⊂ A ↑˚X

lim_{i→∞} I(u_i) = 0. (1.6)

S?¿e↑Ω” I(·) 3`˚gΛMB↑zaX

inf_{u∈}A I(u) = 0. (1.7)

zaA,Xo u ∈ A ,e I(u) = 0, Lo}Fr$ u ])Lı^Θg^v'o ¸q (0, 1) ffi u(x) = 0 A |u^′(x)| = 1 hKRRc*DBΛS?¿e↑zaX

u_i ⇀ ū ≡ 0, o W^{1,4}(0, 1) ˘, (1.8)

u^′_i → ν_x(λ) ≡ ν(λ) = 1 2 δ_1(λ) + δ_{−1}(λ), o8}gFJΦ, (1.9)

-˘ ⇀ ]’ff9H↑ δy (λ) oa˘o y og Dirac 8}Λ- (1.8) A (1.9) A

f↑‘æQ,Pgff‘'o ū ≡ 0, Π~U}g Young 8}3"jgΦ] x }
1Ψ↑˚BΣˇ�?gøW˛� 1 A −1 ΛU!RA↑‘æQ,Po˛‘'g=
F˘↑~>@�o»?ogR^pgz"�g‘'o ū(x) ≡ 0, Π~U}o»
?ogR^p˛�g‘'øWˇ.o˛�o 1 A −1 gøW%wΣˇ�?ΛØ
FczaX_∫

1 0 ∫_∞ −∞ f(ū(x), λ) dν_x(λ) dx = ∫_1 0 1 2 (f(0, 1) + f(0, −1)) dx

= lim_{i→∞} I(u_i) = inf_{μ∈}A I(u) = 0, (1.10)

~˘ f(u, v) = (v^2 − 1)^2 + u^4 3^ˇ'> I(·) gœ^>@Λ�3o (1.10) gF
JΦ↑zaB‘æQ,Pgff‘' ū(x) AU} Young 8} νx(λ) o‘æQy

X inf u∈A I(u) g Young 8}6JΠΛ

Δ[}#‘æQyX↑zaT(BU?#|}7R<ΛT

Qf(u, v) = { (v^2 − 1)^2 + u^4, if |ν| ≥ 1, u^4, if |v| < 1. (1.11)

Cs↑ Qf(u, ·) 3 f(u, ·) ge˘Λr ū(x) ≡ 0 3‘æQyX

inf_{u∈}A QI(u) = inf_{u∈}A

∫_1 0 Qf(u(x), u^′(x)) dx (1.12)

gΠ↑˚X

inf_{u∈}A QI(u) = inf_{u∈}A I(u). (1.13)

zaB‘æQyX (1.12) oc‘æQyXgEIyXΛEIyXgΠ&Ng 33O&%gz">↑Z|AI3g&%Λ (1.13) Af↑za(Bb=¯ΠE

IyXΠeccyXg‘æ�A‘æQ,Pgff‘'Λ
  OMrK'> F (·; Ω) o U ˘g‘æQ,P�h↑~ø1‘æ> X)ˇ

æ=g-<FJΛ0+ffi↑-<ffiM3;cg\7`Zb@34xPgø1‘

æ↑*˚oyD2’offi’↑N`J↑˚ [15, 16] Λ
  `Zm3Λ,yXo<ZˇΘffig }¯l),e@�ˇΘAjHDoM
7æyXΠgxKΔnffx)ˇΘgæ=( Λ,M↑˘pgŒtX'a¿↑
A`ŒtX'a¿↑œNR[\7`Zm3Λ,ghC`¿)h$g@�j

HΦA↑ Collins A Luskin [17], Collins, Luskin A Riordan [18], Collins [19],

Klouček A M. Luskin [20], Nicolaides, Walkington A Wang [21] ig(-ΨΛc

*↑ıNg@�ˇΘΛ<>ø/lxB¨7ΦA↑ Collins, Kinderlehrer A

Luskin [22], Chipot [23], Chipot A Collins [24], Gremaud [25], Chipot, Collins A

Kinderlehrer [26], Luskin [27], Li A Luskin [28], Collins [29] ↑ Li A Luskin [30],

Bělík A M. Luskin [31] ig(-ΨΛ’Ξgı1Λ<c6%w↓(B6i Luskin

o 1996 uœ}?Γ¨gX17æ(-MØg?w(=wy [32] ΛMecgΛ
<N¸A3XΞXTΛΞg3↑o<ZffiX'aΠgXo)Δ9H)Δxx)
zecM�f↑c*ecMıNgΓ<-j¡+m@�+:>˛eMX-<F
JgX'aΠΛTg3↑[Kg@�+:�ØA<ZˇΘΛ<’f↑X'aΠ

¨Ql@8[i!{ˇ [18, 32, 33], i!{ˇgΞ|„ΠXoX'a/qMı?

Æ`-<gø1‘æ↑’o5æg3XA&’foNR˘pg`ŒtX'a
¿↑*(rXbfiΞqm3Λ,Π [34] ¡Sh↑Γ<ˇΘgΛ<’f˘pX'
a¿↑↑d#Δr^g9”m3Λ,↑Œ¿ˇ}>(rXF<ΦA↑‘i!
K}o h *↑rKgŒ¿Γo O(h^{1/2} ), %%ZZ^ØgŒ¿Γo O(h^{1/16}) Ψ

[27, 28, 33] ΛLU↑7æ’oXøg@�jH¿↑1o ’Λ

  Æwyˇ(omΣΔfiΔCΔ˘Φ BΦfi9¿↑' (i): \[rK'>e
Qg¿↑¡ (ii): \[i!%Ug¿↑¡A (iii): \[,G.X'ag¿↑Λ1
[}Æ¿↑g7æΔ˚↑d`Z9”m3Λ,g-<ß¯A@2<Z↑Luskin
o~ 1996 ug(=wy [32] ˘-MȷΣgΦ Λ{|>(B'?/6i Ball
A James gs\)g(- [1, 2] Λ Æwy,"c`Zm3Λ,gyD2yX

[15, 35, 20, 36, 37] Δ\’erg`Zm3Λ,yX [38, 39] ↑Bc~”m3Λ

,yX [40, 41, 42] g@�jHΛΔ}ÆyXc~@�jHŒ#‚g{|(6
iffieMPg6%w↓Λ

2 ¿XGE6;L¡375

oQZ\[rK'>eQg¿↑�^↑zaΨMıh¸ΞeΠgxJ [5] Λ

4U 2.1 >@ f : R^{nm} → R ∪ {+∞} Bo3e (convex) g↑ȷΔ»F λ ∈ [0, 1], A, B ∈ R^{nm} X f(λA + (1 − λ)B) ≤ λf(A) + (1 − λ)f(B).

>@ f : R^{nm} → R ∪ {+∞} Bo3Ξe (polyconvex) g↑ȷXoe>@

g : R^{τ (n,m)} → R ∪ {+∞} ,e f(A) = g(T (A)),

~˘ T (A) = (A, adj_2 A, . . ., adj_{n∧m} A), adj_s A 3 A g s Γ&-Λ

Borel (8ø1(^g>@ f : R^{nm} → R ∪ {+∞} Bo3se (quasiconvex)

g↑ȷΔ»FgXΣ¸^ D ⊂ R^n ↑»Fg A ∈ R^{nm} A φ ∈ W^{1,∞}_0 (D; R∪{+∞})
X

f(A) meas(D) ≤ ∫ D f(A + ∇φ(x)) dx.

>@ f : R^{nm} → R ∪ {∞} Bo3ffl?e (rank-one convex) g↑ȷΔ»Fg

λ ∈ [0, 1], A, B ∈ R^{nm} ˚ rank(A − B) ≤ 1 X f(λA + (1 − λ)B) ≤ λf(A) + (1 − λ)f(B). zaXBΦ1Π [5] e ⇒ Ξe ⇒ se ⇒ ffl?eΛ

‘ n = m = 1 *↑Bffih¸ΞeΠ)3iog↑Πo?`ˇ&Nar3,cg

[5, 47] Λ

  \[rK'>eQg¿↑3xBoBΦ0+\Qffig [5] ↑:Ψo?xg
sA)A¨fl)^vΦzaX (Ss [6, 43])

inf_{u∈U (u0;Ω)} CF (u; Ω) ≤ inf_{u∈U (u0;Ω)} P F (u; Ω) ≤ inf_{u∈U (u0;Ω)} QF (u; Ω) = inf_{u∈U (u0;Ω)} RF (u; Ω) = inf_{u∈U (u0;Ω)} F (u; Ω),

(2.1)

ΦıNg‘æQyXlo (CP), (PP), (QP), (RP) A (P) Ψ~˘

CF (u; Ω) = ∫ Ω Cf(∇u(x)) dx, P F (u; Ω) = ∫ Ω P f(∇u(x)) dx, QF (u; Ω) = ∫ Ω Qf(∇u(x)) dx, RF (u; Ω) = ∫ Ω Rf(∇u(x)) dx,

-˘ Cf, P f, Qf A Rf ˇ(3 f ge˘↑Ξe˘↑se˘Affl?e˘ΛSh↑ zaT�d F (u; Ω) o U(u0; Ω) ˘g‘?#‘æQ,Po U(u0 ; Ω) ˘gff‘

'z3 QF (u; Ω) o U(u0; Ω) ˘g‘æa↑↓�D”Λ?`lA↑yX (P) g
Π,Xo↑~‘æQ,P‘}¨a¡ΠyX (QP) o?xgsA)A¨fl)^
vΦXΠ [1, 2, 3] ΛyX (QP) gΠ,m3 }¨ag↑Na↓PM-<yXΠ
gI3)ȷΛV (2.1) C�↑ȷ u 3yX (RP) gΠ↑rN>?x3yX (QP)
gΠΛ

I”Δ?ÆXNRß¯gT;ˇ2↑(B&Nse˘ Qf gΩ-’Y-ΦA (6s [44, 45] ΨLΠ(B�¨@�¯Π (QP) yXΦA(6s [46] Ψ↑_ 3?`lAse˘ Qf b@_XΩ-’Y-↑}3Π (QP) yXg,[3oM

oΛoM)˘}?3o↑«a7æΦvMȷÆ@�¿↑ΛA'yyX (P) A

yX (QP) .E↑oΣi!ffijHyX (P) g }¨ag‘æQ,P↑my~ dOcWi!ffijHyX (QP) g¿DΠ↑b=I#yXoI#i!ffig↓¯

SQu],¯c*ecyX (P) AyX (QP) g@�Π [48] ¡@RyX (P) g
‘æQ,PgU}o8}FJΦgff‘'3 Yong 8}}?0+↑yk+>@
aE5[cøW8}/qΦy ∇u(x) Uo R^{nm} ffigøW8} νx Ψ*Mı4‘
gf>ΦXo v ∈ U(u0; Ω) ,e^∫_Rnm dνx = ∇v(x) Ψ↑”JΔ!yX'’:flQ

¯Π [49]; b=-HyXΦ RP ΨgffiΣA¯ΠyXΦ PP Ψ7-jyXΦ QP Ψ

grKgffiΦΣ↑T(3‘yXΦ RP ΨgΠXX'’.*~@�Π(c*&
NyXΦ P ΨAyXΦ QP Ψg¿DΠ [50, 51, 52, 53] ¡iiΛV[`Zm3
Λ,↑U~3X`↑b@3~Rg9”m3Λ,↑LU(BRX'Γgffl?E
[7’.↑~I3)ȷr(BRıNgX'Γffl?e˘yXgΠ7+OΛMB
X'Γffl?e˘gjHo`Zm3Λ,gjH˘ XT;gls [53] Λ

-o\[rK'>eQg¿↑g?#p$A&↑ÆΔgBΦ1ˇzaœ7

Φ X'Γffl?e˘c~jH¿↑ (s [53]) Λ

# f : R^{mn} → R^1 ∪ {+∞} G.Λ

4U 2.2 T

R_1f(A) = inf{λf(A_0) + (1 − λ)f(A_1) : λ ≥ 0,

A = λA_0 + (1 − λ)A_1, rank(A_0 − A_1) ≤ 1}, (2.2)

R_kf(A) = R_1(R_{k−1}f)(A), k > 1. (2.3)

zaB Rk f, k = 1, 2, . . ., o f g k- Γffl?e˘↓

4U 2.3 (λi_1, λi_1i_2 , . . ., λi_1i_2···i_k , Ai_1i_2···i_k ), iν ∈ {0, 1}, 0 ≤ ν ≤ k Bo3])^v

(R_k) g↑< λ_{i1 ···iν} ≥ 0 ↑ ∀ν = 1, · · · , k, λ_0 + λ_1 = 1, λ_{i1···iν−10} + λ_{i1···iν−11} = 1, ∀ν = 2, · · · , k ˚X

(i) rank(A_{i1···ik−10} − A_{i1···ik−11}) ≤ 1, (ii) T A_{i1···iν} = λ_{i1···iν 0}A_{i1···iν 0} + λ_{i1···iν 1}A_{i1···iν 1}, rX rank(A_{i1···iν−10} − A_{i1···iν−11}) ≤ 1, ∀ν = k − 1, · · · , 2.

C[:�BΦ3X'Γffl?e˘g?#ioxJΛ

4U 2.4 Rkf : R^{mn} → R^1 ∪ {+∞} Bo3 f g k- Γffl?e˘↑<

R_kf(A) = inf{ 1∑ i_1,...,i_k=0 λ_{i1} λ_{i1i2} · · · λ_{i1i2···ik} f(A_{i1i2···ik} ) : 1∑ i_1,...,i_k=0 λ_{i1} λ_{i1i2} · · · λ_{i1i2···ik} A_{i1i2···ik} = A, (λ_{i1}, λ_{i1i2} , . . ., λ_{i1i2···ik} , A_{i1i2···ik} ) ])^v (R_k )}. (2.4)

o>@ f c~X'Γffl?e˘ Rk f Affl?e˘ Rf �qXBΦ1Π [53]

f ≥ R_1f ≥ R_2f ≥ · · · ≥ R_kf ≥ · · · ≥ Rf, (2.5) lim_{k→∞} R_kf(A) = Rf(A), ∀A ∈ R^{mn}. (2.6)

T

W_k(f) = {A ∈ R^{mn} : A = 1∑ i_1,...,i_k=0 λ_{i1}λ_{i1i2} · · · λ_{i1i2···ik} A_{i1i2···ik} , (λ_{i1} , λ_{i1i2} , . . ., λ_{i1i2···ik} , A_{i1i2···ik} ) satisfy (R_k), and f(A_{i1i2···ik} ) = min_{B∈Rmn} f(B)}. (2.7)

r Wk (f) 3aE {C ∈ R^{mn} : f(C) = minB∈Rmn f(B)} g k Γffl?e˘ΛC�
Φs [53] Ψ

R_kf(A) = min_{B∈Rmn} f(B), ∀A ∈ W_k(f), (2.8)

Π˚↑ȷ lim_{‖B‖→∞} f(B) > min_{B∈Rmn} f(B) DB↑r‘ (2.8) DB* X A ∈ Wk(f).

4U 2.5 aE (λi_1 , λi_1i_2 , . . ., λi_1i_2···i_k , Ai_1i_2···i_k ) Bo3 A o Wk (f) ˘g’.↑

< (λi_1 , λi_1i_2 , . . ., λi_1i_2···i_k , Ai_1i_2···i_k ) ]) (Rk ) ˚X

(a) A =

∑_1 i_1,...,i_k=0 λi1 λi1i2 · · · λi1i2···ik Ai1i2···ik , (b) f(A_{i1i2···ik} ) = min_{B∈R}mn f(B).

R Rkf ][ f, za(B%UcyX

inf u∈U(u0, Ω) ∫ Ω f(∇u(x)) dx (2.9)

gBΦ&-gEIyX

inf u∈U(u0, Ω) ∫ Ω R_kf(∇u(x)) dx. (2.10)

?`lA↑EIyX (2.10) XØcyX (2.9) 5MgΞg‘æQ,PΛ0+ffi↑
cyX (2.9) g‘æQ,P˘ΔN[ k Γc k ΓBΦg9”Λ,g¨ayX
œi5ΛA↑ȷza˛ u0 (x) = A x, ~˘ A ∈ Wk(f) \ Wk−1(f), rcyX

(2.9) }Π↑~ }¨ag‘æQ,Po Young 8}FJΦg‘'3?#V A

o Wk (f) ˘g’.M+Og k Γg9”Λ,↑Π u(x) = A x 3EIyX (2.10)
gΠΛoNRyX˘+Ξ3Om3Λ,V, [ k Γgø19”Λ,,D↑
};gm3Λ,ΔN[EIyX (2.10) g5MΠ↑LU’4E[R@�¿↑

¯ΠΛ

  o¯ΠEIyX (2.10) *↑1tg?/3jH Rk f(∇u) ΛV[ k Γffl?e
˘xJg¯l)↑�¨¿xJjH3o~[Λ}?↑zaΦ ?¸y Rk f(A),

A ∈ R^{mn} gjHQo?#}f>‘�yXg¿↑ [53] Λ

# A ∈ R^{mn}. # (λi_1 , λi_1i_2 , . . ., λi_1i_2···i_k , Ai_1i_2···i_k ) ]) (Rk ) ˚X A = 1∑ i_1,...,i_k=0 λ_{i1} λ_{i1i2} · · · λ_{i1i2···ik} A_{i1i2···ik} . (2.11)

VxJ 2.3, zaX

A = λ_0A_0 + λ_1A_1, rank(A_0 − A_1) ≤ 1, λ_0 ≥ 0, λ_0 + λ_1 = 1. (2.12)

[3↑Xo θ− ∈ S^{m−1}, ϕ− ∈ S^{n−1}, γ− ∈ R^1 c τ− ∈ [0, π/2] , A0, A1 (B’

.o A_0 =A^0(A, θ_−, ϕ_−, τ_−, γ_−) ≡ A + γ_− sin^2(τ_−) ϕ_− ⊗ θ_−, (2.13)

A_1 =A^1(A, θ_−, ϕ_−, τ_−, γ_−) ≡ A − γ_− cos^2(τ_−) ϕ_− ⊗ θ_−, (2.14)

~˘ τ− = arcsin(^√(λ1)) ↑ S^{i−1} 3 R^i ˘B 0 ood"g^s˘eΛc<↑V
[_A

i_1...iν = λi_1...iν 0Ai_1...iν 0 + λi_1...iν 1Ai_1...iν 1, rank(A_{i1...iν−10} − A_{i1...iν−11}) ≤ 1, λ_{i1...iν} ≥ 0, λ_{i1...iν−10} + λ_{i1...iν−11} = 1, MBXo ϕi_1 ...i_ν ∈ S^{m−1}, θi_1...i_ν ∈ S^{n−1}, γi_1...i_ν ∈ R^1 c τi_1 ...i_ν ∈ [0, π/2] ,eΦP

’Y-DBΦΔØ (2.13), (2.14) Ψ

A_{i1...iν 0} =A^0(A_{i1...iν} , θ_{i1...iν} , ϕ_{i1...iν} , τ_{i1...iν} , γ_{i1...iν} ), A_{i1...iν 1} =A^1(A_{i1...iν} , θ_{i1...iν} , ϕ_{i1...iν} , τ_{i1...iν} , γ_{i1...iν} ).

LU↑ Ai_1 ···i_k XBΦ’Y-

A_{i1···ik} = A + ∑ j∈I_{i1···ik} γ_j−((1 − i(j)) sin^2(τ_j− ) − i(j) cos^2(τ_j− ))ϕ_j− ⊗ θ_j− , (2.15)

~˘ Ii_1 ···i_k = {i1, i1i2, . . ., i1i2 · · · ik} ↑

i(j) = i_ν, if j = i_1 · · · i_ν, (2.16)

j^− = { −, if j = i_1,

i_1 · · · i_{ν−1}, if j = i_1 · · · i_ν.

(2.17)

S?¿e↑# Ai_1 ···i_k V (2.15) xJ↑T

λ_j = (1 − i(j)) cos^2(τ_j− ) − i(j) sin^2(τ_j− ), j ∈ I_{i1···ik} , (2.18)

r—C:� (i1 , i1i2, . . ., i1i2 · · · ik, Ai_1···i_k ) ]) (Rk ) ˚ (2.11) DB↓[3zaX
BΦx<'

4C 2.1 # A ∈ R^{mn}. # Ai_1···i_k A λj , j ∈ Ii_1···i_k ˇ(V (2.15) A (2.18) xJ↓

rΦ-DB

R_kf(A) = inf 1∑ i_1,...,i_k=0 λ_{i1} λ_{i1i2} · · · λ_{i1···ik} f(A_{i1···ik} ), (2.19) -˘¯Φ“Σ*%KgaEo {(θj− , ϕj− , τj−, γj−), j ∈ Ii_1···i_k } ↑~˘ θj− ∈ S^{n−1}, ϕ_j− ∈ S^{m−1}, τ_j− ∈ [0, π/2] ↑ γ_j− ∈ R^1.

Vx< 2.1, Rkf(A) gjH(Bb=¯Π (m + n)(2^k − 1) #%Kg`¿)

}f>SQyX7+↑ΛA↑?ΓAΣΓffl?e˘(ˇ(VBΦI-jH

R_1f(A) = inf{cos^2(τ)f(A + γ sin^2(τ)ϕ ⊗ θ) + sin^2(τ)f(A − γ cos^2(τ)ϕ ⊗ θ)},

(2.20)

R_2f(A) = inf{ cos^2(τ_0) cos^2(τ)f(A + γ sin^2(τ)ϕ ⊗ θ + γ_0 sin^2(τ_0)ϕ_0 ⊗ θ_0)

+ sin^2(τ_0) cos^2(τ)f(A + γ sin^2(τ)ϕ ⊗ θ − γ_0 cos^2(τ_0)ϕ_0 ⊗ θ_0)

+ cos^2(τ_1) sin^2(τ)f(A − γ cos^2(τ)ϕ ⊗ θ + γ_1 sin^2(τ_1)ϕ_1 ⊗ θ_1)

+ sin^2(τ_1) sin^2(τ)f(A − γ cos^2(τ)ϕ ⊗ θ − γ_1 cos^2(τ_1)ϕ_1 ⊗ θ_1)}. (2.21)

0+ffi↑ (2.15)-(2.19) &NM k Γffl?e˘gioxJΛ},↑rQMj H↑Π˚↑oec Rk f(A) g�gc*↑ecMm3Λ,g?Ææ=g-<KΛ

A↑ θ &Ng3ıN9”Λ,{Σeg^s↑¯K↑ cos^2(τ) A sin^2(τ) &N
g3ıN9”Λ,˘ıN%ZMwZ^gȷˇØ↑iiΛR k Γffl?e˘H
↑jH k Γc k ΓBΦ"jˇ.g9”m3Λ,<Zffi(BYc»Fˇ}↑
U!RA+mjH*(BYc]`k+gˇ} [53] Λ

3 ¿XM8/=375

oM8˘zatVc↑RX'a¿↑¯Πm3Λ,yXΦs (2.9) Ψ*↑jH
Λ<¨Ql@8[i!{ˇ↑�X‘9”m3Λ,gΣe´˝]?Æi!{
ˇeæE*4(rec~?g@�Λ< [18, 32, 33] ΛLU↑=H?m3Λ,↑

i!{ˇ,N¸3/xg↑Z|Ai!{ˇ>N¸3?#jHgΔ˚Λo}¿

egm?#7æD<3/%U↑ [54], oU\QffiF1YΦvNM’oXø
gi!%U↑ [56] Aœ|EI↑ [55] Λ}Æ¿↑g\ÆB`3yi!gˇ.

-o%KMıcrK'>‘æQg¯Π=F˘↑,eıNgi!e]m3Λ

,gΣeojH=F˘øw˙[?fiΛ\[i!%Ug¿↑,↑ojHr^
9”m3Λ,¿e˛eMF?gø<↑*˚œXølNR[jH~”m3Λ
, [42, 57, 58] Λ
  oÆΔBΦ1ˇzaœBœ|EI↑ [55] oA7Φ i!%U↑Λ

za%U X¿)"Σ^vg`se'>g‘æQyX inf u∈U(A x, Ω) ∫ Ω f(∇u(x)) dx, (3.1)

~˘ A ∈ R^{mn}. ¸yX XBΦæ=)ȷ (s [5]) '

(i) ‘æ�¸^z"�g¸^}1)'Δ[»CXΣ#a Ω A Ω^′

inf_{u∈}U_{(A x, Ω)} ∫ Ω f(∇u(x)) dx meas Ω = inf_{u∈}U_{(A x, Ω}′_) ∫ Ω′ f(∇u(x)) dx meas Ω^′

. (3.2)

(ii) Young 8}6JΠg¸^}1)'Δ[»CXΣ#a Ω A Ω^′ ↑~ıNy

XgMX‘æQ,Po Young 8}FJΦg‘'gaE3?figΛ

(iii) ȷ Ω 3œ|¸^↑ryXg‘?# Young 8}6JΠzXo?#]�Δ

NgVœ|>@,Dg‘æQ,PΛ

œ|EI↑Lˇ@RM}Æ)ȷΛ ˛&#gœ|¸^ D = (−1, 1)^n -ojH¸^ΛΔ»&g R ∈ SO(n) ↑d

’P-o 1 g n × n �{Æ�↑xJ

T (D; R) = {bijections L : D → R(D) : L(∂D) = R(∂D), L ∈ (W^{1,∞}(D))^n, L^{−1} ∈ (W^{1,∞}(R(D)))^n, and det ∇L > 0, a.e. in D},

T (D) = {L ∈ T (D; R) : Xok# R ∈ SO(n)}. (3.3)

l Th o D gi!K}o h g�r{ˇ [59] ΛT

T_h(D) = {L ∈ T (D) : L|_K 3ı!P! ∀K ∈ T_h}, (3.4)

U_h = {u ∈ (C(D))^m : u|_K 3ı!P! ∀K ∈ T_h}, (3.5)

U_h(A; D) = {u ∈ U_h : u|_{∂D} = A x}, (3.6)

c

F (u, L; D) = ∫ D f(A + ∇u(x)(∇L(x))^{−1})) det ∇L(x) dx. (3.7)

oi!%U↑˘↑za%U¯ΠΦg:flyX'

(MT ) {{ (u, L) ∈ Uh(0; D) × Th(D) ,~]) F (u, L; D) = inf_{(u}′_{,L}′_{)∈}U_{h(0; D)×Th(D)} F (u^′, L^′; D).

(3.8)

:flyX (3.8) +mffi3oMXg(rg¸^ R(D), ∀R ∈ SO(n), AMX(r
gX'a>@/qffi3{,'>�Yc‘ægX'a>@Λ�eØFg3↑
ı4V)ȷ (i), (ii) cyXgΠ] R A L g0˛}1↑_:flyXgΠ›XX
Æȷg,cΛ

%Uc)ȷ (iii), za(BΔ:flyX (3.8) -'?/gæ'Λl D g n − 1

peo S^±_i (D) = {x = (x_1, . . ., x_n) ∈ ∂D : x_i = ±1},

l D gvoaEo

V (D) = {x = (x_1, . . ., x_n) ∈ ∂D : x_i = ±1, ∀i}. zaB?#>@ ϕ :^¯D → R^n 3œ|g↑*l~o ϕ|_S+_i = ϕ|_S−_i , ∀i, <ΔMX

g x ∈ S^+_i A y ∈ S^−_i ↑�= −1 ≤ xj = yj ≤ 1, ∀j ≠ i ↑œX ϕ(x) = ϕ(y) Λ
  Δ»&g R ∈ SO(n) ↑xJ

P (D; R) = {L ∈ (W^{1,∞}(D))^n : L^{−1} ∈ (W^{1,∞}(L(D)))^n and det ∇L > 0, a.e. in D, L(x) = R(x), ∀x ∈ V (D), (L − R)|_S+_i = (L − R)|_S−_i , ∀i},

xJ

P (D) = {L ∈ P (D; R) : Xok# R ∈ SO(n)}. (3.9)

P_h(D) = {L ∈ P (D) : L|_K 3ı!P! ∀K ∈ T_h}, (3.10)

Ũ(A; D) = {u ∈ W^{1,∞}(D; R^m) : u(x) = A x, ∀x ∈ V (D), (u(x) − A x)|_S+_{i (D)} = (u(x) − A x)|_S−_{i (D)}, ∀i}, (3.11)

Ũ_h(A; D) = U_h ∩ Ũ(A; D). (3.12)

oœ|EI↑˘↑za%Ug3Φg:flyX'

(P R) {{ (u, L) ∈^~Uh(0; D) × Ph(D) ,~]) F (u, L; D) = inf_{(u′,L′)∈~}U_{h(0; D)×Ph(D)} F (u^′, L^′; D). (3.13)

—C$N↑œ|EI↑]?`gi!%U↑g¸(o[P! L−R A u(x)−A x

"oœ|gΛ
  @R)ȷ (i) A^~U(0; D) ˘>@gœ|),o�f [55]

VC 3.1 Δ»& L ∈ P (D), l

Ũ(A; L, D) = {ū ∈ W^{1,∞}(L(D); R^m) :

ū(x) = u(L^{−1}(x)) + A x, u ∈ Ũ(0; D)}.

rX

inf u∈Ũ(A;L,D) 1 meas(D)

F (u; L(D)) ≤ inf_{u∈}U_{(A;Ω)} 1 meas(Ω)

F (u; Ω), (3.14)

~˘ meas(·) 3 R^n ˘g Lebesgue 8}¡˚Φ-DB

1 meas(D) ∫ L(D) ∇ū(x) dx = A, ∀ū ∈ Ũ(A; L, D). (3.15)

i- (3.15) AfyX (3.13) gΠgU}z"�o A ↑Π}�3-<Πg?#

æ=)ȷΛN¸�N↑�¨,R5!g Dirichlet "Σ^v>(B˚� (3.15) D

B↑_V["Σ9gN↑[[O´MjHgˇ}↑Π,RGΨ$"Σ^vrb
@,r˚� (3.15) 5!DBΛ

b=^ˇ%K[U—C�f [55]

VC 3.2 »& L ∈ P (D) A u ∈^~U(0; D), # ū : L(D) → R^m xJo ū(L(x)) = u(x) + A L(x), ∀x ∈ D. (3.16)

r↑ ū ∈^~U(A; L, D)˚

F (ū; L(D)) = F (u, L; D). (3.17)

M< 3.2 Af:flyX (3.13) ¯Πg+mffi3ΔN[ Ω = L(D) gcyXΛL
U↑V)ȷ (i) zaX [55]

4C 3.1 »& L ∈ P (D), zaX inf u∈Ũ(0;D) 1 meas(D)

F (u, L; D) = inf_{u∈}U_{(A;Ω)} 1 meas(Ω)

F (u; Ω). (3.18)

X1i!%U↑Aœ|EI↑g9H)ˇΘ�f↑BcC@RMecg

@�Π,pcyXg‘æQ,Pi↑(6s [56, 55] Λ}?T(�N↑Rœ| EI↑jHr^9”m3Λ,<Zffi(BYc»Fˇ}↑>œ3A+mjH *(BYc]`k+gˇ} [55] Λ

4 ¿X0DRWQY375

!cX'aΠgi!@8)gS?¸f¸35R,G.X'a [33, 60] Λ~\
ÆB`3BΦfio'

(1) 5R^ˇ&-GΨ)"Σ^vB!c¨fl)"Σ^vΔ@�Πg|„Λ (2) EI^a�qgG.)'fl↑k+æ_hgXoΛ (3) Δ9”Λ,c~9qΣe=~95R,cKfgK}0flΛ

m?AmΣo+mffi*`!gB`↑yXo[Cz{GΨAEIg}ΛA

↑`ŒtX'a¿↑V[EI=}Π(rXjHNqm3Λ, [34] Λ,G.

X'a¿↑>XN↑c;gyX [60] ΛLU↑mfio˘K}Kfg0˛3ff1

æ=gΛ<M%UgyXg"Σ^v3¿)"Σ^v u0 (x) = A x, ffi=B`

#MNΦg:flyX [33, 60] '

{{uh ∈ Uh ≡^∏_{K∈Th} P1(K) ,~]) F^β_h (u_h) = inf_{vh∈Uh} F^β_h (v_h),

(4.1)

~˘ Th 3 Ω ⊂ R^n (n = 2 Z 3) gs?figfi|{ˇ↑ Uh 3xJo Th ffig,
G.ˇx¿)X'a>@/q↑@@ β ∈ (0, 1), rK'> F^β_h (uh) VΦ-xJ

F^β_h (u_h) = ∑ K∈T_h ∫ K f(∇u_h) dx + α_{11}( ∑ K∈T_h h^{1−β} ∫ ∂K |[u_h](x)| ds)^2 + α_{12}( ∑ K∈T_h h^{1−β} ∫ ∂K |[u_h](x)|^2 ds)

+ α_2 ∑ K∈T_h h^{2β} ∫ ∂K∩∂Ω |u_h(x) − A x|^2 ds + α_3 ∑ K∈T_h h^{2β} ∫ K |u_h(x) − A x|^2 dx,

(4.2)

~˘ α11, α12, α2, A α3 o O(1) Kfg�@@ΛojHr^9”m3Λ,*↑

b=rK'> F^β_h (·) g‘æQ=F↑9”Λ,gK}yœ0flo O(h^{1−β} ) gK

f↑Π9qΣe=~9gK}yœ0flo O(h) gKfΛ@�ˇΘgΛ<’f

β = 1/2 *(Bec,SgΓ<-jΛΔ[r^9”m3Λ,↑zaXBΦg

Œ¿Λ< [33, 60]

F^β_h (u_h) ≤ C h^2, ‘ β = 1 2 *, (4.3)

~˘ uh o:flyX (4.1) gΠ↑C 3] h }1g@@↑_?`@8[6@ α11 ,

α_{12}, α_2, A α_3 g0˛ΛΠΔ[?`gŒtZ`ŒtX'a¿↑↑# u_h oıN

:flyXgΠ↑rŒ¿Λ<o

F (u_h) ≤ C h^{1/2}. (4.4)

Δ~NXæ=FJg-<K↑Œ¿gΓzXıNgV [33, 60] ΛVU(s↑
,G.X'a¿↑g“oı‘F}ffi)˘Mi!@8)↑*LUV MŒ¿
ˇ}Λ

5 JF

?`lA↑`se'>‘æQyXg@�jH¿↑b@(B9oI[9Λ?9

3\['>eQg¿↑↑˘4Ξe (polyconvex) Q↑se (quasiconvex) QAm

ΣΔ˘Φ gffl?e (rank-one convex) Q [5] ↑>˘4RU} Young 8}][
&%U}g6JΠ¿↑ [14, 61, 62] Λ'>ΞeQAffl?eQJgjHΛ<?
`&Ng3c'>‘æ�gΦΣAffiΣ↑o?ÆT;NR˘I|´´ıc↑
Z~˘?#´]seQgΛ<ıc↑r(ecc'>‘æ�ΛA↑Δ[~R
g k 9m3Λ,↑R k Γffl?e˘H↑d(ecc'>‘æ�c~ΔNgm
3Λ,ΛRU} Young 8}][&%U}g6JΠ¿↑œ–o3<ZffiFX

^¯g¿↑↑ı4m^↑V[~o<Z]H↑¿e_cg3o↑+mjHffi˛

egDø)ˇX'ΛS?93�¨↑↑d\[�¨ΔrK'>¯‘æg¿↑↑

˘pgŒtA`ŒtX'a¿↑↑BcmfiΔCΔ˘Φ gi!%U↑A,

G.X'a¿↑iz<[�¨↑ΛVΦvg|}7$↑I9¿↑X{:ΛEN
Rg˙1↑AZw [48] ˘g¿↑œ3};?¸?8↑YZw [53] ˘M/7
æMyX'Γffl?e˘H↑]œ|EI↑ΛEjH`Zm3Λ,g¿↑Λ
  BffiMzgÆ=3yXg:flQ¿↑ΛyX:flQ�J↑jjecg3?
#X'pg`¿)SQyX↑Π˚@@Λk{c¿Dg‹ø‘æΛLU↑:fl

yXg¯Π>3?˘‘ \x)g7æ-XΛm^↑}¿eg7æ(-,Ξ↑

OMhsgY¿↑�hNRg?`z3ø1‘æQg¿↑Λ

1BOP

[1] J. M. Ball and R. D. James, Fine phase mixtures as minimizers of energy,

Arch. Rat. Mech. Anal., 100(1987)1, pp. 13-52.

[2] J. M. Ball and R. D. James, Proposed experimental test of a theory of fine

microstructure and the two-well problem, Phil. Trans. R. Soc. London

338A(1992), pp. 389-450.

[3] C. B. Morrey, Multiple Integrals in the Calculus of Variations, Springer, New York, 1966.

[4] E. Acerbi and N. Fusco, Semicontinuity problems in the calculus of variations, Arch. Rat. Mech. Anal. 86(1984), pp. 125-145.

[5] B. Dacorogna, Direct Methods in the Calculus of Variations, Applied Mathematical Sciences, 78, Springer-Verlag, Berlin, 1989.

[6] G. Buttazzo, Semicontinuity, Relaxation and Integral Representation in the Calculus of Variations, Pitman Research Notes in Mathematics Series 207. Longman, 1989.

[7] Z. -P. Li, A theorem on lower semicontinuity of integral functionals, Proc. R.

Soc. Edinburgh, 126A, pp.363-374.

[8] Z. -P. Li, Lower semicontinuity of multiple integrals and convergent integrands, ESAIM: Control, Optimi. Calculus Variat., 1 (1996), pp.169-189.

[9] J.M. Ball, A version of the fundamental theorem for Young measures. In Partial Differential Equations and Continuum models of Phase Transitions, Lecture Notes in Physics, No. 344, M. Rascle, D. Serre and M. Slemrod, eds., Springer-Verlag, New York (1989), pp. 207-215.

[10] J. Ericksen, Constitutive theory for some constrained elastic crystals, J. Solids and Structures, 22(1986), pp. 951-964.

[11] J. Ericksen, Some constrained elastic crstals, in Material Instabilities in Continuum Mechanics and Related Problems (J.M. Ball, ed.), Oxford Univesity Press, Oxford, pp. 119-137.

[12] J. Ericksen, Twinning of crystals I, in Metastability and Incompletely Posed Problems (S. Antman, J. Ericksen, D. Kinderlehrer and I. Müller, eds), Springer-Verlag, New York, pp. 77-96. IMA Volumes in Mathematics and Its Applications, vol. 3.

[13] D. Kinderlehrer and P. Pedregal, Characterizations of gradient Young measures, Arch. Rat. Mech. Anal., 115(1991), pp. 329-365.

[14] P. Pedregal, Parameterized Measures and Variational Principles, Birkhäuser, 1997.

[15] J.M. Ball, P. Holmes, R. James, R. Pego and P. Swart, On the Dynamics of fine structures, J. Nonlinear Sci., 1(1991), pp. 17-70.

[16] J.M. Ball, C. Chu and R. James, Hysteresis during stress-induced variant rearrangement, in Proceedings of the International Conference on Martensitic Transformations, 1995.

[17] C. Collins and M Luskin, The computation of the austenitic-martensitic phase transition, in Partial Differential Equations and Continuum Models of Phase Transitions Lecture Nodes in Physics, Vol. 344, M. Rascle, D. Serre and M. Slemrod, eds, Springer-Verlag, New York, (1989), pp. 34-50.

[18] C. Collins, M. Luskin and J. Riordan, Computational results for a twodimensional model of crystalline microstructure, in Microstructure and Phase Transitions, IMA Volumes in Mathematics and Its Applications, Vol.54, J. Ericksen, R. James, D. Kinderlehrer and M. Luskin, eds, Springer- Verlag, New York, (1993), pp. 51-56.

[19] C. Collins, Computation of twinning, in Microstructure and Phase Transitions, IMA Volumes in Mathematics and Its Applications, Vol.54, J. Ericksen, R. James, D. Kinderlehrer and M. Luskin, eds, Springer-Verlag, New York, (1993), pp. 39-50.

[20] P. Klouček and M. Luskin, The computation of the dynamics of martensitic microstructure, Continuum Mech. Thermodyn., 6(1994), pp. 209-240.

[21] R. A. Nicolaides, N. Walkington and H. Wang, Numerical methods for a nonconvex optimization problem modeling martensitic microstructure, SIAM J. Sci. Comput., 18(1997), pp. 1122-1141.

[22] C. Collins, D. Kinderlhrer and M. Luskin, Numerical approximation of the solution of a variational problem with a double well potential, SIAM J. Numer. Anal., 28(1991), pp. 321-332.

[23] M. Chipot, Numerical analysis of oscillations in nonconvex problems, Numer.

Math., 59(1991), pp. 747-767.

[24] M. Chipot and C. Collins, Numerical approximations in variational problems with potential wells, SIAM J. Numer. Anal., 29(1992), pp. 1002-1019.

[25] P. Gremaud, Numerical optimization and quasiconvexity, Euro. J. Appl.

Math., 6(1995), pp. 69-82.

[26] M. Chipot, C. Collins and D. Kinderlehrer, Numerical analysis of oscillations in multiple well problems, Numer. Math., 70(1995), pp. 259-282.

[27] M. Luskin, Approximation of a laminated microstructure for a rotationally invariant double well energy density, Numer. Math., 75(1996), pp. 205-221.

[28] B. Li and M. Luskin, Finite element analysis of microstructure for the cubic to tetragonal transformation, SIAM J. Numer. Anal., 35(1998), pp. 376-392.

[29] C. R. Collins, Convergence of a reduced integration method for computing microstructures, SIAM J. Numer. Anal., 35(1998), pp. 1271-1298.

[30] B. Li and M. Luskin, Nonconforming finite element approximation of crystalline microstructure, Math. Comp., 67(1998), pp. 917-946.

[31] P. Bělík and M. Luskin, Stability of microstructure for tetragonal to monoclinic martensitic transformations. ESAIM: Math. Model Numer. Anal., (2000), pp. 663-685.

[32] M. Luskin, On the computation of crystalline microstructure, Acta Numerica, 5(1996), pp. 191-257.

[33] M.K. Gobbert and A. Prohl, A comparison of classical and new finite element methods for the computation of laminated microstructure, Appl. Numer. Math. 36(2001), pp.155-178.

[34] Z.-P. Li, Laminated microstructure in a variational problem with a non-rank-one connected double well potential, J. Math. Anal. Appl., 217(1998), pp. 490-500.

[35] P.J. Swart and P.J. Holmes, Energy minimization and the formation of microstructure in dynamics anti-plane shear, Arch. Rat. Mech. Anal., 121(1992), pp. 37-85.

[36] G. Friesecke and J.B. McLeod, Dynamics as a mechanism preventing the formation of finer and finer microstructure, Arch. Rat. Mech. Anal., 131(1996), pp. 199-247.

[37] R. Abeyaratne, C. Chu and R. D. James, Kinetics of materials with wiggly energies: the evolution of twinning microstructure in a Cu-Al-Ni shape memory alloy. Phil. Mag. 73A (1996), 457-497.

[38] P. Klouček and M. Luskin, Computational modeling of the martensitic transformation with surface energy, Math. Comp. Modelling, 20(1994), pp. 101-121.

[39] R.V. Kohn and Stefan Müller, Surface energy and microstructure in coherent phase transitions. Comm. Pure Appl. Math., 47(1994), 405-435.

[40] R.V. Kohn and Stefan Müller, Branching of twins near an austenite-twinned-martensite interface. Phil. Mag., A 66(1992), 697-715.

[41] B. Li and M. Luskin, Theory and computation for the microstructure near the interface between twinned layers and a pure variant of martensite, Materials Sci. Eng., A-Struct, 275(1999), pp. 237-240.

[42] Z.-P. Li, Computations of needle-like microstructures. To appear in Appl. Numer. Math..

[43] Z.-P. Li, An integral representation theorem for lower semicontinuous envelopes of integral functionals. Nonliear Analysis, 32(4)(1998), pp.541-548.

[44] R. Kohn (1991), The relaxation of a double-well energy. Contin. Mech. Thermodyn., 3(1991), pp. 193-236.

[45] R. Kohn and G. Strang, Optimal design and relaxation of variational problems, I and II. Comm. Pure Appl. Math., XXXIX(1986), pp. 113-137 and 139- 182.

[46] C. Carstensen and P. Plecháč, Numerical analysis of compatible phase transitions in elastic solids. SIAM J. Numer. Anal., 37(2000), pp. 2061-2081.

[47] V. Šverák, Rank-one convexity does not imply quasiconvexity. Proc. Roy. Soc.

Edinburgh, 120(1992), pp. 185-189.

[48] Z.-P. Li, Simultaneous numerical approximation of microstructures and relaxed minimizers. Numer. Math., 78(1) (1997), pp.21-38.

[49] R. A. Nicolaides and N. Walkington, Computation of microstructure utilizing Young measure representations. Journal of Intelligent Material Systems and Structures, 4(1993),pp. 457-462.

[50] G. Dolzmann and N. J. Walkington, Bounds on the effective energy by rankone convexification, in Enumath 97, H. -G. Bock, F. Brezzi, R. Glowinski, G. Kanschat, Y. A. Kuznetsov, J. Périaux, R. Rannacher, eds., (1998), 270-277.

[51] G. Dolzmann, Numerical computation of rank-one convex envelopes. SIAM J.

Numer. Anal., 36(1999), 1621-1635.

[52] G. Dolzmann and N. J. Walkington, Estimates for numerical approximations of rank-one convex envelopes. Numer. Math., 85 (2000), pp. 647-663.

[53] Z.-P. Li, Finite order rank-one convex envelopes and computation of microstructures with laminates in laminates. BIT, 40(4)(2000), pp.745-761.

[54] Z.-P. Li, Rotational transformation method and some numerical techniques for computing microstructures. Math. Models Meth. Appl. Sci., 8(1998), pp. 985- 1002.

[55] Z.-P. Li, A periodic relaxation method for computing microstructures. Appl.

Numer. Math., 32(2000), pp. 291-303.

[56] Z.-P. Li, A mesh transformation method for computing microstructures. Numer. Math., (2001), DOI: 10.1007/s002110100261.

[57] Z.-P. Li, Mesh transformation and regularization in numerical simulation of austenitic-martensitic phase transition. Computational Materials Science 21 (2001), pp. 418-428.

[58] Z.-P. Li, A numerical study on the scale of laminated microstructure with surface energy. Research report No. 6, School of Mathematical Sciences and Institute of Mathematics, Peking University, 2001.

[59] P.G. Ciarlet, The Finite Element Method for Elliptic Problems. North- Holland, Amsterdam, 1978.

[60] M. K. Gobbert and A. Prohl, A discontinuous finite element method for solving a multi-well problem. SIAM J Numer. Anal. 37(1999), pp. 246-268.

[61] C. Carstensen and T. Roubíček, Numerical approximation of young measures in non-convex variational problems. Numer. Math., 84(2000), pp. 395-415.

[62] T. Roubíček, Relaxation in Optimization Theory and Variational Calculus. Walter de Gruyter, Berlin, New York, 1997.