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, (7.3)

108



2 iy M alaly & aly

EQO0°N m?) |5

5 ) Toigi | el gl
64 77 Al
68 194 Cu
135 290 Fe
437 514 Mg
400 400 W

Oslall aed g Lalanl(7.3)d g

'Jleaidlg aldy Yl (qinia 2-9-3

.(10.3)

( ) :0A JLaall

o, (o xe)

c=0=>¢=0
c#0= 0 =tan(a)s = E = tan (a)

o >0, :AB (JIAQ.I[

(36.3)

109



Ly A palad 5 &gl Laly ) ﬁ

(37.3) oc=Te"
( ) . m r
) o :BC Jlxall
(
.C
O'=F/SA
O-max ............................. B
Ogloooon A & F F
o |
of L -
jjj] 3-) ¢=AL/L !
114

bl ) el inid(10.3) Jaul

110



2 iy M alaly &l Laly

@.g;ﬁl dLn.mN[9 ()9:»(94 Jaloq 3-9-3

(11.3) (XY2)
( )Y &y Y o,
( ) Z X 82 gx
(34.3)
AL, L,—L
y y yo0
38.3 £, = = >0
( ) y Lyo Lyo
AL, L ,-L,
39.3 gy =—>=—"—""-<0
( ) on LxO
AL, L,-L,
&g, =—=t=—""7=x<0
(40.3) L L
1%
_ 8x _ 82
(41.3) v=-—S=-—*%
gy gy

111



(42.3)

(43.3)

(44.3)

(45.3)

Rig N palal s il g I

Z! ]
Lol b ] I »
T _ Lk .
y y
! Lzo ”[ <: VLZ :
v > Y
Y
X
:(11.3)Jsddl
(8.3)
Laall | puladll | 3Y 58 salal)
0.5 036 | 025 Cromid g (Jalea
1(8.3)J gl
AV
VA )
0
Vy=L,xLyxl, V=L.xL, xL,
&, = LXL_ on = LX = on(l+gx)

X0

L, =L,(l+e,)

L

z

= Lzo(l+gz)

112



2 iy M alaly &l Laly

V = LX0(1+5X)>< Ly0(1+gy)>< LZO(1+52):V0((1+8X)><(1+<9y)><(1+gz))

AV V-V
W: v 0 :((1+gx)x(1+8y)x(l+8z)—l)
AV -
(46.3) v Chte e =2

0 i=1

EEREEREEREEE, =0 |

(46.3) (41.3)
AV
(47.3) v - ol-2)
0
r L
&, Ar/r,
V==——=——
(483) gL AL/LO
Volmt oAV AL A
0 LO r0
AV
(49.3) v e (1-2v)

113



Ly A aladl y &yl Laly

T
4 (12.3) 0
Y

o

(50.3) y =tan(6)=—

LO

TOC]/
. o
(51.3) yz@(radl ;L—
0
(52.3) r=Gy

_______

N
N

T L,

Sl slex! 550(12.3) JSA)

:oadll Jaloq 3-9-3

114



(53.3)

(54.3)

115

ij

((13.3)

Aoy M bty 3l sy )

(9.3)

E (10° Nm? )

el Adlglll | alanll Agll sulal
25 29 Al
31 T Cu
61 180 Fe
] 184 Mg
155 155 W
:(9.3)d gl
:.. l, &Q
E
G=
2(1+v)
: sl W 2iq0 5-9-3
) ) 32 :9



iy A st 2l i

Y0,
X :
1(13.3)Jsadl
Uii > 0 (I = J) GII g
i o; <0 '
9 6 (i#]) Oij = 0j; °
Oy Oy, Oy3
(55.3) [Uij J=|on 0u o
O3 Oy O3
°

116



2 g sl ol oy )

o,—H O O3
(56.3) det([aij]—,ul): Oy Oyp M Oy |=0
O3 Oy; O35 H
Hss Ky s Hy
03,0,,0,
oo 0 0
(57.3) [o]=| 0 o, 0
0 0 o,

Zi(olﬂxllﬂxéaxg) z (valaxzaxs)

3
(58.3) oy =Y aa,00 i,]=123

k,l=1

Z(O,XI,X2,X3) Ay, ay .
(0L X, %, %)

1 T(M, i) @4l sl Yl glob Glus 2

=)

=
—

=
el

ol

(59.3) T(M,A)=[o,].

117



Aoy M palbatl ":‘/-}U‘jebf\ 3

=T(M.k). 7
(60.3) -
J( (MK -
(14.3) K - Jlia
1)
Y
.k (14.3)Js&d)
(i=]j) oy =0
f(l\/l ,IZ) =05, T+G32 j7+a33 K =03 T+023 T+G33 k
~ _ ~ o, 0, 0,0 O3 B B B
T(M,k)z [O'ij]. Kk=|o, 0, 0x|0|=|0y|=0,1+0,]+0,;K
O3 0y, Oxp )l 033
T, T,
(61.3) T, =T(M.k). k=0,
(62.3) T, = \/(f(M ,IZ))2 —(T,) = \/(0'123 +og, + 0323)—0323 = \/0123 +o2,
:@g;;J[JaLamshlldan 6-9-3
P,
Ap Ay F ;

118



2 iy M alaly & aly

Po+Ap
-Ap
(15.3)
(63.3) o =—ApJ;
5,
B AP av
VO
___Ap
(64.3) B=- ( AV j
Y,
L, P
< Y > L,
\/
LZO P |_Z P
I:%
L
L X
X0 I_I P
1(15.3)Jsdl
X
1 AV
= — = —V _—
(65.3) X=5 0 AP

119



Rig A sl s il aly I

(66.3)

(67.3)

1gii:aui/ax'

(68.3)

Xi Xi
U=% —% =) ¢X i=123
j=1
4/11 412 413
[C:ij]: Cu Sun G
431 4/32 4/33
(i=]) &ij =0u; /ox,
. OX]-
OX.
ou, ou, oy,
oX, OX, OX,
ou, ou, ou
[{’V” ]: ax2 ax2 ax2
1 2 3
ou, ou; ou,
oX, OX, OX,

e

' Jloaiyl mige 7-9-3

<, ]

<,

OX; OX,

120



(69.3)

(70.3)

(71.3)

(72.3)

(73.3)

121

Rig M slad )y &yl aly
< ]

Cij = @ + & ) =123

wj; :%(gij _gji):_%(gji _é/ij):_wji ,]=123

0 W), Wy
[wij ]: o 0 @ 3

—W;; Wy 0

ou, 0 0 0
e

&ij :%(é/ij+§ji):%(§ji+é’ij):8ji ,]=123



(74.3)

¢ ]

(75.3)

[gij]:

Rig A sl s il aly I 3

I.gij J

€ € €

[gij]: En €n €y

€13 &y €y
ou, 1 ou, au, 1 ou, ou,
oX A(axz OX, A OX; 0%,
JARCIRL M, PAR
2\ ox,  ox, X, 2{ ox,  ox,

PARCEC R o,
2(ox,  ox 2 ox,  ox, X,

lgij J

panhl dgd gila 7-9-3

(o Libl lilaia) yalgalldanga alghldls (1

(35.3)

c7=Eg:>5=g
E



L&
£ Oy O O3;3
(76.3) "E E E
76.3
1
n :E(Gn _V(O_zz +O_33))
2E€33,Ep
1
(77.3) €xn :E(O'n _V(Gn T 03 ))
1
(78.3) €33 :E(O-% _V(O-n T0y ))
(78.3) ,(77.3) ,(76.3)
| .
(79.3) & =E(0'ii —VO, — VO, — VO, +VO,) i1=1,2,3
1 .
(80.3) 3 =E((1+v)aii —vtraclo, ) i =123
,traClGij J= 0,,1t0,+05;
)7ij:25ij(i¢j) Tij=0ij(i¢j)
(7/”‘
(52.3)
1 .
(81.3) o, =Gy, =2Gg; = ¢&; =GO i,j=12,3

12:

Ly A el 5 &gl Loty )




(82.3)

(83.3)

(84.3)

(85.3)

(86.3)

(87.3)

Rig A sl s il aly I

(82.3) (80.3)

(81.3) (53.3)
1) 1 JIj = 1+VO_|] i: J =19233
o[ E E
(E200)
& =é((1+v)aij —vtrac[aij ]5,) I,] =123
o :i(a. T trac[a.. ]5) =123
L T L A Y v
P (38.3)
o, =2ue; + traclo; b, i=1,23

Ev

(1+v)1-2v)

B

(85.3) (84.3)

124



2 g sl ol oy )

__Ap . Ap
(88.3) B= (Avj_ ;
v %‘,5“
(64.3) (46.3)
(84.3) (83.3)
1 .
(89.3) & = E((l + V) — VO =VOy — V(733) =123
3 3 1
Ze,, ZE (1+v)o, —vo, —vo,, —Vvoy,) 1=1,2,3
(90.3) R
E((l 2‘/)(0_11 + 0, +03; ))
O-ij = _Apaij i) J = 17293
(91.3) o, =—Ap i =123
(90.3) (91.3)
> -3A )
(92.3) Y, = Tp(l ~2v) =123
i=1
(88.3)
E
B=
(93.3) -2)
(93.3) (53.3) v
GE
B=
(94.3) 565



Rig A sl s il aly I

( )
) 9
(3* =9x9=81)
( )
3
(95.3) Oijj = ZCijklgkl ij=1,2,3
k,I=1
3
(96.3) & = Zajklakl ij=1,2.3
k,I=1
81 SijkI
(9 6 )
,(6x6=306) ,
Sijkl = Sklij Cijkl :Cklij :
)
)

(96.3) (95.3)

Cijkl

180°

21

126



2 g sl ol oy )

(97.3) ukl Za"n in9p g Cimpa i,jk1=1,2,3
m,n, p,g=I1
(98.3) Sia = Zaﬂn i@ Biq Spa i,jk1=1,2.3
m,n, p,g=1
X, X, Ay
Y= 5;333 X; E (98-3)
keot) (o)
11 - 1) (23,32 > 4)
(22 - 2) (13,31 » 5)
(33 - 3) (12,21 > 6)
6
(99.3) Op = Zlcpg €y g=1....6
0=
6
(100.3) €p = Zspg 04 g=1,...6
g=1
Ciu =Cuj C,, =C, ((100.3) ) (99.3)



Rig A sl s il aly I

3

&)

&

&,

€s

&

Cl 2 Cl 3 Cl 4 Cl 5 Cl 6

Cll

C22 C23 C24 CZS C26

ClZ

C23 C33 C34 C3 5 C36

Cl 3

C24 C34 C44 C45 C46

C14

C25 C35 C45 CS 5 C56

Cl 5

C26 C36 C46 C56 C66

Cl 6

o

0,

O;

Oy

O

O

(101.3)

(102.3)

(103.3)

(91.3)

(103.3)

3
= —Apz Sk

(104.3)

1

i k=

(104.3)

(102.3)

(105.3)

128



2 g a5 bl oy )

igjhl 3¥oloa gl culgi micd palic 2yaxi o

21

.(10.3)

) el 2is i _
- gy sl il
Spe 31 Cpp
21 Sl A3
¥l el s
09 Attt oo |
6 3B > 1 gglanze 2
B Al
3 FEPL
- Al B gt

CIRENN 1(10.3) S

129



Rig A sl s il aly I 3

X, = X,(1->1) X, >-X,([1>71) X, >-X,[1->1)
X, >-X,(22) X, > X,(2>2) X, >-X,(252)
X, >-X,(3>3) X, >-X,(353) X, = X,(3>3)
o) o} (e}
i [Ce

1111 1122 1133 1123 1131 1112
2222 2233 2223 2231 2212
[A]: 3333 3323 3331 3312
2323 2331 2312
3131 3112

1212

130



2 iy M alaly &l Laly

3323—2 $3323=-3323
3131—2353131=3131
22239 3$2223=-2223

1112—2 51112=1112
3333 —2 53333

1111 1122 1133 -1123 -1131 1112
2222 2233 2223 -2231 2212
3333 -3323 -3331 3312

2323 2331 -2312

3131 -3112

1212

[BL[A]

(3331 -3331<=C,,,, > —C,;,, =C,y;, =0)

. [D] [B]

131



Ry A aladl s i aly )

(106.3)

c

D]

]

|=

1111 1122 1133
2222 2233
3333

- [E]

1111 1122 1133
2222 2233
3333

—_
[3S)

OOOwONO._O
OOO&ONO._O

W

[\
(98}

oooOSOD
ooﬁoooo

0 0 1112
0 0 2212
0 0 3312
2323 2331 0

3131 0
1212
OZ

0 0 -l1112
0 0 -2212
0 0 -3312

2323 -2331 0

3131 0
1212
[E]

0 0
0 0
0 0
0 0
C. 0
0 C66

132



(107.3)

(108.3)

(1093) [c,]=

133

[Cu']:

C,
Cp

Cy,
0

0
0

[Cu' ]:

o oo HOO

Cp
C,

C,
0

0
0

—_

c oo HOO

w

O 00

|38

S O O

O 00

- C44aC12aC11

Cy
Co
C

—

1

oS O O

0
0
0

OOﬁOOOO
OﬁOOOOO

. C44 ' C12 ’ C13 ’ C33 ) Cll

Cy
Cy
C,

—_

w

N |—

oS O O o O

C44

Ly A el 5 &gl Loty )

C13 0 0 0
C13 0 0 0
C33 0 0 0
0 C, O 0
0 0 C, 0
0 0 0 %(Cll _Clz)
. C12 ' Cll
0 0 0
0 0 0
0 0 0
(Cll _C12) 0 0
0 %(Cll _Clz) 0
0 0 %(Cu _CLZ)

a

@

3



1) ghll 4S80 < ) il
4 all pailiadll




137

(a)min = 27ZVS//1max)

'(a)max :2ﬂvS/ﬂ’min :ﬂvS/a) :

&y A aled y by aliemtll ol 4| s

donag 1-4

:19:».\5[))9" 9[()-&![&#-5{(9):][@[ 2-4

A>a

(1.4)
(1.4) 1

,(/1 =2a)

min



& A A alad & adlism ol 4 )

Vg u
Fu_1 o
(1.4) o Vo7
g E (Vs :\/E/P) :
(2.4) u=u,expi(ot+kx))
k w ( ’ ) o=y
Ve v, =V .(2.4)
-V,
>
o L @ ® ® Py ° ° ° o
ﬂ'max
—> 2
ﬂ’min = 2Cl
:(1.4) S
WA
0 /:

:(3.4) S

138



* &y A aled y by aliemtll ol 4| s

d4ui) dlg¥ Al oa danlg dya (o dalyhl dlaill dyobll auill danlal i balail 3-4

(@=ltaitakl galy
(3.4) (a) (m) ,
p
O
U1 Uy, Uyt o gilt gl g
“OMM-OMIN-OW d
P n-1 n ntl —r
(1 Ll Sade ) : ih
5,a Lolal sac el g L

L5 gt A g RS

- . . ° . —o—

:(3.4) S

( )
(3.4) (n)
.. n-1,n,ntl... (...un_l,un,un+l...)
n+1 n
(3.4) F=-pu,-u,,)
n-1 n
(4.4) F,=pw,-u,,)
. n

139



& A alad i lism o) 4| ) *

(54) E1 = E _Fé = _ﬂ(zun _un+1 _un—l)
:(3)
2
Fnzmdu =mii, =—pQu, —u,, —u )
dr’
(6.4) mii, + fQu, —u, ., —u, )=0
(6.4)
N N (6.4)
X,= na
) ( ) a
(3.4)
k u ) (
(7.4) u, = uexp (l(kxn —a)t))=uexp (i(nka —a)t))
X Xpr1=a(n+1) (6.4) (7.4)
1:Cl(l’l—1)
ma)Z — ﬂ(z _eika _e—ika)
cosé = %(em +e) 0 =ka

140



' & A aled y by aliemtl) ol 4| s

w’ = ﬁ(l —cos ka) = 48 Gin2 ke
m m
pPl. ka
=+ — _—
(8.4) ow=*2 - sin
. ka
W=, [Sn—
2
a)max = 2 V ﬂ/m
(8.4)
aailldaNe (aihal 1-3-4
| sin ka/2 | w(-k)= wk) w(k)
o(k) k' : n' (n'7)

o(k)=olk+k')=
sin(ka/2) = sin((k + k')a/2) =|sin((ka/2)+n'7 ) =

(9.4)
k'a . 27’
=n'r=k =
a
8.4) (7.4) k2mmla k
k+2nmnla
+7t/a -m/a k . n=1
k k (4.4)
(kyax= w/a) O rmax
2d sin 2a Amin = 270/ Kmax = 20
. \=2a n=1 k=2#n/A d=a O=x/2 0 =nA

141



&0 A et i lism il o) 4| )

(7.4) (knax=27/a)

(10.4) u,=u exp(i inw —ia)z‘) = (— 1)"u exp(— ia)t)
n
()
() )
= 2.8 /m
ar
: (4.4) s
degoralldepug gkl de
()
(11.4) v, =<
2 a (11.4) (8.4)
2 ﬂsin(kzaj‘ 5 > sin[kzaj
@ m a
(12.4) V, == p Vo e
2




(13.4)

(14.4)

(15.4)

(16.4)

143

&y A aled y by aliemtll ol 4| s

y 0o
£ Ok
: k (8.4)
V :a—wz 'BaQ.cos(k—aj ‘
£ ok m 2
k = +n/a (14.4)
.((27z/a)1/,8/m ) (12.4)
(k=(27/L)—0)
(5.4) (ayJB/m ) Ve
a\/E Vb
NN
e T/a ko
:(5.4) S
(ka<<1) (A>>a)
Sin (ka] B = - (ka) + (ka)s — e, R k—a
2 2 3! 5! 2

8.4) (15.4)

w:ZX/ESin(k—asz\/zka :w/ﬁaz k
m 2 m 2 m




& A ekt i Mlismsilo) 4| ) ‘

(16.4)

(174) Vp = Vg = a\/g = VS

N
( )
N
(17.4) u, v =u,
(17.4) (7.4) (discrete)
U ei(kanikaN—a)t) —y ei(kan—a)t) —
exp (+ ikaN )=1=> kaN = 27h =
(18.4) kzz—”hz ,x 27 ,x 47[, o . ,_Mziz
aN aN aN aN aN a
N
——<k<+— , ——<h<+—
(19.4) s g ) )
h
(+7/a) N (19.4) (18.4)

144



& A aled y by aliemtl) ol 4| s

) (G = (272/a)ng)

K=k+G=k+Zp,

.a

(20.4)

bV blaildalis 2-3-4

(20.4) -
(18.4) (7.4)
k k (
(k )k k
| aN T
k)= =— ——<k<+=
(21.4) g(k) (27[) o +
aN
g
-
- —4rZ2m o 27 An z
a Na Na Na Na a
k (6.4) Jsd)
k+dk k
(22.4) gtk =Nk, Tep<iZ
27 a a
N
(23.4) g |k =2 5= d
27
o+do

ke + dk| |k| k

145

) k
.(27/aN)



) sl By e 2l 2 ) A
D(w)dw = g(k|Jak

(24.4) D(w)do = g(|k|)dk = 2%&
D(w)
aN dk
D(w)=——
(25.4) () —
W=, sin| —
2
1
dw max (kaj aa)max( : z(kajj2
— cos| — || = l—sin"| —
dk 2 2
1
:g 2 2,
(02, - 07)
1
2N [ , VL 2N o’ )2
D(w)=""— - 2 = 1-
(26.4) (0)=— (02, —@?) o ( o
(7.4)
A
2N
”wmax
0 Do @
:(7.4) S

146



' & A la y g il o 4| s

k [a)’a)max] (4
]lD(C())dCO = Z—N ]P (a)fm — (02 )77 do = 2—|:arcsi|—{ij:| - 2_N|:£i| =N
0 T T Drax ) |, T |2
D iax 7/a r/a N aN T
D(w)do = [g(k|\k = [ Ldk=2"12 =N
(27.4) { (0)dw ‘([g(] ) = . [a}
N ‘N

abui) alod Akl oo ouiys (o dalohl dlasll dyobll duill danlall Ml balal 4-4

(3=l ks dulasll qaly
...CsCl , NaCl
...Ge, Si
M m
B ;
B < p B
(...un_l,un,un+1...) M a
(8.4) (v, oV, V) m
ac. i
Up—1 ¥y Uy vy Upil 8 Vnrl | 8,  uansid giga
-OAN-O-MN M- O-AA-ON
M & « N g
13 gt B IS03
(gl n Bl Bale Bz B
3al il dae Bl h

:(8.4) S



& A alad i lismtilo) | )

(28.4)
(29.4)

(30.4)
(31.4)

(32.4)
(33.4)

Mii, ==f,(u, =v,)= f,(u, =v,,)

mv, =—,31(V,, —Mn)—ﬂz("n _“n+1)
)

(8.4)
k @ (
u, =uexp (i(nka — wt))
v, =vexp(i(nka — wt))
u, k 0]
exp (iNka )= l: vV, =V, . U,
k= gm0l L4 L Om AL
aN aN  aN  aN aN
k< N NV
a a 2 2

(29.4) (28.4) (31.4) (30.4) (29.4) (28.4)

(Moo — (8, + B,)u+ (B, + B, explika))v
(,b’l + f, exp(ika))u + (ma)2 - (ﬂl + f, ))v

V s U

148



I & A aled y by aliemtll ol 4| s

Mw?* —(ﬂl +,32) B+ B, exp(ika) _
(34.4) B+ Brexplika) mao® - (B, + p, -
(35.4) o' -2 ﬂﬂz o z@flz sin ( 2 ):0
.m M #ZM%Mer) :
L o’ (35.4)
(36.4) o; =—ﬁ12+ﬂ’32 I—Jl—asinz(%j
(37.4) w3 :_ﬂ12‘;ﬂz 1+\/1—asin2(k7aj
16 BB H
(38.4) a_16(ﬂ1+ﬂ2)2 (M+m)31
. of ka . = = o
1-asin (2j . M=m 'Bl ﬂz
@,,0,
2N N k W, , W, k
(37.4) : 2N
(38.4)
(ka <<1) (4 >> a) (38.4) (374) 1

(sin (ka /2) = (ka /2))

a)lzzﬂ1+ﬂ2 [1_ l_a(k_ajzjzM(l—(l_a(ljk%ﬂj}:
2u 2 2u 2) 4

149



3L A alah s fy llaem il 2| el 4
o - NEB B

394
o "
2 IB +,B ka 2 ﬂ +IB k2a>
w? = 21+ 1—a| — ~ P 211401 -
H 2 2
B+ B, aa’® |,
w, = 1 - k
(40.4) s - -
0=Ck k o, (k) (39.4)
a)ac a)l
koo o,(k) (40.4)
@y ,
‘= iz 2
a
(414) a)ac iZJ — a);;ax IBI +ﬂ2 (l_m)
a 2u
(42.4) a)op(ir Z) _ a);;in _ b+ b, (1+ m)
a 2u
(ﬂ1:,82 m=M )05=1 a)gzax_a);;m
a)ma —a);;i“ :2 é
m
a)acia)op (ﬂliﬂz miM: )O(;tl
(43.4) o, (k _0)=0

(44.4) o, (k=0)= \/@



:qf\rﬁ\u,:u;i\ SR MlES o) e

=

YER EELEEE
k-0
=

shodl Ol g Adkis

:(9.4)Jsd

wpaill 9 @igall pejall o alyall jljidldanls o

) (k > O) -
a)ac (k = 0) - 0
a)op(k:()): ﬂl"'ﬂz
\} y7,
(45.4) (33.4) (32.4) (31.4) (30.4)

u, _u B+ b, exp(ika) _ Bt

Yy V_ﬂl‘l'ﬂz_Ma)jc(k:O)_ﬂl"‘ﬂz




(48.4)

| Hpalat by sllasm ol 4 el
; (46.4) (33.4) (32.4) (31.4) (30.4)
u, _u_ P +pByexplika) B+ B M
~Mao (k=0
v BB Moyk=0) o (BB
y7i
M m
(10.4)
.(10.4) Mu,+mu, =0
Up—1 WM Uy ¥, Upr1  VYi+l AC
-O-WOMN-OAN M- O-WOMWA-O-
Up—1 WM U ¥, Uyl Varl L
_OANOMM-OAA-OMM-OAA-CAMN-O-OF
Aisk
aor AC
i i
: (10.4) Jsal

15

52

L2 -4



(49.4)

(50.4)

(51.4)

(52.4)

(53.4)

<

n

v

n

u

v

n

no_

u
1%

u
v

T
o, |*t—
a

j:wm BB fig)

& A aled y by aliemtll ol 4| s

(s

2u

on{s5)-oi =P

(49.4) (33.4) (32.4) (31.4) (304
ﬂl _ﬂz
B +ﬂ2 exp(zka) _ B+ B
B+ B, —Maoy, (k=tx/a) | _ M2+m(1_m)
m
(50.4) (33.4) (32.4) (31.4) (304)
B-5
B+ ﬂz exp(zka) _ B+ b,
B+ B - (k +7z/a) 1— M+m(1+ l—a)
2m
m#M  f=p,
(51.4) a
b =P
u, _ B+ b,
v 1_M+m(1_‘M—m‘
2m M +m
u, 0 B
v 20 u, =0 V_n_ m—M/_ m>M
(52.4) a

1



(54.4)

(55.4)

(56.4)

& A ekt i Mlismsilo) 4| )

B-b
u, _ B+ P,
v, 1_M+m{1+‘M—m‘j
2m M+m
£ 0 0o 0 0 M
vV, u, = - = M = >m
v, (m 41
p>B, m=M 2
(51.4) o -
B-b5
w,__ Bth
vn 1_(1 ﬂl ﬂZJ
B+ b,
m M
(52.4) a -
B-B
u_n: ﬂl+ﬂ2 :_1
vn 1 ( ﬂl ﬂ2j
B+ B,
m M



' & A aled y by aliemtll ol 4| s

ds,d,,d

v
(57.4) ii(7,1) = Zexplilk 7 - )
& .t 7 ( ) -1i(7,1)
-k
= f(k)
(58.4) ii(F,t)=u(F + N.a,,t)
N.(i=1,23) rd,(i=1,2,3)
(23) (22) N =N,N,N,
(59.4) expliN k., )=1 =123
k
(60.4) = le N A, i=123
A, =2—”(i=1,2,3) : n,(i=12,3)
ai
(61.4) d,. A, =2r6, i,j=123
G
) k exp (ilz R ) =1
k i(7,1) k' (
k k'=k+G
k (60.4)
(62.4) k, = ]’z, 4,



PN P S Y| *

A k IEA
¢ k
(63.4) AR, (AR, x AR, )= ;1;1 [ ;4[22 y ]/\1[1 J _ I;v
v
k
v,
(64.4) 2k
)
£, (IEXP = 1,2,3) i
N ’ . 3N
@, (IEXP = 1,2,3)
. (a)p (Ig - O))_) 0
2
) J N 3¢N
e 2 3 s A (
! wp(Eszl,,2,3,..... 3g)
3¢k :



' & A alady 4 Mliem 2l ol 4 )

) (11.4)
y: (
k
o)
e e —— ]
{ Lfgua po }
¢

@ palih pd g gk oladt

:(11.4)

(ol cayai @n)d):nd.r:-hl aloyVlaiNs (gnl).rdémdlal.mﬁldnhé o

— —

K i
. /N)
k+dk k k {1/(V:/N)=(N/V:)}

—

- dk k

bl



& A alad i lism o) 4| ) *

(65.4) g(k)dk = %4ﬁk2dk
. « 27 ’
)N - Ve Ve h ( ) Ve
V=NV (
(66.4) g(k)dk = YV dk
. 272_2
k
o+do o dw
(67.4) D(w)dw =3g(k)dk
; D(w)
(68.4) D(w)deo =3~ k*dk
. 272_2
(69.4) 0=V k=v k=vsk
Vg, V,, Vg !
(70.4) D(w)dw =3 V9 e
' 277 v
(a)max = a)D) (a)min = O)
ki, k k w,
)
(
(71.4) 3N = [ D(ode
0
@p 2
3N = |3 V9 o
v 27T Vg



* & A led y by aliemtl) ol 4| s

6N 7>

(72.4) 0, =3 V” j =3f6xn, v,
6N7*

(73.4) k= v J—%/67r n,

(74.4) D,(w)= o ?
dyobll a4l cljljichl prasi 6-4
’ ( )
( )
(75.4) E, = (n ot %jha)p (1€ )
p ( ) k (4 ol ) :wp(E)

159



& A alad i lism o) 4| )

( ¢ p=123..3)
M p ng,
( )
3Ng N
(nc,=0) ) o, (E)
(12.4)
( )
(76.4 Un =3 En, =3 (e, 42 Jho, )
ne, ho, (k) (12.4) ,
(k.p)
- )
' (.
£.0) -~ o)
]; p & P ng P
) nE,p
1

160



' & A aled y by aliemtl) ol 4| s

(77.4) K'=K +G
K K
(-1G)
(absorption) (creation)
(78.4) K'=K+Gzk,
AEH-‘: b

Lry

[l

TS
i

3\\

Il _:"‘

\%
W

:(12.4)

161

Q.



& A ekt i Mlismsilo) 4| ) ‘

dylplt Hailianll 7-4
it doll 1-7-4
(79.4) AQ =CmAT = CAT
(Cs) (Csm = C)
C, C,
( )

AQ =AU -W = AQ =AU (W =0)

(80.4) c_-AQ _AU
AT AT
(13.4)
( ) 1

R 3R:25J/mole/2:6cal/mol.la(

2

20k

162



I & A led y by aliemtl) ol 4| s

C=aT’ +yT

C=al’

C=aT”?

P
cn

C Fﬂfma.i K)

Diamond
i A g
0 100 T(K)

:(13.4)

@Gl ymgaill Gag aylplldaull -1

(K5T12)
( ) (NV) (K3T)

163



&) A et i lism o) 4| ) '

(81.4) (U, )=3NK, T
N, =6.022 10% N
(82.4) (U,,)=3N,KT =3RT
R=N K, ~2cal/ mol.K R

d(U ’ 0
(83.4) C=%=3R ~ 6cal / mol .K =25 J/mol.K

((14.4) ) (Dulong-Petit)  —
10° | . 10° ¥ -
(A gy el (A My Ol
: _________________________ - B
-
L P :
T |
£
r
10k
< Cy
= L
3
10 10
10'3 1 i i L 1 i I L 1 .“}' i i i i i i i i
10" 10 10° 10° 10" 10" 10 10° 10° 10"
T3K¥) T3 (K®)

164



4 i) ety & lasm o) 2| el
aylpll dowll oolidinl amga -

-a)E
(84.4) E =nhw n=0,123,...
(124 )
E =(n+ljhw n=0,123
(85.4) n > 1,2,3...
n=0
n=0
E, (E)
N
szn:N(En) . _E_ZHZN(E”)E”
(86.4) = < >‘ﬁ‘
E=> N(E,E, > N(E,)
(86.4)
TN(E)EdE
(87.4) (E) ="

]ON(E)dE

165



& A ekt i Mlismsilo) 4| )

E,

(88.4)

-hw -2hw

(86.4)

0+ hwe**” +2hwe **" +
(E)=

-ho -2hw

_hwe (1+2e" +3e* +
- l+e" +e™ +

7

(89.4)

1(89.4)

ho
e’ —1

(90.4)

(91.4)

166



' & A aled y by aliemtll ol 4| s

7 2 ho
3NAKB(0)J e Kol

dU,,. ) K,T
(92.4) Y 4T ( o jz
K,T
e -1
(92.4)
dillall dylpll ¥all sie dwlh=ll
(K,T>>heo )
o h ho ) h
(93.4) T =142 +( a)) P PO
‘ K,T \K,T K,T
(92.4) (93.4)
ho ho
(94.4) Cv=3NAKB(1+K j=3NAKB+?z3NAKB=3R
B
- (94.4)
dinatibldylpll Vsl sie dwlalt (2
(92.4) (K,T <<hw)
h 2 ho
w KT
3N K e’
d E A B( j 2 —ho
Cv _ < >tot _ I<BT2 =3NAKB hao eKBT
dT [ ho ] KT
K,T
e
2 _hw 2 -0
B haw KT 0, £
(95.4) C, _3R(KBTJ e —3R(7j e’

(95.4)
167



G LA alad y 4 Mliem sl ol 4| ) ‘

(Vi S OL@, )

min

(11 ) ( )
(a)min = O)
- (a)max = a)D)
<Umt>= TX<E>dN(E) = T hiZw D(w)dw
’ O ekl _q
“C ho
95.4) )= [—o—Dp(@)do
Pt ]
:((74.4) )
ON
(96.4) Dy(w)==—0’
a)D

(95.4) (96.4)

(97.4)

ON ¢ ho’
<Ut0t>_ o '(‘; dw

168



(98.4)

(99.4)

(100.4)

(101.4)

(101.4)

(102.4)

(103.4)

169

& L oalad b liss il o) 4 sl

ho
x:
K,T
h K K.T
x=29 =28 do=28 gy
K,T h
KTx K, T KT’
wdw= 33 —2—d 34 d.
h h
x=0=w=0
K,T h 0
a)max = a)D - . xmax max a)D - =
h KBT T
ho
6. = D
D KB

(97.4) (100.4) (99.4) (98.4)

C9NK,T* ™ x°
<Ut0t>— o _([ ex—ldx

(102.4) (101.4)

allalldylslt by sl sie dwlall -
(101.4) KT >>heo

3 3 3
X X X 5

e —1 l+x+x"+....... X



&) A et i lism o) 4| ) '

(101.4) (103.4)
K T4 Xmax 3 K T4 Xmax
<Utot> - L 3 _[ xx dx = N 3 Ixzdx
0, e —1 0, )
4 3 4 3
<Ut0t> _ 9NK33T . X max _ 9NK3BT . 9D3 _ 3NKBT
0} 3 0> 3T
d{U)
(104.4) €= =30k,
N=N,
(105.4) C,=3N,K,=3R
- (105.4)
dinalihlantall abyyall sie dwhall -0
(0 (¥, > ) K,T <<hw
L3 g
dx = —
(106.4) l.ex 1 15
(101.4)
)= ONK ,T* me‘” X _ONK,T* x* 3xtnk,T*
0, et -1 6, 15 50,



(107.4)

(15.4)

1

1

T

3

(33
h

(. m_rff,.’ﬂm.f K)

&) F ey b lasmtl ol 4 e

dU) _12z*N,K,T° 12 [T

C, = 3 — 7 Rl —
dT 567 57 6,
(107.4)
( ) T
.(16.4)
25F
20¢
Fit of silver specific heat
- data to the Debye curve
= 151 with T, = 215 K.
-]
=
::,. 10F
O
st
T T I
( ) (15.4)
........ '.:.t.’fjl,'ff.mSK 251 Dulong-Petit, 24.94
Ag, Th=225K X
2
= Scaled to their
Al Tp= 428K St Debye temperatures
Diamond
T = 22:30 K
T 0 . 1
Temperature (K) /T
:(16.4)
(1.4)



(108.4)

(109.4)

&) A et i lism o) 4| )

O sy iz y3| paiall ‘90( jgﬂg-’ 5yl i ys | il
230 Ca 428 Al
630 Cr 110 Pb
450 Mn 158 Na
467 Fe 370 Li
343 Cu 1160 Be
310 Zn 164 Au
370 Ge 640 Si
732 LiF 470 SiO;
510 CaF, 321 NaCl

:(1.4)

aaalgiil ol Yl 2-7-4



(110.4)

(111.4)

o Foaladl s d iasm il ol 2] )

@)[)L" 2naill 3-7-4

)
(
T X
Il e
o e
(110.4)
(111.4)



(112.4)

(113.4)

(114.4)

(115.4)

& A ekt i Mlismsilo) 4| )

+00 +00 2 +o0 3 h
jxexp —M dx=IxeXp _f_x .IeXp _gx rhx dx
-0 KBT —0 KBT —0 KBT
+00 2
;jxexp _Sx J1+-5 x4 d X dx
c K,T K,T K,T
+00 2 h
=I6Xp _Sx Jx+-5 x4 X+ e, dx
i K,T K,T K,T
+00 2 +00 2 h +00 2
:jxexp _Sx de+ -5 [x* exp _Sx dx+—J‘x5 exp _Sx dx + ...
i K,T K,T* K,T K,T* K,T
5
X X

11

Txexp(_wldx N LT’“ exp{— f—xzj _dxﬁ(ﬂf

K,T K,T - K,T 4K, T

Texp(— %J dx = +jzoexp(— g—x;J dx = (”I?TJZ

3K,T
(-2
(x)
(x) _3K,T
alT 4a f?
g=0 a



dX

(116.4)

(117.4)

3

dT

_ [ 4T
Q_K[dxj

& L oalad b Mlies il o) 4| 2s)

Jiloall o @ylplt Juagill 4-7-4

(d17dX)



&) A et i lism o) 4| )
A
T3
K
(
Kp
K,
(118.4) K=K, +K +K,
( )

09195 ga O9iga ¥elas

176



& L oalad b Mlies il o) 4| 2s)

dallll lhax eila 1

ho, +ho, = ho,
(119.4)

o +o, = o

doplldhod han (gila 2

hk, +hk, = hk,
(120.4) S -
ki +k, = k,
k,,k,
(Normal) N :oalelldilaoll -
ks
: ( )
(UmKlapp) U o aiyldlae -
i<k + ) & K,
A
ky
Eza 41 i
T -
k3 = k2 —5 : k3 ®
[ J

-q
L



& A alady 4 Mliem il 4| sl

(Peierls) G
(120.4)
(121.4) K +k, = k,+G
.U £0
A Ky
m/a
-m/a ma Kx
-T/a U

°
G
N G=0
A Ky
m/a
% U Al
%
-m/a n/a Kx
- ]
k —
G »
-m/a .
:(17.4)(.55'*:m

dyobll crgually cutdill -

dulndill oigroll — 1



I sjf\riu‘i‘;\) hoddlie=lll o) 4 sl

1 ) .
(...

il Gguall — 2

Laduld 9‘l -3

&..L.!_DJ[ LD[9L. ::L: RO X .n —)

U
D
(122.4) K=CVD
(T<<6p )T



&) A et i lism o) 4| ) *

(K46,/2)
eXp(‘gD /2T)

A oc exp(@, /2T)

(123.4) K, expl6, /27)

(2.4)

.T=20K ,T =273K

T=20K T=273K
A[fx} K[W/ mK} ){R} K[W/ mK}
0.0075 760 97 14 Si10,
0.001 &5 72 11 CaF,
0.00023 45 67 6.4 NaCl
0.041 4200 430 150 S1
0.0045 1300 330 70 Ge

:(2.4)dsad)

180






N ) : -1
2]

13

- ( ) : - 4]
(5]

- [6]

-[7]

Charles Kittel . Introduction to Solid State Physics . seventh,edition John Wiley and -[8]
Sons.inc.New york

Charles Kittel. Physique de I'état solide.2eCYCLE . ECOLESD'INGENIEURS . -[9]
7eedition.DUNOD.

R.Ouahes. elements de Radiocristallographie.officedes publicgtions universitaires. -[10]

Sylvain Ravy. Physique de la matire condense -[11]

sylvain.ravy @synchrotron-soleil.fr-http://www.lps.u-psud.fr/Utilisateurs/ravy/- [12]
18/9/2006.

F. VIVIER Cristallographie. Travaux Pratiques. IUT Créteil-VitryMesures Physiques -[13]
.(lere année)

Y uri M. Galperin .Introduction to Modern Solid State Physics. FY S 448 [14)

Ashcroft / Mermin. Solide state physics.Harcourt collage publishers. [15]

183


GHOUGALI
Textbox
المراجع


	Benhemida.01.PDF
	Page 1

	Untitled

	$*$p*=: 


