Strain tensor

mw K to x+4x.
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| In the presence of stress, an elaske stram rs produced | He

o Consider an dlement of a fomogenwus , Isotrepic elastie svbsfance
of length Ax ., In the absence of stram, tis element extonds

equilibriune  position of the left-hand end of the element dis 46179
displaced a drstance éx along [tu k-axrs , and Ite righ+t-hand
end of tle elewent being displaced Csue . The lengh of
the eleweut chauges by:
Ak[:_bx—'uk +l/x+ax -.=-AX+ U.;,.Mx-ux
| 1
| 0% : AX -AX _ Uxvax-Ux _, U _ a(x) = €xy - frachonpl
AX AX X ‘change in lengil
|The strain  a(x) is delfined as the elastre exteusiov o &
e elorent  per unit leugth, The length of Hu element
| now beeames:
l Ax's AX + Exx AX 2(1'-}- 'Exx)AX
® one can generalite ttw above result fw 3D case, v whidé

€i;isa strain Tewsor . I{ in He undefLormed erystal we
have unit veetors & B, along the prineipal axes, b
& small deformation Huse vectors wi'll be drsplaced . The
fgf.:rlaced unit vectors are called a',B',&! and cau be calewla
| 0_9',

-

B'= (1+8x)@ +exyb + €xa €

- .

: b' = nya + (14 yy)b + 23%-3
-3

e = ‘sza + ‘E%y E - (‘Eaa-i-ljg

IThe volume of a eube having unit veetors @,5,¢ (V=1) rs now
' Changed by i deformation 4o

‘ 1+3V=12' Ek_;'xa] ~ |+ Txx +Qyy + T2t
i.e. the volume odilatation is givew. by

% Bxx + Cyy + Gz = OUx 4 Uy Uy o T A

T
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= The f:w:’a/em of oletermining effectrve potentials in Fhe calewlatio
| of He deformahou ;ofe-u}:‘q/ elecfron -phonon matrix elemevts 4
#

| The essenhal comcept cdue o Bardeey ano Sfioc}c/sy /s 7"‘*7‘,

= The above expressiou cau be easn'ly derrved var Ve case wloe

| ELECTRON - PHONOK N TERACTION

! Tn te following, we will olescribe /e wahiv ¢lecwents for:
‘ ~ oleformation potental rviteractios

— nen - polar opr‘:‘cw} /oﬁanons

- PO/M" c;/)f)kq.f fﬁ-onan. scqﬁ'en'na

— interve /e:y Sea ‘fr’er,r’):g

l( A) DEFORMATION POTENTIAL [NTERACTION - TNTRAVALLEY \

witae complicated. e lirs# of long —wavelon ar ﬁ&apaus 5
| bowever, accurate results can be obtarnesd/. Th Muis'easr, vibra
brous of He soliol resemble those of an elastre conbnuvm ,and

| of elastieity.

i { the soliel is subject +oa straiu Syp (tenser) thatis a
. S‘/ow{y rar‘;yz‘ng 70/»0.19‘0;.. of positioy , Here wi'/l be a change
in energy of each electronic state that ;s proporbons/ o
+he steain. ﬂ?‘»‘refe{Ore , 7he change Su energy of a state of
waveveetor % and bgnol n s

En€:ZE S =2 = (‘i_,)“?

!
|
| where ,_:-JF, /s the deformahou fO'o'zr.'ﬂ‘)“‘qf tensor,

| He strains are ob/atathous (expansions and conkrachous of |

| the volume). Llet us cowsyoler free electrons at fow Ffewpers |
| fure for whicef

I s\3/s EF 3/, 3/
Ne ¥ m) e W ramtye g g
e[ 2 o[f"’ Bl )

2/;
N= _-5- M) ?»/7. Epﬁjz =y EF = 3&24’) 3l
32l A% % 21*

Consider now a change rn volume containing N electrons by axn
| antownt oV, The clmnge iy Fermi e»ew or T

R -5/3 g A
Obr=-(@*0) "L 2 e )
3 ( )-'c‘m*‘ -’:V = 5(v).mf v [
o & av _ 2 -
JEP_. S‘EF_V-——EEFd = C A
where A=0V/y is the difla -f-a "A'c.w,

Meir effects can be described in a manner related #o I Heory
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The deﬁfmn‘f"on- ?07‘3"1{"‘?/ ’h‘}ems-ﬁbn is  sow ex,ore-ssed rw Ferms
of fhe ptuonou coordinates M. let &7 ée the displacement
vector for an element of volume Jocated at Ri . 7he oitatatiou
/s then simf{y ‘9:‘veu. %?:

-
A=V-U  (see s/de notes)

‘ We noes Interpret Z as an atomie o'l‘s,p,émemen?‘ vactor, i e.
5 = ¥ B

g - R 1 g R

? o 091 4 ? ]

[ —5 - 1
| ;i = Z % é
| “ gv |unty L [ r

Tram‘:‘ng R =F as a continvevs variable gives: 3
— 1 G r i “"H‘f
AT— VZ .—.Z 5 ‘;ef’ [0?7817 _q’ye ? J'
97 | uhtyy

Interpreting now & Er as the deformation fafenﬁ‘qf slectron - plon
Juterackiou Jeads to:

'

#ef;,d‘p-: caﬁEu V.-«

ompacing (ie. usitq Hds iuh He wpression for KE) witk Hhe
" expression for Mfi “leads fo:

| This last result .s@ye.sﬁs' tHat enly Longitucinal acowste waves|
| cor it polarizatioq directiou along the olirecton of fmf’ﬂgq'}foq
| Couple. to the earriers iu a spherically ~symmetric band.

The matrix elenent sguared for scattering betweeu sowe riba/
| state £ akd sowe _'[fan state £r s , Mews gﬁ""/ fo lignore
hon - /oara.&o)/‘a'r:y) &

| L L. o absorptioy
‘ﬁfﬁ,ﬁ’)f = _ji“‘gz /ﬂz +‘-ZL s :{-) 5(&-_15’ j_'?) for ao/m»/,mm‘
Lpyidy Ls emission
w here :
Ng = _},_7‘._.-- /s He number of pﬁv»ons /e a stade 7.
Wo /KaT
> A

The Hotal scattering rate out of some iuita/ state £ i Heeq

Imasx

* =

[,?‘v =‘_:§ e;{’ _ 5;“; ] when !?-y //é: /Zoggifbof‘m/ modes )

o |, when c‘.’;w,l; (Fransverse modes|)

Fmin



where fft. /f‘m{'f‘s o‘f .«'m’-egmﬁbu_ alte aéfajne.d fmw Fhe zew's
of the O-funchou +hat represenks e energy conservatow /u
Fhe sy:{em.‘

| ?em

|Tfn9 variaton of the faﬁaaon waveveetor with c0s € rs
showwu cllagramatically /v Me [figvre below

2% (cos6 - %’.’i) = at (cosb- %r

£ cosd = m¥wa, & ( 1‘9/0 sign absorpion, oo ne l-"’/:ﬁ'/hv).
2%~ * %dg
. 2 m*w = mw 2
| oy PR 058 - P LR y|eosb= T H2 . B | (g
| 28 Ak, %2y T 2R ?
ifquav‘)bn (%) relates the magnitide R of the phonon wavevectr
4o its angle 8.
| (a) Absorphon process : cos 6 = ’”i“"z 4 =% Z?Qf[m*wqa,wsg]
| 78q A2 3%q
(b) Emissiou procass : ¥ e ¥
cosb= Mm%y . 2 _, 77" zx(w.sﬁ- e “”)
5%g, Ak %Eq
For /ons ~waveleng He )e/.pno,,;, q'ﬁ;r which we have evelvotes
Cov, we have :
I Wy, = Ve 9, (Vs is Mo sound velocidy )
*
wlich leads fo: 2“3-_-. 2% (f’{i _wsa) = 2% (%-_i-wst?)
%
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| In 7"&- /:*;90'6 shown ou e f'tl‘.’lrfbc'.s Fa9¢e , we Aqyg cons i or
twe olistinet cases. Vs /v <l and Vs/v >/ (=58 /m* ;s elect

| (@) Absorption proeess ?4“‘: 2t / %i - 9)

o Vs/v <] =S gm'r:a?i@/%'_,u) , B=&
e o BAE e Bl
5
o Vs/v >/ =3 ?;:a: =A% [..:;—}-1-.") N B=u

b
?:wi':-ﬁﬁ/;{,{ “/) % f=c
() Emission process : ?sz 27 (GDSQ = %)
e BVl = (977 222 (4- %) , =0

em
Dmin = 0 ) 8=Bmin

wote that [for the emissiow puocess | cos® is betwees 0
| which means +hat an electron  can only emit a. /:Ammn e
Yhe farmard eliraction,

| ony
e Vs/v o => ?::x . Dmin oes not exist.

| This observatiow saagerfs that an electron must trave/ o't
| aveloeity i excess of M sounel velocity Vs fo be able 7o
emit o Phcmou . This s Lrown o5 CERENKOV condi hoy

ol 1ot em/s , whereas 1%e  sound re/acj{-y /s on Me onder of

10% ewils.  Therefore Us/r >0 and for both The adsors
and lte emissiou proecess we have:
2 -
049 £2% —— &

z
! The maximem ptonon enemyies juvolved ju e Mher /e absorpi
| or Me ewe'ssiou process are’

Bwy™ % B fpnse = AV AR % Imel .

| This ene is mucl smaller lMaw Mae thermal ene of lae|
: e/ecfmu, which sc@ge:.fs fhat scatdering by acoushe (long - amveleng¥ )

p)—wnon.s can be considered as an elastbe process.

Note :  thormal energy of electron = E:‘E.ﬁlT ~ 40 meV.

The average electron group ve/oe.zfy at T=300K rseon Mab’e,r—

=
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| The nymber o f /bftma»s v a mode g /s
[

' { a1
| omg= L . r 21y
k eﬁm,/t:yr_f |+ hws [ huy,
T KaT

; for Bwy K %gT = 25mey

Since Mg B!, we also have Mat hg RNg+l , ie. Hhe matrix
elemends sgvareo r aésorpf:an and emiission processes are
| lasicle frow Mwe T-funchov) #he same . This s known as EQUIPAR-

| TiTon APPROXiNATON. For elashe scattering , +he /imits of Inte-

Consieler matrix elenpent .fo!' a&ar’bﬁ‘ou only :

=,
The 4otal scattering rate ovt of some inital state % isasum
| absorphion and emissiou rates that are nearly eqva/ ,&:r equ/pari

which 3fye_$

at
m.‘/‘/ ._nc. ﬁaT — m -ac, BT J
= ¥ ik f‘l e ,?y#ﬁfzr* f" *

3m-ﬁon fer the absorphou and emission processes are also [te some.
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| Tf we o"e.ﬁ’nc i e (Ex) = ) Z/Z';, as a’en.sﬂs of.s)fm‘m-
: per unit enepy c‘('q, 3zwn_s’9u
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matrix elemend 57::«:4 (absorphion +emissioy)




