PHY 752 Solid State Physics
11-11:50 AM  MWF Olin 103

Plan for Lecture 28: Chap. 9 of GGGPP
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WFU Physics Colloguium

TITLE: The responze fo traumatic injuries: A journey down the road
less traveled

SPEAKER: P ibar, (WFU alum)

Biomedical Engineering Center for Public Health Genomics,
Wake Forest School of Medicine

TIME: Wednesday November 4, 2015 at 4:00 PM
PLACE: Room 101 Olin Physical Laboratory

or Elaheh R

Refreshments will be served at 3:30 PM in the Olin Lounge. All
interested persons are cordially invited to attend.

ABSTRACT

Trauma is the leading cause of death in people under e age of 45 years in bolh civilian
and miltary . with shack far nearly 50% of thess
fataliies. Death from shock is potentially with
appropnate resuscitation. Howsver thers remains no optimal o standandized resusciation
profocal for trauma patlents. In his seminar, | will presan findings from variaus dinical
prospective chsarvational studies, pilot clinical frials and the mast recent findings from the
multi-site randomized clinical trial PROPPR; all whish investigated the physiclogic respanse
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Thanks to the Born-Oppenheimer approximation, the

nuclei of a material in equilibrium move in the potential

field provided by the ground electronic state of the system
{n—2) .
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Figure 9.1 Longidi ilib-

rium positions 1, = ma arc indicated by circles; the displacements w, at a given instant are

I displacements in a one-dimensional mono

indicated by amows.
The ground electronic state depends on the nuclear positions

E, ({R“}) Suppose R* = R“’+u”
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For one-dimensional case:
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- L Dytiptig, Dy =

Dy, oy A,

F,‘,h"-'“:|||-r,.l| = Ey(0) +

n
Relationships:
Dy = Dy Dy = Dy 0ty — by =ty — by
Z D=0 forany n:
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Classical equations of motion:

Mii, = Z Dty

Solution

where

| Dig) = Z Dy Telmawa) ‘:
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Analytic result for monoatomic chain with only nearest
neighbor interactions
= Dpein=—-C

D(q)=Y.D,,e""™" =C(2-€" —e™)=4Csin’ (ga/2)

ac 1
> U=y sin zqa

Dy =2€. Dypy D,, =0 if| n'=nl>1
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Figure 9.2 Phooon dispersion curve for a moncatomic linear lattice with nearest neighbor inter-

actions oaly; the Brilloin zone is the sepment between
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Figure 9.2 Phoson dispersion curve for a moencatomic linear laittice with nearest neighbor inter-
e Brillomin zone is the sepment between = fa wnd 4o fa

actions oaly; th

=, - ];’”a’ =g (ga< Ik
velocity of sound in the
material
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One-dimensional diatomic lattice

(n=1}ag (n

Figure 9.3
positions of the two sublattices of atoms, of mass My and M, arc indica

wgitudinal displacements in a one-dimensional distomie lattice, The equilibrium
A by black and white
cirches. respectively; the displacements uy and vy ot a given instant are indicated by amows.

Equations of motion for this case:

My, = —C(Qup —vp_j — 1)
M':J"'-. = l‘_‘l_:l,, L Huj1)
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Solution: Ffgmap—at) flgman +gag/ 2—ad)

U, (t) = Ay e and v, (1) = Ase

C(2A) — Aze™" )
C(2A — Aye convenient
» . . constant

Necessary condition for non-trivial solution:

2C — Myw* 2C cos (gay/2)

0.
2C cos (qap/2) 2C — Mo
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One-dimensional diatomic lattice -- continued
Normal modes
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Figure 9.4 Phonon dispersion curves of a distomic linear chain, with nearest neighbor atoms
interacting with spring constant . The masses of the atoms are M) and M5 (with My > Ma);
M* is the reduced miss.
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Lattice modes of general three-dimensional crystals

Z B ot it vty

w (harmn

E (o)) = Eg(0) +
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Relationships:

Dpyan've’ = Dutva' v
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Lattice modes of general three-dimensional crystals --
continued

Equations of motion

Myiigse = — " Duvan'va’ Yn'va
Solution
Wy (1) = Ay (g, e =0t
Mol A, = Z Dantvare W0 4
Don,vat (@)= Y Duyayrore” T4
||D.“,,_1q_\ M, w _-|:||| A
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Lattice modes of general three-dimensional crystals --
continued

Some special values
S-" D valgq=0y=10
Z Dy v = DA, = 0.
Orthogonality of normal modes
Z MyA (G A wlq.p’) = 8y
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Example for fcc Al lattice
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Figure 9.5 Phonon dispersion curves of aluminum along symmetry direc
represents the cakeulations of Fig. |, Phys. Rev, B 446, 10734 (1992). Longiiudinal and transverse
scoustic branchesare indicated by LA and TA tor TA) and TAz b, respectively. The experimental
points are from the papers of G. Gilat and R. M. Nicklow, Phys. Rev, 743, 487 (1966) and R
Stedman, 5. Almgvist and G. Nilsson, Phys. Rev. 162, 549 (1967}

5. The solid lines
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Example for Si and Ge lattices

Figure 9,6 Phonon dispersion curves and density-of-states of Si and Ge caleulated by Figs. 1,
2, Phys. Rev. B 43, 7231 (1991} Longiiudinal and wransverse acoustic (or opiical) modes are

in “Inclastic Scattering of Newtrons in Solids and Liguids™ edited by 8. Ekland (IAFA. Vienna,
1963) Vol 11, p. 37; G. Nilsson and G. Nelin, Phys. Rev. B 3, 364 (1971) and Phys, Rev. B 6,

272y, Comversion 1o meV unigscan be dope nofing that | e D= 0124 meV v

Example for LiF
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Figure 9.8 Measured phonon dispersion curves along three directions of high symmetry in LiF;
the solid curves are a best keast-squares fit of a paramecter model [With perr £
Phys. Rev, 168, 970 (1968)]. Notice that 10'2 Hz = 4.137 meV.
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Summary from various semiconductors

Table 9.2 Frequencies wy o and wrg in em™" (=0.124 meV) of longitudinal optical and
¢ optical phonons for six semiconductors. The caleulations are taken from P Giannoes,

i . Rev, B 43, 7231 (1991), to which we refer
heses, The static and the b
¢ that the ratio mg ri""'”%'r- equals {wi

ehrtas are in pan

equency diele:
aperimental emor) the

rli £ fEag.

Si Ge GaAs AlAs GaSh Alsh
alg o S517(517) 306(304) 291(291)  400(402)  237(233) 3343
W 517(517) 306(304) 271(271) 363 (361) 230(224) 316(33)
atplutg 1 1 LIS(LAT) 12201240 106(108)  L12(1L14)
& 121 165 1240 10,06 15.69 1204

121 165 10,60 816 14.44 10,24

I I 117 1.23 1.09 1.17
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