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High-P,T elasticity of hcp iron
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Earth’s inner core (3297364 GPa and 500076000 K) is known to be composed of hexagonal closed pack (hcp) structured soli
Fe-Ni alloy and seismologically anisotropic. Thermoelasticity of hg@rpn is therefore a key to interpreting seismological
information of the inner core. Since experimental measurements are still technically impractical, theoretical approaches ir
particular ab initio density functional computation have substantial roles. There are two different ways to simulate high-P, T
elastic constants {g) of crystals. One is based on the lattice dynamics method + quasiharmonic approximation (Sha and Cohen,
2010a,b) and the other is based on the molecular dynamics method (Mocadlo et al., 2009; Martorell et al., 2013). The former an
the latter basically fail to capture higher-order anharmonicity and low-temperature quantum effects, which would be substantia
and marginal in subsolidus condition, respectively. Due to these problems, distinct differences can be seen in higméP, T ¢
their temperature dependences calculated by these different approaches. In this study, we performed ab initio molecular dynami
simulations employing a supercell containing 96 Fe, which is 50% larger than in the previous study with 64 atoms (Mocadlo et
al., 2009; Martorell et al., 2013), to check the previous results. Technical details for computing high-&& lbasically the
same as in our previous studies (Ichikawa et al., 2014; Kawai and Tsuchiya, 2015). We will present temperature dependences
elastic wave velocities and their anisotropies at the Earth’s inner core pressures over 300 GPa.

Kawai and Tsuchiya, Geophys. Res. Lett. (2015) under review; Ichikawa et al., J. Geophys. Res., 119, 240 (2014); Martorel

et al., Science 342, 466 (2013); Sha and Cohen, Phys. Rev. B 81, 094105 (2010a); Sha and Cohen, Geophys. Res. Lett. :
L10302 (2010b); Vocadlo et al., Earth Planet. Sci. Lett. 288, 534 (2009)
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Fcc FeHx at core pressure
Fcc FeHx at core pressure
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K, HERDOHFIMKICE FN DB RO & L TR EELTROV LD TH S, HERERIIHOIIE IR, 7K
RIENNICE BT I SNz EEZ 5N TV (e.g. Fukai, 1984; Okuchi et al., 1997)Lh L. #k—/KkEZRDHH
RSB 2 W2 LU E O fEIRIC R 5T E D (Sakamaki et al., 2009)FHERDHIERIZIC W TE—KELG SN LD
5 BB TEASREIZH S M ENTVEY, TNET. BHIXIVF—0OIEN S, #—/KRERORIEII O8N
P> TEHNHME RS (dhephil) M 5/STHIEAAERGE (hephhid) . & HICHNDII G (fec il &%
tT 2 ENTRENTNSD (Isaev et al., 2007) RIEHERIC K> TIGEEE N/ T LidRV, £ T TARMIETIE. L—
P—hAKXZ A Y EY 7 28U K 5 @ilsE 54 & @ EEE Ui SPring-8iIC 3513 % X SRIEHTHIEIC XK D |
F—kFEEED dhept UL & hepMiEh 5 fee MEIENDOHIRE 2R L7z, FHEROASR. # 60 GPAZ T dhephid
5 hepiEEIicZ b L. # 70 GPaC B\ T hepiidihn 5 fee MIEICE LT % T WD SNz, T HIC, Ll fee
MHEDF—IKEARICDNT 26 -137 GPACHE FARIZEUG L7z, TORER. # 70 GPaACBWTH ) &M TR DRI R
BRUIFEERICNEGGZZ(EDHE NI, TNE. Bt EL S THIEN TV B3 8—KEASOMKINEEDZLT
AT E 2NN D 5, SRS NTAERN S, HIERLOIRETE /15T B 28— KRGS OR G XS
INTE dhephiiliTlda <. fec M TH L AREMN D 5,
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Sound velocities of liquid Fe-Si alloys at Earth’s core pressures by laser-shock compres
sion
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IGraduate School of Science, Osaka Universitystitute of Laser Engineering, Osaka University

Sound velocity at Earth’s core conditions are one of the most important physical properties in Earth science because it ca
be directly compared with the seismological Earth model (PREM: Preliminary Reference Earth Model) [1]. The composition
of solid inner core is estimated from the comparison of the model [1] and the extrapolation of sound velocities as a function of
density of iron and iron alloys obtained by the static compression experiment [2, 3]. Birch’s law, a linear sound velocity-density
relation [4], is used to extrapolate sound velocities to densities in the core condition. On the other hand, the composition of liquic
outer core is estimated from the partitioning and solubility data in the inner core boundary condition for the composition of solid
core. There has been some works for the sound velocity of iron on the Earth’s core condition by dynamic techniques using
explosive [5], gas gun [5, 6], and laser [7]. However, the previous dynamic compression experiments are not enough to revez
the core of Earth, giant planets [8], and super-Earth which is at core pressures over 800 GPa [9]. In this study, we measure tt
sound velocity and density of liquid iron alloys by shock-compression method using high-power laser at pressures correspondin
to super-Earth core pressures.

We conducted shock-compression experiments using a High Intensity Plasma Experimental Research (HIPER) system at
GEKKO-XII laser irradiation facility [10] at the Institute of Laser Engineering, Osaka University. The samples are Fe-Si alloys
(FeysSis, FeyoSiyg, FespSiag and FegSisy in weight percent). The sound velocities and densities of shock-compressed Fe-Si
alloys using the high-power laser were measured by x-ray radiography [7, 11, 12] at pressures up to 960 GPa. The linear relatic
between the sound velocity and the density for FeSi alloy well follows Birch’s law [4] up to 960 GPa along the Hugoniot. The
extrapolated sound velocity of FeSi alloy was about 40% faster than that of PREM at inner core boundary pressure. The oute
core is composed of Fe-Si alloy with 5-13 wt.% Si assuming Si is only light element at the core. This Si content is consistent
with the results of previous work by sound velocity measurement [13] and shock-compression experiment [14].

We thank Naoya Yokoyama for his help with the laser-shock experiments and data analysis. Part of this work was performe
under the joint research project of the Institute of Laser Engineering, Osaka University.
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Sound velocity of liquid Fe-Ni-S alloy at high pressure: Sulfur in the core?
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The liquid Earth’s outer core is composed mainly of iron (Fe)-nickel (Ni) alloy. Birch (1952) first found that the core is less
dense than pure iron based on comparison between seismological observations and experimental measurements of the densit
solid iron. This is the so called "core density deficit” problem. He suggested the existence of lighter component(s) in the core,
and hydrogen (H), carbon (C), nitrogen (N), oxygen (O), silicon (Si), and sulfur (S) have been identified as likely candidates
from cosmochemical and geochemical arguments (e.g., Poirier et al., 1994). The density difference between the outer core al
the pure iron has been estimated to be 5-10%, depending on the assumed outer core geotherm (e.g., Anderson and Isaak, 20
The nature of light elements has remained one of the biggest enigmas for the more than half-century since the Birch’s worl
(1952). To justify the kind and quantity of the light elements in the core, sound velocity measurements of liquid iron alloying
with possible lighter elements are fundamental because they link directly to seismological observations. We have launched th
project on the sound velocity measurements for liquid iron alloys at high pressure in externally-heated and laser-heated diamon
anvil cells (DAC). The sound velocity of liquid (Fe,NB was ,measured via a high resolution inelastic X-ray scattering (IXS)
measurements at BL35XU of the SPring-8 synchrotron facility, Japan (Baron et al, 2001). We sucessfully determined the soun
velocity of liquid (Fe,Ni}S up to the pressure of 50 GPa, which corresponds to the center of Mars. With our newly obtained
results, we discuss the possibility of sulfur in the liquid cores of Earth and Mars.

F—U— B GREROERE, ARG, B, SM%, SRR
Keywords: Sound velocity, liquid iron alloy, sulfur, outer core, Martian core

1/1



Japan Geoscience Union Meeting 2015 /0 d ;

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

SIT35-05 21106 FFR9:5 H 26 H 15:15-15:30

RO PR AR O 55— [ R BN EHRLIC K B HIERYMZAH I O il N .
Earth’s outer core composition constrained by ab initio thermoelasticites of liquid Fe
alloys
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The density deficit of the Earth’s outer core indicates substantial amounts of light elements (O, Si, S, C, and H) incorporatec
in the outer core (Birch, 1952; 1964). The chemistry and amount of the light elements have been strongly debated for over 6
years. Ab initio molecular dynamics (AIMD) simulations have been widely applied to investigate several properties of liquid Fe
and Fe alloys (e.g., Alfe et al., 2002; 2007; Badro et al, 2014; Ichikawa et al, 2014). Badro et al. (2014) recently reported a
likely compositional model being consistent with seismological data. However with applying empirical pressure corrections, the
model suggests smaller amount of light elements to reproduce the ICB density jump. In our study, adopting the Ichikawa et al
(2014) technique we determined the equations of state (EoS) of the liquid Fe alloys by means of the AIMD method in the P, T
condition widely covering the entire outer core condition without any pressure corrections. From the EoS, densities, adiabatic
bulk moduli, and finally P-wave velocities were calculated and compared with the seismological data (PREM) (Dziewonski and
Anderson, 1981). After examining alloy systems from binary to quaternary, we could find some optimized compositional models.
However, these have almost comparable reproducibility to PREM, suggesting that other observables are required to make furth
constraints on the outer core composition. If considering the observed large ICB density jump additionally, Fe-Ni-Si-O and
Fe-Ni-S-O compositions appear the most likely.

Keywords: Earth’s outer core compositional models, Ab initio molecular dynamics simulations, Equation of state of liquid Fe
alloys
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Fine seismic velocity structure of the Iowermost outer core determined using outer core
sensitive phases
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The liquid outer core of the Earth is regarded as homogeneous and approximately in hydrostatic equilibrium [Stevenson, 1987
However, a low-velocity layer appears at the base of the outer core (F-layer) [Souriau and Poupinet, 1991; Kennett et al., 1995
This basal layer may exhibit hemispherical features, as reported by Yu et al. [2005], corresponding to the quasi-hemispherice
pattern of the inner core [Tanaka and Hamaguchi, 1997; Wen and Niu, 2002]. The pattern of the inner core is suggested t
reflect solidification and melting at the inner core boundary (ICB), which might cause an Fe-rich or Fe-poor layer in the F-layer
[Gubbins et al., 2008; Alboussiere et al., 2010; Monnereau et al., 2010]. However, the seismic profile of the F-layer is poorly re-
vealed because of the non-uniqueness of the profiles investigated using previous methods and the interdependence of the F-la
velocity and other seismic properties of the Earth. Thus, a better constrained F-layer velocity is required before discussing it
composition.

In this study, we investigated the velocity profile of the F-layer using two new methods: frequency dispersion of the traveltimes
of waves that graze or are diffracted at the ICB, and differential traveltimes between waves reflected from the boundary and thos
that turn above the boundary. The first approach is sensitive to velocity gradients in the layer, while the second is sensitive t
velocity excesses or deficits relative to a reference model for the layer; neither approach is sensitive to inner core properties
its radius. We analyzed seismograms of South American earthquakes observed using the Hi-net array [Okada et al., 2004] al
the J-array network [J-Array Group, 1993] in Japan. The area investigated in the study is beneath the eastern Pacific, which
placed on the quasi-western hemisphere of the inner core.

Our results show that Vp values in the F-layer are intermediate between those of AK135 and PREM, and that the vertica
velocity gradient is larger than that of AK135. Nearly constant velocities in the F-layer are not suited to observations.

F—T— R: Wi T ER PIGHEE, F g, PKPbcl R D478, PKPbck PKIKP & D=

Keywords: P-wave velocity in the lowermost outer core, F-layer, Traveltime dispersion of PKPbc, differential traveltimes be-
tween PKiKP and PKPbc
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Role of Plate Tectonics for Habitable Planet

AL 5
MARUYAMA, Shigenori'*

VR TR HER A B 22T
LEarth-Life Science Institute, Tokyo Institute of Technology

Plate tectonics plays a role of global material circulation from the surface of the earth to the bottom of mantle since ca.4.0Ga

FFR9:5 H 26 H 16:15-16:30

This is a due function both to bear habitable planet and to evolve as a habitable planet.

In spite of empirical recognition of importance of plate tectonics, nobody succeeded to synthesize the role of plate tectonics
However, the author completed this task by using following data; (1) geophysical constraints for the mechanism of plate tectonics
(2) petrological and geochemical characteristics of lithosphere, and (3) geologic history of the Earth, specifically the structural
and petrological remarks of rock components and dynamics recorded in orogenic belts over the world.

As the result, basic condition for the operation of plate tectonics and following 6 roles of plate tectonics were summarized. The
reason why plate tectonics is operated on the Earth is because mid-oceanic ridge is hydrated to enable plate to subduct whick
helped by the lubricant water-rich fluids on the bottom of lithosphere. Roles of plate tectonics are (1) Global material circulation
of CO2 and H20, (2) Role of tectonic erosion, (3) Production of nutrients-source rocks at subduction zone, (4) Driving force of

Earth’s magnetic filed, (5) The buffer of Earth’s system, and (6) The controller of thermal history of the Earth.

1/1



Japan Geoscience Union Meeting 2015 /0 d ;,

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

SIT35-08 21106 FFR9:5 H 26 H 16:30-16:45

HIER N D BRPE ER & & 70— )V XA F 2 7 R o
East-west hemispherical structures in the Earth and their implications for global dynam-
ics
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Hemispherical structures have been found in the inner core (Tanaka and Hamaguchi, 1997; Waszek et al., 2011; and the re
erences therein), the outer core (Tanaka and Hamaguchi, 1993; Yu et al., 2005), and the mantle (lIwamori and Nakamura, 201-
While seismic velocities characterize the core hemispherical structures, the mantle east-west hemispheres have been propo
based on geochemistry, rather than south-north division as has been long argued for (Hart, 1984, known as “Dupal anomaly”
In order to better characterize and interpret the mantle geochemical hemispheres in both spatial and compositional domains, a
to discuss whether the hemispherical structures in the core and mantle have any dynamical linkage or not, a total of 6854 your
basalt data consisting of five isotopic ratios of Sr, Nd and Pb from almost all tectonic settings (mid-ocean ridge, ocean island, ar
and continent) have been statistically analyzed (lwamori and Nakamura, 2015).

As a result, it has been found that the continental basalts are mostly distributed only in the eastern hemisphere, while othe
basalts are distributed evenly. Using multivariate analysis (Independent Component Analysis, ICA), two independent compo
sitional vectors have been extracted, which explain most of the sample variance (95%). Therefore, almost all young basalt
from various tectonic settings plot on a single isotopic compositional plane, and can be explained solely by two elemental dif-
ferentiation processes (e.g., melting and aqueous fluid-rock interaction, Iwamori and Albarede, 2008). One of the independer
components (IC2) represents ‘anciently subducted aqueous fluid component’ stored for 300 to 900 million years in the mantle
and defines the fluid component-rich (=positive IC2) eastern hemisphere, while the western hemisphere shows the opposite p
larity. We have also found a striking geometrical similarity between the IC2 and the inner core hemispheric structures (lwamori
and Nakamura, 2015): the eastern hemisphere shows positive IC2 in the mantle and high seismic velocities in the inner cor
Combining these constraints, we propose ‘top-down hemispherical dynamics’: focused subduction within and around the supel
continent has created a fluid component-rich hemisphere with a lower temperature, compared to the oceanic mantle. The cold
hemisphere seems to have been anchored to the asthenosphere during the continental dispersal, and may affect the tempere
and growth rate of the inner core, resulting in the coupled hemispherical structures in the mantle and the core.

Keywords: mantle, core, supercontinent, hemispherical structure, isotope, independent component analysis
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Slab dynamics and water transport in the lower mantle
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HEDNSE BTV AT TR Y FIUATLRAT T 21F, #HiBR< Y FILRZEM DT 3 ER OO D TH B EEZ
5NTWS, mIEDOWIFE T, 660-kmiHERZHZ 72 AT TI3R2AIKKL EZ>TWVWAB T L ERLTWSH., DfiEREDIER
ICXK D FE= Y MIVTD RS T OFEHIRE 2 E |NCiEimd 5 C L IXNEETH S, —75. LLSVPsDIEIRPHIKTED
DARIREICE D, AT TDORHIAFZER Y MUE FERGE & ORICIEBEEEDNRENT NS, AL TIE. AN&NE
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KBTS, BYHIST A=W MIVHHRICE 2 25085 N5 RO S, FEY Y MVAT TEB XU
CMB ST fE DY EMEE I IRIRIE F 12 3B IRERD, & BITKDIHICIE PPV ORI A EEREEZ R LTV

LAREMEDH B LEZ NS,
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Keywords: free convection, subducting slab, slab buckling, lower mantle structure, water transport
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Mapping the North American continent with inter-station phase and amplitude data of
surface waves

WEF JAR Y 751 AN 2
HAMADA, Koutal* ; YOSHIZAWA, Kazunor?

BB R AR ERT, 2 AUHEE R 2 A R A e
!Graduate School of Science, Hokkaido Universifaculty of Science, Hokkaido University

The investigation of a three-dimensional upper mantle structure using seismic surface waves has been generally based on t
measurements of phase delay. The lateral heterogeneity in the Earth, however, not only affects the phase of surface waves, |
also modulates their amplitude through focusing/defocusing effects. Such amplitude anomalies caused by elastic focusing a
dependent on the second derivative of phase velocity across the ray path, and thus they are sensitive to short-wavelength struct
than the conventional phase data, which should be useful for improving the lateral resolution of phase velocity models. In this
study, we collect a large-number of inter-station phase velocity and amplitude ratio data working with a non-linear waveform
fitting technique using USArray seismograms. Phase velocity maps of North America are then constructed using both phase ar
amplitude data of both Rayleigh and Love waves to check the validity and utility of inter-station amplitude measurements for
enhancing the quality of the phase velocity models.

The phase velocity maps derived only from phase data reflect large-scale tectonic features well; e.g., slow anomalies in th
tectonically active western U.S. and fast anomalies in the eastern cratonic region. To the contrary, phase speed models deriv
from amplitude data tends to emphasize smaller-scale structures characterized by strong lateral velocity gradients; e.g., significe
slow anomalies in Snake River Plain and Rio Grande Rift, where the local amplification due to elastic focusing has been observe
at USArray stations. Our results indicate that inter-station amplitude-ratio data reflect the effects of the second derivatives o
phase velocity distribution well, and are extremely useful for reconstructing shorter-wavelength elastic structures. Thus, the
measurements of inter-station amplitude ratios across a dense seismic array can be used to enhance the horizontal resolutior
phase velocity models of surface waves.

Keywords: surface wave, phase velocity, amplitude, tomography, North America
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Detection of an asthoenospheric thermal event: approach from lithospheric mantle xenc
liths
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Convective mantle heat flux through the continental lithosphere is not well constrained because of high heat generation in th
overlying continental crust (Sclater et al., 1980; Pollack et al., 1993; Jaupart et al., 2007; Jaupart and Mareschal, 2007). It
proper estimation and its temporal variation through the earth’s history is important to know the overall rate of heat loss from
the convecting interior of the earth (Labrosse and Jaupart, 2007; Korenaga, 2008), although the earth is thought to be losin
most of its internal heat through the oceanic lithosphere ("70%; Jaupart et al.,2007; Mareschal et al., 2012). The sub-continent
lithosphere-asthenosphere boundary (LAB) is the interface through which entropy transported to the asthenosphere beneath 1
LAB via mantle convection from the depth of the earth is passed on to the entropy transfer in either steady or transient stat
through the sub-continental lithosphere (Jaupart and Mareschal, 2007; Michaut and Jaupart, 2007; transient important). The
are three important mechanisms of entropy transfer through the LAB: heat conduction, soid-state flow, and magmatism (Jaupa
and Mareschal, 2007). The upper most zone of the asthenosphere acts as the upper thermal boundary layer of the convect
mantle and that the heat was transferred via heat conduction in the continental lithosphere with or without LAB modification
(thickening or delamination/thermal erosion of the lithosphere; Moore et al., 1999; Jurine et al., 2005). Another important aspec
of the sub-continental LAB is that it roughly corresponds to a boundary where melting and segregation of melt take place eithe
via decompressional melting in the asthenosphere or melting of the lithospheric mantle induced by the heat input or materig
influx. This implies that entropy can be transferred from the convecting interior to the lithosphere via magmatism involving heat
release or absorption by melting, crystallization, and open-system reactions. It is important to know where magmas are generat
and crystallized during its ascent to the earth’s surface in the continental region in order to evaluate the role of magmatism in he:
transfer through the sub-continental LAB. If a magma generated in the asthenosphere releases heat directly on the earth’s surfe
ending as volcanic eruption and intrusion, then heat loss via magmatism is at maximum efficiency (Ogawa, 1988). Contrary tc
this, if the magma releases heat within the lithosphere or crust by freezing all the melt there, it heat up the host layer. In this
case, the enhancement of heat loss via magmatism depends on the depth of magma freezing, though it is higher than exclusivi
conductive heat transfer.

In order to examine heat transfer near the sub-continental LAB, it is important to scrutinize the thermal state and its tempora
and spatial variability of the mantle material near the LAB and concomitant magma formation and its subsequent magmatism
Fortunately, we have many samples from the continental lithosphere as mantle xenoliths, though xenoliths from the asthenc
sphere are limited. The continental lithospheric mantle has long history of its formation and modification, but we can extract
not only thermal records when xenoliths were entrapped by erupted magmas (mantle geotherm) but also their temporal chan
before the entrapment by carefully looking at reaction processes took place responding to various thermal and chemical chang
taking place in the vicinity of the LAB.

F—T—R TR RT LT VVRT 2T ARV R, Y MVE U X, SRR
Keywords: asthenosphere, lithosphere, thermal event, mantle xenolith, mineral zoning
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An alternative formulation of the dynamics equation system of Maxwellian viscoelastic

media
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GONDRIHGE - < ML T =TV R - ERICFET 2KRIGEHEOZE®R TEERTH S IcE b5 T, E
WIFRTIE TRET 51 EABEN, TOFE 2T 51571 & UTRTERIKICHS % Navier-Stokes iR E 1
% (B 21X McKenzie, Roberts and Weiss, 197040, C I LTIELL DO THA S5 M ?

XHRIC K D R ZIR DR & KR T OO 772> 7z Haskell(1935)°Z ORI T~ >~ MViHfZ2 6 Uz
Pekeris(1935)x & JeERNIIZ 2B IR LAaA 5. McKenzield 7’ L— k77 b =7 AR D~ » M IVGHFRIIZE O RO &
5% X 95 7%/ The viscosity of the mantle(1967, Geophys. J. roy. astr. Soc. 14, p.2BBE TRD X 5 IR TN 5,

Creep under low stress is by diffusion and has a linear relation between stress and strain rate; it also obeys the Navier-Stok
equation. Therefore the viscosity of the mantle may be calculated from solid state theory and also from the slow deformation o
the Earth.

C T TIRMPERBIOYEINERE L LT, EAYESME T THIS N TV 7 ) — 785, BIBERICEINNIGS 72
il 2 L ZNUTS T T NEEMNE T, K & HICZNDREL LGB HEZERD [N EAZLTWE T LMD
Mo, EOXE, To—E GEE) BIRZRIENIZITHRXONEISHE LTERHT S, LEoTwnaeensd,

5. REXPOIC1 28 AWEHE TR U, TOREZIIIERENESDOTH S, LTAM, FifEE)THEXT
FiPE ORI DHEEIRILEY 2 &9 T &I - PIEINICHH S IZ, T O/NRRERIERR S THETI NS K&
IRER, 7o 21 106x21Par seczflio 55, £ Y MVNICEEZ S A 238 S THEBIENMENT 5 2 & ZE L,
C O L LTZI ANSNE, (Forte, 2007; Treatise on Geophysics, Vol.1, 1.23, pEHEH Y, LH L., C
DFEHICENTD, BHLVWESE 2D LTWVIEV,)

FREDOHEFETE, HAGETE, “In/1—8 GHE) BFR” LW olki EBELMEKTE S SAERMAA TRV, [EfA
OWRE ) NSBWVENSRE STV —TBHRTEINDNSINZ 2 TIDEK T, HKER. KilERZ2 K 2 RTINS ) %2
HBZ T ETZOMRETZ 7)) —THENAESN TS, UK U, k7RI sl 20— E ERERIE
WIT, A GHEES T —) WEK E A > THEC 3 I0 N0 7%Z RO TEBT 2 2 EARDENTNEDTH S, T
DRFNEZECDRKNTH A 9,

COXSEMEWZEC TG THLWERE) ZIFFEOYARTHRELED, HTFOOEAICES T, ERHERY)
HPHERRE LAWK D THh o7, FEIGESLOBIEZ1R 0K 9 & L i FadBlmie, stk etk ens T2
DDIESID—=DDYHKDHTENNT NS L0 D RNEGE ] 7 EEARMNEER Z2 OIS EI L 72w,

ek & 75 5 WA > Te @ L OBIIR 2 fE56HE & 92 LROED (FHFEHRKDO X L ),

- MaxwelllZ K234k 2y 2 2Ky FOBRIC X 2R RHI 72 B TR & NItk o /122 R 72 T Uz,
S )1 DR R 2 2% 3 M T RS YRR LN R T H % .

cHLWHETIEREX Yy Y aRy FORRIZEZ 2 L, JJOPRIKIERDOAT, Xy oy bORENIHMETI TR
< RRDFE RO EDORZ L 2508 T 28 D & HixE %,

« TORFINT > THEANOFRZE Z % &, ISHOTRIEHEEDOHRTEL . —. TNETOERHAN [HiEED
e & AR (LT 5] EWVWS T 2ERT, LFERTE %,

c COTEIFHERBNS EHLNTH O, 1% (MR ORI T, MR 2 ReussDHER (1930) &
MEENEEDLEUCTHD, EFICHEEEN TS LidEN 5,

- Zhp A, Maxwel FERANCRD D T OREEHIZYIEREERC I DIERI & U, dliAO#EB) SRR & HbeT [
IAVEDR ) OHEEEATEXR L T2ONEYITH %,

- IEFEROBE ORI TR, B ORRZL GREZMOFERDZNL) 2 [Hh) LHETE, B> DA
£ B BB OV TUIREHEFRA D SRR E BEENIC RS £ 755, Lz > TZ ORI AN ERSEFRROMES) & 725 W
R R T DB DITT TR,

« FEWD B B IEFETERPERTIE. HEED B 5RVIRD . BHEENICHRET 2 DIdRAEK T (deviatoric component)
DRHEEZENZNE, HHITHMERIA L [H Clcida 50,

- FEE BB —ROGG . RIS > < DEDZBRITH LT, #EBSEX (10N T 2 R) G HEH P 2R -
e R, MR (RERDT) DGR ORZRGICEE L THINY 5 & 5 G229 %,
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