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                                  Abstraet

    In this paper is fir$tly clescribe(l the irnportanee of reffecting power of rocks. A formula
giving reflecting power of rocks is then derive{I frotn that gtving refleeting power of ab$orbing

media by putting e!v==O. Ouz' formula thus (lerived glves fair agree]'neiits l}etween observed and

caieu}atecl refieeting poweers for granite ancl ba$a}t specimeps in Japan with Na-D }ine and with

ang}e of inciclence equal to 4,5". Drude's formula for rnetallic ref'lect.ion transformecl to the case

of alv==0 procluees discrepancies l]etween ol')servecl an(1 cale.ulated valueg. coiisiclera})ly greater than

those l)y our forJnula.

                               Intreduction

     Knowledge of refiectiiig power of rocks for solar ]"adiation is important
fyoni the foliowintocr sdveral considei'atioiis.

     I) Re{'leeting power of roeks for so}ar radiation conibined with their
em!ssivity, specific heat and therma} eonductivity will control dit}rnal and

annual changes in surface 'tempei'ature of bare outcrop of ]'oeks situated a#
' tke su}'faces not onl>r of our eartli but also of tlie ]nooii and very possibl>r

of other planets near th.e sun. "I"lie diurnal and aniiuai chantocres of stu'face

te}nperature co]nbiiie{l with. 'bhe]'mal di'ffusivk>r give rise to lhe si]ni]arl>r

periodic ckantrcres of tempera#ure at points beneath 't,he bare outewop of roeks
       'and a non-uni'for2n distribution of the tennperature with respect {'o deptli is

pyoduced. .     2) Sucli a non-unifm'm. distribution of te}iiperature eeve}oped 2nside the

surface layer belteath outcrop of rocks will p]roduco 't}ieynia} stresses in the

}a>rer. .In higli ]noulttaiRs and in deserts, Nvhere the 'teniperatuye fluctual'ion

is layge, tensile styesses at lo"rest t,einperatui'e a}'e sonieti]nes suMclent to

prodtuee cracks hi rocks.i) 'l"his plienonienon is }ikel>n oceurinocr easHy tit tke

Jno6n's surface as tlie diurnal beating and cooling is treine]kdous ; roek ficftk-e$
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lglllellsje8ft]rethtlliekfK`Ra:kgulliaictg. deve}oped tand wi]1 depoigit on ]•elat'{vely ]ower

    3) Imleating of stone walls of stony buildizigs b>r absorption of di}'ect

solar i'adiation aLid of solar radiation regected froni ground surfaee planted
with ho grass and heatinocr of rooms by Iettinocr in solar radiation refiected

from 'the sam'e ground su]rfaee cannot be studied witliout kBowledge of the
reflecting powe]' of rocks. It is. worth notiiiocr that an.>r one of 'the peneilg

in diverse di.rections of dLrrLised solar radi.ation 'fi-oni 'tlie bare ground surface

ls of a ];e•gu]ar re,ffection N•vitti a defiltite cftnocrle of incidence at a point,

N•xThere thi$ penci.l conies from, o'f the sttr'face of olte of nun]e]'eus sand tecrrailts

coi.isistingy tlte groand surface.

    4) I.f tke sarfaee la>ier of tlie roel<s contalns u.lv6spi.nel-rich titano-

]nagn.etil'.es and ilnieni.t/e-ricli l)etnatites NNihose Cavie poiiits are di'fTe{'ent writ}i

one another in tlie range of the ordinary teniperattu'es, tke di.u'rnal and an-
nual changes of ten)pe]'t}tare Iiiside the la>rez' should etftuse the si.]ni!.ftr peri.odic

chaRocres in the remanet inagnetization of tlie la>rer; and with this pheRo-
]nenoii the probleni of stability of inagnetization of ]:ock.s nia>r h.ftve a close

re]ationship. XXfe ma>r, tkeyefore, e: pect that diff'erences would be found

in magnetization between rock specimens from otitcrops sufftciently exposed
l.o solaz' radlation and tliose insuMciently do'ne, and not only this but also

th.at the n]agnel'Lzation in sitna at a ocriven pl.ace of t.1]e oL}tcrop would u]]nerge

dai].y and seasonal variatioi]s.

    5) 'l"he niosL 'Åíascitiating Nvi}l. be a x/iti}2zation of the reflecting poNsrer

of terrestria]. rQcks for infe]i]rinbcr 'the. kinds of ro:k's x•vhich bLii}d difrerent

paerts of t,he lunar surf"ace, egpecia]}>r wliether tke roeks forniLng the brjtncrh#

area are diffei'ent fi'oni those doing the darl<.

    1?ro]n tke above points of view, we have long been enthusiastic in 'tke
de{'.erniination o'f rei'ieeting pox•ve]: QÅí xrarious kii}ds of terrestriai i'ocks l'br

light in temns of its wtive-lengt!i aiid also for total solar radlation. Tlie
preseikt paper is tli.e first revort of oiir work.

                 Refieeting power of absorbing media

    In order to derixre a formula of reflecting poNsrer of rocks, Iet us ]nake

use of the fortnu]a of re{'lecting power of absoi'binbcr ]nedia }•Nrliich. xsri]1 be

derived '{'ronn diat f'or traiigparent•

    1.f we asstnne tlie incident liocrht coiisistinbcr of the o]'dinary Iigkt fa}liLiocr

u?oil a boiindary of t.wo media to be cemposed of plane 'polarized liglits witk
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'their plan.es of pe}arization in a]l directions, tlien ihese lights ean be resolved

iiito two kinds of plane polarized ].ight of equa} inlensity, o]ke po!a].ized iii

 and the other perpendicula]' to the p]ane o'f 't'ncidence. If we denote by rft

.and ri respectivel>r the ainplitude of tlie re'ffected ]ight of t'he incident one

pola]"ized in and that perpendieu}a]' to the p]aiie o{' 2ncidence and if 'the
amplitudes o'f these two incident lights be taken .fts unit>r. then the reflecting

power denoted b>r r'i o'Åí an>r inediuni is given b>r 'the well-known 1'oi'inula!)'3).

                           1
                       r2= Il}'m(r;i+r2i). (j.)
According 'to Fres}ie], rii and ri for transpac'ent niedia are calculaled by

           r,•--:i--:gl-Z[-i--#litggs,-Zli aizal r•--lii ggi-Zf?,f-z-x-Zliv (2)

Nvhere e,. and 0,t ai'e respeetively angles of itieideRce and reÅíraction, rzi and

n2 i]i.(lices of ]'efractio}iL respecl'ively of inediuin l.1 and ]l' , and the incident

]ight is assuined to travel throuÅé(rh t'he ]nediuni I.

    If we 'take absorbing media, /Maxwell.'s electro-magnetic Åíheoi'y o{" light

foi' such iMedia 2ntrod[ttces the followiltg ]relatioRs ;

                                      a                   n2(1-x'i) =s, 2n2z ucy. (3), (4)
In 'the abeve formu!as, rz is indey. of ref}'action, z coeffictient of extinetion,s

(lielectrie canstant, cr electric condttc#ivity of the niedit"n uRde}' conside]ratioii

and p frequeikcy of ]ight. Tke eguatlolt (3) and (4) are dei'ived fro2n
n(1-)/=7 z)=i/ll7ww x-rhere E' is eomplex die]ect'ric coltstant eorrespondiiig to

real e and given by e' =srm)/-1 a/v•

    Fu]'ther, we have the following well-known laxsr of refractioxx 'Åíor absorbii[tg

niedia,

                   ,i.z== -,s,llesi z,e- :=.(, i;i3.e.],) , (s)

whe}'e z and fi stan{l respectlvely for ed and e, in eguatieik (2). T.ft}<iiig

tl}e inedium I to be air altd II an absorbing inediuiM, we have to putni =Z
.and 7zL,men(1-i/1:"rz). Sltbstitttting these in egaation (.9.), we get

     r•i-?,[iIfi:]::lZiggl:andii-gglZi#[iIkil]ggj-f (6)

    Replaeh3g cosz in eguation (6) by a guantity ey. pressed jn 1'erms o'f si.n e

a]kd n(1--i/I:mufz) by maeans of egtia'l.ion (5), we obta!n fi'om. egi]ation (1)

and '{,he I.1ius rewritten e[{liat.IQn (6)
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    ri-=s[(lli[iESifli:g$i7f.-II,C-,iww.:meil'Ji,ims),2.ftgst2S')e

                      +(l:IZill:,igi_`ill,zil'S-il-l31S-l:] (7)

                     Refiectikg power of roeks

    For rocks e}eetric conducti.vity q 'is ver>r smal} as co]npaz'ed with 'freguancy

v and the]'efore 'we may put a/y==0 e: ceptinocr ext.remely low values of y.

Therefore, as ]i>1, eguatlons (44) and (3) give us z---0 and n:'==e. Inlence,
pu].!iltg z=::e] i'n eguation (7), llie re/flect.ing power of rocks is orriven by

       r2 :-s[(S, sgf Sifll;f-ge,llll)2+(:gl-Zr,-fglE-llilll'i3)1 (s)

Thi$ 'Åíor]nula coincides wit}i what we ean derive fi'oni eguations (l) and (2)

by putting ni=:1 a}id ng :n. 'l"rans'Åí'ernii]]g e(luation (8) 'in{'o a 'foi']n con-

venl.ent; to conipute l.1ie value of reflecting poNxrer, Nife get,

    ,,1:l,1,(t;ii2iigWfrifk4:ft]ib,n=gst,i,',,a:2fei8,'ilii/eX'v.litii,fi,,t,.,,os:21

r`"'  of xrarioiis rocks }vhen their vaLues of indices (averaocre) of refraction n and

incide#t, angle e are givei}.

  Relatien between die!ectric constant aRd refiecting power for er= Oi

    rl"h. I,iei)isch and }iT. IRubens obtained the fbllowing forniulas e:"presslng
tb.e i'e]atioii between die].eetric cotistant s of nilnerals'D and. tlteir reflectintocr pox•Nrer

i'or 0=:0`', which the>r denote also b>r r"':

                      •• ( -l/Y_ 1)2+,:}
                      '" :::(-7=,=IilTi'5'i'U' (IO)
IToy an u]tycft-sho]'t electrlc waxre o'Åí' wave-leiiocrth of 4•5cRrL (v=6.7Å~ IIOS), i"V,

Schmidt`') ex'perlmentalty proved tkat z in equcfttion (]0) cou}d be negleeted

tind proposed for suc'k a wave the follox•ving 'forn]ul.ft :

                      rg == C,21ii)2• ai)
    Th. Igiebisch an<l }'I, 'Rubens") expewknentally prove{l tliat for carbonate
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ininerals (Catcite, Doloniite, Aragonite, Cerussite) and sulpliate ininera}s
(Barite, Celestine, Anglesite), equati.on (l].) was also applicable 'fer ftcn lnÅíra-

red wave o'Åí wave-length of 3Å~10` A (p=10:L'). A$ obtcftined in tiin preeading

page we have rii = s 'Åíox' reck$ and tliek'efbre fto]n equation (8) "fe ob'tain

fbr thein the fb12owing fbrtnu]a for 0 :=: 0" ;

                       ri==(-nn'mmuml,;J)2. G2)

il"hls eguatioii is theoi-etLcaHy independent of y e: cepting so ex. treniel>r low

va}Lies of j.t that the equalit>r of x(=a/2n:'y) =0 become3 ei'i'oneous (cf. (4•)).
]l' guation (12) coineides with XIV. Schinidt's 'Åíormu!a (!].), if we employ 'the

equalit>r nL'==e; and his e: perin]ental results ineiitioned above sugsrest that

validit>r ofz=0 f'o}- rocks !iolds down to the }ow values o't' v as low as
6.7 Å~ loS.

           Change ef reflecting power with incident angle

     Table I. Change oÅí refiecting power with incident angle ca}culated Åíor rb==1•500

rwIneident

angle D

9oe

7se

6oe

4•se

3oe

lse

Oo

Refieeting power

- (Formula (9))

1

1- { l
+

i

1+
(2- ll '3')n" +4n2- (2+}!3)

(i/ '(S- }x' '2')nL' ii 4n2-(2+1!-3')

             4•nL 2 N'- -3'

-  i+<'V"6--'ii'Ii,,25'i!;a,S:i &'tl :''L'3L-
)

}

l- { ]'

   n` -F 4,n.2-3
i + 2'ni' ;'/" al'k+'='S
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i"2'n"`Tl172-Si'-rf

" i+,lkkff,}

1- { 1 1
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2 llgn2 xi 4, nL' - 1

    2n2+1
1 + ,/g' ,.!it ;.il':ll'i:

}

l- { i
+

1

(2 + /-3')n`
-
f- 4,n2- (2 _ ,tig) 4ne-f-21/:3' }

rL' for

n=: l.soo

I.OOO

(IOO.OO%)

0.2531

(25.31 %)

O.e893

 (8.93%)

O.0504•

 (5.04,%)

O.04,17

 (4,.l7%)

1+Q/6+ }/E)nn i/4,n2- (2- J /g) 1+(" x-6-+ ,/E) ,i 4, E!} ::" ("2":L" ,/- 3)

O.0402

 (4.02%)

( -,n/-\ l-)"

l

O.0400

 (4.00%)
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    C'hange of refiecting power
(9) with n=Ii..500 is giveR in

is shown in Fig. I.

                       On

    riihere is well-1<now}i
Drade's fer.tn.ula7) for nie't.allic

yeflection, and 't'h'is ferniula 'ls

               Ll

 wi'tlx
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    It' 'we intend 't.o

ntio2i (l3) for roe}<s 'fbr
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          r2
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        Average indices of refractien

    Averaeffe index of ]'efraction

niean of 'the indices of re'fract.iofis

froin chemieal analysis oÅí this erock.

    I'Åí indiees o/f .i'efraetion o/f all

are denoted l)y respeetive].y nt, na,

nzL, nzu,, ..., nzt, tlien tlie averaocre in

giveR by the 'tb}lowing 'fornivtitt :

    OO too 2oe 3oe uae soo 6ee 7o so goe
         Angie ot igeldenee e (in deereeS>

   i?ig. I. Change ofreflectin.g powerwith inciclent

  angle obtained l')y calctdation with n"-'1.500

degenerates to

    2 '-Gi;6Z'g'wwb'5L }• (l4•)

       of recks for Na-D iine

of a }'oek may be given b>r a weighted
 of the nortn-compoiient ininei'als derived

 the iiorin-coinponeRt iniiierals of a rock

  •••, ni and their weibcrht percentages by
' dex of refraction o{' this rock ]na>r be
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                        nl rnl+ nL, m:,+ '•• 'i- nl m•l

                    n== .                           nxl+mL,+...+nzt
    In Table II are skewn indices of refraction of severa} t>tpes oli
roeks in Japan caiculated b>r (I5) f]'oni their ckeniical analyses8)'f').

   Table II. Average indices of refraction for Na-]]} line of several igneous Tocks in

   (i5)

lgneous

Japan

Rocks i
i

AVe.rea
fgaeclilodneXnOf i Nu}n})er i

 for(sYga3-DAji"e I ...?yf,,, '

                       '

Range

i  Inclex of refraction
of the specimens whose
refiecting powers for

 e==4,5" aTe measured

Granite

Ithyolite

Dacite

Trachyte

Andesite

Ba$alt

Dolerite

i.538

l.537

l.54+5

1.492

l.488

IA,63

1.468

i

3

4,

2

2

9

4,

1

i
i
,
i

]

i•534•-vl.5ca•

i.526'-1.564t

1.507--l.583

1.489"vl.4i94

!.411"vl.536

l.44•!-1.486

l.537

1.4,59

    't"he nu]:tiei'als ii} the last eolumn of rl'ab}e I a]re the indiees of ]refraction

calcu]ated for a granite specimen froin Kameoka, Kyoto prefecLure, Japan
and tbr a basalt speciinen froin Genbu(lo, }i[lyogo 'prefeeture, Japan, whose
reftecting powers for 0=:450 have alread>r been determ'ined by tis.

    B>r takin.rr iRto eonsideration densi'ties of nor]n-component }ninerals, tlte

authors }iave ca}culated average indices of i-efraction by vol.unie percentages

of 't}iese ininerals. T}ie results indicaÅíe that tlie average index b>r weight

percentages is less than tliat by vo}uine at most b>r O.O04.

         Calculations of refiecting powers for 0=OO aitd the

      corresponding dieleetric constants of several iglleous roeks

    By eguation (12) in which n is put egiia} to the average indices of
refraction sliown in the second coluinn of 'I'ab}e II, refieeting powers for
0=OO and for INIa-D l'ilte are ca}cu}a'ted a'nd die}ectric constaltts are also done

b>r e=n2 for tke surne line and the resr}lts are shown in Table III.

  Comparison between observed and calculated reflecting powers fer

      e==450 and fer Na-D line oÅí granite and basalt specimens

    Reflecting powers for e=:4•50 and 'l"or Na-D }ine of t} granite specinien
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Calculated values of refiecting powers for e=:0" and for

   constants for the same Iine of several igneous rocks

Na-D line ana clielectrie

in Japan

Rocks

Average index of
   refractioii n
 for Na-D Iine
  (ss93 A)

Reflecting power

 for e:= OO in %

Dielectric constant'

     (E ==: n2)

Granite

Rhyolite

Dacite

'1"raehyte

Anclesite

Basalt

Dolerite

1

l

1.538

l.537

]..54•.5

i.4,92

1.488

l.4,63

i.4,68

t
I
:
I
a
l

l

4,.4,9

4..4•8

4,.ors

3.C0

3.84•

3.53

3.59

i
'

l
j

2.37

2.36

2.39

2.23

2 21

2.M+

2.16

ll'o]n K.aineoka and also of a basalt specimen froin Genbundo 1iave been
ealctdated b>r tN•vo 'forn]'ulas, one being eur 'for]Mu}a (9) (the for}nula l'er 0=:

4•5': in Table i) a'ttd the other Drude's (the lbrinula (l4•)) and the results

are compai'ed with the value$ observed by tke present authorsi`)) as shown

in Table IV.

                Table IV. Comparison between observed and calcuiated
                    reflecting power$ for e:=4•50 and for Na-D ]ine

iobservecllRefraetive incliex

l value i
i iii % l

Ca}cu}at'ecl values

Rocks
n I

I

By formulal Obs.-
   (9) l            Ca}c.

E
I
  By Drucle's i ol)s.-
formul klf)ith x::=' Ol caic.

Granite

Basalt

s.g l

   l
4.M
   l

]..537

1.4•59

E
l
t

5.54•

tl,.tl,6

I +0.4,
I
l -0.4II

6.94,

S.98

i -1.0
i

i ' -1.9

     Froni Table IV, it can be seen tli`at for our rocl< sl)ecimens our forniula

(9) derived {"roni Fresne}'s fo}'n]ula (2) gives an agreement between observed

and ea!cu}a'ted values within e}'ro]rs of t-10 go! of t.he observed valttes, while

Drude's formula p}'odutces values l7 to 46 % systeniatically greater thcftn the
o' bserved. Such a great disagreenkent produced b>r Drtide's forniula wil} be
due to the approximacation a'lready inentioned by which this t'ormula is
derived.
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