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J.X 

A J3 S T HAC T 

The thesis submittGd is dividGd into three part81 

theoJ:eticalJ computRtional, and experimental" 

In the first part.Reneral theory of attenuation of .. .. .-

solRr radiation in the atmosphGl'G due to molecular scatter-

lng, wat~)~' vapour and aerosol absorpt ion is presented" The 

theoretical consideration inclUdes integral turbidity factor 

and its relation to different absorption n}(~Ch'l.llisms. The 

c3.lcul'J.ted value due to the above absol'ption llIechanismsand 

the integral turbidity factors for Addis Ababa region, are 

shown in ChRptel' '1'wo. 

III the second. part of the thesis different empirical 

£ol'lllul(1-s relaU,ng gIob:).} solar radiation, geographical and 

meteoroIogical parameters of a given locality are collected. 

The most general formula by S'aiyigh et.al. i29 I has been 

cbosen and applied to Addis Ababa region. With constants 

given by Sayigh et. al. which 8.1'e claimed to be universal, 

considerable discrepanejJ~s were obtained. Because of this 

reason, an ef£O).'t was wl1.de to determillG fl, new set of nine 

constants of the Sayigl1' s equation whi,ch are applicable 

to Addis Ababa region. 



x 

In this proct'::-8s the Gau.ss ~ NCt.'lton method of. lea.st 

130 I waG used.... 'J'he t.'(~gT0sston vm.s I)H1~di? using one year 

chU:a of tho global solar ~'ndlnt).on cuppHed in Chapter 3. 

In the third experimental partiR PyrD.bometer based 

on the thotllJoeloc.t1'ic pZ'inciple was constructed. 'l'hl) 

instrument i8 Simple and ill--<)xpensJ.ve. Tl:le descJ:iption 

;].n1 COlJJP 0, l' is ion measurements between the expm: imcmtal 

and local meteorologlco.l station Pyranometers we1'S taken. 

the results obtained are J:eported in Chapter 4. 



CHAPTER 1 

I N l' ROD U C l' ION 

1.1 

The Earth and itf3 atmosphere receives continuously 

1. 'I x 10 17 IV of radiation from the sun, A world population 

of 10 milliard with a total power Deed per person of 10 KW 

would require about 1011 KW. 'l'aldng only the il'radiance on 

only 1% of the Earth's surface could be converted into useful 

energy with 10 percent efficiency, solar energy could provide 

the energy needs of all the people on the Earth. 

Solar energy is the world's most abundant permanent 

source of energy. 'l'he amount of solRr energy intercepted 

by the planet Earth is 5000 times greater than the sum of 

all other inputs (terrestrial, nuclear, geothermal and 

gravitational energies,) of this 30% i~ reflected to spRce, 

41% is converted to low temperRture heat and radiation to 

space and 23% powers the. evaporation. 

Total terrestrial ntdiation is only about one-third of 

the extraterrestrial during a year and '10% of tha/c falls on 

the oceans. However, the remaining 5.4 x 10 19 J that falls 

on land is a prodigious amount of energy about 5000 times 

the total eriergy usage of the world in 1978. However, only 

a small fraction of this total can be used because of physical 

and socio-economic constraints. 



directly from tbe sun's disc. This 

radiatioD renches the earth about eight miG ,lites after the 
, , j , 

em~S8.0U process~ 

Th,e sun. ~ G clQ('.trOIlJ!lgnettc r::tdJ.B.t ion "~CV0,rs an extremely 

wide nm/t,c of wavelcngthrq f.rom (1.U-1 1J •. l.OJ.° p ). Of the whole 

\":It)'11n .');D' JiJ'jit CH"~p O·OM koAy to 1,6"t up • .t < -~ ,~_. ~,l _~.',)' ,_, I __ ~!,. <:J~v,r~, ~ v ..... v ~~ _~~Q. 

HC'1.Jt::.e these W3,VC8 (1.1'0 caJ.loo"th('l'mal rv.diatiol1". Visible 

1 j.ght rRY OCGUpy a VQ"'y narrow ho.nd of t110 th01.'lllal l'adh>.t iOI1 

SPCc:i;r.um. 

TO ived at the Burface of the Earth is entIrely different 

dut,; 1;0 vfJ.}.'lotw l'er:ttNl1S. 138f.01:0 stUdyj.!lg thls, it is important 

Solar Radiatiun intercepted by tbe Burface of tho 



Earth wtth ))cgJ.cgj.ble dj.re(~tion c.hangn and .scatt(3rj~)g ill the 

atmosphere. Direct radiation is also reffered to as beam 

radiation. 

b) Diffuse Radiation 

~ Solar radiRtion sC8_ttel'ed b)l aerosols, dust, and by 

Rayleigh meeh;.mistll, and .. doesnot have unique direet10n. 

c) Global Radiation 

- Global. radiation is the total of direct and diffuse 

radiation,global l'acllat1on is sometimes refel'ed to as total 

radiation. 

1.4 The Solar Constant 

Refert'jng to Figure I.l l the geometry of sun-Earth rela" 

tionships, eccentricity of the Eal'th' s orbit is sueh that 

the d istanee between the Earth !tnd the sun varies t:3;::;' The 

characteresties of the sun and its spatial relationship to the 

Earth result in a nearly fixed intensity of solar radiation 

outside of the Earth's atmosphere. The "Solar Constant", 

10 is the energy from the sun, per unit time, recG:Lved on 

a unit area of surface pel'pendicular to the l'ftdiation, in 

space, at U18 Earth's me,,-n cUstancE' from the sun, 
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Fig. 1.1 Schoms,tic of sUll-Earth rolat1.onships (not to scale.) 

Until ).'ecol1t1y, (mtimates of sola-r consts.nt had to be 

made from ground based llK'8-SUXments of: solar radiation after 

it ba-d been transmit ted i;l)):ough the 8.tmosphere, and thus in 

part absorbed Rnd sea-ttered by components or the atmosphere. 

Extrapola-tio)Js from te1'l'(;stri9-1 measu)'mel1ts, which wore made 

from bj.gh 1ll0untRins, 113.d to bo based Oil est:\.Jnf.l.tes of atmos-

pheric transmi~:sioll in various porU.oll of solar spectrwlI. 

Pioneoring studies WG1'G clOllO by e.G. Abbot and his colleagues 

at SmithoniRll insU.tute, 

However recently, the avaHablity of very high altitude 

ah'Cl'afts, ba110(>11 Rlld l':p'WG crafts bRIo permH,ted direct measur-· 
on 

lllent of soJaI' intensitY"most 01' all of the l~arth I s g,tmosphere. 

These llleasurlllentt] lw,ve been reviewed and summQrlzed and 9. !lew 

standv,rd v9.1ue of solar constant is given by 'rhel{aekara ! 1., . 

And lUore rocently l~ocket and satellite· measurements 

mah~e it possible to ostimate the v:),lue of 10 to R11 accuracy 



[} 

of :to.5 pE,rccllt oc !JeLtet'. Following the adoption of the 

World Itltdiometric ndercnce (Wnn) 

the most reli.able value oJ' lois 18'lO::HiW-.;\(-2 ~ (about 1.95 

,,·~2 . -1) . cal C~ mln J,n 81 units ±6W 

For any lneai) distance botweell slln-Earth, t1le Extra 

terrestrial radiation can be calculated by considering the 

Earth's orbital eccentricty factor e(n) that is, 

( 1. 1) 

:6 il 11 Where approximately cCn) ~ 1 ., 0.0 34 Cos [··3G5~l (1.2) 

si; in Which 'n' is the day l1\unlwl' counted from Janu8.YY 1 . 

Thesevalues are available on a table, FHAI\K KREITH i 3 i. In 

its annual l'evolution round the sun, the Elu'ch moves not 

in a circle bnt in an el1ipr-;e~ At dii':fc:l'ent times it moves 

nearer or :farther from the sun. Early in January, the Earth 

passes through the point :i.n j.ts orbi.t when :it is nearest to 

the sun,known as perhelion, and at the begining of July, it 

passes through the farthest point, called tIle aphe'ion. 

The extra atmospheric distribution of energy in the 

solar radiation spectrum can be found either by direct measur-

ments, or by extrapol .ation beyond the surface of the atmospher~ 

of surface spect)~Onletrj.c llleaSltrenlcn-t ~ata. Go fH.r dj.rcct 

measurements are taken by Ineans of ro6kets. 



(' ) 

4.00) Pill in whJ.di H COlJstitutes lJ:L:I.%% of the tot:),l soIA.l:' 

r.adH',U.Ol1. 

The spectl'al l'ad:l.(l,t ibll, accOJ.'ciing to thllir. const :ttuent 

Wa,ve l;~gth AP~ ~[,_c'N~!"O "~-l~' ~;-~-
r fl.!l 11:<:- < 11m) , < ... ~ " 

- ' I' .. ,.~~~~~-~~ ~---~.>-~ 

(0.29 - 0.10) I Ultra VI.olot ! 07.6'72 

(' .• 0 - 0.'" I .,..... j .3 .... 
(0 S ~,,~_.~~~ __ ~.L~_n~~~,Nd _~.~ ~~~~ 9 ~ 

'l'able 1.1 - Matn Spectl'll.l JHstd.huHon of 8011>.1' Rn.diatJ.o!l 

0110rgy. DUG to the £ollow:l.ng 

is ont1re1y d:l.ffer811t. 
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1. G At 1:eJ)uRt ion of ~-{r) lar Hadi~:}.t ion 

The variation in solar radiation reaching the Earth than 

received at the outside of the atmosphere is due to absorption 

and scattering in the atmosphere. All atmospheric components 

contribute to a greater or lesser degree to the attenuation 

of the direct solar radiation on its path to the Earth's sur-

face. The attenuation of the direct flux of radiation takes 

place as the result of' the mechanisms of absorption and 

scattering which affects simultaneously all parts of solar 

spectrum. In the upper layer of the atmosphere, the main 

process are absorption of the X-ray and ultravioret regions 

of the solar spectrum and scattering in the violet and blue 

r[wges. 

As the radiation penetrates to 10we1' layer of tlH) 

atmosphere, the attenuation affects the longer wavelength 

portion of the solar radiation. 

The basic atmospheric gases-nitrogen and oxygen mainly 

attenuate radj.ation in the ultraviolet visible regions of 

the spectnnll through molecular scattering. Solar radiation 

is scattered not only by gas molecules atid water vapour, but 

also by solid drop particles, fog and ice crystals. Diffuse 

radio,tion constitutes a significant part of the radiation 

flux, while part of which goes back to space. 



L '/ 

some b~tr:;lc to:tms tn GolV,t radi8,t:i.on r.cometry a:rc given .. 

Barth must tut'J) to bd.ng the meridian of [~ point dj.i:ectly in 

line witb the BUD'S ray. At soiar noon, tho hour angie is 

:t01'O o.l1.d it OXPl'0SS08 ~bc U.Ble of tho dl3.Y with respect to G01fU' 

noon. On<'! bou,: anglo equivalent to .~~ ~ O. ?,02 ~:ad Ol' 

'rb0 S1)I1' s J](?<olj.natio)J (Q) 1" the (l,ngular dJstanc0 of 
~-. ~. -~",,-..-.~",,",,~---.--~-='----------.--~~, 

the sun's ].'o.ys ho):th (0.1:' south) of. the <Jquatol'. It is the 

aogie between a liDO extending from the center. of the sUh to 

the cel1ter of the Barth, and tlJG J.l1'Q,je'~tion of this 1:1.110 



9 

The variation of the sun's declination angle <Ie the 

nw"ximum value of 0 iG at summer-' sol~_;t:i.ee* (+2:~.SO) and 

using the equation; 

6 ~ 23.5 sin (;~5K) (1.4) 

Wi1ere k ~ 0, at March 21st 

eRn ho found 

For solving praotical problems in aotinometry, the 

position of the sun is determined most oonveniently by system 

of horizontal coordine,tes, using the sun's elevation and 

azimu th. The sun's altitude angle is deterr.lined by the direc-

tion towards the sun l),nd the plane of the horiz .on. The 
, 

azimuth of the sun '1', is the angle between the local meridian 

and the vertical plane of the sun. 
" 1/ 

VFRTfCAL J .. __ ~_.~ __ ~_~. __ .. _. 

--.-?-.~-.--.. -
<5 

Fig. 1.3 Diagram showing solar altitude angle Y and 
solar-azimuth angle Y. 

'*80181'i68-- means "sun standing st ill" 0:[ min. OJ' n18.x. 
diclination. 

HORIZON7AL 
PLANE, 



1.0 

Consi'J.'H';i,ng the sphm:lcal 1;r1.fltlglo of the above diRgram 

Figure 1,1. - Shows t" JJ, IJ) of tho Solv,r G00!!)Ctl'Y Z '" (gO _ y) 

and J3hAND ! 51 and!)}!].ng NapJ.ol'· s r.ulo for s:,>hc1.'ical b'.h nglos, 

figure (1, I),) 

Cos(90-y)-COB(OO-L) Cos(90~a) ~ Bin(90-G) Sin (90-L) x COs(m)(1.0) 
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Simillarly the azirnuthal angle '~ can be eomputwl 8_';, 

(1. 7) 

radiation is the length of the clay. This can be calGuL,ted 

al follows; at the time of sun rise or sun set, the zenth 

angle z a 90·, and henGe substituting into (1.5)and solving for 

( w) 

w = -1 cos (-tan</> tano) (1. 8) 

The length of the day 15 (,I'd) ~ 20) 

2w = 15 Td ~ 2 cos- 1 (-tan. tan6) 

2 ---1 and hence Tcl ~ - cos (-tan¢ tanO) (1.9) 15 

the length of the clay Td is a function of latitude and solar 

deGlination. 

It is noted that the time specified in all of the sun 

angle relationships is solar time, which does not coincide 

with local time. 

It is necessary to convert standared time to solar time 

by applying two correcUons. First, there is a constant 



co~'rectj.on for allY di:f:ference in longitude between the 

location l.tnd the roe1':l.d~.:,>..n on which the local standared 

time is based. 1:11G second corr.ection :l.s frolll equation of. 

time which takes into aCCQun the v9.rious perturbations in 

the El1J:th's orbit and rate of ro'.;,-"tio11 which affect the tlme 

. the sun appears to cross tho Obscl'vers meridian. 'rhls 

correction is obtained from published ch(t):ts. 'i'hus, solar 

time can be obtained fl'om stD,ndard time by this 

Solar Time'" Standal'tl. time + B + 4 (LST - I,OC) (1.1.0) 

Where E + the equation of time, tables in m~nutes. (6) 

I,sT + the stands.rd meridian of the local time zone. 

LOC + the longitude of the location :tn qu.est1on, 

1n degrees west. 

Values of the equation of time for luly day in the 

year can be estimated from a graph known as the Anelmma 

and this can be found on solar enel'gy boolm. 



CHAPTER 2 

A'1'1'ENUATION OF DIREC~l' SOLAR RADIA'l'ION NOIJECUIJAR SCA'f'l'EIUNG AND 

'fURBIDI'l'Y FACTOR 
--~. ~-~---,--~-----~~---~ 

2.1 Introduction 

In recent years l:(·.'1Ul'StS have come from physicists, engi-

neers and from biologistf3 for l~lore inform21tton concerning 

the quantity and quality of solar radiation reaching the 

garth's surface. Increasing awarness of the depletion of 

the non-reml",,;:'le energy sources has stimulated investiga-

tions into new methods of converting solar energy into 

useful power. 

Among the major factors governing t_he "heat balance" at 

the Earth's surface are: 

a) direct solar radiation reaching the Earth's surface 

after penetration of the atmosphere, 

b) diffuse radiation reaching the garth's surface, 

c) radiation leaving the Earth's surface (albedo 0) • 

The sky radiation (diffuse) includes: 

i) radiation from the extraterrestrial source including 

stars, moon, planets and the dust particles causing 

zodiacal light, 

H) radiation due electric excitation of the atoms and 

molecules in the atmospheL-c, 



iii> scattered X'ad:lation. 

iv) II tho l:J1J.o.l " ):.<ad:l<:1.tion fl:om 'elK: at.IUQsphe:re. 

The contribution of: (:i.) at", (H) to heat balance m:o 

negligible as compared to the contribution of; (Hi) and O.v). 

Solar rad:l.ation reaches tho Earth's surface e:!.ther directly 

or after. being seatter(')d by atmosphe:d.c part:l.c1es. This. 

paper reports the analysis of:. the measurements in Addis 

Ababa, of th(~ molecular scatterl.ng of. the (Ureel: beaJU radi­

ation, the integraJ. turbidity fa,ctor cUlclJ.lation and the 

contxibut:l.on of attenuation (ll).e to ~lat0r vapour and aexosol 

concentrations. 

The spectxal d:l.st~:dbution of. sol8.r x8.d:l.8.t:l.on VIO,S fir:st 

investigated qual:l,tat:l.yely by TA).ngley (1881), bu''.:. 'ehe:re 

have been few systematj,c :l.nvest:l.gaHons of. d:!.reet beM) 

speot:ral :i.:rx8.d:l.ancc In spi te of repo:t:t.s of changes in 

at.1llosphet:l.c txansmiss:i.on. . 

Vo.:t::l.ous autho:rs have xepoxted exrunples of; calcuJ.atcd spect:r.al 

distr.ibution based on va:.do1;ls model utmosphcros, Ul'lfJ\1orth 

and McCm:tney (7) I measureo. niJ.XX',)\'/ bo.nd sp0ctr.a hat;". also 

been pub J.ished, both in ene:rgy units} Dunkel roan <J.no. 

$colnie (8). 

In the calculation of the att.;m,1,).e3;ion o£ the dlxect solar 

X'ad;lat5.on £acto;rs and reJ.".t;l.onfi, in the atmosphe:r.e, were 

foun.d by cons~.der.j.llg the theo);Q-t:icaJ .. tJ:ansf:or of heat .tn 

the t:\tmoSl?h~re, 
.' 



All the atmospheri.c components contrIbute to a 9reat:er 0):' 

lesser degree to the attenuation of the direct solar radia-

tion on its path to the Earth's surface. The attenuation 

of the direct flux of raL1.ation takes place as a result of 

the mechanisms of absorption which affect simultaneohsly 

all parts of the solar spectrum. 

In the upper layers of the atmosphere, thE, absorpU.on of 

solar radiat.i.on is caused by oxygen, oz·one and nitrogen 

oxides and, in the lower stl'atosphere and troposphere, by 

\'/Bter vapour, ca.rbondioxide, aerosols and othel: minor com~ 

ponents. 'rhe variations in the concentration of Via ter 

vapour and oz-one and optical characterstics of aerosols 

under the influence of vad.ous processes of interaci:ion 

between solar radiation field, the atmosphere and the un-

derlying surface result in constant fluctuations in spectral 

transmissions in the atmosphere. 

2.3 Attenuation of Direct Radtat:ion --- ----_._-----_._-

Radiation a'c normal incidence received at the surface of the 

Earth from the sun is subject to variation due to , 

1. v ar :la t.ions in distance from Earth to sun t 

2. variations In atmospheric scattering by air molecules, 

via ter vapour, and dust, and 

3 . var.iations in atmospheric absorption by 02,03,!I 20 and CO2 • 



1.13 

Scattod.ng, 'l1hleh .,;<'}:')ults j.n a.ttontuaU.on of: dh:0ct r.ad:l.a­

tion by v:ir lnolBCulefJ f \'iI'. t("}:·. v.apol,lx f e.nd d\ls'c r has been 

the subject of: 0. number of stu(Ues Hnd C\n o.ppraxbuo.te 

methodG ha.ve JJ<.?(~n developed to es'c:i.1llate the 1l1a.gn:l.twJe of 

the effect. 

Due to g):eat comploxt'cy of the pr-QC()sSOS 'chat deter.mtne the 

r.a<Hati ve transfer r the t,:ansi'er. equa.tioD :ts complex. X n 

the atmosphexiG nvUa{:j.ve tx-angLer 't10 iJ.sua.lly confine the 

pr-oble;n to Qonsiderat.:i.on of ;t'adiat;l VG tX'lJ.nsfer for a sta­

tlonary Held of unpolarized t:adiat;!.Qn I ~1:!.thollt ta.king 

account of ref:;t'l'wtton.1< ond;r.ayatev 19\ • 

The the:rJl)r~l emtssiom wer0 cone:l.uere<J. unpolarl::wd e.nd the 

;r.efract:ton in the atlUospho;re 15 neglected :!.n the general 

consider<"l;lon of the p:r:oblem. 

I n the de;d:vat;ton of the $lelwr.al t:r.a.l"lsfer equatj,on for. a 

st,...tionl!.r.y f;!'old of unpolnrlzeo. h'a,d;UJ.l::ion, . \",oe take. an 

axbi l:::ra:d.y <Ur.eotoa ro.y J;-dlr.ecU.on and cons:lJl.e:t:· an 

env:J.~·on1l1'ilnta1 Hlement in the xo;:rn of a cyJ.:l,ndo); of unl t 

section., the axis of \'lh:tch cotnc.1.des w1 th the (1:trecU_on of 

th0 r:ay, Let the J::a.y cut the bo,sJ.$, perpendicularly as 

shown in the lTigm:0 2,1 £.M. FoJ,gcl'son /101 
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'l'hen, t.he intensity of radiation at point p and pI be 

II. (pI ,:c)", I A (p,r) + 
dI A --··-ds d s . (2 .1) 

The variati.on of intensity from point p and pI 1s caused by 

aj) attenuation due to absorpt:ion of radient energy r \'lhich 

can be expressed as 

-k" (p) I" (p,r) pep) ds (2.2) 

IV here p, is the densi ty and k" 1s the mass absorpt1on 

coefficient at point p. 

b) Attenuation due to scat'cering radient energy by consi-

dered environmental element, which can be presented in 

the form 

-6" (p) 1), (p,rl p(p)c1s ( 2 .3) 

where 8" is .scattering coeffcient. 



1,8 

consi(\ere~l clement. of t110 medium 'cmJ. tting ~.n the cit?:'ec"' 

t10n r., ",hich can be \·Id. tten as, . 

(2.4) 

d) IncreaseCit thsintens.i.ty of radiaUon resulttng f):om 

scatter~.ng process due to which the rays of vcu:ions 

(Ureot.:!.on passj.ng through e11OOnta)::'y cylinder lJ.ud· <'. 

part of: th('l;tr Gner~jY to the ray of the directj,on :c • 

If we considex the ruy of the di:r.ectton 'rl through an 

element of: Jl\0d:i.llln,. if the pal't of this energy equal to 

(2.5) 

;dll be scattered by this element and a part~ 

Y'A Cp,:r. t ,:r:) 
-~-~~~ pds 

41r 

\dll go In the d:J.rection r. 

toril1g £u.nct:tQn, und this means the total quant:i.ty of the 

scattered rad;taHon~, the portlon of (u A J: "p) equal to 

(-A Y0'AI?,p ds) depaJ:.'ts in the dir.ect-lon r. Int~(.)gr.atlng 

the '~ho10 c~p:r.e$ston ovoJ:'alJ. posslble (U.rcctJ.ollS I '<Ie have, 

... (2.7) 
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Then summinq ove:c 8.11 (a ,t ,e fa ), and 

taking into consideration all obtained results and redue-

ing by ds vie get: 

o 
4~ fI,,(p,r l ) y (p,rl,t')d(')'··(k"+O),)I,, 

" 
As mentioned by the relal:~Jn, substitutinq 

a change of variable as shown 

in the diagram, 

(. 
v 

( 2 • 8 ) 

cos e ds ... dT F i CJ. 2. 2 A tllDspher ie Thickne,~; 
and Sun I sHay 

1 dI A 1 ill clT 1 dI A II 
0 ( 2 .9) -<'es' ... dz dB - cos '-efi-p p p 

where T is the atmospheric thickness. 

Cos 
o 
4~r(,,(p,rl)yA (p,r;r)d(l)' -(k"+v,,)I,, (2.10) 

0" 
411 J I" (T, r ' ) Y A (T ,r ' I r) du) I 

" (k +0 ) I /, II A (2.11) 

I f the med:l.um is in thermodynamic equilibrium, the emisiU.-

'lity and t.he absorptivity of the medium are x'elated by 

1\ h:choff 's 1 a", , 

(2.12) 
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:J.hc 2 1 2,13 
( )i'xn( ·j··,(·/V 'J") .• J ) 

-,-' g . <',/ ~\.;\' • • 

the Gondl tton of the local equDjJn :tum, 'I'hon the eqn. 

becomes, 

(2,14) 

~'lhel:'e , 

I n a cloudless atmosphere the ab'lorpt.i.on by atmosphe:t':i.c 

gases is neglected and t:h8 equatJ.on becomes, 

dI ,1· Cos El .• ~ "" ~--. f I ( 't ,:c • )y h' ; T , t' , ) dw t ., I ( T r r ) (11' 41T (2.15) 

Seperating the unknown I (1' ,i:) be\:I'rElen the diffuse and the 

direct radlati.on, '1M get:, 

r (T "l'+ j (T 'c) I? r'- -;c ,. (2,16) 

ViheX'e I,,(l',r) is the intenaity of the parallel beam of: 
C> 

the sun :t'8.ys determined. from the above equa'cion, fm: the 

dLcect beam we have th:ls 1.Til,0lies, 

Solving the equation us:ln<; the bound,u'y condiU.on 

,. 
I .(T·,d·, 1TBO(:C r 't.'(j) 

S 

(2,1'7) 

(2,18} 
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• . . I (T r) s f 

'-sec ~)T 
~ C (l ufl:J,ng the boundary condi tJ,on 

~sec 8( '[ *-''[) 
e (2.19) 

W her'e sec e '" mi m ... the atrnosphe:d.c mass and 8 ls the zenth 

angle determined by the rela'tion of equations ( 1 .5) 

and (]fSO (r~r8 n vlhere r"'rO is the extrate.resterial solar 

radiat.ion. 

Denot.ing ]fS 8(r-re)= 10 extraterestr.ial radiat.ion and 

m '" sec e the equat . .ion becomes, 

(2 .20) 

And this eql1at.ion is known as Lambert.j;l eer equatlon, 

'rhe attenuation of monochromatic radiation in the direct 

beam by the atmosphere may be described by Lambert-Beer's 

equation, thufl, the total energy integrated over all wave-

length in the direct solar beam at normal incidence on thE! 

Earth's surface, 

., 4.0um 

4.0um 
f I {;\)dA 
O.29um 

f I o (A)Exp{,-mCehO,)}c1A 
O.29um 

(2.21) 

(2.22) 



4 ~vttm 
/ Xo (7-.) l');>~{ ~Mn «(J) (Tn (A )+t Q(:\ )+, (A) }di\ 
a.29um . - ~ 

I1hex-f} f t R 0,) '\; ~ (;.,) 1 and t (?-.) axe :tespecti vely the 'll'er.Uce.l 

@t~t@nIJb,tioll cv~£f';\.QiN\1;!J £o~ lnQj.1!l0ull:1X eCatto;}:il19, ab~;brp-

4 ~Oilhl dl-. 
t t(j\)O,lI. '" 
{).2Slill'1l 

4 ,. OUJl) 
f to (71) 
Q • ::l9w!) 

0,27) 

{?',28} 
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Then the transparency coefficient, averaged over the ~iliole 

spectrunl 

4.0um 
f Io (A) dA 
O.29um 

4.0um 
f I (A) pm dA o /, 
O.29um 

4 .OUll. 
J 10 0, )dA 

0.29mr, 

(2.29) 

(2.30 ) 

By taking into account of the radiation due, to, molecular 

scattering and absorption of radiation by water vapour and 

aerosol as, 

f K>pdh + f aw I A pvldh + f adPd dh. 
" 

(2.31) I 

Where P, pru and pd are molecular, water vapour and aerosol 

concentration respectively. From (2.31) it can be written Cl. 

J a ,pwdh 
oj , 1\ 

+ 

f ad,,,Pd dh 
O.29um 

(2.32) 

(/..33) 

Therefore, the monocro'tniJ.tic direct. solar radiation flux at 
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(7.34) , 

(2.35) 

Then fox' fu:l.l flux of direct solar x:adlGt;lon t
m

, becomes, 

4 ,Oum m), 
t J: 0 (A) q( A ) rnA '(1)' (2,36) 

0, ?9urn 

a.i:'c the avene.ged values over the whole . . 

(2,3'7) \ 

And hence, (2.38) 

COl1lpa,r.;i.ng wl,t.h th(' exp.r.e3sion of the transparency coeff;lcj,ent, 

'tIEl get, 

m'l' m 
~ (2.39) 
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denoting :l:3 only molecular 

scattering where C(mi~as defined 1.n (2,35) 

It can be shm~n that the follo\'ling relation holdS namely, 

1 (2.41) 

Substituting (2.41) into (2,40) and simpUfying we get 

I 
TIl 

(2.42) 

Ivhexe I 'do' 1 ' is the radi.ation received by the Earth dep~ 
]. d. 

leted due to molecular scattcering, (Rayleigh scattering 

mechanism) . 

lnorder to calculat.e the integral t.uI.'bidity factor (2.42) , 

it is important to calculate lideal ' the solar radiation 

due to molecular attenuation. 

The most ilnpo:d:ant contribul:ion to this field \'las made by 

Lord Rayleigh in early 18'10, \Vho contended -that air molecules 

wore the co.uses of light scattering. The molecular scattering 

of Rayleigh is the ~;catt:ej:-:l.ng of light caused by dens.i1:y 

fluctuations. 



the \~('\V'~~length (,,) of the solar. spect1:uill. 

c} The pal:'U.clos !~Co.tt{T Hght ;tndependently to <?ach other. 

'l'he Rayh):i.gh:" voltUii"'. [1catb~:dn9 coe£:Hc:l.ent of stand<'lxd Cl.:lr r 

Cl.t. a )?l,a:t:t<r'J.laJ: \1(lv,}lengl;h 1\ may be Vir.! tten as 

13(1\) 
321f 3 (n

A 
-l)R . 

. --.~~.---- I 
3')," N 

(2.43 ) 

dcpol<ir:tzaUon fad;ol: tllla n,s is 'l:he refiX'active illde:x of 

I) t:andaKd aj,r·~ 

(2.44 ) 



Denoting the optical t.hickness of the atmosphe:ce as 

ods,s') 
". 
" 

.r S ds 
i:' I 
" 

<2.45 1 

~Ihere 13 I is at the surface of the ga)~·th and s at, the top 

of the atmospher<~, then we can ~Irite, 

x (O,h) 
Idoal 

4.0um 

-, J 10 (A ) Exp {~T ( A hu{ e ) } dA 
O.29um 

(2.46 } 

{mere, T (A) is Raylei 9hmo1ecu1ar attenuation coefficlent and 

I'd 'I (8,11)&,1 (A) t are spectral energy at the wavelength 1 co.,. 0 

A I on the Ea):th's surface and outside the Earth I s surface 

respectlvely. 

And the airmass m(e) is the absolute ainnass ''Ihich takes 

account, the Btations aI'd tude h, by means of the formula 

Kodrayat:ev 1111 

P 
Mh ( e) =, p,!'c (m{ e ) ) (2.47 ) 

o 

~Ihere p 11, i.s the pressure at t.he station and Po pressure at 

sea level. 

Holecular attenuation coefficients ,(A), calculated from 

Rayleigh I S theory via (2.44 ) and (2.45 ) , were tabulated 

by Pendorf 1121 and the evidence supporting t.he accuracy 

of theory \'las reported by Chandra H.1131 • 

'l'he integrat.ed effect of ga.seous aJ)sorpt..ion on the attentua'-

tion of solar radiation has been investigated by several 



autho;;::s I W,dDol1ald 114! 1 Roa.ch 1151 : and ";(ama.1lloto 1161 ' 

'rhus, the total eneX'gy int<:lgr.ated ove:c all wayelength$:tn 

the d:i.r.ect solar be8.m at Iiorm3.1 incidence on the Earth's 

surface I after. having tr.uV€H:lled the Rayle:4gh atmosphere is 

calculated 'Via (2.46 ) • 

Severnl atmospher.ic tur.bidty coefficients have been intro~ 

duced duxing the paRt decades inorder. to quantify ti1e inf­

lUence o;f atmospheric aerosol content on s' dir.ect rad:l.ation 

received at the EU:t'th' s surface. T.he most cur.rently 'olsed 

a:r:e L:Lnke factor T. and Angst:rom Coeff:cient t:. Tu:rb:I.d~. ty 

usuaHy OCOU1:$ in aondi Hons of h;l. gh h1JlJ]).di ty, and in th~ 

pt.esenCa of hygroaoopic ac~l par.ticles. Variations in 

atmospherio turbidity are «;so possible in cond:l.t:l.ons of 

low relative humidity if a.1.l: conta~.ns dry aer.osol particles, 

natural or :man made-oJ::!. 9in~~_ 

tn p:raot;;l.aal cEl.lcuJ.a.tions of the o.tten; ,uaotion of solar 

radiation in the atmospher.e due to aerosol scatter.ing, 

exten:'liY(;l use is :Il1<~de of the Joothod p~opoBed by AngstrOl1l, 

0"Pressed as, 

(;L48 1 

Where, B is the Angstrom tuxbidty coef.ficient, can be 

determined by measuring direct solar radiation in the band .. 
(O~O. 630 1 J.!m , and ~ ts an tnde;x rolated. to dimi:1sions of 
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the scattered particles and the nature of their size c1;i.s'~ 

tribution. 'I'his is an emperical relationship obtained from 

the observational data. 

Wide band direct beam solar irradiance can be similarly 

analysed in terms of aerosol attenllaU.on (l:urbidty). 

H • A. McCARTNEY and M. H UNS'lOR'lIf . Il71 used an': integral 

turbidty coefficient, T(6")..) , to describe aerosol attenua­

tion in a finite wave band, 6")" , by analogy to Lambert­

Beer's law (2.20). 

(2.49 l ' 

W here I ( b")..) is the direct irradiance in the wave band 6").. 

and I" (6"),,) is irradiance emerging from an aerosol free 

atmosphere. 

Linke Turbidity Factor· 

In practice, the characterst.ic of atmospheric transparency 

.is widely usedj: . turbid.i ty factor (Trubungs Faktor) 

denoted by T I'las proposed by Linke (Sutton) 1181. 

'rhe turbidity factor is def.ined as the ratio of the coeff­

cient of total ext.inction of solar radiation in a real 

atmosphere to the coeffc.ient of extinction by the component 

of ideal atmosphere, i.e., by molecular scattering and 

selective absorption by ozone, oxygen and carbondioxide. 



1::io[\, tlinC0 it chex(!<::l:'lti1()W vi}xiak)le e:lttinction ;I,n the 

"Ga,l atlllospner.{l J;<'lla1::!.vt;;> to constant ~)(tj.nct:l.on in ideal 

. f ~ X Ow db. W . ~ .. ,.:!.,I~~---~,-"" , R 
. fad "Po. (l.ll, 

~ _ ... _ .... l.!!:. ___ _ (2. SO) I 

! k~, p dh f k" p dh 

We get, T "" 0: + .l'j;+ R ) (2.51) , 

Correepo!v.1:l.hg to f3electi:vc (w a te;r 'Vapou.r) and aexoso1 

extinction of solar. rad;l.atiofi l ·the turbidity factor, as 

might be e~ected, sho\~s 111il:r.keo. 1J1~r:!.at;.ons \<:1th Uma.nd 

place. 'rho g1:'satest chal1$je;! in 1Jar..1,ation of 8.tmospheX'ic, 

tu:rbicH,ty are those wn;,ch ~ritle :ex-om I.\tmosphedc polluH.on. 

Pox-om the deBn:!. Hon h¢to~: H £0110'.-'3 t,!;a.t T '" 1 ~.£ th(':) 

atten.ui\tion of solax radiatj,Oil. :\.13 caused by molecul~);' 

sc~tter.in9 only. Th~ second t~rm on the ri~~t~h~d side o£ 

{2.511 , tM v~J.ue of 1'0", is called humid. tu:rb:l.d:l. ty £v.ci;OX', 

and chf.\xi),et~;J;i;lM the lnf.1uenco oj! e.bl3or.pt5.on a.nd scatteX'ing 

by wtl,'cG:t' vapour on tho ().tbmuo,t3.on of. !lol<lJ.' :t:ad:i.l.1tion. 

'the th;b:d te:rm R, is knO'fi'11 tl9 the residua), tutb:l.dH.y facto):, 

d~teX':!Uin:l.n$T the ef;£ecl:. of :ra<U.a'.;ion attenbJIJ.Hon d,1J.S to 

Msot)?tion Md sc~tt()dn9 by du~t om'{ MX'OI'lOJ. part:l.c1es. :J:t 

ia posdb1.e ,f;O oalcul;;te -I;h0 I).0):QSo'. and water. 'V~l?o,,~ <).H:enuQ.­

tion (\13, 

l2.521 ( 
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Where W' ~ 0.5 0.43 d e f an o eo I'\bsolute humidi'cySlvkovI191. 

2 . '8 Resul ts -----
The calculations for radlat;ton depleted due to Rayleigh 

scattering mechanism and the integral t,urbidlty factor Vlere 

calculated uslng (2.46) and (2.42) 

The attentuation of soll'\1:' radiation due i:o molecular 

scattering can be theoretically cl'\lculated for any 

locality. And this value can have a sUght dlfference 

from place to place, considering the atmosphere to be 

ideal or the constitution of the gases in the atmosphere 

has the ideal percentage. 

'rhe variation only comes due to the airmass variation 

calculation from place to place, As it has been seen in 

C2.47) the airmass ls dependent on the pressure value 

at a given place, which in turn take6into consideration 

the altitude of a given locality. 

In our calculation for the A.A. region of the year 1983, 

the atmospheric pressure waS in the interval (76,660.36 

- 77,060.32) Pa. according to NMA* compared to the 

(101,325) Pa. at sea level. This has introduced a diffe-

renee ill calcula'tion of the airmass at sea level and in 

Addis Ababa of a1 t1 tude 2 r 408 ro.:lbove flea level. 

* NMA, National l1eteorological Agency, 
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The ntl;enuat:l.on of the d.:l,r;ect solar. r.ad:J.at;l.on due to 

l1.aylelqh atlllODpho)')0 \·I<;\f,. CU'-C1JJ.o.ted us:tng (7. ,461., if'or. . . . 
th(;> );8.nge 0.29 ;;0 4, Op, :i.n steps of O. OlV between 0.2 

and o. 8V, in steps of 0,11) from there on upto 211 , :tn 

steps of O. 511 bet~1<'.len 2 and 4V • 

And the values I o( A) f 0xtX'a.teX':ecst;!;,rial and '( (A), atte-

nuution coeffc:tent 'for the X'espective \'1avelength was 

cohside;r-ed ill the calcu1atioils. 

The integrations for the mentioned equation was carried 

on by S:bupson I s lntegration rul~ 111 th the aboll'e steps. 

~:he :l.nput data usC!.d in the ca.lculv.tlons"dlrect solar 

l:'adiat:tofi, )?X'cssU1:e of "'8.0h day, (sou.rce NMA) and dec­

lination angle ()) and Earth! s elliptic orb! t: cscentri-

01 ty . Etx 1 \ <,\1:0 shown on appendix A. The dlreot sola;!:' 

:radiation was measured by Eppley: p-y:rhe1:i.oroeter. The 

wavelength :i.ntorva1 (A), the Rayleigh molecular. attenu­

ation ooeffdent T(A) , extraterrestrial radiation 1: .,0.) 

for the sp0ctxum 1n the' :tnterval (0.29 - 4.0) II axe 

shown on appendix A. 

Thxee different ah:ma.ss at 13:00, 14:00 and 15100 hrs 

LS'l' were considered in. the calculaH.on and three airmass 

using (2.19) and (2.47) are tabulated on Append:i.x B~ 

The calcu.J.at::l.ofi of solar r-adiatlon recel ved by the 

Earth I S surf;a.c~) due 1;0 Rayl('l;i.gh scattering. mechanism, 

1,1s.1.n~ (2 .>lG ) was car.ried on by a computer fox the days of. 

the yltJD.r: 1983 of A,A, f."0g1on, and calculated vahle!'! ar.e 
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The values are in the intm:V2\l (931,71 ,- 1,012,98) 

W-M- 2 , comparing this with the extraterrestrial 

··2 radiation I ~ 1,370 + '6 W-~l shows that (26,05 o --

31.95 ) % of the extraterrestrial radiation was depleted 

due to molecular scattering. 'l'he annual evolution of 

the monthly mean values of this seatttering is shown 

in Figure (2.3). 

b) The Turbidity_factor IT' 

The turbidity factor vias also calculated using (2.42) • 

The values for 335 days of the year 1983 of A.A. region 

\'lere calculated by having the corresponding values of 

Im measured, and these are on appendix A, I ideal calcu­

lated for each day. In calculating- the turbidity factor 

the value of Io (extraterrestrial radiation - the recent 

value Io '" 1,370 :!:.6 iff r N- 2 ) according to W frI (; ~'ech­

nical Note was adopted. 

The values of the turbidity factor for each day of the 

whole year are reported on Appendix C and the annual 

evolution of 'T' monthly mean values are shovtn in 

Figure (2.4) . The integral turbidity factor as might be 

expected, shows marked variations with time and place. 

'I'here at"e usual variations in summer and winter, but the 

greatest changes are those which arise from the atmos-

pheric pollui:ions. 
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<\;l,t~et; >:a(\1.>(l.tiOtl l~tU'HJ,red \OW.S considoiCtl(\ only £or 101:18 

'lJ.il"F? CL3H'O ~ ll';!CiiJ) llM-:, 'J,'his M,t beef), 'chos~n d\J.e 

dlil!J.i:l~" BO~t.\;i"Jtt;(l t'a<1iati<lp. 7;eo~~.VN1 by the )!J(w:th \,IM 

1;;li).J.cull1tcu (It: tl'1t;{~~ dH£e~7(;\l'1t hOI).l:' M.glQ9 i'\lltl a·""~t'e.ll('ld 

V~,lMS n);'e ttl.bulated on A:pJjendi~, C for toM whol<'J yea.?:. 

QOl)(Jahtrl;l,H0l'l usi}).,:! CL 52) , hQ~'<f"{!);', )'aok Ijf da.ta of 

tlbpol\lte hUl\iidity hM h:l.nd~~ed. the f));'ooess .Cg:>::r()lt\t.iQ~~ 

ot tuxbi(IH:.y hctc}:s \1oul<l hlaV0 ~lgQ b~en dOh€! by a 

lin.~a.);' :t:@gX'fiil3£>lon e '" ~ 1" h'l' • H. Ita t~ 120 I, put lMk 

o£ mNWU;:'ed vBlue~ o$: X It) j.n a di£~el::el'lt ,,,ave l:l{l.n<J.s, has 

.also Mnd€!~M l!h'il ph'1JCMi'!, 



CHAP'l'ER 3 
~--~---.--~-~ 

Estimation of Global Solar Radiation 

From Sunsh:i.ne Honrs ~ 

3.1 Estimation of Global Solar Radiation With Various 
~f~E ~ d. G.~! _!':2 ~l!l~! ~~ ____ . ______ . ____ . ___ ._. ___ . __ -< _______ • __ _ 

For the proper planning of the utilization of solar 

energy, it is necessary to know the totftl radiation falling 

in a particular region. 

There are various methods for estimating the global 

solar radiation but it seems no single form of equation is 

applicable to all atmospheric enviroments and their applic-

8_blities should be tested for a particular region. 

The possible appl'oches, in estimating the global 

solar radiation can be made employing one of the following: 

i) Using equations relating global solar radiation 

to number of bright sunshine hours. 

ii) Using equation relating global values to other 

meteorological parameters. 

Many authors have proposed various equations by using 

the first, the second a.pproches. rrhe latter considers a Jar~e 

number of metorological parameters, and is more dependent 

on the considered area. 



"/ G '" 00 <e. + b (\-") So'" ) Angstrom (3.1 ) , I 

(T " a + 1:1 q (S/So) 0- + 1:3/ SQ» ~ Schu<JpP (3.2) 

Where S a.nd So ax'€> do.:ny flours of bright sunsb.5.ll€. 

mp.x;lmmn posslblG dil.:lly hon,s of b:d.ghl: sunshine hou:r.s and 

Go I eleBY sky global r:).db.t:i.on I :t'e:3pcct;tvely. 

tlsing (3. 1) 11. H, B. Excel. i 211 A. J • BigtJ. 1221, 
A. LKundish 1231 9,)10. m9,lt.e US0 of: 3.1. fwd 3.:>' by 

Cesen 1241 wo;d,~.i1g gl'f)UP, P.l(lJ.llsk 1251, T.D.M.A. Samu.el 

1261 (i.nd 11. l(({,sten I :4'11 hll.d used tl1ese equa HODS for 

various ) .. (!g~.onG) .in tbe wOJ.'ld !l.nd ~'epoi·t·:)tl tbe l:(')gl'ess:lon 

constants ('a' lUl.U 'b') d€te~.'1ll5.ned £01' their locaJ.:tt5.es. 

However, ))jore );'ec€lltJ.y u.sing <:3" ') ,.J.etei'llHna Uon of regress­

ion constan.ts 'a' 3.11(1 '0 I) bS.60d b!l 11 yellr solaX' radls.i; :ton 

dab, at '.\'1':1.e8to, found s\).bstant:l.s.l tempo!'".l and. spat:!.:!.l 

SC(l.tte!':i.ng. P. C. ,Ttl.:!.!'! 1281. 

Howsve~', osU.lM.t1.on of solar radi3.tion :J:rom meteoJ.'oJ.o/S'-

1.cal d~.t""', (luch as hUJn;l.dity, j;empl'atm'e and g;eogr1J.ph:!.cll.l 

f!tctoJ: lll.ttitude and, 0;l;titw:10 0.1'0 mo~'e reJ.ai;ed to ~,olll.X' 
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deleting some of thCfjC may bonnd to (J.:n error. nrJing these 

parameters, A. M. Sayigh ct,a. 1291 in InS deduced a 

formula, thRt can predict solar radi.ation on a horizontal 

plane. 

(3.3) 

Where, • is the lattj.tude of the place in radi.ans, 

R is relative humldity, D, relati.ve sunshine hours to 

12 hrs., T maximum temprature of the day in DC. 
max~ 

and K ~ (Az + Cos. 'i.j ) x 10· (cal ~. em 

z, the length of the day s \}J ij seasonal fH.ctor. 

The seasonal factor has i = 1,2,3 stands for lnland 

station, coastal station and hilly station respectively. 

J ~ 1,2,3 -'"-- 12, number of months starting :[l'om January. 

The monthly value is given on table (3.1) 

r~l 2 ;--"j7~-7-~"r~~-"~"~;----r8 ~"~~-'~~'~J ~-;~ 2-
c~ 1.28 1.38 1.5 

..2'.?c 1. 46 1. 77 L_05J2 .15~.:o5I~Q~ .:lL lQ1. 17I~~1.ilL. 9~1-~~'§.Q..1. 43 

_.'l'..1.. 1. 6.Q,~'l.l 2. OOl2~ 7 ~,_~5I~~.~_~0j.J~.:_2oL2 .loh.:..~~cL:74 1. 60 

Table 3.1 Monthly seasonal factor values 



Xl ,. (It, ~) ~. I) i tt~ 'r~)ii~ ) (:),1)) 
H d"'\ 

tMld Ilk ~ «(1. ~ Al. II, nl~ /:; , (1~ C, )1;1, jj) (3.<D f',re 
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A m~,thematical method nndifiedby H. O. Ha:ct.ley 1301, 

"The modified Gauss .~ Newton method fOl' fitting of nr)!l,·linear 

regression funct ions by least squares" was used :i.n cletermin-

ing the above nine constants for Addis Ababa region. 

'I'he formulation of the non,-linear regression problem 

was, given for n sets of "observed" (k + 1) tuples, Yh ; Xlh, 

X2h, --.- XKh. 

h = (1,2,3 --- n) 

G (X,a) = G (Xl' --- Xk , 81 , --- Om) (3.7) 

It. is required to determine, a set of 8. for which the 
1. 

sum of the 

Q(8) 

squares: 
n 

~ l: (Yl 
h=l J 

- G(xh,0»2 ~ Min. (3.8) 

Where, Yh is the measured global solar racUati.on. 

i) Introducing the first dirivative of G(Xh , Ok) with 

regard to 0i as. 

a G :fa:-" Gi (X,a), we get, nine sets of equations. 
J. 

Gl (X, 0) .- K exp CL 9) 



(}4(X, 0) 

Gr; (Y v ,_" 

G7 (X, I) 

( " ("iTA he) r,' [ oJ.\. /.~ ~ • .J 1... J:JXp !.. 

CIRC .~ )51'1,E) } ) 

(3. U) 

(AU,A (BlOB + 

(3.12) 

ABC E (<<K Exp {(An) (B1D + CiR + En: } x 

(Aul'r
g » q.13) 

~ l.Q (~_~2 '" (uK Ei~P {Il 'Y} (B1DB ~; C:t)1C + El TE)} x 
a)3 

(Alr} )31) ;¢,11 (D) n B» (3.l5) 

'I'hOll u.s;!,n:?; th~ above df~fh.1:\i;ions of (3.8) it ls possible to 



n 
~ ·-2); (Y

h
·· (;(X

jj
; Ii») Cit (X

h
, 

lF1 
I;) (:3. 18 ) 

values of the constants oOi = (ao, AI., A., Bl. , Co, E1a. E.) 

'['he first step is compute "Corrections" to the elements 

ooi of the starting vector .G. These correction will be pro-

portional to the solutions Pi of the Gauss - Newton equation 

corresponding to (3.8) 

Expanding G (X, e) by Taylor' s sed.es at 0 ~ 0 e 

and considering upto the linear terril ant) substituting into 

(3.8) we get: 

2 

and, 

{ Z G. ( X
h

, ° e) G. (Xh I 0 8 )} P. 
h 1 J J 

o 0) (3.19) 

Where P j 

.-~ Q1 (X, 

I 

= (1 8, - oai) for our case 1 - 1,2 -- 9 (3.20) 
.J. 

06) .,. «Gl (Xl,oe) Gt (Xl I 00) + '.-~'--'~.,- ". 
G1 (X365,oe) G1 (X:H,5, 00» Pl ·f 

« G1 (Xl, 08) G') (XI,oo» + --- + 

(Gl (X3G5,Oo ) G2 (X365,eo ) ) P2 + ~~~ 

(Gl (Xl, 00) GD (XI,ca) + ---- + 

+ 

G1 (X365, 00) GO (X3G5, oB» P9 (3.21) 
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-I Qg (X, 08) • (G9 (Xl, 00) 01 (Xl, o~) + ----- + G9 

(XS65,oB) x 01 (xS6S, 00» PI + -----

+ (G9 (Xl, 08) 09 (Xl, 00) + --- + 

GS (X 365, 00) G9(X365, oe» PB (3.22) 

-i Ql (X,a) • «(I (1) - G(Xl, 08) G1 (Xl, 00» + (Y(2) - G 

(X2, 00) x G1 (12. aU) + ------ + 

(Y (365) - G (X365, 00» (Gl (J365, 00» 

-i Q~' (x,S) • «II - 0(11, 00» 02 (Xl,oo) + 

(t2 - G(X2, as» 02 (X2, au) + --~ + 

(Y385 - 0(1365. 00) 02 (X365, 00» 

~I Q9 (X, 0) • «11 - G (Xl,Oo» (G9 (Xl,oO) + 

(Y2 - G (X2, 00» (09 (12, 00) + --- + 

(1365 - 0(X305, oe) G9 (1365, as» (3.23) 

By ,this WO gG1; systems of linear equatj.ons 01: n:tne 

J.5.W:la:l:' €qur~tion (3; l8) '! thus call ;qw:J,Ys be solved ;vending 

the lunci;ion: 

Q (V) • Q(X, 08 + Vp), for Os Vs 1 (3.34) 
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and denoti.ng V 

the interval O~V;51. Def ining tht~ VC::C Lor 

.8 
1 .. 0 ~ 00 + V'P (3.26) 

with elements 18i. - ooi + V'Pi (3.26) 

After getting Pi, the next stage is to determine, the 

minimum value of Q we proceed by an approximate method:- we 

evaluate Q for V - 0, V = i and V = 1 and determine the level 

of V for which the parabola through Q (0), Q (6), Q (1) 

attains its minimum from 

Vmin = 6 + 1 (Q(o) - Q(l»/(Q(l) - 2Q(I) + Q (0» (3.27) 
4 

365 
In this formula: Q (0) ~ l: (YIJ" G(X

h
, 00»2, and (328) 

h=1 

365 
Q (1) ... I; 

h·~ 1 
(Yh -- G(Xh , ~ fJ .• »2 

.1. 

Where ! 8 i - 0611 1 Pi, V - .~ 

3G !) 

(3.29) 

and Q (1) - E (Yh - G eXh, lei)' (3.30) 
IF1 

Where lei = 001 + Pi • V 1 (3.:11) 

By doing So Vmin is calculated, then the next set of 

constants 

lei - 08 + Vmin Pi 
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1M " AI!) + Vmj.n P:-l 

'the whole proC01?S is repeat(,<l \liith (j;d. 'fAl ;lA;'lBi, 
,., 1"1 '" i{l; leI;. iC~ 1." ~ l"') tak:i.ng tlw st:>,rtlng trial place oj' 

o () L Carrying in th:Ls IllfHlll.er. seven1.1 cycles c,l,l1 be done 

until the new set c)f conf3tllnts h~s no aPP1'00llil,ble differ.ence 

with the p:receedlng cycle set of consta.nts. In other words 

hav:l.ng Vmin IUld (1)1., P2 .-.;~ P9) to be small. 

The determination of JiCW gom1.'al 00»8t0.ot$of Sayigh' s 

equation W!),/3 caJ;1:ied Oil by wd.t:tng a computcn' pJ:og1'!Ull based 

on the above method. The prog1.'9)ll j.s attached in 1l.ppendiz 

(D ). 

The global. sob,r 1'adiaU.on £01: th<J yell.:\' 1983, of AddJ,s 

COl').·'~$po)1dj,ng day mcteo):Qlogical pa:eamei;eJ:'s, st)Jlsbj,ne hOUXB 
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(meastu'ed by campbell stoiws f'Ul1:~h.i.IW l'ecol'<lcr), relative 

humidity 11, and maximum ternpratul'e of the day Tnmx, all 

measured by NMA, * we1'8 taken in the caJculn.t ion. 

Due to power interuption and malfunctiolj of the 

recording instruments, in the regression the data available 

were only for three hundred .1' if teen (315) days of the year. 

These values with the corresponding day meteor'logical 

parameters are in appendix ( E). In the determination of 

new sets of constants the cycle in which the whole iteration 

to be repeated was seven times. The set of constants 

determined by each cycle and solutions of th(c~ linear equa-

tions (3.21) are shown in tahle (3.2). The regreSSion 

was started by arbitrary sets of constants whioh were close 

to Sayigh's constants. 

The final set of const::wts which wel'e determined by 

the last (seventh) cycle are ,'.1'30 given j.n table (3.2). It 

follows from this, the solar radiation in Addis Ababa is 

given by the empirJcal expression: 

-4 6 0 52 G(X, 0) = 2.65 x .10 K (4.184 x 10 ) Exp {1.46 •.. 

(0.52 (D)0.23 _ 0.1711°·38 + 0.38 ~nax 0.43) (3.33) 

~*-----------

NMA - National Meteol'ological Agency 



1.5300 1.0000 0.50011 0.5000 0.3000 O.5x10 " 0.4000 0.6000 O.40GG 

-1.5405 0.0334 0'. ()034 -0.0001 O.OOSl -0.\)134 \).OOtH 0 .• 000.1 0.0081 

-O.52~4 1.0446 O.50,!.5 O.499S 0.3082 -0.0196 O.40Ql 0.6108 (l: .399:~ 

0.5195 . 0.6648 -O.G597 O.O1l25 -0.0159 0.0263 -0.·1)002 0.0030 'O.3S93 

-0.0619 1.Hi15 0.452'1 0.5021 0.241.5 G.M3S 0.3999 0.6135 0.3993 

a~ 05'79 O. (H82 0.1332 o.oo,a 0.1150 -0.1238· -0.003S -0.2713 ( a .0124. 

-0.0197 1.1167 0.56300 0.5055 0.3381 -0.0995 0.39''11 0.3821 o AiD3 

0.0012 0.2959 -O.!)~S1 0.0244 -0.1:349 -1).0251 -0.0253 -0.0.060 0.1024 

-0.0194 11.1340 0.5455 13.5111 0.2665 -0.1029 0.3907 a.SSGS 0.4360 

!}'O146 0.2609 0.2.003 -0.031& 0.0584 -0.2551 -0.0159 O.0(!44 0.0332 

-0.0151 1.248~ 0.5955 a.soss 0 •. 28100 -0.1664 0.336'7 0.3817" 0.4456 

.G.019$ O.25SS 0.5955 0.5038 G.OS33 -0.0078 -0.0065 -o.aooo -0.0017 

2. .8oSx!!} 4 1.4606 0.5260 0.5294 a.2SH. -0.1728 0.3813 0.3811 I) .4392 

" Ai A Bl B Cl C E1 E 

_&. 
0.23 -0.11 G.3S 0 .. 38 0.43 :L 6Sx1.0 - 1.46 0.52 0.52 ".. 

"., 

Table( 3.,2,): Shows set of constants and solution of (3.18) for each cycle" 
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Where G (X, e), is in J-M - day 
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to lattitude of the 

place in degrees, D relative sunshine hours to 12 hI's, R 

relative humidity, Tmax maximum temprature of the day and 

K as it was defined j,n (3.3). 

The daily solar radi.ation calculated by (3.3), (3,34) 

and measured values are Plott~d on figures (3.1) - (3.11). 

A converting factor for the radiation value from cal - cm,·2 

day-l to J __ 0- 2 - day-l . 1 d' tl d ,,_. was conSlcere Slnce 'le measure 

values are in J - m- 2 - day-l 

Global solar radiation calculated via (3.3) and (3.33) 

were compared with the measured value and "the percentage 

deviation calculated by, 

(3.34) 

are shown in appendix ( 1'). 

The new set of constants has made the maximum temprature 

of the day to play a dominant role in the calculation of the 

global solar radiation. A change of 1°C in the tempJ.'ature 

while the other parameters being constant can result a consl,-

derable change in the radiation. The relative sunshine hour 

(D) is the second important variable in 

the determination of the radiation. The least important is 
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the !'!:}3,I\Hv() \l\lIM.ctHy. SilH!l!ll:hc QOlll(!:!;I\UtM WiH'~ d€l't~n'lilln~d 

;to!' Qne l.006.H t~ I it W!l.!'l not p~Mblg to Me i'tl.di9;I;;!.Ob 

dcpmldc)jM with b,ttj,tude. 

As ;it htu) b0t)!! <loll;; by Vl!.1~:l.,.'J\).9 ll,\I:tho':€l in ol11culat iJi.g! 

th€i t?;lO):ll'!,J. Ml,!\)~l'\l.d:l.s.tio» vii), (a.1) IJ.nd (;),2) ~ lHllflds 

dot(lt·in~.llttti(jil Qf- }:'G(tteSdQh e(J~H<;)i.9nts wb.:tch hl\vo spatial 

Vll,X'~.~tioP.i:l. 

BWbtl:lt)ugh ~ th~} cotlstnl1tl!l of (3.3) weX'tl t:Jaid to be 

U.fij,V~i"I"l:il.l by tM Il.lltbol'S, 1;/)(1 ifi{l,dGqU~MY :f.o~ ,est:l.mai;;\.)1g 

the X'p.MI1:t :1.(1) ws.s shOwn l;)y £.i~Ul'~S (3.1 ~ 3, 11) nnd 

PlU'll,l1goi;o}Jt.> ot. a1. PH I lm"le ~J.s!j t.apor.ted. !'~()MtJ.y 

the inl1dcQ.i,I.~il()~ oX (3.:3), Ant!. l1oMo it 113 essenti:tl to 

det~rlll~.M ll, MW illot of eOMt!\lll;m £01' eVe).'}, X'ci?!iOll, hOwever 

1t lJOui.d be pOs$ible to Ufi!~ tl1.e (lO!1@tll,ntl!: fen' G~tN!.polMj.rtg 

=J.:Q~ (jth!)~' 1'i(>giOl!fl with 'tb,(! Sililli'J ~Mg:Nt);ihY tl.):Hl cl1mt>.'\;Q, 
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ClIAPTEll 4 

4. CONS'rRUCTION OF SIMPLE SOLAn 

4.1 Introduction --------~-~ 

Solar radiation moasurements were originally made in 

early ninteenth century for the purpose of basic research 

in radiation physics. This researdl centered largely on 

measurements of sunlight intensity and later 6n the spectral 

intensi ty of sunl ight. 'rho Smithonian Institute of Washington 

D.C. was active with such research. 

Radiometers 11-1'e finding extensive application jn the 

masurement of total and net exchange radiati.on and for evaluat-, ' 

ing the thermal efficiency of solar collecting devices. In-

general, the instruments for moasuring solar radiation can be 

divided into three types,namoly thol'moolectric,photovoltaic 

and calomet1'ic type. In comparison with the th(),rmoelectric 

and calometric type, the photovoltaic has disadvantage in 

that the spectral response is not linear, oven though its 

response rate is very rapid. 

4.2 Solar Radiation Instruments 

'1'he most commonly used instruments for determinJng the 

available solar energy are 1) Pyrheli,ometers <~ for mea,suring 



clOck driven motor fo).' tnv:!ldug the sun's dj.i.'Gction. 

2) vyranometc:r.s·, 9:r.O 1J.se~. f01' measm'ing the global radJ.a­

tiQ)J (dil:ec1; plus dLffuse) W!1).r,:!l falls 011 s. hod.zolJi;!l.l 

surface. 1£ the senso):' 113 shieJ.ded from the direct 6unU.ght 

it measul'~s the difuse sole.!' 1-'ad:!.!J.tioP .• 

. . . 
4.3 

.. AJ.·e instrumonts used fo,: mes.suring the fracttoTl of time 

dur.:tng the day ~~he solar dlelt is' not hidden by (~loucJ.8. Sun­

shine dU~'ation is important :tn chG.l'acter:tzing tile citm:.J.t0 of 

a glven locatio):), its value is also used :tn roughly d0du.cing 

tho flux of sola:t~ ra<liatiol1 on 9~ hOl"izontal surf~tc0 at loca-

tiolls f.or which no J?yranometl'i.c data. !U'e 3.vftHp.ble. 

The:3o i~lI3tf:umentG PY1'0hGU.olll~ters, Pyrf1.nometers and dll1'!l.tio)).· 

of. sunshine j.!lstr.Ullll.'1llta, cOllJe :1.11 many forllJ9 by dJ.ff01'ent man­

l.1f9,ct1.11':1ng companies a.nd !l.?:'C clasiSf:i.ed b~' the COllJll1~.l!ls:ton fo).' 

:tustr.u!)lontlS and methods of OPS(l"'vlttion of the wo~?ld meteo1'QJ.ogtcp..:J. 
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A radiometer was constructed by making use of semi con-

ductor type thermojunction~ but this type of rad-

iometer has less sensi t ivi ty. Soldered ConstanUUl ~IanC'll1 in 

strip was 8,lso used. MonteHh 1321. But this h8,S a cUsadvant-, 

age of high cost in production. 

Simple and in-expensive sensitive radiometers can be 

obtained in two ways. One way is to use a the1'II10pile 

material with high thermoelectric power, and another way is 

to place a thermocouple. 

Using thermopile by plating Copper on Constantan has 

also being used and its design feature and its comparison 

with standar,cl radiometers developed Rt central building 

reseRrch, Roarke, was 8,lso reported by K.N. AgarRval 13,'\ I • 

However, a simplex' radiometer that oper8,tes on thermo-' 

electric principle by measuring, heating and cooling rate 

of the sensor, Constructed by S. X. CHENG 1361 \'IRS Rdopted 

in our work. The experimental and theo1'et1cRl analysis IS 

as follows: 

The Photo of the Experimental Pyranometer is shown in 

figure (4.1a).A Schematic diagrRm showing the construction 

of this Pyranometer is given in figure (4.1b). 



,~j,;}J!OH OJ? ~'HE CONSTRUO~rION OF ~'HE EXPERIMENTAL 
PYliiJJOMETgn, 1. SENBOR. 2 THBg~\.D1~ GJJASS OOy:8R 
l~ b1.JPl'ORT TUBE 5 HOJffiS FOR 'J:HE· '!IIRES 6 'l'HERMO 
. OOUPLl't 7 rOE POINT vB TO QHAliT HEC01WER 
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an.d 0.07 lllm copper, the.t'lllocohple is 201dGX'cd to the baol{ 0:1: 

1'lw GenSOl: iG 8uGpended 

by foui:' tl1res,ds :J.llSj.t\O (t glass tulJ~"ng to milliu)).:t.e oonduot;;i.on 

covel: 140 1WJl in dlw:ne1;(,l.' , 

"the, meaStJxlng techniquQ ))1'0080111;0(\ in tb:Ls wOl'k hae made 

number Qf o)'ssu.mpt:i.olls as fuU.ows: 

1) Coul)idcl:'j.ng tho heat; capacity of the sensor is 

GI.l1al1 and th~,t of i;ue sphel'j.c3"1 gllJ.ss COVel' is J.:u.'ge. :tn a 

cycle of heating a,no. cooling tl'OCe:llS0S the telllf,lX'll,tuX'e of the 

2) :tn heat:!.))g and cool~J1g I.Jl:'OCGSS, tho tempratul"G of 

the sonsor 113 unLfol:'J)) lJ.t ~lnyg:i.v(,11 t:l.m~. 

'dtl1e by tho sensor whon j,t :l.S <:>:;:p080d to the sun, 'In.d honce 
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Where I). is the spectral intensity of toLal solar 

:'::.: diation, 'r A ls the spectral tl'Rnsmi t tance of the glass 

.· ... ,ver to total solar radiation, u,),. is the sp~)et:cltl a\morptanec9 

"! the sensor to total solar radiation, A is the WRvelength, 

~ is area of the sensor, e and • are the angles of ineidenee 

: .. :: polar and azimuthal direetlOlw respectively. 

Knowing that the global radiation is composed of beam 

::.:.1 diffuse parts whieh have different spectral cHstribu-

['ans, it is necessary to eonsider the contributions 

refined as fOllows: 

Where the first term on the right of the equation 

:'. :,lotes, the difuse energy absorbed by the sensor, the seeond 

'.'(';t'm is the beam radial ion absorbed at eo do cl i.:ceei; j ons, 

is diffuse irradiance. When the radiation is incident 

the blackend sensor, the energy balanee of the sensor ean 

'.,., writ ten as: 

G ~ 

Where M 

r·" .. ·,pect i vely . 

and Cp 
ell' 

(di)h 

are specific r,aat and lilass of the sensor 

is the temprature slope at any given 



t~.mo du:cJ.J1g th(;o h0rd~1tig In+OCt~8f-; tUJd. QJ."~V.1, Q(jOnV ~ and qeond 

rnpl,"Nl(~nt t;1C lw''tt 10G8 by 1.'l),(U:),t:\.(>n, c<Jnvecj;to)) , and condu,c-

t :1.011 i'e~lpe(;t;;' vo ly • 

balance equatiOJl can be written :1:01' thH; ))1:0ceS8. 

- C M 
P 

d'P 
(,'=,) '" 

d't c 
df C, M (I '---I) c, 0' .y Q t J, Q t ) p' \ d't C '1' a <:'I. cony coad (4.4 

the tomp1:atur<:J slope at any given time 

during cooUng pr.ocess, Q~'ad, Q~onv and, Q~ond :represent the 

heat loss for tho cooling process. 

'rhe telllpl'atu~'e-time bisto!'y of the sensor can be plotted 

a", shown in :r ;i,gm:e (4.2). Reg:u'dless of tile heating s,nd coo1-

ing p):ocess, the helJ,t loss of tht') senso): at points fA !uHl B is 

:l.denU.cl),l, because the sensor j.s (l.t the same t0mpl'll,i;\lre. 

! 
1iFf.1P f 
(t) I 

I 

'l'emp1'll.tv;!.'O - timeb.il3t€.Wy o£ t110 Sl)i'J,cl0:<' :I,n the 
hO(l,t ;lnlY, and cool ing p),'oces!?, 



(4 .5) 

D.na (~.~) to be callColle~ out there by resulting: 

() ~ .,", 
c. 

" 'C C "," «'0, (0 n, «,,) T J), ('[ 0 , "cl• " ~, i-) - v -~ 
,_ (t O. 

1 '1' "r I();', ) 
"J'. " ell b ('l.Il) 

LSlng tile following relationships to account for the 

(4.7 ) 

o (4, g) 

Gd. 

(4.D) 



( I;J'1' I ) i \ l([tle -

:tf tlH3J:G l.!'l dite{:l; r;)olli.): ~'a(U\l,t :t<m, thlit is Gd '" O. 

(;1.9) is sitntJH:U€id to be: 

m~cti~ /1+""" t.~ tiillJ 'bJ ".tid Ilr;l.<:" (l.d and ""b\' th<'l sec!);}(\' terms of 

('1 .S) ;;.,ud (4;11 j at'" !l!'J!':'.l;Wtot1, AlJd halloo! 



~,n;J $, {;;l:,'!J$s 0oVf:n.\ t k ts tt .i:J9Hst ~Hlt ~ - . 

!\) Up' it, , i1.b tUld .. b t~r() 1l,<:.CU!,,,,,t~ 1:'1 ~)lNI.flIJ.1-'0d. :;'n aq\fV,!1C~, 

3:n thl~ d~,~r,f} t;b~3 p~'l~~.nQmei~(~r· bG~e(.H1~~[1 ~"n ~.b[;jiJlutD A~~(l:t_i~metcr- .. 

h) By nlNVHi or. G!t\l,no.lhl';.tJ. tlyrtU1.6li1Gt(>~', thQ I.'lOnstv,i).t 

l'>. cn,n be \Ja1ib.l'I.~:!;(')d, 

of lllt.?thod b, ~,"\f<}}:!i.l (Jompt'yii'3.: D)j l)leal'lIJ.i'mefltS ha.d beG11 take)}. 

1'h\} gloh~l SO~,i,l . .t' 1.'ll.d.iIlH<)ll dl\to. i1JeMlIl"ed by the MWly q(lj}-
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pm. ) 

(4~3)o The I1nu;.in1UHl .l'cl<3Jtivc devirttion of the measured dat8. 

from 1~llat of a J.ocaJ_ 111ct2orologic~1 sta.tion is about 19 



Xt im ;.mp()1.'t:wl; to Imow tho att0lJuation of Bola)'.' 

J.'adilJ,t ion, fQ~' ~, parU,GuJ.;;,l' pln,cG, Rnd wh:l.cb ~,ttenUfJ,t ~,Ol1 

iute,;).'0,1 tlH'b:tdity faci;Ql:', wh:l,ch predictG the soJ,:u: 

rl;!,d:l.at:lon atte,lUat :ton vil), (:!" 51) is '1(2;7.'Y :\'mpo:n'tant. As 

H bo.s been seen in J!'igur.c (2. "') tbe Jl)lJ,xitllum montilly mel),n 

valuG is :l.n August, which is by 50% less th9,1~ that of 

gr.cat Bri ta:l,n; Wl:101'C we do hlW0 man made 9,m:0801 pollution; 

In the osi;:l.J}]lJ.t:l,ou of global solar X'lJ,d:l.ation,the newly 

detm:mj,lled s()l; of cotlGtantrJ would h::WG betterly est:tl!latecl. 

the ),'ad.i.at ion fox Addis Ababp, I 11I;1.d we used f!!0Ve1'9,l consecu1;iv(') 

th.ese cOllStf.l.nts Cl'.n be \),$od :{or. estims.t1ng the future 



'1'1)('lS0 types of Jnstr.mneni;s CRllbe vscd to l'epltl,co 

the 0xpehsi VO 0l10G and can also be installed, in phtc(~s 

:lug the sen SO!' Oil. cloo:U.: d);iven moto).' fOl' tl'!lcking the 

Sltn's disc. 'l'b.o experiment:l.l 1.nstnUll0!l1; 's 01).t put can 

!3.1so be directly connec1;ed 1;0 ". mlcro~computer, having 

1.unor buj,lt soHt1' ):'9,o.:l.:1.1;:l.on ;).)Jo.lysis progrtUll, to Pl'oC(~SS 

the sol3.1' :re,d:l.:.ttion measur.ement. 
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1 ' J • (\ :;: Ii 7 I) '7"1 .. () 14.4'i9;> . ) " R 7 , .. J ,_~ (! ? t:., ? /.) 7 h _ n '1 4. 1 " HI I , ! lin -4 ) _ .• 25 7 .. I. ,I 
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WAVELE~ GTH (LAM), RAYLEIGH MOLECULAR ATTENUATlON .. _ .. COEFFI CI ENL.THO.U (UM I, eXTRA II=..IictS..1:SJISIAL 
seLAR RAJIATION I(L~OR THE SPECTRUM IN THE INTERVAL (290 - 400~)NM 

WLCLAMI THO U (LA M ) I O( LAM). WL (l.,AM.l THOU(LA.MI IO(.L1!Ml 

0.290 O.HllOOE 01 .. _5,.2<,0 0.300 0.122900~.01 ._od.ill) 
0.310 0.106000" 01 6.350 0.320 0.962000E 00 7.810 

.. 0 •. ;330 ....... (I.81270.0E.J)Q 9.000 O~ 0.716400f 00 8.9411 
0.350 0.634100E 00 9.490 0.360 0.563400E 00 10.510 
0.370 0.5C2300t 00 ___ 10.400 .. 0.380 .... 0.449L&QE.()Q:t~"t50 
0.390 0.4C3300E 00 11.340 0.400 0.363000E OU 16.310 
0.410. n.3Z7700E 00 .... __ .17.000. 0.4200.2966QO.E 00 1a.S'll). 
0.430 O.269100E 00 16.720 0.440 0.244700E (10 19.2dO 

__ .. _.0 .• _'1.50 O.,l.23l.DO.E 00 20.060 0.400 O.203800e 00 19.861) 
0.470 O.18oSuOE 00 19.890 0.48u 0.171100E 00 18.860 
0.490 0.157200E 00 19.560 O •. SM .... _O ..•.. 1447.Q0.E .00. . .. 1'1..020 
0.S10 0.133500E 00 18.310 0.520 0.123300E 00 18.590 
0.530. 0.1140001:.00 19.1(0 0.540 0.J05}QOEOO .1~.5.6U. 
0.550 0.980500E-01 18.410 0.560 0.911000E-Ol 18.28(1 

.O.,-~L7Q '·',_B.'t.7?Q.QE-Ol 18.340 0.580 0.789700E-Ol 18.0dO 
0.590 0.736700E-Ol 17.630 0.600 0.688000E-Ol 17.41;) 
0.610 0.643300E-01. .. _ ...... 17.050 .. 0.620 ... 0.1<022QOI:=01 16.51Hl 
0.630 6.564300E-Ol 16.330 0.640 0.529400E-01 15.99') 
0.650 0.497100E-Ol 15.200 0.660Q •. 't~}.:3QQE-01 .. IS.550 
0.670 0.439700E-Ol 15.160 0.680 0.414100E-Ol 14.89il 

.... __ 0 .•. 69..0 __ 0 • .3.903.0.012.-01 14.500 0.700 0.368200F.-Ol 14.16,) 
0.710 0.347700E-Ol 13.850 0.720 0.328600E-Ol 13.560 
0.730 O. 310700E-01_._ ... 13.160 O. 740' ___ 0 •. 2.'1."+.1...00E:-:01... . .. _~2. ~4q 
0.750 0.278600E-Ol 12.650 0.760 0.264100E-Ol 12.360 
0.770 0.250500E-01._._.12.070 0.780 ._ .. _0 ... 2_3.7800E=0111.<33<l 
0.790 0.225800E-Ol 11.610 0.800 0 .• 214700E-Ol 101.17'.1 

_ .. _ ... 0 .• _'1.00 O .• ..L3350QE.=iH 81.560 1.000 O.873600E-02 6.d2,j 
1.100 0.595500E-1l2 5.560 1.200 0.419800E-02 4.64') 
1.300 0.304400E~02_ 3 .• 850 .1 .• 400 ___ 0.226100E=02 ..... _2,(07). 
1.500 0.171500E-02 3.230 1.600 0.132400c-02 2.140 
1.700 0.103800E~02 1.750 1.800 0.825700E-03 1.44) 
1.900 0.664900E-03 1.200 2.000 0.541400~-03 0.::'51) 
Z.500. __ 0.2.2.1:2.QQE-03 0.150 3.000 0.1067001"-03 0.03') 
3.500 0.576100E-04 0.530 4.000 0.000000 O.UOJ 
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il. ~~A~'kdlhJ.H\lJ5ol\l66ID.~~ NLH OUR_ AN G_ ES •.. MH (H ,THE TAJ l. = P (1l/f'lLS IN (TIiEfAil ) FOR TIL_._u:".UoI. IJtl3 _ut'- . J 

0,\ Y MHITITAll MH(TITA2) MH{TITA3l DAY MH{ T lTAll ;1,j(TITA2l MH(rrrAj) 

L 0-- -0. 799 30E 0 0 o'~ ~f9T7-6Ecio- 0.10 928{Oi" h .' - iL7969 3E--O--0---U. d il d 9, E 00 U. 10 d'H i: "l 
22 0.79461E 00 0.88622LOO_ .. __ O.I0855L .. O.l. 23._ O.~.29508E._Jl~ __ .0.!ld6(;)3t:.QO 1.J.10u,?l: d ..... 
24 0.79560E 00 O.88709E 00 O.10859E 01 25 0.79477E 00 u.8d605E 00 U.lud4J~'l 
2b 0.79125E 00. 0.88200E..iJ.o . O.10791COl.. _27. O .• 7.'l.UL8E._O.o .. _· __ 0 •. 0825'1[:. <IQ .\i .• ll.'("~t 'J) 

28 0.79119E 00 0.88170E 00 0.10781E 01 29 0.78910<: 00 0.il7933[ UO u.11J7't'if.: ,!1 
___ 3..o-D...JJl.:ZJ.B.E 00 Il.B7701E 00 0.107J7' 01 3J a.7879B£, 00 ,1.d777n: t)i) U.l,IU'1 "I 

1 0.78745" 00 0.87708E 00 0.10712E 01 2 0.78832E 00 Ll. 377'i4~ UO C.lu72ul: III 
3 _O •. 7878lE 00_ .. _0 •. 8.7.7.33E_.OO 0.107Q9E __ O_1. ____ 4 .Q.~8610L.OD _____ .0.8752'tL UO _ D.1UaoLJ: "L _ 
5 0.78436E 00 0.:;7319E 00 0.10653E 01 6 0.78676E 00 J.87575i' (10 O.ll'oHt ,IL 
7 0.78510E 00 0.8737.9C.oO... .0 •. 10655.E_.Q.L.JJ _0,-7_8b2H0Q_. ___ .Q,aUt9lE ,l~) Q;.l(i<.>(J~~ It._. 
') 0.784b2E 00 0.B7305E 00 0.10640E 01 11 0.78429E 00 0.<l7':46L ()(J 0.1UDLh: ,,1 

__ ...... 12 O.78.69J~ 00 O.d7526f Oil Q.JOb58E OJ 13 ().78547E 00 tl.87>'?6i: 0(' o.JlI·,j'iI "j 

14 O.78679E 00 0.87492E 00 0.J.0648E 01 15 tl.78542E 00 0.81329[· 0,) 0.JUuLut'l1. 
16 .O •. 7868QE )0 .. 0.87473E 00 0.10641".01. 17 6.78&d6E cJQ u.e74n'JE (j0 O.)UoJ(, "l 
18 0.78695E 00 0.87468E 00 .0.10635E 01 19 0.78706E 00 0.11.:7471:: 00 O.lOoJ2t ,d. 
20 0 •. 78434E .00 O •. B.7.16.8C .. QO ...... _.OdQ596.E .. _.O.l ___ .2L ___ 0_ • ..78721E .. OJ _____ O. 87477;;; 00. O.li)tJji~ ,,1 
22 0.78603E 00 0.d7336E 00 0.106UE 01 23 0.78350E 00 0.87046(; GO U.1UJ/j[, ·11 

24 0.78646E 00 0.87364E ·00 0.10609E 01 25 0.78808E 00 u.<37535£ 00 0.11I~~;l···';-l-·· 
Z 6 . 0.7870 OE 00 __ . ..0 ._B_.7.!t.o,5 E..._OQ __ - ... 0 •. lD.6Q9E ._O_L-.2.7_----.lL.] 8M.7LQQ .0. 87 58.l EDQ... __ D. 10" 2 0 t . 'J 1 .. 
28 0.78900E 00 0.87b08E 00 0.10629E 01 29 0.78799E 00 o.~7487E 00 O.10D1L~ .)1 

_.30 ___ 0 .... 7Jl83bLOIl O,875J9E 00 0.J0613E OJ J 0.78875E 00 0.87553£ 00 I),JQQl:jt ,.) 
. - 2 0.78779E 00 O.87438E 00 0.10599E 01 3 0.78685£ 00 0.87325E UO O.lUJd3E ill 

4 O. 7914li: 0 0_.. .0,8.7822 E 000,10 6UE.. 01 :.... __ :L_D_. 7C)D5QE __ QQ ______ 0. 0.7.713 E.lIO_ _.0,1 VI:> 2 5 [ II t 
6 0.79098E 00 0.87757E 00 0.10628E 01 7 0.79147E 00 0.87803E 00 O.10u3LE ,Ii 
dO. 79 33'tE .00 .0 .• ~ 8003 E 00 _. _0._1065LtE _0 :L. ____ 'l.... ___ "O .• 7'12 '18E _OQ __ --'!. e7900" 0\1 __ _ .. __ 0 ,J. ()" J't.t, .". 00 

'';'' 
10 0.79438~ 00 0.8BI0ZE 00 0.10662E 01 11 0.79217E 00 0.87849E 00 O.10~i~~ ,)1 
J.? 0.79271F 00 0.87901F 00 0.106'l3F OJ J3 a.79JBIlE' 00 O,8?ij()Jf 0(, ( •• lCiQ.l..l:.L'IJ:;.I'......'.!.\'..l.I __ _ 

'--14 0.79380E 00 0.88008E 00 0.10642E 01 15 0.79298E 00 0.3790'1E 00 0.l0,,29" ')l 
11.> O. 7949ZEOO . __ 0 •. 8 81L7E_.OO··_ .. .o.1065ZE_ OL __ J L __ .O_._L95.ABE._.DO.. .O.lJ~ 172E. 00. _ .. 0 .1UD~1I:: ,I) 

1 0.e0340E 00 0.B8964E OU 0.10731£ 01 2 0.80524E:OO ().d<J164E 00 0.lu7S;1: ,'l. 
3 0.e02!ltli: 00 .... 0.88899.LOO O.10_72lC .01_. __ ._'1 .. _.Q.eO't69E._OQ. _____ (j.J~9\!95[(iQ 0.10/~H: <ll 

? 0.803681:' 00 O.88981E 00 0.1072'11: Ol 6 O.a0546E 00 0.89174c 00 0.llJh1~'l 
7 0._80.58..2LJ..O-_il,Ji.9.ZlaE 00 O,JD75'iF 01 8 Q,BQ89Q.F.\ip 0,>39555(: (II) (',11,7'12 "L--. 
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:dR"ASS AT Th~,Lt LJIFf'ER::NT 

A.A. REGION. (Po=760~) 

tiOUR ANG.ES. 11HIH,THEHll = PII)/P)ISI:ilTdLT',il I i"J., Tr,i.,. '( .. ""~ 1 ,) d 3 w i~ 

MH(TlTA1) 

0.d0788,: 00 
0.8084bE 00 
0.8103&" 00 
0.8093:'~ 00 
0.81247[' 00 
O • .<Hl27. 00. 
".81L3'1l no 
0.8099'H 00 
O. tiO'!',l no 
0.80"721 (10 
o.iJOe,,'II· DO 

. o. b 1 'J 4 I) I, I, '.' 
'J. 8071'!! 00 
O.rl0804!o 00 
,;. d013'll no 
O. (l0~ll71: dO 
0.805RljC 00 

. __ O.80502t: _00 
0.(101310 00 
0.803121: 00 
O.il0209E 00 
0.il0242 00 

.79994E 00 
O •. 797't5~._ 0 
').797"11 00 
1_'./9658l; 00 
0.796;)'.!: :) 0 
0.792'lik C, 
e>.7'l465E 00 

.0 • .7.'/,,12;;; .. 0 L 
i).79309c 00 
0.78937E ',0 
C'.7d981'00 
n.7ee95E 00 
L1.756o>J:'. 00 

.. -- .. -.~---
'~H(TITA2) "lliITITA;) DAY 11H(fIL;t) -1.i ( T I 1\ 2 ) r, Il { Tl. 1 , , 

O:-39433E 00 ().l07(ju~ ul 10 "(j-:-86t;j:j:~ iJ,) l1.o')]",o:: lIl.' U.lul',i, 
0.d9492E 0,' 0.187u.E 01 12 O.(j(j7"2l ,),~ 'J.~"13,):JI: \,1,1 U.H'(I-": 'I 

O.89697E 00 O.lOBG'i'. 01 14 i).tHO:'7, I),l ".d-l'll"" u(, " • .I.c,;:11c. ,J 

0.d9583E 00 O.l0795l: 01 10 (1.(j!)9~~1,: ,lci , ... J):>'·)'i';;i.I ,1.1u/;,: ',. 

u.:!9924E or) 0.lOb35C 01 18 (j.ou27u~ (j",.l'llj40:· \1(, u.L'/-ul 
.. U •. ll.9J.9l.E._.ll.OD • .l!llH.2£..J)J ? n .!L..B..l.Ll:i._: _c C:_' _. __ c I , .. ,LL'l '! i!£· .. '" , 11._._ .. __ (1~_1 "" I c:. '.!. 

0.098021: 00 O.10tl20[ e,l 22 1).81U,/ll[· 'J\) '.l.:Hil'1'i ,III (;.11,; ,t,: 

o.e964~E V0 O.loeOlr.01 2'1 0.A11371.: ,'l'j u. )'j,ilik 1,)(; \"".1\...~~\,1 

I) • e 9 639 E () 0 () • 1 0 iJ 0 () C L11 26 () • 0112 j l: d i)J , j 'Jl . i, , ' 11.1 l' , IIJ" 1 "- ,L 

CI.89b201'i)" O.1079(lE 01 2d u.8()H19" (I:) cl.:Ji~·): 'i·' U.J,'/il:" 

U • <J 'l 4 3 6 E 0 C' 0 • 1 0 7 77 f \) 1 j 0 U • 81 () 6 7' t iJ 0 iJ .. j I l ~ 'I ' , ,I , I' • J . , ,<L .' ,. Ij 

,I .d9}_Oil.LOIL .. __ 0., .HLB1.0.i:_('L.-.-.l... __ ... ..!l~..d.~ E il n I .... ,L'U;.!·)~:, "-'._. _ ... _._.~.! '.'_1 I , , 

o • 0 9 3 5 0 I: () C () • 1 0768 t 1)1. 4 I., • 8 (19 7 3 E 'J U ' ' "i '/ () oj'- ' Ii , " .'1 II I ,I l: ; , 

('.d9448E 00 0.10781" 1',1 t, li.d0772c. (1IJ" .. j'/'.lh ',i' u.h'(I·, 
(l.:>9383t: 00 O.1077:'~ 01 ,~ 1).80l040 UU u.j')j,/", U,1u((~,,; 

O.d9464E 00 0.107il7' 111 10 ().aOD28~ c'U u."i,:7i>i· "u c·.JeJlc,·" 
0.iJ9229E 00 0.10760E 01 12 1I.806d5[ ()O ·J.,H,'di· ",) l,.1v(()~·j 

O ... 'J_'t..l!t2LO.~)_" .... _D .... lD_L~2£-".L.L-....J.!t '[1.803171' 1)(1 '.l, ,\ i'i!!.lc ... ccc._ ". l!!!,,: )e: .. :, , __ ._ . 
O. a 8740 E () 0 0 • 1. 0 7 0 5 E (11 16 () • e ('ll il 3 E U D IJ • d oJ ,,'-I U ,)(, iJ • 1 II I, I L 
0 .• 88950E 00 (1,10733E 01 1& '-,.a01UE .'Jl1 ().i:l-I"'" IIZi u.ll!7l':i 'I 

li.d8847E Oli 0.107231: 01 20 0.601;·IE ()J .,.,53'1-1'" c.li) 'o-ll,IL,ji, 
(J,888941: 00 0.1(,73:>[ 01 .22 0.799li"0 d,) (J. h'.l·l." ,i, (1.11),,·) '. ': 

o • 8 8 6 31 EGO I) • 1 0703 E 0 1 24 (j • b 0 (J h [' U U II • ,'J 'j 'I 3 i' (I i' 1"- J." I , I,' ,I 
U .... ~.83.6 7..E ... QO _____ Q .l.O_.D.7.!!!· Q 1 2.L.....JJ ,-79'1..27 f' ,,(j ')_,_J.J~'!" ," .'.,~,_._.-'-'-'.! "'.' 2L _.!. ___ .. 
u.d84'9E 00 O.10i;~3E 01 28 (1.7957&10 OJ 1).0:':',':,- ,)" ,-'.1'1;,', I, 

0.88298 01 0.106l3E 0L 30. 0.797401: (n 1).;)'\3'/5," ",: il.Jllc"I," 

U.88340E 00 a.l068ZE 01 l' 0.794~lE 00 u.Jo133o Ilu 0.1~a~·)· ,) 
,.87927E on O.10636E 01 3 O.79:JcJ1S Oel C).d1',,~7'-. i,l(j U.l,J[,·).,,· 
ll.88128E 0' 0.106641.: 01 5 O.79327E UC> ... ,)1'115" (II) U.jcJ"'i~C ,'I 

- _.J)A.8.8i27.7_LQ L ... _ Q,LQ.6l!QE_llL 7 .0. .• .7_9 :W{~t_.;.l.!.! ___ '·',.i2.0.(. Zi'....!l0 __ .. _,' .• Lh! 2." ._ ••. _l.._. __ .. 
0. d7979E 00 O.10652E 01 9 0./925"'" IJ<I U. :)/';32" u(i U,lch" J,. i. 

1J.i:l7583E 00 0.10608c.01 11 (\.79u27,· ,.,J v.>llu'Jil: 1.1(' 0.1·l0i·, ,". 
().~7649E 00 O.10621f 01 13 ,J.7d93,lt:.')J lJ.:J?o"(li'. Cil: U.l,'"c) .. ,; 
o • d 7572 E 0 (J 0 • l(l 616 E 0 1 15 (I • 7 ~ d 5 5 t li:, cl. 17 '5 "j-, [. ,,,.I c' .1 ,.'" i, ' 

1).~7351E 00 0.10594[ 01 12 0.7iJ644f.: u'i ".'51);-":' c)" l>.l, >J ,i " ..... 

__ .. ~_ . _____ . ~ _____ ..-C-_ 



MR'~ASS ,\T THREE DIFFERENT HOUR <\NG~ES. I1HCH,THET!\[) = PCIlIP_'CSI'··J(T:I'.T·[J) rUt; T1,,- y_ ... , _Lj '-', 

kA· !2.fGION. (Fe = 760 MMJ. ---_._ .. _ .. " ---... -- . 

J ,\ Y ,'1H(TlTAI ) i1HCTITA2) '1H(TIT43) DAY MH (TI T,\1 ) '1.1 ( TIl '\ .. ' ) i'.! 1 { r 1 I _\ :. ) 

"-11j--·-0.787·4'7' 00 l).e7443E 00 O.1061UE 01 23 ·0.78340E· 00 ll.dl',·'," ,III ,'.1",/1 
24 0.78730E 00 u.d7482EOO. 0.106301:.0.1 25 (i.7<J441t OJ ll.-J71il,' I.' ".j"·'i'. ,I 

26 0.78420E 00 O.d7167E 00 0.10597E 01 27 O.70418E: (II) ll.iJ71,,51' "1(1 ().I'JoJlL ,I 
28 0.78410 t 00 o. e.716 BLOD __ .O • lJ).602.E_(l.1._---2.9. __ ._.'.! .•. LB .. 5.!!2.E . .rlD_-----Y-'_,li'J.2..'.>::·_.~!'.'--. _. >, ~ J. V"-.~1 ,; __ .'. ___ . 

3'J 0.78542[' ()O U.d7334E 00 O.10628E 01 31 Ci.766d(lc "0 (i.0·1'<'lic Ill' Voliiv'J1." 

1 0.7841",00 0.j7213E 00 O.l.0619E 01 2 CI.7d5bU, ()1),).~7.J"')C ,d-, I'.l',);',·'; 'I 
), 0.787251: 00 0.d7591E 00 0.10673E 01 5 O.78b0'1~ 0,) .u.H.4'7.l ,Il' u.lu';'J.~' 'J 
6' 0.7836t)r: 0') O.:l7207E 00 0.10632E 01. 7 O.78524E 0,) 1j.'llLt,t::' (;,t 0.j\),,,,I,. 
0, 0.78419; oC 1).~7295E 00 O.10649E 01 9 0.7t1591f 0,' \.I.iJ'14'n~; I.;" lid'",!,)!, I 

1.0 ..... 0 ... 7.-3766E,i 0 0 ,-U7Z.o.~£_0.Q. ____ ..Qd..Q7.Q't.f 01 J L-...0 ... -'l.1l..2...'1.Q.l:::_J·lJJ i'l,ij 7'iL\:' .. -', ._.lL.l ;.1/ j " 'I 

12 0.7(l8",7~ 00 U.~7827E 00 0.107251: OJ. 13 O.7890d~ OU ().J7d9~'.' ,)" '-'.i,,/)/, "l 

1't O.7911)OE 00 0.d81Z0E 00 O.10767E 01 15 11.79022[, uri .1J.ildIJ45' 0,) (t.l')/,l 
l,~ 0.78948" 00 u.87975E 00 O.10756E 01 17 11.7887'11' (lIt 0.179(1),' '.11) C.lv!J1 
10 O.7903h 00 0.88153E 00 0.10783E 1)1 19. O.7930ul: i),) ().:l;J4"~" li'; v.l1"'1/, 'I 

2" 0.79380(, 00 0.88503E 00 0.10B33[ 01 21 O.791tJ'1E 0,) 0.0'JJ01· i.J" '"lv,;'.LI; ·,1 
22 _0.].9553['.0 r) ..... O .• _i:l . .llLL9.LOD Q.--l..QJj.6..2f. 0 1 21 'i...~l'li0...L~2.!L.--.iL~~.I!" " ...... L0)201.::. __ .' 1 
24 0.79742~ 00 O.38954E 00 0.10900E 01 25 0.797il4E U() U.j:l'J241: '.1\1 u.lv);,q .. ', 
2') (I.79809E (10 0.89053_E 00 0.10919E 0.1 27 O •. 80u5rt: lie O.:l'134lL'iJ 0.10'),':: 'I 
? rl (I • 8 00 H r: 0 0 0 • 8 9 325£ 0 a 0 • 1 0 9 59 r: 0 1 29 (I • 80 211 :3 i' U I) l' • :3 'I h 2 ,~; I.'" il • HI ~ 1 ~ l: ,'-
'.\0 0.806813:= 0,' O.90082E 00 0.1l058E (ll. 1 0.80107"1: Ci:J 0. ')')111')>' ',(I CI.lld"LL·l 

~ 0.B0944F 00 O.90392E 00 0.11103E 01 3 0.8079~f: ,'0 0.')')2~L. ",-, 0.1lU'Jo .. ,I. 

't .0.80795c. 00 O •. ~il25.DLOQ_.--D~.1~.!lnE._U.l ___ j n.lUll7LUI) ,J."'U-':i-,,_,·_i'!C l,.U· ... l<.·Jl._cc. I ... __ 
t) O.'H362E ()O O.90909E 00 0.1l180E 01 7 (I.1'1l22')t' (J~) 1).'),)77'): dol tl.llL'JUC 'l 

.J 0.81523" 00 u.!ll13E 00 0.1l211E 01 9 0.81t2H 011 0.114:")" ,'(' ('.11')/, 

.L<.' 0.81697i 00 O.91333E 00 0.11245[; 01 11 O.81718E OU 0.'I1.J69:' ,)" Ij.1U),:. 
12 0.cl18H4E 00 0.91567E 0(' 0.1l2<llf 01 .13 ..... 0.32197E OJ '''.'1l92!),' 'Y' '-'.113",1: "I 
14 O.B222hE 00 O.91974E 00 O.1133BE 01 15 O.824U2E 00 0.92ld3E OJ 0.113.,/,. 
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C/.I.CIJLATEO 'nLUt~ 'JF Jl~.:CT "II.P '~". ~'I;, 1'1 "fi. J:,' ',~ .. l 
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lJLY I 1< ( 1 IlL, ;1 ) 11 ! ) 

28 O.101Zl!lOE 04 O.20D7111E 01 24 
1 0.1012392f 04 0.I%Z86BE 01 Z. 
4 0.1012lt7(}E 04 0.2044507': 01 ~ 
7 0.1012734E 04 0.220G24lE tl t 
·10 . _. -·-·O~ 101-2.eo;.O"··..()4 -- ... ·---D.·l <) 5! 9'. %.-" 1 .-1·1 
13 0.1012982E 04 0.1991000E 01 I" 
16 0.101Z871C 04 O.214e352EOl 17 
19 0.1012696E 04 0.207313BE 01 20 
2Z0.1012339E 04 O.3269361E 01 23 
25 0.1011724E 04 0.217u094£ 01 26 

.• - .--------------2-8 0,-l...Q-l--l-S 9 4E------Q4--------o ..-2·0 9 <;JAZ--2.i: ~-l-------&,/--
31 0.1011732E 04 0.2781960E 01 1 

! 1 ] 1 ..•. 1 

"~.1{;22J-1! ., 
{J. 1 n} ~ '1 1 LL I, 
n .. lnl?;'~ .. 7~ ;1'-1 

(;. li:,}Z 3fJ:':' -I it 

- !~.-1-1.l·}~:~_~·4j~~-~.--,; 

\\.11.1131'-1ut- -1 

(J • ~ -01 2 ~ e., ,-' f • I it 
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.)J lJ:! L E P ,: 1: CIS 1(' N S S ( " 0 0 , 1 (> ) , :. I' 'J .. : ( ~ c' r; ) , ~ p j ,: i ( " '_: J ) , 'J, ( ) ) , L.P :: .d I " ' !) I 

F 1 ( 1 0) , F V, ( 10 ) , Y fd ,I I 1 0) , V MIN I CPO Ii 2 ( 40(0) , ;:; P S '0'3 ( 4 J CJ I I V '\ )ll I V '\.' J t. , V" ,I ~ II 

( 101 I C ( 40 0 ) , D ( " 00 ) , R 1 400, 8) , X , Z ( 4 00 1 , S S :> 14 ~'Ci ) , F ( 101 , T ,G ( 4 )C ) , i' YI 1 j 

) , A, B B ,C C, DO , E ( 400 ) , Y ( " 001 
---,,~A1..--.nT011U1'tlJ1J">8-:1, Q ('iOOI.-vTl1---------------- --­

INTEGER NN,JT,IT,MTO 
C81'" '" ONt110)-,-K 1~ 0 ) ,-AI 10 ,10) ,3 a 110, 101 ,T11.-CJl-,c1;( 101 iTI [J 11 0) 
DATA H/9.(1331 
f OR:1trTiF5'.0,-F-IO; I,F-o. 2, F5-.1-,-F 8.'2)--------'----
:HO=O 

, 
i 
I 
! 

---r.l~~3rll~3~----------------~---------------~ 

X=O. DO 
, --u8-1.1'1'5--1 "'~-;MT-D--~---'" ----,- "I 

0(1 I =0.00 
- - 1= 11,-"-0-;-0-0-- ---,----- - ---- ------ ---_. - ----- ----

C(I)=O.OO 
L\', -v.uv 

G(I)=O.OO 
1llSCONTINUE ------.-- ,----

DO 1116 1= 1,8 
--UO-l.117"-;)=1,MHI ------'" ----

R(J,I)=O.DU 
i11TL.u," I 11.Vt 

iUGCONTI N UE 
___ oj T;, ItT -----.---------------~--,----. 

n=JT-l 
--- REAO-(T,-20 201'1,111-:1,1 "'-:L,'91 ----

DO 919 1=1,I T 
0- I 1 I \ U OL C \ ". , " I 

q'~CONTI NUE ' ' 
,- z""FU RM7I ,-nX19F4'-;-tr} -- -----

DO 3 J=I,MTO 
--"R1'AUi -Z-,-l"li.li-j') -, -(i:Ji -j ,-i-I ,-1=1,-4'-)------"------' 

:3 CONT INUE 
uw ~ "-~, I>u 

R( 1 ,2 )=(OBlE (U (1,2 II (100.0) I) 
--'<11>l.'1'=-{08tt:'1i:J'(-I-,-l'11'1 

R(I,31=(OBLE(U(I,3)1) 
--'<11",1=(1)131.. t:-(tJil-, 411"l 

4CONTINUE 
uu -' , '~"'" u 
E (I )=OBLE(u(I, 4» 

- ---C'11'1 1l13L'1'''{'Q1l1) 
Z(I)=R(I,1)J12.00 

-01'1'1 =\J.i)O--- ----

5CONTINUE 
CALL KROSEtHl0,b,[,(1 

(:<;-

---- .-- ----- ---------- --

[-
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". ::..11 
80 'I LLL~l,. 5 
UU 1112 l~i ,Kl0 
AP~,nl )=O.OU 
{,p[iWI (! )~O. DO 

, , ---cjpV:H I lJ (f~ fl071o-----------------------~ 

• QPbW21!)=0.00 
" ~-~Qp 0;.)3 (r )~O;O O~--'-- --0'- -- -

SSSII)=O.OO 
--- cma nruc--- -- -- -- --- . -

00 1113 I=ldT 
DO 1114 J I, "110 
SSIJ,I)=O.OO 

-- CO:HnfUE -- -------. --------- -

CONT WUE 
"-----Db-a-N=I,I110 - -- ------ - ------ ----

A P 0 IH N ) = I IF C 2 ) * C X * * F 1 3) I ) *I C F C 4 1* C Z ( N ) * * F ( S) ) + F ( 6) * I R C N, 2 ) * * F C 7 ) ) + 

FISI*IRtN,31**F(9)1)1) 
, CO!HINUE 
'---OO-9N=I,WrO------------· ------ ------- ---. 

, AP 0 vIII N 1= I C X * *F (3) I * I I F C 4 ) * I Z I N I * *1'( S ) l+ F C 6) * C R ( N, 2) **F I 7 ) ) + F C 8 I * ( 
---f<Clr;31'¥*H9J rnr .------

CONTINUE 

___ ~~~~-~~~O~i~J:.)-*O-CN-~) *1 OEXP IAPOW I NI) )_) __________________ ~ 

DO 11 1\=1, rHO 
--- sS'[N-,r }o;wTfH *1N~xpTAl'bWTN')n-1 

CONTI NUE 
00 12 N=I,M 

, SS(N,2)=I(IFll)*OCN)I*(APOWl(NI)I*(OEXPIAPOW(N»)) 
:-----C-ON11NU(i ._-- - ~ 

' __ ~O 13 !=I,MTO " .... _ __ . I 
. S:;(N"0I= iITTFrlJ'¥TnNrnCIF rn~ ()(','*F-nlJ,-'TZTI1T*-*FTSrllT* fDEXl'T AP uti: 

IN))) - I 

DO 14 N=I,MTO 
;--SS PI, 4-)= I CFTIT*o I N 1 lTlTfF17lT(YHF (3) 1)'Tffi ( N, 2 )*"F!7JT) l* (DE XP t A PO 

WIN»» 
.~-~ 

'tdNTIlfOE 
DO 15 N=l,MTO 

:>(N, 1=1 1 
N» ) ) 

---(;ONTTN'UE----------------------------------

DC) 16 N=I,!HO 
,--Tn N ,i-FT( (F 11>*0 (141 f* CDTXP CAP OwTN In pr( rX**F1 J)T:<T1JLOb (x I) ) P (;: I 

2 1* ( C ( F (4 ) * I Z Ct~ 1* * F ( 5 I ) I ) + ( F ( 6 ) * 1 R 1 N, 2 I * * F 1 7 J ) ) + I F ( 3 J * 1 R 1 N,3 J *'" F i ~ 
I ») I J 
CONTINUE 
DO 17 N-l, MTo--------------------

S S C N, 7 ) = C C 1 FC 1 ) *0 C N I I * !OE XP I A P 0 vII N) J J 1* 1 F ( 2 ) ~ C x * * F ( 3 ') ) * F 1 4 I .) * 1 ( u L Ll 
r--~~~~~:;~~*rzINJ*;:.-Fr5Tln------ ---------- ------ ---- --

00 18 /, 1, P,10 



, 

'.: '- -, lI.L - 1 •. ' . 
.jl lil~ I:::_,"nu 
I~~G\~( 1 )":::i".l.OU 
A?L1.HI Il=(,.UO 
JP·J'~n 11"'\T;-·,JtJ---·--·---·­
d?'J .. :2( 1 ):::tJ.OO 
QPD~'3 (I ):::0 .. OC 
553(1)=0.D0 

11{4 C,l'H It WE 

J'J 1113 I=I.IT 
- -U'J-~ __ i--tY'-j='i 'c.l-D-------- . 

SSIJ,: )=(;.00 
Ul.~ CJCl Tl NUE 
iii:> CO:aI/WE 

--D oil-i~ =l-"H 0 -- .- --
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~---- -------

.. ~- -- ---_. -_."- -"-- -. -- - - - -- - -- -

AP 0,·; 1 N ) = ( ( F ( 2 ) * ( X * *F (3 ) ) ) * ( ( F ( 4 ) * (Z ( N) * >I' f( 'J) ) + F ( b) * ( "It,. 21 "" I' 1 7) ) + 
--4"'--r.1~K"~ .;. ~rl-<}Tl ) ) ) 

B COnTINUE 
DO-~ i.=l,~-T_n·------ -- -- .- ------ - ----------_________________ _ 

Ai' o.-n ( N ) = ( (X * * F ( 3) ) * ( ( F ( 4 ) * ( Z ( N ) * *F ( 5) ) + F ( 6) * (.~ ( N, Z ) * *F ( 7) ) + F ( 0 ) "' ( 
5 '( (N,3) *"Fi 9-) » Ii -----.-- -----. ---.-- -__ ___ _ _______ _ 
9CO:lTliWE 

---:Jrr----i--{r-N=i.,4ftll-------------_______ _ 

S S S ( ;~ ) = ( ( F ( 1 ) * 0 (1J) l* ( 0 E X P ( A P (1 i·1 (N) ) ) ) 
!b CG!HI::U[ -

00 11 N=l,IHO 
SS(~,11=iD(;I)*IDEXP(APOW1Nll11 

11 CONTINUE 
-----Vll .>. L " 1, i'II-nr------~-------------____________ _ 

S S (N , 2 )=-( ( (F ( 1 ) * 0 ( N) ) * ( A P Oi-ll ( N ) ) ) * ( 0 E X P ( AP OH (N ) ) ) ) 
iz CONTHIUE ,- - -- --------________________________ . ____ . ________ . _________ _ 

no 13 N=l,!HO 

. --'-S5 (1;; 3 ) = It ( (F ( lJ"*O It1)-I* ( Ii' ( 2)"* lX*'WI31 1--) *iliUi"* *F-i 5» ) ) '" I ui X P ( :.,' J, 
b(ill»» 

~0~~tT--ttnJE~----------______________________ _ 
lJl) 14 N=I,MTO 

- -- S StO'l,-'" ) =i1r-(-U*[Hi~i1 *ii,"-( 21 *17: * *F- (3) ) ),,( Ri'" ,-21"* *f'( 7 I I I) "t i;i: H I ~ i' J 
7 \{(t-il» ) 

CONTINUE 
DO 15 N=I,!1TO 
.) S (;.J, ~ 1=-(--tfi-41t-lr,*\h[j-1(-.,.,~H)~Ir.,,.." +-( -H(F-t Z H (X * +F(3) I ) * (R (",3) * -rF ('l J J J >( ~ ~;.. r (".' ~ .. ( 

'B:,»» 
l5CONTf-t1UE --

Cl J 1 (; N= 1 , in 0 

--- s S ( N , v" = ( ( ( F ( 1 ) *" ( N) I * ( -DEX P ( A P ,c "( N) ) ) )" { ( ( '. * "F (::. ) l* ( " L ,J C ( /,) ) ) ) " ( r 1 
9 2) "( ( ( F (4) * ( Z (N ) **F ( 5) ) ) ) ~ (r (b J~. (k (', ,2 ),' q: (7) ) + (F (.' ) * (0 (.; .::. ) * ,,~ ( ; 

--)-)7--j--j ) 

IbCG:H II-'UE 
j)l1 -t-7~t;=Y'-:'1T-a- - - ---~-----.--

S S Cr, ,7 ) = ( ( ( F ( 1) *0 (in ),~ (0 E Xi' ( :, P 0:<1 H ) ) ) )* ( F ( 21 * IX * *F (3 ) ) * F (4 ) ) ,,( ( .J ~ J 

G 1 Ii" ) ., 1* ( Ii ;4., *'*1' ( 5 J )-JJ _____________ _ 
I7cwrn,lUt:-

--.JG If) 1'i~7'if1JI-----------------________ _ 
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,,,( ,")c«(:'(l),;t,('dH( ,:,XP(;'0C .. (\»»}(I U)·,(.n:~(·l»';1 ,);.,/:, 
:; ( ,'. ( :, 2 ) ) ) ~ ( '. ( :: , ;> ) ., 'e;: ( 7 ) ) ) ) 

ISCI.n J':U,-
~JO 19 :\-::::l, ;~J"l0 
S.i ( ;: , <) ) = ( ( (F (l ) * J ( HI )<i U) E X P ( A PO,; C, 1 1 1 l* ( F ( 2) q ,( * *.c ( 3 1 1 )I; ( r ( '" 1 d '~J 

'h{ "i~:,''S'li 11 '.'ii«N,..:d* <'F {''.II II" -.'-. . .. ---.~. 
\~CO:H1NUE 

Oll Z ZZ Z i = 1 , I T 
~ ( I ) = II • DO 
HII=0.00 
CC (i )=0.0(1 

-"'V~li'i-j =c(,.L-.J 
00 2221 J=l, JT 
A{l',-;J)=O.DO· 
.3'1 ( 1, JJ=O. DO 

7."'CONTHWE: '-'. 
2U2.CONTINUE 
~J~~-------------------------------

00 30 1'<=1,1'110 
"31iJ=jl'(Ii+iCiN)--S-S51~~)'),*SS('N,I I .. ' 

;5oCONTINUE 
Z'CmHi-NUE--' -

DO 36 J=l,IT 
--~-3~~=i~~-----------'-----------------------------11 

DO 35 1,=l,;no 
~ (j ,KK )=A I J, KK)T (5S'IN ,J) *S5i II> KKl 1 .---' .-'-~-
Bg (J ,KKI=tlBCJ, KK 1+ (SS( N,JI *5 5 (IJ,KK 1 1 I 

~5CUNTINUE - - .... - .. - .... ---._ .. 

31CONTlNUE 
-?'~~~~'I~f~nUTIE~--~------------~·L..----------------------­

DO 38 1=1, IT 
.. -- A{'! ;-l·Oh·[l·(-n~~-- - .... 

BB ( I ,101 =8 <I 1 
::>sCDNH't~U[--'-'-"--"-' 

CAll GAUSS(JT,lT,M101 
...,51' J R, ." T'''1'X''i'-'-',.'Y--t'''TI-Z-,-'--j-=-'-,Drll-;2>-:.C'')TT) -----.~-------------­

DO 41 1=1,11 
.' .. Fl'!") = F 1'11+'11'1-1'*0-,'500-

F:1(Il=F(II+T(Il 
FYlIl=Hll 

41CONTlIWt 
,;;,ITU 3,97J 

--- . ----.~ - -'---

'3T F 0 «t'. A 1 (IX, IT 5, 15 HY (I ) + ( 0, 5 * X ( I ) ) , it X, 9HY ( I 1 + X ( I ) dX , 4 Hy ( I l/ ) 
96 FOX'1AT'( lX';'!'I), -ZX','DIZ','S, ZX', 01Z.5, 2X ,·Oi2.5-) ... -----........ ---- .... -

ilu 42 I=i,I T 
- ARITt( 3,90) I ,Ft (I l',FM( I 1 ,FY! I) 
42.~ON1Ii-JUE 

--:JS\ 1) . (, • u G 
:)5 (2 )=G.[)(· 

- - ""JSi-3 )=(i .. [;0 
0') it 4 N= 1, :n 0 

... OPQ;Il.·(td=( (F( il *[)(kl) *( DEXP( (F (Zl *1 X**F (" I» *(iF( 41 ,'I Z{tJl*,!,fbi J +j­

( 0 ) * ( " (,i, :2 ) * * F ( 7 ) ) + F ( 8 ) * ( R ( " , 3 ) * * F (9 ) ) ) ) ) ) ) 
~~CJ~'~~;UT.'~~~------------------------------------------~-------------------



"j ';0 ~,=, \ ",j U 
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'JJ 1 11 e I ~ 1. ! T 
.cI!I=::.iYJ 

JII g .:: ',':rru.l)c --
lj.: 47 I:::; 1 ,IT 
FIIJ~;:1111 

'1TC0'H 1 .. U" 
~'J 41:. h~l, "·TO 
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,- '- nin'rr..lfr,u')?<F !7Tl+FT3T* rRT,~-;-3J';;,'FTS 11111TT 
48CONT I :~UE 

D U 5'fJ !~~ 1 ~l-n 0 
JS(2)~OS{Z)+(C(N)-UPO~2{~».*(2) 

SOCO!JTIlWE---- .. -- ---------.. ------ --- .. , 

Df) 1119 l~l,JT 
-----nlT"-"(;.1}u -----------------
1113 CCF';T1 NUE 

;),-1 51 1~1,1T 
FI Il~F~{I) 

SI C J ';n :Wt: 
J'J 5Z ;';=l,.'lTO 

--v?tJ-;;-]--rhl~t=llJ-*1J11·m~TIJEXPl\(::--r7T*Tn::"rr C31-rT~Tl:- ( -'-i ) "r (L (t,) or- -rF (5) } "t-r 

( J) * { R {N, 21 ,,* F ( 7J ) + F ( iJ ) .; ( R 1:, , 3 ) *" F ( 9) ) ) ) I I ) 
5~Ci}NTH~Ut:- - ----

[).g 53 t'~l,:nO . 
OS (31" os n rn C'( NT'-of'-mn (NT) ** (21 

5'~C:JNTINUE ' 
---{:',1:'j l--=.-'-u"'l'l ------

V 'n I'i~ ( I '15 ( 1 ) - JS (3 ) ) I ( ( Q S ( 3) + (,; S ( I I -'j S ( 2) *" .;', 0 I "4 • D I)) + \). 5 [;(, ) 
;,jd F ( 3,975) -- - .. -- --------- .. - - .. ,------

'318 F 0 k:, A T ( IX, IT !J , "nO I 0) , T 2 I , 6HO ( 1/2) , T 3 6," H eli) / ) 
.,': Ii [1'3, 2H) 1 ( :;) S n 1-,1 ""1;-3 )-- - --- -, -- --,-----, -,-
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II~O CO:~Tll; U[ 

00 5" l=l']T 
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S'J C:UTI::t- ~l-.JS (:'iTiJ,·;{,.·~-,?~l 
,.iJ .. hLt: ~ :':i.:CISi!~\ 1.i<.(Lj',:l), :-,}' (4():,-),·/,~,!.. {4,_,_·;,~1-1;:"-:(~·-l·f 

I 
l'!TC '. R G, ~-ItTO 
L::'" T U /. 'I 
:)J l.'i 1 = 1· ,. r f.l 

--'>1-G·U...l =L~~ (L __ . _ -. ------___ -- -. 

ZZ(I)=(2.DO/IS.~G)·E~(IJ 

1~ CONT I!WE-

:··~-=D 

DO '< l=l,~;TU 

IF ( ( I • LE. Z 7 i) A 2=1.280 
- IF ( ( I. G [: .. 23 l. ... td.J 0 .. { 1-. L':: .. 53 ) ) :. 20:: 1.3 8D L 

Ii' (( 1. GE.5'<). tND. (I. LE..8Z»~ 2= I.S'<U'_ 
IF( (I~G[.53).AN[) • .{I~LE.I09) )A2=1.77-D,' 
IF « J. GLIIO). AhO. (1 .Lte.l3S) IA2=2. 300~' 
Ie ( (-I_-G.s..-l.:;l-&-l~--J-.-L,[,--l~W..l....A-2-=-2_-4-S.i)i~· --~ 
IF(I.Gc.167).AI;0. (I.LE.1951 IA2=2.HO:· 

. --IF { ( I ,.Gte. 196) ~ Ai-;o~ ~ I, L-f. 225) A 2 =2. 3 6U.' 
IF ( ( I • G E. Z 2" ) • AN D. ( I • L c • 254 I ) L 2 = 1. 730 . 

. --- IF (U. GE.. 255).~ A!W. (1. LE. 2113 ) J ,'. 2=1. 33D' 
'I F ( ( 1. G E. Z 34 ) • AtW. (1 • Ltc • 313) H Z = 1. 17 O· 

--Sl .. G._L:1-J.-1 -,=--"f~2~~ 
+CONTHWE 

!'j-=D·­

LL=O 
.KK=G 
OJ 110 1=1,IH3 

j'i= ~,;+ 1 

LL=L.L+ I .. 
AK ( K K ) = ( ( 0 • 105 DC' ) * ZZ ( L L ) + ( ( 0 • 987500) '" ~ I G (11 ) ) ) * ( " 1 ~ '<. L' .:. 

liD CQ"n l!i UE 
;,;. - T 'J .. -;.; 

--- -"--'---.----~~ .~---.------'---------
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::. 'J -, llj I j',. .;.', \ ~ ( J 1 , ! T , " j ,I ) 

(~"I_ ,'ll.,· !~I.l ",>~,~( i~;~CIJ.l/~:~(._.tLCLCC(l.'~L(CCCCf.C(~Ci~( cr(~~( (,(i 1 ... 1,.; 
, , 

TH' ~'-J.,r>';:·J·~ lJ;- li;J) P~~J)~:":'j is Ie] :-'.:~V; LJ~ Td J (J • ,':.j L ! :. \. . J • 

t ': J U :~ T j I J' J ~. ~~ Y G ;'U ~ ::) - J '.' ;:.:.if t, :.: c T :-J J:) • 

,; ~ TtlE i.U~B~R OF DECJ~~L PlAC~S O~5JP~n. 

JT = FE i',U:',EER UF COLU;':NS , NO !'ORE IliA:, " ~:l1'~;C) !". _~·c· 

; Cl. CC C',~;; ecc C e.c C ecce ec eee cce e cc e cc ce eee ec eeeee. ~ e. ec ecce _~ c c u. U', ':. L. ~cc' 
JJU:~L[ pr.:t C151 C:. ;.:f~1 T, h,~!~,Cc, :~r: 

_ .;~~-JL _~'--2_ - -__ " 
I:~TL:J~-:P. :'<"JI ,0,...;1, iT 
C(l:~?:C::-·! L'{~'J},i{(l\)J ,:"{l;),lOJ,~~{lC,l(IJ ,T'li~'} ,~L( l .. J ,~,:;{1· __ 
:;~T~ Z Z .C,.'U /l'. C),C ,1.J-IO/ 
JiJ III I~l, Jl 
;{(I)=J 

l.i~_----i:DXIJl:lJL_. ____________ _ 
ITI I T;JT;,L) I S HiE !!VV,~Ef: OF R:.1115. 

RU.u .. 1N .. TBEY,AIR1X.bY eOLUi·WS,._NO. !lORE .THA!-' L. £;'U.1ES .?::~ 
:'1.:::::0 
.J1.=0 ,_._. 

::'ET ;;0.,1 IdDEXES, Ull. 
--. ___ ~!J___"'_.l."-l~.!.L _____________ . _________ . ________ _ 

DO j,o --.1< , I T 
THE 5ua~OUTINE fINDS TH~ PIVOT ~Oi FOR EACH COLUM!I. 

C;.Ll .{'lX( J, 1 T, i;) 
K(J)=", 

.-T.r: c-.P-l.Jl.fl..T--.4..$---l..U'-!) . .Jl R ~,~ (.f...J i1 zc R 0 I IF I".U.HDD_..l.5 --.l'.:1J'.kLl'~ "~: -
IF (JAilS (1,( M, J)) .LE .RR) GO TO ,.f.' 

RlDU';c-JWA 1'1, THE PIVOT Rlhl, STARTING AT .cOLU!:.: J-f", 
7 JI=J+l 

- - .. ------.~ ... ilO .13 JP=JI,JT 
{: A ( :1 , J P ) ~ A PI , J I' l/ tIC ;'1' J ) 

--4':~-!_JJC_E__.DJj:l.::;:~_t___5_I~-?J___1H.&_I~ __ L'O~·~---1 ~ _______ -~- - -. ----~ _____ . 

DO b 6 I P~l , IT 
THE .. NEXT. ST.EP._.5KjP..5.THC. P1Y.oT .j':O~J~ 

IF(IP.~Q,K)GO TO b6 
OD b JP~Jl,JT 

A ( I P , J P ) ~~. ( IP , J P ) -" ( 1" J P ) "id I P ,J ) 
C wn I NIII· 

COlnINU:: 
S T DRAG;: . .DF . T Hi.: JNS \IEI:S. 

103 

DO Ii.. I~l, IT 
_;~:::;Kl1} 

·~l·,= "le ... 

F:J·'·,.,.T(lX,///T4, 'CYCLe ',]:.;) 
DO :-1 I~l, IT 
,; ~ I T f:. ( 3, 1 co 4 ) 1 , T ( I ) 



98 

A P PEN D I X E 
________ ~ __ .ft __________ _ 



153',[ ]f, 
• 1 /Ut')!) Z I) ~ 1 be,. , ( , 

7053 1(1 • Z j" .'1 1) (! 3 ~ ? a6~ .1.. j 

1~6?') 1 (t .3 j ~'l ~ i')- 23., I." e6~ 1 " 
13211, r) f> 

• 'I '17(; h Z'11> 0 . , 
Du. ;_ l 

1031,> (l f,) .1) J')" ;j.) 1.2r. i B () ~ ; ,1 

9363 ('\ it ,7' 1)1025 21 :> C<h - 1 • , 
1/~7/flt nq .. 9 ~I]~ n,) 22" ., 86,,~) 'J 

15235 1') .3 :; () 3 :> \) 2: j ~ f.; i~ b ~ ; ) 

15M'4 1.0 .i-l- };:'lo'UV --Z3(!-~) o6~ / 1 
llll')!} 10 c c· ~, 3 v d.) 23 f> ,-~ H b ~ J;.i 

1',,, B 1(1 .1 if 7 ~ t:,J 2!te~' 86~ }, ?, 

1499). (I'! , 5 ~U.2 ) 23>1] ~i lh j~ 

15280 In .(:" It -, 'I ) i) 23 ti l_J doc _\ .) 

13',1,8 iH • 3 Ji)~ >0 23 .. ,:1 E 6. l, 1 
11810 --"' ---fl'h (j "l t-il ~)~:) - 2~Q-:;1 -- -80'. ') i 
13867 09 • 1 ~/1,<1'j LIj~ I, H6 .. ) 1 
13526 09 .2 06,,7i 2 b. ~-

, . " At,J-02 

10082 06,,1) 'j 7 • 7') 24 .. 1) ab~ 6 5 
1354(1 oa .5 53 e r, 26. ;l H607/ 

91129 02 .6 OL(.Zj 23. Ii 1100 -16 
1 O()<t~ - --t'4 .S' T,u.-7'j' ~ If-.. " 1;" 86-, tHI 
11411 n5!!6 {,I)(;I)O 25 .. 1. of.,H G ~j 

8712 (\ ? .9 ()t) ~ 6 ) 22. S l.H:H K.9 
1236P flo .8 :; 7.25 c~')~Z <10 .. 9 J 
hl,),)6 (15 

• U ':>7./') I.,)~s fjb,'"" 
11481, (;7 0- 3 ~.Jl~2j 256V 87., 2 

5211,- Ol .7 -, 't -~--~J(t 2'1. i' IYI.,.-I-
7637 02 

• b 
73.JI) 22. n >3 7 , Ll 

798~ OJ .. n 7/t!;-)~) a. (, is 7 • 1 " 102("; 04 .7 b5~:;HJ 23 .. 2 87. n 
8379 (. 'i 

• l b 't II h 22 .. 6 87 .. i.6 
12f170 0>\ .5 ':,..1.25 24. l 8711 3 l 

- L'l"'1)5~---- ~t~' tI'S---lr5'4--1-fj -LA-.; tr By ,;-3 U'--

13951 09 .5 (-jt";e5U 26. U f:j 7., !t t 
13638 07 .5 i)O .. -.10 2 <) 9 '> i'J7G 1ib 

11912 07 ,0 ~ 5 f :) \) 25 .. a in. ~) 1 
10087 0', .b '>tJ,Z5 23. b {,7,t)? 
13590 09 .2 31,,''),) 270(1 g7.,(;,~ 

10938-'-- . O-? -.-') ---.'HY ~- ~)f' -Zf'rt-'Y 1)7.;'-7 
103'10 09 ,I) '-t d fI Ji) 25. ) (l 7 fJ n 
13285 08 .4 :- 1 ~ (It) 2 '5 ~ fJ e1~7G 

11136 07 .2 :"3~~5 ?4. ~ 87" G It 

13733 Oq § 8 'i~jt 25 )- , -1, 
~ ') . -" h 'I ~ 9 1.) 

13139 03 .5 lI2 e O,) 27 ~ Ii 3-'~9:'} 

13350- '-(1S -. 3- --:>t?'O-''jf)-- 20" U lib.l t_~ 4 
10831 04 .0 .::...5 fI '~) i) 24c~ tP3" \} 7 
12 44~ (18 II C 4'1. ~O 2 Ii <1' ') He. H 
11008 05 .2 :-, 9 4 75 24" j EJs <-'ty 

967 1t OQ " 4 ')U~ 7Y l~j ~ (I 86" ~ 'J 
13991 10 ,3 't 3 ~ )0 l~? (j i.l EG,,3b 
l-T33-q-~ l-n---oi 5-' It'li --l-Ij - t. 7 ~ fJ-- -H 8 ,,-1\-,? 

117U lfl" (, ]i.l e 7j 2/, 5 3Hf '< '1 
13'll 7 ~19 .0 It g '" 75 2 b~ 5 Ij h '" fnJ 
16975 1 (j 02 37. j \) CD <.!) a 8 .. t.)b 

1',71(\ (l" • 4 " 1 • JI) ;~ 7,. 5 e5~79 

.... . _---



Ud5g 
120(15 
Jld? '1 

13d16 
.l 3314 
U664 
1'tO(l7 
11637 
10631\ 
081>37 
062,)() 
1320(, 
07922 
10631l 
o tt/I 'I t' 
13PYr-, 

168',0 
15352 
11 7 8'1 
1 ',6 12 

-09l')f, 
IBOl 
10690 
1'37 Q 8 
11859 
13245 
135 H'-
12651 
12699 
09 J.(1/, 

14114 
1055'. 

-~ 1l. {l9'j--~--~--
08131 
16232 
1(1)67 
1')896 
14472 
l-60fH 
1'.813 
11516 
1'.9 !l4 
17267 
13251) 
lOlflP, 

3563 
11707 
1776', 
14',70 
09085 
-tlil 1'7--
14250 
lH5(~7 

17017 
169()fl 

i 19 ,,? ~J e <.l \) ;2 g < ~ 

(if),,', :54 ~ ill Id~ l 
(1 a Q 7 j rt· :.1'} "/1,"' I 
(\ I ... 1 i~ 3 (o t ') 2"1 ~ ? 
07 .. 5 jj.;.li Zl~i) 
(14 II 1) lj.j ~ ) '.j 2 l Q 5 

('r)6? (:·Zt 1)) 2·(~('" 

OS,,'I '"f(,,)d Z5<>d' 
o,,~ ~ 1 9,;.\';, i~-?' 25.{t,. 
(II 'On 67,·;).) 2/i~\1 

(I (I ~ 3 (j ') ~ ;.'!) Z 1 '" :'> 
(J1).;2 ~)/t?'-j Z6~n 

(11 ,,1 I) j ~ d:) 2/t 0 -1 
(1/1 .. U :...' 4;t ti') 2. Ii ~ t.) 

0'rQ: 0 '4..(J t 50 1:; ~ :?-
09~5 Jij~'ji) 2b~4 
1 (I ,,2. Ii j e • .) 0 2. 7 £ 7 
0g ~() 3()~\.I(j 2d4j 

03-ao2 S2,,(li) 26';10:: 
03e2 :~)U~(J.) 21~~4 

<-. (\·j-~·-3"-7.(J·t! i-? ·-? ... r~;)· 
06,;0 ,-,3,~!)d 2 /t", 3 
(!406 b3~5f) 24li') 
("){I2 '{-9~25 2::;,() 
ot) .. lt '-;'4 J t):'j 24,,6 
(; p, <i" (3 '1 b e ~j;) L I) ~ 5 
Ot')· .... 2 :Jfl Ii 7i' Cb- ~ ~­

nb G 9 ~ 1 if Z:) 2 7 ~ (I 

06<i(! (11).25 2.6,,'..; 
02.,6 ~:'}~7-) Zl.J 
()7 ~S S3(; l5 25~ '1 

04.,8 49 .. 2.S 25 .. 1 
<15"' .. 4- -r-l-D"jt) 2:,'~ ~.­

("'12,,4 ~:.>(J;l»I) 21¢6 
o I~ I'; 't 'u:, " 0) d 25 I'; B 
03 10 4 6~) .. :.L) 2'i.'j 
\.1(\.iJ 12.~~ 25.4 
09 4 8 ~.)l ~ .).) 2.lt~ d 

--tfl·i·I.- "?\I"~·fJl") -Zool 
0g e 3 (ll),,2:j 21~\) 

0],,6 4j~Z~ 2't~~j 

("6.2 b~~l':> 2J~1 
(lGoO "I?62.:J 2 /t",) 

()It .6 450e 25 2'te ') 
-<Ji--,5'r'!"j'}-21.? 

(JOGl ~~3 .. Z5 18,<) 
03 t e 67~.~;:j ?3o') 
(!(}~9 ~J,> 'j,) 25" J 
07 e 4 6\)(1:)0 lo .. l 
(\ 1 .. 7 &:j. j I) 2 Z" 8 

.. -" t}"3-~"4 ~o"l i ":},,;',. "2 Ii -t:' U 
U6.1 ~)4q.}.) 25 .. 2 
1 1 ,,(l 'I 1 ,,-. .1 1) .2 (~ Ii '} 

11) .. 0 v6~ 2:5 Z.6~ 1 
('9 <:;9 :;6~'?'j 2:>1>0 

l'.Sdl/j') 

,~: n ~ 4 J 

t1.9'O·'/1 
a9",J.o 
89 e 1 6 
£::;9" ,! J 
d9~ /9 
69 ... :$ 5 

8 9 ~ It S 
IF) ... !),) 

a<J~bl 
HC) .. (,l 

. -~19'"'i '14"" 
H 9 ~ hi; 
oSl. WI 
H9 .. 9"3 
90 <0 \ If) 

9(1,,(,t; 

"9 {f;t, i',,},--

9':;!; L:J 
Yt) ~ 3 3 
9\..' .. 3d 
9t t~ 4 'i 
9~·., 5 L 

.- ·{}t.;<j·I-

9'~"(11! 

9('$ 7,) 
gIl"" "ll) 
<]t't< 8~J 

91)~9~) 

(;'l-~'{"l'o", 

91. ,';-l 
11 1,,:.:'.1..1 
91.<o?6 
91,33 
Sl j, :0'1 
.s.l"l ~ tt~) 

91. ~ 1 
91. 57 
Ylob") 
()'18i~> 

9i~iil 

'91 4 -(t6-

Sl1.92 
<)1.,96 
9r.;d,4 
QZ",{'9 

S 2 ~ J :.:, 

92,. i:: 6 
9,',32 
92,J/ 
(r-L~ 7:) 

! XT~NlJc0 t\ SFf .. t.KDPl~~·;T 



137M' 
Jill 11 
-l6 /-tR0 
l~If)'ll 

13'.53 
]lt3'11 
16490 
1,>,'15 
13172 
1761', 
1359~ 

12119 
09!i90 
12619 

~ ~l: O() H 
12 ~ 32 
10" 41 
11.666 
1195'\ 
13393 
b" "B6 ~ 

11 730 
07312 
f0611. 
06637 
0<) 30-' 

~~ 1:33 12 
12302 
14412 
12624 
1504 /, 
15')03 

~ ~ i OO'l6~~­
l308J. 
1.3763 
14 'tll6 
1',026 
11031 

~~ 1~631l4-

07556 
0998') 
10881 
08610 
011091 
HFf5Z 
06844 
0[\2 9 1 
09716 
o 'JIl 71 
06033 

-{J7759-
083,,7 
086(}6 
10046 
09ZtO 

01 .3 
(! H ~ b 

1 J ~ 3 
11, Z 
Of) r; 1 

oe ,3 
09 ~q 
(19 .2 

10.9 
Of.; ;j 7 
(l6e(j-

03 .7 
(P5 ~ ~; 

0" ,0 
(16,1. 
O't <I 7 
04" b 

(0 I, , 1 , 
11£) ~ :) l 

(, j , 5d 
[j. ~ 1 

'" \) d 
II I, , 2 ; 
'd) , ()t) 

'I ') , d!) 

}'1 , (Ill 
-t- -'} 
I, ;; -2.-5 
3f; , 7 5 
<)1., \,J 

6 l j ~ J .I 

75~ 5,) 
(i: <I 2Z 

--77-~-l')--' 
.~ 7 
-" f '! 50 
?0 , h 
(i2 , ~) 
() (t ;j 20 

2 ~j , ~I 

, :) ,1 , , 
!.-4-~ \ 

r ~ .) ~, 'j 

Z It • 5 
2& , ? 
25 , -1 

2 7 , (I 
-26-,,--3 
?7 , 0 

L 

2 fJ '> ~ 
(~3 ~ ~ 

21{< ') 

Z2 , 3 
i'id\~~~ 

" 3 , S 
25" iJ 

2]"d 
2 t{ ~ 2 

0661 S.5~Z5 23~'3 
----66-(;-1-- ";-i-" (Hj' i.\YT3 

fl /ts7 b3~25 /'1 .. 2 
()2;)~ t-.ha'jtJ 2.1-,.(\ 
05.3 o'-};:(jl) Zl~l 

(~l ,,7 II ~ 7 ~j 1 (} 'J >j 

I) 7 ,,5 -1.2 ~ I) i) 20ft ~ I 

-- 0-1 -Iii S ':-,--0' o-.t.PJ --2 t -i 'j-

0(),!'l (d,,);,) Z},H 
t).q ~ It n~j ... :.) 25 ~ (} 
0701 (;1..75 Z~L;3 

()'J.3 '07.1'" 2:;.1 

9<, ry 7 I) 
9), "19 

93., d tt 
93,0 n{J 

'f --~ (. b -t 
('J~j~t~q 

93 ~ '}''( 
q-:3.,-9~) -
q 3 ~ '-) ) 

93" 9(1 

93~-9o 

93" 9 ~, 

-9-]- .... ~-Ij' 
93" 9 it 
G3" 9 J 
9:]" 'i'i 
93",91 
93 e ':12 
-9-3 ~-(j--l -, 
93$ ;"5--1 

gj ~ B.3 
'iJ, d7 
<) 3 • tl'J 

Oq~l &0.1)0 25.~ 93681 
----(H'i--{l-o---{-;-3-til)*} --21 "')--5 ·-------O'-3-~_u+-

06",9 b2~75 23<!-() q3qt~n 

()7.J~ bl.'j~1 2',,11 93,~?1 

09.3 ~9.0J 25.2 93.75 
0704 ~307~ l4.5 q3~13 
()6"llJ3s:),) 2tl~T.1 93~7!) 

. - ----98 ~-4- ~ i.:h· 7-;) ·--2}-" "3 - . ---9:$;c- H+-
()3<l2 b4 .. :)J 23,.5 Y3~6~) 

(\ 4 0;1. 1 
rJ'3'l5 
02 .6 
03!-b 

L(~<J 2') 

6:) .. ~U 
19~ dl) 

-/~ 0 <.) () 

9~,'J 6.? 
<]3 ... ' .... J 

19,.2 £jj"t)7 
21~b 93,.~)J 

·-------fl-t?" ... ,{,-~5$.-?--.)- £.2.,,--1 -'--93-o-S() 
02,,-1 '710).')'.) 21 .. " 93", It "I 
03~1 70~7~ ?2~2 q38~J 

0304 (;0~/5 Z2~') 9]1,'10 
02~3 71~2~ 20~6 93~3h 

02.5 7'. ,,)eJ 21 d 93,32 
- 0-3- i -2-~7-q-~-~j-t}'-'li:,,?- - --1)3 ,,-i-i:}-

03.~ 7".~!'J 21.2 93<~~? 

02 e~ 71s Z:) 211>(1 93~· 1 
0S6~) -I, G:j!) ?.1",0 ';'3.17 
()3~3 IS,,}\) 22~U 93~lZ 

~:XllUUI::D 1\ SEf 



09911 
05 /,66 
OH?qg 
1106f> 
090008 
09629 
09902 
'J 92 24 
0907(1 
08946 
13720 
11095 
05906 
(17638 
f)59flH­
f) '1'1',9 
01441 
07282 
06940 
13269 
f)IH45 
11760 
02537 
0'6262 
071"'3 
11183 

(\ 5 ~ 1 
on I> (; 

O? (; .1 
05 t; 6 
03 • '/ 
(\2 • U 
(I ~i .. 6 
(;} .4 
(120- 3 
(\It ~ 'f 

060!'9 
040U 
1)0.6 
00.6 

- - -It-t-.A 
00.1 
OO.l 
d() \l 7 
02.2 

n. h 
n. ~) \) 

-1~ " f)~.~ 

l 1. , ,J") 
, " 

~') C>L. 

~3 .. 7') 

{J 3.- 7'j 

73 • 5) 

61..)-c."20-
n. h 
695/1 
() 7 i; ",'j 
0'.1 .. h 
,J " 
~, I.- • n 

--79-,I)d-'-

Uti. .~ () 

97,y;) 
7 (t • 7J 
db 0 O\~I 

21, u 0-· ;J. II 
21)" d 9.5 Q 

I, 
20 <' "< 9/ ~ J},-} 

l~ J " 3 9'-: (; f} -'J 

2 .I , J 92t 9d 
22. ') 97."0 (35 
~; 2" 2 CJZ.., 3d 
22,(l <j2 (, liJ 
22 .t~ !)-2~ H 
20 .. 2 9, ~ 6 /) 
23, " 9r.'. hi 
23.0 <1.: ~ ~j '5 
17. i.> 4/ .. ?O 
18. (, l)(:c- 'I j 

l::",},,-L··- 4(:-;; "1"(J' 

17.5 q 2~ '3 '1-

Ll. 5 92" ' :) 
L7 

19.n 92,,' 3 
2(1 .. I, 9,'. 1 " , 

0] tol :iu,'j,) 19~b 920;12 
- -{H-.3- &i;"I',}----2+h-t-- .. - 92.<'-7---­
O~.1 u9.2~ 22.9 91.84 
nO.l "4.0,) 10.8 91.7d 
(1L) 0:> b U ~ Z'5 19 I> "3 91" 7 2 
02~3 74075 1965 ql~6b 

04. -, 71. 'iJ 2101 91.6.') 
-. ,10<3 en' -t)1) Ii"", f-n-',-i ~ --l-l-~' -5 -_. '--9l-~-~;Jy -

10165 03a7 (J~eJ0 21Q6 91;48 
08985 02.3 lb.15 21,'1 91.42 
05796 00.7 ~l.lj lH.'! 91.36 
09248 03.5 74.0,) 20.5 91.29 
065.6 00.5 7~.jJ 20.2 91.23 

- --l06"'-1-- "-.. '" --B4,.-'t .. --1-hw --2~h-7- ,_.. 'I h ±--? .. - --
12110 06.4 b3.50 22.6 91.11 
11098 08.8 57.7~ 23.8 91.;·~ 

08415 03.9 08.75 ZO.'! 9\.98 
15414 08.9 61.'50 23,9 9".',2 
13249 07.7 02.75 23.9 9(:.86 
OO'!9!)- {h'--,-2 -,,)-'-1') --Z.,.-4 - -9", f'i-
06790 (13.2 73. ,I') 19.9 'j('.1 J 
L052n 03.8 77.l} 22.u 90.b7 
13858 09.0 59,iJ 23.5 9".b') 
08297. 02.(1 (0.5,) 2,).5 9'.,.5', 
t2731 0606 71,,:li) 21, 8 9p~lt~; 

- (}77(}'j -- ---" (,l-.4--7-1Y75-1-~,-7 -<i(I,A-l 

08009 03.8 70.5') 20.7 '1(:.35 
10420 n5.2 9['.28 "16" j.) 21. 1 
054'l3 01.7 
06604 01.5 
08232 02.6 
11 +'40--" - -- {)ltr'> 

1450') 
1',954 
11438 
09881< 

08!>b 

1 n • (J 

()It, It 

04.8 

7:.> cd') 
l'j~7'j 

('J. I :i 
-4th,'5~}-

4 If ~ 25 
l)lf-dJ 
()t) ~ lfj 

54 .. '5d 

21. , Il 
19t-5 
ZI,n 

-21..7--
!3~H 

~ 3 l' \) 

?Z.7 
Z 2 @ It 

91:-'" 22 
90 Q 1 D 

9(1 .. 1.'9 

9D,., t.+0- -

09,,90 
g9~90 

139.03 
89.71 



H TENDED A SET 

12494 89.71 os .1 71.0()- 201!5 
07507 89.64 03.1 7(t(."1~} 20"U 
079'1~{) ;;9~~'Jd 01 <; 3- 62<J 2-)- 22-"1]'-
11171 89.51 Oil .8 6

'
hZ!"} 2J.7 

13388 89.54 05.8 14.50 19. (, 
08889 89.~9 0-' .3 ??,,25 23.5 
11978 89.]2 nS(;4 ') 7. ,)0 22(;5 
10184 89.ih 1)3.3 58."1"> 23.5 

~ lAB48Q.iO 07.2 "'f-0 $'."( 5-- 23, " 
1101R 89.13 04. -I b747~j 22.5 
08194 89.07 03.9 -1562j 22.~5 

125b3 89.,,1 0', .5 :>9 ~., j 22,15 
17570 58.ad 10.6 30475 22.9 
17248 88.82 10.4 29.50 22. 1 
i 57-il} -~-- - ~~-{}8.&4lh'h)-~-2'h{1 88r-'6 ~-~~~ ~--~~~- ~~ ~ ~ ~-----~ -~ . ~ ~ 
15732 07.9 39.75 23.6 8H.70 
15746 09.3 4l.0l! 24 • .\ 88.63 
12306 05.7 43.50 23.(1 88.5? 
13945 Ob.2 ~O.50 23.5 88.51 
11350 Ob.3 49.00 24.1 RH.~5 

~ 0903&-- ~~- '~-~-~(FhJ)- t4.+'T~-2{}a7-~--<Hh~Vf~ --- ~ - ---~- ~~~-~----------------~-~----~--- -~ -
07941 Cll.4 7b.,)') 2,).6 8tl.33 
084'.-' Ol.H 7.,>.)0 20.2 88.,,7 
13779 07~1 ~l]a50 22~3 88~15 

12852 07.8 47.75 22.3 88.L0 
12903 07.0 '10.50 21.8 !Hl."4 

--~-17-3?Jj.- --1 n,,{\ 4-1-.-5.)- 23.3----~ ll+~9-4-~---~-~------ -------- ---------------------------- --
16828 10.ti 36.75 22.5 87.92 
15130 10.3 43.00 23.4 87.87 
15881 09.0 4H.OU 24.2 87.Bl 
17598 10.8 41.50 23.5 87.7& 
17637 10.8 36.00 23.4 87.70 

~ - ·k68 8-2---~---- ---10.8--4';'<:H -~~-3-, -,,---- ~-iFhl,J}.-- -- --- -----~~-~----- ----~---- -----~--- ----- -- - ~ ~ 

17576 10.8 19.25 23.0 87.5~ 
1'7070 
17122 
1'>264 
11780 

~~--~144'r'>-

15299 
13722 
11234 
15572 

111.8 34._<)0 22.9 
10.431.1-'; 21..3 
10.1 42.25 ,n.o 

87.54 
8-'.',9 
87.44 

06.5 42.25 Z3.(, 87.38 
--~~-Hh-2 --4l-.;h)--~24.-7 - ---~~7-.-}-3 

10.6 38.00 24.2 87.28 
07.9 87.23 't7. "I'j 2't (!o 0 
04.1 
10.6 

49 ~ I,h.) 

4/t~ 50 
23~O 

2 /t.O 
87.19 
8-1.14 

15226 09.6 87.U9 ,.0,00 2 ' •• 5 
~ ---IA8{'5-- -- ~ -- ~-l(h (, - 44.~l'>---2' .. 6 81'+LI~-

15630 10.1 41.25 25.5 87.ro 
15579 lO.l 41.7~ 25.1 86.95 
14216 10.0 47.75 24.2 86.91 
15167 08.9 45.50 25.1 86.87 
13425 09.8 43.uO 24.3 86.82 

~ --1-2-?{>2---~ ~ ----07~O--50.{I{' -Z;}.-;?-~---86.+g 

13042 09.3 47.15 2").0 86.7 / 

16203 10.8 58.25 23112 86.70 
16498 10.7 48.jO 23.6 86.6-' 
16018 10.9 40.00 23.0 86.63 



150') 1 
16400 

- -1-'5 ')I. 9 
15996 
14771 
15159 
142'1 /, 
15'.~g 

10304 
15155 
155% 
15191 
15188 
15461 

--15-231-
15039 
15364 
14108 
15900 
V;366 
1-51.<' 8--
1',952 
15150 
15111 
lI.453 
14686 
1-1.Hl9-9--
13636 
135<)8 
10847 
10302 
05688 

--12-2,lJ1-
09308 
09457 
09985 
13952 
13251 

). (\ , (, jl!ltjl1 ZIt" It 86< :;9 
1 J "B '-t <) , l5 21"C) 8{) '4 :1 Z 
101;>-6 32,. 5-0 .c2" H - -.fi6,.,-/t -1 
10, H 36, n 23.0 86," ilf) 

08.9 :;l,OJ 23.0 ntH '1 2 
1 f) .6 36 ... 2~) 23 ell l}&~J9 

10.3 '11e2.) 23.B 86dl 
l(1.6 32~ ;~J 23,4 86 <ij 3l~ 

10.9 -3U,l~ 22.6 36",31 
ill f< (:; 4 S ~ 0.) 23«3 36 f> i~) 

10.3 "O,25 ?L " 86", 2. () j 

09 Ii 4 49.25 22(01. 8b/! ,-.' It 

lO.l 41. 7 'j 22 .. 0 86d2 
10.7 48(15t) 2Z~3 86" J 'J 

- ------lOv-5 . A l->i--?-~5-- 23"0-- -8{,~16 

10.6 40.75 2 3 ~ 3 86.16 
10.6 33.1.5 22.'1 86. 1 '. 
1(, • ') 42. ),) 23,5 86.12 
10.8 30.25 23.7 n6.lt 
lOQ5 2b~75 23~5 6b~10 

··---1 ()·<o:·1·· 2-A- ~-2--5·- -2--3 ,,-f}-. - -- • a..o-~ (. .. ,{t-
10.6 24.50 23.8 86.('7 
10.0 22.25 22.7 86,06 
10 ... 7 2?,;O~) 24".2 86 .. I.i? 

10.7 22.~O 2~.5 86.u5 
09.9 28,75 24.3 86."" 

- --- ---._-- ~.-- - -~--- -- "- - -- .----

--lO -. (;. :S&.-on - -2-J .-~ -----<l6 • .(J/'------------------- - --- --------,------------< ------- -<- -----------
10.3 37.00 23.8 ti6.0~ 

08.8 37.7~ 24.5 86.03 
06.4 42.7~ 22.5 86.G3 
05.4 57.75 22.6 86.03 
01.1 71.·)0 1<1. -, U6. i "t 

-O-a-.-O-- 5}-.L.)O----,a~·~ ----at..-O ':>--
06.0 86.r,5 'J 7. 25 22'i6 
04~5 86~~6 63.75 21.9 
05.6 86.(] 58.50 22.5 
09.9 86.(,8 42.Z'.> (~3 Q 3 
10.3 86.10 33,,75 2', • 5 



105 

A P PEN D I X F 
-----~-~.-~---~-----.----



106 

':~SUREO SAYI~H 5 Il:~ CJ'~T 

15341.(IGrl~ "3 17921.:J7'_E (13 176?3.1?i.l ~·3 

7~-,530f(It~'J;E -02- 17937 .. 2!.I',:£ 03 -- 1"'57Ci .7(1(:f t...] 

14b?O.(':~II[ 03 17960.14:'[, ,,3 136\19.4",)[ 1'3 
13216.,00(JE 03 17179.bln';: 03 l1l72.2(,(lE (.j 

10312.000E 03 16b79.200E 03 77223.870E 02 
--- -93630.000E-02----16679.660E {'3 -- 64138.470E--02 

14744.000E 03 17667.810E 03 11109.790E 03 
-----l1-5-2-3-5 -.-{}{)()E---&3 1 7-9'l3 .-3-9 BE -B3-----l-4{,51h-'>="-F--{8----l 

15004.000E 03 17928.080E 03 14446.070E 03 
-11456 .{)OO;: -03 ---- 17900.8 3DE -03·- -11907.7 30E--{l3 --

14433.000E 03 17932.400E 03 13932.27UE 03 
----1-4 991.000E-{l3--·- -17793. 2/lDE G3 -. - --1 3~'86.4 ')(lE -03 --I 

15280.000E 03 17912.450E 03 13030.600E 03 
-----l1-3~-{I-e0-f---Bcl 17 -2-9-Iv-. -'>-4"::' E'j) 1 {,<;-1-4~+-l {; = (' 3 

13810.000E 03 178d9.820E 03 15941.0Z0E 03 
- -----l-3-867.·{lOOE--{l3,---- -17-1 n:. 7-1 ,1E --03---·---15037 .-1-{)('-E- -tl3 -

135Z6.000E 03 17752.770E 03 1347Z.420E 03 
----l-{108-2-.-G{I(JE --03 17-13-4.-1--74&--03 .1-04 87~ e-1-0E--03-

13840.000E 03 17610.380E 03 1714Z.000E 03 
·---Q'l-S-3-22-99-Q0-.,-(f{' 0 E G 2 1e '" _ " ' A 

10098.000E 03 16704.3 30E 03 /l6633.1'toE 02 
,--- ---11411.000E--03 ·--169§7.150E-·-{)3 -1l0Z5.480E 03·-

87lZ0.000E 02 16358.1bOE 03 59245.32UE 02 
12368.'()OO1:---{)3 ·-l7235~D90E-03- .. - 124-5Z~b10E. (:-3-. 
10956.000E 03 17016.210E 03 118eZ.670E G3 

----±H-4-8{,· • .(l(lOE 0';' 17-3'H-.-3-9~ 1 "-".§ .. ...-l-1"}.f~,;, 
5Z160.000E 02 16323.300E 03 46264.250E 02 

'- - - -76370. OOOE--oZ -- -17{10 3.180E· -03 ----- 54390.0 50E . 02 
79880.000E 02 17055.660E 03 60Z37.440E 02 

. -------l-{)2-o5 .{I{){lE-03 -- --17449.-6 00E--{l3---819·2-1-.-2-2.()-l-·-{,Z----
83790.000EO& 175Z0.Z40E 03 7863S.7l0E 02 

------;1i--22-66-77-J,~ 0 00 E 03 18 3&-9 • 11 (' E 0 3 13 ~ 5 § • g 00._ -f-.-.f8--1 
l3485.000E 03 18364.450E 03 13314.440E 03 

, ---'---1-395-1~.QOOE--03----HI-6Z-2 .-§-8{)E--{) 3 1-8468 .·UQE-0-3--
13638.000E 03 18140.990E 03 14619.440E 03 

---1-1912.0001:---{)3 1&·02--7~ 6 30E--03---1-'1Z60. 6 ZOE -03 
10087.000E 03 17463.620E 03 87900.360E OZ 

---1l-3'3~{){)gE 03 ,U'§7b.3'.OE 03 21440.19 
10938.000E 03 18166.800E 03 16916.940E 03 

-----iHl390. 000£---o3----1-8-67.fj .-1-8-GE--03 1-687-2~-O-OO-E---o 3--
13285.000E 03 18386.060E 03 14599.950E 03 

i~---l-l-L36.000E-=-W 1&±O-l~-1..g{1E---o3 12§';'7~·91H).E---O';'-· , 
, 13733.000E 03 18745.650E 03 18787.200E: 03 

131"9 .-O~ 03 1 _ 
13350.000E 03 18387.790E 03 14558.190E 03 

-----1.{)-8 3-1~'{) OQE--O:l 17-:l7-6~-2-oE--Q-3 - ---89795.9 ';'01:--0 z---.j 
12445.000E 03 18327.100E 03 l3509.440E 03 

----1-1.{l.()8~.().(lO1:---O3-----17-66 9~ 7 00&- ·03----1 (' 37b.-26(lE-lJ3 
96740.000E OZ l8b81.490E 03 15597.99(.E 03 

----11""3-9-9-1.('0(1. O;J U91G.-'ll'JF ')3 170C,(I.5r.(IE ~>3 

l7338.99QE 03 l8979.520E 03 24Z52.910E O~ 
·---1-1-72-2. 000E---{)3·------l9.Q-1-l.Z ODE (13 24 tl24. 990 E ·03 

13717.000E 03 1/l620.580E 03 1835B.140E ,03 
----16974. 990E---{)3·------2-0-07-1.).-4 2'()E --{)3 -- .- ·2.()!l{)2~·6~Of-D3 

14710.000E 03 19618.500E 03 20826.9l0E 03 
1B3§§.002E 03 19a3g.G7;'E ')2 ZI;§%.ij20& f'3 
lZ005.000E 03 19b38.Z60E 03 25979.710E 03 

------1-4324.000f·-03 -----l9-1·L5.-2 ]-GE--O 3-----21" 5b~ <; WE .{) 3 
l3316.000E 03 19310.800E 03 190b4.110E 03 

-----1- '1'\14.000 E - {}3 - - ----19-4l-8. <; De,E u 3----l9683~-Z-!WE-lI3-· 



)/1 -Ji"~. r.!,,~, 

~ ;. j 71" I.:': 

t 2'132." ",: 

, , 
L :~ 

I .3 
1 ~I 4 Ii 1 • (; n (; := \ '; 3 
116G6.(l(lI!f. (,3 
11955. ('onE 03 
133Q3.fl(,(lE (;3 
--l~~~\6-...(~f:~:f .!;:-. ___ _ 
1173:J.0i1r,~ "3 
731.?(i. :--:(dJ-:::' C2 
1,:)611 .f)~ll'= 03 
b~37C.OO(lL C2 

" , 
r j I L ' .. 

,_ !.: ',~ J. I ,~ ,; 
~'.~'(;j.;;. 

~:L.: '-'~JI -/':'; _'. :): 

2'. L £'.:-~ I 7 :...~ ... ,:~ .) J 

2~!.,.,,:,. 1 • .,; __ , 

LL, ~' j. -: .1 

i. .:. ., :; '---. ),. 
2/~:.r.J·).1L.'-

i:: ~ ~; ~ • .3 t. ' ',-, 

g307(1.(11"!C![=" (,2, i:'j~_?7':·:L , -; 
" 

-- -,1,131-2 __ D-C{~-E----1_ ~~ ___ ,. 2.:: . .; ~~] --.2 :~ ~--S. 
12302.000E ('3 LblJL.Z9"E 
,1't't32.C00!' (,:>, Zt,{,94.:,o"",,(-3 
1262't .c"'0E 03 

,-1504't.OOO~ 03 
15('03.('O(-C 03 

13081. CP(lE (-3 
13763.00(H': <:3 
14456.(I0(,e (.3 
14026.000E 03 
11031.(!OGE {\:-3 

2{)L34.bZof: ·)3 
2/ i .l11.7---OC'E_O_3 -' 
2oLJ34.i(i('E 'J3 

20(:,-:' tit 'i0!;E ;-::~ 

2(" ,_}~. 27(;::' ';3 
Zi.:))ltvLtt.,E d3 

2':1,,77. Ll,,'E (I) 

I " J' 
, 
-' . . 

~ ~J I ; I •. ' 

1 ',' I, ' .• :_.:.-.. :.. 
11~.~:'.(5·~ ,j 

1;.1 ;7. '.~J._ ··3 

l'/I".{':., 

} 7 '. 

~,·.j7,--:4. 

' .. : .. ~ ~ 7 • l, ~ ''::. 

',7"o~-I, ~ L _ 

J.., 
, 

J 

" 

.'1_ 

; 
'. ~, 

-l <; '/5 " .. 1 4 ' . -c _!' J 
1!..-:('{:'i.21",:· ; 

2 3 1. b h • 5 I.~ '.' L \.:. 
Ib414+ (;<~>:t_ .3 
1::' f)Q j. 2'-. .1.·:. \.::1 

---I-f) J-S 4--. (1£)1) ~o __ C.3_ ------2---{~.::.i:lh-~_J_2-L:-.[~}~ --------l.-G~";5 l_.JJ!..-~~.J--
755bO.('O(1E 02 2L:(·F;1.3~I,·E (\3 11·471.9~\,·t 1.':-

,-9985(1~O'10[ (.2 2.,1'i,:.o'!: .. c ,;) lJ,7'-i'.4<;'L.J 
1088I.GOOE O~ 24YJ7.33,E 03 1122~."..' 
86l0 0.ClOOE·OZ_ -24t..~)9.5.::'1.)E Lj 517".:'1. L:..'_., 
3()910.000t: 02 25(;(:5. 10('E 1.13 G2-j'-"~1 ::-:\. t- ,L 

--.. _--.. -1.(L7,S.2_ D-OO£...[,_l .. ---2~£-7-l_ ,~--3"~;--('-;" ___ .. _-,L L'_:'. .. _~" c." __ ~:_ 
68440.00()E 02 2Lt7t:l l • .!. ~'iC: ,.-13 c·':',31 '. '-j(-j\ ::. 

82910. nOOE, 0-2___ 2-4037 ... .; 7c;c i,j :.?!~? .. ~ 2:'. ~ 
97360.0(lOE 02 2ft435.9(JUE 1)3 9-;;2 .-'-:. ~'-1; ~ , 

L 

94710.000E 02 2455S~24DE (13 blZ03.4~0t ~\2 
b·J 3 3 C • (I (, r, t r.- 2 2-'i (J": 9. ~ C.'!: ; 3 

-~---,7,-,7-59-O_ OD_Q~-,?,---__ -"-/"L,,,,,,".o;J~ -, L,",,"c.' _'Ll'-""C.. _ 

33't70.00CE 02 24Y43.73~E 
,36960.00(1[. (;2.24 t: 12.66(;[ ,)3 

IJ046.000E 03 25005.16cE 0} 
"2100.000[. 02 24,,72_~) 3(,[ .[,3 
'l9310.nOOE ('2 25L",".33i't i I -, 

. J 

7,",28,3.69t·t. i.2 
__ J.2 J..J~.b t:.,,-, c:' ;"-,---"--''-'C0' 

(,t.~0f~. 7(i'-~-L 

1· .. ~43. b4uL 
- . .a39·J3 .. ]2t:~ 

9(,446.611.;:"; 

t.i3 

': 2 
'2 

- ~~-' .5-4-6£...0 __ Or..[.!~~-i:"2 ~~--<?~_~-3,] __ .J._~~";:""-!.-'--.~_~ __ '-4 .b..::;.j.0 ... ..i,..~.!....'-~_ 
329Bn .C(H)~ ('2 

-il(J6C.t(;{Jf ('3 
Z"il~ 7;:.1. l::'i·r: .1') 

-2 ~'l r)] ... ;. 4 :~.:: ~.' 

Of}(l';'G.O( ... Jf (.; i4~,2;".':'14·- j 

q ~ 29 (i • t, (: (,!--=- !',' ~ Lj ~ ::~ _ ~ .. ~: :;. -) 

9902(1.(''"'1~'[ '- ;:~..:,j::'. _J~ 

------SiU-'t~'l-.1:.:;:L:' ---'.~_,~.k_L, L'_~j-,,,_~ __ '~_." 

S94bll. COOc ()2 
1 37 2 0 • (I (1.=1 E !""? 
11095 .. ~~ S C-:: (" 3 
5-9()IJ(l.(\'~'~;L 1:2 

4)Lt'?'J .. ~.~-;.:,_ ~ 2 
1441~1.':JI:'C=- ,,'Z 

Z!:.71t'.3::.·;::: ,I") 

25')S'-J.'14(:c '.:~ 

24 I') ~4 .7 ':::-;E' 
~~~'-1:-,~. _!2.._~ 

l::':":, .• '5L"L "j 

j:L;:.J:.~ __ j 

{~l "1 ' .•. -... -, .: '/ 

144~~.O.:. 
, - " , 
... ~_ :,. 0' l. .. ' I 

,-: ... ~, ~ . -' 
l:' - ..J _ • t.: " , 

107 

( 



1 1 " " 'i • " I " ' .' 

t4"(,I.;'t"~ 13 
1~:))7.c· . 

;~ f) ] 7 r~· _ ;, :., 1\:- • ' ":' 

':l.') t)('. (:I .. l~.~. 

1 32(\ 't • i., '~I.:~ \.:~ 

7 1 2 2 (J • (I {) 0 E [ ; ~ 
U63 e. (lorlC ~'-1 

'"-I-49.{)-\.1 .. (.r:\)~ -1.2 
1 i (: 9 C • (. (.,.:.:. t? 
l')(l42.Q i l',,"": 

1'352. d(II·'i":" 

14 I) 1 2 • (' (H) :: (i ") 

-.. -~-7Gt~-G .-r··OPf· -1.:2: 

ll801. (jone (.3-
11)090 '-O(lC'<: (>3 
13 79 8. (1('(;E ('3 
1 Ul59 .u(lOEG3 
132Lf5.000E 113 

-----l-4·§-l·Q y...t) :')l.Yf--+~· 

12051.0C'00' (>3 

12699.000[' 03 
91()LfO. (lOUE (-2 

l, . I ~ , j '". 

' .. ( - • I,· .r 

, 
" 
.l • . ". J 

1 .,; . " 
1 7 .) 1 '. 1 r... ".: 
1;,,-17, )7, 
17._· :-:'~J. 7 3.", 

j ':" ~.("-: . .- ~? 

1 --: --: -~9 • _. ) 
,:. ~,J.j7.'!: 

]'-I,.'!:".~.J-(:. 

1.::, '--: Jl.l. j :.: 

1,-"1,,.21-

,', ~ .. -' 
, . .- :-

-i -t';L..._.~,. -+--£_,::f- ----3 

l{;~, 30 .... "l 'J'.'':: .. .) 

l·~; 744 -. '.; ~l\jc. ::'3 
lS71iJ.53:"E (3 
192:),J .. 14',:[ -';}3 
19tj9\1. 13:!t ()~ 

----1. ¥:P,-9-rl.~yc.[~::;; -
2(,4'14.5(,;1;= (:3 

2(~74-9.75('E P3 
14(-:21.1.,·:·E ~<j 

108 

, " ': " 

: 1 c J t_ •• 

• I 

1 1 j~ j 1 ~ /~ ._ .. 
1. ,~! 1. :-: 7. ~~). L.. 

,~ /; -) '.) / • i'£'·· 

.-'" ,'~" • ~ I; 

-' 

!:, •. -4';-~.? ~~~. ~i - - ----i 

12251.1!_·;;:' ',3 
It':33h.97{;-C '-:. 
IJJ7~Jf:.17ll~ ('3 
1~:7Yli. 3t.I)c I.] 

_ t:%~:~:_2~~~:~~I~_! 
I 

1 '~ 3 1 ~. t. 5 ' ,,_ 3 I 
l-'tj~ry·t l,s: .. 
i) l'.? j ( • 9 i. . ',. 

. :; I 
',. L 

14114.flOOE 03 z·] l7b~9·:':!.~E »~~ 1 (1:1:'7 .. l. ':; .. i.~ "J 

1:155'1.0(;OE (:3 2(,~4'-1.11·.E (.j l~u::O,i:··''-'··'L .,':) 
--- ~.±-lJ~Hj 9 .-\-~(~.n.c--fl~. -----2.(...ol~~--2~.*__:...~[4 ]---.----l--J~ 4.J...,......I:... ....... -~~.--.~2 __ . 

31310.(l(10E 02 19L(ll.34\!E :.I:J 6=1~Jl.IJ~J,r .. \ 2 
16232.00(1;: C? 2l46Lf.lJi,E ('3 1'l7u6.t.-L'_-L .,-' 
l0867.0C(IE (\5 zrl.\/'-i.)6('.E: '~;3 47j8C.1C'.(·l (2 
15H96.000E 03-
H 47 2. OO(IE 03 

215.9t~-.-72j.)c ('3 ~ b,"} '--I 1 .. :i ~ lJ:": (i 3 
J {> 13'1 • l· 3': . ~ ('. 3 

----l-6~_8.7 _. o.OG.t=-.(l;!_ ---2--J--47-;;'_-~-1..J-C(--1):3_ -_ --2_4.':'Jll.~----.2_L ..• ~.-W-

1'1818.00(\E ('3 2175!..3C:..'C ~!3 2192:'.S7. (-]-
11516 ... (100£ 03· 2(:1·~<i.2!tl_lI= ',3 1{'1'~4.i...~--:-.<: '·3 
H98Lf.O()(I'.: ('3 2(-692..27'_;:,:' 13061. U, t ,_ 3 
17266.990E 03 2107b.10.,E 03 15l75.95,,~ 03 
13250. (lOOt: (l3 2(''<69.3 YJt: (3 I,"' idS. 10(,[ '.'3 

--·------l--4-=7-3 S-.--Q .;:-J~~-E-----11~ ---l~~ ~_r,,~~~-,-&. -(!.~--J.. Q.~"::)._,:-~ -!.;~~~ 
35630. (HlnE 02 192oZ. --1 (.,'!;c ,,·'3 lr-,~·.3:-,. 1-:7l):" l' 

·11707. fJ OO-E ·03 2C,LOZ.24;'lE 113 9;_'.!l~ ... 4t·.\_:' •. L 
17764.(>(I()'C 03 
14470.000E (13 
g')850.0QOE 02 

-21971.1Z"'c,_ 3 
21---£:69-. 2 jH:~ .1-13 

1972~ .:.J4··.'.E ')3 

1 ~ 2). :.. 7'-i·.':' ' . .1 

17Lt,~}f> .. 5.:. ... ;.: t.~ 

S9937.47l'E ~;2 
-----1-1-1) 2:J-• .(tlV:E--C.~3~-~2,,"-1...:_11_ -2-IlllE_~_·-.Sj ~A~--r~:-r __ -:,;--:_' 

14250.(\()r'E 03 
1 ,S5H6 -. 99C ~ 
l7 81". 9'jr" 

O? 

1;J.9~I,~ .. t!O;,;:' ~;:. 

1 ;700. (,(}.-~ C:3 

2L·:1~),), 

: .) 
. - '. 
., :.. 

-. 

------1-4--1 J.-l~-D:)':'L-::,-----G~~ ___ ---2-> :.. ':';--.h-l~- __ .:..:.- :! 

164g0. C(1(I= (",?-
175',O.??Cf L:> 
13453. (,1.·1·:: ;._~ 

14341.f!(l:;E (3 
1:'490.C;(1(:~ ("3 

1317 Z • C< '_I c r:, 
1761't .. ·qnCJ:: (,:::. 
135'l3.C'WE (;~ 

24:'·-'j:;.j~, ~ ':5 
~·~41i_:--t i':_:~ .. ~~. 

i. 1.:. ~'.' -. .3 _ ... -
.::~(".,~'.) .. : -

2 1·- :.i 7, : .. -4 :3 .. L 

~'\ ~·J:·.L:·· . 
~ ..:. :..., ,- ~ .... -' '. 

'.·3 
:5 

(:' ,j ~ • ',l.. .:. 

i; }-'---' 7 ~ i"1'.':-

2:,:Ji:;1./~1 



7 ... ;1~' II • ,', • p ,;" 

,) i'1 ,'. 0'" ( , ! ._ 

11),)''';0.:''_' ":-'1 
. ill,~"(:or-('·!~~ !.? 
11 7t.JC. (,(\« ... j 

2 ) 370 • (\ (1 C:: t:: 
~2b2(;. C(i{)r:: (1.2 

71030. (l(")(lE (!2 

Ill;) 3. (JDi}C (.3 

1 r\ 1 fl 5 • ("J\,'l ~ 

iFH~ 5 (I. (". (Hl[ 

57Q6r..(lO~'E 

_ 9245fl.OOC'E 

c' 3 
t? 
O? 
ti2 

.. , ') 

, ,,'. I 

( . 7.' 1 

:.;,7" • '. 1 
~'L, " .~ ' •• 

;, =: :.. ,,-',. ..j •• -

i::";~~'1~ l:~. l 

t-'i'll~ .... j7 .[: 

~) l; ~ .-·7 • i i 

i~:'1jl. ';~".: 

2~4 :_.:~. 1 ~ 

:3 

, . .. 
'j -. ,I • , J' 

I '. ~'j', 

'" 1 ; !. 1 . 
:lil'·.t~· 

~ l -171. ~ll\.·...: i·t.. 

'>" 1 ~ l • It 7 ,) L 

l.j..'J!.;' .• 7~~ t 
!( 4·_"1.1:'\.', 
(.,.-:'1, r ..... '--1)'1. . . L 

65 4 b 0 • (H) [) c (! 2 . 2 3 ~. 33 • ;~ J . c -, :.. ~~ 3 Z . , 7 • (.2.1. ~ ~ , Z . 
l "c C7 r .. '~" '" --" "'3 /" C','J .:I' ,. c,' .'<'",' " - -----.-. - .-..::1--"'--l ... ..:....!-..u-v--._'---.....l.;.J_~-O:1-L.-=:: .... --...~.:..~ ___ _.,.>---'.-----' __ -+ __ •. _~ __ '_, 

lZ'UO.(',(·OE (13 249(}1.'>4':,C' (13 127'19.(,51''- 1·3 ' 
~1098.0nOE. 03' 2~701~52LE 03 17~94.l£0~ 03 
34150.(lOOE tl2 2LJ(·69.<b'~= (;3 77J71:.23c:: (:2 

-- .. _-- 15414.;o.0.Df .03 2S722.2]d~ .G3 175 /il.t3:':': \.'3 
13249.()(,(lE e3 2~>313.14"c 03 10U('.lb,< 13 ! 

__ ~,':'3_9.5D~J}D.cL_-.DL~ __ . 2"J. c,l~.~-D.0E-.[~ -=t._~~ _~ bJ.5 .... _t.!...,.'tl-l-.-_..LL __ J 
07900.00P[ t)Z 2~t<15.'~5·-IE i~!3 6(·76-::·.e7",L '·2 : 
1 0 5 2 0 .. C (h1 E . (13 Z 4 (; i 0 • 2 0 (, E- ~) 3 .:~ :) 1 :3:" • F: 3 \" L '- /. 
13.s5e.(~Ot)E 03 25721.57"E (;3 lC·=1!'.--.~t.,0:·i..: ~ 
82920.000E. G2-- -23079 .. 540E_ (",3- L2,jl~1. t~7;--~ i.':" 

12731.000E 03 24b9b.740E 03 Ilt)32.7f.·, ~ 
·----.:I,:uJ5.0_ .D.i"CE-";2-.-~3/2~;g'lf--D..;> I, :;'cJ:].'"~31'v ,,~, ~_ 

30(\90.('(l"E 02 2~;'?76.~'>2i'~ ('3 73'YZ().34('f:, 2 
l.o420~O(,OE('3 ?4~17.~7r.'E;)3 3776"'.?-0'-'. ,,2 
54430.000::: (12 

66040.00CE ()Z 
32320. ,,(!OE ()Z 

Z3314.74('E (3 
.23L:i4-.-31.h)E 03 

Z35B1.47il[ 03 
---1l:6-.4-I1-.0-0 O .. E.-D3-__ .--2_4 .1.J3-B .. -1i!i:L-...!l.:?-~_~~_2--5~--4 LSi 0. f-

14505.000;= 03 Z5'JZtl,"2i'~ :1::S 1,,2i'.1.1'L,,~,:: 

. II j, 

I 

i 
15954. OI)(;E 
11438. (IOOE 
95380.000" 

0:1-
(l3, 
02 

25"i .. 16. ~bt,~_ (,3 

Z-4133.btiuE 03 
Z"t255.:'4GE U3 

'. 3 i 
1 (, 1'-] 4 f <J::' \.~ L \. 3 ! 

H:;61. 5[.»0' ,L'3 
12494.000': 03 Z432b.U 31.l~ ,,3 81b99.1t,\.Ii=, ("2 

~--....J"':;;fL/--D- () n fIE .. _____ 02 ----<.2--.:. b9Ll2i.!E~ __ ~(~, rc.,.35~h , 'I 

7Q490.000E ('2 2314b.Sb(;E ('3 &11q(J.3P{';_ 
~1171.D00EG3~ ,242j8.~Lr~ 03 122D9.SfL~ 
1338a,~.J)OO~ (13 24:"'2~l.qll:t: ;I) 7~'4j7. 7C:I". i L 

\..'3' - ._.BB590 .. 000E ,02 2v.Gb~.121.1~ ~_;~, 120";"3~.,ln··~ 

11978.000f' C3 2(I'S7. 'U"" :'::S 0')253.14" z 
, ___ lL')~l ~aiL • .r't 0llL!C~(-'-'''''"' __ -..Ll S<.-DlL ...... ...i..3..L:r- (,~ ;'. r::,) ':iL. • .J....l..(_~"~(_' _ 

14 13 't • 0 (, (, <: ,.' 3 
lID 13 .... C· (J C- :::: {: 3 
31940.('(1(';= (,2 
1~5b3.«L:~ (;3 
1757(, ... ,)[;!--'-E (I~ 

J 724 8 .... .GL:!:. = (-.3 
15710. (i():',C:- ('!-

15732.00C>f t:3 
157'tb.('-r,:·~ ,.:; 
lZ3(\6.('~C·C ll3 

1 3-g 4 5 • (l (\ (; :: ~'3 

1')3b{1., (\(.(,= "7 

7'H1C.~)r;l:;: .'? 
34'l70.(,nuc ;,2 

2t·t.·lt~·.2b~= ,,3 
_19f.j'bU. 3.B(-E_ :..'::: 

197LjS.~t.~·~ 1'3 
1 t: '--- --I~,. 1 2. :.. F ~':1 

Zl~~~':::'t l'-1"C .(~3 

~ '--:: -,7 c '..J :.: 

1--;'';·:·':4:J~ ': 
1'-:1::· .• .;·~,:::: ."~ 

t :" '-j 79 ... G .; _ =: 

lL~·:~2t G~'. 

lL74 .77_ 
ll.·':'}.77'-~:: ... 3 
1.1.J2.i.L::?·j,~ '.1 

~,7!q~.'--:7(:" t.! 

.:>-: :' Lj it • 27 i..'_ 

L,\~'7'.)·?. ?(, ..... :. 

109 



1 3 71\' • > .', '.:;') ,~ ('3 , ) oj~} { ~ .. (i ~ '1: (:3 1 · 12 ... .>(13 .0()(lt: r, 3 
. 1737~. 9'luL 1.'3 
1:'1328 • (lor E (:3 

.. ( jl 9 • '.' 1 ·r . 
~'( L .-}.) I l'~ ~ 

('( 4u~ • ) 7 .; t 

L 1~17 .. 7 I', ' .: 

n JI.' 7. 3 6,,~ 

)j ., 
J 

I. ) 

'~13. 

03 

Nfo;sCoNS1t,Nl~ 
llc-)/I..L4., 
l)i • C:"OC 
1": ~,1 /. ':;.;.I!.'L 

1:J2.2 5. \';~'.~ 
1:" tiZ .. ':1:' : 

• j 

3 

1513t'.OOUE: (13 2136~.17\.)r:. 03 l~,:)jt).t.J:-i}L (13 

15881.o00E 03 2l(.,02.)2,)~ 03 lSill2.0Z'.lt [.:; 
.. 17598.000E~03._~ .. 214lJo.3 £0£ .o3~.- ... 166lb"]5uE .03 
17636.990E 03 21"lJO.76('E 03 16895.710t OJ I 

----...l~311.z~.OO!lE.._03 __ .2L"3L.3.DCl.L.Dl ) 65.3il..llllDL1L3_' 
17576.000E 03 ZI461.5~0E 03 17966.9&0E 03 

-_.17070.000E 03 It9~2.27jE 03 __ 14151.6bO~ 83 .. 
17122.00(lE (,3 l[,i~37.'J5('~ 03 13::194.33(1<' l;'> I 

- ~ ____ 152bA.O.oOLl'3 ~B1:'7.]SC·EJ'3 ___ . 131t0.J5L'L ('3 
11780.000E 03 178b8.S60E 03. 1118S.420E u3 

_'-----Ll!JJJ1.5---.(l()0 C 03 __ --1t2aO.....=Jt:\Oc n~ )i-:329.~')nr 1:3 

15299.000E 03 13b7Z.210E 03 16057.290t ('3 
----1372.2~"O'O'OE_03_._.lfl2 07 .1Jl;E...ll~· Q 6b3~1lD.OE..03_1 

-n234~000E03' 17311.920E 03 80367.960E (,2 ! 
---~5.572.~OOE-ill_ .. ~BB55.....11 OE 03 __ ~5.l.".Lt •. 0AOE....il3...... 

15226.000E 03 18607.9~OE 03 15554.910E: 03 
____ ~1~4~3~ r. 

15630.000E 03 18725.B70E 03 17918.510E: 03 I 
--__ .15579. OOOE. 03. _ _ ~b718. g 60£. .. 03 .. __ ~ 7u3 8. B(lDE {;3. 

14216.000E 03 18684.860(' 03 147:'8.190c (3 
. .1516 7. OD.DE_ 03... ___ ._ 18417. 5.51)E .03 ____ .. .1557 0. 70('E:1LJ' 3. 
13~25 .OOOE 03 18028.050E 03 151()4. 3~\'[ \03 
12562. anOE 03 --------L7...9~ Q 4{jE ()3 ) (1623. t:,) tlE :-.{ 

13042.000E 03 18490.510E 03 12201.b7(·t 03 
-.~.J6203.0.o0L03 ___ .. ...l8857~a60E_03._ .. ~42B~. 0BUt. L'3 

16498.000E 03 18829.650E 03 14185.640E u3 
__ -,1-,,60.1.B • ..o1W£...03 . . _,,_~ 8 0.7 3~ 2.2.DL .03_ .. __ ~3 tI 7.L.9.1DL,,03_. 

15051.000E 03 IM04.}00E 03 17')b2.93d: (,3 
___ 1 .... 6o.!IJl.O..QOOl= 03 1BB.3.tu.'tHO<' 03 135-,! ..... ".OflC 03 

15949.000E 03 18785.020E ~3 13B66.990E 03 
___ . ...l59.9,6 .~"ODE 0.3 ___ lliil31~-'> 50L03_._. _Bil27 .• 4 reOL (J 3~ .. 

14777.000E 03 163D3.500E 03 12550.590E: 03 
1_-----15.159 ."O.OQE_03_ .. __ ~B.7J.l..0.1DE 03 .. __ ..g 462 • .72uiC 03 
; 14294.000E 03 18702.700E 03 14711.48uE 03 

15448.0001= 03 

10304.000E 03 17318.980E 03 12217.610E 03 
__ -..L15.155~.OOOL.Q3 __ ..l725.1~3 ADE""03 __ .. 12 679~.9~.o.E....Jl.3_. 

15556.000E 03 17181.260E 03 12706.790E 03 
,--__ ....L15.19.1 •. 0DDE-ill '7' 1 b9,6.9~.1..lilE.....D3. __ .. 99JD.L J.10E_.OL 

15188.000E 03 17124.080E 03 10321.500E 03 
]5s6] · " '/ ( 

15237.000E 03 17219. ~70E 03 13293.530E .-, ? ,J 
- _..l5.0.3.9 .• DO.o.L.O.3 ] Z238~2.5liL..Q3 ___ ..J.29't.2. 800£. 'c·3. 

15364.000E 03 172.35.980~ 03 IlfJ 27. ~ b(!~- Lj 

.~ __ ....l.UO.B~ ODDE. 03 1721Z.320E. 03 _ . 1311)::: .• 7'-t ...... ~ (' 3 
15900.000E 03 17Lc2.35.-,E ,}3 14 5 .~ 4 • :.. 1)1_1: 

., 
l5366.C!f)n[ 0" 11" '( j--:. 2 (! c: til .H3.lJ .• :; '\. '-=--'-._" _. 
15128.000E 03 17257.420E 03 1'" 7 2 t, • ~ 2' 1~' [. 1 i i 

__ .14952.000E .. 03. ___ 17235.140" fJ3 151,:>1j. bl~ ~ '.' -' 
15150.000E 03 17093.89(lE 03 13'J01" C,i<_'L ,-<j 

__ .--.l5.111.000E .. Q3... __ .. ~7 25] .520E 03 _ 0959.72(,L \.-'5 
< 14~53.00ClE 03 1725lJ.49JE 03 10<353. ,,2':,'- C'3 
~ 

l'! b!3 b. enQ" ()3 ]1!·15. .19";= ] rei ')"16. :i-JI~';": (. 3 rl3 
15099.000E 03 17n7.310E 03 13267.530E 03 

...l3 b3 6. (l0 OE ('3. __ -- 171.01.:l 2UE 03 I" :l06. "bCE l'3 
13598.00foE ['3 1tJb29.10CE 03 13706.l'4~'E (,3 

110 



~, 
"I 

Jl;lUt±!1~~lL;llfo' (Wlllil~ll1lgt<:ll), Jl.!'!mj.~pll""l'e 

Pp~!) '" G;J. ' 

B j z:tt;J!i,?~:" lUid 13lA,}B} §£l!]:"~EJ!.),~ ,t,::j,»!}i)JJ::!SA~~~'i!JiUw~<&l 

ffill}·-i~-v--~~kf!! .. t2.t~!t~ 

il) 

'i;tt)ll Q1. P(>ll<lWf!,bl(l ~1!1"'lt'rt,}f ~()tJ;'(}0S, J'LN,1. f;l(Xjjl;I'l'l'!L j G()(\1\;S'l'A~ 

VltlHN<) 4 l'\~ln'u;"lr~ 1. (j th I 1.:} M , 



lJ.2 

flQC:i.0t)'. 98, pp < 1.78 - 79'l) 1972. 

v:l.Siblc !tno. l}13.t"'9.v),ol(~t,." !~!!!9·l~o:L_i;ilc 2.£t!C9 . .J:.-:19S:i9 .. tY.. 

,2.f:....h}Jlt)X.:!£t!:,. 49, PP (356 .. 3(1) Ap:r.:tl 1959. 

9) !\:ondl'::tyatcv; Htl.diation in th';J Atmosphm'(') (NeVi YorK 
.~-"--~,~ ... ~.~.,----~.....,,~'---~=-

.sl.£Y.iL~ 'l'rl>.lls1!J.ted from fhwsip.n, (,)m:us(dcm: Israel Pl'ogl'am 

fo1' sc:i.entf:l.c tl'ansl9..tio!l8 l/cd.. 1966) PP I6 .- 22. 



87. 304 - 3'S. lD01. 

1.fJ) Yg,!)}l),(j)j:,,)1;o. (~, 'il);l.t(){;t ~lJso:t'pt:tOl1 Qf eoJ,s,r 1'aoh-

t;l,{}1\ by tV\jmorSl?hef~i'l w~,{;~'lC' V1\pOilY; G:J,X'b()l'\d:l.()~iIjG ~',Ad 



114 

19) Sivkov S.1.; H<l:slia.ti __ (:m __ .. in._tI2~_ .. ll:!I!I9. __ E;J)Il()E(). (New York 

Acadamic Press (Kondrayatev) 1969 pp 293 

20) M. KA'fZ, A. BAILI,E Rnd M. MERMIER: "EvRluation and 

comparison of differnt Rtmospheric turbidity coeffcients". 

SOLAR ENEHGY VOL. 28 No.4 pp 323 - 327, 1982. 

21) R.H.B. Exell, "The Solar Hadiation cliIllRte of 'rhailRnd" 

"SOl,AR ENERGY" VOL. 18, No.4, 1976. 

22) A.JBIGA Rnd RuiRosA. "Statistical Behaviour of Solar 

Hadiation Over Consecutive days." 'SOLAR ENERGY' Vol. 21 

No.2; 1981. 

23) A.I.KUNDISH et.al. "A NOVEL approach for calculating 

monthly average daily fracU.on of diffuse solar radi8.tion" 

SOLAR ENERGY VOL 28, No.3, 1982. 

24) Cesen "Preliminanry assesment of energy resources, 

solar radiation in Ethiopia." Publication by Cesen 

(Asaldo group) August, 1982. 

25) P. Kulisic. "Esti.mation of diffuse radiation in 

Yogoslavia" International center for theoretical physics 

Heport on Non-Conventional energy activities No.1. 1982, 

MIHAMAHE, THIESTE. 



116 

33) Hob inson, Stoch, L. J. J<.>yrnaJ_2f. appl ied meteorologJ'~ 

No.3, 1964. pp 179 - 181. 

34) Monteith. J. L. Solarimeter for field use. {ournal 

of science in-struments. V. 36, 1959. pp 341 - 346. 

35) K. N. Agraval and V.V. Verma. "Design of Rediometer 

for the measurement of total and net exchange SOLAR radia­

tion" Central Building research inistitute, Hoorkee. V.P. 

India. 

36) S.X. CHeng and X.S.G.E. "Preliminary research in 

the measurment of the solar radiation by transient 

technique." SOLAR Energy Vol. 30. No.5. pp 391 - 395, 1983. 


