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ABSTRACT

This thesis presents an investigation of the aerosol optical thickness effects with
telecommunication signal in the Suvarnabphumi airport area. A pyranometers are employed to
collect the solar radiation in the period of one month in the proposed area. The change in the
aerosol optical thickness with temperature has been investigated, where the change in mobile
telephone transmission signal has seen when the surrounded temperature area increased. The
relationship between the solar radiation and optical thickness is discussed. The increasing in
aerosol optical thickness due to the heavy aircraft traffic is affected to optical thickness, which is

discussed.
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2.2.4 MIveAMIKHIveIRILTIAY
Tumsvendumiavesnneiind  e1vvendluyuvisvendluidulfivoansanay
oalh  (celestial sphere) MspafuyuAINa1d  Iuawdundsnuuaseiadinizuen
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sanuveuthveadunssdaudouszninddunaduniering Taodmue
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2.2.4.2 YVUGUEGAS (equatorial system)
¥ [
szuuil MyuvieduIfwemssnauiesth mugilii 2.8 dudwendumiis

4

&o
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A, IAAAIMYY (declination, & ) 1iluduTAswesrananlvg) (great circle) N1
L 14
iisaesvemssnauiesthsznhuduguigastesthiumaduaia
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o iadnugll 2.8 HA0YIEHIN -23 < §<23 % BIMNDONANINIULA
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arTusaziamldounlas auiulusendl menlasunlasidiugasdsil

0 =(0.006918-0.399912cosI"+0.070257sinI"

—0.006758cos 2I" +0.000907 sin 2I"
—0.002697 cos 3" + 0.00148sin 3T")(1 80/ ) (2.2)

1o & =nAavu (93m)
d = lusevl (d, = 1 dmsuiun 1 unsinu)
= 14315’14 (day angle) (mﬁuu)

¥
o 9/

U, Yu¥I139 (hour angle, @) Lﬂuuumwmmaﬂawm% (celestial pole)
wie @ ldwemsanauiosthsznhuduwesifoy  (meridian) vo3g
" ¥y 9
duna Auasnaulvgiianrualseinduaziniiapaveansinaniosh
a A a o o - e )
tnuthnnndiealteriadegnisduns Tusonvoamedimoy  uaziiiuay
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o ' = =1 @ w do ' d’
ANHUIVDIAWNDINAENG 2 i.l5$1J'U1Jﬂ’J'li]ﬂﬂwuﬁﬂ‘llﬂ'luﬂﬂﬂ'liﬁﬂllﬂ'N

sina = sin d sin ¢ + cos d cosgcos @ (2.3)
sina sing —sind
cosy = ¢ (2.4)
CosS Ccos ¢

o o = ywudadga (o)
W = YUDNFYS ( DIN)
o = yuFaTua (e )
¢ = azAya (09N)
S = 1@AaTY (03)
naANuANRLS luaumsi 2.3) naz 2.4) aansesuamguda Tusinag

a f! [ ' -~ ~ a o J v
DALY (o, ) HaZANBY1IVBINA1TU A na1IAe vazha90had I a =09z 1N
cos, =(—sindsing)/(cos S cos ) (2.5)
@, =cos”'(tan & tan ¢) (2.6)

o o Q'I : = ' r “I d' ~ J 1 4
dmiuyuda lushanserfindan szwiiuyuds Tuaiiaeeinddu uanisaming

o 9 s o’: o - T o = - | ] q'; 9 ar q"
AT ATHUANLEIVEIIU N, JuM1iU 2, WiowoulunitovessaTusldasil

N, =%Icos"(tan5tan¢)‘ 2.7
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A A ¢ ¢ Z -
AUNYMIIARDUTYDIAAATIZHYD 11IA03 (kepler) AMAATIZHANA TN TN
Tasssouanoriadiiuaeg  Taomwzaneiilanlavssounneriag  duasudousznin
a = d a’ a 1w 9 1 g & " 1w [ : =]
Tanduanofiadeznnanun ldwiiu drnamlslumandeunminu Asiuanuialy
A A a o ° 1= ] Py w0 g &y
manaouniveslansouaee1ing o @wmuadeg vulaesve iy Mldyanaing
ar g = q‘: = i\ s s IS} ) L 1
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1 NIMANNAGINGY (solar mean time) Fie1503A 1AAWANVDTITHIANAINANYTY
anduNitn ¥ieAnudveInsFuYeIETADNYBITIRUIFTANAZR IMUAT NRAILeTiad
Ay & WoINTHY (germwiah) Uszmasanguitlu A180A (universal time) %30 1IANTHY
(Greenwish Mean Time, GMT) lutlszimasianszutsnaeeniuagiouiunaniiy u
] v
uAnzIAIYll 1#UADITYAIIATTIU (standard longitude, L) wazluwmingsglfanfeaniv
¥
Fuansdgaiiszviananiiniiuswuasaives 15 esm wu 1duaesdgaaITIuYe
¥ v
UszmaTnomi 105 aarn (15x7) WuAsnavesszmeanevziininniidy 7 %2 Tus na
b ' 0 ' v
Tuudazivaiisziide Taoiafuan nannasguiesdu ( Local Standard Time, LST ) iiunai
81118910 U (clock time) ozl luaInlszdriuiwes dmsulszmaniivualvg) wu
ansgewsnmuzuiavanmildnaunasguiestueendlunawg  wa  eldaeandesiy

= = o = 3 - u‘r’
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= = ﬁ' = ' @ o é
I8N EJ'IYIﬂE‘JquI&’Uﬁ'Iﬂ’Nﬂ mﬂﬁmnuuﬂ‘nmm aanuaIu lusovd) demunsn

mANUIANA19Y 1891AaUN151987 (equation of time) H3ouAAY IARINT M TUg1N 2.9

Day namber
ONWNINlnlﬂilﬂzlﬂ!Nmme

e SNl EiN T SRE B R e B Ll RESL

q‘ 1 =1 1 ' o daor
3N 2.9 uaasmsulsmlusevilvesnnuuandesznienmaleriagnum
A401NAGIRAY (E)
= Y o ;
aumsnaasafou 1dastl

E, =229.18(0.000075+0.001868cosI"—0.032077sinT"
-0.014615co0s 2" - 0.04089sin 2I") (2.8)

Tavft T'=27(d, -1)/365
E = aumsal (W)

' = 313U (day angle) (131AB1)

1AM IANUFURUS 1AoaT IR VA UNLIA0IMAS NA1IAD 1D 12.00 U.
s d - ¢ = y
MUNINANINAY A1 @ = 0 HIINAWOMAOTIU 11.00 W. @ = 15 NAIANOIMATLEINITO

A lannnanasguiosny auMIAazNaANs IR uduaIAga

¥
A3 uaziduassagavodduna nie@owilugiaunsdsil
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ST =LST+4(L,-L,)+E, (2.9)

o ST = nmAeTiag (@: uid)
LST = nannasgiuiesiu (su: wif)
L,= 1id1003AR1Nas M (9971)
L, = /{dunnaagavesdduna (e9e)

E,= a@umanal (W)

A9 4(L, — Lyge ) Hmiaoiluuiii uazawes L uaz L iluaniieagmaiin
siuvenueaniiy uaziuuin ioegmaiisaz Juanuoniiy

v o d ' o a dwo L | o qv
ﬂ')'Illﬂll‘ﬂuﬁ'i?;H'J'Ix‘lliﬂﬁﬂilliﬂlBiﬂ’]ﬂﬂ'lﬂﬂtlﬂ‘ljnﬁ']ﬂ?iﬂ'lﬂﬂﬂ wam’ﬂuqm'l’a’mu
@ =15(12-ST) (2.10)

& %
e w=yuialus

ST = AANNAY

o g ..
2.2.6 YUANNIZNUYBIAWAIDNASUUNUIDE
° = o A da df = o Vv
Tumsdnnan/finamdnunssniadianasuuiudos s uiludeansuyy
1 o a do :: d’ =t 0’: E- 1 o
sy umseriadnududminvesiudonin nSeyuanniznu (@) fuszuuveudhuay
L v ¥ . ¥ ¥
imodgysveuanduninin asuaas1ilugin 2.10 fudeslaon lilvzvinedeszuinh
¥ ¥
yu (B) fuszuuveuth (horizontal plane) HazivouduaInINvoINuBoalia gL IFYyD

° a d df = o 1 1 ca”
y yuannszNl (0) vesduaseriaduunuiduadinan awnson ldeinaunisae i

1 3
31N 2.10 nanayuAnnszNUYE IR MAIDINATUUNUIDY
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inmemAnT N wIzveINd ANk

a o Ay = o '
YUANNIEND (0 ) vosdmmeeinduunudodna1 duwsom ldnnaums
3
Aol

cos @ =sin 5co§ﬁ—cos¢sin Pcosy
+c0sd cos @(cos g cos B+singsin Scosy

+cosdsin Fsin ysin@ (2.11)

4 o A o
o 6 = YUANNTENUVBIGWAIUUNUIDE
5 = yuRAdIuFUIIAe AT
o =yui luavesalseiad
4' - o _ o 4{
B = YUNDIMNUNUIY
b 3
7 = yuoFysveuauduAmInAuNude
¢ =azAya
cos @ = cos ff cos @, +sin Bsin G, cos(y — y) (2.12)
¥ ¥
nsdinudesiuni lmaiiald yuannsznuaunsodou 18d s
cos @ = sin Jsin(¢p — ) +cos & cos(¢ — ) cos @ (2.13)

q'; q' = 0'3 = @ ‘4" =
Hﬂ314”‘15?1“\37]@?\1?]11’]?\0”“!“Ullﬂ'llwulﬂﬂ\i (o, )ﬂ'}'lﬁ’ﬁnﬂQQi

@, =min {cos'1 (—tan & tan ¢),cos ™' (—tan & tan(¢ — ﬁ))} (2.14)

89154
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o = a4
2.3 Fsaaeefinduenussenamalan
s w o a ¢
2.3.1 anlnaFuvesTianserninduenussenmelan
anuiiiesanlnaiuvesisdalserinduenussenmalan ianudAgaons
. = ' ¢ a - ﬁ v
sonuuugilnsainnen AlFluedma 1wy wadgiozvesaaiion uazuueIma 1uau
vu 1 o o ar a o g o
vennatigaldiuiugulumsdnnumanlnaiuvesiidaeriadiulandae erfivdeya
¥
msdamaiuauiazmsIaszdugalsznouiumssnnamange] e ldalnaiuvesssd

AN MAduaNUsTIIMATan Az 2.11

']
-
0 : i 1 1 ;
03 a5 1.9 1.5 20 528

< o Wendbength. fhex,
31U 2.1 namsmlnaiuvesisdanienaduenusstnelan

2.3.2 ﬂ"lﬂﬁﬁq‘iﬂx (solar constant)

masiivesgsuzie wﬁ'«ﬂuamamﬁﬂt‘f‘nnﬂ'.nuunﬂﬁuﬁmnnns:nu&mnﬁ'nﬁuﬁ 1
MUILAD 1 MUIBNA1 B AIUNUHI99INA90INAG | AU weanussoiomalan Amdenaind
mmﬁwﬁ"aguazﬁ'iui‘luv’{m"la’f'“lun1sﬁ1mmfi1wﬁammmamﬁﬂﬁﬁmﬂﬂswwuﬁfuiaﬂ N3
‘Eﬂmﬂﬁ{uﬁmmzms’iﬂ'Iﬂumﬁuuaaquuazm?mﬁuiuszﬁvqa wu'iwhmﬁq?uz Haumny
1353 W/m “mendaldfimsdaud lvanuamandoudisy miudn 1dmasiigsesmitu 1367
W/m ‘W38 4921 W/m 2?1'WTaﬂa'1'Jﬁuﬁ'lmuﬁafrﬁuan§'mmaaﬁﬂﬁqﬁ]ﬁuﬁmﬂaﬂ (World
Meteorology Organization, WMO) f)tiN‘liﬁﬂ11151?1&'#!‘1183fﬁtjz‘ﬁ?\‘lﬂmﬁﬂﬂllltﬂﬂ@hﬂﬁﬂLﬁU%
1% i
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= %
2.3.3 idarofinguenussemalanuunus Iy
2.3.3.1 Saaareenaduenusseemalansiadalug

o & o L (d o : n‘r‘ [y [y
FTIAAWDINAURNIEVME (irradiance) ‘H?ﬂ5Qaﬁﬂﬂﬂ3$ﬂﬂﬂﬂﬂ1ﬂﬂﬂi3141'1J'5'U'i~3ﬁ

4 > ]
114113&81')?111‘1“0'Nﬂﬂ‘U'J"iU'lﬂ'liﬂﬁﬂﬂ'ﬂ.lﬁﬂﬂ'lu?mﬂ'l'lﬁ"il'lﬂﬁﬂﬂﬁ

]rm = Ixc(rﬂ/r)z

. 1,=1E, (2.15)
A o - - o &’ ar o o A
e I, =519a90 ANz YazAIR NNz usduen
u3semalan (Wm’)
1, = Mnangs0z (1367 Wm”)
a2 " a  J 8.
7, = STULINDYILHINIAIDTNAY (1.496 x 10)
r = 52025219 1anfiuA29911a8 (km)

E, = ulamasdmiiuudwannanuivesislneg

:_ —  VUITHIMA
EARTH

i ¥ Ed
U 2.2 waasidmmzvas lussuudwminiuniruesssduazszuuvesiiugi
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o o o 1w @ o= [ [
‘B'Iﬂﬂ’J'ﬂJﬁiJ“uﬁ‘i3'}1'3105\1'ﬂmWWﬁﬂJﬂl:iuﬁzu?Uﬂ'lﬂﬂ‘lJTlﬁ‘llﬂwﬁﬂﬁ(1’ )mflu

on

¥ ¥
supvesiuY Azl 2.12 mannsadouilumuse ladail

I,=1,cos, (2.16)
1
cos @, =sind sin g+ cosd cos ¢ cos @ (2.17)
A
1,, =1 E,(sin &sin ¢ +cos d cos ¢ cos ) (2.18)

1 1 o a d a
1 ]0" ﬂhlﬂﬂﬂ'li (2.18) Uflumﬁaﬁmwmmummwmz ﬁ'ﬁmmswsmwawm

r L] A s d’
voe5ad lurranamile sz@ouaums (2.16) laaail

dl, =3600] _E, cosO.dt (2.19)
A 1 d' - ' = Ll nla
Tavh 7 Wuminsiigios lumioe wm’ uaz dr imiaoniluilus

20

d—w=2—xrad/h
at, 124

dt=2)do (2.20)
T

unu dt 1Ineruns (2.20) asluaums (2.19) s2'1d
dl, = (12/7)36001 E,(sin & sin ¢+ cos & cos ¢ cos @) (2.21)
Suiinsn dl, Tusaane 1 ¥2Tus 218

1,=(12/7)36001 E, I(sin dsing +cosdcosgcosw)dw (2.22)
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4 15 4 LR
110 o, Lﬂuqumﬂuwaaﬂaﬂam:ﬂmwwmsﬂn
-~
EL)
I, =36001 E(sindsing+(24/7)sin(7/24)cos S cos g cos m,) (2.23)

' o
UAIIDININ (24/7)sin(r/24) = 0.9972 NIBUsTINUMIAY 1 A
1, =36007 _E,(sindsing+cosdcosgcosm,) (2.24)
23.3.2 Tadaaneinduenusscnmalanieiu

¥
MfidanenaduenussnmalansieTuuuiiuiu (H) v ldnnnmsdunnia

1 o = a Jd o
ﬂ'lﬂ'J'lll!‘i’J‘il‘Nﬁﬂ‘Nﬂ MADI 16%"11114

H, = (24/ m)3600/ E, I(sin Osing +cosd cosgcosm,)dw (2.25)

130
H, =(24/7)36001 E, [(7/180)e,(sin S sin g + cos S cosgsinw,|  (2.26)
A o = o d o df

o H,=$aianoiaduenussnmalansioiuuuiiuiw | J/m’ - k]

& = a o
., = 3{“331”4ﬂﬂ3@91“ﬁ0ﬂﬂ (94711)

I, = Mnangse2 (1376 W/m’)
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2.4 Siaareemagnnulanluamwiesrhumeula

2.4.1 aanilszneuveiussenamalan
1 L4
Taoa lesdlsznovvesussoimeanialdiiu 3 nqudail
9 9 ' oy a LS d
n. omauialdun Tuanadisqvesiielulasiusendiou miveu lasenlua
o A = o " = ' o 4 =
uazMaes USinaumamartiunesia iwu msveu lasen lyauazanmgiionme
: = T w o : a qy
v. lotir uazafSanalevhilonvenanugeuesnodmivenit Tavauudd lerh
o o n’: W a o o o’ q‘;
Tunodmidsasminduii Tannduduihniniaue
¥ 4 ' a J
a. Au Wueynnvewdsiuuaassegluusseima aunsavendimavesiiy
Téna13s wu venlluiwaueymiavesdude 1 wiislSasvesema wie venlugl

Virug 3 (visibility) oz an sl (turbidity) vesussoma iudu

Ao A a Jd A a1 . z
2.4.2 1I001MANTIAAIIDINANIADUNHIY (optical air mass)
A @ oA a d A P @ a - .
ies a9 g ABUNKIULTTOIMAEIRI TanIzgANaY  (absorption) 1A
a h o ' o q Yo . al o
N32199 (scattering) lav luanavesema leriwazHuazess Mlvisdalsemadnunany
a ja = R A VTP a ' 4 ﬂ
TanfifSumanas  msanastiazinnviodesunuriauazsunavesoyninnieg  Fuilu
4 A J @ o ddw a da 1
03f1lszneUVeIsINNA  HIBIUNUNIAVEIDIMATUABALINTIAAILINATIALNIIKHIY

&
(m_) Faaunsonildnin

m,, = [pds (2.27)

A Ao a da ' =
we m,,.= iﬂull’.lﬁﬂ'lﬂ'l?ﬁ"l5Qﬁﬁiﬂﬂ1ﬂﬂﬂlﬂu1q1§ﬂ1u§]i4
a o a d . a
§ = MAUAUYDITITA0INAIYTI (Geometrical Path Length)
p= ANUARUILUUYDIDINA

o o e

s = a d q’:‘ @ a kY
FMUNIANTITA9INAgANAININAVAI Tan 931ﬁ1l']ﬁ‘ll€l\iﬁl'lﬂ’lﬂ' (m

act v ) Al
aUNII

My, = [pdz (2.28)

M
v dew A

W z szozmanuadaniniuAi Tan 51ez IdtinuuasmaduRns nsdad9e1miag

UM (m, ) Nilususduves m do m,, wie
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_lpas
5 _[pdz

' ay ° o - a o o a o
i m, i W 1Flumsdaumsganauuazmsnszisvesisdaneiing ey

m (2.29)

1 ' @ o a da 1
pafilszneuden veanssmmalan deylauh Fidarerfindidunisiuussonimnda

b4
wuTaniluiduase m m, aansomlddsauns

m, = : (2.30)

" cosé.

' - ¥ A A e 4 4 a d 'ﬂ
1 m, 'Vm‘I1ﬂmﬂﬁliﬂ'lil.li]tllﬂ’)‘lﬂlliiﬂﬂ"lll'lﬂ'llﬂ ulEJﬂ‘N,E]‘I‘YIFIUE)gq\W'Iﬂ'IJfJ‘IJ 1

o 1 o a Jd' =S -g 1 U
2.43 Mmaamnnamiaalenagnmnaaiulanluammnesvhuoula
A o a a da T [ df - -

195 1TA 190 MAGAUN WU 50 INMAMNTINY TanIzgANaY  (absorption)  LAZYN
= °g T d A ]
329 (scattering) 1aoTuanavesema o wazuazessvewdsnfenszaiveglu

o o =) 1 = A!y = 1w A x e o v o Ada
U530IMA F9dMaeuazWIng ey Tan (58159854 (direct radiation) FMTVTITNNA
NMINIZRWEonN F9¥n3200 (diffuse radiation) MIAUINTITTU (global radiation) N

= ,df a & o [ | ° o L= -
ndenuAuglszneudeTidasans adnszneannsn 14 Taverdonguimsganauuas
= A ] =1 w 9 o a d I
msnszRsvenauuiman Wi Uszneuiudeyanifeaivesidsenouvesussomeamssd
; b = 4 2 > w -
ATURWIZUMY (direct irradiance) NANYIIAAN A mﬂﬂmmﬂnmzumuumiaﬂ BEPYRFTY!

Annaldnngas

—(r;, +7, , +r;, +r:,x+r' ; )m,
R 3 olinlie o1 (2.31)

ge I, - anlnasunnudufsdnseriadinn Tanuuszinudaminfud e
Li= anlnasuiadasmonussmmalanuuszinudaninfud e
< = AwAniBauas (optical depth) YUIILMABUITOININIMINIITY
vos luanaoinmia
-, = AuAnFuaeessnnAsuiionnnminsziiungmaganiu
LGEGITRELGE
. = mw?im%auﬁwmussmmﬂé’mﬂaammnmsqané‘u'lmiy1
<, = AnuAndudaveaussmmasuieannmaganauveale Tau

. =S a o . 1
P e ANUANFILAIVOIUITUIN 1ﬁamﬂ'mmmnmi ﬂﬂﬂau 31“15?11\1“]
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2.5 Hagenseriadfinulaniuammiesihiinienlnngy
o 3 = = = a v 4 ta 1 o
Tawia llfeadhiiwanlnagu Psinauwadinnniedesyusgnuanaamluseuiu
ggmatazaniuil muvdnmssannsalimquimeildnd sunumiidasserfiadimnds

v ]
wuTanluamwiwanlnaguld lumsdnnadindiusidemsiy Ysia wiia anumn

-

o ] v g/ v d’ 91 9 o et o ﬂ o J
uazdwmisveana  uadeyamariini ldnoudresnnuazin lulimsadiudsziniulan
Ed 14
Faulumalfia  msmmanuduvesiidaseriindteodomsiadundn - daulu

o W oA =

" - [ q’: A G'J’ A 44 w o o
ﬂigi‘ﬂ AN UNTINANUATDVYADIUIATITADINAYVULINDINVVDUATLUSUTI Iy

' ar = ! @ | o o - a8 [ =
i1 uuaegdmsuusnan limsfamsdasomadudimsialTnams wie

"
o o/

= = o ' [ o = = 1 o é 1
$rauda Tusiiuaamannsa lfsuudinandmuindidanemad ldwusu  Fanainly

o 9

¥
Hadea199 Aetl
o [V | a 4 o I:l éd
2.5.1 MIMMIVTITIINVBIAIINASINHINTININNIAA
- a9 e o= a a " -~ — o M
nAMsaInTzHdeyasidsueiumdsaemey  (H) uazimauirlniuen
swihundsaodou (5 ) uaz nnamiialszmaagnui F uaz S danuduius Wou

Taaaerums

H/H,=a+bS/S, (2.32)

e A, ilumiifanerindieumdsdemouuenusinimelan uay S, iud
° o - @ e ﬂ ' dadd a o o =
v lueiineasiwiumasao@on a uaz b umasnvuduanl dusunTalves
dszmalne f1 a uag b uaaalideansan 2.1 (1a5y Funsinie uazame, 2544 ) DAV
ar U o \l o o Q.l 4 ar
AINANT VI TOMUIUMANVTUTITT NN MU TueTinaadaiims Iaauaoiil

gAtiouIneIdIen 18

A1919N 2.1 LAAIAININ a 1Az b veeaaiiaieg luszmalne

a0il a b
NTUNNA 0.2905 0.3783
1o ln 0.3169 0.3465

QUATIFHIN 0.3129 0.3946

d3val 0.2638 0.4912
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2.5.2 mamuA TR aENnTinans
SadswswTumasaniAon (7) Tanuduiut luFedanulSinamasiounde
; — & & w
asdon C Faansooulugdaunsnilyds
H/H, =c-dC (2.33)

A U P 3 @ 9 ' = o o ] o o do 1
e ¢ unz d Lﬂuﬂ'lﬂ\Wl“'ﬁ\W‘L!ﬂ‘lJﬁlE]iJﬁLLﬂﬁ$‘]fuﬂ‘ljﬂ‘l’lu'ulﬂ“lfﬂ'lﬂ'l"lllﬁﬂwuﬁﬂﬂﬂﬁ'li

¥

ﬂly L] o Al . =) . A o B'J -
aunistivzseldisidunam F anlsnams € Fiimsdalaena ldawaoil

gativuIng1den Tasminaic uay d vosamiiaralulszmaInouaas 1aumsian 2.2

A195190 2.2 LARIAIA ¢ uag d vesamiianeg lusznalng

014 c d
woeln 0.6362 0.0222
QUATIFEIN 0.7716 0.0371
favual 0.9095 0.0515
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2.5.3 MIANOUMANUANYEITITNTZOIBINANUINTIT TN
' v Hd [
Weannmsiasidnszaoninnugaennnnimiiaidsiy aiuaminiadiu
¥ '

Tngiammsiamnesidammniy udmslfaulaiall miuudemsumidnszae
| ¥ @ v =2 Yt o o o 1w o o
winsdnsedn msudilgmiainan Jeldimsmanduiusszninesdnseneuazsadsi
o o e da i o [T [T | - o 9/ &
sazihanduiutamnan )1 lumsdnnamsidnsznenndeyassdwniald ¥z

' = = 1 d’.’

naIneswazduane 11l

o - &
n. 53d310% 109
Tavvia lflsunaasamduiug lugdanuduiusseniedasndivuesdad

NIz 109 (1,) Aesadsawitwda lue (1) uazarinnulaussoniasioyalus (hourly
cleamness index, K) axtinamlaluussome Aedasidiuvesisdsiusierlusaessdnis
piaduenussmalansedalue (1) anduiusasnandeyannuinudienvesTaneeil
[T A | P § 1o = 4 = o s o =t
anuuanaltuamies Netivuegiugiiomanasaniiiauazgunimvesdoyadmiunsdi
o e ~ = ¥ — = w o
voslszmalny anduiuinldmumsodovegluglaums ldmumsei 23 @@dy uns

nBazAMNS, 2544)

M13199 2.3 uaaInNUFURUEIzIsad MY IdnIznITd Tua(,) dofadiaw

31092 Ty (1) wazawiinulaussenaseya Tue (K) vesanitaieg lu

szme'lng
anil AuNS
woaln ’T" = 0.8004 + 1.7153K, — 7.3459K2 + 5.578K 3
QUATYE 1] ‘ %ﬁ = 0.6934 + 2.3409K, — 8.0802K} + 5.6614K
v ? =0.7091 + 1.8917K, — 6.2693K7 + 3.9744K_}
uns g % = 06772 + 2.568K, — 8.8866K? + 6.3828K}
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o o

v, §98510U

L

= o o ar é
nmsinnzddeyaiidnszneseiu (H) wazisdsuseiu @) ¥ldnn
amilimlszmalne wuh dasidaudidnszaeseiuaesadsiunein uazaviinnula
U530IMATIWIUYSZNA (daily clearness index, K) aninilouunu ladioaunts luaisian

2.4 (151 SuNsMoLAZANE, 2544)

M990 2.4 LAAIANNTURNUTIZH AT Id NV ITT W T uazartianula

© U330IMIATI0TU (daily clearness index, K,) voantia1eg lulszmeny

aH AUM3
woalvy % = 1.3437 — 1.6790K ¢
QUATIYEIH %‘i = 1.3316 — 1.5897K
agual %‘i = 1.2346 — 1.3829K;
unsilgu % = 1.3589 — L.6665K 1




28

@ s :i 1 -
A.59 @5 U AR
nIdivees i wumasaoifou wuhilanduuswu@ernunsdivesdidseiu

o @ @ = { s ow o
dmFvenduiusawnsadoulugilaums 1dmsei 2.5 (a5u Suninouazame, 2544)

A1519% 2.5 UAAIN MUFURUDIZTHII0AAINV0TITNTZ 0T duARR o UAD ST
swseTumasaofou uazariin1mlausseImas1eIu(daily clearness

index, K, ) vosamiiaag ludlszmeIne

anil AUMT
Foalny ’;—" = 1.5391 — 2.2749K7 + 0.6102K"
fzvf;mﬁﬁ —& = 1.9078 — 3.2908K7 + 1.9184K,°
aavan ':f—" = 11739 — 1.5069K7 + 0.4904K7°
unslgy % = 1.7872 — 2.9099K7 + 1.3020K7"

.

o T o = &
2.6 msmmaumiﬁmqamﬂﬁuuwmﬁm
o = = flﬂ.g = Yo o = 1 "o oo o =
SQﬂﬂ'NB'mﬂUﬂWUIEJU\?1ﬁi1jil$ﬂ'i$ﬂ€lll11'5‘)(]5\1?1 37U 'lé'un IATAATI IAANTEWIN

£ o = ‘; = - o = 4’ a
“ﬂﬂ@‘l"h LUAZIIANIENWIINNUAU mwrmsﬁwwﬂmmﬂﬂszﬂuwmaua( ]b, ) Hﬂ%‘ﬂ"lﬁllﬂﬁ

I, =R, (2.34)

¥
-

A o o & o w P - - 4 W
e 7, ihusidasesed Tuauuiuny dmsunssivesdn lanmamilonaziuideiv
wrmnald agu R, 1dvinaums

B cosé@

= (2.35)
* cos,

A' ﬂ i ° a da -dy = o F 0’: d’ =t vv
e 4 UHUTENIHNAWAIDINAUNANNTEN VN ULDSIN VLA UAININUDINUIDUIUULDY

6, Wlusyiwiis (zenith angle) YOIAWMUIAWOIAT

- 4 g =) 3 o 1 y o
Miadnsznwnniesihnannsznunudes I, 923U View factor a4y iiaifiuiy

3 £
o (1+cos £)/2 uagFadsmannsznuiiuiiu (7,) lunaniudsauns
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I,= %Id (1+cos f) (2.36)
i B fhuyunBusvosiuibes

g ! o oA = Z = 3 @ & A!v = = @ ﬂ” =
FMTUMTIANTLUNUIINNUAY 1, 32UYUNY View factor YDIWUIDHANIUNUNUAU
o & § &> i o
(1-cos p)/2 Msedswnannignuuuiuy (7) lunanivazmdulsz@nimsaziou

1@ (albedo,p) YVDINUAUAIANNTT
1
I, =51(I—cosﬂ) (2.37)

¥
o s

- | o -=' 4; - & o ¥ = Vv ¥
WUMTIFI W03 TeaNannsENUN DY "‘]N‘H‘N'H‘HﬂﬂﬂN‘l’lﬁiﬂ%zﬂﬂﬂmﬂﬂﬂﬂﬁ

L=l +1,+1, (2.38)

Id=Rb1,,+%]d(l+cosﬂ)+%1(l—cosﬂ) (2.39)

¥ '
fmsumamasedsuneTuuunudeimniasiuan 1dnnraswvessid eyl lus
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2.7 ANNIOUNAZQMNAH (heat and temperature)
:r 9 o o A.I. P P
amsnamaelszneudin ezaousaudriuiluTuana mawdouiiveozaey nioms
< o Y a a d & o ' 3 =
Fuvoaluana MldiRagmveswdinuemi dafondn “anuiou” (hea) 151WNITAN
af el n’: { = J Y :i
WAINUANUTOU (heat energy) VINWAINUNIMUATIAATLIINMISIAAOUNYDIDLADUNTD
¥
TuananInyAYoITas
= o ¥ = a st a 4’ '
QUi (temperature) MW NI IAAURALYDINAINUIAUFUAAVUINOZADULADE
#  wioudayTuanauesaas e lawdsnuanudouldiuaas  ezaeuvesiuez
4 dda & o 9w a_ A o 4 _ 4
waouiiT vy i ligangigavu uadiosaandsnuanuion eznenvesamsazindoui
i ligungiiaadiag
v ; ¥
wndnihdedouazndeuumidsanu suldinihludveligungigand ua
. S ) 3 1 :J A a J (Y 0’:‘
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udgauugiiluifissimdsveandanuluidazezaen  duiuussomesuuuveslan vl
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gamgige ualiwdsaunnudeuties iieenniivinemaegediuuiuig

2.7.1 anagungi

a. ssrvusulad

i) a.71.1714 nuFoa vhusu'lad (Gabrial Fahrenheit) 1inW@ndanawesii 14
Uszavgimes luiimesdeusiglson B lunasaud wmerwwildisenaadiqa 0°F) Tav
s aazindenanh w1ﬁmmnfqﬂﬁaanazn1wa\n€1u%1ﬁ1f‘1’u 32°F ua:*qmﬁamm&
MY 212°F

v, DMLY

1 0.71.1742 LoD 1BAITUA (Anders Celsius) 1inA15IMART YA AU 14
senuuvanames uiimes e 1diuiy Tﬂuﬁqﬂﬂaﬂuaza'maufnﬁumﬁu 0°C uaz
qmﬁ'ammﬁ,mhﬁu 100°C

A, AU (DaduYyIal)

aomnlunFarmasanil 19 ao3a iAaIY (Lord Kelvin) vinfldndasnadangy §
Aunuanuduiutsznde anwdeounazgamiin o guugl -273°C azaeuvosamsee i
fmandeui uazez Wifidslamnaduluniil1den wdedmuali 0 K = 273°C (hideald
in3oavany ° Midunihisnes K) mnassmduysainiomaiu wudstuesiwaduann

szms oaua +273 W'l diedeeanmsnldoumaiuihusaidoe
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é & e Qr d'| e = 1 ae' o U " [ | 9
wilaysegaaniu liFesq ngumgiigeliggaumngiia) snded gy mins1usinilunde
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13t anwdeuszmsuiimuiniindaiieveust i idndou Tanzdludninng
y o o o 3/ o
Founa o lavzuazemadludnihnnudeuiiad

¥, MINIANUSOU (convection) HUMITImMANUToUAIWMIIAAOUNVBIDLADY

& a [ o uyx = '

uaz Twanavosamssalianmziiuvoanauazig dvewdaniuziimdemanuiou
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Aomaimnudou uazmsudsadmniu mawanuouTanndamavu luussons uag
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uwiayns svianiolulan uazalseriing

A. MILATIT (radiation) ilumsoemanuieusanseudmniieynma Taviides
oo Ina1elumsdanend I Ay N151IANNIBU LAZMINIAINT DU NSNS I
aunsatemanuiounueInd 1a Ingynyiianiigungiigendi -273°C wie 0 K (1nau)

Ll ) tor o o d‘d = lvdd‘ n’: o ci:.‘l q; !wﬁé
YOUUMITUHTIT INYNUYUUNFUNTITAAUTY TgNUQUMYUA AT ITAAUE?
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Pyranometer Data (MAX SOLAR RADIATION)
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An Aerosol Optical Thickness Investigation and the Effects of the
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Abstract

This paper presents an investigation of the aerosol optical thickness effects with
telecommunication signal in the Suvarnabphumi airport area. A pyranometers are employed to collect
the solar radiation in the period of one month in the proposed area. The change in the aerosol optical
thickness with temperature has been investigated, where the change in mobile telephone transmission
signal has seen when the surrounded temperature area increased. The relationship between the solar
radiation and optical thickness is discussed. The increasing in aerosol optical thickness due to the
heavy aircraft traffic is affected to optical thickness, which is discussed.

Keywords: Aerosol science, environmental policy, environmental management, solar
radiation, aerosol optical thickness,

1. INTRODUCTION

Global temperatures on both land and sea have increased by 0.75 °C (1.35 °F)
relative to the period 1860-1900, according to the instrumental temperature record. This
measured temperature increase is not significantly affected by the urban heat island effect.
Since 1979, land temperatures have increased about twice as fast as ocean temperatures
(0.25 °C per decade against 0.13 °C per decade). Temperatures in the lower troposphere have
increased between 0.12 and 0.22 °C (0.22 and 0.4 °F) per decade since 1979, according to
satellite temperature measurements. Temperature is believed to have been relatively stable
over the one or two thousand years before 1850, with possibly regional fluctuations such as
the Medieval Warm Period or the Little Ice Age.

Anthropogenic emissions of other pollutants—notably sulfate aerosols—can exert a
cooling effect by increasing the reflection of incoming sunlight. This partially accounts for
the cooling seen in the temperature record in the middle of the twentieth century, though the
cooling may also be due in part to natural variability. James Hansen and colleagues have
proposed that the effects of the products of fossil fuel combustion—CO, and aerosols—have
largely offset one another, so that warming in recent decades has been driven mainly by non-
CO, greenhouse gases.

Pale climatologist (William Ruddiman) has argued that human influence on the
global climate began around 8,000 years ago with the start of forest clearing to provide land
for agriculture and 5,000 years ago with the start of Asian rice irrigation. Ruddiman's
interpretation of the historical record, with respect to the methane data, has been disputed.

Global warming is the increase in the average temperature of the Earth's near-surface
air and oceans in recent decades and its projected continuation. The global average air
temperature near the Earth's surface raised 0.74 + 0.18 °C (1.33 + 0.32 °F) during the 100
years ending in 2005. The Intergovernmental Panel on Climate Change (IPCC) concludes
"most of the observed increase in globally averaged temperatures since the mid-20th century
is very likely due to the observed increase in anthropogenic greenhouse gas concentrations"
via the greenhouse effect. Natural phenomena such as solar variation combined with
volcanoes probably had a small warming effect from pre-industrial times to 1950 and a small
cooling effect from 1950 onward. These basic conclusions have been endorsed by at least 30
scientific societies and academies of science, including all of the national academies of
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science of the major industrialized countries. While individual scientists have voiced
disagreement with some findings of the IPCC, the overwhelming majority of scientists
working on climate change agree with the [IPCC's main conclusions.
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Figure. 1. Shows global mean surface temperature anomaly 1850 to 2007
relative to 1961-1990[6].

Increasing global temperature will cause sea level to rise, and is expected to increase
the intensity of extreme weather events and to change the amount and pattern of precipitation.
Other effects of global warming include changes in agricultural yields, trade routes, glacier
retreat, species extinctions and increases in the ranges of disease vectors. Remaining scientific
uncertainties include the amount of warming expected in the future, and how warming and
related changes will vary from region to region around the globe. Most national governments
have signed and ratified the Kyoto Protocol aimed at reducing greenhouse gas emissions, but
there is ongoing political and public debate worldwide regarding what, if any, action should
be taken to reduce or reverse future warming or to adapt to its expected consequences.

Global warming has become the popular subject of the present investigation around
the world [6] There are number of concerning parameters such as hydrology, soil, land cover,
marine and atmosphere included in the investigation. Atmosphere is one of them that it is
very interesting subject of investigation. Because of it is easy to change and involved in many
environmental changes, for examples, air quality, moisture, raining, temperature, i.e. climate
change, and communication. At present, the problem of global warming has become broader
which is involved in many aspects from local problem to international societies, for instance.
There are some research works have been investigated and reported the effects of aerosols [7]
and solar radiation [8] to global changes.

In this paper, we have investigated the affect of solar radiation to the mobile phone
signal transmission quality. The relationship of the increasing in temperature and solar
radiation is the principal investigated. The experimental setup was employed at the mobile
telephone repeater station in the airport area. The pyranometer was set at the top of station at
AOT (Airport Authority of Thailand). We found that the increasing in transmission loss is
occurred when the optical thickness is in the high level, where the solar radiation is decreased.
Similarly, we also found that the mobile telephone transmission signal is decreased when the
temperature gradient is rapidly changed.
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2. MATERIALS AND METHODS

Radio waves are electromagnetic waves occurring on the radio frequency portion of the
electromagnetic spectrum. A common use is to transport information through the atmosphere
or outer space without wires. Radio waves are distinguished from other kinds of
electromagnetic waves by their wavelength, a relatively long wavelength in the
electromagnetic spectrum. Fig. 2 shows the diagram of the electric (E) and magnetic (H)
fields of radio waves emanating from a radio transmitting antenna (small dark vertical line in
the center). The E and H fields are perpendicular as implied by the phase diagram in the lower

right.

———— T R W WP T

Figure. 2. Shows the schematic of the mobile telephone signal propagation profile [9].

Propagation is a term that describes the travel of electromagnetic waves, there being
three main modes of propagation. The first is a straight line travel: the manner that radio
waves travel through deep space (ignoring the slight deviations caused by gravity under the
theory of relativity). A second way is skip, which is bouncing between the surface of the earth
and the ionosphere. Frequencies between 3 MHz and 30 MHz are most reliable for this kind
of propagation, called High Frequency (see image at left). The third way is to hug the surface
of the earth as it curves around. Radio waves of very low frequency most often travel this
way.

Radio signals can also enter two ionosphere layers of differing electron densities and
duct between them. The image at the right illustrates this. Two radio signals of differing
elevation angles are broadcast into the ionosphere, where they split into ordinary (red) and
extraordinary (green) components. In this example, the ordinary component began ducting
between the E and F ionosphere regions.

Although this mode of radio wave propagation is less common than the skip mode, it
is nonetheless an important mode because it permits radio signals to travel significant
distances with little attenuation.

Climate models use quantitative methods to simulate the interactions of the
atmosphere, oceans, land surface, and ice. They are used for a variety of purposes from study
of the dynamics of the weather and climate system to projections of future climate. All
climate models balance, or very nearly balance, incoming energy as short wave
electromagnetic radiation (which in this context means visible and ultraviolet, not to be
confused with shortwave) to the earth with outgoing energy as long wave (infrared)
electromagnetic radiation from the earth. Any imbalance results in a change in the average
temperature of the earth. The most talked-about models of recent years have been those
relating temperature to emissions of carbon dioxide (see greenhouse gas). These models
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project an upward trend in the surface temperature record, as well as a more rapid increase in
temperature at higher altitudes.

Assume we use the Zero-dimensional models, which is given by

(1 - a)Sm’ = d4w’eo T’ 8))

Where the left hand side represents the incoming energy from the Sun the right hand
side represents the outgoing energy from the Earth, calculated from the Stefan-
Boltzmann law assuming a constant radioactive temperature, 7, that is to be found, And
S is the solar constant - the incoming solar radiation per unit area - about 1367 W-m™,
a is the Earth's average albino, measured to be 0.3, » is Earth's radius —
approximately 6.371x10°m, # is well known, approximately 3.14159, ¢ is the
Stefan-Boltzmann constant — approximately 5.67x10® JJK*m™s", ¢ is the effective
emissivity of earth, about 0.612

The constant 77 can be factored out, giving

(1 - a)$ = 4ecT" (2)

This yields an average earth temperature of 288 K. This is because the above equation
represents the effective radioactive temperature of the Earth (including the clouds and
atmosphere). The use of effective emissivity accounts for the effect. This very simple model
is quite instructive, and the only model that could fit on a page. For example, it easily
determines the effect on average earth temperature of changes in solar constant or change of
albino or effective earth emissivity. Using the simple formula, the percent change of the
average amount of each parameter, considered independently, to cause a one degree Celsius
change in steady-state average earth temperature is as follows Solar constant 1.4% Aledo
3.3% Effective emissivity 1.4%

3. RESULTS AND DISCUSSIONS

Pyranormeter

i

Mobile Phone Sensor

Repeater Station
Control Room

Figure 3: A schematic diagram of a repeater station.
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Figure. 4. A schematic of the experimental setup.

The measurement was operated at the mobile telephone repeater station as shown in the
schematic diagram in Fig. 3. The telephone signal and solar radiation sensors are installed on
top of the repeater station. The repeater station is the property of the Advanced Information
Service (AIS) in Suvarnabphumi airport. The telephone signal is detected then analyzed by
the network analyzer as shown in Fig 4. Similarly, the solar radiation is collected by the data
logger from the pyranometer as shown in the same figure. Notice that both signals are
analyzed simultaneously by the network analyzer. This research is a collaborated project
between AIS and King Mongkut’s Institute of Technology Ladkrabang(KMITL), Thailand.
Results have been allowed by AIS to present to the public media. The data was collected and
analyzed in every 1 min and plotted as shown in Fig. 5. Results obtained have shown that the
relationship between mobile phone signal and solar radiation in one month has shown the
small change due to effects of aerosol and temperature. For simplicity, the mobile phone
signal was set at the high level during the experiment. Yellow line [A] presents the maximum
solar radiation value of solar radiation, which means this day having the minimum airline
traffic. When the maximum airline traffic, the solar radiation obtained is 650 W/m’ [10, 11,
12] which is safe for human near the airport. Blue line [B] is the mobile phone signal intensity
which is associated within the same direction of the solar radiation intensity. For instance, the
maximum solar radiation is provided the maximum mobile telephone signal transmission.
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Figure. 5. Plot of the mobile phone signal and solar radiation with 2 weeks period.
A — Maximum solar radiation, B — Maximum mobile phone signal

4. CONCLUSION

The measurement relationship between the solar radiation and mobile phone signal intensity in
the Suvarnabphumi airport has been reported. The measurement was operated in the period of one
month in the good condition, which mean the measurement was operated under clear sky condition.
Results obtained have shown that the increasing aerosol optical thickness is affected to the mobile
telephone transmission, which caused small changed with the current temperature and aerosol level.
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