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1. AU TDINUNEINUNINTING S

Moving Forward with Light
|‘N - Infrar d'l
o ilirubin Action Spectrum Qogilm g;;él:m‘ :
: UV‘B = . 425 nm - 475 nm = - - Gt
L280nm 515 nm e N PAR Action Spcctruml " 5 -
5 — il . 400nm-700nm . 4 = 1 ey o - e =
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5 UVA 9 |Standard Spectrum for Solar Cell
UVA 400 nm - 1100 nm .

lSlS nm - 400 nm anad Safety l

= Pt l‘Visiblem

» 380 nm - 780 nm
l Packaging l

Light and Color Group
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1. AU TDINUNEINUNINTING S

< [y = @ = v A
LA UUNAUTUNRUY laglUumunusvasaiunasinay

1 = . I A gj [~ I
wwanlily (electromagnetic spectrum) Inggisaauuatulug9
WAU 9 JYWNAINLIIAAUAILS 380 ULUNAT D9 760 ULULNAT B
< & a ¢ & v, .. . & &
Juadulasiangauyydaiuisauaanule (visible light) nsauneasa
971953191 WHSIFWLUUAN TN LY I9IAINUETIARUATLAS IF LALAS
(infrared) D959@WtaL (ultraviolet) NiRTBUARNYIIAIINEIARY
Gatkel 10 wlulies 99 1,000,000 WIlULLATARE
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w?}mﬂwmaymmmmﬁu (Duality of Wave-Particle)
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SUNASUARUAEN 1WA (Electromagnetic Spectrum)

Radiation Type  Radio Microwave  Infrared  Visible Ultraviolet X-ray  Gammaray
wavelength (m)  10° 05<10° 107 107" 107"

107 107
Approximate Scale
of Wavelength

Buildings Humans Butterflies Needle Point Protozoans Molecules  Atoms  Atomic Nuclei

Frequency (Hz)

10* 10° 10 10" 10%° 10" 10°
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1150 MUNAR UL (Light Wave Classification)

A o 2
FaL3en ANE1IAAY  (WITULUAS)

(,, A0N1UUNINTINYIAIYIR

waegd, Ultraviolet light (UV) 100 - 400
. 10 - 200
gIgeyyINIA, VUV
? (Strong absorption by air)
£3%, UVC 100 - 280
¢34, UVB 280 - 315
8710, UVA 315 - 400
WaeaIg, Visible light 380 - 780
WasdUNIIIALNG, Near Infrared
760 — 1,400
(NIR; IR-A)
LAIDUNTUITANANN, Middle Infrared (MIR; IR-B) 1,400 - 3 000
wasdunsusalng, Far Infrared 3,000 - 1,000,000
(FIR; IR-C) (Strong absorption by H?O/COZ)

(7 AM
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auUALdiAuAIansYaddan (Optical Properties of materials)

Transmission !! X \\\\\\\\\\\v
™) 1)

- nomplex -
Bacteriachlorophyll a q

= N3 Absorption
LG (A)
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n15az9au (Reflection)

o (9N w” /))O A
ﬁn:mn'mn N | ﬁﬂn:un'mn mfﬁ /Oé N | f spe cuI_ar
vaonRw(Fof)apay uogiw(Fofl)enow > diffuse reflection
| 2 reflection
I \"x
|
0,10,
Iy \\/ Ip
d o
AuRIANNIENY

0; = yuAnnazny
92 = HNEUNOU
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n15a996014 (Transmission)
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msgmnﬁu (Absorption)

A magenta filter allows through
only red and blue; green is
absorbed.

A yellow filter allows through
only red and green; blue is
absorbed.

No light has come through

i | as each filter has absorbed

one colour.

—
—

b4

White light is made up A cyan filter allows through
of blue, red and green only blue and green; red is
absorbed.
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* [ AamuuuEdaHIUINg
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uaaazn15uaaiy (Light and Vision)

WAAINILLALES M TULE-AIAUYWE

(Light Source) (Observer)

.

el

(Object) ‘ B ((/ A
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AU UBINUNE INUIE

WA INY VA

“Aansn15IAYSUIAIA199 YasnAukian IWTTinsounguaNIzSIaYS
(Ultraviolet) uasa314 (Visible) uazaaussdnaiuiay (infrared) finsaungu
#29970E19ABUAA 10 urTuisiAs 59 1 000 000 wrluisns”

Radiometry

Photometry

Spectrophotometry
(1AM
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AU UBINUNE INUIE

ANUFUNUSVDIAIEASNITINNISUNS VDL EILAZAIENSNISIALLENE IS

Radiometry measures the Photometry measures that
entire radiant power and the Source Power part of the radiant power
quantities derived from it. — perceived by the human eye

Radiant -
{ Power as light
w
looking at illuminated

Im
surface directionally lead to

Power per
unit solid angle
Irradiance Illuminance Radiant Luminous Radiant Luminous
W/m?2 Im/m?2 = Ix Intensity Intensity Emittance Emittance
W/sr Im/sr=c W/m? Im/m?2

<
<

)

<

Power per unit area
per unit solid angle

Radiance Luminance
NREONE R T

m W Y 4
“photometric power” = “adiometric power” ‘\ ff/ AM

A

I A 4
A 4
v
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2. AU TIAUNEINUIATENINATUAITEUUAIINTTUMEY

e/ o Z
AUATIABB b3
A7UA1 (Black Smoke) \Junguuasayn1AlinaINNIsisiva A3 s uAnLYa

Sovay 90 Hvumdnnit 1 luaseu waslilatisusradusunsanay wiaziingin
oynAvTLIALaN Tfusedeusefuluans FaavilosAusznoudfey 3 du laun
- Wt (Soot) s luditliauysaivesniiufins uas
Ty

- Soluble Organic Fraction (SOF) Hugdruvesisiufiea way
ThifunaeAudildldFunisilv

- Faun (Sulfate) inandaimes(s) luiniufwagnoondlad(oxidize)
Lazsrune eanuntuglvesdain (SO,)

1 : dllensnsraeuiarinuldsasudiaium, nsuauAuLaiy ‘\ ((/ AM
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2. AU TINUNINUIATONIAAIUAITZUUAIINTIUILEN

mm@?/aon')izﬁﬁmfi’wf7

> msuSundsssuutudrennsiulimangay wasfedanynisaaingy
lsipndes earmnsdnliivangay Snthduanniuld

> wianseseIniAanysn gamuy

> Uﬁnmﬁué’mﬂﬁﬁmu@

> m%wuﬁamwﬁwqmLLazlajamgiﬁﬁw%am%wafm

> aedaasuiuly vidoisaadestunangass

1 : dllensnsraeuiarinuldsasudiaium, nsuauAuLaiy ‘\ ((/ AM
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2. AU TINUNINUIATONIAAIUAITZUUAIINTIUILEN

mm@?/aonmﬁﬁmfi’wﬁ

> fhamitudomdsanusn 9130 Anuduiida
> gaunillifeeamaiivinny

> fdadai liidulupadeimua

> Usuifushgui

> nansguanazingadnwiaiessusioainae

1 : dllensnsraeuiarinuldsasudiaium, nsuauAuLaiy ‘\ ((/ AM
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2. AU TIAUNEINUIATENINATUAITEUUAIINTTUMEY

A5999AAIUAITZUUAIINNULEY (Opacity)

livdnnsinAIuda9s1UsEY (transmittance) ABLAILAUNINIY
srnansiilunguaiuludsfiuuas nguafuazganduuasdiuvililazuasdu
findegninlaefiiuas

wnlsidnguniuvsoingdulaundauas insesdioazorumuiiunas
(opacity) I 0% TuReuasiuARUNNE S ULAS

mndnguaiuvsoingiiunasmnuatiouas 1esiloaveuaimnuiiuuas
(opacity) 1 100% Suouawimualilanmnsamunandesisunadls

N =100 x (1—T)

310 N = ANAUAULES

T = dadhuvosuasidomzaruatus 7\ v AM
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2. AU TINUNINUIATONIAAIUAITZUUAIINTIUILEN

A5999AAIUAITZUUAIINNULEY (Opacity)

TUNNINENWEEVBRATDIlaaantady 2 SyUU Ao
1. 1ATDNINATUANSTUUAMNTIULELUULaN 1WAIus (Full Flow Opacity)

2. 1As99inATUATE UUANNALLEASLUU L MaR1UUNeEIY (Partial Flow Opacity)

Full Flow

(u, 01U UNINTINYILAIYNA
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2. AU TIAUNEINUIATENINATUAITEUUAIINTTUMEY

IA58999IAAIUAITEUUAINANVLEMUY Ias1uave (Full Flow Opacity)

Huirdestlofilinfusviaaniiszunseananuatevieleidevessosudina
iiutesinuas wayinAveLasingartuaiusm ethluussananadafusd Wy
mheSosasfiszerA1NNe1INIRAULES (Optical Path Length) 71 76 aduns 5o
LU
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2. AU TINUNINUIATONIAAIUAITZUUAIINTIUILEN

IA5999AAIUAT SEUYIAAINAUMFIUUYINar1UY1a9Y (Partial Flow Opacity)

Fuedesilonliiuasunsdmisvueesnainuaevieleidevessnoud lva
iiutesinuas wayinAveLasinyaruaiui ethluuszananadaus 1y
mihefavariisyazanueImaiuLas (Optical Path Lensth) 71 76 fadwns e
U
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2. AU TINUNINUIATONIAAIUAITZUUAIINTIUILEN

gauysenavaing

LIAINLHA
L&

NIIALLES

A
Napas
NIUADU

YU
VDUANING
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2. AU TINUNINUIATONIAAIUAITZUUAIINTIUILEN

nann13ININIYd
S e e
Opacity = 0% Opacity = 30%
S

D S ‘ I D

Opacity = 50%

Opacity = 100%

> D
S = Light Source > ‘ —

D = Light Detector Opacity = 80% “*Z
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3. NISFOULNEYULATIIINAIUATISSUUAIIUNULE

gaunevlpgldszuvatualnsiwiniinas
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3. NISFOULNEYULATIIINAIUATISSUUAIIUNULE

National Reference Standard Neutral Density Filter

Tl e G Mae AT IRV TEALY

Q NalLasaNSUNIUADULASDIIR
ANUANSEUUAITUTIU LA
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3. NISFOULNEYULATIIINAIUATISSUUAIIUNULE

N5 ULNEULEIUNALIND 51T UNIUFIULATINIAAIUAITSUUA TN VLA

\
U

arndryanassunidlussuy (Vggrk)

ALK U AMBTUINTFIUD 19D (yre f)

TAHuTawasILEY (ysample)

ATUIUNIANDTIVDILNUN AL DINIUABDU (Tsample) |

(ysample — :Vdark)

Tsample .

(YTef_

*Tref Opacity = 100(1 — T)
Ydark)
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4. 11557189714 aLazn15 U lususasnanIsaauLgu

©

NIMT

Aa8e191Us189146aN15daULNEU

*Table 2
Visual Regular Transmittance of Sample S/N:

ANIUUNINTINYLAIYIR
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4. 11557189714 aLazn15 U lususasnanIsaauLgu

Aa8e191Us189146aN15daULNEU

*Table 3
Regular Transmittance at 570 nm of Sample S/N:

Regular Transmittance (%)) (72.25 + 0.61)
Opacity (%) (27.75 + 0.61)
Optical Density (OD,) (0.141 2 + 0.003 7

| End of Table 3
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5. AISNIUADULATININAIUAITSUUAIINNULE

1. WusiuAaIINIUTOU ZERO INAUNNIGULANTE I NUYAIA TR
UANUAZAITULAY 1ATNIAAIINTTULANE 1A Opacity = 0%
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5. AISNIUADULATININAIUAITSUUAIINNULE

2. MBI AL BN IUAOUTI LA SUNISADULTEUINAUN IR UUAITE 7
UIANA I EAUAIAZH ITULAS UUTINAIATIUTTULANDINN IS IUFDU

(w 01U UNINTINYILAIYNA
w National Institute of Metrology (Thailand) AINFINYINUNITATIATAATUANTOBUA : 28 TurAu 2562




5. AISNIUADULATININAIUAITSUUAIINNULE

3. 71AUA 198 1A 1A 1IUTULaIYaSUAUAALN DS IUFO U LA SUNTS
FOULTEUVITAIEAIATIUTULAIVDSUAUAALD DS IUFOUT 97179799
\AT9INATUN )

AN LARINNNSER U

AN =

ANNDIULAINNITNIUADULAT DI AAINUIAULES
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5. AISNIUADULATININAIUAITSUUAIINNULE

4. lumsdnaiumunagnss [MHm Nl aamienInIuiuLadT
n3393nlaaIniATesInniug ulanIAI93

AN959 = A X AmNuuLasnsadala

AN AN AL ANATUAN ANATUANRTY
AOUWIBU | MUEBU | =(A1geulfisu/AmMiudsu) ke | =(@ud x Aradusn)
(%) (%) [1] (%) (%)
31.92 25.01 1.28 40.01 51.06
N4
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5. AISNIUADULATININAIUAITSUUAIINNULE

5. NTNITTYLAINYNIVEY NIUAULENYAEATIDINDTI UANGITN INNTLEL
ANV VIEALLE9 5571 TRAIAAIA TR IRLA [DuA)
ATUANNITLEE AL NIVDINIAULEILINTFIY

“SEYLAIINETIVIIN NIAUMANNINTFIY /177U 76 UAFLUINT”

LS
Nim\Lm
N =100X[1—(1——)
L 100
19 Ni¢ = $ouazu03a1niumissesaue v IIBAULEINIATIIY (%)

Niym = 50uasu93a1niumissesANieI8IMIBAULAIIEATIITNTTI (%)
L = S2YLAIUYNIVDINILAULELINTFIU (HAGUAT)
Ly, = S2YLAIUYNIVDINULAULENVUEATIVINGSY (HadLuns)

() A0N1UUNINTINYIAIYIR
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5. AISNIUADULATININAIUAITSUUAIINNULE

6.n56 Unadnudauasvasinsasiionsaainaiusmssuuamfiuuadiian
awnafugsan iy 570 urluwes Whiheasusissezanuem
YRIWNuALLARNATF N AL TuAA UM TITE s T AN IR INAAY
LANAATIIUNAY TE U ANINENIARULAAT I
“S2ETAIINE1IAAUUAININTFIY Wiy 570 U1 lUanT”

v
W
1—(1— LS) ]

N, = 100 x

100
t N = $08aYYDIANATUAINTZYLAINYIVDINLAULEININTTIULAS N T ZAIY
=

81IARULEININTT U (%)

Ni¢ = $ouazu03ainiumissesauen v IIBAULEINIATEIY (%)

/A = JLYLAMUYIATULAILINTFIW (UL1UA3)

Wy = sseganugnmedudasvasnasininue Y
VULNTITINDT (WLUUng) (Y AM
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6. NNNUIYUAZUINTFIUTINE IV

NI INYUYURALATULAL I NYIAUN N
AUNFDUUVITIR W.A. 2535

UsenIANSENTNmINgINToIsuTIALas
AUINaNISD4 ANUANINTFIUAIATY
G]’]"UENSO‘EJ‘LAGW]I%L@?ENEJU@LL‘U‘U‘-&;@

58 UANIENITOR
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6. NNNUIYUAZUINTFIUTINE IV

AIATUAININTFIY . = - TNYUAVULLATOIUALNITE Lazad
SOUUAVAUZLASDIBURLUNNTTY

(%) YULATDINAEDU

LASDIIAATUANTEUU

d 45 35
AU ULAS
LASDIIAATUANTEUU
50 40
ASEANHNTO
N4
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6. NNAUNUALUINTFIUNNEY VD

SAE J1667 : du1ANIAINTIHYIULUA

« Snap-Acceleration Smoke Test Procedure for Heavy-Duty Diesel
Powered Vehicles

ECE R 24 : afZN33U15N15LATEgRaLeelsy

« Diesel smoke

ISO 11614 : 83AN133ENINNUILNATIALAITUINTFIU

« Reciprocating internal combustion compression-ignition engines --
Apparatus for measurement of the opacity and for deterr:wination
of the light absorption coefficient of exhaust gas 74 “4 A M

\ o/ @ 1 2
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UINTINYINUAISASIDIAAIUAITOLUS

Thank you for your attention

0 2577 5100 ext. 2322
B natthapong@nimt.or.th
B # Light and color club
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