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This paper demonstrates the use of smartphones in an experiment on light
adsorption (according to the law of Beer-Lambert) and light scattering. The
smartphones with an appropriate application (app) acts as a light source using the LED
display of the smartphone and as a detector using the back camera. The light source,
sample and detector was aligned in the same direction to measure light adsorption. In
order to measure the light scattering, the detector was aligned orthogonally to the light
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violet 360 nm red
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450 nm | 590 nm
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blue vellow
490 nm 580 nm
blue-green green
520 nm
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AN : ("Color wheel wavelengths," 2018)
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5. npaasdasuasuanidsn (Beer-Lambert law)
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winganngeaiaF-uaniiifn (Beer-Lambert law) iidaeiuasainisnuan’sidn
N199AAINIIAANAULAIIBIATAZ A LN AxTuat fusAMduduLaz AT NI
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ANTAZAENILANFABIARDUNH Y

Tnannuunli Transmittance (T ) Wludndaudiuinuasieueanun (1) se

Ennuuash ddnlilusaeting (1,) @auanniglas

Absorbance ( A) Henuganng laln

A=Iog||—°:—logT (2.2)

Tne1in lazaneanuen Transmittance tulafidus (%T ) wazazlaaunisinana

ANHANRUS Iz ANFRRIRzaasnsdesduLaznsgAnALLAY IaiTluaunisassialil

A=2-log%T (2.3)

ANANNI9N 2.1 a1N3nasuneladn Weanasaiunsndesiulafeaas 100 Hupe
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A ! ! 1 v ¥ ?/ A A A
AaA1 A=1 uazuinuasarnnsndasiiveanunliiiesfenas 1 duasiAinisganauily

A= 2 1flusu

TudnsduaziinladnAinisganauiasarlaauagfuisaiaududuiazaan

=K = v
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A= gcl (2.4)

A
e
A A AMNNIAANALLAIIRIANT (absorbance)
d. om0 4 . Cod A
£ A9 LUANTRAINIZ1094719NgANARLATIATIADINEIIANUNL (78N
molar absorptivity (L mol” cm™)
2 = | o ' - Y o
| A8 728EN1NLASENUAIDENe YTAAIINNT19TRATARLLEY (cm)
c Aa Audndude ua/ans visaluans (M)

dl 2 dl ' Y v A
MNANNITN 2.12 mmmmmimq LHAATAINNLINTUNTRAIMNUUILAIAITREANE

1
a

a QI dgl 1 A [~ a d? v o o % a ¥y v A
HANNHTY ATNITAANALUNATHATNNHAUAIE Tunenauiu ana1sazatraANdNTUNTe

¥ ! A <3 ISP ¥
AIMNUNUTUBEAN mm?@jmﬂaum\‘m%umammvl,ﬂma

100 1 2.0
80 4 1.6
B0 4 1.2
%T
40 1 0.8
21 04
0 + + ¢ : | 0 + + + . g
1 2 3 4 - 1 2 3 4 5
Concentration (kM) Concentration (LM)

nwdsznay 8 guluanapaNduRusTEud gAY %T uaz absorbance

U7 1 (ADNTUWIRNITHLATWENWNNIY LU RIS, 2561)



6. Modern Derivation of the Beer-Lambert Law

Absorbing species with
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NndsEney 9 WALNINLAALANTLRELHedRIN UANTAYANY aenAdesnun) 1o

LAZLANLITH

31 : Modern Derivation of the Beer-Lambert Law (Mehta, 2012)

n3dpAINIIABINNUMTaNIIgANARLAIIdaARd e LN el — wanilsn &@n

=

ANNIIUTA (Mehta, 2012) A1NIIDEINIATUIUNIAINITAANAULAILBIANTAEAELHD

P~ A > v o A A a A
A178AU NN A UL ANV AN N NTULAZ AN UUITDIANTASANE NATTUNLNDH AN

AN 1, LARDUTNNTANIUAITAZAIIAINUL b LIURINAT uazdanuIululanada

anunsngnantatlaaIual N TuanasegnuIATauRmNes ANANdNLAIAZanRdARe |

TnausdazTuanaluarsazaraaunsngnauuaslils (Typical cross-sections) o #1914

iuRNAIAaluana (Thani, A-Ameri, Wa¥ Sultan, 2018) AIKAASTUANNAT (2.5)

| =1 e oNbD

0

(2.5)
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7.1 s ludszing

o a ¥ o

A 2 Ao A [y £y = a -

odgqal 1madu AN 9813a9 NN LUL/A519AULLLLATaAL N TN IR Ina s

asinedne Tasalduaanln LED wuy Multi-Color Iiuuiaan1iianad waxdl Photo transistor
o/ o U dl ] 1 % N o U dl 1

WUAIA A WA N AR UNIaINANTazane tagld Microcontroller W11A2WIAIATLAINEN1

1#a1n Photo transistor liliapsaanntinaa LCD dawpzasailninstinasasinednaiiaunnd

1
a

neindn ansannna ldianmeseuluaniunsiig | Auenmileainvemaassls luns

d’l £ vl al A % a 1 A %

noaauilioafulAlddnane19d was aed waziRu linasauAInsganALLas uazls

F39980U5EANBN NNV UBBITANARBITTLLATEY UV-VIS spectrophotometer NaN13

naaeddlareantesdidninsimefaenadnailldanlnaAeaiuATaa UV-VIS
Ho o o B " A o9 o |

spectrophotometer wananigaunlilinAnisganauuasielduisuiuassaeenely

dgnsead Tiun wlFunainsagsn unUTuiasman wasniliunien ues T9Hanng

o

neaadn lgainipgasdlninsiinasacinedne WA nlnaaasiunisldiazas UV-VIS

= Y dl a ' [l ] aa a a v
spectrophotometer asa1aLantadiazasdilnnsimasasnadneg HlUscansnnlndides
AuLegaa UV-VIS spectrophotometer (nlgqmi, 2557)

ANUANT B1UNENA TATIINIINARDATEY LATEITAAINITAANAURAIULLNIN

= [ %

A miunisdszgnaldiunisinaziidani gidaldeenuuuganimeassingldunaaniiia

N P e A

wasnAINEIIARUA1eT A INuae W LED NNARTunseiuezes Servo motor iialdlu

D e

Asaandaeduasnasn g ldannsenuiugnsazanasoasing Id Phototransistor L1160
p3radLLas ITUAdRAIN T ANABLASLLLWAN uazlAnsaaaauA b rasginsn]

fiuLATad UV-VIS spectrophotometer TINANNINAADITN LA1991AN1INAABILLLNANTULH

'
o ' A

AnlnaAENALANIagLATEY UV-VIS spectrophotometer (ANUANT, 2558)

b
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a1y (luseaululagwms) AazlfA1Aa NNl da98IUaan NI NWANFAINAWAE
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(AR, AR, AT, UaT §

9w a

1gea9A, 2560)
7.2 uraalussdszina
David J.You b e Jeong YeolYoon TAnIn1sAnE1Eea Cell-phone-based
measurement of TSH using Mie scatter optimized lateral flow assays AalAAAALN1TTA
Ysnnuaesluu TsH Inglduannisnisnszidaequasuuud (mie scattering) T9ldyuas

[
o o A

LAINEa9aaNNIL LFA LATHNT99UAsNdaaanu A UAaNTIuAIIRAIN 45 Las 75 891,

1 1
a o =

60 waz 95 896, 65 4az 110 a9A1 InaAunudyun A dryoyrandnaungnne 65 uas

[

1 1
a o '

110 B4AN TINAUDINIINARBINAINNTDARAERTINY TSH AR1N41 0.4 mIU/L TaA8 0.31
mIU/L warnd3uipsaasiuuninndn 5 miu/L tugnunsadnateansnbenialuscazioan 5
Wit Inaganisdaluinaesiug TSH U lananasudisusiugiuazdsnagn (You
y

WATAUDU ], 2013)

Pei-Shih Liang, Tu San Park La & Jeong-Yeol Yoon lANIN1IMAandisa
Rapid and reagentless detection of microbial contamination within meat utilizing a
smartphone-based biosensor Aaldimumasainmsdnsianifnlnunaduimaqaurzeuy
T T SN & X . Y 5
wadan i ldansiuyaeinlignisdansesmansuideuluiiessiu Tnaldansazanaide
Escherichia coli K12 finaaiduds 10 - 10° CFU/mL ldaglilduiladaiianaldiiladaiinng
FATe nadanniuRIans kad kAt nAUNLRLre9Had ARNENIARL 880 nm Hawlu
wa9a1n NIR LED M larunsnuasiulamoanlaiuasliinasdedaaaiiiads daryw
194n13n9ziRsvesuaslne Iisumafn1amyu (gyro sensor) iiadnyus1eILatlAngziAg
aan 'l wazldnaasarnnsdnvilenednaniniannlddmsef Inadnnnsnsviaanaduasd

¥ 15 30 45 uaz 60 @971 tANAN1INARDIAIHE Nys1589A7 TaiiLAINILANGIITDILANT

AN 10 - 10* CFU/ML wAg X170 iuAI AN NN LA Asuld RN AA N dugs 10°
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CFU/mL iy 30@9e dalaAnAnTuaulfmaoududu 10° CFU/ML udarretanas 7
3 45 a9 THAmnfganAudud 10 CFU/ML waziyy 60 a3e1 TiA1geganiaan
N 10° CFU/mML (Liang, Park, W&z Yoon, 2014, August)

Alexey V. Markin, Natalia E. Markina Wa% Ingo Eilks av1Nn1smaaaeizas The
application of laser pointers for demonstration experiments in nanotechnology lessons at
secondary school level §348 lAANHINIINFLIAILATNIIAANAULAIAINANTAZAY

. dl ¥ o=l 1 o o d”
Nanoparticles Aanegdunuuazuansaun tnalduasamefan19qiu Al da1sazane
. A o [ ] . [ a .
Nanoparticles Nidrxnldlun19maaaclaun Sio, auna 100 nm uansazaeaned silver
nanospheres 141/ 70 nm, silver nanocubes A11A 60 nm, gold nanospheres AU1A 30
nm, gold nanorods 141/ 60 nm AL gold nanocages 1%1A 60 nm wWuansazatefiagg
o‘d‘ o k% b 1 o=l s B
wazuasiamainunldnaaalAun uasamasaiag 111m 650 nm, LALALTATALTYY 1A
o=l 9°J a d”m v £ d‘ °
530 nm UATLASLALTATAUIRU AUIA 405 nm NMINAABNHEIdENANFBIN1sNaztin iy
A a Y o D | o :j/ o = dld 4ﬂ|
GANIINAABINTDY AR TR WNUBNFEUuTEALduNsa AN InaulaaniANanlaEes
. A ° i a = ) o= )
Nanoaprticle NHAINANNIZFBNNINITIAUAZNIAANALUAN TnelTuaaiaLTeTARN9] dov
Tnansazaraatinsnepudaldndardunaaiuasiindauntiiuaisazaafiasnudiaiuas
o 1 I 5 Jo. . Y . 4 4
BATRNIARAUNHUAITAZANEANIUATHAILAINANNY IaeldnsdanaanLasninaaun
H1uaIas AN AN Rs UL sasae 198 LegInaNsazaf s IaANIuiNIIgANAY
visansziaenuaslugasmnnenanaulating (Markin, Markina, uae Eilks, 2017, March)

Lon A. Porter, JruazAtue tavinn1snAaadidad User-Friendly 3D Printed
Colorimeter Models for Student Exploration of Instrument Design and Performance W

y A o ool v o
NMTAANULLLATATNTANIINAABINLINLIATENNAN1IIAANNATNATNITNARN L TLLATAN

o

dld c aa
spectrophotometer N831A19N Tnan1sldlsunsnluniseanuuugineniuuusimsoniu

w7aelTus 3 35 Inaganismasastiainisawnllldidudenisaauldfussydudu
o = =X [ = f/ -dgl ¥ v 4 a
dssnAnwneularaauiieszAuBoynyiss viviaugnaassldaanuuuailnsnlld 2 4dia
panussqinuginldldanssnatinahe cuvette 1UA 2, 3,10, 20, 30 UAT 50 HARLNATUAT
v ¥ 1
WABANARBITUIA 2 19 WAIAININIINAdaUAINLNUEN9999nsnldiuLATeg
spectrophotometer Laz Cds photocell detector tneldansfaae 19N AN ud w9y

a o A e & PRSI o = o -
BAZAINHENIUANLLAINHNIUANTAIRENINFINNU sﬁ\jmﬂﬂqﬁ"ﬂﬁ@@\‘lmiﬂm ﬁqiﬂ@Lﬂﬂ\‘iﬂU@qﬂﬂ?m

ANLNANGRTNNINAUNG (Jr, Washer, Hakim, Lay Dallinger, 2016, April)
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Thomas S. Kuntzleman waz Erik C. Jacobson bANNN1sMaaaaizes Teaching

Beer's Law and Absorption Spectrophotometry with a Smart Phone: A Substantially

1
! P

Simplified Protocol Aaaf1egan1anaaesetsdranaanndesiungujeadss inanasld

Insdnyienedusindnfn RBG anansazaneniuas@nne)desduaziirldAuanmian

a = ) v o Ay =
ﬂqqmﬁqﬂqﬁﬂiuﬂq?@jﬂﬂ@uuﬂﬂLW@U@ﬂﬂ?NWMﬂqﬂQ’]Nmemumﬂﬁmq?@:ﬁ@’]ﬂ'ﬂiﬂm?quﬁ’] G

gunsafnldidugunsninanunsomlavieldlulseGaussdudaen uazinFaulusedudu

4

o = o o A a )y o A
NﬁﬂNﬂﬂiﬂﬁﬁ]@uﬂ@’]ﬂ@’m’ﬁﬂ%ﬁﬂqqﬂL‘ll’]slﬂL?‘ﬂ\‘lﬂ’]‘i‘@jﬂﬂ@uLL’&ﬁiWﬂ’mﬂ’ﬁW’m’ﬁ‘V}ﬁ@@\‘]u
(Kuntzleman waz Jacobson, 2016)

Robin E. Sweeney, Elizabeth Budiman ag Jeong-Yeol Yoon TANINTAReY

(789 Mie scatter spectra-based device for instant, contact-free, and specific diagnosis of

va aa

bacterial skin infection A8 lARATENATATIAGALNIIFAALTAWLAN BT RARA UBHITHA
) Iy o a = . . aNa P

s tneldaangiseanisnszidaesuasuuudl (mie scattering) InauupfiFesaiiniuay
AAN1TNTzIAgLad lakanaANenY lun1meaaaillduuanFe 2afinsaefuAa Escherichia coli
WAY Staphylococcus aureus Hunasniiliaugasannuaan LED fAne19AaL 650 wnlu

AT NYNANNIZNY 5 §u6ie ] A| 90, 100, 110, 120, uaz 135 83A1 wazldphotodiodes

W FUAINITNIZIAITBILAITINNFING 7] 8 HNAS 10, 20, 30, 40, 50, 60, 70 WA 80 B4F

q

v v 2
TUNM9MAABIUATNAABNLUAY 3 THAMEAUAS JUuaIuNsIaLNEe LB, Rantiaaasuyme

UAZHIMIIT8I4NT NAN1INARSINUIN IHUAIANNIZNUNNN 110 BIAIASTIUNANIINIZIAH

D

o

o o dy a a dl 1 o 3'/ a a dd‘ 1 ¥
snmmu‘wzgm 'sﬁ’]‘i)i?'i_lL‘HﬂLL‘].IﬂVIL?EIVIIF]’NﬂuuuﬁzLﬂﬂN@ﬂ’]ﬁ‘ﬂﬁ‘&jmﬁLLNQLL‘].IUNVI[E]N@‘ﬂﬂllﬂWm
(Sweeney UAzALBU 7, 2017, July)

Mohammed Than, Salam al-amri W&z Muntadhar Sultan 18911n13MAa84ITE
Spectrophotometeric Determination of Ponceau 4 R in the Several Beverages Using
Mixed Micelles after Cloud Point Extraction A8iMn133tAs1zAgnsIn1annLAse s

4 ' & Ao g A A = °
] ﬁ?"JNVNM’]ﬂWﬂ’]?@J@ﬂ@uLLNQﬂ@Q Ponceau 4R WN@%IM@NNN@’]WW’&LL@G*’]’N@’W%‘GM’]VLH
\ 4 . d' o v
LﬂumumuiumimmLmzmma‘mq ] @’mmmimm@mmumﬂummﬁmmmimm
Molar absorpitivity 1lLa9A9NEN2AAY 507 nm 8 lutas 17 x 10° - 24 x 10° L:mol™-cm”
(Thani uazALEU 7, 2018)
Malvern Instruments t1AM1N15NAABILTY Particle size analysis of calcium

carbonates by laser diffraction Aa3ATUIABYNIATEY calcium carbonate aald35n193R



19

AINNINIZIRILAIAINUALALTRT AINNANITNAABIUANIAT1IUIABYNIATAY calcium
carbonate taguINHAUIABYNIAGILE 1 — 100 TuTATINAT (Malvern, 2015) $9NI9U3EN

Sigma-Aldrich 1A 317U A8 YN 1ATA calcium carbonate tAd1HauIAdaaNd 50

lulasiums (Sigma, 2020)
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1. nMsAnTayallanu 1UIAY NgrGANeITaiunIsIaY
L o P v dl dl Y o v dl o &
g liAnmuazsusandeyaiinasdesiunisadraganimaassfiienann o

|
e A o

Tunnldunugilnsaimidinenmans ierinnisAnmAinisdesinueduasileansaanad
v Y QI 4?1 dJ ¥ o = & a6 =
AN TULAZANNNUUNNNINTUTIdaAAR N LN T F-uauidsn uazAn=INIg
1 1 b4 v
NITRUAUNDATAZANNATINYUNNTU AINIBNATT LNAIH NUIFEFN 7] PINTIANEN
[ e o [ ng a - aa o v o o
wazsrusNdeyaieiuni1saisduaulneni1sinn 3 85 et undssyndlidmiunns

aanuLLuaraiNgANITasesasnndesiungresdef-uamdsn uaznimnsziaeuas

2. ﬂ';:"l\'iﬂ']‘i‘lllﬂﬂ’ﬂ\ﬂﬂﬁi"?{ﬂF’hﬂ']‘a‘ﬂ"ﬂ\‘iNI’]uLLQSﬂ’]‘Iﬂ‘é‘gLaQ“II’ﬂ\‘I (1R

2.1 danansal

5)

2)

1 7

nwilsznau 10 dangunsnildlunimases

1
¥ a

1. A170ANURANANDINNTA LAY f13Ta BEST ORDER Iaaidasn ldumsludnas

) o al

annstiiatinunun g luntsauanslaun Ponceau 4R hag Carmoisine TNH#mAlAT94514

a

19AR C,oH, N,Na,0,S,.0, 8z C,.H,,N.Na,C.S,

3674
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2. gnUsninnnga lvatiaudian1danas

3. annga ludnsulnduuuaaniiiaugs 8% SAMSUNG S Duos GT-S7562
Tneldutiaaiduunasinianas@sng o 11 Lasdund Wen WIRN Laz119 AINNIIFIAN
3AAR RGB anualwaLadu RGB — Colors mixer @4 laasunaldlurinda wawaimduly
aunFmTnusaly

4. aufalrugusiuldidusasuuas 84e Iphone 6S Inalduadnaiadu
ColorAssist JAANANLAIIALNT81UAY RGB

5. Andmsuldansazans a1ndunfsAneInIsdaan utesnaalne ldAq Nyt
TUANAVERAN WATN1IAN®INTTNILIAIIdnasIne ldAd N ValawAY

6. gaqiinaninlaainnisia 3 J

7. MARAAAEINTUNA 1 ml FNUSUNLARIIALANE

dl = 6 aa 1 QI ) o’n” Y o Y
8. 1ATaIN NN 3 1A TnaneuEuANWINI U ldIuandufenadauAy
al dl a Cd aa di v Q’j dl g a Ce
AR ENT09g U lwATeR AW 3 HAneuie llAgdaueunanysaluuulunisiuy
v ] ] v v v |
FUINULATANANN 3 NF Lﬁ?m%ﬁmﬂ‘gqm@ﬁumu 1 14 NAUNITNNNEUINUATNLNDAINN
o ng dl a o‘ngl dl a c = ¥
azn9n N9 TUUBBNAINFUIBITBUATEY N1TRNNTUIIUIATRIRN N WA TR AL Ul
y v 2 4 ,

aanidludu 1 auldgiuanumiunesnuuuainlysunsy Autodesk 123D Design

9. IEUNAERNAINTUANN 3 NA 13m Poly Lactic Acid (PLA) @an1d sy

LPFRNNA 3 HAdusuaietnginanl

nwsznau 11 1dule PLA e

Aun - (vdwle PLA 2an&n15erasiin 3 J," 2018)
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10. Tlsunsnlueiesnaniiaines

10.1 Autodesk 123D Design
Tusunsu Autodesk 123D Design (nwdsenay 12) Tag Autodesk @3190
download #an https://autodesk-123d-design.en.lo4d.com/windows Lulilsunsudnsy
NNALAZAANULLL 3 3B ‘EmﬂmmmlﬁﬂﬂgﬂmqLmzﬂﬁ‘”ummmm%umuiﬁmnLmum?lmﬁ@
NAULU Lﬁ'afa'anLLuu?ﬁ”umuLm%mugﬁﬁLLﬁq'ffmexport"LW@’ﬁfafaﬂmeﬂuivmrmumm STL

dl % er 1 o dl a " aa
el lunsadsTiueusuniuilsunsu cura wazipsaInunw 3 AR

RYOETO | w = e

«
«

N oo v - o V4

B)

Edit Grid.

Unas Soap  Asgutar Snap.

nwilsenaw 12 Anyansndldsinsa Autodesk 123D Design (A) wazniwauziilaldenu (B)

10.2 Ultimaker Cura
Tsunsu Ultimaker Cura (nMWUsznay 13) wamlag David Braam &@18190

download l#ann https://ultimaker.com/software/ultimaker-cura uldsunsui 1 lun1ssa
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ANTEALLBL AN y IR LRI RNW 3 TR 193 AnamusiuTeadule dnsnse
Tunnsfiud dnwesazuany Wudy WedeAnmeazidaanisiuudalsunsuainisn
ﬁqmmmqﬁ’tﬁum?ﬁuw‘mmm?ﬁ?ﬂﬁwm%umuﬁu°1 lakernmaazndaansiuriafa
uhandasuuanalndidu goode ietidndenaaz@aanisindl 4 iuetesiine 3 75

aulagldusunsaaunisaanuuuainTlsunsy Autodesk 123D Design

A)

1 Cura - 1401

File Tooks Machine Expet Help
B Adnced Pges SaEnd-GCode
Quity -
Layer hasght (mm) fo2

S mcine(n) (07

Eratie reacton a

"

St Tootckrem (ne)[06

i Denaty (%) |CO |

Bt peed (meh) »

Pretng Wegeanes (C) (22
Support

Seppontyoe Touhng buidoie
) -
Flament

Dt (s} 3 ]
Fow (%) I |

nwilsznay 13 dryansnildsunsa Ultimaker Cura (A) tazniwanuzidaldeiu (B)

11. watnataduluannsainu

11.1 ColorAssist

LaUnaLlAT ColorAssist (N1Wisenay 14) Namine FTLapps, Inc. A18150
download t#ann App store https://apps.apple.com/us/app/colorassist-lite/id495034867
Wuldsunsuiivnausansundesluaunsniiugviunansadaesnniiduldann e d

! o I = o & X = Y 1 a
rauas lun1sauAdidunsauaaau sﬁ\‘iﬂﬁ‘ﬂll@L‘Vi@ﬁlllu@qlﬂﬁ‘ﬂL@ﬂuiﬂ’ﬂﬂqﬂﬂﬁﬁ‘:ﬁmqﬂ
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dd‘ o A dl al 3 v ﬁ 1 al dl v 1
AIUMNANFAeINAAA TnauanTaaesdiis - nianiauansAndeesnniliidusn RGB
RYB, HSL and CMYK 33aa HTML tlailaldunsuian naasaadaunfmninuasnnaulang

A ¥ o Yo o = Py o Vo , o
ANANABNSULANUTENAE 1AANIALLAAUDININNABIUININIANE TUTUNTNAL WA AIANAN
anulsannnliuainuanagtuuy Tnadddelfmaenluldsunsuuanian RGB antiuling

e
ﬂ ’1@1’11 @’]ﬂﬁﬂ.l@ﬂ‘hfﬂﬁﬂm?ﬂ\‘mw’?ﬁl + NAUAENE ‘Emmmﬂwmmuummm

ﬁﬁ

o &2 . ! i A

HunnAAls 20 A avnnsagAndnidsunsutiuinlalaanandyaneal vaanladimis

puaaHasuandlugililsznay 20 B A@nilsunsutiunnlauanssaninisenau 20 C

@000 .. ) 7 @ 992N

{ Back

RGB: 5254154
° Medium spring green

| ety
ol
RGB:48 330 g .
CMYK: 0 31100 81
Zinnwaldite brown e .
8 |
ol
8 |
-l
8 |
ol

RGB: 611010
Napier green
RGB: 54550
Warm black

RGB: 49440
Zinnwaldite brown
RGB: 47350
Zinnwaldite brown
RGB: 43290
Zinnwaldite brown
RGB: 40240
Zinnwaldite brown
RGB: 37 211
Zinnwaldite brown
RGB: 35190
Zinnwaldite brown
RGB: 31160
Zinnwaldite brown
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11.2 RGB - Colors mixer

walwaLAdu RGB — Colors mixer (NMWisznay 15) uanlne dmyTRUEK
a1a1170 download ldann Play store ilulisunsuiildadranwitundadudsing 1 aunas
farn RGB Tulilsunsu faeldlduatnaiadu RGB - Colors mixer $anrfuuinaean i
UnaALNULUaINLEALas Nawilsznau 21 A wassdryansnizesidaun waznawilsznay
21 B - E WA NALMEIR 1A (389 13U 1azan9 7ildannnnssadn RGB nsrnmuara
RGB anunrnvldlnansdeuunuAdaesdn R A1 G uazen B fignuuwaeamrianld uay

o 1 dd‘ dl v 1 ¥ I v
TURAAIANLADURATNLULNLULAANNINATUANDIENALAINUNIAE

A)

E)

L I

nwdsznay 15 dyaneniualnaiadu RGB — Colors mixer (A) NMANUMAININA0 LAY

(B) Adlei (C) AunRu (D) waz@en (E)
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2.2 98N19NARRINITIANITRDINIULAS

N19INAABINITIANITADIELNUIDILAIAINITOULNNITNAAIADNLTIL 2 AL
ABNIINAABINIITANITRDIENUUDILAIHAAITALAEH AN UTUANTU WAZNIINARD

N79ANNIARINIULBILALN DA TATAN R AT NUULANT

ARUR 1 NFIANSAAIHIULALT agNTasaE i AN NI W RN T Y
1, SURBUNSIATENFNTATANS

1.1 WTENANTALANLANANDINTANNENTY 1 % TnetSums

1.2 anAnuiduduaesdnsazan el ld@sazarefidAanuidudu 0.05,
0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40 LAz 0.50 % Tnefsumg

13 WasuniagaesanniduduaindesazinatSunandy sauau
luianasesgeansiiganaunasgnuiafisuiiuns Tanansi 1fduacludnanaimstiie
Best order 114 lunnsA 1 ns A Ponceau 4R WA Carmoisine 341817820783
nanesAnnsiiaaududusiuan 0.5 % Taesuinsddiuauluianazes Ponceau 4R
waz Carmoisine A3k 3.865 x 10" TulanasegnuaAriiausiums

TaeignsazaefidAanuidadu 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35,

0.40, 0.45 WAL 0.50 % lasFunmsuandldlunnilsznay 16

' j L

Ty

0.05% > 0.50%

AMNLUIZNAL 16 A19AZANURNANAIUITIADANALAINANITNTU 0.05 % - 0.5 % 1l

SIEFRloF
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2. TUADUNITNARND

Cuvette (sample)

()
£ | Incidentlight ____ Transmissionlight &
s§ ' ! $5
2 I | Tt
= g g g
2 St —— *l - 1 - -G
Eon | 1 S
28 I i 3 :
& E——— E
a G
= | &
Sample holder from 3D Top view
printing

nidsenau 17 N199pa9gUnsnld usLdAN 19 4adNILTIUAIRINANTAT AL RNANDIUNS

A o Y oy oa &
LHANAIMNETNUULNNTU

2.1 4nnegiinndfng 9 Tnelindeaasannsnlnuniiuginsniinaniuy
Y 1 U = o o ' dl [ o a a 1 k%
isuasat luiurdunsansaiuiuantfalnunduunasiniianas Uadeani1auamnesiy
119719 2 suatiasiuLaIRINAfsuansunusaLdaslunwlsznay 17

22 1dualwaLadu RGB — Colors mixer a1naN15a W w11 u
wnaenlakaadmsUAAT it A auaLansAR 19N INAT RGB AuWAd R = 255, G =0, B
—0R WM R=0,G=255B=0aUNRKB R=0,G =0, B =255 wa&d917 R = 255, G =
255, B =255

2.3 dlauatlwaadu ColorAssist amnansalnuniiuginsaiinaAiaa
CENIR

o a rdl 1 % 1 v o o ] 1 al v Y

2 4 Ay ldundan lduananisdnnisdasnnunasine 3u sl
LARINURALAITULANA LAAAY NNTTURNANLRINdageulnandaarasd N Fa T
gunsnidaaonudnuasianiuuenaiady ColorAssist TUANATLAIALAY (A1 R) 11HU
waznvua liArauduLasngasEudila e 1

2 5 ilaguainudanidugnsazanaduaeaa N udu 0.05% las

1BUIRIMINIITUNNAY RGB 2890a89N g8 1A 1 189AnN gl 0.05%
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2.6 Mdda 3.5 nalasuansavateniaonududusinauizes o au

ATLING 10 AHLTN LATNGIanNA 3 901 LasEudauLsde 2.4 sl

%
o v

2.7 1 1aNN1INAARIATUNY 10 ANHITNTULA NG 4 2.4 Tas

~ ~ L o A = Y a o o g o

WAL UATRILUAIN IR ALAILTWLASLTE9 UINU BAZINT AINANFU NITNAADIN LG
1 o a a A Y o K 1 dl ] ] 1 a A 1

LUAINIHALAIALTY9 THTUNNAY RGB 199LA9N489611aN1ZANIDILASA L8 (AN G)

v ltuaaiunaedun@ty JWiuinAn RGB 104ubaI N4 a9t UIanIsAN18ILEIR 1R (AN

v
B) @auns I unasnianaailunasd@enn BWiiuinaAn RGB iagnuen

ARUN 2 NFIAAINITADINIWLAILNDAITNATNAULNNAU
1. UABWNITLATLNFITAZAEY
o al =l U £
1.1 141782 ANUANANDINNTALAY ANNLTNTU 0.30% taeifFUmTINg
ludninasiesreanld
= ] o =
1.2 WraNa19aza18NAINYL 1 mm Tnglduaanananauin 1 miga
= ) a a s = -3
arsazargantuininesaiusu 0.1 m anasldluAsnd gaatsazatsanluinines
719U 0.1 ml FAIUSUNITNNANNUUIUAIANTALANEANUIU 1 mm Ipsd19azaaN o

AIMNUUN 1, 2, 3,4,5,6,7, 8,9 LLag 10 mm uanslunwilsznau 18

1 mm 10 mm

AUIZnaL 18 A1TazANEANANaNMIALAIANNITNTY 0.30% TaeSums maumun

AILE 1 — 10 mm
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2. TUADUNITNARND

Color reader
(camera’s smartphone)

Tr ission light

e

Sample holder from
3D printing

-— -

Cuvette (sample) ]

L Incident light
Light source ) .
(Display’s smartphone) Side view

nilsznay 19 nednavglnsnidniudanisdedueesuaiaInansaza e AnaNenmng

A o St
HANAMNARUILNNTY

2.1 4pnn9gLngndsing Tnalindasassaunsalnuniiuginsniinaaiu
dnuasag luuuadunsapsoiuiuannsauiniduinasiifiauas Tadeamniauainiamu
£ :l/ v dl [ o
419919 2 AU AULAIRINANUBNTLNIUAILA RS I UNINLTEnaL 19

22 1duatwaLAtu RGB — Colors mixer a1ndN15a W w11 u
AN ALAIRIMIUAA It auaLansARN9)RNAT RGB AWAd R = 255, G =0, B
=0R WM R=0,G=255B=0&U181 R=0,G =0, B =255 wazd919 R = 255, G =
255, B = 255

2.3 \Uauntnatadu ColorAssist arnannsainuiuginsalinAiaanu
RIS

o a rdl 1 9°/ 1 v o [ % 1 1 a) 1

2 4 ALY 14180 1N NN139AN194 a9 i UILAS LA LTl AT e LA

N19A1LLUIN T UL IN 18 Uans LN UTA e BuAU T LA AN ML ARAUTULAIR LAY N1IN1T

o K

inAuasndeseulngndasnasan s uiniduginsalinanuduuassouiuueilnawe

o

. o & = ' .o ° v o A ‘
%1 ColorAssist TUNAAMA9RALAY (AN R) 111154 kaZAMUA HANANNITN AN D901
nlafuen |,
2 5 1aguanidaniduansazaadueaaaauen 1 mm nanstiunn

AN RGB 1a4uaAINda96nuiluAn 1 199A2:89U7 1 mm



30

2.6 UNMAAAAAELANAITAZAIUNIANUIL 0.1 ml LAIRARIlWALINYTN
ag luganaaasiiugnsdunininglidesaduginsal ialdldaisazananiaaunun 2
mm LATTUNNATLAINZa9EUTUAY 1 ARIAMNIUT 2 mm

2.7 nda 2.6 AUlAR1IALAEATUIG 10 ANUUILAZNE1IUNA 3
A5 TnaBumansda 2.4 Wusull

2.8 1HANINIINARBIATUNY 10 ANUULaaliNg T 2.4 Taelasiu
al 1 o a = soj a o o dl ¥ 1 o a al
Avaaunadn o uandunadden 1R LA ANNAAL NNINAARIA I LUaINILALAIA

@e1q 1MTUNNAT RGB 184uAIN4a961LaNZA11a9LadR 10 (A1 G) vida ld gl

11181 WTUNNAT RGB 1844 &IN 4096 UIRNILANTBILEIA L[ (A1 B) daunisld

v
uaanRaALad g Biiunne1 RGB yaauAn

2.3 "ﬁmfi‘wmamme’i’mmeneztﬁau,mLﬁamsazmﬂﬂmmﬁmﬁuﬁu
1, duRBUNSATENENTATANE
1.1 WTENANTAZANENIEAAUANNIENTY 20% TnaiFunms
1.2 appudnduregnsarataanldansazanefifianududu 2, 4, 6,

8 Az 10% wamdlunwilsznay 20

ANLTTNAL 20 ANFATAENIIAARWAINEINDU 2, 4, 6, 8 WA 10% e fsung
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2. TUADUNITNARND

Cuvette (sample)

Sample holder from

Incidentlight = _{_ _ —
1 3D printing

-

T
<
o
g8
2 E
1
2
Ewn
D >
i
a
]
a
=

Scattering light

Color reader Top view
(camera’s smartphone)

nwlsznau 21 ﬂ’]?'%/ﬂ'J’]\iQﬂﬂﬁ‘ﬂjﬁ’]Mﬁs/Uﬂ’]?VIﬂ@‘ﬂ\‘]ﬂ”lﬁ‘ﬂ?zLa\ﬂI‘ﬂ\‘iLL@Q@WH@W?@%@’]HW]

a aid Y v 4&‘ d?j
AAADUNNAMNLUNUVNHN UL

2.1 Ann9gLingndsing Tneldindaaasannsnlnuniduginsniinaanuy
WNAIFIRINAUA N TATALA LT UL AR AN DA LAILAY TATAINIILAINIIAIUTINHAY 2 A
dl o/ o/
19N LLAIRNNANEUANTLINAWAILA A9 IUNINL Fznas 21

22 1duatwaLAtu RGB — Colors mixer a1ndN15a W w11 u
AN HARAIRMTUAIAN lnTNAauAILARIA AN ANAY RGB AUAY R = 255, G = 0, B
=0R WM R=0,G=255B=0aUNR1 R=0,G=0, B =255 wazd919 R = 255, G =
255, B = 255

2.3 \Uauntwatadu ColorAssist arnannsainuiiuginsalinAiagnu
RV

o a r-dl 1 %’ 1 v o [ % 1 1 a) 1

2 4 1Ay ldunlan 1A unin139an1sd el uLAT LA LTl AT e A

N9A1LLUIN T uLaIN 18 uans LN UTR e BuAU T LA AN NEARAUTULAIR LAY N1INNT

o =K

inAuasndeseulngndasnasan s uinidugnsalinanuduuassoniuueinawe

o

. o & = ! .o ° v o A ‘
14U ColorAssist LUNNALLANALAY (AN R) tN1UU LLﬂzﬂqﬂumﬁlﬁﬂqﬂquL"ﬂNLL'&\?VI@@\?N’]‘H

dnlanfuen |,

2 5 lasuainuianduansazatn13aAauA NI WD 2 % 11N19

1UNNAN RGB 199LANNAB9NIWTIUAY 1 UBIANNTNTU 2 %



32

= v

2.6 1g1da 3.5 nailasuarsazananidanududuninauizesau

ATLING 5 ANTHLENTY LAaZNdiands 3 1aU InaBusansda 3.4 Wumwll
2.7 AN IN1IMAAAIATLIN 5 NN ULAL [T de 2.4 TaelAsi

AURIUNAINNDALAILTULANTE UNRU AT ATNANAL NIINARAIN T LAAIN IR LRI

@e19 WHIUNNA1 RGB 109N 40N ULaNITANIIREIRIIHG (AN G) w3a I waailuwaad

' 1%
a 1 ° a I

1U1R¥u WHTUNNAY RGB 2990 A4N 429U U NIZANIU09LE93 1S Y (AN B) d91n19ld

wraanianaddunaIdang Biunne1 RGB yiaguan



uni 4
NANTSANEN

nmaaastliaanuuuLarafegAnImaAaeddIusuInAINIIARINIULAZNIT
nezidquaslnaldanfming 2 insaailunnasnntianasiazalnialinaaanuidunas
v a e aa =8 d’l v '
aanuULLazaiegan1maaesinanisin 3 85 TunisAneildudanimasesaaniily 3
NINAASIAE N19IAAINITABININTIDILANHBA Az AR ANNIENTWANTYE N19TRAINNg
A0ENUIDIUAUNDANTATAEHATINNUUANTU UATIANIINILIAIUBILAINNN 90 BIALHE
= 1 d?j 2 o % o 1 o Y o d’J
ansazanalANguNINTY Inaide lAlansnanisdnAwasnan1InAaeInINinde A9l
1. n3dnAIANNdNLAIINUTINAe AN TR TN
A . “ ~ .
2. N39AAINIIABEINULDINAUN A TAT AN AR NN TN Y
3. N199AANNNIABIEINUIBILAUN DA TAZA NN ANULNTL

4. SANNINTLARILDILAITIHN 90 BIANHBATATAIUHANINYUNINTY

1. NFIAATANNLTNLAIRNNULIABANIS ALY
[ % 1 % al % & dl

N13TAATANH TN LA BIUAIARA Y ] Anu1aedN1TalnuInIATE

Spectrophotometer (Occan Optics, USB2000) Waldluni1smAIAI TNE I AR ULAINH
o ~ dl = = Y = an o o -

AMNLTHLAINNINNGATDILAIALAT LUEIURY 1AL Alearnuinaaduismniny
SAMSUNG S Duos GT-S7562 TasifaALg91a4 M tnaadfng 1 anuelnalAdy RGB -
Colors mixer LaZNAN RGB 1a4ua4auAid 255, 0, 0 WAIRLEN 0, 255, 0 LANAUNIRU O,
0, 255 LAZLA9AUN 255, 255, 255 LANITIAAIANNITN LA LAAL AL lun1nlsenayl

22



34

60000

—— White =457.71
558.25
602.45
——Red =609.44
> 40000 A Green = 560.66
g Blue =456.81
9
£
T 20000 -
2
=
0
T ) § T T T
400 500 600 700 800 900

Wavelength[nm]

NNLTZNaL 22 ANE1IARKLAIANNUTNARANTR Y

1 1
=

HATE9AIANIdHLATININ A ATEIuAsARS 7 wandlunndszney 29 TiuABua

q

AuAY 389 UAZUIEY AR N NLAINNINN4ANAINE1IARY 609.44 nm, 560.66 nm UAY
456.81 nm ANa AU TuanuzuasdannlipiAdNLaINNINIgAa1uaL 3 Anke 457.71

nm (INAAsNALLAIRUNRY), 558.25 nm (InAuAeNAUwaIR@e0) waz 602.45 nm (InALAsN

'
! v | % = o

AUuAELAY) dunaladnAtaNdtLasTesLasds R laNAIANNIdNLAINNINNgAI 1Y

3 199 uazuAartIuINAREAUAIAINE 1 AAUTNINTI AT LAALALID ABTILASA
alARIANNdNLETNINNgA 3 TaeuasinAlAReiULAIALAY T80 HIRY HB9AINULAIE

v
PNIAAAINNNTNANTUURILANA LAY AL LATAUNISY

¥ ¥ .

' 1y a A a
AINNTINNAURIATAITN LN LAIUDI AR FIN °'| w1ﬂﬂﬁﬂwuﬂﬂﬂﬁmﬁiwiﬂu AN

] I | I
=2 oA A A

ANEINAAULATAAT AN U1 Tl AU RN e LA AT A NEN A AU AN N

b

A o A Ry 1y - 29 aa 4 o
LAYNINNA R uuﬂ‘ﬂLL’&W%@’]HM‘L&W@mmwmiﬂuuuhhLLMWNMWNH’]QW@‘LAML@HQ Iuﬂ']?

q

2%
o al=]

¥ a ¥ . A I o a d‘d
NARBIATINAY ITUASARN ] mnum@@@mmiﬂmﬂ?ﬂuLzﬁu@uLﬂumemLumm\mmmm

A o
$N1IANLLAET



35

2. NSIAAINITARIENUTDILAILNDFITAZANLN ALY NAUL AN U

N199AANNNTABIHIUTIBILAIANANNARINTA WAL A TAZ A8 N AN LN
QI d?j :J/ | = ¥ ¥ o
WWNTUAIUA 0.05% - 0.50% TAat/FNms Auuun 1.0 mm a1unsavilalne ldndaauas
289811 FR TN Iphone 6S FaNfUUeLNA AT ColorAssist T4AZUAAIANANNITNLAITI A
duanansazanalugiuuian RGB A RGB Nansnlnudnldtiunnaslumnsiaiunn
HAN1INAREY LAz lLATNININAIN1Td RN ULRILAIAINANNNT 2.1 NFBNTTIANUITUNN

ANLRALILATANHNAALAAAL

|
o |

dl 1 1 1 A dl o v v dl
UNANAALIAINITEAIENULATAIANAIAA AU AU AR FINN I TN A LA A
ANHANNUSTLNIN AT AN NI NI ULBI AT Z AL AL AINITA DI UADILRIA LAY AL AUN

KU wazdea azlansnuanimaaassaisnslunintsznay 23

1.0 -

0.5 -

Transmittance

0.0 -

L v ) N 1 ' ) v 1 ' I N I M ) M I
-5.00E+017 0.00E+000 5.00E+017 4.00E+018 1.50E+018 2.00E+018 2.50E+018 3.00E+018 3.50E+018 4.00E+013

Concentration of red food coloring agent (molecules/cm?3)

ANU3EneU 23 N9NNNIABINNUIBILASA LAY FLTE0 AUNRY (FUNY) wazdeno (Fulse)

vllw-dl

o Ao A ~ Y o a £
NWIANNIWLLANALUAEINIA LALNARANTAS AN AN LANUULNN UL



36

ﬂ?qWIUﬂqWﬂﬁ‘zﬂ@U 30 LL@ﬁﬁﬂq?d@\Tﬁjqu%ﬂ\iLLN\Tﬁﬁjqu@flﬁ\ﬂgﬂqﬁlaN@N'ﬂ’ﬁ/ﬂﬁ‘a
A ¥ v A g9 o a a A A a A o8 a =
AN AITH AN UUA N °'| LN@imLLV@Qﬂ’]Lu@LL@Q@mW\T °‘] AR ALLAY AU AUINU LLAZAUNI
P a a ~ Y ¥ oa & ~ \ | A
NWLUAINHAANTALANLANANDNUNTALAIN AU LANUULNNUL R NATNITADINIUURILLANA LU

LAZLASAUNRUAARY LAAINITEAINIUUDILAIRUASHANNIAN TUADRNTALANRNAN

b4 B4
= KX A

= Qi Y ¥ o , P P ) = a = =
amsauAsnNANNdNduRNIuTlnANA BLAYALAY uFAzaNNIIgANAULANAITIII AL A
Ruls wazannanuanimaaeslunindsznau 30 AuansldAn Typical cross-sections
YRILAIRLVLILAZLAIAUIRY 1.62 x 107 0ay 1.71 x 10" cm/N hazd Al REmMAAw
0.98438 WAY 0.9844 ANATFL haziHaldwasdana (1 Kuilsy) wiFauatawiunislduaa
Y Loa oo - v o Aoy o
ATLINANA LAt i TFNaN1IMAaaINaanARaa i LIRaLA T LA LAY

ANNUANIINABAINITTAAINITADIHIUIDILAIAIN AIFALAE RHANDINTA WAL

= = = = a A % a 1
ANTAZALANANDINNIAUAIHAIINANNT0 TUNNIRANABUANA T B LATHIRY LAZANAN
Typical cross-sections Az 1A9UANAUIRUATNIINYNAIATANU ANANDIMNTRUANAANAL
waIlANINNIWENA LTI Laziia T uaedanquanimnaaaed el luiAniameaiiu wieil
= = 2 [y £ A - v v a2 A
ANTATANURANANANUITAUANALAANABUAS LANNTULH DA Taz A8 R AN DTN T UL Y T

v o = v a = &
@‘ﬂ@ﬂ@‘ﬂﬂﬂ‘].mq‘]:f{]%‘i@@@LL@%ﬂ{]‘ll@\‘iL‘]_IEI?

3. NNFIAAINITABINIUTDILFUNDRITALATLNAMNNUUILANT U

N199AAINIFE BN UL DI LAIRNNANNAAN WA UAILHAANTAL AN N AN NN
FaF 1 mm — 10 mm AN NTY 0.30% Taeil3ums a1u1sanlalaaldnaasnasuas

& | o a o . dl 1 v dl ] 1

AR 1N Iphone 6S TanALLaUNALATY ColorAssist TIRZLAAIATAINNLLN LAINABIENY
anansazanalugluuuAl RGB 1A RGB Nasnfalnudnlitiuinasiunisnaiunnuanis
NAAAY LAY AT UIUNIAINITEBINIUTBILAIAINANNIT 2.1 WIANNIATUITUNIATLRAS
LAZANHAIALAADLS

o o . 4 . Y 4

UNANRALUDINITEAINILLAZAIAIN AR AR WA AW LA T @ F19ulungni
LAANANNNANNUFTLUINATANNUUNUDIRITAZ AL TLAINITABINIUURILAIRLAG AL &

181 Lazarn azlenanuanimeaassaignsluninwilsznay 31



37

1.2

1.0 4
0.8
0.6 4

0.4 -

Transmittance

0.2 4

0.0 -

FE E EEEEEERN
L L L L

0 2 4 6 8 10

Thickness of red food coloring agent (mm)

v
AnU3Enan 24 N9NNN9RBIHNLIBILASA LAY ALTen AUNRU (FUNY) wazdeno (Fulse)

o

Y g A v = - &
NFRNNINLAIALT N TR IR LNEA T A1 8 N AN UL AN T

21NN NLIENAL 24 LAAIN1TARINIUIRIULAINADIENUATAZ AL RNANDINNT
= Y a . A g9 il - a P a =
Aupsanidndi 0.30% NAnumueg o) Waldunaenilinuasdsing o e duns AiTen 4
901 a = 1 dl = al al QI d?/ al 1 1
U1RU BATAUNY WUINHNDRNIAZALRUANDINNFRLAIH AN NAUILANTU A NAINITEDINIU
YAILAIR LT HILAL AR U UAARY WAAINITEAINIUUAILAIA AR ANYINAN WUAS
=~ = v o A PR QR T - = \
ANIATAURNANDIMITAUAIANNLTNDY 0.30% NRAMNBILANTUT N AANAULAIALAS WA
= a A = 96’ a $
AzAINNI0AANAULAIALTEIUuATRUNRULY wazannavnanimeaeslunindszney 35
AR Typical cross-sections U8ILASAITEIUAZLAIAUIRUW WINTL 2.02 x 10" uaz
2.25x 10" cm?/N WaTHA1 RZWNAL LAY 0.99055 ANNANAL wasiialduasdunn (Wuilsy)

1 v v 1 1
fnalasndunislfuasasuieaindluasamaaniu Wnan1maaasidanasaaiunawn 4
PR
WRGIGEE
ANNUANIINABAINITTAAINITABINIULDILAIRINENTD AR LANAN WA WA

ANTHNUNNHT LU A198zaN8AnaNasduasiauannsnlunisganauLasd douas



38

1R uATAINAI Typical cross-sections Az A9 a8 RUAINIINYNANTAZ AR LA
al A % 1 a a dl % =l dl v

2INTAUAIAANAULAS HNINNIUAATY wazilalduas@anonanismasasi taidullly

HAN1amaiu Aellansaraa@nane1nsanaazgAnauLadlANINInEaasaz AN

AVINUUIANTU TIADAARRINTLN )RR ANATN)189UAN A

4. TAN1SNTHAVDIUANL DD UNTAUIRAMNANUAIVINNN 90 BIANUUNAIN LA
WARAINAITATAIANIAADUNNANNLTNTY (AMNYW) LNNNINTY
N199AAINIINILIRAUBILAIAINAITALANENIARABULNAANTALABH AN LT N
WWNTUFIWA 2 % - 10 % laad3uimns dnunsannlalaeldnananasaaaausniny Iphone
6S anruuaLnaAtu ColorAssist TARZUARIAIAINIENUAINNIZIRIBENNIN YN 90 BIAN
Auunasnuiiauaslugiluuusn RGB 1A RGB Nannsalvudalatiunnaslunisetiuin
NANTTNAAEY BATUN IUANUIUNIAINNITARINIULRILEIANNANNT 2.1 WEDNTIANUIDUNT
.l 4
ANDALLAZAINATALARDL
N e 4 A Y o X
UIANAALUDILAINNIZIRILAZAINAALARAUN AN UL A a9 ns W Anana
ANNANAUFTININAIA N T NI U R9A1TAZAENTFARRALAINITNTLASTDILAIAWAS A

12817 AUNRU UAZAU12 azlansnuanimaaassatdnslunInlsznan 25



39

240

220 4
200 4
180 -
160 -

-

RGB value
ey [@)] (o] 3 N S
o o o o o (]
L -1 -1 . 1 . 1 .1

20 4

10

T
8

Concentration of Gaviscon (v/v)

ANU3ENeL 25 NIINNNTNILLAIUBILANALAY ALlien AUNRY (EUNY) wazdane (Fulsy)

1%

P s a o ~ N =
‘Wﬁ"ﬂﬂJﬂ’]WLLZN?NLﬂJﬁIQV]QmVl,mL?J’ﬂzﬁ’liﬂt@’lﬂﬂﬂ')’m‘qummju

nakanIInaaas N Wl sznay 32 ua ﬂ\iﬂ’]ﬁ‘ﬂi&a\‘mﬂ\umﬂﬁ&i’]%iﬁﬁ‘@t@’]ﬁlﬂﬂ

a ¥ o A g9 ) a A o o a a % A =
FAADUAITNLANULF N °‘] LN@I?LLV@\?ﬂ’]Lu@LL@\‘]@m’N c'I AR ALLAN ALALIT AU LLAZAUN1

¥

] 1 v 1 v
NUINHBATAZANLNIIRADURN AN NI NTUN LAY N1TNTLIAIUDILAIA LT A AN LT R
TnauasdunsdnAnisnsvidsuaslddeangn wasduiRudnAinianszidsuaslaninign 18

v
AN R® U04UANA LAY ALTEQ LAZAUNISUWINAL 0.94399, 0.9687 LAY 0.9279 AMNANAL LAY
Walduaedeng (dutley) WFauaiauilunislduganruiaanudluasuneany TaAtngad
- a ¥ Aaa a
wasEANAINNIn IUNNINITIASUASTRNgR wazLasAmaaNANAINNT0 IUNINILIATLAS
.
Tfungn
dl v (=3 F 7 1 = :J/ = a
ANNANIINARBIN LAz lAILAILAAZRITUT AN NAIN170 TUN1INT LIRS LAIAN

ansazarendaaeulaldviniy WesainauatnnsnlunisnseaenasdAauagiu e



40

= p~ o o q v = o o
m’mmf;m@mmmmmm@gmmLﬂumﬂmqwﬂmmqmmq LRAINHATAINNEIIANL

FNAUATHANNNINI LIRS URILAN LN



un¥i 5
a5l adsana uazTalEdaLUL

1. agduazanlsananisnaang

Y ¥
a v a A ;s o

TuendderuigideldviinisesnuuuuazaineganimaseseAnesngnisal

u

PAILAT AD TANITEAIENIUUDILAIAINANTALAURANAN AN TN DANTAZA N AN DN

BAYANHAUNANTU LAZTANIINILIAIUDILAIAINANTAZANNIAAALLNDANTAZ AN ANH
dudu(Amgr)NINTY aanuULLaraF gl nsaldmiuusaaTara LAz AR N AN TH
Wulne ldATaANw 3 85 Wran I Inuldarusandun1slfualnapduriianaunuil

wasnLiauaarglnsniinAAnduLasissansldunuginsniinenmansids e

= 1 ¥ o a

=2 tdl BJZJ/ a kg A dd‘ A dd‘
g uanisAnE laduldaanguasdednedngnganauazidugnetmnsaduiviaes

o d Y P =

nnreansazanalunede Malluanimeaesilaaenadeiungreuies AeuasgnNaANAL

v 1 14 1
=® = =X =

NINTULHBA9AZANEH AN NIUNINTY uazn)I0IuANITFA ABUAIYNAANAUNINTUNS
AN7ATAERANIHUUIUNNNINT F9INHIAINITNUINITAAINIINIZIRIRAIRINAITAATN

Y v

a dld 1 QI dg/ Y & 2 dqj dIQ :I/
VAARUNNAITNLUN UL (ﬂ'ﬁ’]&li‘lu) L‘WQJ"II‘HVLG] muimmmmi‘mmmmﬂu‘gmﬂ’wwmmmmm
Y [ ¥ L a a‘d‘d v o o | QI U
VL@\T’]EILL@ZVLNﬁ]'ﬂ\iiﬂ]ﬂqﬂﬂﬁ‘ﬂéﬂq\mmﬂqﬁq@ﬁlﬁ“ﬂﬁdﬁ"]ﬂ’]LLW\‘l Q’J@EIMQ\TLﬂuﬂEIW\?ENQ']ﬁﬁﬂ’]?
dl ! 1 a e 1 ¥ v A o =]
NAABNETAINITARNHULAzN1TNILIRTauasa T s Ted BAFHADY UNLTEU UNANE

A gal ~ , . a >
WT@QW’NUGL@ Lﬁ‘@ﬂﬂ'ﬁ'ﬁ'ﬂ\?NquLLﬂzﬂqﬁ‘ﬂﬁ‘zL@\?‘ﬂﬂQLLZQ\{LG‘W

2. UALAUDLUL

2
o k% A ©

a o a’l/d a s di ai
n133deluafaliiinnsldgUnsalaiannseiinduargnsainimaassau o 7

]

o

sufludeemilsialssdnannuasanldane sl

1. Al lunnsaineganimaaes

1.1 AUt uUA 1N A U UL AT A LS ( SAMSUNG S Duos GT-S7562 ) {8
484 97A1 1,000 LW

1.2 zﬁm?’mivxluﬁslgﬂ’mmLmu@ﬂﬂmifimﬁmmmﬂ’mm ( Iphone 6s) NaaBd $1A1

5,000 1



42

1.3 AINTHANAAANANTLLIIANIATANE 100 F1u31A 850 LM
1.4 AdlanTilauind niuussqasazang 2 AN 2,250, L

1.4 &ule PLA dmduia 3 85 91A0 750 Ln/aau

1.5 81AANIA N1IAABY 320 LN/A9A

1.6 ANANEINNT 20 LNN/19A

o

sanAndangUnsalduiuniseanuuunarafieganismaaad 10,190 U G4

99
v 1

1 E dl al o | 1 o a Cd aa
AN lFaNeA N NLARAITE i INANATAIANN 3 R
2. TalAUBLUEIDITANIINAADY
2.1 n3aanuuLgaAnIsaaedliansn ldauandn lan1uas iesanlunisfiunw
Aaaa o/ v = o v 1 v dl v L o
3 dRdnsuanazagssaresdulaasinlisunsesganimeaasldlanuideanis §a4
=S £ :j/ 1 a v dl b 'y dl v
AFBIRaNLULLATAIAIN RN Nz an e i lagLinsninsemnauAnfeIng
2.2 NIINAAAILAATATIALTUARIRIAIANAINIRdUTNAa IR AN A N a9 T
ynawnwll Wasarnangdsaantinaa auFn Inuiduwrasn il was AR Axn Al
avdsualipnud LA NN ua1Iara I ANARAS
2.3 lunisidansrainsssudannsnliuiniiugilnsaldnaoudunasiy
ansaraesiadiszeinenduiLitesinAd uuadnaindu ColorAssist agfluaauiuny

= 1

winnzan wnag inafulilanadilantanvauas luieilwaiadu ColorAssist daA1ABWANA

)}

Nlifaannsler
v

2.4 Tun19svrngiunasansndasluaunfainuidudasunwanannlaann fadale

ihasalnuniduginsnidnmnuduuasliduninassuasadnaainuaen e i laAngsy
do v e N ,

wasn indaeiuNINgaaadluusiaznImaaes

2 5 g13azane i lunimaaasuiniiuaisazans laviradaanuiduaasdtiasinull
azlianunsnszyladnansazarainisganauuarize i 1HaaInNAINITAeINIuLBILASIY
anunsndasinuaanllld 100 % fadvasidiaanldansazananiaonuiduaesdnunn as
IANANIINAABIN T UAINLANFAINUDINITFA DI NN UIDILAUHDA1TALANE N AN NI N T WAL
ANHAUNAEINNT LAY

¥ o o a o Z// 1
3. dalgualuzaniLndauassalil
3.1 afuelnandunldaniuannsainuniiuginsniinanuduuaias Tneis

ArNANNNTDTIuaNALAdUITA NN sl II AgSuLaseldan Tuna LAl



43

= 1 ! 1 al dd‘ QI a 1 a A a
3.2 ANBIANMNITARINTULAIURIANTREAHUANANDIUITRAAULNNLAN LT ALULQ |

96/ a £
1NN TR
3.3 ANMINIINILLAIUAIUDIRNTAZALNAIN AT

b

3.4 ANHININITAIVDILATINDU ] LNHIFN

q

3.5 WENWIEANINAABNANIIDdRAINId B uasuadlne ldasazaalaise

dd‘ A
ANTACAEHANLARANHIN ]



44



UFTUIUNTH







Ta-ana

%3 = = a
AU LAaK U L1Ne
A0UNLNA

AANISANEN

sz IRz

INAT NEATRL
8 L8 2536
=
BTG
NW.A.2553
o =3
JaanAneInauLlans
= a o a
AN 139FAUAINTUINTINYVRE ANLT
NW.A.2558
=& o a a caa
ANTANHIIRUNR AN UNANENFAENT-NANS
AN NPANENAEIATUATUN T 198
N.A.2562
=S o a ala
ANFANHINATUN A G NANE

AN WUNINYNA L ATUATUNTD 15



Absorption Of Light By Object. (2018). http://nchsbands.info/2017/absorption-of-light-
by-object.html

Color wheel wavelengths. (2 0 1 8 )
https://commons.wikimedia.org/wiki/File:Color_wheel_wavelengths.png

Cox, A. J., DeWeerd, A. J., bax Linden, J. (2002, June). An experiment to measure Mie
and Rayleigh total scattering cross sections. American Association of Physics
Teachers, 70(6), 620-625.

Hosker, B. S. (2017). Demonstrating Principles of Spectrophotometry by Constructing a
Simple, Low-Cost, Functional Spectrophotometer Utilizing the Light Sensor on a
Smartphone. Journal of chemical education, 95(1), 178-181.

Hussain, I., Ahamad, K., k@< Nath, P. (2016). WATER TURBIDITY SENSING USING A
SMARTPHONE. Royal Society of Chemistry, 27(6), 22374-22382.

Jr, L. A. P., Washer, B. M., Hakim, M. H., ka2 Dallinger, R. F. (2016, April). User-Friendly
3D Printed Colorimeter Models for Student Exploration of Instrument Design and
Performance. Journal of chemical education, 93(7), 1305-1309.

Kuntzleman, T. S., k@ ¢ Jacobson, E. C. (2016). Teaching Beer’s law and absorption
spectrophotometry with a smart phone: a substantially simplified protocol.
Journal of chemical education, 93(7), 1249-1252.

Liang, P.-S., Park, T. S., k@ £ Yoon, J.-Y. (2 0 14, August). Rapid and reagentless
detection of microbial contamination within meat utilizing a smartphone-based
biosensor. Scientific Reports, 4(1), 1-8.

Liang, P.-S., San Park, T., ka ¥ Yoon, J.-Y. (2014). Rapid and reagentless detection of
microbial contamination within meat utilizing a smartphone-based biosensor.
Scientific Reports, 4, 5953.

Malvern, I. L. (2015). Particle size analysis of calcium carbonates by laser diffraction.
Retrieved from https://www.technologynetworks.com/analysis/go/Ic/view-

application-note-231257



49

Markin, A. V., Markina, N. E., Wa ¢ Eilks, . (2017, March). The application of laser
pointers for demonstration experiments in nanotechnology lessons at secondary
school level. The international society for optics and phonics, 10336, 1-8.

Mehta, A. (201 2). Ultraviolet-visible (UV-Vis) spectroscopy-derivation of beer-lambert
law. Analytical Chemistry. Available at pharmaxchange. info.

Onorato, P., Gratton, L. M., Polesello, M., Salmoiraghi, A., kas Oss, S. (2018). The Beer
Lambert law measurement made easy. Physics Education, 53(3), 035033.
Onorato, P., Malgieri, M., t 8 ¥ Ambrosis, A. D. (2 0 1 6 ). Quantitative analysis of
transmittance and photoluminescence using a low cost apparatus. European

Journal of Physics, 37(1).

Onorato, P., Malgieri, M., it a £ De Ambrosis, A. (2 0 1 5). Quantitative analysis of
transmittance and photoluminescence using a low cost apparatus. European
Journal of Physics, 37(1), 015301.

Oprea, M., k@< Miron, C. (2014). MOBILE PHONES IN THE MODERN TEACHING OF
PHYSICS. Romanian Reports in Physics, 66(4), 1236-1252.

Porter Jr, L. A., Chapman, C. A., 4a¥ Alaniz, J. A. (2016). Simple and inexpensive 3D
printed filter fluorometer designs: User-friendly instrument models for laboratory
learning and outreach activities. In: ACS Publications.

Porter Jr, L. A., Washer, B. M., Hakim, M. H., ka ¥ Dallinger, R. F. (2016). User-friendly
3D printed colorimeter models for student exploration of instrument design and
performance. In: ACS Publications.

Ram, T. (2 5 6 0 ). N 1 9N 9 ¢ LA 4 2 @ 4 Wb 4 3
http://www.trueplookpanya.com/knowledge/content/62889/-blo-sciphy-sci-

Sans, J. A., Manjon, F. J., Cuenca-Gotor, V., Giménez-Valentin, M. H., Salinas, I.,
Barreiro, J. J., . . . Gomez-Tejedor*, J. A. (2015). Smartphone: a new device for
teaching Physics. 1st International Conference on Higher Education Advances,

HEAd 5.



50

Sigma, A. (2 0 2 0 ). Properties of Calcium carbonate. Retrieved from
https://www.sigmaaldrich.com/catalog/product/aldrich/31 0034 ?lang=en&region
=TH

Sweeney, R. E., Budiman, E., k@< Yoon, J.-Y. (2017, July). Mie scatter spectra-based
device for instant, contact-free, and specific diagnosis of bacterial skin infection.
Sciencetific Reports, 7, 1-11.

Thani, M. Z., Al-Ameri, S. A., ka4 £ Sultan, M. S. (20 1 8 ). Spectrophotometeric
Determination of Ponceau 4 R in the Several Beverages Using Mixed Micelles
after Cloud Point Extraction. Al-Nahrain Journal of Science, 21(1), 8-13.

You, D. J., Park, T. S., k@< Yoon, J.-Y. (2013). Cell-phone-based measurement of TSH
using Mie scatter optimized lateral flow assays. Biosensors and Bioelectronics,
40(1), 180-185.

g, L. (2557). nrseanuuu/dafeduuuniniasalninedinesatiedne .
http://doi.nrct.go.th/ListDoi/Download/384297/e7556ff87ef3d7be5e186a721a89e
b5f?Resolve_DOI=10.14457/KMITL.res.2014.159

A6, A., FUANILIN, 8., ALY, 9., uAT 4TUTTANA, A. (2560). N1TBBNULLLAZASINTYA
‘VIWM’J‘]_IL‘ﬁ@ﬁ’]ﬁﬁﬂ’]ﬁ‘@'\‘lﬂj’]uLL&\W@\iW@aL@ﬁauluﬂ’]uLﬂHM?ﬂﬁN. 119419
INEANARATYIN, 22(9), 520-530.

ANUFNT, B. (2558). Lv-ﬁ';mf?mﬁ’wm@@mﬂﬁuumLLU‘U‘WﬂWﬁzﬁ'mé?”uma‘ﬂa‘wqﬂmﬂ%ﬁuma‘
a1 A A | LT SN X
http://161.246.37.102/dcms/files/Fulltext%20Santikon%20Amnuayphol.pdf

mmﬁuu'jvmm‘mLLmemmzmuma‘G‘ﬂuf, . (2561). AUAZUAN ﬂ”lﬁ?’jvml,@zﬂ”lﬁ?@mﬂau.
http://www.il.mahidol.ac.th/e-media/color-light/content.html

Kule PLARAAG MU IASRIA N W 3 1A, (2018). Auduann

https://imgaz?2 .staticbg.com/thumb/large/oaupload/banggood/images/B7 /26/76
O bcf8 56 -0 1 9 4 cc3 -a4 1 d1 6 1 6 7 4 2 f2 5 3 .JPG






MOAUIN N

ANTNLAAINANITNAARY



53

0 L 0 850 850 L €Ll | 0y 85y 0 as
v zy % 19'6€ 19y % St 19 19°€/1 9¢z 62 ey
(enjea g)
47 5% % oY v % S14 29 8/l (74 ¥52 X
TRILT
47 zy % oY (% zy S14 09 €Ll gee ¥52 5% ’
v % % 6¢ zy ov (54 19 0/L zee 62 0%
850 850 L 850 850 L L €61 850 592 592 as
€e'Gl 8l ££°02 £e'ee 8z ve £eTh 19YS 00l vel 52 ey
(anjea 9)
Gl 8l 0¢ €C 8¢ e zy Gg 2ol 9l vSe £X
omw._
Gl Ll 0z €z 12 ol % G 16 (¥4} ¥5Z %
9l 6l (¥ vz 62 Ge 44 GG LOL Gzl ¥5Z %
0 0 0 0 0 0 0 0 0 0 0 as
¥Ge 7S¢ ¥5¢ ¥5¢ 52 ¥5¢ ¥5¢ 4T T 214 vSe M
(anfea o)
¥GZ ¥52 ¥GZ ¥GZ ¥52 ¥GZ ¥GZ ¥52 ¥5Z ¥52 ¥5Z ey s
¥G2 ¥Se ¥G2 ¥G2 ¥Se ¥G2 ¥G2 14 ¥6e ¥S¢ 14 %
¥GZ ¥52 ¥GZ ¥GZ ¥52 ¥GZ ¥GZ ¥52 ¥6Z ¥S2 62 0%
(swrrgnmiugLUE
689'8¢ Z8ve 1G6°0€ 280°/2 €1z'ee GYE6l 9/¥'SlL 209°L1L 8/€1°L 6898°¢ 0 /sl wirey)

LOLX ALRLINLEY

FLLEMITLEREGINELLYELRBLEZYELBTILNEEBEEITRILILY BT LRLIY PYNBINIIRGEE 5OY LY ¢ BLELY

b B
%



54

850 850 €Ll 90°¢ L€ 90°¢ €G'l €q'l 80°¢ €G'l 0 as
19'6S €e'09 €9 19°€9 £€'G9 /9°G9 €€°99 /9'99 cEv6 19Vl GGc ey
(enjena g)
69 09 29 19 79 €9 99 G99 6 el GG¢ X Ll
09 09 g9 /9 69 69 89 89 96 9Ll GG¢ X
09 19 29 €9 €9 g9 99 /9 G6 Gll 1574 04
" gl 80°¢C G9°¢ 80°¢ ¢s'e €G'l 68°¢C 90'¢€ 80°¢C 0 as
ce bl 1971 €e'gll Lcl 191¢Cl 19'8¢l /9°¢cel €e'lel €e'/G1 €e'G9l GG¢ X
(enjea 9)
0123 el 9Ll 8Ll (4% 9cl LEL el 121 €91 Gac Y L
453 9Ll 0cl €cl lch LEL el 6el 091 /91 1574 x
453 Gl 6Ll eclh vcl 6cl €el 6el 891 991 1574 04
0 0 0 0 0 0 0 0 0 0 850 as
12°14 1414 14°14 14°14 12°14 1414 1414 12°14 ¥G¢ 12514 19'vS¢C %
(enjen ¥)
12514 ¥5¢ 12514 1514 12514 ¥G¢ ¥S¢ 12514 ¥G¢ 12514 ¥5¢ Y% Ll
12514 ¥5¢ 12514 1514 12514 ¥G¢ ¥S¢ 12514 7S¢ 12514 1574 x
12°14 1414 12°14 12°14 12°14 1414 1414 12°14 ¥G¢ 12514 1514 04
(sWrrgnmIuMLLUE
689°8¢€ 28've 1G6°0€ 280°/¢ gLeee SyeE6l 9/¥'Gl L09°LL 8.€L°L 6898'¢€ 0 Ew@.__,n”c

,0LX 3@2@;3(0@

FLLREMITLL _,n_ﬂRro&ﬁﬁﬁr@ﬁ@mr@?rzv@_@@@orFMv@jv@F a9y LY ¢ bLELY

=4 73
%



55

0 76€00°0 0 /¢c00°0 122000 76€00°0 289000 76£00°0 16G10°0 708100 0 as
GeS91'0 GES91L'0 ¢rLl9l0 /19SL°0 70¥91°0 crl9l0 YAYVANC 91L0¥¢'0 €/€89°0 €16¢6°0 | ey
(snfen g)
GES91L'0 6¢691°0 ¢rl9l0 8¥7/G1°0 GES91L'0 ¢rlol0 0LL8lo 60¥¥2C0 6,000 288760 3 £ -
GES91L'0 GES91L'0 ¢rl9l0 8¥7/G1°0 4510 GES9L0 0LL8lo ¢2c9€eC’0 011890 025260 3 3l ’
GeS91'0 ¢rLol0 ¢rLl9l0 7GE€SL0 GES91'0 8¥/G1°0 6¢691°0 91L0¥¢'0 6¢699°0 6eCLB0 | gl
122000 76€00°0 122¢000 122000 76€00°0 76€00°0 109000 122000 ¢010°0 ¢¥010°0 0 as
2€090°0 /80200 G0080°0 981600 720LL0 98€el0 /99910 [441%40) 0.€6€0 618870 3 ”e)
(enfen 9)
90650°0 /80200 718100 G5060°0 20110 98eel’0 GeS91°0 ¥9912°0 151070 909610 L & I
90650°0 £6990°0 718/0°0 G5060°0 0£901°0 266210 ZrioLo 092120 68180 8€9/7°0 L a1
662900 08¥720°0 89¢80°0 677600 AR A0 084¢€10 €cell0 759120 79.6€°0 €leero 3 gl
0 0 0 0 0 0 0 0 0 0 0 as
L L L L L L L L L L L ")
(anen y)
L L L L L L L L L L L &
NUAT]
L L L L L L L L L L L a1
| | L L | L L | L | | gl
(swrergnmiuMLLUE
689°'8¢ 28've 1G6°0€ ¢80°.L¢ gleee Sreel 9/v'SlL 109°L1 8/€L°1 6898°¢ 0 E,c@._z”c

LOLX ALRLINLEY

FLLrEMITLIL _/n_ﬂch@ﬂKﬁr@n@hr@3rzv@ﬁ@@ﬁ@rﬂ%»@j Ga@m vgjmv@jv@aoﬁrzv@_@hrcf@ ¥ hLELY
1 1 1 3

= 3
3



56

9¢¢00°0 9¢¢00°0 6/900°0 861100 192100 861100 665000 665000 918000 665000 0 as
66£€2'0 099¢2°0 90.¥¢°0 /96120 129520 [AYASTAl] €109¢0 7¥19¢°0 £669¢°0 /96v¥°0 3 |
/€1€C0 62520 1439740 2c6eco 860520 90.¥2°0 06¥52°0 06¥52°0 8/09¢€0 1459240 L £ Amshm\_“,mv
6252’0 62620 06¥52°0 G/29¢°0 650420 650420 /99920 /999¢°0 /¥9/.€0 06vSY°0 L 3l
625£2°0 22620 vLEYZ 0 90.¥Z°0 90.¥2°0 064520 288520 G1292°0 §52.€°0 860510 L an
€5700°0 665000 918000 8€010°0 918000 /86000 665000 ¢eLioo 861100 918000 0 as
099¢¥°0 196v¥°0 SO0v9¥°0 LSY.v°0 688870 851050 9¢0¢S0 9G8€5°0 669190 /€8Y9°0 L ey
LELEVO vLEYY 0 061570 G/29%°0 GEZ8Y0 ZLy6t0 €/€15°0 675250 26£09°0 226£9°0 L e Am:”\_”.ov
22650 061570 650,70 GeZ8K 0 0860 €/E15°0 675250 0LSYS 0 S¥.29°0 06590 L a1
2eeer 0 860570 /999%°0 €¥8.¥°0 1298¥°0 885050 /51250 0LS¥S0 196190 860590 L gl

0 0 0 0 0 0 0 0 0 0 122¢000 as
8£/66°0 8£/66°0 8£/66°0 8£/66°0 8£/66°0 8£/66°0 8£.66'0 8£/66°0 8£.66'0 8€.66°0 00000°} a1
8£/66°0 8£/66°0 8£/66°0 8£/66°0 8£/66°0 8£/66°0 8£.66'0 8£/66°0 8£.66'0 8£/66°0 8£/66'0 e A%H\_“,mv
8€.66°0 8€.66°0 8€.66°0 8€.66°0 8€.66°0 8€.66°0 8€.66°0 8€.66°0 8€/660 8€.66°0 LEL00"L ‘
8€.66°0 8€.66°0 8€.66°0 8€.66°0 8€.66°0 8€.66°0 8€.66°0 8€.66°0 8€/660 8€.66°0 LEL00"L gl

(sWrIgnmIuMLLUE
689'8€ A2 1G6°0¢ 2¢80°L¢ cgLeee Sve6l 9.v'SL L09°LL 8.€L°L 6898°¢C 0 \Gwz&:,n@
LOLX AGREIRLEY
3_@2@43\@0;\@RFOQMKGC@N@(F@XFBv@_@@m.ﬂor_wwv@jW@Fﬁr_zv@_ﬁhrc_\_@ G hLELY

g
%



57

0 85°0 85°0 e/l ! 802 €5°1 626 L) 0 as
0 0 €€0 190 € ! ee'Gl eeoy €201 00°EYL 00%5C sy
(onjen g)
0 0 0 0 4 9 el 8y 26 Syl ¥5g e
I8
0 0 0 ! z / 9l o oLl 8zl 52 oy *
0 0 ! ! S 8 /L G 501 951 52 'Y
25T €51 €51 Gl 4 ! 850 €'} 18'9 1ze 850 as
ee'gl ee'ze 19°62 £€°0¢ 9¢ 9 £€'GG 199/ ££'601 £€°591 R sy
(onjen o)
9l 1z bz 62 e Y% e 1l 01 9l g5z ex
PEW._
8l 2z 9 Le 98 o 95 G/ yam €91 52 oy
12 vz 12 Le 8¢ It e 8/ 01 691 T X
0 0 0 0 0 0 0 0 0 0 0 as
52 G bGZ 52 52 G 52 52 52 bGe 52 oneye
(anfea o)
v5g T Ge v5g ¥5Z T ¥5Z 52 52 T T % -
v5g T Ge v5g ¥5Z T ¥5Z 52 52 T T o
52 G bGe 52 52 bGe 52 52 52 bGe 52 'Y
oL 6 8 y2 9 S % € Z I 0 (ww) LrurLey

g
%

FLLREMILTLAIELE YR LEBLEZBELBTLNEE BB REITM LIPS BT LRETY PYNPRETIREL GOY LY 9 PLELY



58

80'C L Gl'l Gl'l 80'C 68'C 1G'€ 999 coel Gl'L 850 as
19'GY Gy o o €C'9y €e'6Y €€'95 €08 9Ll 19'€€2 19'%52 oY
(enjen g)
o1 G¥ or or 8y X 09 98 vGl €ee sietd %
oLk
144 ov 144 144 4% or €6 €l 8zl gee eietd %
81 144 ov ov A% K¢ 96 z8 eyl €ee 14 X
€g'l 2se 9z 85y 0y €Ly €09 1G°S i) €0'G 0 as
19911 19611 vl 62l 196Gl 19'LyL 19°051 9l €e'z6l 19°€vC 662 '
(enea 9)
i zzl /2l vel ovl vl /G 0Ll L0z eve eietd %
oLk
GLL ozl £zl 8zl Gel ovl 05l €9l 631 62 eietd 0%
8Ll L1 zel Gzl zel 8el Gyl 651 /81 6€2 GGe X
0 0 0 0 0 0 0 0 0 0 850 as
14°14 ¥S2 ¥S2 ¥S2 4 4 ¥S2 ¥S2 ¥S2 ¥S2 19'%52 ey
(enjea )
14°14 ¥S2 ¥S2 ¥S2 e e ¥S2 ¥S2 ¥S2 ¥S2 eletd %
oLk
14414 14 14 14 1214 1214 14 14 vSe ¥5e GGe Y
14414 14 14 14 1214 1214 14 14 ¥5e ¥5e ¥5e 0%
ol 6 8 L 9 S 14 € 4 | 0 (wwy) LirrLeY

g
%

FLEMEMILILUMELLYTELRLEZYELBTILNEEBERIOLLYRYITRGE 9OY LY / BLELY



59

0 0 12200°0 12200°0 Z8900°0 ¥6€00°0 028000 109000 8G9€0°0 ¥6550°0 0 as
0 0 LEL000 29200°0 1811070 96/20°0 /£090°0 12810 682070 662950 L ey
(enfen g)
0 0 0 0 182000 29¢20°0 811600 868810 0229¢°0 /80460 L £l
TRILH
0 0 0 ¥6£00°0 /81000 95/20°0 662900 0Ll8L0 LOEEY'0 ¥6£05°0 L 3l
0 0 ¥6€£00°0 ¥6€£00°0 696100 0G1L€0°0 £6990°0 112210 6EELY 0 /7190 L a1
686000 109000 109000 ¥S¥00°0 982000 €6€£00°0 /22000 109000 9/920°0 ¥9210°0 122000 as
802,00 188070 Z6001°0 126110 GGLYL0 /8081°0 95/12°0 Y¥10€0 886210 /00590 00000°L ey
(anfea o)
16290°0 1G280°0 9¢¥60°0 Z0vLL0 89€€1°0 £69/1°0 $z912°0 G/20€°0 168070 Z8v79°0 29200°L el i
110200 05980°0 €2201L°0 681210 GGLYL0 18081°0 810220 68Y62°0 £009%°0 680¥9°0 698660 L
162800 9e¥60°0 919010 681210 L6710 08+81°0 Sz912°0 8990€°0 1202770 8¥¥99°0 698660 a1
0 0 0 0 0 0 0 0 0 0 0 as
L | | | | | L L L L | ey
(anfea ¥)
L | | | | | L L L L | £l
[N EAY]
L L L L | | L L L L L 2
L L L L | | L L L L L a1
0l 6 8 . 9 g 4 € 4 L 0 (Ww) LrmrLey

14
%

3_@2@4rj,s,_,nro@_MKEF@M@,@F@?CEW@E@MJ?@rw\rmn@j GE@M v@jmv@jv@:oﬁr_dv@_@hrcrﬁ 8 hLELY
1 1 I B



60

/18000  €6£000  €S5¥00°0  €G¥00°0  ZL800'0  ¥ELLO0  6/EL00  SL9Z00  GZLSO0  €G¥00°0 22000 as
2e6/L°0  0/9/1°0  L08ZL'O  L0O8ZL'0  ¥6L8L'0  TLE6L'0  02LeZ0  ¥KSLE0 829550  ¥S/L60 ! a1 (onjea
0/9/1°0  0/9/1°0  €908L°0  €908L°0  8¥88L'0  92002°0  09S€Z'0  0LL€€0  LI¥090  26VLE'0  LELOO'L £l )
1270 €908L°0  L/2/V0 LJTIV0 2/2/L0 €908L°0  2LBOZO  §9982°0  2920G°0  [/2Z60  LELOO'L ) oL
8788L°0  //2/1°'0  €908L°0  €908L°0  GS¥BL'O0 920020 06620  66L2€°0  2SL9S0  T6FLE0  8ELE6O g
665000 /86000  8€0LO'0  /6/L0°0  G8SL00  €98L0°0 #9600 €8L200 696200  ¥.6L0°0 0 as
2S/SY'0  8T69Y'0  LT98Y'0  88S0S°0  €0ZES0  99G9G°0  G806G°0  ¥LEV90  GZvSL0 9595560 ! a1 (onjea
788GY°0  €VBIYO  P086Y0  6VSZS0  206¥S0  LP9.G°0 695190 199990  +¥288L°0  ¥62S6°0 ! £l 9)
860SY'0  650/4°0  GEZ8Y'O  96L0S0  L¥BZS0  Z06YS0  ¥288G°0 226890  8LIYLO /9670 ! ) oL
G/Z9¥'0  288SY'0  E¥8/Y0 02060  G9/1G0  8LLYS0  €9899°0  €9€29°0  €EEEL0  GT/E60 ! gl

0 0 0 0 0 0 0 0 0 0 12200°0 as
86/66'0  8£/66'0  8EL66'0  8€/66'0  8EL66'0  88/66'0  8EL66'0  8E/660  8LL660  8E.66°0 ! ! (eniea
86/66'0  8£/66'0  8EL66'0  8€/66'0  8EL66'0  88/66'0  8EL66'0  8E/66'0  8EL66'0  8E/660  LELOO'L £l o)
86/66'0  8£/66'0  8EL66'0  8E€/66'0  8EL66'0  8€/66'0  8EL66'0  8E/66'0  8EL66'0  8E/660  LELOO'L i oL
86/66'0  8£/66'0  8EL66'0  8£/66'0  B8EL66'0  8E/66'0  B8EL66'0  8E/66'0  B8EL66'0 88660  B8ELE6D g

0l 6 8 . 9 S 4 € 4 l 0 (ww) LhrmreLed

3@2@r?SRro@MKmr@n@hrgﬁrzv@.@@@or?@v@jv@_wjvrzv@_@hrch_@ 6 hLELY



A19149 10 A1 RGB Ua9LA9ALAY RITEID ATAUNRUILA9AINNNINILIAI U LAILHD

AN3AANUNANNYULNNTY

61

SREaZAMNITNT Y
0 1 2 3 4 5
(viv)
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. X, 55 121 146 164 178 183
UNY
X, 53 120 146 166 178 183
(B value)
X.e 56 120 14533 164.67 178 183.33
) 3.61 1 115 115 0 0.58
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Abstract

This paper demonstrates the use of smartphones in an experiment of

light absorption and light scattering. The LED display and camera of the
smartphone are used as the light source and as the detector, respectively. The
color wheel is used to choose the color of the light source to be shone through
the sample for analysis. The detector directly measures the intensity of the
light that passes through the sample to study light absorption according to the
Beer—Lambert law. On the other hand, to investigate the light scattering, the
detector orthogonally measures the intensity of the scattered light from the
sample. The results of the light absorption correspond to the Beer—Lambert
law. The scattered light from the sample is be measured by a smartphone.
The experiment is easy to set up, without the need for any further expensive
apparatus. We expect that this experiment will be useful for physics teachers
to demonstrate light absorption and light scattering in the classroom or in a

physics laboratory.

Introduction

Nowadays, smartphones play an important role
in both the classroom and the laboratory, espe-
cially in a physics laboratory, because many sen-
sors are embedded in it, such as an accelerometer,

3 Author to whom any correspondence should be addressed.

1361-6552/20/015012+6$33.00

gyroscope, magnetometer, GPS, speaker, and
camera. These sensors can read out experimental
data using an appropriate application (app).
Recent studies used the sensors of a smartphone
to observe motions (circular motion, oscilla-
tion motion, 1D motion, and 2D motion) [1-4],
and the sensors (accelerometer, gyroscope, and
magnetometer) can measure experimental data

© 2019 IOP Publishing Ltd

64



K Malisorn et al

precisely and accurately. However, there are a few
papers that use smartphones to study the topic of
light. Most of them use the ambient light sensor
to measure the intensity of light for the study of
the inverse-square law, Brewster’s angle, diffrac-
tion pattern, and Malus’s law [5-9]. Moreover,
the properties of light, especially in absorption,
transmission, and scattering, are important topics
taught in the physics curriculum at the undergrad-
uate and high school levels. This topic will help
students understand the physics of color [10] and
can be applied to many applications, such as bio-
sensors, chemical sensors, and analytical science
[11]. Previous research used the ambient light
sensor of smartphones to study the Beer—Lambert
law and used LEDs as a light source [12]. They
aim to improve the alternative methods of study-
ing or demonstrating the physics of light.

In this work, we will demonstrate experi-
ments of light absorption (corresponding to the
Beer-Lambert law) and light scattering using
smartphones as the light source and detector. The
experiments are easy to set up and do not require
any further expensive apparatus, only two smart-
phones to use as a light source (display of smart-
phone) and as a detector (camera of smartphone).
We expect that this experiment will be useful for
physics teachers to show the phenomena of light
absorption and light scattering.

Background theory and experimental
setup

The color wheel (see figure 1, upper) is used to
estimate the color of light that is absorbed by
a particular chemical species in solution. The
approximation is done by noting the color on the
wheel opposite the observed color of the solution.
For example, if a red color (sample solution) is to
be analyzed, it probably absorbs green light very
well, then a green color should be used as the
light source. The predictions made using the color
wheel are not absolute. Its use is complicated by
the fact that our eyes are not equally sensitive
to all colors of light [13]. Thus, to study light
absorption, we have to select a color of the light
source that is suitable to the color of the sample
using the color wheel. When the monochromatic
light of intensity Iy travels in a sample for a dis-
tance x (see figure 1, upper), some of the light is
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absorbed, yielding the intensity of the transmit-
ted light 7 less than Iy. The relationship between
I and I depends on the path length (x) and the
concentration of the sample (c). We can write the
Beer—Lambert law as

I(x,c) = Ipe 7" = Ipe™ ", (1)

where o is the cross section of the effective area
and p = oc is the linear attenuation coefficient.
Equation (1) can be expressed in terms of trans-
mittance (7), that is,

I(x,c)
Iy

Tostudy light scattering, the incident light of inten-
sity Iy passes through the sample containing any
particle (Gaviscon particle) in the solution. Some
of the light can be scattered by the particle in the
solution. The intensity of scattering light depends
on the amount of particle and particle size.

The experimental setup consists of a light
source, a detector, and a sample holder. We used
two smartphones with the appropriate apps to act
as the light source and detector. One smartphone,
a Samsung Galaxy S Duos (GT-S7562), with the
RGB app was used as the light source using its
LED display. Another smartphone, an iPhone 6S,
with the ColorAssist app acts as the color detec-
tor. The sample holder and smartphone holder
were 3D printed using a black polymer PLA
(polylactic acid). The sample solution for absorp-
tion measurement was a food dye (red color). For
measuring light scattering, we used a solution of
Gaviscon diluted in water as a sample. Graviscon
contains calcium carbonate particles dispersed in
a solution of sodium bicarbonate. In the experi-
ment of absorption, the light source, sample, and
detector were aligned in the same direction, as
shown in figure 1. The light source, the LED dis-
play of the smartphone, was adjusted to a green
color in the value of 0, 255, 0 using the RGB app,
which refers to the intensity of the red, green,
and blue color, respectively. The green light was
shone through the sample, and then the back cam-
era of the smartphone measured the green color
intensity using the ColorAssist app because of the
red sample absorbing the green light. To meas-
ure light scattering, the green light source directly
shined to the sample solution. The detector, the
back camera of the smartphone, was orthogonally

T=

=e, ®
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Color wheel
Color reader
(camera’s smartphone)

Fixed x = 1.0 cm

Vary x from 0-1.0 cm

Light source
(Display’s smartphone)

Light absorption

Light scattering

Figure 1. The color wheel and schematics of the basic principle of light absorption and light scattering (upper).
The lower shows digital images of the experimental setup for light absorption and light scattering.

aligned respective to the light source—sample
(see figure 1). The intensity of light scattering was
also measured using the ColorAssist app.

Results and discussion

Figure 2 shows the spectra of the LED display of
a smartphone using a spectrophotometer (Ocean
Optics, USB2000). The colors of the LED dis-
play were adjusted to red, green, and blue using
the RGB app, in which the RGB level was 255,
0, 0; 0, 255, 0; and 0, 0, 255 for red, green, and
blue, yielding the position of maximum peaks of
609nm, 560nm, and 456nm, respectively. The
color of the LED display can be adjusted in any
wavelength by selecting the combination of red,
green, and blue level in the RGB app according
to the following website: https:/academo.org/
demos/wavelength-to-colour-relationship/. In this
study, the green LED display of the smartphone
was selected and adjusted to be 0, 255, 0 in the
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Figure 2. Spectraof the LED display of the smartphone
in red, green, and blue.

RGB level because it is the complementary color
according to the color wheel. This is because the
red color of the food dye can absorb the green
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Figure 3. Light absorption of food dye (red color) from a green light source. (A) The plot of transmittance versus
food dye concentration and (B) the plot of transmittance versus thickness of the food dye. Insets are the images

captured from the ColorAssist app.

light. It can be seen that the selected green display
is not a monochromatic light, it emits the highest
intensity at 560nm with a broad spectrum. It acts
as the pseudo-monochromatic light source [12].
However, the display (green color) is enough to
use as the light source for demonstration of light
absorption and light scattering since it provides
the highest maximum intensity at 560 nm of wave-
length. This is because the red food dye sample
absorbs the wavelength at 514 nm (data not show).

Figure 3(A) shows light absorption accord-
ing to the Beer—Lambert law using the green dis-
play as a light source. In the experiment, the food
dye concentrations (the thickness of sample was
about 10 mm) varied from 0.05 to 0.50%v/v, and
the value of the green color was measured by the
camera’s smartphone using the ColorAssist app.
This app measures the level of color from 0 to
255. The transmittance can be calculated from
equation (2). In figure 3(A), when the food dye
concentration increases, the transmittance of
green light exponentially decreases. The inset in
figure 3(A) shows the images captured from the
ColorAssist app. The green color will be darker
when the food dye concentration increases. It
becomes dark or black when the concentration
is about 0.3%V/v. The red line was fitted accord-
ing to equation (2), yielding the cross effective
area, which was 11.68 &+ 0.75cm™! - (%v/v)~!
(at 1.0cm of path length). Figure 3(B) shows
light absorption depending on the thickness of
the food dye. In the experiment, the thickness of
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Figure 4. The experiment of light scattering from
the Gaviscon sample using a green display as a light
source.

the food dye (concentration of 0.3%v/v) varied
from 1 to 10mm, and the value of the green color
was measured by the ColorAssist app. To vary
the thickness of the sample, the 0.1 ml of sample
solution was injected into the sample holder via
a small hole (see figure 1) by using a syringe.
In each measurement, the sample thickness
increases 1.0mm. As a result, when the thick-
ness of the food dye increases, the transmittance
exponentially decreases (see equation [2]). The
inset in figure 3(B) shows the image captured by
the ColorAssist app. The green image becomes
darker when the thickness increases. Notice that
the insets in figures 3(A) and (B) at 0.3%v/v
are different in color. This occurs because the
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distance between light source and sample is
different. The distance in the experiment in fig-
ure 3(B) is closer. The fit of the experiment (red
line) in figure 3(B) reveals the linear attenua-
tion coefficient, which is 0.47 + 0.01cm™" (at
0.3% v/v of concentration). This means that the
green light can travel through the sample about
0.47 = 0.01 cm. This suggests that we can use a
smartphone as the light source and detector to
demonstrate light absorption according to the
Beer—Lambert law.

Figure 4 shows the experiment of light scatter-
ing from the Gaviscon sample using the green dis-
play of the smartphone as a light source. The value
of the green color scattering from the Gaviscon
sample was orthogonally measured using the back
camera of the smartphone with the ColorAssist
app. When the concentration of the Gaviscon
increases, the value of scattering green light also
increases linearly because of the light scattering
of the calcium carbonate particle in the sample.
The particle size of the calcium carbonate is about
10-15 pm. The inset in figure 4 shows the image
captured by the ColorAssist app. It can be seen
that the color of the image becomes green when
the concentration of Gaviscon increases. This indi-
cates that we can use a smartphone for measuring
light scattering from the calcium carbonate particle
in demonstrations to teach the topic of light scatter-
ing without any expensive apparatus.

Conclusion

We have demonstrated the use of smartphones
as a light source and a detector for studying light
absorption and light scattering. The results from
light absorption correspond to the Beer—Lambert
law. The important parameters, such as the cross
effective area and linear attenuation coefficient,
can be obtained by fitting the plot of transmittance.
The experiment is easy to set up and does not need
any expensive apparatus. We hope that the use of
a smartphone to demonstrate light absorption and
light scattering will be useful to physics teachers
and students in understanding more the phenom-
ena of light absorption and light scattering.
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