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CERTIFICATE OF COMPLIANCE

EU Declaration of Conformity

This declaration of conformity is issued under the sole responsibility of the manufacturer:

Apogee Instruments, Inc.
721'W 1800 N

Logan, Utah 84321

USA

for the following product(s):

Models:MS100
Type:Spectroradionater

The object of the declaration described above is in conformity with the relevant Union harmonization legislation:

2014/30/EU Electromagnetic Compatibility (EMC) Directive
2011/65/EU Restriction of Hazardous Substances (RoHS 2) Directive
2015/863/EU Amending Annex Il to Directive 2011/65/EU (RoHS 3)

Standards referenced during compliance assessment:

EN 613261:2013 Electrical equipment for measurement, control, and ledtory use¢ EMC requirements
EN 63000:2018 Technical documentation for the assessment of electrical and electronic products with
respect to the restriction of hazardous substances

Please be advised that based on the information available to us from our raw material suppliers, the products
manufactured by us do not contain, as intentional additives, any of the restricted materials including lead (see
note below), mercury, cadmium, kavalent chromium, polybrominated biphenyls (PBB), polybrominated
diphenyls (PBDE), bis¢thylhexyl) phthalate (DEHP), butyl benzyl phthalate (BBP), dibutyl phthalate (DBP), and
diisobutyl phthalate (DIBP). However, please note that articles containgzgeg than 0.1 % lead concentration

are RoHS 3 compliant using exemption 6c.

Further note that Apogee Instruments does not specifically run any analysis on our raw materials or end products
for the presence of these substances, but we rely on the inféiongrovided to us by our material suppliers.

Signed for and on behalf of:
Apogee Instrumentdylarch2023

A=

Bruce Bugbee
President
Apogee Instruments, Inc.



CERTIFICATE OF COMPLIANCE

UKDeclaration of Conformity

This declaration of conformity is isslieinder the sole responsibility of the manufacturer:

Apogee Instruments, Inc.
721 W 1800 N

Logan, Utah 84321

USA

for the following product(s):

Models:MS100
Type:Spectroradionater

The object of the declaration described above isanformity with the relevant UK Statutory Instruments and
their amendments:

2016 No. 1091 The Electromagnetic Compatibility Regulations 2016
2012 No. 3032 The Restriction of the Use of Certain Hazardous Substances in Electrical and Electronic
Equipment Regulations 2012

Standards referenced during compliance assessment:

BS EN 61326:2013 Electrical equipment for measurement, control, and laboratory ¢&MC requirements
BS EN 63000:2018 Technical documentation for the assessment of electi@cel electronic products with
respect to the restriction of hazardous substances

Please be advised that based on the information available to us from our raw material suppliers, the products
manufactured by us do not contain, as intentional additiveg, ahthe restricted materials including lead (see

note below), mercury, cadmium, hexavalent chromium, polybrominated biphenyls (PBB), polybrominated
diphenyls (PBDE), bis¢thylhexyl) phthalate (DEHP), butyl benzyl phthalate (BBP), dibutyl phthalatg @EP
diisobutyl phthalate (DIBP). However, please note that articles containing greater than 0.1 % lead concentration
are RoHS 3 compliant using exemption 6c.

Further note that Apogee Instruments does not specifically run any analysis on our raw fsateead products
for the presence of these substances, but we rely on the information provided to us by our material suppliers.

Signed for and on behalf of:
Apogee Instrumentdylarch2023
Bruce Bugbee C n

President
Apogee Instruments, Inc.
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INTRODUCTION

Spectral (i.e., wavelengttiependent) radiation is intensity of output from a radiation source (e.g., sun, electric
lamp, reflected radiation from a surface ioterest) as a function of wavelength. Radiation spectra vary for
different radiation sources and conditions. Radiation spectra can be used to characterize radiation sources.

Spectrometers measure relative spectral radiation over a specified wavelengib.r8pectroradiometers are
spectrometers calibrated to output spectral measurements in absolute units (e.g., energy flux densitydn W m
nm or photon flux density in pmol rhs? nm).

Typical applications of spectroradiometers include measuremenpe€tral output from radiation sources used to
grow plants, algae, and corals (e.g., in greenhouses, growth chambers, and agliginting), measurement of
solar spectra with changing atmospheric conditicarsgd measurement of spectral reflectance on staary (e.qg.,
agricultural or ecological weather stations and flux towensdl mobile (e.g., plant phenotyping) platforni®ease
note that the meter is not waterproof.

Apogee InstrumentinSightmodel MS100 (380 to 780 nm measurement range) spectrorawters are handheld

units designed for laboratory and field use. Each spectroradiometer consists of a spectrometer (slit, diffraction
grating, detector array) and diffuser mounted in a small plastic housing. Each unit is calibrated to provide spectral
measirements in absolute units. Onboard circuitry allows for output to a computer (via USB), handheld device (via
Bluetooth), or datalogger (via ModBus).



'SENSOR MODELS

The ApogeénSightMS series handheld quantum spectroradiometers covered in this manual areosédined
and come complete witla handheld mete, carrying case, protective case, quatart guide, mirlUSB cable,
power adapter, communication board, neck strap screw, aeckrstrap

apejgee MADEIN TAIWAN Sensor model numbeis located
INSTRUMENTS FCC ID: P7SMK3500D . .
MS-100 Quantum Spectroradiometer on a label on the right side of the
UK c € K: HAS2CCEDOO1S meter. The serial num.ber is
cCA locatedon the same sidender

the bar code.




'PRODUCT DIAGRAM

Sensor cover ----------1

Sensor -----=--se

--- micro-SD card

-- USB port

tripod attachment ---
lanyard attachment

reset hole ---

------------- indicator

screen =~ ---- measurement button

------------- on / off button



GETTING STARTED

Installing the SBCard

This unitwrites measurement data onto a MicroSfard (1GB to 32GB). The SD card is not
included and must be purchased separatéhgert the card into the MicroSD card sléil
capturedRI G A& oNAGGSY (2 SEOSt UfSa o6odEf &L

Even without a MicroSD Card, tM&100cancapture data.

Setting the Date/Time

Plugyour MS-100into your PQusing the includeanini-USBcable
:Clickomd 5 S@h §RS NI &5 Shod $our[ A

YSGSNI I yR OK ®auohatidallyzyhe/ upddidévicewith the
Date/Timeon your PC.

Charging the Internal Battery

Connectone end of themini-USBcharger cable to thé1S100and the otherend
into a wall socket with the appropriate voltagéou can also connect the meter
to a computer to chargerThe indicator light will illuminate orangehileit is
OKIFINBAY3ad ¢KS fAIKG oAttt Gdz2Ny 3INBS
the battery for at least 6 hours.

The indicator light will light up in orange  _.
while charging, and lightp green when
the battery is fully charged.

[}:} chargingé

charged |

...............

DATE : 2014-06-24

TIME : 09 : 10 : 30

OPT : Z99Y888 If the unit is charging, a lightning bolt will
VER : 1.1.1-CCS e appear over the battergymbol.



Using the Lanyard Strdjpripod
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You can attach a lanyard (neck strap) onto the ring at t
bottom of the MS100.

If you detach the lanyard screw on the bottorhtbe MS
100, it will expose a screw hole where you can attach &
tripod for handsfree LED measurements.
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DARK CALIBRATION

It isgoodpracticeto perform adark calibrationeverytime you turnon the MS100, wheneveryou moveto a
R A G S tddpgrature environment(hot to cold or coldto hot), or wheneveryoumoveto I R A GlighWE y {
intensity environment (light to dark or darkto light).

Slide the sensor cover up over the sensor lens on the back of the unit.

Pressthat a S & dzZNB ¢ 06 dzii (i 2 y-100(Thelc&ifratién2akés 2 ¥ (1 K S
approximately 6 seconds.

2KSy 5FN)] /FftAONIGAZ2Y A& O2YLX SGSx GKS

Youalsocanusethe to perform adark calibration.

a {
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TAKING A MEASUREMENT

1. Slide the sensor cover up over thensordiffuseron the back of the unit.

2. Turn on theMS100by pressing the On/Off button on the left side of the unit. The
indicator light on the front of the unit will illuminate green, and an Apogee splash
screen will display.

Note: If you are using a USB charger, the2d8 will automatically turn itsébn.

3 FTUSNI GKS aL)X Il aK aONBSyx | a5FN)y /FfAONTG
dark calibration is in progress.

O
Z
&
(0p)
<,
()

4. Whendarkck £t A6 NF GA2y A& O2YLX SiSz GKS &
show the time, date, andoftware version number.

5. Slide the sensor cover down so that the sendiffuseris visible again.
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6. The first screen will display the date and time, optic number, and software
version number. The battery level indicator is on the top right.

7. Hold the M&100 as shown with the sensor facing toward the front, in the
direction of a light source, anldING & amStlh R8zN&H ¢ o dzi G2y 2y (GKS G2
100.

8. The measurement takes approximately 10 seconds to complete. The unit will
beep to indicate completion. The screen will then display the different
measurements. Press the On/Off button on the kfte of the unit to go to the next
measurement screen.

Note: See the following page for an explanation of the different measurements the
MS-100 can take.

9. Press the On/Off button once to go to the next screen. The next screen shows the
wavelengthspectrum.
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DATA SCREEN EXPLANATIONS

PPFDphotosynthetic photon flux density. Sum of photons between 400 and 700 nm in units of micromoles per
sguare meter per second [mmolfs?] for instantaneous measurements. PPFD is almost universally used to
quantify photosynthetically active radiation (R} radiation driving photosynthesis.

PFDphoton flux density. Sum of photons between 380 and 780 nm in units of mmsf*dor instantaneous
measurements. The range 380 to 780 nm is the entire spectral measurement range of the spectroradiometer.

ePARextended photosynthetically active radiation (PAR). Sum of photons between 400 and 750 nm in units of
mmol m? s for instantaneous measurements. Recent research indicates PAR should be extended to include far

red photons between 701 and 750 nm becausest photons drive photosynthesis with similar efficiency to

photons in the 400 to 700 nm range when they are acting synergistically with photons in the 400 to 700 nm range
(meaning when far red photons in the 701 to 750 nm range are added to photons 40¢h® 700 nm range)

(Zhen and van lersel, 2017; Zhen et al., 2019; Zhen and Bugbee 2020a; Zhen and Bugbee 2020b; Zhen et al., 2021,
Zhen et al., 2022).

YPFDyield photon flux density. Photon flux density at each wavelength weighted by relative qualfficiarey,
measured by McCree (1972a, 1972b), and summed. Quantum yield is moles of carbon fixed per mole of
photosynthetic photons absorbed. Relative quantum yield data from McCree were derived from measurements
made on single leaves of twentywo speciesvith monochromatic radiation sources over short time intervals.
YPFD as measure of photosynthetically active radiation may not be appropriate for broad spectrum radiation
sources over longer time intervals for whole plants and plant canopies.

PFDUV:photon flux density in the ultraviolet (UV) range. Sum of photons between 380 and 399 nm in units of
mmol n1? s for instantaneous measurements. The spectroradiometer is only sensitive to UV radiation from 380 to
399 nm.

PFDB: photon flux density in the blel (UV) range. Sum of photons between 400 and 499 nm in units of mrhsl m
1 for instantaneous measurements.

PFDG: photon flux density in the green (G) range. Sum of photons between 500 and 599 nm in units of fimol m
st for instantaneous measurements.

PFDR:photon flux density in the red (R) range. Sum of photons between 600 and 700 nm in units of mefol m
for instantaneous measurements.

PFDFR:photon flux density in the fared (FR) range. Sum of photons between 701 and 750 nm in units of mmol
m2s?for instantaneous measurements.

fc: footcandles. llluminance in units of lumens per square foot [ifh #etric that quantifies light intensity
weighted by the sensitivity of the human eye, as defined by the CIE 1931 weighting factors.

LUX:ux. lluminance in units of lumens per square meter [InflnMetric that quantifies light intensity weighted
by the sensitivity of the human eye, as defined by the CIE 1931 weighting factors.
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CCTrcorrelated color temperature. Metric quantifying color appearanfavhite light sources. It is reported as an
absolute temperature (in units of K) and typically ranges from 2000 to 6500 K, with lights that appear blue (cool
colors) being higher numbers and lights that appear orange (warm colors) being lower numbersafiple, clear
blue sky ranges from about 150@%000 K and flame ranges from about 17200 K. An incandescent bulb is
about 2500 K.

FR Ffar-red fraction. Sum of fared photons between 701 and 750 nm divided by the sum of photons between
400 and 78 nm (ePAR range). Phytochrome is a pigment in plant leaves that mostly absorbs radiation in the red
and farred wavelength ranges. Absorption by phytochrome in these ranges influences plant perception of sunny
and shaded conditions, and as a result, plenairphology. Historically, the red to faed ratio has been used in

field studies as a metric to indicate full sunlight to deep shade, where full sunlight has a reded fatio near

1.1 and deep shade has a red to-fad ratio less than 0.1. Howevehe red to farred ratio approaches infinity for
some electric light sources. The f&d fraction is an improved metric for indicating the sun to shade environment
because it ranges from 0 to 1 and is positively correlated with plant morphologicalnespifluenced by
phytochrome (Kusuma and Bugbee, 2020). Aédalrfraction of O indicates no faed radiation and a fared

fraction of 1 indicates only fenred radiation.

R FR Rred to farred ratio. Sum of red photons between 650 and 670 nm diviglethe sum of fared photons
between 720 and 740 nm. Metric often used in field studies to indicate plant radiation environment from full sun
to deep shade. As indicated above,-fad fraction is an improved metric.

PPEphytochromephotoequilibrium. Photon flux density at each wavelength weighted by phytochrome red state
weighting factors divided by the sum of photon flux density at each wavelength weighted by phytochrome red
state weighting factors and photon flux density at eactvelangth weighted by phytochrome faed state

weighting factors, where the weighting factors are from Sager et al. (1988). Phytochrome photoequilibrium is a
metric to quantify the sun versus shade environment of plants. It is used in a similar wayttofaeded ratio and
far-red fraction, but weights spectral radiation by the photostationary states of phytochrome and therefore
accounts for spectral absorptivity of phytochrome. Phytochrome photoequilibrium ranges from 0 to 1, with full
sunlight about 0f and deep shade near 0.3.

iPPEimproved phytochrome photoequilibrium. Same as PPE, but with updated weighting factors from Kusuma
and Bugbee (2021). The updated weighting factors include distortion functions that account for radiation
absorption from tte leaf surface to location of phytochrome within the leaf.

Rf: sometimes called color fidelity index. Relative metric quantifying the ability of a light source to accurately
render colors of objects relative to the color appearance when illuminated bfeeerece light source, typically

daylight. Similar metric to color rendering index (dRit updated to include more color samples to produce a

more representative measurement than CRI. CRI was derived with eight color samples, Rf was derived with ninety
nine.

CRIcolor rendering index. Relative metric quantifying the ability of a light source to accurately render colors of
objects relative to the color appearance when illuminated by a reference light source, typically daylight. Maximum
CRI i400 andis ony achieved by a light source with a spectrum identical to daylight, which would render colors
the same as daylight. CRI can be negative, as witv-pressuresodium lamp, which is abou#4. Typically, CRI

falls between 0 and 100. Incandescent bulbsragar 100 and most white LEDs are greater than 80.
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LambdaPpeak wavelength. Wavelength where maximum radiation is measured, in units of nanometers [nm].

LambdaDdominant wavelength. Wavelength indicating perceived color of a radiation souraajtsof nm. It is
the wavelength within the visible range that aligns with perceived hue.

CIE 1931 x and ghromaticity coordinates calculated from CIE 1931 color matching functions.

/ L9 mdT ccharfatiditycsordididde¥ calculated from CIE 19@®cmatching functions.

Kusuma, P., and B. Bugbee, 2020-rEdrfraction: An improved metric for characterizing phytochrome effects on
morphology. Journal of the American Society of Horticultural Science, doi;: 10.21273/JASHED5002

Kusuma, P., and Bugbee, 2021. Improving the predictive value of phytochrome equilibrium: Consideration of
spectral distribution within a leaf. Frontiers in Plant Science, doi: 10.3389/fpls.2021.596943.

McCree, K. J., 1972a. The action spectrum, absorptance and quantidnofydnotosynthesis in crop plants.
Agricultural Meteorology, 9:19216.

McCree, K. J., 1972b. Test of current definitions of photosynthetically active radiation against leaf photosynthesis
data. Agricultural Meteorology, 10:44853.

Sager, J. C., W. Onih, J. L. Edwards, and K. L. Cyr, 1988. Photosynthetic efficiency and phytochrome
photoequilibria determination using spectral data. Transactions of the ASAE 31(61.8882

Zhen, S., and M. W. Van lersel, 2017-redrlight is needed for efficient piachemistry and photosynthesis.
Journal of Plant Physiology, 209:£1322.

Zhen, S., M. Haidekker, and M. W. van lersel, 2019eédight enhances photochemical efficiency in a
wavelengthdependent manner. Physiologia Plantarum, 167(1831

Zhen, S.,1ad B. Bugbee, 2020a. FHad photons have equivalent efficiency to traditional photosynthetic photons:
Implications for redefining photosynthetically active radiation. Plant Cell and Environment, doi:
10.1111/pce.13730.

Zhen, S., and B. Bugbee, 2020b. 8uligg far-red for traditionally defined photosynthetic photons results in
equal canopy quantum yield for €fixation and increased photon capture during lelegm studies: Implications
for re-defining PAR. Frontiers in Plant Science, doi: 10.338%(#16.581156

Zhen, S., M. W. Van lersel, and B. Bugbee, 2021. Whgdgrhotons should be included in the definition of
photosynthetic photons and the measurement of horticultural fixture efficacy. Frontiers in Plant Science, doi:
10.3389/fpls.2021.693445

Zhen, S., M. W. Van lersel, and B. Bugbee, 2022. Photosynthesis in sun and shade: The surprising importance of far
red photons. New Phytologist, doi: 10.111/nph.18375.
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‘SPECIFICATIONS

MS-100
Sensor CMOS Linear Image Sensor

Wavelength Data

1nm
Increment
Wavelength .
+
Reproducibility +1nm
llluminanceAccuracy +5 04

uminant A @ 2.856 K at 20000%  T00025InCIE1931xy

Color Repeatability +0.0005 in CIE 1931 x, y

CRWAccuracy @ Ra +15%

Integration Time

6 to 1,000 ms
Range
FEATURE
Operation Mode Standalone Mode/Bluetooth Mode/USB Mode (PC Connection)

1. PPFDPFD, ePAR, YPFD
2. PFDBUV, PFEB, PFBG, PFER
3. PFDFR, fc, LUX, CCT
Measuring Modes 4. FRF,RRR, PPE,iPPE
5. Rf,CRk L&R
6. CIE1931 x&y, CIEL976 1 &0
7. Spectrum Graphics




Display
Maximum Files
Battery Operation
Time

Battery Operation
Power

Data Output Interface

Data Format
Dimensions
Weight(with Battery)
Operating
Temperature
Storage Temperature
Display Languages
Software

Warranty

g. PPFNIR (700to 780 nm¥fqu a q y,
7. Percent Flicker
8. Spectral Power Distribution (SPD) mW/m2
9. Peak Wavelength<p)
10. Peak WavelengthpV)
11. Integration Timgl-Time)

SYSTEM CONFIGURATIONS
nddpc ¢ nwroyOEEDN
h 1.2million files @ 8 GB Mict8D card (Excel)

L. 3 hours/Fully charged

USB Power; 700 mAh/3.7V RechargeablerLBattery
Micro Card (SD 2.0, SDHC/up to 32G)
Mini USB port (USB 2.0)
Bluetooth 3.0 and 4.0 compatible with iOS and Android
Compatiblewith Microsoft Office Excel
90 x 30 x 32.2 mm (H x W x D)

7009+5¢

0to 35aC relative humidity 70 %rdess without condensation

-10to 40aC, relative humidity 70 % éess without condensation

English
Apogee Idght (available for PC, iOS, and Android)
One year

18

*1  Input source must be a stable light source.
*2 Temperature 23+2 and relative humidity 50% or less.

*3  Input the 550nm monochromatic light and measure the stray light ratio at 550nm * 40nm.

Calibration Traceability

Spectroradiometer calibrations are performed using a radiation source traceable to the National Institute of
Standards and Technology (NIST).
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COSINE CORRECTION

45° zenith angle
+2 % error

70° zenith angle
+ 5% error

90°

70°

Directional (cosine) response is defined
as the measurement error at a specific
angle of radiation incidence. Error for
ApogeelnSightMS-100series
spectroradiometerss approximately + 2
% and = 5 % at solar zenith angles of 4t
and 0°, respectively.
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USING APOGEE INSIGHT PC SOFTWARE

To download Apogee InSigsftware, go to

DEVICESCREEN

# InSight

evice List
+ (C19M014€

Launchthe Apogee InSight softwar@lugyour
spectroradiometeiinto the PQusing the included miAUSB cable.

Toconnectyour M nnx Of AO1 2y a5SJA Aadzxé
a8t SOG 2y @2dz2NJ YSGSNI I yR OKz2 gAEf I
automatically sync ugour devicewith the Date/Timeon your

PC.

Perform a on your meter. Once yaguneter is

O2yySOGSR (2 G(G(KS &a2FiGst NBZ NI GA2Y:
Fo2@S GKS a{SdldAay3e odzilizyod a I 02dz

seconds.



www.apogeeinstruments.com/downloads/
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VIEWSCREEN

Manual

Mode

LoadData Load previously saved data from your. PC
Save DataSave data to your PC. Data rows can also be selected to be saved individually.
Capture Spectroradiometer takes a light measurement

Continuous CaptureSpectroradiometer continuously takéght measurements at short intervalapproximately
every 5 secondshllowing you to move and reposition the sensor without needing to clickithel LIimdifipl® £
times.

AutoModeY Ly GSNIBFE GAYS #Fiefikddda/ 2y GAydz2dza [/ | LI dzZNB

Manual Mode Manually st the interval time ford / 2 Y G A y dz2 dza / | LJG dzNB ¢

¢2 GFr1S | YSI&adNBYSyias G2L) 27
GKS aONBSys OKz22a$S a/lL
/[ LI dzNB ¢ a/ F LI dz2NB £ G+
GKAES a/2ydAydz2dza / | LI dz
measurements urntyou stopthe program Click on
0KS a/ 2y GAydz2dza [/ | LI dzNB
automatic captures.

Manual 550 ms

Mode
,2dz Oy GF{1S YSIFadaNBYSyida Ay a!
Gal ydzr f a2RSXZ¢ &S tefed yourintedatidr NiRelJ
(exposure time)n milliseconds.
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¢CKS a{LISOWwWNHzYe GAYyRZ2
graphs the wavelength

spectrum of your light
measurements. You can

view multiple captures

at the same time. The

captures are tracked in

GKS a5F0GF¢ 6AYR26
below the graphThe x

axis represents

wavelength, and thg-

axis represents

intensity.

SPECTRUM

&

1 Mode Displays the high peak waye ).dt 100% of the yaxis height

FMode: When displaying several spectra at once, all are displayed with their relative intensities.

Kk Mode: Y-axis height is fixed and based walues in the droglown menu or an inserted value

Mark: Allows you toview numerical data for all measurements across a vertical cross section of the spectrum
pmol Mode: Shows the spectral graph data in micromole units

Show PeaX 2 KSy (i dihghi§iRoeak<$ haddéts half bandwidth are both marked





































































