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2.2.

I nterface to computer

The spectrometer includes a plug-and-play high-speed analog to digital converter with USB
interfaceto control thelinear CCD detector. Thisinterface providesfull control of the CCD
detector and allows 12-bit data acquisition. It ispowered off of the USB lineand providesall the
power and control linesto the CCD detector.

Dimensions of
spectrometer

375" wx4.375“dx23“h(95x11.1x5.8cm)

Dimensions of telescope
with vis blocking filter
and cell holder

3.75x 1.5inches

Gas cells supplied with
unit

Typicaly 3 SO2 cellsalowing 7 points of calibration

Weight Lessthan 1 kg (not including laptop)
Tripod Mini tripod with hand or motorized tracking (capable of solar tracking)
Tripod interface 4 Y, 20 tpi threaded blind holes on rectangular face plate

Interface Cable

USB cable (can be 5 meterslong)

Power requirements

Draws 0.45 W power from PC through USB

Software supplied

OOBase 32 (Ocean Optics), OO Script (Resonance)

Available software

DOASIS from U of Heidelberg (freeware downl oad)

2.3. RMDI
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24.
Electrical /Optical Specifications:
Specification Minimum Typica maximum units
Standard Telescope - 2 - degrees
field of view
Spectra resolution - 04 - nm
Sengitivity for SO2 5 (noon) 10 30 ppm-m
(zenith sky 1 sec.) (twilight)
Spectra range 2400 - 295 to 380 - nm
I/mm gtg (with visible
spectrum blocking
filter)
Spectra. range 2400 - 295 to 437 - nm
|/mm gtg (no filter)
Integration time 0.03 0.1 10 seconds
Sengitivity - 90 - photons per A to D
count
Full scale - 4095 - A to D counts
Max.signal to noise for - 250 - -
one average
Dark noise - 2.5 - RMS counts
Corrected linearity - 99.8 - %
Resonance LTD.
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5.2.2. S02
NO2

Appendix 1. SPECTROMETER SPECIFICATIONS

Date: Initial:

| dentification:

Spectrometer Model/Seria Number:

Entrance Slit:
Type Fixed
Height/Width 1 mm/0.05mm
Exit Detector:
Type Linear CCD
Pixe ) 200 x 14 microns
Array Width 28 mm
Spectra coverage 295t0 437 nm
Spectra coverage with UV filter 295 to 385 nm
Grating:
Grooves/mm 2,400/mm
UV type
Resolution/System < 0.4 nmfirst order
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Appendix 2: SPECTROMETER CALIBRATION

Date: Initial:

Equipment:

Spectrometer Model/Serial Number  RMDI /SR#R415
Fixed 50 micron dit

RMDI Sky Calibration with SO2 gas cells

1.200
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Appendix 3: SCRIPT FILE LISTING

Attribute VB_Name = "Modulel"

"#Reference { 00020813-0000-0000-C0O00-000000000046} #1.3#04#C:\Program Files\Mi crosoft
Office\Office\EXCEL9.0L B#Microsoft Excel 9.0 Object Library

"#Reference { 00020813-0000-0000-C000-000000000046} #1.4#0#C:\Program Files\Microsoft
Office\OfficelO\EX CEL .EXE#Microsoft Excel 10.0 Object Library

'SCRIPT FILE NAME Resonancel tdRM DI sw.bas

' The following script processes spectral datafor RMDI and RMD-2

'DO NOT MODIFY THE FOLLOWING BLOCK OF CODE
Option Explicit

' #uses " classes\menuverify.bas’

Global ooi As OOIBase32Platinum

Global Ready As Integer

Global Const INITDONE=66

Global InEvent As Boolean

'END NONMODIFYABLE BLOCK

Global i AsInteger

Global j AsInteger

Global jmax As Integer

Global NWL1 As Integer

Global NWL2 As Integer

Global filename As String

Global ovslot AsSOVERLAYSLOT

Global PixCount As Integer

'Global wl(3648) As Double

'Global data(3648) As Double

Global wl(2048) AsDouble

Global data(2048) As Double

'Global TimeSeries1(3648) As Double

'Global TimeSeries2(3648) As Double

Global TimeSeries1(2048) As Double

Global TimeSeries2(2048) As Double

Global Spect. St(WL As Double

Global Spect EnWL As Double

Global Spect_StWL_2 As Double

Global Spect_ EnWL_2 As Double

Global Spect_StWL_3 As Double

Global Spect EnWL_3 AsDouble

Global Spect_Stpix As Integer

Global Spect_Enpix As Integer

Global Spect_Stpix_2 AsInteger

Global Spect_Enpix_2 As Integer

Global Spect_Stpix_3 AsInteger

Global Spect_Enpix_3 As Integer

'Global Spect_Array(3648) As Integer

Global Spect_Array(2048) As Integer

Global chan As SPECCHANNEL

Global WLO As Double 'Wavelength offset parameter
Global WLM As Double 'Wavelength multiplier parameter
Global CWL1(24) As Double 'Center Wavelength array for slit set (nanometer units)
Global SHW1(24) AsDouble 'Slit HALF width array for SO2 dlit set (nanometre units)
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Global Stpix1(24) As Integer

Global Enpix1(24) As Integer

Global CWL2(15) As Double 'Center Wavelength array for Ozone slit set (nanometre units)
Global SHW2(15) AsDouble 'Slit HALF width array for Ozone dlit set (nanometre units)
Global Stpix2(15) As Integer

Global Enpix2(15) As Integer

Global MinWL As Integer

Global MaxWL As Integer

Global BaseRat313 As Double

Global BaseRat355 As Double

Global BaseRat369 As Double

Global BaseRat419 As Double

Global BaseRat328 As Double

Global BaseRatO3 As Double

Global BaseRatNO2 As Double

Global StartTimer As Double

Global SO2Scale As Double

Global NO2Scale As Double

Global SO20ffset As Double

Global NO20ffset As Double

Public Sub EventGenerator_MacroBegin(ByVa modname As String)

'DO NOT MODIFY THE FOLLOWING BLOCK OF CODE
If Ready=INITDONE Then Exit Sub

InEvent=False

Set ooi=New OOIBase32Platinum

'END NONMODIFYABLE BLOCK

‘allocate variables for menus
Dim SpecMenu As Long
Dim SpecFileMenu As Long
Dim NewPopupMenu As Long
SpecMenu = ooi.Menu.GetSpectrumMenu()
‘print out all the members of menu
Dimi
For i=0 To ooi.Menu.GetM enul temCount(SpecM enu)-1
Debug.Print 0oi.Menu.GetM enuString(SpecMenu, i, mfByPosition)
Next i
'get the file submenu
SpecFileM enu=00i.Menu.GetSubM enu(SpecM enu,0)
‘add two items to the end of the file menu
00i.Menu.AppendM enu(SpeckileM enu,mf Separator,0," ")
0oi.Menu.A ppendM enu(SpecFileM enu,mf String,umFirst," F&irst new menu")
00i.Menu.AppendM enu(SpeckileM enu,mf String,umFirst+1," Se& cond new menu")
‘create a popup menu to add to the main spectrum menu
NewPopupM enu=00i.Menu.CreatePopupM enu()
‘add items to the new popup
0oi.Menu.AppendM enu(NewPopupM enu,mf String,umFirst+2," & Specify File")
'insert new menu into file menu, after help
00i.Menu.l nsertM enu(SpecM enu, 11,mfByPositi on+mf Popup,NewPopupMenu," & SO2 NO2 Data")

' get the wavelength array
0oi.Spectral Data. GetWavel engths(chan,wl (0))
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jmax = 2047
'jmax = 3647
' set starting and ending wavelengths

'‘Compressed Spectrum Mask

Spect_ StWL = 294.46
Spect_EnWL= 35455

'Set spectra save filename to a default
filename = "C:\Default SO2NO2Data.txt"

'SO2 MASK
WLO=0 'Wave length offset can be used to correct for temp drift
WLM =1 'Wave length span can be used to correct for temp drift
NWL1 =23 ‘Number of spectral elements used for correlation
CWL1(1) = 298*WLM+WLO 'Center wavelength 1 background reference
SHW1(1) = .25*WLM 'Slit 1 half width corrected for wave length span

CWL1(2) = 299* WLM+WLO 'Center wavelength 2 background reference
SHW1(2) = .25*WLM 'Slit 2 half width ....

CWL1(3) = 312.1*WLM+WLO 'Center wavelength 3 low SO2 absorption
SHW1(3) = 0.25*WLM 'Sit 3 half ...

CWL1(4) = 313.08* WLM+WLO 'Center wavelength 4 high SO2 absorption
SHW1(4) = 0.25*WLM 'Slit 4 half width ...

CWL1(5) = 314.16*WLM+WL O 'Center wavelength 5 low SO2 absorption
SHW1(5) = 0.25*WLM 'Slit 5 half width ...

CWL1(6) = 353.95* WLM+WL O 'Center wavelength 6 Low BrO absorption
SHW1(6) = 0.3*WLM 'Slit 6 half width ...

CWL1(7) = 355*WLM+WLO 'Center wavelength 7 high BrO absorption
SHW1(7) = 0.3*WLM 'St 7 half width ...

CWL1(8) = 356.04* WLM+WLO 'Center wavelength 8 low BrO absorption
SHW1(8) = 0.3*WLM 'Slit 8 half width ...

CWL1(9) = 367.71* WLM+WL O 'Center wavelength 9 low OCIO absorption
SHW1(9) = 0.3*WLM 'Slit 9 half width ...

CWL1(10) = 368.71* WLM+WL O 'Center wavelength 10 hi OCIO absorption
SHW1(10) = 0.3*WLM 'Slit 9 half width ...

CWL1(11) = 369.71* WLM+WL O 'Center wavelength 9 low OCIO absorption
SHW1(11) = 0.3*WLM 'Slit 9 half width ...

CWL1(12) = 411.89* WLM+WLO 'Center wavelength 18 low NO2 x pixels from line center
SHW1(12) = 0.25*WLM 'Sit 18 half width ...

CWL1(13) = 413.34* WLM+WL O 'Center wavelength 19 hi NO2 absorption
SHW1(13) = .25*WLM 'Slit 19 half width ...flanking slits +1.44 nm - 1.45
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CWL1(14) = 414.78*WLM+WLO 'Center wavelength 20 hi NO2 absorption
SHW1(14) = .25*WLM 'Sit 20 half width ...
CWL1(15) = 326.79* WLM+WLO 'Center wavelength 15 low CS2 9 pixels from line center
SHW1(15) = 0.35*WLM 'Slit 15 half width ...
CWL1(16) = 327.51* WLM+WL O 'Center wavelength 16 hi CS2 absorption
SHW1(16) = .35*WLM 'Slit 16 haf width ...flanking slits +.72 -.72
CWL1(17) = 328.23* WLM+WL O 'Center wavelength 17 hi CS2 absorption
SHW1(17) = .35*WLM 'Sit 17 half width ...
CWL1(18) = 411.89* WLM+WLO 'Center wavelength 18 low NO2 x pixels from line center
SHW1(18) = 0.25*WLM 'Slit 18 half width ...
CWL1(19) = 413.34* WLM+WL O 'Center wavelength 19 hi NO2 absorption
SHW1(19) = .25*WLM 'Slit 19 half width ...flanking slits +1.44 nm - 1.45
CWL1(20) = 414.78*WLM+WL O 'Center wavelength 20 hi NO2 absorption
SHW1(20) = .25*WLM 'Sit 20 haf width ...
CWL1(21) = 331.8*WLM+WLO 'Center wavelength 21 low O3 x pixels from line center
SHW1(21) = 0.35*WLM 'Sit 21 half width ...
CWL1(22) = 333.78*WLM+WLO 'Center wavelength 22 hi O3 absorption
SHW1(22) = .35*WLM 'Slit 22 half width ...flanking slits +1.98 -1.96
CWL1(23) = 335.74* WLM+WL O 'Center wavelength 23 hi O3 absorption
SHW1(23) = .35*WLM 'Sit 23 haf width ...
BaseRat313 = 1.0
BaseRat328 = 1.0
BaseRat355 = 1
BaseRat369 = 1
BaseRat419 =1
BaseRatO3 =1
BaseRatNO2 = 1
SO2Scale = 6000
NO2Scale = 25000
SO20ffset = 500

NO20ffset = -1000

'put datain overlay slot 1
ooi.Overlay.Active(ovSlot1l)=True
00i.Overlay.Active(ovSlot2)=True

00i.Overlay.ClearOverlay(ovSlotl)
00i.Overlay.ClearOverlay(ovSlot2)

j=0
'OZONE MASK: These are the wavelengths and slit widths of a Brewer Spectrometer mask
NWL2=5

CWL2(1) = 306.3* WLM+WLO
SHW2(1) = 0.25*WLM 'Slit 1 half width corr for wave length span
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CWL2(2) = 310.0*WLM+WLO
SHW2(2) = 0.25*WLM 'Slit 2 half width...

CWL2(3) = 313.5*WLM+WLO
SHW2(3) = 0.25*WLM 'Slit 3 half widith..

CWL2(4) = 316.8*WLM+WLO
SHW2(4) = 0.25*WLM 'Slit 4 half width...

CWL2(5) = 320*WLM+WLO
SHW2(5) = 0.25*WLM 'Slit 5 half width...

' set spectrometer channel
chan=chMaster

' get starting and ending pixel from wavelengths

'For compressed spectrum
Spect_Stpix = o0oi.Spectrometer.wavel ength.GetPixel (chan,Spect_StWL)
Spect_Enpix = ooi.Spectrometer.wavel ength.GetPixel (chan,Spect_ EnWL)
'For SO2 mask
Fori=1ToNWL1
Stpix1(i) =ooi.Spectrometer.wavelength.GetPixel (chan, CWL 1(i)-SHW1(1))
Enpix1(i) =ooi.Spectrometer.wavel ength.GetPixel (chan,CWL1(i)+SHW1(1))
Nexti

'DO NOT MODIFY THE FOLLOWING BLOCK OF CODE
Ready=INITDONE
'END NONMODIFYABLE BLOCK

End Sub

Public Sub EventGenerator_NewSpectraReady(ByVa windowname As String, ByVal channels As Integer)

' DO NOT MODIFY THE FOLLOWING BLOCK OF CODE
If Ready<>INITDONE Then Exit Sub
If ooi.InNextScanWait=True Then
0o0i.InNextScanWait=False
Exit Sub
End If
If ooi.InTimeWait=True Then Exit Sub
If InEvent=True Then Exit Sub
InEvent=True
! END NONMODIFYABLE BLOCK

' define local variables
Dim M AsDouble
Dim X As Double
Dim B AsDouble
Dim RFlux1(24)
Dim CRFlux1(24)
Dim CRFlux2(5)
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Dim RFlux2(5)
Dim CurPix As Integer

'‘Update Time Tic
' get processed spectral data
00i.Spectral Data. GetProcessedSpectrum(chM aster,data(0))

Tkkkkkkkhkkkkkkk Creﬁe Comprmj $&trum kkkkkkkkkkhkkkkkkx

'Create average

"integrate
Fori=1ToNWL1

Next i

RFlux1(i) =0
For CurPix = Stpix1(i) To Enpix1(i)
RFlux1(i) = RFlux1(i) + data(CurPix)
Next CurPix
RFlux1(i) = RFlux1(i)/(Enpix1(i)-Stpix1(i))

Fori=1ToNWL2

Next i

RFlux2(i) =0
For CurPix = Stpix2(i) To Enpix2(i)
RFlux2(i) = RFlux2(i) + data(CurPix)
Next CurPix
' RFIux2(i) = RFlux2(i)/(Enpix2(i)-Stpix2(i))

M = (RFlux1(2)-RFlux1(1))/(CWL1(2)-CWL1(1))
B = RFlux1(1)

Fori=1To2

Next i

CRFlux1(i) = RFlux1(i)

Fori=3ToNWL1

Next i

CRFux1(i) = RFHux1(i) - B

' USE CODE BELOW To put Datainto chart and save file

TimeSeriesl(j) = SO2Scale* (-Log(2* CRFlux1(4)/(CRFlux1(3)+CRFlux1(5)+0.00001)/BaseRat313)) + SO20ffset
TimeSeries2(j)) = NO2Scale* (-Log(2* CRFlux1(19)/(CRFlux1(18)+CRFlux1(20)+.00001)/BaseRatNO2)) + NO20ffset

‘append timeseriesl(j) and timeseries2(j) to file

Open filename For Append As#1
Print#1,"" & Time& "" & Date& "" & j & " " & TimeSeriesl(j) & " " & TimeSeries2(j)

Close #1

Debug.Print (TimeSeries2(j))

00i.Overlay.ClearOverlay(ovSlotl)
00i.Overlay.ClearOverlay(ovSlot2)

00i.Overlay.SetOverlayWavel ength(ovSlot1, wi(0))
0oi.Overlay.SetOverlayl ntensity(ovSlotl, TimeSeries1(0))
0oi.Overlay.SetOverlayWavel ength(ovSlot2, wi(0))
0oi.Overlay.SetOverlayl ntensity(ovSlot2, TimeSeries2(0))
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=i+

If j > jmax-1 Then
0oi.Overlay.ClearOverlay(ovSlotl)
00i.Overlay.ClearOverlay(ovSlot2)
For j=0 To 2047

TimeSeriesl(j) =0
TimeSeries2(j) = 0
Next |

j=0
End If

'DO NOT MODIFY THE FOLLOWING BLOCK OF CODE
InEvent=False
'END NONMODIFYABLE BLOCK

End Sub
Public Sub EventGenerator_UserMenu(ByVa menuid As Long)

Select Case menuid
Case umFirst+2
' Enter afile name to save the SO2 and NO2 data
filename = InputBox("Enter File Name For Saving Data Using The Form
Directory\FileName.txt" , filename, "C:\Data.txt",,)
Debug.Print filename
End Select

End Sub
Public Sub Errorreport()

End Sub

Public Sub EventGenerator_MacroEnd()
" when the macro exists, restore the default spectrum menu adn clear overlays
00i.Menu.Rel oadDefaul tSpectrumM enu()
00i.Overlay.ClearOverlay(ovSlotl)
00i.Overlay.ClearOverlay(ovSlot2)
00i.Overlay.ClearOverlay(ovSlot3)
00i.Overlay.ClearOverlay(ovSlot4)
00i.Overlay.ClearOverlay(ovSlot5)
00i.Overlay.ClearOverlay(ovSlot6)
00i.Overlay.ClearOverlay(ovSlot7)
00i.Overlay.ClearOverlay(ovSlot8)
ooi.Menu.RedrawAIl SpectrumM enus()

End Sub
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