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1.0 Introduction

About this Manual

This manual is closely based on an original manual put together by Martin Gysel and
Marie Laborde. If you find ways to improve it, please email your suggestions to
customer-contact@dropletmeasurement.com .

Additional Resources

DMT maintains a YouTube channel that has a video on installing the Toolkit. Visit
http://www.youtube.com/user/dropletmeasurement to view this vid eo. Other videos
on the Toolkit will be available on this channel soon.

2.0 Installation and Updating

2.1 Installing IGOR Pro Software

Follow the installation instructions provided by WaveMetrics, the software
manufacturer.

PSlrecommends creating a folder for all your IGOR procedure files on a backed up
har d dr i v aLabormleOghigor\dsdiProcso

Create a shortcut to the above folder ,and put this shortcut into | GO
folder ( the subfolder of the program folder), e.g .:

0 GProgram Files\WaveMetrics\lgor Pro Folder\User Procedures6

View the IGOR Pro tutorials in order to get familiar with the features of this software.

2.2 Installing the SP2 Toolkit

1. Contact DMT for instructions on how to get the toolkit .zip archive

2. Unzip the archive.

DOC-0359 Rev A 7
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Figure 1: Unzipped Archive
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3. Copy all procedure files (.ipf files) to the folder that has been created above
for storing the IGOR user procedures, e.g.,
0 MLabordeOnljigor\U s e r P r You sa@ also access this folder by opening
Igor Pro and selecting "Show Igor Pro User Files" from the "Help" menu. The
procedure files to be copied include the following:

1 Gysels_SharedProcs_vx.ipfloverwrite any older versions of this file)

1 SP2_toolkit Constants_xxxx.ipf

1 SP2 _volkit_ GraphProcs_ xxxx.ipf

1 SP2_toolkit_Procs_xxxx.ipf
These procedure files contain the entire program code for the SP2 Toolkit.

4, Store the SP2 toolkit template
the template contains the instructions to load all  procedure files required for
running the SP2 toolkit .

5. Pressing Ctrl-Mwill open the main procedure window (shownin Figure 2).

DOC-0359 Rev A
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File Edit Data Analysis Macros Windows Procedure Misc Help ToolsMG  Maotes SPZ_MG

-i0i

#oragma tGlobals=1 # Usze modern global access method. [

#include "3FZ_toolkit_GraphProcs_des"
#include "SPZ_toolkit_Procs_dey”
#include "3FZ_toolkit_Constants_dev”

[ © [Templates = | [Procedures w ] (Compile ILI_I

Figure 2: Main Procedure Window for Toolkit

6. Openthetemplate, 6 SP2 t ool kidt _xxxx. pxt

7. On the SP2_MGmenu, select SP2_panel_PSI This will display the SP2 toolkit
panel.

File Edit Data Analysis Macros “Windows Graph Misc Help ToolsMG  Motes | 5pz MG
nel_P5 Chrl45
Show SPZ procedures Chrl+6
Show SPZ graph procedures Chrl+7

Show SPZ constants Chrl+8
Show 5PZ modified DMT procs  Chrl+9
Show Access SPZ waves Chrl+4

Figure 3: SP2 Toolkit Panel

You are now ready to start using the SP2 toolkit.

2.3 Updating existing IGOR experiments to latest Sp2 toolkit
release

1. Contact DMT for information on where to download the latest release of the
toolkit.

2. Unzip the archive.

3. Copy all procedure files (.ipf files) to the folder that has been created above

for storing the IGOR user procedures, e.g.,
0 MLabordeOnljigon\Us er Pr ocs é. The procedur e
followin g:

f

DOC-0359 Rev A
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Gysels_SharedProcs_vx.ipf(overwrite any older versions of this file)
SP2_toolkit_Constants_xxxx.ipf

SP2_bolkit_GraphProcs_xxxx.ipf

SP2_toolkit_Procs_xxxx.ipf

E R

These procedure files contain the entire program code for the SP2 Toolkit.

4. Open the file containing the previous SP2 data evaluation.

5. Open the main procedure window by pressing Ctrl-M on the keyboard. Check
which release you have been using to analyze the data set so far. In Figure 4,
the version number is 1000.

#pragma Globals=1 /i Uze modern global access method.

#nclude "Gysels SharedProcs 2"
#include "SP2_toolkit_GraphProcs_1000"
#nclude "SPZ_toolkit_Procs_1000"
#include "SP2_toalkit_Constants_1000"

D‘C';l‘ ﬁ TemE1atesv| Proceduresv] Compile || £ |

Figure 4: Procedure Window Displaying Version Number

6. Adapt the oO#include é06 statements in order
In Figure 5, the new version nhumber is 1100.

#pragma rtGlobals=1 f Use modern global access methad.

#Hinclude "Gysels SharedProcs «2"
#include "SPZ toolkit GraphProcs 1100"
#nclude "SPZ toolkit Procs 1100"
#nclude "SFZ_toolkit_Constants_1100"

[ & J2 [Templates » ] [ Frocedures w ] I L4 |

Figure 5: Procedure Window Updated to Load Latest Version Number

7. Kill the previous SP2toolkit panel (close it, not just hiding).

8. Select SP2_panel PSlfrom the menu SP2_MGto create the SP2 toolkit panel
again.

DOC-0359 Rev A 10
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File Edit Data Analysis Macros ‘Windows Graph Misc Help ToolsMG  Motes | Sp2_MG
SP2_panel_PsI
Show SPZ procedures Ctrl+6
Show SPZ graph procedures  Crel+7

Show SP2 constants Chrl 48
Show SP2 madified DMT procs  Crrl4+9
Show Access SP2 waves Chrl+4

Note: All settings on the panel are automatically reset and must be re -entered.

3.0 Data Analysis Approach and Data Structure

3.1 Raw Data Files

The SP2 data acquisition software writes four different types of files:

.sp2b files : Main raw data file s containing the traces of all triggered particles.
.hk files: Housekeeping files containing various instrument parameters such as
YAGpower, flow rates, pressure, etc. at 1 Hz resolution.

1 .ini files: Configuration files containing various software settings such as the
trace length, number of triggered patrticles, trigger threshold, number of saved
particles, etc.

1 .sum or .log files: Logbook which keeps track of main software actions, i.e.

starting new data files etc. (File extension depends on SP2 software version).

E R

3.2 Program Architecture

1.

Loading raw data (particle traces and housekeeping data)
Y see Section Error! Reference source not found.

Trace analysis (determining peak heights for each particle)
Y see Section5.0.

Post processing particle -by-particle data (e.g. calculation of BC mass from
incandescence peak height, calculation of number and mass concentrations and
size distributions etc.)

Y see Section6.0.

Further post processing such as calculating time series of various quantities or
analysis of LEOfit results. See sections6.0 and 7.0.

DOC-0359 Rev A
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3.3 Schematics of Data Analysis Approach

The following pages contain schematics for the data analysis approach.
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BC density only influences BC core diameter values and BC core diameter scales of size distributions.

data loading
— trace analysis
—  hasic post processing
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Analysis of SP2 Scattering Data (3.300)
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values. The SP2 is normally operated at equal power as during the calibration. Therefore the YAG power value from
the calibration measurerment should be used as a constant power value. It should only be adapted if the purmp power

has changed or if the laser power dropped due to laser contamination.
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data loading
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—  hasic post processing
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Classification of particles (3.301)
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Classification for LEO-fit (3.301)
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single particle data

ensemble data

Analysis of Delay Time Data (3.201)

-

SCHG

= apply loweer cut for BBHG and SCHG

= apply main data fiter

clazsification

(Makd if fittered)

position of
max. signal before
incandescence

SCHG
position of glokbal max.

N

BuLay

+

select according to SCHG a
saftwere constant pos. of maximum _ 4

BEHG

peak position

SCHG

peak postion (Gaussian)

h

-
1_

mesasurement =ettings n&m single particle property
" =p2h" (toalkit) fitters
measUrement constants m:wma.s_m
(" hk") Ctoolkit) ENENTE)
SCHG _
deday time
scat. max. pos. — incand. 38._

BBHZ _

¥

= delay time threshold
= restrict range of BEHG peak heights
= number of pesk height bins

BuLay

+

Y

SCHG
delay time
scat. peak pos, — incand. pos.

number fraction of
thickly costed particles
ws BBHG peak height

peak height _

= resfrict range of delay times
= resfrict range of BEHG peak heights

delay times

—— basic post processing
—— further post processing

histogram of
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single particle data

ensemble data

Analysis of SP2 Bandratio Data (3.201) MessWemeRt | | ssfings\, [ setings dets \ [‘single pertcle property
(" =p20") {"ini") ttaokit) fitters
\. measurement constants m:wm_.ﬁw_m
(" hk' (tookit) cuartity
BEHG high gain high gain
BEHG | area between | BENE bandratio - brandratio
peak half rige "1 half rize and | from peak areas 4 A 'y 7| from peak areas
half decay for all particles z|w [Mah if fitered)
oD
EEHG gl % |a W z
peak half decay | F = AE;
7 = A =l
o =
BBHG = E
bazeline 2"
BEHG MEHG classification
saturated? saturated? [Mal if fikered)
S
o
7] i o2
= - &=
£7 EZ AE
o= o= S
BEHG T = 212 =5
NEH G peak height = = =
MBHG area between high gain 2" high gain
peak half rize half rize and BENE bancrtio ¥ L4 L4 bandratio
half decay | from peak heights from pesk heights K g
NEHG NEHG for all particies (Mal it fitered) W W
peak half decay peak height = =
n om
NEHS z g
/ bazeline .m ..m.
o o
E E
— : :
Y
|.A statistics for statistics for
handratio handratio
from peak heights from peak areas

Motes:
- Calculation of bandratio for low gain channels is equivalent.

— trace analysis

— hasic post processing
— further post processing
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3.4 Data Structure after loading into Igor Pro

Every detector channel has its specific prefix:

- high gain scattering: OSCHG_. .. O6(previously oO0scatt _
- high gain broadband incandescence: 0 BBHG_. . . 6( previously oObroad_.
- high gain narrowband incandescence: 0 NBHG_ . . . 6( previously onarr _

- high gain split detector: OSPHG_. .. 6(previously osplit _
- low gain scattering: 0SCLG_. 0

- low gain broadband incandescence: 0 BBLG_. . . ¢

- low gain narrowband incandescence: O NBLG_. . . 0

- low gain split detector: 0OSPLG_. 0

And similarly the combined incandescence data:

- combined BBHG+NBHG: OBHNH_. . . 6(previously ofull BN_
- combined BBHG+NBLG: OBHNL _. . .60

- combined BBHG+BBLG: OBHBL _. . .60

- combined BBLG+NBLG: OBLNL_. . .6

The housekeeping data are | oad¥iYMMDDxnanHKa@rl der wi t
OYYYYMMDDhHKInmascording to the name of the housek

All raw trace data are loaded to a folder named OYYYYMMBDDacocwoor di ng to
the name of the raw data fi | e 0 . sThe baw .trace matrices (BBHG_ data,

NBHG_data, etc.) can be deleted after the trace analysis to reduce memory usage

considerably. Do not delete any other wave in this folder. The time stamp of each
individual particle i s TineDabeé edhei nstriheag waveot
YYYYMMDDxnnnSP2' : HKf |l dr FP6 contains the full path t
folder if the latter has been loaded .

Within the folder YYYYMMDDxnnrEP2_ PBP you will find all data resulting from the
trace analysis and further post processing on a particle by particle basis . The folder
YYYYMMDDxnnisP2_PBP is the folder you should look atmost of the time . It contains
all the data in an array type of format. These arrays are used in various combinations
to display differentgrap hs( see 0 Gr aphs/ Tabl esdé tab).

DOC-0359 Rev A 18
© 2013 DROPLET MEASUREMENT TECHNOLOGIES, INC.



PSI SP2 Toolkit Manual

Information about the content and units of each wave can be found in the wave notes
You can use the data browser to display them, as shown in Figure 6.

Eile Edit Data Analysis Macros Windows Misc Help MG Motes SPZ_MG

' Il Data Browser M=l =

Current D ata Folder:
*Ircn:it :20100311=001_SF2_ PEF:ConcT=ser:

r~ Display root hd
¥ \Waves I J
[~ Wariables =1 @ j
5 -
[ 20100311 8001_5P2
i InfDI Gl | & & anoomtom_sez He

&2 20100311x001_5P2_PBP

Mew Folder... | -f&d BandRatioHG
f] BandRatioHGawg
_SaveCony. | [ BBHG_BCdiam
Browse EKIJL..I o fr] BBHG_BCDishDiamBdr
Hep | o] BBHG_BCDistDiamMidpt
[ BBHG_BCDistDlogDp

_ Delete | ] BBHG_BClogdiam
Pleferences...l S EIEEHG_BCmass

— BBHG_BCmasdistr
Evec. Cd. | -] BEHG_BCrhumbdistr
-f] BBHG_BChatalmass

Rl DOLE Drbek—lenmn oo ;I

Wave: BBHG_BCmass

Type: FP32 Size: 91588 ntes

Fows: 22817 Units:Maone Start: 0 Delta: 1
Mote: mass of individual BC particles [fa];

Figure 6: Data Browser Displaying SP2 Wave Data

Some examples of single particle data waves:

Particle type classification Classification and ClassificationByMinCut

Incandescence peak height of | BBHG_FitPeakHt
the BBHGchannel

BC mass of the BBHGchannel BBHG_BCmass

Delay time DelayTimeScattMax2Broad

Concentration time series data ar eThpst siumfohdert
can be renamed if additional time series data with different  time resolution or cut -offs
are to be extracted.
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Size distribution time series dat a .0ar Bhipsut i n
subfolder can be renamed if additional time series data with different time resolution
or cut-offs are to be extracted.

LEGf it results are put in the subfolder o0: LEOO6 ar

4.0 Loading Data
4.1 Loading Housekeeping Data

The SP2 data acquisition software writes two different types of data files: the
housekeeping dat a files (0. hké&) (dndpdPad)t.i clTd e
housekeeping files are required for information suchas t he SP206s sample fl ow
the YAG laser power. Housekeeping files can automatically be loaded along with the

particle trace data (see bel ow) by oohddlei ng adl c
tab. It is also possible to load the housekeeping data independe ntly of the particle

trace data by following the steps below.
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1. Select |l oad type oall filteson nolfwmddl elh du saenlde g
fi |l SeeFigure?7.

I SP2_Toolkit_PsI =] B3]

PAUL SCHERRER INSTITUT PS| SP2 toolkit 3.200

LABOR FUR
—_ — martin.gysel@psl.ch 2 s ATMOSPHAREN:
— hitpuipeopleweb. psi.chigysell y CHEMIE

Credis

Load I Calily | Trace Analysis | Post Processing | LEQ | GraphsiMTables | Ize Cores | Confiy
— losd SP2 raw data

load raw data | Ioacitype: | all files in folder >
zet channel configuration |7 load ane of every n particles: n= J
an "Config" 4k first! l_ linit maximum data rate:  max. rate [1000MH] = j

|7 concatenste rav files

wetite sample flowe wesve [V load housekesping file(s)
from: [ HE [ [ const. [V analysetraces [ LEO-fit
l_ delete ravy data after analysing

|7 post processing of trace analysis l_ post processing of LEO it

wyrite WAS power wave |7 fit lognormal size distributions

¥ const [~ trom Hic [V extract cancentration time series

G poweer (W] J [ extract size distribution time seties

__ load SP2 housekeeping data

é Ioad housekeering files I lozd one housekeeping file I

concatenate housekeeping folders

Ioad type: | all filss in folder 'l [ remap when loading L I
- remap housekeeping data

[ concatenste HK fies  remap interval [s] J B [ I

__ telete SP2 rav data

delete range of SP2 data by row index |

delete range of SP2 dats by time | concatenate SP2 raw data folders:

Figure 7: Loading Housekeeping Data i Step 1

Note: The original 1 -s data are remapped to a longer interval if remap when
loading is checked.

2. Sel ect the fol der -flesstobe madediamdgress O 0. hk 0

Select folder containing the **.hk'-files to be loaded. x|

Path to falder: |N:4F awD atah 201 08APM measurementySP2

Cancel | oK |

Figure 8: Loading Housekeeping Data i Step 2

The housekeeping data are |l oaded to a folder
or 0root: YYYYMMDDh hmgros the ridded of tthee guiginal dilie.
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The housekeeping data can be visualized with the raw data grap h
Ohousekeepi ng GraphsdTablestalo m t he

4.2 Loading Particle Trace Data

4.2.1 SP2 Configuration and Properties

On the Config tab, select the type and order of the data channels to be loaded (box #1
in Figure 9). The default values are for a factory standard SP2 setup. If you have

changed the order of the detectors (e.g., made the incandescence detector Ch0) you
will need to update these values for each experiment. Then specify the channels to be
loaded in this experiment (box #1 in Figure 9).

M 5P2_Toolkit PST =1ol x|
PAUL SCHERRER INSTITUT  pg| P2 toolkit 3.200 ﬁ
h [ 7. Lasor FOR
p— mattin.gysel@psi.ch . ATMOSPHAREN.
hitpe/fipeopleweb psichigysel CHeMIE
Crecits

Lo | Calily | Trace Analysis | Post Processing | LEC | Graphs/Tables Ice Cores Config

'ﬂhanne\ configuration (hardware wiring| 7\
channel 0: I scattering high gain j
channel1: | broadhand incandescence high gain 7 |
channel 2 | nhanawband incandescence high gain j 1
channel 3: I split detector high gain j

| channel 4 |
| channel 5 X |
I channel B > |

‘\ channel 7 x /

’f data channels tobe loaded: N\ detector / DAG-boand saturation:
[V scattering high gein scattering high gain [2047__] 5|
gbroadbznd ;ncandzscence h\ih sa\n broadband high sain J
[V seattering low gain pit igh gain [2047 ]|
|7 hroachand incandescence [ov gain seattering low gain j
[¥ narrowband incandescence low gain e ﬂ
e narrowband low gein [2047 ] 3|

=plit [owy cEin j

2

Figure 9: Specifying Data Channels to Be Loaded

4.2.2 Setting Data Load and Analysis Parameters

Before loading data, you will need to set parameters on the Load tab. See the
definitions below for information on individual parameters.
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W 5P2_Toolkit_PsI =10l
PAUL SCHERRER INSTITUT  pg| P2 toolkit 3.200 l
) . (. Lasor FOR
_ | — mattin gysel@psi.ch ATMOSPHAREN.
b http:ipeople web. psi chigysel! CHEMIE
Credits I

Loatl | calb | Trace Analysis o LFo | Graphsmaples | icecores | config |
_ Ioesed SP2 raw data \

lnad ravy clata J Ioadd type: I Al files in folder 'I
et channel configuration| |7 load one of every n particles: n= J
ke ol ebiflist | [ limit massimum clata rate:  max. rate [1000M] = J

|7 concatenate raw files
wetite sample flowe vwave J |7 load housekeeping file=)
from: [ HE T M0 [ corfet. [V analysetraces [ LEO-fit

flowe [emeiming [339938.0 J |7 delete rave data after analysing

|7 post processing of trace analysis l_ post processing of LED fit
wetite Y AG pOWEr wwave J [V 1it lognarmal size distributions
[¥ const. [ from Hi [ extract concertration time series

Y AG power [V] J Q extract size distribution time series

__ load SP2 housekeeping data

load one housekeeping file I

Ioad housekeeping files |

— atenate b kesping fold

loadl type: I 4l files in folder 'I [~ remap when loading ST S AT ersI
a s remap housekesping data

[¥ concatenate Hi fles  remap interval [s] J & ] I

_ delete SP2 raw data

delete range of SP2 data by row indesx |

delete range of SP2 data by time | concatenate SP2 rawe data folders I

Figure 10: Specifying Data Loading Parameters

1 load type : select options to load a single or multiple files.

1 load one of every n particles : if checked, software will only load one out of every n
savedparticles is |l oaded, where n is set with the

1 limit maximum data rate : if checked, the toolkit adjusts the fraction of loaded
particles automatically from file to file such that the number of loaded patrticles per
hour does not exceedtheparti cl e rate set withh qrhdaxmi tr atpep | [i B
to particle rate averaged over the whole file). For example, if the sample
concentration increased such that the number of loaded particles doubled, the
software would load a lower fraction of particle s from the subsequent data file.

9 concatenate raw files : each raw data file is loaded into a separate folder ( if
unchecked) or all data are loaded to a single folder ( if checked).

1 load housekeeping file(s) : housekeeping data are automatically loaded ( if checked)
or taken from previously loaded housekeeping data. Note: only required if sample
flow rate data are to be taken from housekeeping file.

1 Analyse traces and delete raw data after analyzing : See Section 5.0 for details.
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9 post processing of trace analysis , fit log-normal size distributions , extract
concentration time series , and extract size distribution time series : See Section

6.0 for detalils.
1 LEGHit and post processing of LEO fit : See Section7.0 for details .

1 YAG power [V]: Stores the YAG power value to be used for optical sizing. More
details and a description how to reset the YAG power value after loading data are
provided in Section 4.2.5. In general DMT recommends holding the YAG power

constant (at the same value applied in scattering calibration work) because it is not
necessarily an accurate measure of the inner cavity lase r intensity that affects light

scattering signals.

4.2.3 Loading and Analyzing the Particle-Trace Data

1. Press the button load raw data on the Load tab to load the raw data.

2. If LEOHit is checked, select folder contain ing the beam shape data:

IGOR. Data Browser

Select folder containing the
beamn shape data:

Digplay raat -

[ waves I J

I Va_riables B2 [ oot

I': Strings @ 2010067170071 _HE,

r IFr'1|fc- m R ) B =amnS hapeD ata201005xx
ot s -3 SP2tooki

& Temp

Cancel |
Ok |

Figure 11: Selecting Beam-Shape Data

3. Ifloading a single file, s elect the sp2b-file to be loaded:

DOC-0359 Rev A
© 2013 DROPLET MEASUREMENT TECHNOLOGIES, INC.



PSI SP2 Toolkit Manual

Select 'SP2B'-file to be loaded 2xl
Look i [ 5 PSI-6P2 E Q2

(=) 20100617x001 hk
20100617x001.ini

20100617x002,hk
%20100617x002.ini
20100617x002,5p2b
Deskiop 20100617x003.5p2b

My Documnents

™

My Computer

File name: |2D1 0061 7+001.sp2b j DOpen I
Files of bype: IAII Files [*%] j Cancel |

Figure 12: Selecting a Single File to Be Loaded

If selecting multiple files, do one of the following:
1 Enterthelistof fil es to be | oaded (l oading ofiles

List of files to be loaded: 21l

date string in names of files to be loaded:

|"2u1n1022"
list of file nurmbers ta be loaded
[*1512:417"

coe | o |

Figure 13: Entering List of Files to be Loaded

T Select the folder containing the shortcuts
folder 6) :

Select folder containing the 'SP2B'-files to be loaded. x|

Path ta folder: IE:'\DDcuments and SettingshavsehD esktopitemptestdatabPS1-S P2y

Browse | Cancel | ak. I

Figure 14: Entering Folder from which to Upload Files
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4. If the window below appears, s elect the folder containing the housekeeping
data and press OK

IGOR. Data Browser

Select housekeeping data folder:

Displa hd

- E\r":\fes Iroot -

[~ Warizbles | |5 &9 root

I™ Strings RN R2] 201 0061 7:001_HE.

||: rfo [i] 23 BeamhapeD ata2(1 00xs
> &3 SP2oalki

#-f Temp

Cancel |
DK |

Figure 15: Selecting Housekeeping Files to Be Uploaded

Note: This dialog appears 0 n | yload Hiousékeeping file(s)6 i s not <checked.

The raw data will be loaded and analy zed. See 3.4 for structure of loaded data.

4.2.4 Resetting the Sample Flow Rate Data

The sample flow rate data are required to calculate number and mass concentrations.
(This wave has not been written with old er toolkit versions. ) The sample flow rate can
be reset with values taken from different sources . There are three options for setting

this parameter, as shown in Figure 16:

1 HK: sample flow rate data are taken from the housekeeping file; HK data must
have been loaded beforehand

1 INI: the nominal value set in the configuration file (this option is not possible
for SP2 software release 4.0 onwards)

f CONST:aconstantv al ue set on the

Y

panel with ofl ow |
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WSP2_Toolkit_PSI =10 x|

PAUL SCHERRER INSTITUT PSI SP2 toolkit 3.200
) } LaBor FUR
— p— mattin.aysel@psi.ch =5 ATMOSPHAREN-
S http:fpeopleweh.psi.chigyseld CHEMIE

Credis

Logd I Calib | Trace Analysis | Post Processing | LED | GraphsTables lce Cores | Config |
_ load SP2 rave data

load ravy data loadd type: I all files in folder =
et channel configurstian |7 load one of every n particles: n= j
EnkEonicitohlist I limit maximum data rate:  ma, rate [1000h] =

[ concatenate raw files
werite sample flow wave |
friotm: |7 HK l_ 1M1 l_ const.

=

logd housekeeping file(s)
analyse traces l_ LEO-fit
delete raw data after analysing

|7 post processing of trace analysis |7 piost processing of LEC fit

werite W AG poOveer wWave | |7 fit lognormal size distributions

¥ const. [ from Hic [ extract concentration time series

Y AG power [V] J |7 extract size distribution time series

_ Ilnad 5P2 houzekeeping data

load housekeeping files I load one housekeeping file |

atenate h keeping fald

\oadtvFe:I all files in folder 'I [ remep when loading e Ersl
a - remap housekeeping data

[¥ concatenate HK files  remap interval [s] J 2 () |

_ delete SP2 raw data

delete range of SP2 data by rowy index I

delete range of SP2 data by time I concatenste SP2 ravy data folders

Figure 16: Selecting Source for Sample Flow Rate Data

425 Resetting the YAG power data

To reset the YAG power data, enter the desired value in  YAG power [V] and press
write YAG power w ave.
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Figure 17: Resetting YAG Power Data

Note: Normally the value for YAG power [V] should be the same as the value used to

calculate the calibration coefficients of the scattering
This value should usually be a constant. (T he YAG power monitor reading varies with
factors such as temperature , so it may not reflect the true intra -cavity laser power
variability. ) If the YAG power has changed since the calibration measurement due to
different pump power or mirror contamination,
adapted accordingly. Ideally a second scattering/PSL calibration should be performed
if the laser power is suspected to have changed, and coefficients for this second

calibration applied to the affected data.

5.0 Trace Analysis

5.1 Preparing Settings for Trace Analysis

5.1.1 Incandescence Channel Settings

The incandescence channels are highlighted below.

channels from a PSL calibration.

however, then the YAG power could be
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Figure 18: Incandescence Channels

fit type for incand. data : The baseline can be obtained by either averaging the
pretrigger points or by fitting a Gaussian to the trace. The latter option is normally not
recommended.

match narr to broad: If checked, then the peak of the narrowband channel is only

searched in the range where the broadband peak was observed. This is helpful if the

narrowband channel contains plenty of noisy spikes. This option is inactive if the fit

type o0fit Gaussian to get baselined6 is selected.

# points to be averaged for peak height: Number of points around maximum of
incandescence signal that are averaged to get the peak height. Normally 1 or 3 (always
an odd number). Note that the same setting must be used for analysing measurements
and corresponding calibration data.

filter baseline and full am plitude of baseline noise:  This option is only used if the fit
type Oaverage pretrigger poi nt dltertbaselimee is basel i n
checked, then any signal higher than minimum signal + full amplitude of baseline

noise is filtered before av eraging the pretrigger points to get the baseline level.

get # pretrigger pts from configuration file: If checked, then the number of
pretrigger points used for determining the baseline is taken from the number of
pretrigger points used during data record ing.
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fixed # of pretrigger pts and pretrigger pts for baseline : If fixed # of pretrigger pts
is checked, then the number of pretrigger points used for determining the baseline s
taken from the setvariable # pretrigger pts for baseline

5.1.2 Scattering Channel Settings

Scattering Channel Settings are shown below.

L L omEE ) .'ajli
CPAGL SORTRRER ISTITET gy 52 oot 3208 Wé:
. . Lancw rum
B Se—
st | S Sace Ao | st vateneg | W00 | Gerateins | wecoes | Gy |
sty of B parcrs dor s oo g [0 2
e vaces N | p o o g
7 anate swm wts a2 wbyiig 9 ey 4 <
[ ot pmimmntng o4 Hoce oo ¥ et 75
™ % ogrme vr sevinsiore ¥ nowmatord 4 ¥
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Figure 19: Scattering Channel Settings
fit type for incand. data : The baseline can be obtained by either averaging the

pretrigger points or by fitting a Gaussian to the trace. The former option is normally
recommended.

See Section5.1.1 for a description of the other settings.

5.1.3 Split Detector (Position Sensitive) Channel

The Split Detector Settings are shown in Figure 20.
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Figure 20: Split Detector Settings

See Section5.1.1 for a description of all possible settings.

5.1.4 Detector and A-to-D Converter Saturation

Figure 21: Detector and A-to-D Converter Settings
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Saturation of the signal normally occurs in the analog to digital converter (DAQ -board).
This means that the maximum possible signal value is 2047 (for a 12 -bit A/D -board
reporting values symmetrically about zero). However, it is possible the analogue signal
saturates already at small signal values. In the latter case the signal value
corresponding to saturation (i.e. maximum observed signal minus some allowance for
noise) should be entered in the corresponding set variable. Correct identification of
saturated signals is only possible if the saturation limit is provided.

5.2 Analyzing Raw Traces

Select the channels to be analyzed (if data are available) and post processing options:

WISP2_Toolkit_PSI =] 53]

PAUL SCHERRER INSTITUT PSI SP2 toolkit 3.200 /f\

. Lasor FOR
- — martin.gysel@psi.ch ATMOSPHAREN.
— hitp:ffpeople.web.pal.chigysell CHEMIE

Credits

Load | Call  Trace Analysis | PostProcessing | LEG | GrapheiTables | loe Cores | Config

__ calibration constants and BC properties

select calioration | 0100815 _aquadag_spine_3pt =]
! density of BC particles for dism. cale. [kain®] [1800 J

trace analysis

r analyse traces I high gain  low gain N\
fit scattening: v v

|7 delete raw dats after analysing

[¥ post processing of trace analysis fit broadband: [ v
I¥ fit lognormel size distributions fit narrowhand v icd
[ extract concertration time series fit spiit detector: v I
UV exdract size distribution time series [~ LEo-fit [ post processing af LEO fit J
scattering incandescence splt detectar I

split detector high gain: [ fiter kaseline  1ull amplituds of baseline noize j
split detector law gain: |7 fitter baseline  full amplitude of baseline noise: j

# of pretriooer poirts for baseline (al channels if applicaklz)

[~ get # pretrigger pts from configuration file
[V fixed # of pretriguer pts # pretrigger pts for bassline =

Figure 22: Trace Analysis Settings

delete raw data after analysing: If checked, then all raw trace data are deleted from
memory after trace fitting. This reduces memory usage massively with the drawback
that it is not possible to compare the fit result with the raw traces or to repeat the
trace fitting (without reloading the raw traces).

See Section 6.0 for detailed description of the options 0 po st processing of
anal ysfilsglhormal si z e di st reirbctdoricentnasod time series 6 , and
oextract size distribution time series 6 .
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See Section 7.0 for detailed description of the options 0 LAEf | and o post processi ng

7

of LEO fito

Press the button analyse traces if all options are set. Then you will have to select the
folder containing the raw trace d ata and confirm it by pressing OK

IGOR Data Browser

Select folder containing the raw
data to be analy=ed

I raat j

Dizplay
[~ wWaves

[~ Wariables =
I Shings {53 20100618x029_HK

[ Info 3
I Plat 1 :

{9 2010093071 45354 H
-3 SP2taoki
- Temp

Cancel |
ak |

Figure 23: Selecting Raw Trace Data

results will be written into the folder

Y Trace  analysis
oroot: YYYYMMDDxnnn_SP2 PBPOG.

33
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6.0 Post Processing Particle -by -particle D ata
6.1 Basic Post Processing

Single outliers or a connected part of the raw data can be filtered by writing 1 to the
corresponding point ( o Mask_8adataMaddf wpaovien tisn) tihne trhae
dat a f ordod €YYYMMDDxnnisP2'6) to 1:

i x|

Current [ ata Folder:
#lroot :20100618=x029_SF2_FEF:

Display oot >
¥ waves I J
¥ “ariables 5 [9 root =
E :Stfnngsm ----- 8 RT5tackinfo
nro
= Pt --[59 20100618x029_HEK

&[5 201006184029_5P2

MNew Folder... I ----- f] BEHG_data
e — I ----- f CorfigFilelD
Broweze Expt... I i

Help I

Delete

Freferences...

Exec. Crnd... I

Wave: Mask_BadDataMain

Type: FP32 Size: 200328 bhytes

Rows:50002 Units:MNone Start: 0 Delta: 1

Mote: main data maskwhich iz used to selectwhich rows are to he ignored in any data
analysis;

nate, ignoring means that neither the measured peak heights, northe corresponding
sample valume are considered, as ifthe instrument wasn't running during this time;
O=row to be included in the data analysis;

1=row to he ignored in the data analysis;

Figure 24: MaskBadData Wave Shown In File Browser

This can be done with the following command for a range of particles by their index:

setdatafolder root:'YYYYMMDDxnnn_SP2'
Mask BadDataMain[11,101]=1 [ffilters points 11 -101

A certain time period (e.g. 16.06.2010 00:11:53 - 16.06.2010 00:11:53) can be filtered
with the following command sequence:

setdatafolder root:'YYYYMMDDxnnn_SP2'

make /o/n=(numpnts(TimeDate)) Mask_ PeriodToBeFiltered =0
MaskTimelntervalTStr(TimeDate, Mask _PeriodToBeFiltered, "16.06.2010 00:11:53", "16.06.2010
19:37:00", BadVal=1)

Mask_BadDataMain = Mask_BadDataMairj Mask_ PeriodToBeFiltered //combine the two
masks with logical OR
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Pl

ease check t he MasktBadDatdMaih hfeowaa ed@&scr i pti on

consequence of filtering particles in this way.

Select the instrument calibration and BC density:

WISP2_Toolkit_PSI

=10 %]

PAUL SCHERRER INSTITUT PSI SP2 toolKit 3.200

—_ | — matin.gysel@psi.ch mw ATMOSPHAREN.
S hitp-ifpeople web psi.chioyself CHEMIE

Credits

!’ﬂ\-, LABOR FOR

Lo | Calitx | Trace Analysis Post Processing

| LEC | Graphs/Tahbles lce Cores | Config

7

_ calibration constants and BC properties

select calib. I 020100615 _fullerene_spline_3pt j

density of BC paricles for dism. calc. [kgdm?®] [1800 j

_ lognormal fit

fit lognormal size distribution |

_ D-range of measurement to be fitted

minimum dismetet [nim] j

__ post processing of frace analysis
post processing of trace analysis |
# size hins j hi?:g)ain Io\(t\lig)ain
min. pesak height, scattering (SC): j j
min. pesk height, broadband (BE): J j
min. peak height, narrowband (NE): - j
min. neq. peak height, split det. (SP): J EIJ
[V combine BBHG with NEHG
[~ combine BEHG with NELG

[~ combine BEHG with BELG
[~ combine BELG with NBLG

4r |4

*

|7 fit logriormal size distributions
I_ run LEC post processing
|7 extract concentration time series

I- extract size distribution time series

sizing of pure scatt: I :RI_1dats0 'l

add delay time number fractions |

maxitmum dismeter [nm] J

_ D-range of fitted lognormal

minimum diameter [nm] :
maximum dismeter [mm] 1000 j
numker of poirts j

extract concentration time series

interval of time series [s] (O=alldata) [10___ |3

extract concentrantration time series I

_ extract size distribution time series
interval of SO time series [=] (0=alldats) [0 ||

# kins for size distribution [50__ 3

extract size distribution time series I

fit lognormal to size distributions I

add bandratio median statistics |

|7 graphs
add delay time histogram

Figure 25: Settings for Calibration Constants and BC Property

select calib : this field sets the s u b f ol d mat:SPRtookkit:CalibData 6 )
contains the calibration coefficients for the incandescence and scattering

channels.

density of BC patrticles for diam. calc. [kg/m3]
measured BC mass to a mass equivalent diameter of the BC cores. Changing this
value will e.g. affect the BC number and size distribution data.

: This density is used to convert the
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Further settings for basic p ost processing are shown below.

W 5P2_Toolkit_PSI o ] ]

PAUL SCHERRER INSTITUT PSI SP2 toolkit 3.200 /ﬁ

) ) LaBor FOR
— — martin.gysel@psich ; ATMOSPHAREN-
T hitpfipeople.web.psi.chioysell CHEMIE

Credts |

Load | Calib | Trace Analysis Post Processing I LEC | Graphs/Tables Ice Cores | Config

_ calibration constants and BC properties _ lognormal fit
zelect calib. I 020100615 fullerens_spline_3pt j fit lognormal size distribution |
density of BC particles for diam. calc. [kgm?] [1800 j _ D-range of measurement to be fitted

7 N\ minimum dismeter [nim] J
__ post processing of trace analysis
maximum diameter [nm] j

post processing of trace analysis |

# size hing g hig(;:g;ain ID\E\[g)ain _ D-range of fited lognormal
min. peak height, scattering (SC): J j minimum dismeter [nim] j
min. peak heigkt, broadkand (EE); j J masimum dismeter [nm] j

min. peak height, narroweband (NE)X g j niumket of poirts j

min. neg. peak height, split det. (SPY; j Eﬂ

[V combine BBHS with NEHG _ extract concentration time series
I_ combine BEHG with NBLG interval of time series [5] (O=all data) J
[ comkine BEHG with BELG extract concentrantration time seties I

[ combing BBLG with NBLG
|7 fit lognormal size distributions
I- tun LED post processing

_ extract size distribution time series
interval of SD time series [s] (O=all data) [0 | 3|

|7 extract concentration time series # hinz for size distribution J
I_ extract size distribution time series extract size distribution time series I

=izing of pure scatt: I ‘Bl 1dats0 vI fit lognormal to size distributions I
~ J

add delay time number fractions I

|7 graphs

add bandratio median statistics | add delay time histogram I

Figure 26: Additional Post-Processing Settings

# size bins : number of bins for size distributions (hnumber and mass size distribution of
BC cores, size distribution of purely scattering particles). The default value is rather
high. Reduce the number of size bins (or load more raw data files) if the size
distributions are noisy.

mi n. peak :ma thegminimum @eak height threshold below which the data
are ignored in the further data analysis for every channel. Make sure that reliable
calibration data are available all the way down to the chosen threshold. The threshold
should also be slightly above the corresponding threshold used to trigger the data
acquisition during the measurement (use e.g. a threshold of 15 if the trigger threshold
was set to 10). If the data analysis threshold is chosen below the trigger threshold,
then the resulting size distributions will have an artificial drop across the trigger
threshold.

combine BBHG with NBHG if checked, then the BBHG and NBHG BC data are
combined to cover the full measurement range from the lower detection limit of the
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BBHG channel to the upper detection limit of the NBHG channel. Specifically, the

BBHG data are used if the BBHG channel § not saturated, the NBHG channel data

otherwise. This of course only makes sense if saturation of the NBHG channel occurs at

hi gher BC mass than for the BBHG channel . The
NBLGG6, oOcombine BBHG with BBLIN®BAL Gandrd@&c anmbicnoembB B
other pairs of incandescence data in a similar way.

T fit log-normal size distributions : see Section 6.2.
run LEO post processing : see Section 7.0.

1

i extract concentration time series : see Section 6.3.

9 extract size distribution time series  : see Section 6.4.
1

sizing of pure scatt : select the refractive index to be used for optical sizing of the
purely scattering particles.

1 graphs: several standard graphs are created if checked.

The basic post processing of the trace analysis data c an be executed by pressing the
post processing of trace analysis button once the above options have been set. This
brings up a browser window that allows you to specify the folder (or multiple folders)
containing the trace analysis data (e.g. 20100618x029_SP2_PBP):

Select folder containing the SE2
FEFP data:
Dizplay i
F wares Iroot J
[” Wariables ] oot |
I” Stiings - 2010061 8:023_HK
I': ::f:lf;t IIl aa 20100618x029_5P2
[ izl 201 0051 5: SP2 PEF
-[5] 201009301 45354_HE,
m@ SP2toalkit
- Temp

Cancel |
Ok, |

Figure 27: Specifying Trace-Analysis Data Folders

When you have selected the folder(s), press OK

Y The results of the basic post processing will be written to the selected folder. Use
the wave notes and the standard graphs from the Graphs/Tables tab to determine the
meaning of all waves.
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6.2 Fitting Log-normal Functions to Size Distribution

BSP2_Toolkit_PsI

=101

PAUL SCHERRER INSTITUT PSI SP2 toolkit 3.200

17N

) ) LaBor FUR
— p— martin.oysel@psi.ch ATMOSPHAREN-
S http:ifipeople.web psi.chigyseld CHEMIE

Credits I

Lo | Cality | Trace Analysis Post Processing I LED | Graphs/Tables | lce Cores | Config |

~ calibration constants and BC properties

020100615 _fullerene_spline_3pt j

density of BC particles for diam. calc. [kgfn®] |1500 ﬂ

C lognormal fit h

zelect calib. I fit lognormal size distribution I

~ D-renge of measurement to be fited

minimum diameter [rim] J

~ post processing of trace analysis

maximum diameter [nm] J
post processing of trace analysis I
e b - high gain — low gain D-range of fitted lognormsl
# zize hins J tHE) (LG —

minimum dismeter [nim] J
maximum diameter [nm] j

min. peak height, scattering (5C: j
min. peak height, broadband (B8 J

B
13

min. peak height, narrovwband (MNB): J J numbet of points J
min. neg. pesk height, split det, (5P j EIQ E—/

extract concentration time series

interval of time seties (5] (O=all dats) [10_ |2

extract concentrantration time series I

[V combine BBHG with NBHG
[ combing BBHG with NBLG
[ combing BBHG with BELG
[ combine BELG with MELG

|7 fit lognormal size distributions
l_ run LED post processing

|7 extract concentration time series

~ extract size distribution time series
interval of SO time series [=] (D=all dat=) [0 3]

# hins for size distriution [50_ |3

l_ extract size distribution time series

Sizing of pure scatt: I :RI_Tdata0 ’I

extract size distribution time series I

fit lognormal to size distributions I

acd delay titme number fractions I

¥ graphs

add handratio median statistics I add delay time histogram I

Figure 28: Log-normal Fit Settings

D-range of measurement to be fitted: = The setvariables in this group box are used to
set the diameter range of the BC core size distribution which is to be considered for
fitting a log-normal distribution.

D-range of fitted log-normal: The setvariables in this group box are used to set the
resol ution (o0number of pointso) and t Hog-
normal curves are calculated.

Note: log-normal fits are done for both BC core number and mass size distributions.

di
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The log-normal f i t s can be don €fitldgynormal e sizeidistriputionb @ 0
button once the above settings are set:

IGOR Data Browser

Szlect folder containing the
SP2'= PBFP data:
— Dizplay

[T waves Irmt j
[~ Wanables = Bm

II: Stings || 0 53 20100618x029_HK
Info 3] aa @ 20100618+025_SF2
[ Flat 5 z
B:a @ SP2toolkit
m@ Temp

Cancel |
(] |

Figure 29: Specifying Trace-Analysis Data Folder(s)

Select the folder containing the trace analysis data (e.g. 2010 0618x029 _SP2_ PBP) and
press OK

Y The fitted log-normal size distributions will be written to the selected folder. The
waves names contain O0éLogNor méo.
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6.3 Extracting Time Series of Concentration Data

BS5P2_Toolkit_PSI I =]
PAUL SCHERRER INSTITUT  psg| SP2 toolkit 3.200 6\_‘
. T {f LABOR FUR
—_ — martin.gyselfpsi.ch & e ATMOSPHAREN.
— http:ifpeaple web psichigysell ) CHEMIE
Credits I

Lo | Caliby | Trace &Analysis Fost Processing I LEC | GraphzTables | Ice Cores | Config |

~ calibration constants and BC properties ~ lownormal fit
zelect calib. I 020100615 _fullzrene_spline_3pt j fit lognormal size distribution I
density of BC particles for diam, calc, [kgin?] [1800_| 2| | | _ D-range of measurement to be fited

IMinimUm dismeter [nim] J
medmum ciameter [rim] J
post processing of trace analysis I

# size hinz J hi?:gfin ID"("Lg?i” _ D-range of fitted lognarmeal
min. peak height, scattering (SC); j J minimutm cliameter [nm] g
min. peak height, broadband (B8): [15_] 3] = maximum diameter [nm] [1000__| 3]

min. peak height, narrowkband (MB): j J number of points g

min. ned. peak height, splt det. (5P J E[J

 post processing of trace analysiz

[v combine BEHG with NEHS extract concentration time series
[ combine BEHG with NELG interval of time series [s] (0=all data) g
I- Gl & 2 o EELE extract concentration time series I

[ combine BELG with MNELG
extract size distribution time series

|7 fit lognormal size distributions _
interval of SDtime series [s] (O=all data) [0 | 2]

l_ run LEO post processing

[ extract concertration time series # hins for size distribution J
[ extract size distriution fime series extract size distribution time series I

=izing of pure scatt: I ‘Bl 1dats0 vl fit lognormal to size distributions I

add delay time numkber fractions I

|7 graphs

acdd bandrstio median statistics I addd delay time histogram

Figure 30: Settings for Extracting Concentration Time Series

Set the time resolution (interval of time series [s] (0O=all data)) and press the extract
concentration time series  button.
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IGOR. Data Browser

Select folder containing the
SP2-PEF data:

Dizpla it

(Il E\J'I;IVES Iroot J

I Variables & @m

I” Stings i 20100618x029_HK

II: IFr:lcht' [i] &[5 20100618x029_5P2
] 20100 _|
£ 20100930145354_HK

#-(37 5P2toolkit
- Temp

Cancel |
0K |

Figure 31: Specifying Folders for Extracting Time Series Data

Select the folder

containing

the

20100618x029_SP2_PBP) and pres9K.

Y The

concentrat

on

t

basic

me

post

ser

processing

i es

data

dat a

(e.g.

Wi

the selected folder. This subfolder can be renamed in order to be able to calculate

time series with different time resoluti

on.
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6.4 Extracting Time Series of Size Distribution Data

B sP2_Toolkit_PSI =]
PAUL SCHERRER INSTITUT  ps| SP2 toolkit 3.200 ﬂ
) o (. LaBoR FOR
—_ — martin.gyseli@psi.ch & e ATMOSPHAREN.
— hitp:fpeople web psichigysell ) CHeEMIE
Credits I

Load | Calib | Trace Analysis Post Processing | LEC | Graphs/Tables Ice Cores | Canfig |

_ calibration constants and BC properties f_ lognormal fit \
zelect calib. I 020100615 _fullzrene_spline_3pt j fit lognormal size distribution I
density of EC particles for diam, calc. [kgin?] [Ta00_| 2| ||| — D-range of measurement to be fited

minimum diameter [nim] J
MU ciameter [rim] J
post processing of trace analysis I

# size bins [200 ] 2] hig(angjain 'D\E‘Lg?i“ _ D-range of fitted lognarmal

min. peak height, scattering (SC); J J minitnum diameter [nm] J
min. peak height, broadband (BE): J J maximum diameter [nm] J

min. peak height, narrovwband (MB): J g nutmber of points J

min. ned. peak height, spit det. (5P J E[J

[v combine BEHG with NEHS

 post processing of trace analysis

_extract concentration time series

[ combine BEHG with NELG interval of time series [s] [0=all data) g
[ combine BEHG with BELG extract concentration time series |
[~ combine BELG with MELG
Lp R, - I ~ extract size distribution time series
T LEG post rocesei interval of SD1ime series [s] (0=all data) [T | 2]
[ extract concertration time series # hinz for size distribution j
l_ extract size distribution time series extract size distribution time series |
sizing of pure scatt I ‘Bl 1dat50 .I fit lognormal to size distributions |
= p—

add delzy time number fractions I
|7 graphs

add bandratio median statistics | addd delay time histogram

Figure 32: Settings Used in Extracting Time Series of Size Distribution Data

Set the time resolution (interval of SD time series [s] (O=all data) ) as well as the size
resolution # bins for size distribution and then press the extract size distribution
time series button. Log-normal fits according to the settings in the group box log-
normal fit are calculated if fit log-normal size distributions is checked.
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IGOR. Data Browser

Select folder containing the
SP2-PEF data:

Diizplay root =

[~ ‘waves I J

[ Yariables ™y @m

F Strings {39 20100818:029_HK

r |Fr'1|f0 |I| E@ 20100618029 _SP2
ot o] 20100

{53 201009301 45354_HK
-3 SP2tookit
- Temp

Cancel |
0K |

Figure 33: Selecting Data Folder(s) for Extracting Time Series of Size Distribution Data

Select the folder containing the basic post processing data (e.g.

20100618x029_SP2_PBP) and presak
Y The size distribution time series data will be written to the subfolder
0 SizeDistTselb i n t he s e |Thicsuldolder tam bedrenamed in order to be

able to calculate time series with different time or size resolution.

Fitting the log-normal functions to the size dist ributions can be added/repeated using

t he b u fitt logmormal to size distributions 6 i n the @xtracusize bo x

distribution time series

IGOR. Data Browser

Select folder containing the
s=ize di=stribution time =eries

Digplay -
[ ‘waves Irc-c-t J
[~ Variables | [ 5 ] oot |
I Strings L[ 201008184029_HEK,
I” Infa [3] -5 201001 5x028_SFP2
I Plet =) c-[3 201006184023_S5P2_PEF
{3 ConcTser
O 2] iz Dist T ser
59 2000920145354 _HK,
-39 MatSupShd
- SP2tookit
-3 Temp

Cancel |
Ok, I

Figure 34: Selecting Folder for Log-Normal Fitting of Size Distribution Time Series Data
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Select the folder containing the size distribution time series data (e.g

and press OK

Y The fitted log-normal size distributions will be added to this folder.

6.5 Further post processing

6.5.1

Statistics of Bandratio Data

The bandratio for every particle is found in the waves

oroot:' YYYYMMDDxnniEP2_PBP":BandRatioH&Xratio of peak heights) and

oroot:' YYYYMMDDxnni§P2_PBP":BandRatioHGawg ( r at i o

BSP2_Toolkit_PSI

PAUL SCHERRER INSTITUT

Credits

PSISP2toolkit3.200 /.

— | — martin.gysel@psi.ch — Amtms;;g
T hitp:ifpeopleweb psichigysel! CHEMIE

Load | Calib | Trace Analysis Post Processing

~ calibration constants and BC properties

zelect calib, I 020100615 _fullerene_spline_3pt j

density of BC paricles for diam. calc. [kghn®] |1500 g

 poat processing of trace analysiz
post processing of trace analysis I
# zize hing J hig(;:g;ain Io;rtg?in
min. pesk height, scattering (SC); J :
min. peak height, broadiband (BE): J
min. peak height, narrowkband (MED: J
min. neq. peak height, split det. (SP: J E[J

[ combine BEHS with NEHG
[ combine BEHS with MBLG
[ combine BEHG writh BELG
[ combine BELG with NELG

o o

Ll

I_ fit lognormal size distributions

I_ run LED post processing

|7 extract concentration time series
I_ extract size distribution time series

=izing of pure scatt: I RI_1dotB0 *l

add delay time number fractions I

I LEC | GraphzMTables | lce Cores | Config |

~ lognarmsl fit

fit lognormal size distribution I

~ Derange of measurement to be fitted

minimum diameter [nm] ﬂ
maitnum diameter [nm] j
~ D-range of fitted lognormal
minirmutn distmetet [nim] J
maximum diameter [nm] J
number of points g

_ exlract concentration time series

interval of time series [s] (O=all date) [10_ 3|

=101 x|

extract concentration time series |

~ extract size distribution time series

interval of S0 time series [g] (0=all data) |1500 ﬂ
# bins for size distribution 50| 2]

extract size distribution time series |

fit lognormal to size distributions |

|7 graphs

add bandratio statistics |

acd delay time histogram

Figure 35: add bandratio statistic Button

0Si zeDi stTsero

peak

areas)

DOC-0359 Rev A
© 2013 DROPLET MEASUREMENT TECHNOLOGIES, INC.

44



PSI SP2 Toolkit Manual

Press the button add bandratio statistics to calculate statistics of the band ratio.

IGOR. Data Browser

Select folder containing the
SF2's PEF data:

Digplay rook hd

[ 'waves I J

[ Wariables Y]

II: Strings SS9 20100618023_HK,

- ::lfo m -9 20100818x029_5P2
at ] 2010061

©[3 20100930145354_HE.
B MatSupShid

- 5P2tookil

- Temp

Cancel |
OF. |

Figure 36: Selecting Data Folder for Calculating Bandratio Statistics

Select the folder containing the basic post processing data (e.g.
20100618x029 SP2 PBP) and pressK.

List of percentles to be calculated: lowwer boundary of first bin (broadband
0.5 jin
upper boundary of last bin [broadband rumber of bing for bandratio statistics:
{4100 |25
uze band ratio from: index of first data point to be included:
I peak areas j ID
index of last data point to be included:
fint
Cancel | Help |

Figure 37: Setting Bandratio Calculation Options

Set all options and press Continue .
Y Statistics of the bandratio data will be added to the selected folder. The names of

theresultwaves contain OébandratioéPercébo. Their me an
notes.
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6.5.2 Delay time data

The delay time between the peaks of the scattering and incandescence particles for

every particle is found in the wave
oroot:'YYYYMMDDxnnn_SP2_PBPDelayTimeScattMax2Broaad

strongly negative numbers are not possible).

A histogram of measured delay times can be obtained as follows:

B SP2_Toolkit_PSI

PAUL SCHERRER INSTITUT

(=]

PSI SP2 toolkit 3.200
mattin.gysel@psi.ch
http:ifpeopleweb. psichigysell

Credits I

LABOR FUR
ATMOSPHAREN-
CHEMIE

7N

Load | Caliby | Trace Analysis

~ calibration constants and BC properties

zelect calik. I D2000615_fullerene_spline_3pt

=

density of BC particles for diam. calc. [kghn® 1500 g

Post Processing I LEO | Graph=iTables | leg Cores | Config |

~ lognormal fit

fit lognormal size distribution I

_ D-range of measurement to be fitted

 post processing of trace analysiz

post processing of trace analysis I
high g&in

# size binz g (HG)
min. peak height, scattering (SC): J
min. peak height, broadband (BE): ﬂ

min. peak height, narrowband (MED: J

min. neq. peak height, split det. (SP: Q

[¥ combine BEHG with NEHG

[ combine BBHG with NELG

[ combine BEHG with BELG

[ combine BELG with NELG

I_ fit lognormal size distributions

I_ run LEO post processing

|7 extract concertration time series

I_ extract size distribution time series

sizing of pure scatt: I :RI_1dots0 'I

lowy gain
(L=)

E
B
EE
[ T3

minimum diameter [rnm] j

maximum diameter [nm] J
_ Derange of fitted lognormal

minimum diameter [nm] J

maximum diameter [nm] J

number of points J

extract concentration time series

interval of time seties [s] (O=all data) [10__ |3

extract concentration time series |

~ exdract size distribution time zeries

irterval of S0 time series (5] (0=al data) 1500 J
# bins for size distribution 50 |2

extract size distribution time series |

fit lagnormal to size distributions |

acd delay titme number fractions I

[v graphs

add bandratio statistics |

add delay time histogram I

Figure 38: Generating Histogram of Delay-Time Data

Press the button add delay time histogram
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IGOR. Data Browser

Select folder containing the
SP2's FPBP data:

Display roak -
[~ WwWaves I J
[~ Wariables = @m
F Strings -3 201 00618x029_H¥,
Infa 4] &2 20100518:029_5P2
Pt R

[ MatSupSiid
&2 5P2ooki
- Temp

Cancel |
0K |

Figure 39: Selecting Data Folder for Delay-Time Data

Select the folder containing the basic post processing data (e.g.
20100618x029 SP2_PBP) and pres®K

Delay Time Histogram ﬂil

minimum broadband peak height to be included [d.u.]:
00|

masimum broadband peak height to be included [d.u.]:
fint

lower boundary of first bin [delay tine [ps]):
10

upper baundary of last bin [delay time [ps]):
10

ot | oo |

Figure 40: Setting Options for Delay-Time Histogram

Select the range of broadband peak heights and the range of delay times to be
included and press Continue .

Delay Time Histogram ﬂll

number of bing for delay time histogram:

[100]
coca_| |

Figure 41: Selecting Bin Numbers for Delay-Time Histogram

DOC-0359 Rev A
© 2013 DROPLET MEASUREMENT TECHNOLOGIES, INC.



PSI SP2 Toolkit Manual

Set the number of bins for the delay time histogram and press Continue .

Y The histogram of measured delay times will be added to the selected folder. The

names of the result waves contain o0Del ayHistoébd
wave notes.

The number fraction of thickly coated particles in dependence of the  incandescence
peak height can be obtained as follows:

B SP2_Toolkit_PSI o [m] P4
PAUL SCHERRER INSTITUT PSI SP2 toolkit 3.200 g
) ) [ - LABoR FUR
- — martin.gyselipsi.ch 2 e ATMOSPHAREN.
T hitp:ifpeopleweb psichigysel! CHEMIE
Credits I

Load | Calib | Trace &nalysis Fost Processing I LEC | GraphaTables | Ice Cores | Config |

~ calibration constants and BT properties ~ lownormal fit
zelect calib, I 020100615 _fullerene_spline_3pt j fit lognormal size distribution I
density of BC particles for diam. cale. [kgin®] [1800 j _ D-range of measurement to be fitted

minimum diameter [nm] j
maximum diameter [nm] ﬂ
post processing of trace analysis I

# zize hins g hig(;:g;ain Ic'"(“lig?in ~ Derange of fitted lognormal
min. peak height, scattering (SC): ﬂ : minimum dismeter [rim] J

min. peak height, broadband (BE): J maximum diameter [nm] g

min. peak height, narrowkband (ME): ﬂ J numbet of points j

min. neq. peak height, split det. (SP: J E[J

[v combine BEHG with NEHG

_ post processing of trace analysiz

4

>

L

Ll

_ extract concentration time series

[~ combine BBHG with NELG interval of time series [s] (0=al data) =
[™" combine BEHG with BELG extract concentration time series |
[ combine BELG with NELG

_ extract size distribution time series

interval of S0 time series [g] (0=all data) |1500 Q

I_ fit lagnormal size distributions
I_ run LED post processing

|7 extract concentration time seties # hins for size distribution J
I extract size distriaution time series extract size distribution time series |

=izing of pure scatt: I ‘Bl 1dats0 vl fit lognormal to size distributions |
add delay time number fractions
Y—I |7 graphs

add bandratio statistics | acd delay time histogram

Figure 42: add delay time number fractions Button

Press the button add delay time number fractions  to calculate the number fraction of
thickly coated particles from the del ay time data.
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IGOR. Data Browser

Select folder containing the
SP2's FPBP data:

Dizpla il
Il E\J'I;I\-'ES Iroot J
o Variables & @m
I” Stings -5 201 00818:029_HE,
II: IFr:lfDot [i] -3 20100618:029_5P2
2] 20100 _
-5 201009301 45354_HK,
m@ td atSupSlid
&9 SP2taclkit
-2 Temp
Cancel |
ok |

Figure 43: Selecting Data Folder for Number Fraction of Thickly Coated Particles

Select the folder containing the basic post processing data (e.g.
20100618x029 _SP2_PBP) and pres3k

delay time threshold between thinthick lower boundary of firgt bin (broadband
iE a0
upper boundary of last bin [broadband rumber of bing for delay time statistics:
{4100 I
index of first data point to be included: index of last data point to be included:
E Jint
ot | o |

Figure 44: Specifying Settings for Calculating Number Fraction of Thickly Coated Particles

Select the threshold delay time for thickly coated particles according to the minimum
between the two distinct modes in the delay time histogram. Select the resolution  and
the range of broadband peak heights as well as the range of triggered particles to be
included in this analysis. Press Continue .

Y The number fraction of thickly and thinly coated particles according to the delay
time data will be added to the selected folder. The names of the result waves contain

0Del ayNumbFract é6. Their meani ndNoite dewadr ioh érd nil
coatedd is a misnomer , as the coating threshold &
0thickly coatedé is actually rather high.
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6.6 Troubleshooting

Problem Possible cause/solution
Optical sizing of purely scattering | YAG power wave still contains the default
particles fails. value or the calibration coefficient wave

for the scattering channel still contains
the default value.
Y Check both and set them correctly.

7.0 LEO -fit

This section remains to be explained in detail. Very briefly:

1 Load a data file which include s purely scattering particles (without deleting raw
traces).

1 Run trace analysis and post processing.

1 Go to LEG-tab and run "get beam and PSD properties".

1 Run "LEO trace analysis"up to ~3% of maximal amplitude and s elect the folder
..._SP2_PBP'LEO:BeamAndCalib fothe beam data (the appropriate limit for the

LEOf it needs to be determined carefully). I re.
fastLEOf i t 6 .
T Ensure that the baseline of the medfthan basel.
median baseline deviates from zero, then the trace analysis needs to be repeated

with improved ofull amplitude of baseline nois

1 Run "verification and optical sizing" (use RI=2.26+1.26i for core and RI=1.50+0i for
coating if no other knowledge fo r the refractive indices is available ).

9 Check the scatter plot of the standard and reconstructed scattering peak height. | f
the slope deviates substantially from unity (>~5%), then you will have to adapt
..._SP2_PBP"LEO:BeamAndCalib:FitSlopeFudgeFactor mstant value for all points)
and rerun the verification (without resetting the slope fudge factor) until the slope
in the scatter plot becomes ok . Likewise for the PSD channel and the wave
..._SP2 PBP'LEO:BeamAndCalib:SPHG_CalFactMeasFit

1 Now you can use the folder "..._ SP2 PBP'LEO:BeamAndCalib" for batch loading of
further data (can be copied anywhere if you wish)

1 Now you can play with "LEO post processing" and other data files. Make sure that
you discard the small optical sizes which are in the noise r ange.
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8.0 Analyzing Calibration Data

8.1 BC calibration with Separate SP2-files for Each DMA Size

8.1.1 Preparing Waves for Calibration Coefficients

Press the create waves for calib. coef.

W 5P2_Toolkit_PSI

button:

[=] E3

PAUL SCHERRER IHSTITUT

==

P51 8P2 toolkit 3.000

martin.aysel@psi.ch
hitp:ipeople weh.psi.chigysel!

Credits

@7 LABOR FUR

» ATMOSPHAREN.
CHEMIE

Load Calib | Trace &nalysis | Post Processing | LEC | Graphz/Tables | lce Cores

calibration constants

zelect calibration I

D001 3Fullerene_spline

=

heta DMA [010 ] 2]

 analyse calibration

incandescence channels

 DMPS data preparation
load DMPS rawy dats |

analyse monodizperse calibration I

fit calibration curve (spline) |

BIC calibration material I Fullerene Soat 'I

zcattering channel

create empty matrices for DMPS data I

extratime seties frotn DMPS matrices I

 CPC-DMA-looger
load CPC-DiA-logger data file I

create empty CPC/DMA data waves I

analyse PEL calibration I

PSL calibration post processing I

create waves for calib. coef.

calculate calib. curves from coef. I

exdratime series from CPC/IDMA data I

_ BC calibration info preparation

create empty BC calib info waves I

__ PSL calibration info preparation

create empty PSL calib info waves I

get start and end times from SP2 data I

Config

Figure 45: create waves for calib. coef. Button

DOC-0359 Rev A

© 2013 DROPLET MEASUREMENT TECHNOLOGIES, INC.

51



PSI SP2 Toolkit Manual

Enter a useful folder name for your calibration coefficients:

Calibration Folder Name EHE |

Marme for subfalder for calibration coefficients:

I"D1 0031 24quadag_spline_3pt"

Cancel |

Help |

Figure 46: Specifying Folder Name for Calibration Coefficients

=> A table showing the waves containing the calibration coefficients will automatically

pop up.

Select the new calibration coefficients for the further processing of the calibration

data:
I sP2_Toolkit_PSI

I[=] B3

PAUL SCHERRER IRSTITUT

==

P31 SP2 toolkit 3.000

hitp:fipeopleweh. psi.chigysel

matin.gysel@psi.ch

Credits |

Load Calib | Trace Analysis

calibration constants

Pozt Processing | LEC | GraphziTables

select calibration I

:D10031 28quadag_spline_3pt j

—
heta Dwa [000 ] 2]

__ analyse calibration

_ DMP= data preparation

__incandescence channels

loze DMPS ravy chata

lce Cores

Config

analy=e monodisperse calibration |

fit calibration curve (spline)

BC calibration materisl I Fullerene Soot 'l

creste empty matrices for DMPS data |

extratime series from DMPS matrices |

| _ CPC-DMA-logger

scattering channel

load CPC-DMA-logger data file

create empty CPCIDMA data waves |

analyse PSL calibration

| extratime series from CPCDMA data |

PSL calibration post processing

| B calibration info preparation

&l channels

create empty BC calib info waves |

create waves for calib. coef.

| PSL calibration info preparation

calculate calib. curves from coef. |

create empty PSL calib info waves |

get start and end times from SP2 data |

Figure 47: Selecting Calibration Coefficients

DOC-0359 Rev A

© 2013 DROPLET MEASUREMENT TECHNOLOGIES, INC.

52



PSI SP2 Toolkit Manual

8.1.2 Load SP2 Calibration Data

Specify the value for # points to be averaged for peak height. Use either 1 or 3. The
latter choice is recommended because it tends to improve the signal to noise a little
depending on the performance of your detectors. Changing this value will change the
calibration curves slightly. This means that the same v alue has to be used for
analyzing a data set as has been used for determining the selected calibration curve.

Select # points to be averaged for peak height:

Figure 48: Selecting the Number of Points to be Averaged for Peak Height
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