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FOREWORD

The Symmetric Inclined Grid Mobility Analyzer SIGM@ammet, 2011) is an instrument for
atmospheric aerosol nucleation research with spaitention to long-term routine
measurements in natural atmospheric conditiongadt elaborated using the experience of the
preceding scanning mobility analyzers IGMA and BSMAe range of electric mobility is
0.032-3.2 crfiv 's ™. The particle diameter distribution in the ran§®.@-7.5 nm is resolved
considering the size-mobility correlation at amgerature and pressure measured with built-
in sensors. The scanning technique ensures thsibjpmpeculiarities in the recorded size or
mobility distribution are not caused by the techhicoubles of individual mobility channels.
High rate of air flow and isopotential principlepguess the disturbing effect of external
electric fields and assure the representative sagpf air ions. The sheath air is coming
from the atmosphere together with the sample alriqdeionized by means of electrostatic
filters. The residence time of the air in the instent is less than 0.2 s and the temperature
change does not exceed 0.5 K. The positive andimegzarticles are sampled from the same
inlet air flow and measured exactly simultaneoushe sensitivity of the instrument allows
measuring the mobility fraction concentrations lodiged fine nanometer particles in
atmospheric air at a standard 5-minute time refmiwtith random errors of about 1 ¢in

The present manual is long and requires a lohad tio learn everything. However, different
users of the instrument may learn only limited infation:

e People who are responsible for the installing aaghtenance of the instrument need
information from Chapters 2—4 and Appendices 4, 6-9

e People attending to routine measurements shouttdSeeation 2.3, be well familiar
with Chapter 3, Sections 4.1-4.2, and read thetfiree sections of Appendix 4.

e People processing the recorded data can acquireinfarmation from Chapters 5
and 6, and additional information from Appendices.

e People supervising the measurements and intergritenrecorded data can skip only
Appendices 7 and 8 and should pay special attetditime first chapters.

The present manual is compiled considering thednstnt No. 1 manufactured for the
University of Tartu. The principles of SIGMA areiversal but some technical issues and
calibration information will be different in casétbe newer instruments. Fresh information
about SIGMA and recent revisions of documents afitivare are available in SIGMA
website http://ael.physic.ut.ee/tammet/sigma/.
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1. INTRODUCTION

1.1. Air ions and nanometer aerosol particles

Charged molecular clusters and nanometer partadess carriers of the electric current in
the air. Therefore, they are callatdt ions in many documents including the present manual.
Horrak et al. (2000) carried out long-term measuei®m of natural air ion mobility
distribution in the rural air. The dataset was gmad using the method of principal
components, producing a classification of atmodphens according to their mobility and
size in such a way that the variation of the valakshe size distribution function is well
correlated inside the classes and ill correlated/éen the classes. The principal component
classification is in good accordance with the eaiintuitive classification of air ions (Israél,
1970) and the classes are called the cluster idiasnéters 0.4-1.6 nm), intermediate ions
(charged fine nanometer particles of the diametet.6-7.4 nm) and large ions (charged
aerosol particles of the diameter above 7.4 nmg physical background of the 1.6 nm
threshold is the transition from elastic collisiongth gas molecules characteristic to the
electron structure of a molecular ion to the ingtasollisions characteristic to the condensed
matter electron structure of aerosol particles (fety 1995). The physical background of the
empiric 7.4 nm correlation threshold has no deditiiteoretical explanation.

The size range of an instrument for applicationatmospheric aerosol nucleation studies
must include cluster ions and intermediate ionsouipe diameter of at least 7.4 nm. The
nonlinear character of the size-mobility relatioak®@s the relative range of ion mobility
wider than the size range. As a minimum, it shaaelder two magnitudes of mobility. The
size range of the SIGMA 0.4-7.5 nm and the mobitityge of 0.032-3.2 i 's™ cover
the region of cluster ions and charged small natenparticles.

1.2. Measuring methods and special requirements

Traditional methods of measuring ions in atmosghan were reviewed from the viewpoint
of atmospheric electricity by Israél (1970) and haeh (1970), and from the viewpoint of
aerosol science by Flagan (1998). Three methodsobility spectrometry are dominating in
atmospheric aerosol nucleation studies: singlesoblanrmethod with a CPC-detector
(traditional DMAS, see Flagan 1998), multichannd@tinod (Tammet et al., 1973; Mirme et
al., 2007), and single channel method with an ingkeelectrometric detector e.g. the BSMA
(Tammet, 2006).

Traditional DMA systems equipped with CPC-detectames not appropriate for the measuring
of cluster ions. The calibration of CPC-s belowr is complicated and can include large
systematic errors. Thus, the electrometric detectdrions are preferred when the clusters
should be included into the size range.

Multichannel instruments have some known advantaffes measuring information is
collected simultaneously with many electrometeid e full distribution is measured as fast
as the signal from a single channel. A weak paitthat in this case it is difficult to identify
the events where signals of one or a few channelsde a moderate systematic error.
However, the main factor limiting the usage of nohiénnel instruments is their complicated
construction and calibration, bringing about a hpgice and complex maintenance. Thus the
single-channel scanning may appear to be a goerhative method in many situations.

Measurement of intermediate ions in the naturalogpheric air is a hard challenge for any
instrument. The charging probability of a neutralfbnanometer particle is very low and the
concentration of fine intermediate ions is oftessléhan ten particles per &nif the particles
are divided into narrow mobility or size fractiorteen the concentration of charged particles
may appear less than 1 ¢hin some fractions. The electric current carriedtty collected
charged particles may come out very low. An examiple size fraction contains 10 charged
particles per crhand the sample air flow rate is 1 liter per minuken the collected current
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of about 3x10'" amperes is much less than the noise level of &t klectrometric
instruments when applied in atmospheric conditidtence, to collect more particles and
make the measurement possible, the sample airfwshould be much larger.

The clusters and the smallest nanoparticles argecsbto rapid transformations and their
composition can be changed when the air is heatedglpassage through the instrument. If
the subject of the measurement is the size distoibwof particles in natural conditions then
the residence time of the air in the instrumentusthde short and the temperature and
humidity of the sheath air should be preservednahe atmosphere. This is a high-priority
requirement at many applications.

The necessity of sampling the finest particles fitie open atmospheric air generates some
extra difficulties. The high diffusivity causes @s$ of ions in the inlet tract. The numerical
correction of the diffusion loss may include comsable uncertainty and complicate the
calibration of the instruments. The higher the |dke greater is the uncertainty. Minimizing
of the inlet loss of highly diffusive clusters andnopatrticles is an essential requirement for
the instrument.

Some hardly controlled distortions can appear dube effect of the external electric field on
the sampling of ions. A typical fine-weather atmuesic electric field over the flat ground is
100—200 V m' and it can be largely increased during the presefhconvective clouds in the
neighborhood. The electric field-driven speed awster ion near the instrument inlet may
exceed tens of cm™s which can modify the amount of sampled ions. Eftect is
asymmetric: the amount of ions forced by the eiedteld opposite the intake air flow is
decreased but the sampled amount of ions attractéee inlet remains unchanged (Tammet,
1970).

The control voltage required for the classificatafnntermediate ions at a high flow rate is
thousands of volts. Keeping the electrometric cbieon high potential is technically
inconvenient and can lead to troubles in explatatOn the other hand, the inlet of the
instrument must be grounded to avoid the effethefelectric field on the sampling of ions.
The distortion caused by the electric field in ithlet channel is known as the edge effect in
atmospheric electric instruments (Israél, 1970; ety 1970). Labowsky and Fernandez de
la Mora (2006) introduced the teiisopotentialto mark the DMAs where both the inlet and
outlet are on the same potential and can be coshéatthe ground. Instruments for the
research of intermediate ions in natural atmosplarimust be isopotential. This requirement
is satisfied in modern air ion analyzers desigrmedcafmospheric research (e.g. Tammet, 2006;
Mirme et al., 2007).

1.3. Predecessors of the SIGMA

The uniform increase in the DMA characteristic nibpduring a scan requires exponential
decay of the control voltage. In the SIGMA andpitedecessors, the exponential decay of the
voltage is produced by the discharge of a RC-dirdtnis is called the RC-technique and
introduced in an early instrument UT-7509 (Tammetlg 1977), which is, even today, still
used for the measuring of artificially generateghhtoncentration cluster ions (Parts and
Luts, 2004). Immediate predecessors of the SIGMAN[8etric Inclined Grid Mobility
Analyzer) are the RC-scanning mobility analyzersatiural atmospheric ions IGMA

(Inclined Grid Mobility Analyzer, Tammet, 2003) aB&EMA (Balanced Scanning Mobility
Analyzer, Tammet, 2006).

The IGMA was the first application of the methodimdlined grids, which carries out the idea
by Loscertales (1998) to design a DMA with the &ledield inclined relative to the air flow.
Loscertales proposed the inclined field with tha & improve the diffusion-limited mobility
resolution. However, the IGMA is a low-resolutiorsirument, where the diffusion of ions is
of secondary importance. The configuration withlimed grids was chosen in consideration
of some engineering aims and for testing the nanciple in the air ion mobility analysis.
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The IGMA was used in a few research projects shglyine atmospheric aerosol nucleation
(lida et al., 2006).

An alternative instrument intended for the sameliegiions is the Balanced Scanning
Mobility Analyzer BSMA (Tammet, 2006). Different tfie IGMA, the aspiration condensers
of the BSMA have a classic configuration, whicHamiliar in atmospheric electric research.
One instrument contains two identical aspiratiomdsmsers connected as the Komarov
bridge. The BSMA was applied in studies of atmosigghaerosol nucleation (Kulmala,
Tammet, 2007).

Exploitation experience of the instruments showed éasier maintenance is the strength of
the BSMA, but its drawback is a higher noise leveen compared with the IGMA. There are
two reasons: two collectors are connected to theesglectrometer and the fluctuations of the
bridge balance are generating an extra noise coempoespecially at high humidity that
deteriorates the insulation of the analyzer eleleso
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Figure 1.1. Mobility distribution presented by ftian concentrations measured at Tammemae
20090920 from 16:00 until 24:00, a period withoutleation events. The BSMA was not
able to detect the nanometer particles on the amtas extra low concentrations like that.

1.4. Distinctive properties of the SIGMA
Some distinctive properties of the instrument are:

e The positive and negative air ions are sampled fittersame inlet air flow and measured
exactly simultaneously.

e A high rate of air flow more than 30 dfa and the isopotential principle suppress the
disturbing effect of the external electric fielddamssure the representative sampling of air
ions.

e The sheath air is sucked into the instrument diréctm the atmosphere together with the
analyzed air and ions pass only the unaffected sphveric air during the analysis.

e The loss of ions in the inlet tract is only 5%!la mobility of 1 crivV s ™.

e The residence time less than 0.2 s and low heafiag less than 0.5 K suppress the risk
of the changing of the ions during the measurement.

¢ High sensitivity allows measuring of 8 fractionsimermediate ions on a mobility decade
in atmospheric air at a standard 5-minute timelu®m with random errors of about
1 cm>. The sensitivity is demonstrated by an exampleigure 1.1.
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e Time resolution up to 20 s is available at randerars in the mobility fraction
concentrations between 4 and 10 &rsee example in Figure 1.2.

e The ions are independently distributed into the ifitgliractions and the size fractions
while the mobility borders of the size fractions a@etermined considering the
simultaneously measured air temperature and peessur

e The scanning technique assures that possible paties in the recorded distributions are
not generated by the technical troubles of indigldaobility channels.

¢ The methods of measurement and instrument caliloratie explicitly described in the
attached documentation and the source code ohtemal data processing is open and
available for the user.
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Figure 1.2. Concentrations of three size groupertd during a water jet experiment. Blue
lines show negative and red lines positive ion® fitimbers in the legend show the diameter
limits of the groups expressed in nanometers. Taemet was opened at 0 and closed at 10
minutes from the beginning of the experiment. Dgitime first half-period (minutes 0-10),

the concentrations are fluctuating due to the tierduransfer of ions from the splashing point
to the instrument. In the previous experiments (ifet) Horrak, Kulmala, 2009) the
dynamics of the processes remained unknown dueetbnbitations of the BSMA.

2. DESCRIPTION OF THE INSTRUMENT

2.1. Aspiration condenser

The analyzer includes a plain aspiration condeegaipped with an inlet electrostatic filter

for preparing the deionized sheath air. The SIGMAlgzes simultaneously both the positive
and negative ions that enter the instrument thrabglcommon inlet slit and are separated
according to the polarity into two symmetric seni®@f the instrument. The ions are collected
in two electrostatic filters shielded from the \adole electric field of the mobility analyzer. A
section of a SIGMA plain aspiration condenserlisstrated in Figure 2.1.

The atmospheric air enters the instrument throbghrtlet grid. The disturbing effect of
external electric fields near the inlet is inveyggloportional to the total air-flow rate and the
extra high air-flow of about 30 disi* is helpful in suppressing the distortions. Thel ggi
made of a perforated metal sheet with the perfamadiameter of 1 mm and the transparency
of 46%. The inlet grid is necessary to preventahiering of spiders, insects, fuzz, and hairs.
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Figure 2.1. A simplified diagram of the SIGMA anady (M1:2). Air flow is controlled by
exchangeable orifice plate and can be up to 4Usdmositive electrodes are marked with red,
negative blue, neutral black, and commutable with ¢olors. Dotted lines show two air ion
trajectories. Positive ions are deflected to tlfitedled negative to the right. The sheath air
filter voltage is 520 V. Voltages of the attractiagd repelling deflection electrodes are
relaxing from 3000 to 20 V during each 20-secorahs€ollectors of electrometric filters are
supplied from 240 V internal batteries. A detaitdwing is presented in Appendix 7.
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Next, the air will pass the inlet gate and the #hea filter. The flat filter plates are 1 mm
thick and the distance between the plates is 4 Tima.mean air flow speed in the filter is
about 1.8 ms and the Reynolds number between the plates oft &fuensures the
damping of the carried-on turbulence. The potewtidhe sheath air filter odd plates is —520
V (left side) or + 520 V (right side), while alléreven plates are on the zero potential. The
low mobility ions passing the middle sections waitit reach the collectors even if they are not
precipitated in the filter. The crucial elements #re outermost sections, whose critical
mobility is tenfold less than the lowest mobilitiyions to be measured using the SIGMA.
However, the concentration of low mobility ions dargely exceed the concentration of
intermediate ions and still cause systematic errotise collector signal. For correcting this
systematic error, the zero level of the signabibé determined and subtracted from the
general measurement signal.

The inlet gate is composed of the two central plafehe filter and the space between these
plates (see Figure 2.1). The voltages of the oe¢e plates are computer-controlled. The
distance between the gate plates is 10 mm and ¢lae &ir speed is about 2 m/s. The gate is
open when the plates are on the zero potentiatkseéd when the plates are switched to
potentials —260 V and +260 V. The critical mobiliti/the closed gate of about 0.03%M's™

!is a little less than the mobility of the largpatticles to be measured. A closed gate scan
yields a zero level record, which includes the @ftd large ions passed through the sheath air
filter, as well as the effect of the residual elestatic displacement current. The air flow
between the gate plates at the Reynolds numbédronft 4400 does not suppress the incoming
turbulence. However, the main part of an ion trigjgcfrom the gate to the collector passes
the sheath air, where large-scale turbulence igddrn the filter. The Reynolds number is
high in the classification zone and turbulencene of the main factors limiting the mobility
resolution discussed in the Appendix 6.7. Howeadrigh Reynolds number in the short zone
cannot lead to large distortions because theretismough time for developing the turbulent
pulsations as shown by Tammet (1970) and comprelenserified by Rosell-Liompart et

al. (1996).

The ions, which have passed the inlet gate, atededl in the electric field between the
attracting and repelling electrodes depending eir holarity and mobility. In the IGMA both
the attracting and repelling electrodes were mddeperforated sheet, which caused strong
distortions in the air flow in the mobility classiition zone. In the SIGMA, the attracting
grid is a slat grid of the same step as the staafiiter and the distorting effect is reduced.
The repelling grid is replaced by particular rejpgjlelectrodes.

The geometry of the analyzer was optimized usingraerical model, which solves the
Laplace equation according to the Jacobi-Seidehatkon the uniform rectangular grid with
a step of 0.1 mm. The ion trajectories were catedlantegrating the displacements of ions
when passing in an electric field and air flow frome grid cell into the next one. The
diffusionless geometric transfer function was fowuod by repeating the calculation of
trajectories at different control voltages. Thecoédtions were carried out on the assumption
of plug air flow. However, the diffusionless traasfunction depends only on the fluxes of air
flow and electric field and is not sensitive to theflow profile while it remains laminar
(Tammet, 1970). The model was the crucial tool #ilatved discovering the possibility to
separate the positive and negative ions from thenoon inlet flow with a minor internal edge
effect. The internal edge effect, which means tise bf ions on the rear edges of the plates of
the inlet gate, is considered in the numerical madhen estimating the effective width of the
gate.

Nearly all ions of the central critical mobility Wviravel to the electrometric collector filters.
The electrometric filters are shielded from theiafale electric field issued from the classifier
electrodes with long zero-potential shield platesainor part of the electric field still
penetrates the channel to the collector. The patiatrcapacitance of 45 aF is estimated
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using the numerical model. The small signal ofrésdual displacement current is effectively
removed by the procedure of subtracting the recofdse closed-gate scans.

An electrometric filter consists of one attractigte between the two zero-potential plates.
The distance between the plates is 4.5 mm, thetaféeelectrostatic length about 50 mm, the
voltage 240 V, and the air flow velocity 180 cm. §his ensures the critical mobility of about
0.03 cnfV's™, which is just low enough to collect the ionslie instrument mobility range
and high enough to minimize the collecting of thegé ions penetrating the inlet sheath air
filter.

The time of passage of the ions through the claasibn zone is about 0.07 s. The passage of
the air of the total distance of about 27 cm fréwa inlet grid to the collector entrance

requires about 0.16 s. The walls of the analyzettarmally insulated by foam polystyrene.

In an extreme situation of 20 K temperature diffiers the heat flux causes the mean
temperature change of the air flow by about 0.5 K.

A detailed drawing of the aspiration condenserésented in Appendix 7.

2.2. Principles of operation

Performance of the SIGMA substantially depends anipulating the instrument by a
computer and internal processing of the recordguaids under the supervision of the control
program. The computer is connected to the elearangtuits inside the instrument via the
USB port. The data acquisition unit USB-1608FS, ufactured by the Measurement
Computing Corporation, is built into the SIGMA. Tbentrol program, which was used
during the test measurements, had been writtea RC-compatible computer running under
Windows.

(@) 1 MQ To electrodes
To ADC

Computer 75 kQ

controlled To ground
supply

DC 6 kV 75 kQ

To ADC
1 MQ To electrodes

To ADC

47 MQ | 47 MQ

(b)
®;
o
\“’ 18 pF | To ground
Battery . . ’
240V Computer
I control

Figure 2.2. Simplified electric diagrams of the $16. (a) High voltage
relaxation RC-circuit, (b) electrometric collectond amplifier.

3.3 MQ

Collector filter
1GQ |330kQ

The circuit for the control of the voltage betweba attracting and repelling electrodes of the
mobility classifier is illustrated in Figure 2.ZBhe high voltage up to 6 kV is generated by a
well-insulated voltage converter U3-6PN manufadurg the Matsusada Precision Inc. The
output internal capacitance of the converter isualid nF and the time constant of the RC-
circuit is about 3.8 s. The positive output is cected to the attracting grid for the negative
ions and to the repelling electrodes for the pesitbons. The negative output is connected to
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the attracting grid for the positive ions and te tepelling electrodes for the negative ions.
The control computer can switch the inlet powethef converter on and off. About one
second of power on is enough to charge the capacidter charging, the power is switched
off and the classifier voltage will exponentiallgahy, which follows in a logarithmically
uniform increase in the critical mobility. The dgoay voltages are monitored using two ADC
inputs of the data acquisition unit. The full magirange with some reserve is passed during
18 seconds. The period composed of charging artialiging of the RC circuit is called a
scan. Typically, three scans are performed durivggrainute. This provides the time
resolution of about 20 seconds.

The circuit for collecting and recording the iorrr@nt is illustrated in Figure 2.2b. An
electrometric collector filter is powered by twerdi¥ V miniature batteries type GP27A. The
batteries have the capacity to serve for at leastyear without changing. They are enclosed
into a metal box connected to the electrometritectdr and well insulated from the other
details. The computer-controlled electrometricyedhown in Figure 2.2b is open during the
measuring of the ion current. The ion current isvested to the voltage on a precision @ G
resistor and amplified with the electrometric instental amplifier INA116. The 1Gload

of the battery is required to make possible a magtheck of the voltage using the computer-
controlled electrometric relay. The checking pragedncludes two measurements of the
electrometer outlet voltage in the closed inleegagime. One measurement is made with the
open relay and the second with the closed relag.ditference between these measurements
corresponds to the voltage drop on the 3@Qdsistor and allows estimating the actual
voltage of the battery.

Detailed electric diagrams of the SIGMA are preednh Appendix 8.

During the routine measurement, the scans arerpegtbalternately with the open inlet gate
and the closed inlet gate. The schedule usualltagmnthe groups of three scans where two
scans are made with the open inlet gate and omevgtiathe closed inlet gate. The zero level
is estimated according to the closed gate measutsnmEhe zero level can drift due to the
technical drift of the electrometric amplifier atige variation of the residual signal of large
ions. The drift is slow, which allows integratiftetzero signals over a three to five times
longer time interval than the open gate signalsadditional benefit of repeated closed-gate-
measurements is providing data for the estimatheoinstrumental noise.

During a scan the classifier voltages and the mgwttric signals are recorded every 0.01 s.
After the required lower border of the voltage basn reached, the collected data are
processed. Initially, the full mobility range iggarithmically uniformly divided into 16
narrow fractions per decade, altogether 35 frastidihe voltage range is split into
subintervals corresponding to these mobility fiacsi and the fraction averages of the
electrometric signals are calculated. Afterwarlle,data are processed as explained in
Appendix 4. The 16 wide fractions (see Table 5t2)calculated on the basis of the initial
narrow fractions. The parameters of the air aresonea using built-in sensors during every
scan and the size distribution of air ions is dateed considering the air temperature and
pressure according to the algorithm by Tammet (L9B&e results are issued as output files
described in Chapter 5.

The measuring algorithm and internal data procgsaia independent of the hardware. In the
present manual, the measuring process is desagspecified by the control program
SIGMAL1A. A user of the instrument is free to modifye control program or write a new
control program, which may specify completely diffiet methodology of the measuring
process and a new structure of the output data.
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2.3. Installing of the instrument

The SIGMA package consists of
1. Main unit of the SIGMA.
2. 24 V power supply Mascot 2020 and the power.cord
3. USB-A to USB-B cable.
4. Documentation and software for SIGMA
5. Documentation and software for MCC DAQ CD.
6. Prepared control computer.

A new computer should be prepared for controllimg $IGMA. The computer should run
under MS Windows (version XP with SP2 or SP3 osigr 7) and have a free USB
connector. The SIGMA includes built-in data acaioesi unit USB-1608FS and the MCC
DAQ software for USB-1608FS should be installedtfiThe SIGMA software and data
folder “SIGMA” should be copied from the includet33/A CD into the computer. This
folder in the computer is called t8#GMA folder The location of the SIGMA folder on the
computer disk is arbitrary, most convenient logai®the root folder of the main disk.

Be aware that hidden system programs have a hgglogity than the SIGMA control
program. Aggressive background programs, like namntivirus programs, may take over
the processor and cause failures and timeout ofunements. Thus all processes of
automatic scanning and software updates, as wall aaneeded simultaneous applications,
should be turned off for the period of routine meaments. If necessary, the base priority of
the control program can be increased using Windesis manager.

Ground
terminal

connector Socket for an
Analyzer external device
section

Figure 2.3. Main unit of the SIGMA.
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Protektive roof

Air inlet

Dividing roof

Outlet air channel

Figure 2.4. Installation of the SIGMA insensitivewind.

The main unit of the SIGMA is shown in Figure 2ZT8e normal position of the instrument is
with the horizontal airflow. On this occasion, tieight of the instrument with handles is 350
mm, the width is 280 mm and the length along thioar is 550 mm. The air is sucked in
through a vertical opening of 240 (height) x 90di) mm in the front end of the instrument
(see Figure). The air flows out from a similar opgnn the rear end. The pressure drop
generated by the internal air blower is about 280T/is is not a high value and the
instrument is slightly sensitive to wind. The ext@rwind velocity difference of 5 m/s
between the inlet and the outlet of the instrumrgtitgenerate an extra pressure of about 15
Pa that results in a 4% change of the interndl@ir velocity. It is recommended to install
the instrument for stationary measurements in suely that the air will flow out from the
same side of the building as the inlet (see drafigure 2.4). The cross section of the
external air channel should be at least 4.dm

The independence of the measurement of wind isesdional. Installation according Figure
2.4 avoids a systematic shift of mobility and cartcation. However, if the instrument is not
protected of wind, then the concentration of ladlgst particles near the inlet can be high
during windy weather and these particles would ggeea strong noise signal in the
measurements.

It is not recommended to install the instrumengtithrough a wall that is exposed to the
direct sunlight. The convection of heated air ardgerature fluctuations near the wall can
disturb the measurement, resulting in increasedufation noise in the measurements.

An alternative possibility is to install the instnent in a vertical position so that the inlet is
below and the air will flow vertically upwards.

The most frequent service operation is the cleaafrige electrometric collectors, which
requires opening of the short upper panel of theskction, as well as the long left or right
side panel. Thus it is strongly recommended to kbeaccess to these panels free and leave
at least 300 mm free space above the fan sectitireahstrument.

After the instrument has been positioned, the etattconnections have to be made:

e A ground wire must be connected to the ground tesihor to a cover screw of the
SIGMA.

e After the ground wire is connected, the computewushbe connected with the SIGMA
by means of an USB cable.

e A 24V DC power supply (Mascot-2020 or accumulddgattery) should be connected
to the SIGMA via the power inlet. Make sure that tienter electrode of the power
plug is positive (warning: the polarity of the Mas@020 output plug is convertible).
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e NB: when using the mains, the ground wire mustdreected with the Protective
Earth of the mains (green-yellow cable wire, ablaigen PE) and a mains surge
voltage protector is recommended especially dutieghunderstorm period.

The ground connection is obligatory because thetriddield around the case of the
instrument can disturb the admission of ions aradgdd particles into the inlet of the
instrument. However, the SIGMA is relatively insiine to weak external electric fields due
to its high ventilation rates.

A desktop computer should be powered via UPS duonogne measurements. A laptop
computer with a good internal battery can be usidowt UPS. The control program
SIGMAL1A will restart the measurements after a polatackout when the computer is still
running.

The SIGMA has an additional socket, which enaliiesswitching of an external device (see
Table 4.2 and Appendix 8). The standard controjam SIGMA1A.EXE supports only the
manual control of the external device. Automatintool can be included when modifying the
program code; see Appendix A4.4 of the manual.

It is strongly recommended to learn the instructionthe next chapter before starting the
measurements.

3. OPERATION OF THE INSTRUMENT

3.1. Launching the measurements

We expect that the SIGMA and the control computeriastalled as explained above in the
present manual. At first the SIGMA folder shoulddpened. This folder must contain as a
minimum the program file SIGMA1A.EXE, calibratioief SIGMA1A.CAL, control file
SIGMA1A.INI, subfolder DAYS, and subfolder MONTH3hese two subfolders can be
empty before the first run. The calibration filedathe control file are explained in Appendix
4, see Section A4.2.

The program SIGMA1A.EXE could be launched by dotiieking the icon. After a while a
window with the message "please turn SIGMA poweérwitl appear. When the power is on,
the welcome window with the start menu will be thseed as shown in example Fig. 3.1.

o SIGMA1A version 20100102 -0 %

Welcome to SIGMA control and logging program SIGHMALA.exe

Requirements for the computer:
running under Windows HP.
no time waisting background processes,
computer clock adjusted to the proper time,
free space on diszk for writing the results,
SIGHMA connected to the computer USE port.

Local winter time <(press ENTER to refreshd: 10-01-04 0DB8:20:01
if incorrect then correct computer time andsor time zone?

Keywords and corresponding tasks are:
T — Test operations.
M — Measure charged particlez and clusters.

Moize — Moisze test (measurement with permanenetly closed inlet gatel,
£ — user—programmahle Z_test,
® — edit the program.

Please write a keyword and press ENTER?

Figure 3.1. Start menu of SIGMA1A.
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When the SIGMA is powered before running the cdngrogram, then the electric control
lines of the SIGMA may appear in a random statius.recommended to run the control
program SIGMAL1A.exe first and, after that, turntbe power of the SIGMA.

The local winter time used in the program may diffem the local civil time during summer.
Test operations and noise test explained in Chdpteay appear useful for technical
diagnostics. Normal measuring process should beckad pressing the key M.

The SIGMA folder can contain two more specific gohfiles. If an optional file
SIGMA1A _exmeteo.txt is presented then the compuikread some data from this file and
ignore the readings of sensors for the quantitiesgnted in this file. A quantity can be
presented with a text line, which begins from P=, @r RH=. The value of the corresponding
quantity should be written immediately after therka An example: a file including two
lines RH=48

T=24.3

leads to the replacement of the readings of thedityvand temperature sensors with the
presented values.

The purpose of a special optional file SIGMAL1A_slatar.txt is explained in Section A4.4
of Appendix 4.

3.2. Control of the SIGMA during measurements

The measuring and data processing is controlletheizalibration file SIGMA1A.CAL and
the control file SIGMA1A.INI, see Appendix 4. Thefiles are read once when the control
program is launched. It is strongly recommenddeaon all parameters of the control file
SIGMAL1A.INI before launching the measurements,Seetion A4.2.

During the measurement, the computer screen gigdilial with information as shown in
Figure 3.2. In this example, the fraction concerdre of ions are displayed. The control file
allows the user to choose the display of the foactioncentrations or the values of
logarithmic distribution functions. The last value® usually 8 times larger than the fraction
concentrations and equal to the values saved istdmelard output files, see explanations in
Appendix 2 and A4.2. The diagnostic parameterbenright side of the screen are explained
in Section 4.1. An important parameter is the noigex displayed in the upper part of the
screen. The index does not depend on the chossenpation of the distributions and it is
always calculated as a coarse estimate of theatdmigviation of the random errors in the
values of the logarithmic distribution function.

The raw scan details are saved after every scanpildtessed results are displayed and saved
for reference cycles. The schedule is arrangetaamtcycle begins just at the full hour and
the duration of every cycle is equal to the parammicleminutesssigned to it in the control
file. During long term routine measurements, thmdsgl value icycleminutes= 5. The zero

level is additionally considered during 2 cycle$obe and 2 cycles after the reference cycle.
This is followed by a delayed display and recordimgresults. In case of 5-minute cycles, the
results for the first reference cycle will appe&#3D minutes after the launching of the
measurements and the following results will appatr the delay of 12.5 minutes from the
central moment of the reference cycle.

Possibilities for interaction with the control pragn during the routine measuring process are
limited. All control keys are explained on the sreNB!: the keys will act only when the
program window is active (click the SIGMA1A titl@abafter working in another window).
During a scan, which lasts about 20 s, the compsitensy and does not show any reaction on
the pressing of a control key M, E, D, S, or magk R...9. The reaction appears at the end of
the scan. Only the last key pressed during a sceonsidered. An exception is the key
combination XZ, these two keys should be both me&s the indicated order during one
scan.
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+ SIGMATA version 20100406
Date 28188681 scanning mohfdia distributions
HH :HH B9:37 B9 :42 09:47 A9:52 16:688
I:C 16.71 16.8B3 16.29 17.26 17.32
RH:x b .41 6A.68 bH_35 L9 .77 6A.62
p:mhb 16883 _38 1883 _33 1883 .31 18683 .34 16863 .28
noize 4+ 4— 4+ 3= 4+ 4— 4+ 4— Scan B reg 1
MOB " Mobility fraction concentrations I cm—3 ” ADC counts
B.6837 3 5 4 5} 2 1 2 5 —-27 —748
B.849 4 3 4 2 5 2 1 4 —48 =729
@._865 2 1 3 2 i 2 2 2 —34 -7
B.887 3 5} 4 3 3 2 3 2 =31 =7a7?
A.115 2 4 1 2 2 3 2 2 —-29 —288
B.154 2 A 3 2 3 1 2 2 —25 -695
@285 1 2 2 2 3 3 1 3 -19 —-689
B.274 2 3 3 2 2 3 3 2 =12 -687
A.365 4 3 4 3 4 3 5 1 -16 —686
B_487 ? 5 5 4 5 4 5 4 18 —-681
d.649 13 12 12 11 12 14 12 9 =5 —676
B.B66 46 31 47 32 49 3a 56 28 158 -658
1.155 118 64 189 68 115 67 123 Gb& 189 —686
1.548 185 B 185 98 189 B 116 98 %6 -58%7
2.854 55 67 56 66 56 65 62 65 47 —-684
2.738 23 32 21 29 22 k! 22 3a 9 -658
DIA " Diameter Fraction concentrations @ cm—3 ” DIAGNOSTICE
A.487 49 68 47 63 48 65 56 63 Cycle 1192
A.649 BS B8 B? B9 B8 B6 28 B9 Scans 15
H._B66 137 BB 135 23 142 24 149 91 Supply 23.2
1.155 75 49 i 58 115] 47 B3 46 Filter+ 525
1.548 17 15 15 13 15 12 15 11 Filter— 523
2.854 5 5 ? 5 5 5 B 3 Battery+ 235
2.738 2 2 4 3 L E 4 4 Battery— 233
3.652 4 4 3 4 a 4 3 4 E-hias+ —@.67
4_B78 L 1 ? 3 4 3 4 3 E-hias— 2.8&
6.494 [ B B 2 [ 3 3 B Pretimex 186
Tau 3668
MN-prt 26 23 38 21 26 28 24 24 Asymmetry 11
n—cls 62 318 e [ | 318 373 383 394 3pz2 HUA+/— k- —23
F—els 1.43 1.56 1.43 1.55 1.43 1.56 1.43 1.56 Ourl+ — B8
Save current data into MONTHS&DAYS: ON  dCHey M turns off) Set mark = Key B...9
Save diwrnal data into Extrafolder: OFF <{no access? Effect of a key appears
Save diagram tables into DIATABLES: OH <Hey D turns off) at the end of the scan
Save scan details into SCANMDETAILS: ONH <Key 5 turns off) SAUE & EXIT = ¥Z

Figure 3.2. Computer screen during measurements.

The value set by a manual mark key 0...9 will be réed in the last columns of the standard
data and of the table of scan details. Marks &redisplayed just after the date in the first
line of computer display. Default mark is 0 and kieg O is used to clear the mark. Marks
1...8 do not have any effect on the measuring pddark 9 is exceptional: it turns on the
external device connected to the socket shownguarEi2.3. The external device is physically
turned on just at the beginning of the next cyclé will be turned off after the mark is
changed to a regular value of 0...8.

Additionally, two Windows standard operations canused. Alt+PrtScr saves the screen as a
picture into the clipboard ready to paste into M8riddocument. Right click on the window
title bar opens a menu, where the choice "Edit""&nark" allow marking a part or full
window as a text. Following "Enter" will copy theanked text into the clipboard.

Any of the four saving options can be in one oéthstates: accessible and on, accessible and
off, not accessible and off. No access means hieadi¢stination folder of the data is not
available. The availability of the folders is recked during every cycle. The destination
folders and saving schedule (midnight is definezbeding to the local winter time) is

explained in Table 3.1.
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Table 3.1. Location of SIGMA1A output files (seesdeptions in Chapter 5).

Files Location When saved
Monthly standard data...SIGMA\MONTHS and extrafolder midnight & XZ-exit
Diurnal standard datg ...SIGMA\DAYS end of everygley
Diagram tables ...SIGMA\DIATABLES and extrafoldemidnight & XZ-exit
Scan data ...SIGMA\SCANDETAILS end of every scar

The initial positions of the control keys are sgtloe control file SIGMA1A.INI and can be
changed when editing this file. The possibilitysteitch the data storage temporarily off using
the key M is necessary on the occasion of senpegations that could distort the recorded
data.

Path of the extrafolder is to be indicated in SIGMAINI, see Appendix 4. It could be a
folder on removable media, a shared folder or aoterfolder.

The measurements can be disturbed due to diffezanabns. Typical disturbances are: the
pollution of collector and deflection electrodegswiibers, pollution of the insulators,
condensing of water inside the instrument, dusingrice crystals in the air, etc. If a
diagnostic parameter is out of the critical rartben a message is displayed and the
measuring process may be temporary stopped. Tieatranges are:

e power voltage 21.6...26.5V,

o filter voltage 450...550 V,

e polarity asymmetry of deflecting voltages up to 5%
e collector battery voltage 200...300V,
e electrometer bias -5...+5mV,
e zero shift of HV ADC readings 100 ADC counts
e number of electrometer overload events during aae sip to 3.

The time and explanation of the failure are recdridethe logfileSIGMAL1A _failure.txthat

will be automatically written into the SIGMA foldeFhe control program will continue to
check the parameters and make attempts to restaméasuring process after some pause
(usually 10 minutes). In a specific situation datfometer overload, the program will
repeatedly turn the fan off and on during the failpause, attempting to suck away the fibers
from the air ion collector.

More information about the diagnostics of the imstent is presented in the next chapter of
the manual.

3.3. Terminating of the measurements and the data capture

The measuring procedure is normally terminated aftessing the keys X and Z in the given
sequence. In this case, the program will completaronthly output file and the diagram
table file before stopping. Another way is the gt Windows method to click the upper
right corner of the window. However, this is natsexmended because the instrument
hardware control lines will not be safely turneflarid the program will not complete the
monthly file, which remains as it had been writtsg¢rthe previous midnight.

The data files can be copied onto the removablaareckry time when the control program

is not accessing the disk. Simply wait until thentner of the scan in a running cycle (see
display) is 1 or 2, and there is free time untd &nd of the running cycle for copying the
diurnal data file. The safest time to copy all ttaa to the external media is when data saving
has stopped. It does not need terminating the me@asmts and can be performed using the
keys M and S.

A comfortable tool for quick copying of all new datnto a removable media is a self-
explaining prograndata_transfer.ex¢éhat should be located in the SIGMA folder. Simply
connect a removable media e.g. a memory stickdanbtle-click the program icon.
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If an output file will appear to be opened by tlsemn(e.g. inspecting a file using Excel) during
the time of regular saving operation, then the m@mrogram will skip the current operation
and a part of the data will be lost. However, € tiser is not touching the files at midnight,
then the loss of data in a diurnal file is notdeled by the loss in the monthly file, where all
standard data will still be presented.

The manufacturer of the included data acquisitioib does not assure undisturbed
functioning of USB1608 during the connection anstdnnection of additional USB devices.
However, no disturbances have been observed wherecbng and disconnecting USB
memory sticks during the test exploitation of th&MA.

4. MAINTENANCE OF THE INSTRUMENT

4.1. Simple diagnostics of the hardware problems

Some diagnostic information is displayed in thedowght-hand table in the SIGMA1A
window. The most essential diagnostic parameterexgplained in Table 4.1

The parametdpretime%shows the reserve of the HV when beginning a sthis.value
should be at least 50. A lower value does not cadsemal failure but indicates the need for
checking the condition of the HV source.

Asymmetryndexis defined as the relative deviation of the pwsitieflection voltage from

the average of positive and negative deflectiotagas at half-time of the scan. The ions are
deflected between the positive and negative voledgetrodes and a moderate asymmetry has
no considerable effect on the measurements. Irnedessymmetry is a symptom of pollution

of the insulators. Thus the asymmetry index moaa 0 promille (5%) is not tolerated and it
is identified as a serious failure. Specific diagies is possible in the test regime, see Section
4.6.

Table 4.1.Diagnostic parameters in the SIGMA1A vewd

Name min| typ| max Explanation
L Voltage of power supply, V.
Supply | 21.6] 23.3 265\, scot 2020 provides 23...24 V
F!Iter+ 250 | 520| 550 Voltages of inlet filters, V. _ _
Filter- Low value can be a result of insulator pollution.
Voltages of filter batteries, V. A gradual decreax#cates
Battery+ Fhe_ discharge _of batteries. Rapid _decrease antbifitions
Battery- 200 | 240| 300| indicate pollution of the collect_or msulator_s,e_tremeter
relay or battery contacts. In this case the inédatalues
may largely differ from the true voltages.
E-bias+ Bias of the electrometer amplifier INA116. High wel
. -5 0 +5 | usually indicates leakage from the collector etattrvia a
E-bias- . e
stuck hair or web, or damage of the amplifier.
Pretime% 100 100 fractiontime [1] /(fractiontime [2] — fi@ontime [1])
Time constant of HV relaxation, ms. Low value may
Tau 3600 3850| 4100 indicate pollution of the condenser insulation or
deterioration of the HV capacitor of the RC circuit
Asymmetry index of +/- HV, promille. High absolutalue
Asym -0 0 +50 indicates asymmetric pollution of the condenseulatson.
HVO+/— | =100 0O | +100| Bias of HV zero readings, ADC counts
Ovrl+/— 0 0 3xn| + and — electrometer overloadsrdysd cycle of n scans
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An additional diagnostic parameter is the noisexkcorded in the standard data and
displayed in the measurement screen for every cgeleFigure 3.2. The index is a coarse
estimate of the standard deviation of the noigba@walues of the logarithmic distribution
function; its typical value during calm weather antbw concentration of coarse aerosol is
about 10. Presence of coarse aerosol particlesssantially increase the noise. A value over
100 is an attribute of a highly enhanced dust commagon or the malfunctioning of the
instrument. The air ion distribution can be disgldyn the screen by values of the
logarithmic distribution function or by values diet fraction concentrations depending on the
choice made in SIGMA1A.INI. However, the noise irde always displayed for the
logarithmic distribution function and it should bensidered that the values of the distribution
function are about 8 times larger than the fractioncentrations.

Some disturbances cannot be identified accordirtigeaisplayed values. Thus a regular
visual inspection of the instrument is required.g¥tivequent disturbance is the pollution of

the inlet grid with fibers and fuzz. The fibers dtakes adsorb ions and decrease the recorded
values of the ion concentration especially in #gion of small ions; adsorption is

proportional to the mobility in the power of 2/3oWever, slight pollution cannot be

identified according to the displayed fraction cemitations because there is no information
about adsorption-free measurements.

The inlet grid should be periodically cleaned adauy to the results of visual inspection. This
can be made by sucking the fiber and fuzz awayidritgith a vacuum cleaner (use the end
of the tube without any additional nozzle). This te carried out without stopping the
measurements and disassembling the instrumentagres of a more thorough cleaning are
described in the following sections of the manual.

In summer time, the inlet electrostatic filter danpolluted by the smallest insects that have
passed through the grid and have been trappee istithng electric field of the filter. The
electric resistance of dry insects is high and iistizey do not overload the filter voltage
supply. The filter voltages are continuously moratband recorded together with the
measurements. The absolute values of these volshgedd both be about 520V. If a filter
voltage in less than 450 V, then a failure messagecorded and displayed, and the
measuring process is interrupted for 15 minutes. filters require cleaning when any of the
filter voltages drops below of 500 V. The experient routine measurements has proved that
usually it is enough to clean the filters during tiegular cleaning of aspiration condensers.

Pollution of the condenser insulation has usuabefiect in case of low relative humidity
and the measurements are not disturbed. Troublesgenduring the periods of high

humidity.

Fluctuations in the electrometer signal, which @p@es the measurement noise, have several
simultaneous origins. The main contributors of mgise are charged dust or a coarse
aerosol, whose concentration in atmospheric aialsincreases with wind speed, especially
in the conditions of low humidity. Large low-molyliparticles can pass through the inlet
filter and induce electrical pulses in the electetme collector even if they do not deposit.
Even the neutral large particles can generate mises when they collide with the collector
electrodes and get charged due to electrostatictioh. The dust noise in the SIGMA is
about the same or even higher than in the BSMAtuiRately, the dust noise is strongly
suppressed during such atmospheric situation thgasts nucleation events. The dust noise
in the output standard tables can partially be segged in the range of low values of the
distribution function, when assigning the valueladr 3 to the parametextracorrectin the
control file SIGMALA.INI. This parameter does ndtemt the output of scan details.

Another important component of noise in air ionlgpers is produced by the alpha rays
emitted by the daughter elements of radon. The essstntial among them &r&Po (i, =

182 s),2YPb (t, = 1620 s), and“Bi (t» = 1190 s), all having about equal activities ie th

air. They are carried by air ions and aerosol plagiand deposited onto the electrodes of the
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aspiration condenser. One alpha particle geneahimst 100000 ion pairs. These ions, when
attracted to the collector, produce a noise pUdlees component of noise cannot be
eliminated by cleaning the instrument, becausekbetric field in the condensers
continuously collects radioactive ions and aerpsoticles. The radioactive pollution on the
electrodes will decay by itself in a few hours aftee radon concentration in the air has been
returned to a low level. The design of the SIGMAtpr effectively suppresses the alpha-
noise, which is much less than that in the BSMA.

A specific for the SIGMA very harmful disturbancancbe caused by long fibers and spider
webs attached onto the plates of the electromedtlectors or the contacts of the

electrometer relays. The instrument cover showcgs be properly closed to avoid the
getting of insects and small spiders into the eamkpolluting the electrometer relay and input
details. The leakage of a very weak electric curiemn the collector or the electrometer

input causes a slow drift of the zero level. A sidwit is not fully filtered out by the zero
control algorithm of the control program SIGMA1Adthe data may contain large

systematic errors, which are about equal in allpoments of the distribution function.
Additionally, the leakage current shifts the eleoteter bias and disturbs the measuring of the
battery voltages, which can be identified in thepthy and records of diagnostic parameters.

Weak disturbances caused by the attached fibeeslyseasult in enhanced values of the noise
index. If the attached fibers are identified aspgh&bable reason of the noise, then it is, first,
recommended to try and clean the internal air strefthe electrostatic filters as described in
the next section. This procedure does not reqsserdial disassembling of the instrument — it
is enough to take off one panel of the cover. i ffirocedure does not help, the next step is
the minimum disassembling and cleaning of the spwading electrometric filter as
described in the following sections.

4.2. Internal air stream cleaning of the electrostatic filters

The simplest way to remove the fibers from thefiklectrodes is to use a strong air stream.
The speed of the normal air flow in the filtersittle less than 2 m/s. According to the
experience, this air flow can carry away about b&Httached fibers, which typically happens
during a few hours after the fiber has attachethdfcontrol program detects a strong
disturbance, then the measurement is interruptealfout 10 minutes and during this time,
the air flow is several times switched off and orhélp the detaching. However, often, this is
not sufficient.

The next step is to enhance the air stream driyghddSIGMA's own internal fan. This can
be done by removing the orifice plate (see Figui¢ @sed for the calibration of the air flow
or replacing it with a special plate that chanrleésfull air flow through one electrometric
filter. The recommended procedure is:

e stop the measurement with keys XZ,

e enter T for the test regime and press 0 to switcthe fan (the fan will start slowly
with a delay of several seconds),

o take off all the screws fastening the upper coVatepof the fan section,

e remove the cover plate and the orifice plate (sger€ 4.1),

e put the cover plate back and remove it again sétiaras — the air stream will be
moderately enhanced in all filters when the fasuieking the air without the orifice
plate,

¢ install the special asymmetrical plate as a repherd of the orifice plate (see Figure
4.1),

e put the cover plate back and remove it again sétiaras — the air stream will be
strongly enhanced in one electrometric filter,

e turn the special asymmetrical plate so that thé@ir will be open for the other
electrometric filter,
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e put the cover plate back and remove it again sétiaras — the air stream will be
strongly enhanced in the second electrometria filte
e press X to exit the test regime,

¢ reinstall the orifice plate and the cover platéhesy were before the cleaning
procedure,

e enter M to continue the measurement.

If the described procedure does not help, themsteument should be disassembled and
cleaned as described below.

Figure 4.1. Replacing the orifice plate with thgrametric plate
for internal air stream-cleaning of the electronadiiters.

4.3. Disassembling and assembling of the instrument
Warnings:

e The instrument contains high voltage circuits. €ase of the instrument can be
opened (except of the upper panel of the fan s@abioly after the power cord has
been detached from the instrument for at least 30 s

e The transparent details in the instrument are maidgolycarbonate, which is soluble
in acetone. Keep acetone and acetone-containingstd carefully away of the
instrument as the insulators can be damaged whatacted with acetone.

e The screws should be fixed in polycarbonate witwamoment, the torque should not
exceed 0.1 N/m. It is recommended to use a thidibatrewdriver (diameter up to 10
mm).
Cleaning and service of the collector filters regeaminimum disassemblingvhich can done
independently for one or the other side of therumgent. If there is enough space near the
SIGMA, the servicing can be done at the measuongtlon. However, the minimum
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disassembling is more convenient when the instrameemoved from the measuring
location and placed on one side so that the coliéotbe removed is above.

|

Figure 4.2. Left and right electrometers and codlecof the SIGMA.

The required tools are a magnetized PH1 screwdandrgood tweezers. The sequence of
operations is:

e remove a side panel of the instrument case, openingw of the electrometers and
collectors as shown in Figure 4.2,
e Detach the cable from the electrometric amplifier,

e disconnect the three electrometer connection viioes the collector (warninkeep
one hand in the electric contact with the instrutfeaame when touching these wiyes

e screw away the two screws fastening the electrocnatnplifier and remove carefully
the amplifier (be careful and do not damage thayrahd inlet details),

e detach the cable from the heating resistor locetélde middle of the collector unit,

e screw away about 10 screws holding the collectdrramove carefully the collector
unit.

When removing the left side collector, the shieldptate (see upper left corner of Figure 4.2)
is to be removed first. Store the collector andtetenetric amplifier carefully, avoid
damaging the fragile details and polluting the latrs.

The two collector units are not interchangeableabee the batteries are installed in the
opposite way: the left collector is collecting gos ions and the internal plate is negative, the
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right collector is collecting negative ions and thiernal plate is positive. In case of the
opposite installation, some amount of cluster ansld be lost as deposited on the shielding
electrodes near the collectors due to the edgeteffae internal plate of a collector receives
the voltage of about 240 V via the protective resisf 3.3 MQ. It follows a short-circuit
current of about 78A, which is not dangerous for people, but can disgh the GP27A
batteries fully during about a week.

When reinstalling the collector unit, the conneabthe heating resistor must be directed
down. After reinstalling the electrometric amplifiehe electrometric wires should be
connected following Figure 4.2.

The large number of fastening screws makes a nadiieal disassembling and assembling of
the instrument troublesome. The large number isssary to keep the instrument in working
order even after losing or impairing some odd ssrew

Medium disassemblingllows the fundamental cleaning of the aspirationdenser. The
sequence of operations:

e remove the front panel with the inlet grid and éhpanels (two sides and upper panel)
of the wide section of the instrument case. Thédbofpanel and the fan section panels
can be left as they are,

e take away the electrometer connection wires froth Bales (the electrometric
amplifies may stay fastened as they are), the sdlden the heating resistors, the
connector of the inlet filter cable, and the HV lesl(see Figures 4.2 and 4.3),

e use along screwdriver and screw away four scrastehing the condenser to the
instrument frame,

e remove very carefully the aspiration condenserudhathe front opening of the frame.

After removing the condenser, the electrometritectdrs should be removed just as in case
of minimum disassembling. Remember well all thenzations to be able to assemble the
instrument again. Be careful not to interchangectiilectors when reassembling the
condenser.

Warning:the wider border of a front panel must be direaigevards when reassembling the
case of the instrument

4.4. Cleaning the aspiration condenser

The main components of the aspiration condensestemen in Figure 2.1. When the top
panel of the instrument case is removed, the iatetetails are visible through the upper
transparent insulator of the condenser, see Figj3re

The main tools for cleaning are a strong air blgwefine brush and brushing wires (see
Figure 4.4, these wires are available in "Tiimahbps) and bidistilled or deionized water.
Some details can be cleaned using cellulose hariknesbrush wires tend to leave fibers on
the cleaned details. A finest painting brush aieha-cleaning brush, available in shops of
photographic equipment, are fiber-safe tools fqrimg the collector and the electrometer
details.

Theinlet grid needs regular cleaning depending on the level giadlution. In summer, the
grid usually requires a quick cleaning every weet during some periods even every day. A
quick cleaning of the inlet grid is performed byane of a vacuum cleaner without
disassembling the instrument and stopping the meamnt. If the cleaning procedure will
require more than a few minutes, then the datangasould be switched off (key M) just at
the beginning of the cleaning and on again 15 resmafter the finishing of the cleaning
procedure.

Thorough cleaning of the inlet grid is usually penied together with the cleaning of the
aspiration condenser. In this case the front pand¢tached from the instrument and washed
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with a detergent and water using a fine brush. gritkis made of zinc-coated steel and
should not be processed using acids.

Figure 4.3. The SIGMA with a removed upper panel.

The next frequent service operation is ¢teaning of
the collector filters The plates of the filters collect
dust, which seems to be harmless itself. Howeher, t
hairs and fibers tend to stick to the dusty plated
cause fluctuating leakage current, which heavily

: . ~corrupts the measurements.

Figure 4.4. Bended brushing WITE. At first, the instrument should be switched off and
minimally disassembled. Filters should be visuaigpected in strong sidelight and visible
fibers removed using tweezers. Overall cleaningletrodes and insulators can be made
using a bent thin brush wire. Usually, it is enotglclean the collector with a dry brush, but
in case of heavy pollution, the brush wire can lette@d with bidistilled or deionized water.
Alcohol could be used only as an exception and afieng alcohol, the insulators should be
additionally cleaned using water.

The fibers remained on the electrodes and inswabwst be removed afterwards using a
strong blower.

The insects trapped in the inlet sheath air fitan be removed from the filter by using the
fine brush or brushing wire. For a slight clean@ighe filter it is enough to perform
minimum disassembling and additionally remove toatf panel of the SIGMA. The upper
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panel of the instrument case should be removedaterthe brush between the filter plates
visible. Brushing loosens the insects from thefiklectrodes and they can finally be sucked
away from the front side of the condenser by a vatualeaner or blown away by an air jet
directed into the condenser from an opening forémeoved electrometric collector. For the
fundamental cleaning of electrodes, the wire beghbe rotated using a small cordless drill
or electric screwdriver. Another tool for the fungental cleaning of the electrodes and
insulators is a thin jet of pressurized water, thig requires the medium disassembling of the
instrument.

NB: the brush wire can leave fibers in the filtéfbus
an additional cleaning by means of a strong blawer
must after using the brush wire.

During long-term measuring, dust and soot are

accumulated on the insulators of the aspiration b
condenser. At first, the lower insulator will bellpted.
This may cause the leakage of the high voltage. The L
symptoms are the reduction of the HV relaxatioretim b
constantau and fluctuating values of the asymmetry
indexasym which are shown in the lower right area of b
the program window. Critical value tfu is about 3500 b
ms andasym50 promille. However, the value t#u for

. cover !

>3 Spring
\ contacts |

________

a clean condenser can be reduced during years of
exploitation because of the deterioration of the HV
relaxation capacitor. In this case the capacitoukhbe
replaced.

The best cleaning liquid is deionized water. For a
preliminary cleaning of very dirty surfaces, useatl
ethyl alcoholWarning keep acetone and acetone-
containing solvents always away from the instrument

After using cleaning liquids other than clean watiee fﬁﬁ
insulators must be properly rinsed, first with vegter
and then, at least twice, with deionized watereAft
every rinsing, blow water droplets off from the
insulators using a strong blower e.g. the outledvia
vacuum cleaner. Use the spray of deionized water fo Figure 4.5. Battery box of an
the final rinse and dry the details properly before electrometric collector unit.
assembling the instrument.

After cleaning and reassembling the insulators appear to be charged. Thus a waiting
period of about 15...30 minutes is recommended beftanting the measurements.

________

______

‘1

________

4.5. Changing the collector batteries

Batteries should be replaced when the voltage drefmsv 220 V. Both of the collector units
contain 20 miniature twelve-volt batteries GP27Al attogether 40 new batteries are
required. The structure of the battery box is shawigure 4.5. The large cover of the
battery case should not be opened without a spewid. Normally, it is enough to unscrew
two screws and detach a small cover plate (seed-#6) from the upper end of the battery
box together with spring-equipped contacts. Thi isrmarked with engraved + and — signs
showing the polarity of upper ends the batteries.

Be careful to unscrew only the two side screws.r&laee four square insulator tubes below
the cover of the battery box and five batteriesvary tube. First, check and remember the
polarities of old batteries and remove them bytgligshaking the collector unit. When

installing new batteries, follow the polarities eanged on the side cover of the battery box.
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The contact ends of every battery must be lubritati¢gh a conductive grease immediately
before installing. Recommended grease 7100 isablaiin ELFA, item no. 80-801-29.
Otherwise, there will be a high probability of lngithe contact between the batteries during
the exploitation of the instrument in variable teargiure conditiondVarning use a very

small point of grease and carefully avoid getting grease off of the contact surfaces, where
it can cause leakage and quick exhausting of ledter

Figure 4.6. Cover of batteries. Be careful to uasconly two side screws,
the other three screws fix the spring contactssdredild not be unscrewed.

4.6. Advanced diagnostics of the hardware problems

The program SIGMAL1A contains a special test blotkcl can be launched from the start
menu shown in Figure 3.1. The test regime allowsvidual switching of each channel of the
data acquisition unit and reading raw signals fedhthe ADC channels. Advanced
diagnostics expects a detailed knowledge of thevirare of the SIGMA. The test block
displays the menu shown in Figure 4.7.

Numerical commands allow switching single bitsha# tontrol port, and space bar displays
the ADC readings from all signal channels. The aridits and signal channels of the data
acquisition unit USB1608 are explained in Tablesahd 4.3. USB1608 pins 22, 24,...,34 are
digital ground and the pins 2, 4,...,18, 19, 20aaralog ground.
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3 SIGMA1A version 20100102

SIGHA test

27

Controls: o1 ADC counts:

fan of f7on ADCO + ion electrometer
HU & kU of f7on ADC1 — ion electrometer
ext_dev_A of f7on ADC2 + ion voltage <HU>
ext_dev_B of f7on ADC3 — ion voltage C(HU>
+ gate opensclosed ADC4 fan&filter voltage
— gate opensclosed ADCS PrESSUrEe SEnsSol

+ relay of f.7on ADCE temperature sensor
- relay of f.7on ADCY humidity sensop

ﬁlﬁﬁﬁﬁﬁﬁﬁ
=] T L L [ = 2
LI | | | | [
LI | | | | [

Remember test commands:

m...7 : toggle control line C_# hetween 0 and 1
display milliseconds,. readings of ADC,. and control settings
repeat the space bhar action 20 times during 2 =
statistics of 100 measurements of all channels
show voltages,. temperature, pressure,. and RH
test scan with saving of the record
test scan relative to saved record
display explanation of controls and channels
deve loper programmable extra operation A
deve loper programmabhle extra operation B
exit the test

another display again the instruction above
Channel signals are displaved in ADC counts (—-32768..+32767>
1 count iz 0.1526 mU {6.1 fA for Ch 081 and 0.1 U for Z2&3

space har

Please enter command:

Figure 4.7. Menu of the diagnostic tests.

The USB1608 ADC count range is -32768...32767 anadneesponding voltage range
is -5...+5 V. One count corresponds to 0.1526 mV.

Electrometer output is of the same polarity as.itfthe ion concentration is 1 e/érand air
flow 1 I/s, then the current in the collector i§02x10-16 A. This generates 8xi¥ in the
electrometer input and 4x10-5 V or 0.2625 ADC ceuntthe electrometer output.

The control voltage of the collector battery is tpposite of the voltage of the central plate
and of the same sign as the measured ions. Trefdran the electrometer input is 1:3030
and to the electrometer output 1:61. Thus the hattatage is 0.093 x ADC counts.

Signal of the HV is taken from the repelling defien electrode and is of the same polarity as
ions. The transfer coefficient is 7@K 50 MQ = 1:666 and the ADC reading at the fully
charged capacitor is about 32200.

510 kQ
Supply voltage ADC input
1/2 filter voltage 10MQ [ 3940 Ground
Figure 4.8. Transfer of supply and filter voltageshe ADC.

Table 4.2. Controls in the SIGMA

USB1608| USB1608 Function Variable
channel pin in SIGMA1A
0 21 Fan: 0 = off, 1 = on fan

1 23 6 kV: 0 = off (scan), 1 = on (charging) HV
2 25 External device A (0/+11 V via internal 1.8k externl
3 27 External device B (initially unused) extern2
4 29 + lon gate: 0 = open, 1 = closed (0OV / -260V tegpos
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5 31 —lon gate: 0 = open, 1 = closed (0V / +260V tegaeg
6 33 Electrometer relay + ions: 0 = ions, 1 = check elay pos
7 35 Electrometer relay — ions: 0 = ions, 1 = check elay neg

Table 4.3. Signals in the SIGMA

USB1608 USB.1608 Function Approximate transfer coefficient
channel pin
0 01 Electrometer for + ions 1 pA => 250 mV
1 03 Electrometer for — ions 1 pA => 250 mV
2 05 Analyzer voltage for + iong 1 : 666, 3 kV => 4.5V
3 07 Analyzer voltage for —iong 1:666, 3 kV =>M.5
4 09 Power&gate voltage 1:14&1:556, 1.7V +-0.9V
5 11 Atmospheric pressure 1000 mb=>45V
6 13 Temperature 15mVIK,0C=>4.1V
7 15 Humidity 0% => 0.7 V, 100% => 3.8V

The signals of the supply voltage and filter vodia@re transferred to the ADC input as
shown in Figure 4.8. One ADC count correspondsiessupply voltage of 0.002167 V. The
signal from the filter is the opposite of ion patyarl ADC count corresponds to the filter
voltage of -0.089 V.

The operation T displays the deflection voltages electrometer output readings during a
test scan. This may help to understand the problethsanomalous values of the diagnostic
parametersvait_mob, wait_dia, tauandasym

The noise of the ADC input channels can be checdkety the operation N. When the air

flow is off, then normal level of noise standardiidéion of the electrometric channels 0 and 1
and the humidity channel 7 is about 4...8. The stahdaviation of other channels is

typically 1..2 ADC counts.

Possible messages in the file SIGMA1A_failure.tthveomments (in parentheses) are:
e POWER BLACKOUT.
e List of irregular values of diagnostic parameters.

e TIMEOUT (HV does not approach zero, the responsiblaponents are USB1608,
UDN2981, and STP70, see Appendix 8).

e LARGE ASYMMETRY (the responsible components arelyaer insulators, U3-
6PN, 50M resistors and 47nF capacitors on the Hvfdo

e ELECTROMETER OVERLOAD (too high concentration oh&in a laboratory
experiment, extreme concentration of charged dushow crystals, leakage from the
central electrode of the electrometric collector).

e SHORT FRACTION (possible reasons: a high priorithegprocess in the computer is
still not blocked, low initial HV or quick relaxatn. Check processes using the
Windows task manager, che@u in the recorded data, check voltages in the test
regime (initial ADC readings should exceed 300@0gck relaxation using the
operation T, the ADC readings should drop belowOl@fder 11-12 s).
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5. OUTPUT FILES

5.1. Nomenclature of data files

Output of the SIGMA is compiled by the control praign and may be different when using
different control programs. The nomenclature anacstires explained below correspond to
the software, which is distributed together with thstrument.

The name of a data file is composed of the prefate and extension. The date is written with
6 digits, which are replaced by letters YYMMDD (yemonth, day) in the examples below.

If a file corresponds to several days then the doatimn DD is replaced by 00. If a file
contains data for several months, then MM is regaday 00. Example: filename
S1A090700.XL contains the prefix S1A and extens{i@nand the file contains data for
several days in September of 2009.

The extension of the filenames in the examplesLishXit it can be changed by the user when
editing the control file SIGMA1A.INI.

All files contain tab-delimited text tables and danread using MS Notepad or Excel.
The output data files are:

e Thescan data SIAYYMMDD.XL is saved online by the control pragn into the
subfolder SCANDETAILS of the SIGMA folder. It conita full information, which
can later be converted offline into the basic @atstandard data using the converter
SIGMALC. The conversion allows flexible settingstfucture parameters independent
of the cycle length in the display and in the immagsly saved standard data. Typical
size of a diurnal file of scan data is about 1.7.MB

e Thebasic data~S1AYYMMDD.XL can be created only offline, convieig the scan
data by means of the program SIGMA1C.EXE. The badaia contains less
information than the scan data but more than #edstrd data. It is suitable for a user,
who is processing the data using self-written protg.

e The diurnalstandard dateS1AYYMMDD.XL is saved online by the control progna
into the subfolder DAYS and the monthly standarh&LAYYMMOO.XL is saved
online into the subfolder MONTHS. The diurnal andnthly files contain the same
data and can be considered as a backup for eaeh ®tie standard data contain
significantly processed information, which is e&syise by means of universal data
analysis programs, e.g. MS Excel and modify by mexdrhe preprocessor
SIGMA1P.EXE. The size of a standard data file ignsely proportional to the
duration of the measuring cycle. Typical size standard data file is about 80 kB per
day in case of 5 minute cycles. Different versiohstandard data corresponding to
different structure parameters can be created dédfiere when converting the scan
data with the converter SIGMA1C.EXE.

e The diurnaldiagram tabledYYMMDD.XL is saved online by the control program
into the subfolder DIATABLES. It is prepared foetMATLAB program SIGMA1D,
see Section 6.4 and Appendix 5. Typical size abiendl diagram table file is about
25 kB in case of 5 minute cycles. The diagram w&bteresponding to different
processing parameters can be created later offie converting standard data by
means of the preprocessor SIGMA1P.EXE.

In case of a serious technical failure, SIGMA1Alwdve into the SIGMA folder a log file
named SIGMA1A failure.txt, which includes the vaus the diagnostic parameters in the
moment of detecting the failure.

Additionally, thenormal tablesandfraction tablescan be compiled afterwards by means of
the postprocessor programs. Postprocessing obddtéhe structures of the resulting files are
explained in Chapters 6 and 5.
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Warning: Usage of MS Excel for file inspection requires@pkcare. If an output file is
opened and afterwards saved by MS Excel as a wokkltleen the structure of the file is
changed and may be unacceptable for the postpmogge®gram SIGMALP and the diagram
function SIGMA1D.

5.2. Standard headers

A file of the scan data, basic data, or standatd degins with three header lines. The
following lines of the file present the rows of ttiata table. The header lines are:

1) calibration header, consisting of tab-delimited dgexplaining the calibration
constants presented in the next line (see Tab)e 5.1

2) calibration line composed of tab-delimited numdnedues: program date,
calibration date, and calibration constants acguirem the current calibration file
(see Table 5.1. and Appendix 4),

3) data header, consisting of tab-delimited wordsaxrpig the contents of the data
columns depending on the specific data (see Seci@+4 and Tables 5.2-3).

Table 5.1. Columns of the calibration header aedctdibration line
(explanations of the parameters see Appendix 4)

No | Header Corresponding parameters in the caldrditie and SIGMA1A
1 SIGMALA | date of the control program

2 CALIBR date of the calibration file

3 V-fctr voltagefactor for voltage-mobility convérs

4 C-fctr+ concentrationfactor for +ADC to dn/dlog@nversion
5 C-fctr— concentrationfactor for —ADC to dn/dlog@nversion
6 st-ads standardadsorption

7 collctr-Z collectormobility

8 c-sup-V C_supplyvolt

9 c-filt-v c_filtervolt

10 | c-bat-V c_batteryvolt

11 | c bias c_bias

12 | c-pres-a cpressurea

13 | c-pres-b cpressureb

14 | c-temp-a ctemperaturea

15 | c-temp-b ctemperatureb

16 | c-hum-a chumiditya

17 | c-hum-b chumidityb

18 | e-delay electrometerdelay

19 | charging-t | chargingtime

20 | timeout timeout

21 | c-inv-n2 c_inv_n2, parameter of inversion matrix

22 | c-inv-nl c_inv_n1, parameter of inversion matrix

23 | c-inv-pl c_inv_p1, parameter of inversion matrix

24 | c-inv-p2 c_inv_p2, parameter of inversion matrix

25 | z-limit Z_limit, threshold mobility of inversiomatrix

5.3. Scan data

A table of scan data begins with three standarddrdaes where the third line consists of 87
words corresponding to the columns of the dataetdblery data line corresponds to one 20-

second scan. The 87 tab-delimited columns cont&gger numbers:

1) time HHMMSS (midpoint between the start andsimof the scan),
2) regime: O = inlet gate closed, 1 = inlet gatergp

3) temperature, 0.01 C,

4) RH, 0.1%,
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5) atmospheric pressure, 0.1 mb,

6—40) ADC counts for positive ion extended mobidigtribution, 0.1 counts,

41-75) ADC counts for negative ion extended mapdistribution, 0.1 counts,

76) supply voltage, 0.1V,

77) filter voltage +, V,

78) filter voltage —, V,

79) battery voltage +, V,

80) battery voltage —, V,

81) electrometer bias +, 0.01 mV,

82) electrometer bias —, 0.01 mV,

83) pretime, % (see Section 4.1),

84) analyzer voltage RC relaxation time constarst, m

85) analyzer deflection voltage polarity asymmeprpmille,

86) number of electrometer overloads in the sc@@xfositive ions + negative ions,

87) regime, a complex index equal to the variaBefthe standard data

(see Section 5.5).

The values of ADC counts are averages over thendgtemobility distribution fractions,
whose center mobilities are shown in the header.

Extended mobility distribution contains the concentrations of 35 narrow mobiti&gtions
of positive ions and 35 narrow mobility fractionflsn@gative ions. It is available only in the
scan data and the basic data. A decade of molsilibgarithmically uniformly divided into
16 fractions in the extended distribution.

If the fractions are numbered with indiex 1, 2, ..., 35 then the

e lower borders are Z =101 cnfv's! (0.0274-3.65),

e fraction centers are Z =109 cnfv st (0.0249-3.92),

e upper borders are Z =10 cnfvis?t (0.0316-4.22).
Prefix of the scan data filename is _S1A.

5.4. Basic data

Prefix of the basic data filename is ~S1A. Thedtrte is the same as of the scan data; only
the content of columns 1, 2, 675, and 86 is dffierThe rows can be written for every open-
gate scan or as averages for uniformly distribtited intervals up to 60 minutes. One file

can include data for several days and the datelisated in the first column of every row.

The ADC readings of electrometers, which were preskin the scan data, are replaced by
the values of the mobility distributions.

The 87 tab-delimited columns of the table contateger values:

1) date YYMMDD,

2) time HHMMSS (if the time interval is one minudemore, then the midpoint between
the start and finish of the interval),

3) temperature, 0.01 C,

4) relative humidity, 0.1%,

5) atmospheric pressure, 0.1 mb,

6—40) positive ion extended mobility distribution &d log Z, cni®,

41-75) negative ion extended mobility distributim/ d log Z, cn,

76) supply voltage, 0.1V,

77) filter voltage +, V,

78) filter voltage —, V,

79) battery voltage +, V,

80) battery voltage —, V,

81) electrometer bias +, 0.01 mV,

82) electrometer bias —, 0.01 mV,

83) pretime, % (see Section 4.1),
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84) analyzer voltage RC relaxation time constaist, m

85) analyzer deflection voltage polarity asymmepmypmille,
86) ovl&sc, a complex index described below,

87) regime, a complex index described below.

The indexovl&scis composed as
10000 x (number of positive electrometer avadk in the cycle) +
100 x (number of negative electrometer oveldaa the cycle) +
1 x (number of scans in the cycle).

The indexregimeis composed as:

100000 x (structure, 0, 1 or 2) +

10000 x (simulated measurement, 0 or 1) +

1000 x (noise regime, O or 1) +

100 x (extracorrection O = no, 1 = dust pul&es transfer, 3 = both) +

10 x (external meteodata used, O or 1) +

1 x (mark, which was manually set using keys90during measurements)

The subindesstructureof the regime is defined as:

0 = 16-fraction full range mobility distribot,

1 = 16-fraction cluster range mobility distriton,

2 = 35-fraction extended mobility distribution
Thus the value cdubindexstructure is always 2 in the basic data; the @dtitre values of O
and 1 are reserved for the standard data.
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5.5. Standard data

Prefix of a standard data filename is S1A. Theifileomposed of three standard header lines
and following data lines. The structure of thedhieader line is explained in Tables 5.2 and
5.3. The data line consists of 78 numeric valuesst\f these are presented as whole
numbers and a few contain a point-separated de@aral The data columns are explained in
Tables 5.2 and 5.3. The content of the columnsGfBdepends on the parameter
clusterregimeof the control file SIGMA1A.INI.Clusterregime= 0 initiates the full mobility
range ancatlusterregime= 1 initiates the cluster ion regime. Columns28.and 61-78 are
universal and do not depend on the paranatesterregimeA decade of mobility is
logarithmically uniformly divided into 8 standardhttions in the regime of full mobility

range and into 16 narrow fractions in the clusterregime.

Table 5.2. Columns of the standard data table se o full mobility range

. Range, nm
No | Excel Header Value Sigh or endy-ls 1
1 A | YYMMDD |Date YYMMDD
2 B HHMM | Time HHMM (center of the interval)
3 C DAY Day of year (4 decimal places)
4 D T.C Temperature, °C (1 decimal place)
5 E RH:% Rel. humidity, % (1 decimal place)
6 F p:mb Air pressure, mb (2 decimal places)
7 G noise+ |Index of zero level noise, ¢
8 H noise- |Index of zero level noise, ¢t
9 | D+0.487 | foqq = ch /d logd, cm® + 0.42-0.56
10 J D+0.649 | foqq = dn/dlogd, cm® + 0.56-0.75
11 | K D+0.866 | fiqq = dn /dlogd, cm® + 0.75-1.00
12 L D+1.155 | fi,qq = dn/dlogd, cm?® + 1.00-1.33
13 | M D+1.540 | f,qq = dn/dlogd, cm® + 1.33-1.78
14 | N D+2.054 | foqq = dn/dlogd, cm?® + 1.78-2.37
15 | O D+2.738 | foqq = dn/d logd, cm® + 2.37-3.16
16 P D+3.652 | foqq = dn/dlogd, cm® + 3.16-4.22
17 | Q D+4.870 | f,qq = dn/d logd, cm?® + 4.22-5.62
18 R D+6.494 | f,qq = dn/d logd, cm? + 5.62-7.50
19 S D—0.487 | fioqq = dn/dlogd, cm? - 0.42-0.56
20 | T D—0.649 | fioqq = dn/dlogd, cm? - 0.56-0.75
21 | U D—0.866 | fi,qq = dn/dlogd, cm? - 0.75-1.00
22 | V D-1.155 | f,qq =0cn/d logd, cnm - 1.00-1.33
23 | W D-1.540 | fi,qq = dn/dlogd, cm? - 1.33-1.78
24 | X D-2.054 | f,qq =dn/dlogd, cn - 1.78-2.37
25 | Y D-2.738 | f,qq = dn/dlogd, cm® - 2.37-3.16
26 | Z D-3.652 | foqq = dn/dlogd, cm® - 3.16-4.22
27 | AA | D-4.870 | fi,qq =dh/dlogd, cm® - 4.22-5.62
28 | AB D—6.494 | f,uq = dn/dlogd, cm® - 5.62-7.50
29 | AC | Z+0.037 | fo,z =dn/dlogZ cm?® + 0.032-0.042
30 | AD | Z+0.049 | f,; =dn/dlogZ cm?® + 0.042-0.056
31 | AE Z+0.065 | fi,qz =0dn/dlogZ, cm? + 0.056-0.075
32 | AF Z+0.087 | foqz =ch/dlogZ cm? + 0.075-0.100
33 | AG | Z+0.115 | f,z =dn/dlogZ cm® + 0.100-0.133
34 | AH | Z+0.154 | f,; =dn/dlogZ cm® + 0.133-0.178
35 | Al Z+0.205 | foqz =dn/dlogZ cm?® + 0.178-0.237
36 | Al Z+0.274 | fi,qz = dn/dlogZ, cn + 0.237-0.316
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. Range, nm
No | Excel Header Value Sigh or endv-lg
37 | AK | Z+0.365 | fi,yz =dn/dlogZ cm® + 0.316-0.422
38 | AL | Z+0.487 | fipqz =0dn/dlogZ cm’® + | 0.422-0.562
39 | AM Z+0.649 | fioq,z =dn/dlogZ cmi® + 0.562-0.750
40 | AN Z+0.866 | f,qz = dn/dlogZz cm® + 0.75-1.00
41 | AO | Z+1.155 | f,a; =dn/dlogz cm® + 1.00-1.33
42 | AP | Z+1.540 | f,a; =dn/dlogz cm® + 1.33-1.78
43 | AQ | Z+2.054 | fipyz =dn/dlogZ cm® + 1.78-2.37
44 | AR Z+2.738 | foqz =0h/dlogZ cm? + 2.37-3.16
45 | AS | Z-0.037 | fo,, =dn/dlogZ cm® - 0.032-0.042
46 | AT | Z7-0.049 | fipyz =dn/dlogZ cm’® - 0.042-0.056
47 | AU Z-0.065 | f,,z =dn/dlogz cm® - 0.056-0.075
48 | AV Z-0.087 | fi,yz =dn/dlogZ cm?® - 0.075-0.100
49 | AW | Z7-0.115 | fy,,; =dn/dlogz cm® — 0.106-0.133
50 | AX | Z-0.154 | fyz =dn/dlogZ cm® - 0.133-0.178
51 | AY Z-0.205 | fi,qz =dn/dlogZ cm?® - 0.178-0.237
52 | AZ Z-0.274 | fi,qz =dn/dlogZ, cn? - 0.237-0.316
53 | BA 7-0.365 | f,,z; =dn/dlogZ cm® - 0.316-0.422
54 | BB | 7-0.487 | f,; =dn/dlogz cm® — 0.422-0.562
55 | BC | Z-0.649 | fi,,; =dn/dlogZ cm® - 0.562-0.750
56 | BD Z-0.866 | i,z =dn/dlogZ cm?® - 0.75-1.00
57 | BE Z-1.155 | f,qz = dn/dlogZ, cn? - 1.00-1.33
58 | BF Z-1.540 | f,,z =dn/dlogZ cm?® - 1.33-1.78
59 | BG Z7-2.054 | fi,qz =dn/dlogZ cm? - 1.78-2.37
60 | BH Z-2.738 | fiqz =dn/dlogZ cm® - 2.37-3.16
61 BI supply | Supply voltage, V
62 BJ filt+ Filter voltage +, V +
63 | BK filt— Filter voltage -, V -
64 | BL batt+ Battery voltage +, V +
65 | BM batt— Battery voltage —, V -
66 | BN bias+ Electrometer bias +, mV +
67 | BO bias— Electrometer bias —, mV -
68 BP pre% 100 x frt [1]) / (frt [2] — frt [1]))
69 BQ tau HV relaxation time constant, ms
70 | BR asym HV asymmetry, promille
71 BS N+ Concentration of aerosol ions +, €m + 0.032-0.49
72 BT N-— Concentration of aerosol ions —, €m — 0.032-0.49
73 | BU n+ Concentration of cluster ions +, cm + 0.49-3.16
74 | BV n— Concentration of cluster ions —, ¢n — 0.49-3.16
75 | BW Z+ ZaverageOf Cluster ions +, ciV 's* + 0.49-3.16
76 | BX Z- ZaverageOf Cluster ions —, ciV s - 0.49-3.16
77 | BY ovl&sc | Complex index (explanation see 5.4 )
78 Bz regime |Complex index (explanation see 5.4 )
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Table 5.3. Columns 29...60 of the standard date falrase otlusterregime= 1.

No | Excel| Header | Value Sign  Range, ciivV 's™
29 | AC Z+0.45 | foqz = dn/dlogZ cm? + 0.42-0.49
30 | AD Z+0.52 | foyz =dh/dlogZ, cm?® + 0.49-0.56
31 | AE Z+0.60 | fiqz =dn/dlogZ cm® + 0.56-0.65
32 | AF Z+0.70 | foqz =dn/dlogZ cm® + 0.65-0.75
33 | AG Z+0.81 | fi,qz =dn/dlogZ cm?® + 0.75-0.87
34 | AH Z+0.93 | foyz = dn/dlogZ cm?® + 0.87-1.00
35 | Al Z+1.07 | fipqz =dn/dlogZ cm® + 1.00-1.15
36 | Al Z+1.24 | foyz =dn/dlogZ cm® + 1.15-1.33
37 | AK Z+1.43 | foqz =ch/dlogZ cm® + 1.33-1.54
38 | AL Z+1.65 | foqz = cn/dlogZ cm? + 1.54-1.78
39 | AM Z+1.91 | fuyz =dh/dlogZ cm? + 1.78-2.05
40 | AN Z+2.21 | fi,qz =dn/dlogZ cm® + 2.05-2.37
41 | AO Z+2.55 | foqz =dn/dlogZ cm?® + 2.37-2.74
42 | AP Z+2.94 | f,z =dh/dlogZ cm?® + 2.74-3.16
43 | AQ Z+3.40 | f,qz =dh/dlogZ cm? + 3.16-3.65
44 | AR Z+3.92 | fipqz =dn/dlogZ cm® + 3.65-4.22
45 | AS Z-0.45 | f,z =dn/dlogZz cm?® - 0.42-0.49
46 | AT Z-052 | f,; =dn/dlogZ cm?® _ 0.49-0.56
47 | AU Z-0.60 | fy; =dn/dlogZ cm?® _ 0.56-0.65
48 | AV Z-0.70 | foqz =ch/dlogZ cm® - 0.65-0.75
49 | AW Z-0.81 | foqz =dh/dlogZ cm? - 0.75-0.87
50 | AX Z-0.93 | f,yz =dn/dlogZ cn? — 0.87-1.00
51 | AY Z-1.07 | foqz =dh/dlogz cm?® _ 1.00-1.15
52 | AZ Z-1.24 | foyz = /dlogZ cm?® _ 1.15-1.33
53 | BA Z-1.43 | foqz =dh/dlogZ cm? — 1.33-1.54
54 | BB Z-1.65 | foqz =dn/dlogZ cm? — 1.54-1.78
55 | BC Z-1.91 | foqz =dn/dlogZ cm? - 1.78-2.05
56 | BD Z-2.21 | foqz =dn/dlogZ cm® - 2.05-2.37
57 | BE Z-2.55 | foqz =ch/dlogZ cm? — 2.37-2.74
58 | BF Z-2.94 | foqz =ch/dlogZ cm? — 2.74-3.16
59 | BG Z-3.40 | foqz =ch/dlogZ cm? - 3.16-3.65
60 | BH Z-3.92 | foqz =dn/dlogZ cm® - 3.65-4.22

The concentrations of aerosol ions (variables @L74) and cluster ions (variables 73 and 74)
are calculated according to the measured mobilglyidution, where ions of the mobility of
less than 0.5 cfiv's ™ are considered as aerosol ions and ions of thélitgaif above this
threshold are considered as cluster ions. Explamaif the complex index variables 77 and
78 are presented at the end of Section 5.4.

5.6. Diagram table

A diagram table dYYMMDD.XL saved by SIGMA1A correspds to one day. The table has
no header and contains 21 columns of tab-delinmtederical values. The number of rows is
1 + 1440 kycleminute$289 rows in case of standard vatyeleminutes 5) and they
correspond to the values of minute in the day #4401 The first column contains the minute
in the day and the columns 2...21 the same datathe columns 9...28 of the standard table
(values of d@ / d(logd) for positive and negative particles). The missiafues and the
negative values are replaced by zeroes. The tablesh are saved immediately by the
control program, are couple smoothed. The smootmethods are explained in Section
5.7.4.
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If the control program SIGMA1A was temporarily abasfor some time during the day, then
only the data collected after the restart are alsbeland presented in the immediately saved
diagram table.

The online saved diagram tables are intended joeleminary inspection of the data. The
diagram tables of the same structure can be gexkafterwards using the postprocessor
program SIGMALP, which acquires information frone §tan details or standard data and
makes the flexible control of data conditioning itafzle. See Chapter 6.

5.7. Comments about the output data

5.7.1. Recurrent files

A diagram table dYYMMDD.XL is created and saved ®@@at midnight and will never be
changed afterwards. This is the only non-recuroetyput file of the control program.

Other online output files of the control programe aecurrent. The diurnal file of scan data
_S1AYYMMDD.XL is completed after every scan and thernal file of standard data
S1AYYMMDD.XL is completed after every cycle. If thiata saving is temporarily
interrupted by a control key or a pause in measangsithen the completing process will be
restarted after restoration of the data savingmedgnd the beginnings of the files are
preserved.

The monthly file of standard data S1IAYYMMOO.XL israpleted every midnight and the
saving regime set by the controls M and D is chdglst before saving. If the control
program SIGMA1A was temporarily closed for somediduring the day then only the data
collected after the restart are available in themater memory. Thus the completeness of
S1AYYMMOO.XL depends on the way the program SIGMA®&As closed before the
interruption. In case of a normal XZ proceduredbmputer saves the data of the unfinished
day into the monthly file and no data are lostcdse of an irregular closing of the program,
the beginning of the day may be absent in the nipfita. However, the lost data can be
found and restored using the parallel diurnal SilttAYYMMDD.XL.

The log of failures SIGMA1A _failure.txt is alwayp@ended and contains data since it was
first created.

Warning: The headers of the files contain information rigath the calibration file and the
control file. The headers of a recurrent file arégten once when the file is first created. If the
measurements are interrupted and restarted withseémgs, then the header lines are not
changed and will not correspond to the new settils may be followed by
misinterpretation of the saved data in the futliteus anur gent recommendation:

rename data files SIAYYMMDD.XL and _S1AYYMMDD.Xieifneasurements will be
restarted during the day of changes and rename SMW0O0.XL if the measurements will be
restarted during the month of changes in the caliion file. Do not change the date included
into the filename and use only an additional lett&ter the date.

Example: S1A091218.XL can be renamed as S1A091X18a.

Another way is to move the existing recurrent féd@gay from the standard folders. In both
cases the control program will create new data fiteluding up-to-date header lines.

5.7.2. Treating of negative values

The true values of concentrations and distributigrttions cannot be negative. However, the
recorded values are sometimes negative due tatitmm noise. When the concentration of
intermediate ions is much less than the instrunh@iae, then about half of the measured
values of distribution functions can be negativéhie intermediate ion range. The negative
values may be treated in different ways.

The control program SIGMA1A always records the sdata without any corrections. The
standard tables can be recorded without correctorsrrected with the aim of dust pulse
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suppression. A cloud of charged dust generategatine pulse in one polarity channel and a
positive pulse in the other polarity channel. Ifiarernal narrow fraction concentration comes
out negative, then a compensating positive valanebesadded to this fraction concentration
and simultaneously subtracted from the fractionceotration of the opposite polarity. The
probability of such an event is nearly equal fothjgolarities and the correction does not
produce a systematic shift in the results. The dulkse correction can be switched on or off
by editing the control file SIGMA1A.INI.

All negative values are replaced with zeroes onlthe diagram tables. Replacement of
negative values with zeroes produces a shift irattegages calculated for longer time
intervals or wider mobility ranges. Thus the diagrables should not be used as a source for
further calculations.

A recommended method for suppressing the negaties is the smoothing of the data in
time during the offline postprocessing, see the segtion and Chapter 6.

5.7.3. Extra corrections

Extra corrections are options in the SIGMA standanfiware. They can be applied or not
according to the choice by the user. In SIGMA1A.thid choice is expressed by the value of
the parametegxtracorrect

Pulses induced by clouds of charged dust passengrialyzer are the essential elements of
noise in the electrometric signal. These pulseg lif¥erent polarity in records of positive
and negative air ions and can be identified wherrélal value of the distribution function is
near to zero. Then a negative value in the didiobufunction for one polarity and a positive
value in the opposite polarity is an indicatiorttod dust pulse. In this case the disturbance
can be compensated by a transfer of some pareofdbative signal from one polarity to
another. The dust pulse correction algorithm inSH@MA standard software is applied to the
array of 35 narrow fraction signals, which are deddelow pgsand neg

fori:=1 to 35 do begin

p := pos i;q:=neg i;
if (p<0)and ((p+0q) > 0) then begin pos i :=0; neg i '=p+qQ;end;
if (g<0)and ((p+q) > 0) then begin neg i :=0; pos i '=p+qQ;end;

end;

Another extra correction available in SIGMA1A ipartial inversion of the transfer function
with the aim of improving the mobility resolution the cluster ions subrange. ebe the
true distribution ang; be the broadened record of the spectrometer. Then
Yi = 2iGjixxi andx; =3 H;jxy,

where G is the transfer matrix and H ='@ the inverter matrix. Conservation of the ait io
concentration require€sH;; = 1. The elements of H tend to be alternativelyatiee and
positive and the coefficient of noise amplificatigre Z,-Hijz may come out intolerably
large. As a rule, the full inversion appears inappiate and the matrix for partial inversion is
to be chosen as a compromise between mobilityuenland noise. The SIGMA standard
software allows using only pseudo-five-diagonakirer matrices, whose elements are
calculated according to the last five calibratioefficients (see Table 5.1) as follows:

fori:=1 to 35 do begin

if Z i <z_limitthenc:=Z i 1z limitelse c :=1;

sum := 0;

for j:= 1 to 35 do begin
H ij =0
ifj=i—2thenH j :=cxc_inv_n2;
ifj=i—1thenH j :=cxc_inv_nl,;
Ifj =ithenH ij = 1,
ifj=i+1thenH j =cxc_inv_pl;
ifj=i+2thenH j ‘=cxc_inv_p2;
sum :=sum+H i

end;

forj:=1to35doH i =H § /sum;
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end;

5.7.4. Smoothing of data in time

Smoothing of time series can be used to suppressdtasional negative values of the
distribution functions and to reduce the randonseaofl he control program SIGMA1A
applies smoothing only in diagram tables. Deepeayathing is available in the postprocessor
SIGMA1P. Two methods are used:

e couple smoothing replaces each member of timessenéth (x-1 + %)/ 2,

e triplet smoothing replaces each member of timees&riwith (X-1 +2 % + Xi+1) / 4.

The couple smoothing involves a half-step timetshithis is just welcome when compiling
the diagram tables because the standard datagro€agcleminutes 5 correspond to the
minutes 2.5, 7.5, etc but the values in a diagetetshould correspond to the minutes 0, 5,
10, etc. Thus the couple smoothed diagram tablesiday the control program are free of the
time shift.

The postprocessor can apply triplet smoothing wdwenpiling normal tables and both triplet
and couple smoothing when compiling the diagranetatIhe triplet smoothing can be
applied repeatedly and the number of reiteratiertziled thesmoothing levelReduction of
the time resolution by triplet smoothing is visillen comparing Figures 6.3 and 6.3.

The standard tables saved online by SIGMA1A aresnaiothed, which means the
smoothing level is zero.

5.7.5. Mobility distribution or size distribution?

The control program SIGMAL1A records simultaneoubly distribution of ions according to
the particle diameter and the distribution accaydmelectric mobility. The two distributions
are compiled using different partitions of the ssmf electrometer signals according to the
voltage of the aspiration condenser recorded dwisgan. However, the distribution
according to mobility is a more fundamental redodicause it presents a better size/mobility
resolution and does not depend on:

e the specific mobility-size conversion algorithm,
e the assumptions about the particle density andgehar
e the measurements of atmospheric pressure andgetature,

The control program SIGMAL1A uses the algorithm amimet (1995) assuming the particle
density of 2.08 g cifand the particle charge of 1 elementary charge.résults do not fit
well the assumptions because particle density &fde conversion only for the finest
particles of the diameter of below 2 nm and théophality of double charges on particles
below 7.5 nm is usually negligible (warning: an egiton may occur when measuring
electrospray ions).

The most fundamental result is the extended mgllgtribution saved in scan data as a raw
table of the ADC counts and in the basic datatable of ah /d logZ. These tables are
accompanied by the values of air temperature agsspre and allow a later compilation of
size distributions on the arbitrary diameter gadsspecified by the user.
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6. DATA PROCESSING

6.1. Patterns of data processing

As a rule, the control computer is not used foagabcessing. Thus the data are to be
transferred into another computer at first. Thegpandata_transfer.exaupports convenient
transfer of all new data files from the control qmuter to a memory stick or SD card.
Three typical methods of data processing are:

Introductory level

e use online-saved standard data and diagram tables,
e process the diagram tables with SIGMALD and inspiextesults,
e analyze the standard data by means of MS Excel.

Medium level

use online-saved scan data and diagram tables,

process the diagram tables with SIGMA1D for a pneiary inspection of the results,
convert the scan data into the standard data tisengonverter SIGMAL1C,

convert the data into an appropriate structureguia postprocessor SIGMA1P,
visualize the data (use SIGMA1D) and analyze iti®ans of MS Excel or packages
for statistical analysis,

e repeat the last operations until obtaining requresailts.

Advanced level
e use online-saved scan data,

e convert the scan data into the basic data usingdheerter SIGMALC,
e analyze the data by means of advanced statistickigges and user-written programs.

6.2. Converter SIGMA1C

SIGMALC.EXE converts the raw scan data into thaddiad data or the basic data. It makes
available the repeated low level data processimgudifferent values of the parameters. The
user is free to choose the duration of the cyctetha period of the checking of the zero level
independent of the parameters of the online-sataadiard data.

The program is to be launched dragging a file fmi@der onto the converter icon. The dragged
item should be:

e afile of scan data, whose name begins with _S1A or
e a folder containing files of scan data (maximum@@@D scans 7.5 months).

The dragged folder or the folder, where the draddeds located, is called the@orking

folder. All files in the dragged folder are expected #&rbcorded with the same version of
SIGMA1A.EXE and the same version of SIGMA1A.CALthe regular situation. Otherwise,
the file headers can be imported only from thefitstThe output file will be saved into the
working folder. If all records belong to the sanay dhe name of the standard data will be
S1AYYMMDD, otherwise SIAYYMMO0O, S1AYY0000, or SIA0000. Corresponding
names of the basic data have additional prefixhe @xtension will be set according to the
demand.

The converter asks for five control parameters, sehaalues can be entered from the
keyboard or written as a plain text into the colfite SIGMALC.INI. This file is compiled
according to the same rules as SIGMA1A.INI and shbe saved into the working folder. If
the control file is found, then the parameters dlimported from this file. If a line of the
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control file is absent or marked as a commentffteesymbol is space), then the converter
asks for the missing value from the keyboard. Aanegle of the content of the control file is:
SIGMA1C.INI 20101027

outputstyle=0 0 = full range (8 fr/dec) stand ard data,
1 = clusterregime (16 fr/dec) s tandard data,
2 = basic data
extracorrect=3 0 =no, 1 = dust pulses, 2 =re solution, 3 = both
cycleminutes=2  0..60, 0 means one cycle per sc an, otherwise
60/cycleminutes must be a whole number
zerominutes=20  3..600 but not less than cyclem inutes
extension=xl extension of the output file na me

If the parametecycleminutess indicated as 0, then the output will be contpfier all
individual open-gate scans that have an intervabaoiut 20 s or 40 s.

Extracorrecthas the same function as in the control progra@VBA1A. The five inverter
parameters are imported from the header of thefikcan details. However, there is a
possibility to use different parameter values, \wrsbould be added into the control file
SIGMALC.INI as optional lines, e.qg.:

c_inv_n2=-0.16 inverter parameter

c_inv_nl1=-0.22 inverter parameter

c_inv_p1=-0.10 inverter parameter

c_inv_p2=-0 inverter parameter

Z_limit=1 inverter parameter

In this case, the second header of the outputifidades the new parameter values.

The control program SIGMA1A begins to issue thed#ad data only when the full
symmetric zero period, containingefominutes — cycleminu)¢s2 minutes before as well as
after the cycle, is available. Different from ofsghthe converter begins to issue the results
straightaway when the reference cycle comes avajlabfirst using only one wing of the full
zero period.

6.3. Postprocessor SIGMA1P

The postprocessor allows modifying the structurthefstandard data, which was saved by
the control program SIGMA1A or the converter SIGMA1t is used for merging the files,
extracting the excerpts with limited time range/andéimited set of variables, calculating the
size distribution on an user-defined diameter gradgulating the averages for hours or
different special time periods, smoothing the teeees, correcting the outliers, and
compiling the diagram tables according to the saashdiataTechnical restrictionthe number
of lines in the input tables as well as in the atitable should not exceed the number of
minutes in one year (366x24x60).

The program is to be launched by dragging a fila fmlder onto the postprocessor icon. The
dragged item should be a standard file, whose ragms with S1A, or a folder containing
standard files. The dragged folder or the folddrexe the dragged file is located, is called the
working folder

An exceptional usage: if two files are dragged together then one filewdtl be a standard file and the second could befiayThe sole
result of the second file is a special regime: att@riable 61 will be calculated independent af ttariable list as the ratio of the output
time step to the input time step and marked withthe data header. NB: the number of output vdgalmust be at least 61 in this case.

A normal file created by SIGMALP can be procesderld standard file if it consists of the
same 78 variables as a standard file and has a 8aAwg#oo00.xI (## marks any digit and @
any character permitted by Windows in a filename).

If the user is going to calculate values of the slistribution at extra diameters, then a special
file diameters.txtnust be prepared and saved into the working fdieéésrehand.
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If the dragged item is a folder, then a situatidrew some files are saved in the cluster regime
and some in the normal regime is possible. Indage the postprocessor identifies the regime
according to the first file and skips all the degaorded in the conflicting regime.

The data in the input folder can be duplicated wlgen a monthly file and some diurnal files
are simultaneously included into the working foldétwo input rows appear equal, then only
one of them is accepted as the actual input data.

After the program is launched, the user is askegdragquestions. The sequence of questions
can be interrupted any time pressing immediate BRIWEhout entering any answer. An
exception is stating the name of the output sulefoldr diagram tables: here the immediate
ENTER means that the tables should be written tiyr@tto the working folder. When all
questions are answered, the postprocessor anghgesagged files, compiles an output file
or files, and saves them into the working folddre juestions are:

e if the input data is presented for several dayem tie first day and the last day to be
processed (6-digit format yymmdd),

e correction method (0...3),

e multiplier of standard deviation (3...9)
is asked only when the correction method is 1 or 3,

e smoothing level for negatives(0...9),

o fill single gaps in time series (1) or not (0),

e total smoothing levek (-1...9),

e time step in the output tables expressed in fufiutas (1...1440).

The ratio (1440 / time step) should be a whole nermbime step in the output table should
be equal or larger than the time step in the itgloies. If the time step is larger, then a row of
the output table will present an average of severas of the input standard table. If the time
step is 3 minutes or more then the next question is

e trimming degree.
The following question will be:

e compile Normal table, Fraction table, or Diagramlea (N, F, or D).
If the required output is diagram tables then togpam will ask for the

e name of the output subfolder.
If the folder with the chosen name does not eXistjll be automatically created as a
subfolder of the working folder.
If the required output is a normal table or a fi@ttable, then three questions follow:

e format of the time presentation,

e list of variables,

e name of the output file.

6.4. Explanations of the parameters of the postprocessor

Three cycles are callafiose neighbor cycleé§both the time steps before and after the céntra
cycle do not exceed 10 minutes and the ratio cfehiene steps does not exceed 1.5.

» Corrections will be madeonly in the range of the intermediate iarfsd = 2.05-4.87 nm
andZ = 0.049-0.365 cfiv_'s™. Method 0 marks no data correctioklethod 1 is a formal
outlier analysis and replacement. At first the elogighbors (neighbor size or mobility and
close neighbor cycle) of the value of the distribitftunction are collected. A correction can
be made when at least 6 close neighbors of pos3iate present. The minimum and the
maximum values are trimmed away from the sampleeajhbors. A value is qualified as
outlier when the deviation from the average of hbas exceeds at leasultiplier times the
standard deviation inside the sample of neighbamsoutlier is replaced by the trimmed mean
of the neighborsCorrectionmethod 2 is based on the strong negative correlation airerr
created by charged dust clouds in the positiveraggtive ion channels. When a result of
measuring the concentration of a distribution facis negative in one polarity and positive



SIGMA manual version 20111222 42

in the opposite polarity, then the event is ideatifas the dust cloud effect and the negative
value is fully or partially moved into the opposgitelarity. Correctiormethod 3 includes both
the methods 1 and 2. NB: the integral valdeaandN are not subjects of correction and
could be extra recalculated according to the ctetedistributions when needed.

Correction and smoothing operations will be carnatiwhen analyzing the input data before
converting the time series to the output time step.

» Triplet smoothing (see Section 5.7.4) of close neighbors in timeeidormed at firsh
times for negative values and, after ttkaimes for all values.

An exceptional valu& = —1 means no smoothing, as dkes0. The difference appears only
when the output is diagram tables. Normally, ttegchm tables are additionally onmauple
smoothedafterk repeated procedures of triplet smoothing aretigils The couple smoothing
is performed as well &= 0. The exceptional valde= —1 prevents the couple smoothing.
This ensures the best time resolution but prodadesf-cycle time shift. E.g. at the 5-minute
cycles the diagram table lines marked with 0, Binutes will correspond to the time of 2.5,
7.5,... minutes etc. Such a time shift is pecuidy to the SIGMA1P-produced diagram
tables in case dé= —1. Otherwise, the couple smoothing ensuresteayachronization of
time in diagrams.

The smoothing is performed on the time grid of infilas. If the output time step largely
exceeds the input time step, then the calculatirayerages may outperform the smoothing,
which will have only a minor effect in this case.

Variables 1-4, 66, 67, 77 and 78 of Table 5.2 aoctuded from processing during the
smoothing of negatives and variables 1-3, 77, &ar& excluded during total smoothing.

» If the time stepn the output table equals the time step of thetim@ble, then every row of
the input standard table produces one row in theubtunormal table of the fraction table. A
larger number requires averaging of the data ie.tilhe maximum allowed output time step
of 1440 minutes leads to a table of diurnal avesagethe output. The averages are calculated
asg-trimmed means in the output time intervals. A®&ception, the columns 1, 77, and 78
(YYMMDD, ovl&sc and regime) of the standard table @rocessed in a different way and
presented by the input values in the center obthiput time intervals independent of the
trimming degree. Variable 2 (HHMM) is exceptiongtisesented independent of the input
data by the calculated central time of the interval

Warnings

e the output time step must be chosen so that a#yliwill consist of
a whole number of the steps,

e the output time step must be equal to or largear tha time step in the input tables.

» Trimming degreg shows how many of the smallest and the largesiesrdre excluded
while calculating the arithmetic averagenof2g middle entries of tha input valuesi{ is the
number of input time steps in an output time inddxvTrimming can be prevented by
choosingg = 0.
The computer has no information about the actoa steps in the input tables when asking
for the trimming degree. Thus the answer to thestyoie about the trimming degree is limited
to assuming that an input table can contain measemts with one minute time step. Too
high trimming degree will be automatically reduc&€tde maximum trimming will result in
the median mean.
» A Normal tableincludes three header lines and the following tlats like a standard data
table (see section 5.5). The differences are:

e thefirst line is the header explaining the progemsameters asked by SIGMA1P,

e the second line contains the values of the progassmeters,

¢ the third line contains column headers for the ouyariables, specified by the

entered list of variables,
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¢ the data lines contain the values of variablescsedieaccording to the entered list,
e time can be presented in a flexible format expldibelow.

» Fraction tablediffer from normal tables only in the presentatadrihe distributions. In a
fraction table, the values ohd d logd or dh/ d logZ are replaced by the fraction
concentrations, which are, in the decade-to-eightture, just 8 times less than the values of
the distribution functions :rd/ d logd = 8n (d;, dz) and ah/ d logZ = 8n (Z3, Z,).

» Diagram tableshave the same structure as produced online by 3GV see Section 5.6.
The smoothing level is flexible (level 0...3 is reamended), the gaps up to one hour are
filled with interpolated data and tables with I&san one hour of measurements are skipped in
the output. For comparison: SIGMA1A always apptieaple smoothing (like in case of
smoothing level 0), does not fill the gaps andwiehs a table independent of the number of
actually recorded cycles.

» Thefilenameshould not coincide with a name of any pre-exgsfite in the working
folder.

» If the format of time presentatiodiffers from "x", then a row of the output tabldlw
proceed from the time presented according to tleseinformat. The time compiled
according to the specified format corresponds ¢éocéimter of the time interval in the normal
table. The format of time presentation can

be: Table 6.1. Examples of time presentation
e X —no extra time column in the Format Example
output, _ yyyy-mm-dd hh:nn 2009-08-09 15:52
e |—day of year (integer 1...366), dd.mm.yyyy @ hh| 09.08.2009 @ 15
e |j.f—day of year with the 4-digit j 221
decimal fraction, jif 221.661

e t.f— MS Windows DateTime with
the 4-digit time fraction,
e custom format.

A custom formabf time presentation can be compiled using folloywotation:
e yyyy— year, yy — two last digits of the year,
e mm — month, dd — day, hh — hour,
e nn— minute (NB: mm would be month),
e any separator different of the following letteramyd hnjftx.

Some examples are given in Table 6.1.

If the user is satisfied with the time presentasoye of the input standard table then the
description of the time format can be written wotie letter x (no extra time column). The
time columns (1, 2 and/or 3, see Table 5.2) ostaadard table will be carried forward into
the output table when the corresponding column raxsére included into the list of
variables.

» Extra diametergan option) should be specified in a specialdiemeters.txsaved into the
working folder. This file should contain just asmgdines as the number of extra diameters.
Each line should contain one diameter expressadmometers. The number of diameters
should not exceed 20 and the diameters must tigeimange of 0.5—7 nm. Calculation of the
distribution function on an extra diameter beginthwa search for three logarithmically
closest diameters in the standard table diametewkéech contains 10 diameters from 0.49 to
6.5 nm. Next, the value of the distribution funatis calculated using the method of square
parable interpolation on the logarithmic scalehaf tiameters.

P List of variabledor the output table is to be compiled from thenters of the variables
shown in the first column of Table 5.2 or 5.3 usitgimiters "," and "-". Spaces in the list are
ignored. An example: the variable list 6,4,29-6Quiees the including of 34 variables — the
atmospheric pressure, temperature, and mobilityiloigions for positive and negative air
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ions. The legal entries of the list of variables Bmited with intervals 1...78, 81...80n+and
101...100 +n, wheren is the number of extra diameters specified infileediameters.txt

Values of ah /dlog @) for extra diametergan be indicated in the list by numbers exceeding
80. The value oful/dlog {d) should be indicated in the list as the variahlenber 80 +k for
positive and 100 & for negative ions, wheltkeis the number of the line in the file
diameters.txt

An example of the computer display during data prastessing is presented in Figure 6.1.

Postprocessor SIGMATP versic

Date 28111218, time 22:B%7:@8
dragged item is folder Cintemphtest
found 3 S1A-files:
tstemphtestaS1A186419 L xl
santenpatesthS1A1BA426 . x1
sntemprtestaE1A108421 (xl

found a file of 7 extra diameteps:
1.88 2.688 1.80 4.88 5.868 .68 7.88

Please answer some guestions below. Asked parameters are explained
in the manual of SIGHMA. HNB: the dinput procedure can he interrupted
prezzing ENTER without entering any answewr.

Chooze the days to be processed:
first day (use 6—digit format YYMHDD)> 188417
last day Cuse b—digit format YYMMDD)> 188428

Correction methods <(see SIGMA manual for detailed explanationsa:
B = no correction.
= glimination of outliers

supprezzion of dust—-induced errors,

comhination of the methods 2 and 3.
Please choose the method <B...3> = 3
A walue is qualified as outlier when the deviation from the average
of neighhors at least multiplier times exceeds the standard deviation.
Choose multiplier of std <3...92 = 5§

fome random errors can be szuppressed vepeating n times the smoothing,
which replaces only negative values of distribution functions with
(1+2+1 2 /9-triplet averagesz over the neighborhoods of these wvalues.
please choose smoothing level for negatives n {B...9» =5

The data can be totally smoothed repeating k times the replacing
of values with (1+2+1)/4-triplet averages over the neighhors.
Diagram tables will be additionally couple—smoothed by default.
Extra choice k = —1 is eqguivalent of k = 8 for triplet smoothing.
but cancels default couple smoothing of diagram tables.

Please choose total smoothing level k ¢—1...92> =8

Single gaps in time serdies can be Filled with intevpolated wvalues.
fill single gaps ¢1» or not (A, write B or 1 - @

Write time step for output table in minutez <1...1448> = 6B

g lowest and g highest entrle can be trimmed awvay
when calculating averages in the enhanced time intervals.
Please choose trimming degree g <B...28% = 3

Compile Mormal tahle. Fraction tahle. or Diagram tabhles (M. F. or D> =

fee rules for time formatting in the manual
Cexamples: x = po extra column. yyyy—mm—dd hh:nn = [30 standard?
and choose format for time presentation = %

Example of a list: 6.4.29-68 {(see rules in the manual?
Write list of wariahle numbersz = 1-28_ . 81-87_ 101187

Pleasze choose name for the output File = example.xl

Method 1: outliers are corrected in 1.248 ¥ of availabhle cells
Method 2: dust pulses are corrected in B.548 ¥ of availahle cells
Done

Finizhed 22:11:25, prezz ENTER?

Figure 6.1. Window of the postprocessor after amswgeall questions.

The DataDiurna data manager (Tammet, 2009) malakabie different possibilities for data
reorganization and, especially, for compiling afeda archive.
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6.5. Diagram function SIGMA1D

Two kinds of time-size distribution diagrams thahe@asily be created by means of

MATLAB are surface plots and contour plots. A gddATLAB function written by Kaupo
Komsaare allows creating surface plots using thethtp standard files. This function is
available in the SIGMA website http://ael.physiceeftammet/sigma/. Contour plots can be
created by means of a MATLAB function SIGMAL1D.m, ialis presented in Appendix 5.

The function processes automatically all diagraotetéiles from the folder indicated by the
filepath, which correspond to the indicated yggrThe results are saved in the same folder as
the diagram tables and nama@fixY YMMDD.PNG, whereprefixis an arbitrary text defined

in SIGMA1D. One image contains diagrams for bottapties. The size of an image file is
usually in the range of 60—100 kilobytes in casstahdard 5-minute cycles.

It is recommended to use a special working foldérich contains only the file SIGMA1D.m
and the necessary diagram table files. After psingsthe diagram table files and the
resulting png-files can be moved away from the wayKolder.

Before launching the function, SIGMA1D.m shoulddakted because the information about
the data location and process control parameterg/aiten immediately into the function
code. The full text of the function is presentedppendix 5. The text can be copied into the
clipboard and then pasted into the Notepad, M-editoimmediately into the MATLAB
command window.

Control lines are explained by comments in the @ogcode:

% The control lines to be modified by the user (the permanent sample is preserved above):
prefix = 'SIGMA"; % for output file name
filepath = 'C:\_A\Aparaat\SIGMA\SIGMA1D\test\'; % where the files are located
yy ='09'; % year
months = 6:10; % interval of months, can be restricted
days = 1:31; % interval of days, can be restricted
first_hour = 0; % integer 0...23
hours_in_plot = 24; % integer 1...24
plots_in_day = 1; % (first_hour + plots_in_day * hours_in_plot) should not exceed 24!
first_mark = 0; % number of extra letter, 0 = nothing, 1=a,2 =b, ...
levels = [100 200 300 500 700 1000 2000 3000]; % for dn/dlogd
% The controls, which could be modified only in special situations:
pos_axes =[50 320 700 200]; % left, bottom, width, height
neg_axes =[50 60 700 200]; % width (standard is 700) may be sometimes modified
y_tickpositions = [1 2.18 3.43 4.85 6.65 8.3 10]; % vertical positions
y_ticklabels = {'0.5";'0.7";'1.0;'1.5",'2.5",'4.0";'6.5'}; % nanometers

The typical settings of the time parameters arétevriin the example above. It follows one
full day diagram per day like presented in Figgsand 6.3. The name of the output file in
Figure 6.2 is SIGMA090806.png and the file occu@ékB on the computer disk. Figure 6.3
is compiled for the same day and thus it is recontted to set a different value fofst_mark

If first_mark= 1 then the diagram file is named SIGMA090806g.pn

Figures 6.4 and 6.5 are generated using diffeltings of parametefist_hour, hours_in_plot,
and plots_in_day, see explanations at the end of Appendix 5.
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6.6. Examples of processed measurements

6.5
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SIGMA +ions 20090806 dn / d Iog(d)

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

SIGMA - ions 20090806 dn / d Iog(d)
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Hour

5 6 7 8§ 9 10 M 13 14 15 16 17 18 19 20 21

22 23 24

Figure 6.2. Diagram, corresponding to the total atiniag level 3 (see Sections 6.1-2).
Measurements at Tammemae, see A6.6. The fine slataillost due to the smoothing.
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Figure 6.3. Diagram, corresponding to the total atiniag level —1. The fine details are
formally preserved and the size of the file ondisk is 82 kB versus 56 kB of Figure 6.2.
However, the details are barely visible due toltimg time interval.
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SIGMA +ions 20090806 dn / d log(d)

Diameter : nm

Diameter : nm

Figure 6.4. Diagram covering the first 4 hours. Teheels were modified to make details
visible: levels =[30 50 100 200 300 500 700 1000 2000 3000]. The night-time bursts of
nanometer particles (see Junninen et al, 2008edamg the positive ion-induced nucleation
are much better visible when compared with theltesibtained by the BSMA.

SIGMA +ions 20090806 dn / d log(d)

Diameter : nm

Diameter : nm

Hour

Figure 6.5. Diagram covering five morning hoursiéa weak extraordinary burst of positive
intermediate ions of the size of about 2.5 nm du€if:30-07:00. The following burst of
mostly negative intermediate ions 07:15-10:00tgpécal weak nucleation event.
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APPENDICES

Appendix 1. Mobility versus size, temperature and pressure
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Appendix 2. Presentation of the mobility and size distributions

The concentration of ions in a narrow intervalla# ton electric mobilitylZ around the
mobility Z is dn =f(Z) dZ, wherefz(Z) is the distribution function of ions accordingthe
mobility. The geometric size of an ion can be diésct by the ion mass diametk(Tammet,
1995). The electric mobility depends on the maaséier aZ = mohy; (d, T, P, where
mohy; is a specific functionT is the air temperature apds the pressure. An approximation
of the function mok, proposed by Tammet (1995) is used in the SIGMAvsre. The size
distribution of ions is described by the functigrid) = dn / dd wherednis the concentration
of ions in a narrow interval of the ion sidd. dZ = (d (moky;; (d) /dd) dd and

f,(d) =%:% £.(2). (A2.1)

An alternative is the presenting of distributioms@ding to the decimal logarithms of the
size and mobility. In this cask = fiogz(Z) d(logZ) = fioga(d) d(logd) and

£ ()= dn _ dlog(mob,(d)) . (Z):gdmobair(d)f (
togd d(logd) d(logd) logz Z dd logz

All equations containing lod or logZ are conventional abbreviations, because a logarith
can be calculated only from dimensionless quastifiée strict way is to write logl ( d,)
instead of logl, whered, is an arbitrary fixed size. However, the differals are independent
of the choice ofl,, and an inconvenient full expressioflog (d / dy)) is abbreviated as

d (log d).

7). (A2.2)

Table A2.1. Units and conversion coefficients

Quantity Sl unit Practical unit  Convert to Sl
ion concentratiom m ° cm > x107°
ion diameted m nm x10°
ion mobility Z mV7ist | cmVis?t x10*
fq (d) m " cm nm " x10 ™
fioga(d) m° cm® x10°
f2(2) m Vs cm Vs x10"
fiogz(2) m ° cm® x10°

Units of the considered quantities and the conearsoefficients are shown in Table A2.1.

The control program SIGMAL1A records the electromeaturrent as an average through the
mobility and size fractions, see Figure A2.1. Tkemetric centers are the reference values of
mobility or size when presenting a distributiondtian. The "decade to 16" and "decade to 8"
logarithmic fraction schemes are used where traifna borders are set according to a
geometric sequence with the factor of A% 1.15478 or 188~ 1.33352.

Reference value

C ' N ¢ K ¢ Y, » log (2) or log ()
v ' NV

Fraction intervals

Figure A2.1. Fraction intervals and reference valofemobility or size.

The SIGMA output files include the distributionsttare always presented with the values of
the logarithmic distribution. The display in thengputer screen is flexible as the control file
SIGMAZ1A.INI allows to choose the display of the wes$ of the distribution functions or the
display of fraction concentrations. A mobility ftean concentration in an intervaly, Z,) is
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N(21,2) = [} 1.(2)0Z = [*)° Tig(2)dl (100 2) (A23)

The size fraction concentrations can be expresssiilar way via the functions of the size
distribution. A fraction concentration is estimagithe product of the logarithmic
distribution function in the center of the fractiand the logarithmic width of the fraction,
which is usually 1/8. In this case the conversiamf the fraction presentation to the
distribution function presentation is made accaydmthe approximate equation

fogz WZiZ2 )~ 8N(21,Z,) and fogqly/did, )~ 8n(dy,dy) (A2.4)

An exception is the mobility distribution in theuster ion regime where the logarithmic width
of the fraction is 1/16.

Table A2.2. Size fractions and the correspondiegtat mobilities
in typical and extreme conditions

d:nm Z:cnmfVist Z:cnmfVist Z:cnmfVist

border centet —20 C & 1050 mb| 10 C & 1000 mb| 40 C & 950 mb
0.422 2.3646 2.7158 3.0916

0.487 2.0676 2.3590 2.6706
0.562 1.8005 2.0429 2.3022

0.649 1.5573 1.7593 1.9756
0.750 1.3356 1.5038 1.6840

0.866 1.1347 1.2743 1.4239
1.000 0.9545 1.0697 1.1932

1.155 0.7937 0.8865 0.9847
1.334 0.6432 0.7110 0.7814

1.540 0.4960 0.5426 0.5920
1.778 0.3717 0.4071 0.4456

2.054 0.2816 0.3104 0.3418
2.371 0.2175 0.2409 0.2662

2.738 0.1698 0.1885 0.2087
3.162 0.1330 0.1477 0.1636

3.652 0.1040 0.1155 0.1279
4217 0.0811 0.0900 0.0997

4.870 0.0630 0.0699 0.0773
5.623 0.0488 0.0541 0.0598

6.494 0.0376 0.0417 0.0461
7.499 0.0290 0.0321 0.0354

The control program SIGMA1A is designed with thenaf measuring concentrations of 10
size fractions, the borders and centers of whielsaown in Table A2.2. The boundaries of
the mobility fractions are arranged according ®"tthecade to 8" or "decade to 16" scheme
shown in Tables 5.2 and 5.3. The boundary elegtdbilities in Table A2.2 are not arranged
according to the "decade to 8" scheme and depetioeocar temperature and atmospheric
pressure.
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Appendix 3. Inlet loss of ions

A3.1. General considerations

Some amount of ions is lost in the inlet tract befentering the mobility classifying zone
(von der Weiden et al., 2009). The effect of elesttic image forces on the deposition of
ions is negligible when compared with the diffus{@ammet, 1970), and the inertial
deposition is not important because the size rafgige SIGMA is limited to fine nanometer
particles. The ion concentration is limited by teiclal constraints of the instrument in the
range, where the space charge effects can be tegjyl&mple geometry of the inlet enables
estimating the diffusion losses directly using wedl-proven semiempirical methods of the
heat transfer theory. In case of the ion and natemaerosol particles the preconditions
required for the full analogy of heat and massdi@n(Kays et al., 2005, see Chapter 18) are
satisfied and the equations of the heat transféredsurface of constant temperature can be
used when replacing the Nusselt numidamwith the Sherwood numb&hand the Prandtl
numberPr with the Schmidt numbe3c(Incropera and Dewitt, 2002).

The diffusion deposition flux of ions onto a flatrace iSquep = WLNWep WhereW is the
width, L is the length of the surface along the air floms the undisturbed concentration of
ions andugep is the mean deposition velocity along the lerigtiihe mean deposition velocity
is

Ugep = (D/L)Shn, (A3.1)
whereShy, is the mean Sherwood number related to the ldngihdD is the ion diffusion
coefficient. The air enters as a plug flow andlibandary layer over the surface will develop
along the channel. The displacement thicknesseobtilundary layer is estimated as

5disp=1.72/ T (A3.2)
uﬂow

wherev is the kinematic viscosity of the air aong,, is the free flow velocity (Incropera and
Dewitt, 2002). A numeric calculation shows that theplacement thickness in the SIGMA
inlet grid and filter is much less than the disebetween the surfaces. Thus a semiempirical
equation obtained for the boundary layer over tefliate (Incropera and Dewitt, 2002) can be
adopted in our problem:

Sh., = 0.664Rd2S¢2, (A3.3)

The equation above takes into account the entnarafiées for both the ion concentration and
for the air flow velocity. The Reynolds number tethto the same lengthand the velocity
Urow @S the Sherwood number is

UL
Re: flow

(A3.4)
1%

Equation (A3.3) is valid when Sc > 0.6 (Incropena ®ewitt, 2002). The Schmidt number
Sc =v /D has the lowest value of about 3 in the case atetuons. Thus the concentration
boundary layer is always thinner than the velobiyndary layer and Equation (A3.3) can be
used for the evaluation of the ion deposition with@strictions so far as the boundary layer
remains thin enough. The diffusion coefficient migde charged ions of the electric mobility
Zis

kTZ

D=2, (A3.5)
€

wherek is the Boltzmann constari,is the absolute temperature, ad the elementary
charge. The composite equation is

u. L 12 13
udep:—kI_TeZo.eez( “‘\’IW j (kVTer = 0.664k/e)°L™Muj2 v T #°2%%  (A3.6)
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A3.2. Deposition of ions onto the inlet grid and the parallel plate filter

The inlet grid is made of a perforated sheet andihenters through cylindrical channels.
The inlet flux of the air igRunow and the loss flux is@RLuyiagep Thus the relative loss is

Ayig = LoioUgiacep _ 0.332k/€)*" L R Uiy T #°2. (A3.7)
2Rugridflow
The gate filter is a flat channel between two patgllates separated with a distahc&he
inlet flux of the air iSWhuew and the flux of the loss onto both surfacesWa Byatedep The
relative loss is

Abate = Z\NLg

o algneier _ 1 330k e) LU N U T 7027, (A3.8)

gate gateflow
Wh l"gateflow

A3.3. Correction of concentration according to the inlet loss

In the control program of the BSMA, the valuesloé tistribution function or the fraction
concentratiori were corrected assuming a very low adsorption (Tetn2906):

funcorrectd (A 3 9)

corrected — (1_ A\Jrid Xl_ Agate) )

In the control program of the SIGMA the next appnaation is used, where 2dis replaced
by exp (A). The result is

f

fcorrected = funcorrectej exdp\grid + A\gate) (Aslo)

Let the index 0 mark the standard values of tharpatersly = 273 K,pp = 1013 mbZy =1
cm’V s, andvo = 1.33x10° m?/s.The dependence of the deposition velocity orathe
viscosity is weak and a rough approximation isisigt:

T 5/3 -1
v= vo(—J (ﬂj , (A3.11)
T Po
If the deposition velocity at standard conditiofiBgk, then
Ugep = Udepo(T /To)ms(p/ po)m(z / 20)2/3- (A3.12)
The estimate of the total relative adsorp#or Agig + Agate IS NOW calculated as:
A=A(TIT) ™ (pl p,)"*(212,)", (A3.13)
where Ay =c(0.332L 5 R M Ugigho, + 133050 U s (A3.14)
and c =(k/e)**v, V°T1,%°2,%" = 0.0114. (A3.15)

The air flow rate in SIGMA is about 34000 ¥ The parameters of the grid &re 0.7 mm,
R=0.5 mm, full area 216 cinand the area of holes 99 Trif follows the air speed about

3.4 m/s. The parameters of the gatelare123 mmh = 10 mm. The area of the free section
between the inlet filter plates is 177 Tand the corresponding average linear velocity is
1.92 m/s. The distance between the plates of tteeegaeeds the distance between filter
plates (which is 4 mm) and the air speed is in@@as the gate up to the estimated value of 2
m/s. Calculation yields the estimates for SIGMA:

Aogrid = 0.011, Aggate = 0.038, Ap = 0.049. (A3.16)

The relative uncertainty of the fraction concentras induced by the uncertainty of the 5%
correction is about 20 times less than the uncestaf the estimate of the relative adsorption.
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Appendix 4. Control program SIGMA1A

A4.1. Outline of the program

The control program SIGMA1A.EXE is compiled frometRASCAL-source SIGMA1A.DPR
using DELPHI6 and it works under MS Windows (versad least XP SP2) in the console
regime. The listing of the source code is avail@sea separate document.

It is expected below that the active folder is i &MA folder, which contains the file
SIGMA1A.EXE. When SIGMAL1A is launched, it looks the SIGMA folder for three files:
SIGMA1A_simulator.txt, SIGMAL1.CAL, and SIGMA1A.INIThe first file is optional and
should not be present during real measurement&xga@nations below in Section A4.4. The
calibration file SIGMAL.CAL and the control file GMA1A.INI are obligatory. If any of
these two files is not available, the program daebva corresponding message and stops.

After successful reading of the calibration filelahe control file the program displays the
start menu, shown in Figure 3.1. The instructiothefpractical usage of the control program
during routine measurements is presented in Ch&8pad the test operations are described in
Section 4.6 of the manual. The present appendigistof the explanation of the principles

of the measuring algorithm. The details of the atgm are available in the source code of
the control program.

When SIGMAL1A encounters a failure, it creates agitazhal file SIGMA1A_failure.txt in

the SIGMA folder, recording the time and a briepkxation of the failure. As a rule, the
program will be stopped for 10 minutes after aufia@land it will try to continue afterwards. If
the file SIGMA1A _failure.txt already exists, themaw failure message will be appended to
the existing file.

A4.2. Calibration file and control file

The calibration constants are presented in the péait file SIGMAL1A.CAL. When making
any changes, thaate in the heading of the file must be correc@therwise the control
program interprets the change as a corruptioneofil. The content of the calibration file
version 20101026 is:

S| GVAL1A. CAL 20101026

Includes calibration coefficients.

Any |ine beginning with a space is a coment.

An assignnment should be witten wi thout spaces.

A space after the assignment starts a conment until the end of the line.
Initial text of SIGVALA . CAL is attached to the end of SIGVALA DPR

vol t _fact or=885 for voltage-nobility conversion (Q = 34 1|/5s)
conc_factor_pos=11.5 for ADC-dn/dl ogZ conversion

conc_factor_neg=11.5 for ADC-dn/dl ogZ conversion

st andar dadsor pti on=0.0505 for Z =1 cn2V-1cm1, 0 C 1013 nb

col |l ectornobi |l ity=0.04 cnm2V-1cm 1, effective value for corrections

c_suppl yvol t =0. 002167 suppl yvol tage / ADC counts

c_filtervolt=-0.089 filter voltage / ADC counts

c_batteryvol t =0. 0093 el ectroneter battery voltage / ADC counts

c_bi as=0. 003052 el ectroneter inlet nv at 1 ADC, 0.1526 / 50
c_pressurea=0. 03368 pressure (nb) = c_pressurea * ADCcounts + c_pressureb
c_pressureb=113

c_t enperat urea=0. 01083 Cel sius = c_tenperaturea * ADCcounts + c_tenperatureb
c_t enper at ur eb=- 290 factory value is -273

¢_hum di t ya=0. 00607 humdity (%9 = c_humditya * ADCcounts + c¢_humidityb
¢_humi di t yb=- 35 requi red correction RH = RH (1.0546 - 0.0216 T: Q)

el ectronet er del ay=385 ns, incl. airflow + electroneter - HV signal

char gi ngti me=1500 ns

ti meout =30000 ns

c_inv_n2=-0.16 i nverter paraneter

c_inv_nl=-0.22 i nverter paraneter

c_inv_pl=-0.10 i nverter paraneter

c_inv_p2=-0 i nverter paraneter

z limt=1 i nverter paraneter
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If any of the inverter parameters is not showrhmfile then the default values are used:
c_inv_n2=0, c_inv_n1=0, c_inv_pl=0, c_inv_p2=0, z_linit=1. Ifanother parameter
Is missing in the calibration file, then SIGMA1Asiges a failure message and stops.

The current values of calibration constants wilsbged in the headers of the output files of
the SIGMA.

The user-editable control constants are presentdtiplain text file SIGMALA.INI. When
making any changes, the date in the heading diltheust be corrected. The version
20101022 of SIGMA1A.INI is as follows:

S| GVALA. | NI 20101022

I ncl udes custom control s.

Any |ine beginning with a space is a coment.

An assignment should be witten wi thout spaces.

A space after the assignment starts a conment until the end of the line
Initial text of SIGVALA IN is attached into the end of SI GVALlA DPR

cboar d=0 defined during the USB1608 initialization
cl ust erregi me=0 0 = dn/dlogz full range 8 fr/dec

1 = dn/dlogZ only clusters 16 fr/dec
extracorrect=2 correct: 0 = no, 1 = dust pulses, 2 =transfer, 3 = both
cycl em nut es=5 1, 2, 3, 4, 5, 6, or 10, standard value is 5
ti mezone=2 for tinme presentation
showfracti ons=1 0 = show dn/dlog, 1 - show fraction n (save still dn/dl og)
ext ensi on=xl| extension of the output file nane, usually txt or xl
ext rapat h=*** for extracopy of midnight tables, *** means no extracopy
control s=1011 four symbols 0 or 1 setting initial values of saving

controls: internal, external, diatable, scandetails
extrapath can be witten with or without final \
a sanpl e: extrapath=J:\SI GVA

Clusterregimas explained in Section 5.5.
Extra correctionsare explained in Section 5.7.3.

Extrapathis essential when trextrafolderregime is turned on. The regime can be turned on
and off during the measuring process by meansmfalokeys, indicated on the computer
screen, see Section 3Extrapathcan be directed to a shared folder or a removaklgia.

WARNING: if the measurements are restarted after makinggesain the calibration file or
the control file, the headers of the recurrent nufiees remain unchanged. Follow
recommendations presented in Section 5.7.1.

A4.3. Structure of the measuring process

During the measuring process, scans of the moliiglyibution are performed in a cycle,
which can be interrupted only pressing the key daatibn XZ. Simplified structure of the
measurements is:

repeat scan

if voltageperiod full then measure voltages

if cycleperiod full then process and savdeyc

if new day then append monthly file and siiagram table
until XZ pressed;

In the beginning of every scan the HV capacitoescdrarged and the voltage is increased up
to about 3000 V for each polarity during about4..Blext, the voltage will exponentially
decline in the relaxation process of a RC circuibwva time constant of about 3.8 s down to
about 20 V, which covers the full size and mobitiyge of ions. Measurements are made
during the period of the voltage decrease. Usutihge scans are made during every minute.
Some of these scans are performed with an opeonaiinlet gate and some with a closed air
ion inlet gate. The gate (see Figure 2.1 and Appends controlled by switching the voltage
between the gate plates between zero and 520 Vpditned of switching depends on the
parametereroperiod which is initiated as an internal constant inphegram. In case of the
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standard valueeroperiod= 3, the sequence of closed gate (0) and openDeseans is
011011011...

The full mobility range of 0.0274...4.217 &#’s ™ is divided into 35 fine mobility fractions.
Before every scan, the air temperature and pressammeasured and the voltages
corresponding to the boundaries between fine ntglfitctions are calculated. During a scan,
the voltages of electrodes and electrometer ouggmetsneasured about 100 times per second
until the voltage reaches the value correspondirthe highest mobility of 4.22 dvi s ™.

Next, the collected data is distributed into 3% fmobility fractions and the averages are
calculated for every fraction. When calculating éverages, the weak trimming is applied
discarding the smallest and the largest readingvefy sample. The results of a scan are
collected into an array calletanline Composition of this array corresponds to the
composition of a line of the scan data file exptaiin Section 5.3. Additionally, the zero
element is included: scanline [0] equals to thetevitme in MS Windows format referring to
the midpoint between the start and finish of thensd he following elements are the same as
listed in Section 5.3.

At the end of a scan, the scanline is written mtrcular buffesscanbufferand saved (except
the zero element) on demand into the file of seatail$ as a string of integer numbers. The
pointer ofscanbuffelis denoted ascanpointand it is incremented up and downsaanpoint
:= (scanpoint +1) modscanmaxandscanpoint= (scanpoint + scanmax 1) modscanmax

5xextended period eference period 3xextended period
of zero recording of ion recording of zero recording
i i

»
>

=
>

{ { {
0 5 10 15 20 25 minute

Figure A4.1. The periods of estimating the sigmal aero in case of 5-minute cycles. The
recorded ion measuring interval is marked with rtene112 in the output files.

When the cycle is full, the buffered data are pssed. The signal of an electrometer is
composed of the signal of ions to be measuredzehelevel of the electrometer, and the
signal of the large ions passed through the shaafltiter (see Figure 2.1). Switching off the
inlet gate affects only the signal of ions to beaswed. When processing the cycle data, the
average closed gate signal is subtracted fromplka-gate signal. The drift of the closed-gate
signal is usually slow compared with the variatidrthe open-gate signal. Thus the period of
averaging the closed-gate signal is elongated awthof suppressing the random noise as
explained in Figure A4.1.

The statistical distribution of the noise of theattometric signal is not Gaussian. The heavy-
tailed shape of the distribution is caused by ssvfactors, especially by the outliers
generated by coarse aerosol particles. Thus thieomhetf interquartile trimmed mean is
applied when processing the buffered data. Whesulzing the trimmed mean ofrepeated
scans, thg smallest ang largest entries are discarded and the mean mastil as the
arithmetic average of —2g middle entries of the sample. SIGMA1A appliestitr@aming
degreeg = (n + 1) div 4.

The noise level is estimated simultaneously for twopolarities when analyzing the results
of zero scans. The method is based on calculdtmgéviations from the cubic interpolation
of the zero signals of the 16 mobility fractionfieldeviations are calculated as
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AX =% —(X_, —4% , — 4%, +%,,)/6, i =3..14. (A4.1)

A4.4. Comments for the software developer

The program SIGMA1A is written as a console appiaca which helps to keep the well-
accustomed BSMA-style user interface. The consolput is localized into particular
procedures, whose names begin from the word "shbls. makes a future reorganization of
the program into a GUI application relatively easy.

The program includes a simple mechanism to heleldpment and testing. The user
interface, internal data processing and data ouiguite quickly tested without a connection
to a real instrument. This requires including atvaefile SIGMA1A_simulator.txt into the
SIGMA folder. An example of the content of thisfik:

100 simufactor, how many times the clock is accel erated
2220 start of the simulated clock, hhnm

1 spectrunstyle, 0 = flat dn/dlogZz, 1 = like natura
30 si munoi sesi gna, noi se signa expressed in ADC counts
0.01 sinuoutlierprobability

300 simuoutliersigma in ADC counts

The six lines of this file must be written stricttythe same order as in the example; the
explanations after the spaces are for humans dhdavibe analyzed by the computer.

If the extra file SIGMA1A_simulator is found, thenogical variablesimulatoris assigned
true and the real measurements are replaced by thataftthe functioPADCsimulator
Search the program code for the phrade i nul at or " to see the differences compared
with the normal regime.

Warning too high value ofimufactormay lead to a situation, when the computer isafde

to complete some procedures in time. In case oG&l2 processor the troubles are probable
whensimufactor> 100. It is recommended to close resource-consgiside processes when
working with high value osimufactor

The logical constardeveloperdefined in line 9 of the program code is an addai tool. If
this constant is assignéaie, then three additional commands will be availaliighe main
menu, an additional comma@dappears, which launches a user-written procedutest
Two additional command&s andB appear in the test menu, which allow launchingutber-
written procedures. In the present version of SIGMAtwo developer procedures
electrometertransitionndelectrometertransitionare retained as examples.

Appendix 5. MATLAB function SIGMA1D.m

The text of the function can be copied into thelmtiard and pasted into the Notepad, M-
editor, or immediately into the MATLAB command wimd. The user should arrange the
files and edit the control lines before launchihg function as explained in Section 6.5.

% SIGMA1D - creates contour plots using SIGMA diatable files - HT20111222

%:: =—=== =—=== =—===

% Permanent sample of control lines, please keep unmodified:

% prefix = 'SIGMA'; % for output file name

% filepath = 'C:\SIGMA\diatables\"; % where the files are located

% yy ="11"; % year

% months = 1:12; % interval of months, can be restricted

% days = 1:31; % interval of days, can be restricted

% first_hour = 0; % integer 0...23

% hours_in_plot = 8; % integer 1...24

% plots_in_day = 3; % (first_hour + plots_in_day * hours_in_plot) should not exceed 24!
% first_mark = 1; % number of letter in the filename, 0 = nothing, 1=2a,2=b, ...
% levels = [50 100 200 300 500 700 1000 1500 2000 3000 5000]; % for dn/dlogd
% pos_axes =[50 320 700 200]; % left, bottom, width, height
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% neg_axes =[50 60 700 200];

% y_ticknumbers = [1 2.18 3.43 4.85 6.65 8.3 10];

% y_ticklabels = {'0.5'0.7';'1.0";1.5",'2.5,'4.0';'6.5";

% resolution = "-r150'; % pixels per inch, screen 100, report 200, publishers 600
% brightness = 0.5; % -1..+1, -1 = dark, 0 = normal, +1 = bright

%:: =—=== =—=== =—===

% Examples of controls for covering full day with diagrams:
% first_hour = 0; % in all three examples

% hours_in_plot = 24; % one plot per day

% plots_in_day = 1;

% hours_in_plot = 8; % three plots per day

% plots_in_day = 3;

% hours_in_plot = 3; % eight plots per day

% plots_in_day = 8;

0/0== —_——— —_——— —_———

% The control lines to be modified by the user (the permanent sample is preserved above):
prefix = 'SIGMA"; % for output file name
filepath = 'C:\test\'; % where the files are located
yy ="11'; % year
months = 1:11; % interval of months, can be restricted
days = 1:31; % interval of days, can be restricted
first_hour = 0; % integer 0...23
hours_in_plot = 24; % integer 1...24
plots_in_day = 1; % (first_hour + plots_in_day * hours_in_plot) should not exceed 24!
first_mark = 0; % number of extra letter, 0 = nothing, 1=2a,2=b, ...
levels =[50 100 200 300 500 700 1000 1500 2000 3000 5000]; % for dn/dlogd
% The controls, which could be modified only in special situations:
pos_axes =[50 320 700 200]; % left, bottom, width, height
neg_axes =[50 60 700 200]; % width (standard is 700) may be sometimes modified
y_tickpositions = [1 2.18 3.43 4.85 6.65 8.3 10]; % vertical positions
y_ticklabels = {'0.5';'0.7";'1.0%'1.5",'2.5",'4.0",'6.5'}; % nanometers
resolution = "-r150"; % pixels per inch, from 100 (screen) to 600 (publishers)
brightness = 0.8; % -1..+1, -1 = dark, 0 = normal, +1 = bright

%:: =—=== =—=== =—===

% Modification of the text below of this line is not recommended
% set(0, DefaultAxesColorOrder',[0 0 0]);
for month = months;

mm = num2str (month);

if month < 10
mm = ['0' mm];
end;

for day = days;
dd = num2str (day);
if day <10
dd =[0"dd];
end;
if exist ([filepath 'd" yy mm dd 'xI, ffile')
xx = load([filepath 'd' yy mm dd ".xI');
[rows, nd] = size (xx);
cycles = (rows - 1) / 24;
for turn = 0:(plots_in_day - 1); % day sectors a, b, c, ...
a =1+ cycles * (first_hour + turn * hours_in_plot); % first row in data table
b = first_hour + turn * hours_in_plot; % first hour of the plot
mark = char (96 + first_mark + turn); % extra letter to distinguish the files
if mark == char (96)
mark ="; % filename will be without an extra letter
end;
X =xx (a:a+ cycles * hours_in_plot, 2:11); % sector of positive ions

57



SIGMA manual version 20111222 58

if sum (sum (x)) > 9999 % empty diagram is skipped
axes ('units', 'pixels', 'position’, pos_axes);
[c,h] = contourf (X', levels);
clabel (c, h);
set (gca, 'xtick', [1:cycles:rows], 'xticklabel', [b:1:b+hours_in_plot]);
set (gca, 'ytick', y_tickpositions);
set (gca, 'yticklabel', y_ticklabels);
ylabel('Diameter : nm");
title(['SIGMA + ions 20' yy mm dd ' dn / d log(d)));
colormap(hsv);
brighten (brightness);
print (resolution, -dpng', [filepath prefix yy mm dd mark '.png']);

end; % if sum > 9999

X =xx (a:a+cycles * hours_in_plot, 12:21); % sector of negative ions

if sum (sum (x)) > 9999 % empty diagram is skipped
axes ('units', 'pixels', 'position’, neg_axes);
[c,h] = contourf (X', levels');
clabel (c, h);
set (gca, 'xtick', [1:cycles:rows], 'xticklabel', [b:1:b+hours_in_plot]);
set (gca, 'ytick', y_tickpositions);
set (gca, 'yticklabel', y_ticklabels);
xlabel('Hour');
ylabel('Diameter : nm");
title(['SIGMA - ions 20' yy mm dd " dn / d log(d)1);
colormap(hsv);
brighten (brightness);
print (resolution, '-dpng', [filepath prefix yy mm dd mark '.png’));

end; % if sum > 9999

close all;

end; % of turn
end; % of if exist
end; % of days
end; % of months and finish of processing

Some explanations:

The typical settings of the time parameters aréevriabove. It follows one full day diagram
per day like presented in Figures 6.2 and 6.3.rdme of the output file in Figure 6.2 is
SIGMA090806.png and the file occupies 56 kB ondbmputer disk. Figure 6.3 is compiled
for the same day and thus it is recommended ta déferent value ofirst_mark If
first_mark= 1 then the diagram file is named SIGMA090806g.pn

The settings:

first_hour = 0; % integer 0...23

hours_in_plot = 8; % integer 1...24

plots_in_day = 3; % (first_hour + plots_in_day * hours_in_plot) should not exceed 24!

first_mark = 2; % number of extra letter, 0 = nothing, 1=a,2 =b, ...
generate three diagrams per day covering the In¢envals 0-8, 8-16, and 16—24 and named
SIGMA090806b.png, SIGMA090806c.png, and SIGMA0908p&g.
Covering of a full day in a diagram is not a miistample: if you will sefirst_hour= 4,
hours_in_plot= 3, andplots_in_day= 2 then you will get two diagrams per day covgrin
hours 4-7 and 7-10.
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Appendix 6. Calibration and testing the instrument

A6.1. Reference mobility and analyzer voltage

The characteristic mobility of an aspiration conslams proportional to the air flow rate and
inversely proportional to the voltage between tttieting and repelling electrodes:

Z=const xQ/ V. (A6.1)

The voltageV is proportional to the measured high voltage digizCy (ADC counts) and
the flow rate in the SIGMA is proportional to thevger supply voltag®. Thus the required
value of HV signal is

ADChyg = VC x (U/Uo) X Qo | Z, (A6.2)
whereZ, is the required reference mobility used as theraent of the distribution function,
Qo is the standard flow rate at the standard powgplywoltageU, and VC is the voltage

calibration constant. The mobility calibration b&tinstrument requires determining of the
calibration constant VC and the standard flow @e

The calibration constant VC is calculated solving Laplace equation for the electric field in
the condenser and computing the ion trajectorieswdassing the condenser (see Figure 2.1
and Appendix 7). The result is

VC = 0.02855.

The air flow rate is measured using the rotaryflgag meter PC-400, the measuring range of
which is up to 111 dis™. The flow meter counts the fixed-volume air pasqehssed through
the instrument and its calibration is expectednange only as a result of a mechanical
damage. The increased friction of the rotor is ligule first indication of wear. The time of
free inertial rotating of about 100 s validates gleed condition of the instrument. The
SIGMA air flow is measured using the compensati@thod: the air is blown into a large box
through the flowmeter by means of an extra fanfltwe is controlled by a mechanical slide,
and sucked out from the box by the SIGMA. One sidihe box is made of thin plastic film,
which helps precisely to balance the pressuredarbtx by adjusting the slide. The result at
the voltageJ = 23.4 V is 34.4 liters per second. Former expents with the same flowmeter
have shown that the readings exceed the actuatdtevby about 2%. Thus the value of the
flowrate at the standard supply voltage 23.5 \siineated in the calibration of 20100323:

Qo = 34000 criys.

The calibration constants were verified by meanthefiodine test. The admixture of iodine
vapor in the clean air forms negative ions of thebility about 1.85-1.90 cfiv 's*
(Tammet, 1975). The control experiments in iodiostaining laboratory air were in
satisfactory accordance with this value.

The calibration constant VC and the standard flate @, are never independently used in the
control program, where only the product VF = V@Qx= 985 is necessary. This product is
called the voltage factor and included into thebeation file. The ADC counts corresponding
to the mobility values are calculated in the progias

ADCiyvo = (U/Ug) X VF / Zo . (A6.3)

AB6.2. Air ion concentration: theoretical approach

The collector currenit(Z,) of monomobile ions of mobility and concentration at the
reference mobility of the analyzgs is 1(Zo) = eQ9(Zo, 2)n, wheree is the elementary charge,
Q. is the air flow rate through the collector ag{do, 2) is the normalized transfer function,
which values are in the range of (0...1). If thesi@re distributed according to the mobility as
f(Z) = dn/dz thenl(Zo) = eQJg(Zo, 2) f(Z)dZ. Let us consider the ions be distributed
according to a fictive flat distribution arfiZ) = c. In this case the collector current (&) =
ceQJg(Zo, 2dZ In a special situation of rectangular transferction wheng = 1 in a range
(Za...Zy) of mobility andg = 0 elsewhere, the integiia(Zo, 2)dZ = Z, — Za. In the general
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situation, the integrdb(Zo, 2)dZ is called the effective width of the transfer ftion and
denotedAZ,. In case of a triangular transfer function theeetifze width equals to the half-
height width of the triangle. As a conclusion we igecase of the flat distributici(Z) = c the
flat value of the collector curreht= ceQAZy and the distribution function can be calculated
according to the measured currentasl/eQ.AZg. A fraction concentration of ions in a range
of (Z1...22) isn(Zy, Z) = cAZsy, WhereAZy = Z, — Z;. Thus the fraction concentrations can be
calculated according to the equation

IAZ.,
eQAZ, '’
where the reference mobiliBy is expected to be in middle of the interval.(Z;) and the

distribution function is expected to be nearly #abund the reference mobility. In sake of
brevity a complex instrument calibration coeffidiénintroduced

- %2 . (365
fr

n(Z,,Z,) = (A6.4)

whereQ is full air flow rate through the instrument. Nakae fraction concentrations are
calculated as

I
n(Z,Z,)=——. A6.6
(2,,25) e (A6.6)
The control program SIGMA1A additionally considéne penetration of the inlet grid and
inlet gateP (see Appendix 3) and the working formula is

N (Z1, Zo) = (CG,/ WQ)) x (Uo/ U) x ADCe / P, (AB.7)

where ADG is the output of the electrometric channel ang, SGhe calibration constant,
which includes the transformations of measuringsufihe calibration constant can be
roughly estimated according to the following comesations. Leh (Z, Z,) = 1 e/cni, wQ = 1
cm®, U = Uy, andP = 1. In this case the current of the collectat &/s = 1.602xI& A. The
voltage in the electrometer XXnput resistor is 8.01xV and the 50x amplified signal is
4.005x10°V. The corresponding count rate of AP 2.625x10. When all these numbers
are entered into the working formula above, weGf@ét = 3810. Let us consid€) = (U/Ug) x
Qo and transformation from the fraction concentrapogsentation to the distribution function
presentation

dn  n(Z,,7Z,)

ooz (002)= 41007 o0z, 12,) (A6.8)
In the "decade to eight" system
flogz = 8 XN (Z4, Z). (A6.9)
The working formula can be written immediately foe distribution function
fiogz = (CG / WQ)) x (Uo/ U) x ADCe / P, (A6.10)

The estimate of the calibration constant accordinipé¢ considerations above is GC
8CGC, = 30476.

A6.3. Air ion concentration: empiric approach

There are no known methods for exact estimatighefir flow coefficientv, which is
necessary for the application of the theoreticadlehoThus the value of this coefficient is a
subject of experimental calibration, where the SKsSigl compared with a precise integral air
ion counter. The integral air ion counters canxecty calibrated using absolute methods.
Then the coefficientv should be determined so that the integral conatatrs measured
using the two instruments are equal.
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In case of the experimental calibration, the indéstructure of the term GC(wQ) in

Equation (A6.10) is of no importance and this tésroonsidered as a single concentration
calibration factor CF. The values of the logaritbrmistribution function are calculated in the
control program as:

fiogz = CF x {Uo/ U) x ADC / P, (A6.11)

Calibration is performed in the conditions of aatelely high concentration of cluster ions of
about 26000 cil The air ion concentration was measured simultasigavith the SIGMA
(concentration is the sum of fraction concentrationthe cluster ion range) and the integral
air ion counter of absolute calibration. The aisvpaepared with a special air ion generator,
providing stable uniform ionization in the air flavat at least twice exceeds the air
consumption by the instruments. The measurements nvade individually for positive and
negative air ions and the concentration factorsguido be slightly different:

CF+=6.7,
CF-=6.6.
The results are included into the calibration 8I&6MA1A.CAL.

A6.4. Calibration of the meteosensors

Atmospheric pressure, air temperature and reldiveidity are calculated according to linear
transformations of the ADC count&sult = ax ADC +b

Atmospheric pressure is measured by the sensor M@X8esigned in Motorola and
manufactured by Freescale. According to the compaoymation, the coefficierth should
be negative. The same sensor was used in the BSMAalibration according to a mercury
barometer results in rather positive valueb.ckccording to the experimental calibration in
case of the SIGMA the coefficients are- 0.03368 anth = 113.

Temperature and humidity sensors are calibratedmmparison with an Assmann
psychrometer. Temperature is measured by the sABH0 manufactured by Analog
Devices. The experimental calibratiarr 0.01083 antb = —290 differs a little from the
factory data. Relative humidity is measured by Hovedl sensor HIH-4031-001. The empiric
coefficientsa = 0.00607 antb = -35 differ from the factory data. Additionallyumidity is
corrected according to temperature using the fgagecommended transformation RH = RH
/ (1.0546 - 0.0215 T:C).

The long-term stability of meteosensors is not gand the readings of sensors should be
compared with readings of exact instruments evenyrhonths. The calibration constants
should typically be corrected about once a year.

AG6.5. Test measurements

The first field test of the instrument was carroed at a rural site in Abissaare village (cottage
Tammemae, 58°05'39" N & 26°43'09" E), located aBoukm south of Tartu, Estonia. The
installation of the instrument in the attic of tt@tage according to the Figure 2.4 is shown in
Figure A6.1. Air is sampled through an openinghe gable facing the east. The gable is open
to direct sunlight, which results in the enhance® in the measurements until the midday.
The air inlet and landscape near the cottage anersin Figure A6.2.
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Figure A6.1. The installation of the SIGMA in thiéi@a

The main purpose of the test measurements wadéhéfication of instrument response to
different meteorological conditions, which enableelaborate the control program and
include proper reactions to extraordinary situatjang. distortions emerging in case of
contamination of the aspiration condenser and relstric filters. About 10000 five-minute
cycles were recorded during 2009 July-October. ddwpiired experience is basis for many
improvements in the initial version of the software

Figure A6.2. Cottage Tammemaéae and the SIGMA agtiml the center of the gable.
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AB6.6. Sensitivity

63

Some series of measurements were performed edpdaradstimating the instrumental
noise. About 500 cycles of noise were recordednduieptember 26—28 during strong wind,
RH between 80 and 100% and drizzling rain from ttom&me. The only difference from the
standard measurement was permanently closed etlet §he results are shown in Figures

A6.3-5.
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AB6.7. Mobility resolution

Research of nucleating nanoparticles in atmospla@riorings up specific requirements,
which radically differ from the requirements fotadoratory mobility analyzer. The signal to
noise ratio turns up to be critical due to the extely low concentration of nanometer ions in
atmospheric air, see Figure 1.1. Theoretical modleédmospheric aerosol nucleation include
continuous growth of nanometer particles and thbiltpdistribution is expected to be
relatively smooth. Thus the factors of sensitivityl have priority before the factors of
resolution. Request of high sensitivity requires@asing the collected ion current. The inlet
slit and the collector of the analyzer cannot beava and the geometric resolving power is
limited. The air is sucked into the instrument inaag¢ely from the turbulent atmosphere and
the flow rate should be large. Some turbulencalathie analyzer is inevitable in these
conditions. As a result, the mobility resolutionimétruments for atmospheric measurements
cannot be high.

Traditional parameters of the DMA resolution are télative standard deviation of measured
mobilities in case of actually monomobile ions dslmiity Z, and the ratio of this mobility to
the width of the transfer function at the half heigZ,,. These parameters are denoted below
RSTD =c/Z and RES Z / AZ;s,. In case of a Gaussian transfer function RES 28/4
RSTD.
The resolution depends on several factors:

e width of the inlet slit and width of the electrometcollector,
representing the distribution with averages ovebilitg fractions of definite width,
smoothing due to the response time of the electieme
thermal diffusion,
turbulent diffusion.

The resulting composite transfer function is appr@ated by a Gaussian curve and the
relative standard deviation of this curve is coasdd as the measure of the resolution. The
geometric transfer function is determined by thdtiag of the inlet slit and the electrometric
collector. According to the numerical model, themetric transfer function of the SIGMA is
very similar to the earlier discussed triangulansfer function of the BSMA (Tammet,
2006). The RSTD of this component of the trangiiection proved to be 0.115. Presenting
the spectra by fraction averages is necessarnéoeasing the signal to noise ratio. This
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procedure generates a rectangular smoothing funatith the relative width of 1.33 and the

corresponding component RSTD = 0.081. The timeteon®f the electrometric amplifier is

0.32 s and the smoothed response creates the cent@8TD of about 0.027. The effect of
thermal diffusion in the SIGMA is low and notewoytbnly in case of the smallest ions. The
estimate for the ions of the mobility of 1.7 dm's™ is a component RSTD = 0.026.

Exact estimating of the mobility resolution of tBE5MA was embarrassed by lack of tools
for correct measurement of the turbulence insigeatialyzer and lack of the sources of
monomobile ions with a large air flow rate. Thue tbllowing estimates are rough. The
turbulence in the analyzer was visualized usingragoft thread vibrating in the air flow in
the mobility classification zone. The position bétfree tip of the thread was measured from
130 photos and the standard deviation proved thbenm. The vibration of the thread is
damped by inertia and the standard deviation gbaicels exceeds this value. Thus the value
of 1.2 mm is considered only as a lower margirhefturbulent pulsations. The lower margin
of the corresponding turbulent dispersion of théility was estimated by a component
RSTD = 0.04 when considering the dimensions ottassification zone. The composite
RSTD is a square root of the squares of the fivepmnents (0.115, 0.081, 0.027, 0.028, and
0.04), the result is the RSTD = 0.15. This valueossidered as the lower margin of the
estimate of the resolution of the SIGMA.

An estimate of the upper margin of the resolutian be found analyzing the measured
spectra of small ions. A spectrum of small ionstaoms several components and it is always
wider than the transfer function. The effect ofescdmponents of the ions near the main
component is minimized when the spectrum is appnaied by a Gaussian line using values
of the measured distribution function only neargpectrum peak. The sharpest peak with a
mobility of 1.7 cnfV s was found in the spectrum of negative small ionghe artificially
ionized laboratory air, where the concentratioibat was about 20000 ¢th The RSTD =
0.20 of this peak is considered as the upper manfgime resolution.

The two margins allow estimating the mobility ragan parameter RSTD to be between
0.15 and 0.2 that corresponds to the values dRE® between 2.1 and 2.8.

A6.8. Numerical improvement of mobility resolution

The mobility distribution of atmospheric intermei@iaons is pretty smooth as a rule. The low
mobility resolution of the SIGMA may appear unwete@mainly in the mobility subrange of
cluster air ions. A spectral instrument transfothesphysical high-resolution distribution into
the broadened record of the spectrometer. The ot@kolution can be improved when
inverting this transformation. The record of thedpometey is a discrete vector that
contains up to 35 scalar elements in case of t8&®\. Thus a determined solution of the
algebraic inverse problem can contain no more 8tannknown scalar elements. In a
simplest linear model the instrument noise is negld the unbroadened mobility distribution
is described by a 35-dimensional discrete vegtand the instrument transformation is
described by the equation

where G is the transfer matrix including 35x35 etats. A formal solution of the apparatus
equation is

v =2.Gy, (A6.13)
J

where G'is the inverse matrix.
Two facts raise overwhelming difficulties in thepdipation of the simplest model:

e the transfer matrix is not exactly know and mingoes in the matrix elements may
cause huge errors in the inverted distributipn
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e the measured record y contains random errors andrrairors in the elements of y
can cause huge errors in the inverted distribution

A known technique to outperform the intolerableoeamplification is called the
regularization. In this case the solution is aiplytbroadened distribution

x=SH,y,, (A6.14)
j

where the inverter matrix H is compiled so thatpheduct GH is close to the unit matrix but
the transformation A6.14 does not cause too langgification or measurement errors.

In case of the SIGMA both vectoysandx are composed of fraction concentrations, whose
sum should be invariant of the transformation pdoice. Thus

Z H; =1 (A6.15)

and the coefficient of amplification the measuretregrors in distribution fractions is

K, = /ZHﬁ . (A6.16)

The practical problem is to compile H in this wagttthe vectok can be considered a better
representation of the mobility distribution whemygmared withy, and the elements &F will

be low in the range of low-concentration interméslians and may be slightly larger in the
range of high-concentration cluster ions. An addil test requirement is that the application
of inverter to the exactly measured narrow mobdiistributions of high-concentration cluster
ions should not generate negative elements ingbtrx. A practical solution is always a
compromise between different requirements and tiseme universal solution best in all
diverse measuring situations.

During the calibration experiments of the SIGMAeg ttlistributions of artificially generated
cluster ions were used as a test subject when diognthe inverter for the decade-to-16
mobility distribution. The possible inverters weliscriminated with pseudo-five-diagonal
matrices compiled according to the rule descrilme8action 5.7.3. The choice of generating
elements for the standard inverter for SIGMA N&:1 i

c_inv_n2=-0.16, c_inv_nl1 =-0.22, c_inv_pl =00d inv_p2 =0, z_limit = 1.
This choice is followed by an error amplificatin= 2 in range oZ > 1 cmV s *and a

quick decrease in error amplification when the righis decreasing. The near-diagonal
elements of a row of the matrix H after normalizaggording to (A6.15) are

..—0.31 -0.42 192 -0.19 O..
and the near-diagonal elements of a correspondiegiylarized transfer matrix Hare:
...0.05 0.12 0.14 0.55 0.06 0.01 O..

The matrix H and the corresponding regularizedstfiemmatrix appear essentially

asymmetric. The explanation is the distortion offlaw in the analyzer: the air is slightly
slowed down near the side insulators and in theewak sleeves, which are fastening the slats
in the center of the attracting grids. The ionsspagthese regions are recorded with enhanced
mobility, which is to be compensated by the strettcleft wing of the rows of the inverter
matrix.

The standard software of the SIGMA enables to applyot apply the inversion and to
change the values of generating elements of thertewvwhen the improved calibration data
will be available.
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Appendix 7. Aspiration condenser

A drawing of the cross-section of the aspirationdenser is presented below in its original
size on two pages, at first the outlet part and,rtee inlet part. The internal height of the
condenser is 240 mm and the height of the ion ciolids 190 mm. All plates are made of
aluminum sheets of the thickness of 1.0 and 2.0 mm.
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Appendix 8. Electric diagrams and PC boards
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SIGMA control PCB, view from outside the instrument
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SIGMA control PCB, view from insidetheinstrument
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Appendix 9. Specifications of SIGMA No. 1

Size: length 505 mm, width 280 mm, height 350 mm.

Mass: 17.2 kg.

Power: AC 4763 Hz, 96-260 V, 70 W,

or DC 23-25V (as two car batteries), 60 W.

Suitable AC power units: Mascot 2020 or ZVC65SG24.

Collector batteries: 40 batteries GP27A (expedfedime exceeds one year)

Air flow rate with standard orifice plate: 34 ds".

Passage time of air from the inlet grid to thegofiector: 0.15 s.

Heat emission of the electronics inside of the el section: 20 W.

Increase in the air temperature during measurechento the heat emission: < 0.5 K.

Humidity of analyzed air in case of unpolluted ilagars: up to 99%.

Electrometric amplifiers: INA116.

Thermal insulation of the analyzer side panelsmf@alystyrene 6 mm.

Mobility range: 0.0323.2 cnfV st or 0.424.2 cnfV*s™

Mobility resolution: about 2.5, 16 logarithmicaltijstributed mobility fractions are presented
in two decades of mobility.

Diameter range: 0.4Z.5 nm.

Diameter resolution: 10 logarithmically distributeide fractions.

Standard range of fraction concentrationrs@00 crm°.

Standard deviation of a fraction concentratiorhig ¢onditions of simultaneous measurement
of two polarities, 5-minute averaging, clean insuig, low radon concentration, and low
dust concentration about 1 ¢n

Calibration data from SIGMA1A.CAL 20101026

volt_factor=885 for voltage-mobility con version (Q = 34 1/s)
conc_factor_pos=11.5 for ADC-dn/dlogZ convers ion
conc_factor_neg=11.5 for ADC-dn/dlogZ convers ion

standardadsorption=0.0505 for Z =1 cm2V-1cm-1, 0
collectormobility=0.04 cm2V-1cm-1, effective va
c_supplyvolt=0.002167  supplyvoltage / ADC_coun
c_filtervolt=-0.089 filter voltage / ADC_cou
c_batteryvolt=0.0093 electrometer battery vol
¢_bias=0.003052 electrometer inlet mV at
c_pressurea=0.03368 pressure (mb) = c_pressu
C_pressureb=113

c_temperaturea=0.01083 Celsius = c_temperaturea
c_temperatureb=-290 factory value is -273
¢_humiditya=0.00607 humidity (%) = c_humidit
¢_humidityb=-35 required correction RH =
electrometerdelay=385 ms, incl. airflow + elec

chargingtime=1500 ms
timeout=30000 ms
c_inv_n2=-0.16 inverter parameter
c_inv_n1=-0.22 inverter parameter
c_inv_p1=-0.10 inverter parameter
c_inv_p2=-0 inverter parameter
z_limit=1 inverter parameter

Included inverter parameters (see Sections 5. dA&rB) tolerate noise amplification in

cluster ion subrange up to 2 times.

C, 1013 mb

lue for corrections

ts

nts

tage / ADC_counts

1 ADC, 0.1526 / 50

rea * ADCcounts + c_pressureb

* ADCcounts + ¢_temperatureb
ya * ADCcounts + ¢c_humidityb

RH (1.0546 - 0.0216 T:C)
trometer - HV signal
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