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INTRODUCTION

The Symmetric Inclined Grid Mobility Analyzer
SIGMA is a successor of the scanning mobility analyzers

IGMA (Inclined Grid Mobility Analyzer, 2002) and
BSMA (Balanced Scanning Mobility Analyzer, 2003).

Like the previous instruments, it is designed having in view
applications in atmospheric aerosol nucleation research and
makes possible simultaneous measuring of positive and
negative air ion distribution in the mobility range of
0.032-3.2 cm?V~'s™1 and in the size range of 0.4-7.5 nm.



Why a new instrument?

Time resolution and noise level of BSMA

are not good enough to:
1) detect 2—-7 nm particles in non-nucleation situations,
2) measure vertical profile using a tower lift,

Main improvements in SIGMA compared with BSMA are:

» increased sensitivity,

» improved time resolution,

» positive and negative ions are sampled from the
same air and measured exactly simultaneously.

A technical improvement is
control of the instrument under Windows XP via USB.



INTRODUCTORY EXAMPLES

Previous experiments are descibed in:
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NB: dynamics of processes remained unknown because
BSMA does not allow measuring time less than 5 minutes.

New experiments were carried out in the same 17 m3 room,

difference: BSMA was replaced by SIGMA



Fraction concentration cni’

Size fraction concentrations during a water jet experiment
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Experiment 20091028, 13:50-14:10
Water jet was turned on at 0 and closed after 10 minutes
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Mobility distribution for 4 five-minute phases
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Common distinctive properties of BSMA and SIGMA are:

>

>
>

High flow rate (30 dm?3/s) suppresses (but does not eliminate) the effect
of external electric field and assures representative sampling of ions.

The ions pass in the analyzer only through unaffected atmospheric air.

Short passage time about 0.1 s and low heating of air less than 0.3 K
suppress changing of the ions during the measuring.

The scanning through full mobility range using single collector and
varying only the voltage:

1) allows calibrating the instrument using test ions of single mobility,

2) guarantees that peculiarities in the mobility distribution are
not generated by the technical troubles of individual channels.

Low inlet loss of ions enables reliable estimating and numerical
compensation of ion fraction concentrations.

Temperature- and pressure- sensitive calibration coefficients are
operatively adjusted during the measurement according to the readings
of built-in meteorological sensors.



Principle of RC-scanning
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Methods of neutralizing the induced current
1. Erikson bridge or Komarov bridge

—C3 R1 —C1 = measuring condenser
el (e
_C4 C2 = compensation capacitor

R2 —

2. Shielded collector

(Faraday cage) : N
......... > ionS————\\\
> sheath air R RC
......... > )=__) I V

Collecting E
filter




Scanning mobility analyzers
of Tartu University

1975) UT-7509 0 o  veraity wot mace 1972,
1978) UT-7801

1991) UT-9105

2002) IGMA

2003) BSMA

2009) SIGMA
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Top view of topless SIGMA
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Standard control algorithm

A 20-second scan begins with measuring of air temperature and pressure.

Next the boundary voltages between mobility and size fractions are calculated
and the HV capacitor is charged up to about 6000 V. The voltages of electrodes
and electrometer outputs are measured about 100 times per second during the
following exponential decrease of voltage. Every third scan is performed with
closed air ion inlet gate. If the time crosses a full 5-minute border then the
buffered data are processed. The open-gate signal is calculated for 5 minute
period and the zero level is estimated according to closed-gate measurements
during an elongated period of 15 or 25 minutes.

25-minute period 9-minute period 15-minute period
of zero recording of ion recording of zero recording
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The method of trimmed mean is used in the data processing.

When calculating a g-trimmed mean the g smallest and g largest entries
of the sample are excluded and the trimmed mean is found as the
arithmetic average of remaining entries. The criterion of the optimum
trimming is the roughness R of the intermediate ion mobility distribution:

3
R = Z (xl._2 —4x,_ +6x, —4x,,, +x,, )2
i=3

where Xx,...x,, are measurements of mobility fraction concentrations of
ions in the range of 0.032...0.56 cm?V-1s.

The roughness is calculated for the:

> 0-to 4- trimmed means of open gate ion signal in the 5-minute period,
» 0-to 7-trimmed means of closed gate signal in the 15-minute period,
> 0-to 12-trimmed means of closed gate signal in the 25-minute period.
Finally, the trimmed means of minimum roughness are used for
calculating the ion mobility and size distributions according to the
difference between the open gate and closed gate measurements.



Examples

> SIGMA1A version 20090922 ]

Date 206091861

scanning mobfddia distributions

HH:MM 13:22 13:27 13:32 13:37 13:51
T:C 8.@5 7.98 7.82 7.74 7.83
RH::x ?7.81 78.58 78 .61 79.59 808.85
p:mh 75,93 775 .84 275%.98 776 .88 776 .28
noise 1+ 1- 1+ 2- i+ 2- i+ i- Scan 4 reg @
MOE " Mobhility fraction concentrations @ cm—3 " ADC counts
B.837 -2 2 i -A i i 2 2 15 =12
8.84%2 -1 1 1 8 i 1 -a 3 —4 -678
B.865 8 -a i i i i -1 2 -1 684
a.887 a8 1 1 -a i 2 -A 2 1 676
B.115% 2 -2 -A -1 i a 2 -a ? 672
B.154 1 -2 8 -1 i -1 2 a 7 -665
a.285% -a i -A -1 i -2 3 -2 2 657
B.274 1 -1 -A 8 i -A i -1 ? -b56
B.365 a -1 -A 3 -8 2 -1 3 i1 657
a.487 a 4 3 3 2 5 i 6 13 -b56
8.649 18 18 28 15 28 i8 28 22 14 657
B.8B66 1688 T 1689 78 11@ 84 113 78 14 -653
1.15%5 247 181 252 123 248 186 257 1927 21 657
1.548 298 233 3683 248 295 241 )51 233 43 671
2.854 289 178 224 183 212 174 221 178 22 —-b68
2.738 1688 75 1681 76 1688 88 183 72 15 -659?
DInA " Diameter fraction concentrations : cm—3 " DIAGNOSTICSE
B.487 146 118 151 121 149 128 153 116 Cycle 164
A.6472 244 286 263 215 251 286 268 281 Scans 15
B.866 289 221 298 234 292 227 Jaz2 232 Supply 23.2
1.155 156 111 158 115 157 128 163 129 Filter+ 523
1.548 13 16 16 14 16 19 15 22 Filter— 522
2.854 -a -1 -1 3 a 1 1 2 Battery+ 238
2.738 1 -1 1 -2 3 -3 5 -3 Battery— 236
3.652 4 -3 -A -1 i 1 3 a Yait_mobh 312
4_ 878 8 1 2 8 2 3 -1 4 Wait_dia 488
6.494 —4 4 2 -a i 1 2 5 Tau 3g22
Asymmetry 14
N—prt 2 2 L L 8 8 iA 13 E-hias+ @.87
n—cls 972 799 18897 833 785 822 1819 823 E-hias— 2.84
Z-cls 1.58 1.68 1.59 1.68 1.58 1.57 1.58 1.56 OovréTr B&5S08H8

Save current data into MOMTHS&DAYS: ON

Save diwurnal data into Extrafolder:
Save diagram tabhles into DIATABLES: OFF (Key D turns on?

Save scan details into SCAMDETAILS: OH

(Key M turns
OFF <no access)

off)

Set mark = Key B...9

Effect of a key appears

(Key § turns off>

at the end of the scan
SAUE & ERIT

= HZ




Test measurements
in natural environment
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Raintime mobility distribution
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SENSITIVITY is limited by the level of random errors or noise in the fraction
concentrations. The noise measurements were performed September 26-28
during strong wind, RH between 80 and 100% and drizzling rain from time to time.
Only difference with standard measurement was permanently closed inlet gate.

Fraction concentration, cm™
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NOISE

Noise : cm3 Fvintertime outdoor air,
rime and light snowfall .
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Additional information:

http://ael.physic.ut.ee/tammet/sigma
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