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APPARATUS FOR MEASURING ELECTRICAL CHARGES
AND OTHER PROPERTIES OF FOG

SUMARY

An apparatup is described which will measure the individual
elasctrical charges and diameters of large numbers of droplets of matural
fog and permit a direct determination of the particulate count. I% 1a
also applicable to other acrosols of a similar size ranga.

' -Size and charge are determined by photographing the trajee-
tories of the fog particlse falling im & paralloloplﬁfe condenser
subjected to a transverse commutated elsctric field. The rate of

vertical motion yields the radius, and the ampiituda of gigzag motiom

yields the charge. The polarity is also determined. Paftictﬂ.ate eo\_mté
are dotermined in the sams apparatus by substituting £lash-tube illumin-
atdon for the steady light source and counting the resulting images on
the photograph. The apparatus is reasonably portable provided elsc-
trical power is avallable. '

The lower limit of chargs meaauremen‘km'ranges from 50 electron
units on a droplet of 4 microns radius to 800 olectyron uniis on a droplet

of 20 microns radius. Droplets down to 1 microm radius or smaller

appear on the photograph end radii may be determined in the range of 3
to 45 microms,

In the measuremsnt of particulate counts, particlos down to
perkaps 0.3 microne redius are photographed. The x:aﬁiculate counts are
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therefm usually much higher than rrevious valves whioch were obtainsd
by indirect mothods based upon an "average" perticle sise.
| Some typical results are proesnted. The oharge maamuremnta
‘differ greatly from the type of results published in 1926 by Wigand.
The eigze distributions are quite similar to thoss obtained by sampling
with oiled slides except that more particles are found in the region
below 5 microns, perhaps suffisient to indicate the existencs of g
eoondayry maximum here.

It 1o expsctod that informetion obtained with this equipssnd
Will gi'm en insight into the mechaniame ef charging of fog and other
atmoapheric aerosols and the effect of chargaa on the stability.
Particulate counts and slze distribution mgammemntw in the very asmall
gizes hitherto not measured may be useful in establishing the mochanism

of formation of fog from vaporous water.
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R Tha physical-chemical properties of fog- are .oi; ‘eonsiderable

interest ﬁ*oza"’th@ peliant of vienm ef eollold soienes. HNuch iz known aboul

jhhe ohargee of liguid -eolloidal diepamianm, ‘bu% vory liutle about clec-

trical chezges oz diopsrpions in ga@@a., 4 mm’ber of mu%hom, Banerofd
1) 5 Sehmx:m (2), Schmenss end Wigand (3}, and Figend and mmnberger

-(4) {5), rave poptulated thet the stability of f@ges 83 ouds and smokes 1s

dus %o mubual Fepulsion oﬁ‘ charges oa the mr?&elm ? ‘bw wzg-' 1i%tie has
beesz :9.?9%'@&. .Wiganﬁ {6) msaaumd ths chovges on fog particlss by a
lm@ﬁh@ﬁ %o be disoussed bolow. High shargos have boen found on dust
élemﬂfs ; 2ad peny inw;fsﬁiga{mm kave sasured the cﬁ;@rg@m .om raindropa.
i‘h@m was thus comsifiecsblo reason £¢ expectirg fogs to be charged, and
for he chevges to effact the stabllity. The prosent réﬂeara}; hag ‘théréa
Poro concerned Lteol? with the demslopment of & sultable method ‘and
anpaq@us for the determimstion of ithe @lmﬁzﬁwl chergen on mtwal

foge 1m hgpg thet an understending might e remched with reg&z’ﬁ %o ehaz'géw

Fnd stability and that the information might be 'aséﬁzl. in the gtudy of fog
dispsrsal.

; Wigaml (6) bas dotermined the o}:m‘ges on natural fog by -meas-
nriﬁg i;!m change ia chm'ge on axn olocteified pla‘he ezpcmd to the fog,

the welght of watoy oalwe%d o i}he g)lzﬁtﬁs_, ané the average vise of tho
’fog‘ dmp’léts. He found ;eharg&m cf- tas er&qr of 1050 electrén vnlts por
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érapleﬁ on dry" fogs, ranging to valuss of the order of 50 electron
tfmiim.on met® fogm., His method 1s open to several serious objections.
ﬁ'irat, 1% determines omly the average cherge on ocharged particles and
ignores the possibility that only a small fractlon of the pariicles

.are charged. Secondly, 1t assumes that the charged particlea which are

éoll@ctad are the same everage slze as those giving rise to the Tooroma®
?henomenon used for the size measurexent., This is not liksly to be tzuse,
in this method of 6ollaction the most mobile partleles will be emphmsised,
nd the éiai‘.ribution of charge with size of particl@m ceuld conceivably
?w.m a mobility weximum of a very greatly different mize then the
average. Thirdly, it is not at all elear from Wigand's paper how
edeqmﬁaly he hap treated the conditiens wheve particles of both
polarities exist. His method oxtracts particles of ocme polarity '.f."ror;a

!
the fog and two separate determimations are required %o £imd the conbri-

rﬁution of both polarities, He does not appsar %o have domes this la all

f his measurementa. C;ther objections exist all pointing to %he
mw@sity of direct determination of charge, part:!.ol@ by perticls,

with a sufficient number of determimations to permi‘k conclusions af
émzisticaz. significance.

i A mothod has therefors been devised which psrmits the obser-
'Fa'tion of--chargea oﬁ fog droplets in large pumbers, Heasurement of the
sim of the droplets is integral with the mothod and a gimple adaptation

*ma permitted the dirsct detormination of particulate counts.

i
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METHOD

d Size Dete :
The method used for charge and eize Ffcterminition is an

adaptation of a method originally due %o Wells and Gerke (7) who de-
termined the diameter of charged smoke particles (assumod %o beoar umit
electronic charge) by photographing the slg-ssg wanderinge of the
pertioles in & commtated eloctric £leld. This was dono by ultra-
microscopic techniques. Fuchs (8) later imdicated the use of the same
rrinciple for determimetion of the slze and charge of droplete of oil
fog, agein microscopically, bﬁt presented no data. Hoppsr end Laky {9)
used the principle for determination of the electronic cherge. Kunkel
exd Hemgen (10) comstructed a "Dust Electricity Analyner" since the
inception of the present work, meking use of the same pr:inoiple,‘

The apparetus described herein conmsists eaa.en‘aially of a
;:hamber containing e pair of vertical parallel pletes which are chargsd,
one in the sequence 4, -, o, end the othsr ~,+, o, by a suitching
meochanism operated by a synohronous motor, One cycle requires cne=-Iifth
second, Fog falle freely betﬁeen the plates from the top, and charged
droplets fall in sig-zag pathts; These are photographced by a horisoniali
camsra with an exposure of about one-half second under forwerd-angle
illumination. The typs of photograph resulting ie shown in Figure 1,

The vertical component of velooity derende upon a balance
petﬂa@n the downward forece of gravity and the friotiocnal resistence of

i
I
|
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the air. The latter is given with sufficient accuracy by Stokes®
Law, It is readily shoun then that the wertical compoment of welocity
Yy obtained from the photograph ylelds the radius of droplet, p, accord-

m————r—
img to the equation: -~ = &} /OV. (1)
ik o
4+ -0 ‘-4 0 where ¥ 4is the viscosity of
) o

the air, g is the density of

[ the droplet matorial (here
vater), and g the acceleration
2 of gravity.

} It 18 not neceseary that

! the particleg be charged to
é measure the else, but the motionm
of the charged particles doos

| provide a calibration of the

time of exposure. With exposures

U 9 of about 1/2 second, droplsts

smaller tham about 2 or 3 microns
Higure 1

rediua make too short a traes for

rolirble messurement and those larger tham 45 microns paps out of the fisld

. of view, Morsover, particlna emaller than 2 or 3 microna appear om tho

rhotograph onl& if they are in good focus and in a well-lightad portion of
the field and they move so little that they are difficult ¢to detsct against
a background of other traces. Hence this portion of the size distribution

aﬁo
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ocurve i8 in considerable question.

\ The horisontal motion during 1/15 sscond is the amplitude of
one of the zig-sag peaks, This velooity ¥, 1s produced by the inmter-
action of the uniform field E aﬁd the charge on the droplet @, and the
motion 48 resisted by friction, again given by Stokee' Law. Then

e = 07 rva (2)
E

where » 18 given by Equation (1). When c.g.s. units are used the

charge is exprossed in 6.6.u.
| It will be noted that the commutation sequence is asymmotric

henocs the trajectorles of the cherged droplets have two forme depemding

upon polarity. In Figure 1 those having the peak of zig-sag motion %o

the left are negative.

:’ rticnlate

With the same squipment the number of droplets per unit volume
may bo measured by replacing the light soures with an slectronic flach
tube. Each particle ir the field then appears as a tiny black epot on
the £i1m. The determination of particulate count then depends wpon the
volumd photographed. The latter quantity was determined by probing the
field of view, under the same conditions of illumination, with fins
£ibers 2 micronp and greator in diamoter drawn from rubber sememt. It
is belisved that the portion of the f£ield of view chosen for measurement
records droplets of 2 microns radius throughout,with a seneitivity

=5
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groater than 1 microm in 85% of the volume. Experiments with smokes
indicate that particles near 0.3 microns are photographecd throughout

t;:a major part of the illuminated volums., An unovenness in distribution
i8 due to the impososibility of achifwing absolute wniformity of lighting,
to variations in foous, and to the faot that the angular relationship
betuecen light, droplet, and camera, and hence the scattered intensity,
change with position. These variations are minimized by using only a
rlwtrietad portion of the field of view foir measuremont.

This method of detqrmining perticulate count is to bs
cantrastad with provious metheds which obtain it indirectly from a
measurement of water contont and en average particle sise. The lattor
method cannot take mocount of the emall droplets below 10 microms in
dlamcter sincs they contribute relatively little to the water comntent
of the fog. It is believed that more consideration must be given to
these cmall particlee if an understanding is to be had of the mochaniaem
by which larger drope form.

The apparatus was consfruot@d with compaotnese and pormbi\lity
in order that it might be operated at any deeirable location. The
osgential ‘requiroment is a 120 volt, 60-cyole, power supply which may
originate from regular pover outlets or from a ‘portable gasoline gemerator.

It is composed of two fundamental parta, an electrods chamber

with illumirating system and camera, end a supporting cabinet containing
i

wbw
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the accessory power equipment and controls. The various units of the
apparatun are identifiable from Figures 2, 3, and 4. Parte are
numbersd in these three figuresc and referencs is made to the numbers
in the description below. |

| The apparatus makes use of the principle of forward-angle
1lluniration in which the light boam is directed through the electrodo
space toward the camera., This results in more efficient scattering of
light toward the camera by the fog droplets than is accomplished by
perpsndicular illumination. Exoellent photographs of droplets as
small a8 1 micron are obtainable by this method.

The plan view drawing, Figure 2, shows the arrangement of

the oamera, electrode chamber, sloctrode assembly, and the 1lluminating
gsource. The electrods chamber (2), figures 3 and 4, forms a protective
housing for the sleoctrode assembly (1) and a light shield for the
camera. It is of plywocd and masonite construction and is easily
d&taemble from the power box (9) below.

| A 1000-watt motion plcture projecticn lamp is used as the
tht gource. At a proper distancs from it is a oylindrical lems (14)
pade of ploxiglass mounted at the left rear cormer of the elsetrode
ehm. The lamp and lens illumipate the eleetrode space by directing
a narrow raotangular beam of light through window openings in the olee-
trode apssmbly. The forcpart of the ochambsr and a ]J.éht shield reduce
the amount of siray light reaching the camera lens.

675
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The slestrods assembly consists of a framswork of black
plexiglacs, which supports and provides insulation for the elsctrcdes.
The elestrodes are aluminum plates 2 inches wide and 5-1/2 inchss long
firmly attached to the inner walls of the plexiglage form. They ars
emoothly rounded on all cornere and sdges and are psinted black with
a opsoial preparation of carbon black. Their separation is 3.20 em,

 The assembly has vertical windows in the left roar and right front to

pérmit the 1light beam to paaa' through, The plexiglass windows are met
at an angls to pass the light bsam with a minimum of refleetion,

An integrel part of the chamber is & suction unit for pulling
in fog for particulats sount measuremente. There is a hele im ths
base of the elsotrode assembly which %orminetes im a cavity below, A
tube joins this cavity with a small box (3) on the right side of the
chamber which contains motor and exhsust fan,

The camera (7) is a Zeiss Ikon Eazim#.rg 6.5 x 9 em,, with an
£/4.5 lens, A roll £ilm adapter iz provided sc that sizs 120 (2-1/4 x
3-1/4) roll £ilm mey be used. By using a specicl magk just wide emough
to reeoive the image of ithe elostrodes, approximately 35 exposures can
be made om ono "8-exposure® roll of film. Eeptman Kodek Super XX at an
aperture of £/8 gives satisfactory results. Development is in high
contrast developer such as D=11 or D-8,

The apparatus ia equippsd with a 1000-watt projestiion lemp
for photographs lnvolving charge end mise determination,; ard an electromie

4&
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photoflagh tube (11) for partioculate eouni measursments. These lamps
are mounted on adapters whiech plug into a dusl purpose receptasle located
in the top of the power bax. Thoge adapters, vwhich ere mads of micarta,
give correct height to the lamps for beat illumiration. A blower (4)

16 provided to cool the projection lamp, and a water cell (13) filters
heat rays from the light beam.

During ordinary use the electrode assembly is oxposed to the
atmzosphers ae shown in the photographs., This helps maintain temparature
equilibrium with the air, but during tho daytime, the side pisces (10)
are used to onolcse the mssombly to maintaim photographic comtrast by
@limination of stray light., Plese (10), Figure 5, is mounted above the
electrode aseembly, Particles of fog enter through the square oponing.
A short tower (5) iz ussed in slight wind to prevemt turbulemt motion of
the partiocles.

The power box (9) upon which the chamber rests is constructed
of plywoed. It 46 14 inches wide, 12 inches high and 30 inckes long. A%
the firont ic @ eontrol panel for operation of tho slsctrical units
contained within, At ths top contsr is a miercammeter for imdication
of the slectrods voltage. On the left is an e.e. voltmeter to indicate
the voltage deliversd to the eloctrieal unitas. Thio voltage is adjusted
by the variable tranoformer at the bottom center of the control pamel.
Compsnaation for variation in the lime voltage can bs made by the trans-
former, and the olsetrcde voltage can be adjusted to a fixed walue. A



- £¥oquency meter 1s on the right. It is useful in cheeking the fre-
quency of the power source being used, mg check is moceogsary om
portableo gasoline generators which develop 60 cyelse only at the proper
aspsed. The spsed of the synchronous motor driving the high voltage
commutator ie determined by the frequemcy.

Tho interior of the powsr box is shown im Figure 5. It
containe three main units, the high veltege supply (2) (3), the high
voltags oomatator" (1); and the electronic photoflash power supply (4)
(5). Theso are fully described in the appendiz., Voltages of 5000 and
2400 volts arse provided for the 6lectrodes and 2200 volts for the flagh
wnit,

- Comnections to the electrcdes are made throqgh an enclosed
oyatem to prevent personal contact with the high voltsge. The output
wires from the commutator terminate at two stand-off imsulators om the
under eide of the top of the power box below the electrode chamber.
Holes bave bsen drilled in the top of the power box above these impulators
and eorresponding holes 'have been made in the electrode chamber. Hisarta
dowsls (8) having a brase conducting rod through their conter ave in-
GW down through the holes in the chambor and maks electrical contaest
with the stand-off insulators below. Commections to the electrodos are
made by short wires from the dowels %o ccmpressed springs whieh rase
through the walls of the electrode assembly contacting the elsetrodes.

=)=
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The dowels also serve to center and secure the chamber to the top of
the power bax,
The entire apparatus weighs about 80 pounds and is small

eﬁough to be carried by a slngle person.

=1l=




CHARGE MEASURING APPARATUS

Receptacle for Projection Lamp

—

and Photoflash Tube

—Blower

Water Cell

Cylindrical Lens

Electrode Assembly

Hole for Air Exhaust

Exhaust Motor and Fan

Air Exit Passage

—Front Window of Assembly

|
i
|

Electrodes

1—High Voltage Insulators

Dark Passage between Camera
and Electrode Assembly

Camera with Lens Shade

and Roll Film Adapter

Figure 2 Top Plan Vi

SCALE
6 I 2 3 4 5 6
INCHES
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(1)
(2)

(3)
(4)
(5)
(6)
(7)
(8)

(9)
(10)
(13)
(12)

CHAROE. MEASURING AFPARATUS (FRONT VIEW)

Elscirodo assembly, plexiglese construction.

Eloctrode chamber, fundamental unit of the apparatus housing
the eleotrede 'a@mmblya

Houning for exhaust moter, an integral part of the chamber.
3loﬁer for cooling the 1000 watt projection lamp.

Short tower to direct particles into the electrode reglon.
Paop hole throuvgh which tha- particles may be viewed.
Camera.

Inoulating dowel which containms & comductor %o bring the high
voliage from the commuiator to the eleotrodes.

Power box, containe elsctrical umits and controls.

Sidse pleces %o @ncloeer the electrode asesembly if desired,
Photoflash lamp mountod in speecisl micarts base,

Contxrol Farel.

From the upper left to bottom:

Projection lamp switch
Blower switch

A, C, Yolinmeter
Conmutator switeh
Bagtsr ewitch

From upper centezr to bottcm:

0-100 micrommeter
5000 volt supply switch on left, 2400 volt om »ight.
0=130 volt A4, C, variac transformar

From upper right to bottom:

Fhotoflagh triggering switoch
Photoflagh powsr switeb

58=62 cycle frequency @eter
Rhkeostat gsomirol for exheust moter
Exzhaust motor ewilch

=13
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FIGURE3 CHARGE MEASURING APPARATUS (FRONT VIEW)



(1)
(2)
(3)
(4)
(5)
(6)
(7
(8)
(9)
(10)
(11)
(12)
(13)
(14)

Elsctrode Assecmbly

Electrodeo Chamber

Honming; for exhaust motor

Blower for coolimg the projection lamp
Towor

Projestion lamp, mounted in position
Camora

Insulating dowel for high voltago commsction to the olectrodes
Power box

Top pieso vhich covers elostrode acsembly
Fhotoflash lamp

Power inlet reosptaoclo

Water cell

Cylindrical lems

“'15“’



FIGURE 4 CHARGE MEASURING APPARATUS (REAR VIEW)



(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

High voltege commutator

5000 volt power supply

2400 volt power supply

Fhotoflash rectifier, 1100 volts

Fhotoflash components (2500 volt, 25 mfd. capacitor below).

High voltage sslector switch

Panel conteining precision resistors in voltege meav_zz'ing cirouit
Battery to opsréte photoflash triggoring relsy and exhaust motor

=17
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FIGURE 5 POWER BOX INTERIOR



Eield Opexetionss
| During the foggy scason which is intermittent botuesn
September and March, the charge measuring appgmtua is kopt in readi-
 mees for.immediate uwse. In order that i¢ might be at the same temp-
 erature as the outeide air when opsrations are commenced, the
| apparatus i3 stored in an unhsated building and net used for at loast
ono-half hour after 1t has been set up in a fog.

Partioulate commt msagurementa are made with the elostrode
asegembly completely uncovered., The exhaust motor and fan are used
to keep e._steady flow of particles into the apparatus while a photo-
graphic exposure 1s made with flashtubo 1llumination. %wo or three
expocures ere made to obtainm a check on the count.

For ploturec invelving charge end gise determimation, the
projection lamp 1z momentarily turned on for cach oxpodure after
turning on the ocormutator and adjusting the high voltage to a dosired
value, Not moro than four or five photographs are talen im oneo

- oporation and the apparatuc is loft idle for ebout 20 mimutes before

| oipomtﬂ.ona are rosumed. Minimum use of the projection lamp end only
pordodic uso of the apparatup ie nococssary to prevent uarming above
tho natural air Yomperature. Evexi slight warming vill dioturd the
free £all of the amaller particles by evaporation and upward air eurrents.

<19-
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I% is eesential that turbulence withim the ®lectrods
chamber bs controlled for satisfactory operation of the apparatus,
It is also necespary to control the number of particles sampled im
very dense fogs lest there be too many in one photogreph for easy
identification end messurement. The number of entering particles

‘ may be limited by deereaging the size of the entrance slit above

the electrodee or plasing the short tower (5) above the entrance.

- In a calm stable fog turbulence presents mo special problem. The

fog droplets will enter freely with the electrods asssmbly open to
the atmosphere or covered by piece (10), Figure 4, which directs the
particles into the electrical fisld. If the fog is being stirred by

light breeses, the short tower placed above the enirance will calm

" the air and prevent turbulent motiom, If eppreciable wind is present

and the towor does mot prevent turbulence, exposures are made at
moments of "ealm” vhen the wind has momentarily ceased.

If oharged particles are not visually obsorved, it has been
found wise to epruy a fev charged droplets above the apparatus with
an atomiser since the trajectory of a charged partiole is required to

| calibrate the camers shuttor spesd.

The apparatus may bs transported by automobile to any
dosired location. Sixty-cycle elternating ecurrent with at least 15
amperss capacity at 120 volts should be available for satisfactory

~ operation.

ua20u=
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After development of the £ilm, moasursments are talem while
| projecting an enlerged imags of the negative om to a sorcen of graph
paper ruled in miilimetors. The imags ie emnlarged to ten times the
‘aotual dimsnsions of the electrode arca imcluded in the photiograph.

In the case of charged particles the hordzomtal amplitude amd
the vertical fall in ome commtation oyele are recorded, and the chargoe
18 calculatod by equatioms (1) and (2). The total mumber of particles
1appaaring on a f£ilm are counted in order to evaluate tho percentage of
the particles which are charged.

When sise distributlons ere being determined it is wery
w cumberaome to record the length of the trace for each particls appaayr-

) ing on the £ilm and tken calculats each particlo size., A slmplified
sycten is used in thie case. Tha distribution curve is usually plotited
‘@@ the number of particles found in a given eize interval. The intervals

of periicle slze eve cxpressed on the quoiema of the graph paper in

terms of the oquivalernt imtervals of ¢race langth, and as each trace i

. meagured one unit on the ordinate is marked off in the epprorriats trace
| length ;m‘.eml. In this mapner the eise distribution curve is roughly
plotted ap the data is beimg taken.
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LIMITS OF ACCURACY

Sampling:

In general, most ldeal sampling is obtained whem the elec-
trode plates are as nearly as possible directly exposed to the fog,
When towers or other collimating devices are used %o prevent intrusion

of turbulent eddies, a smaller number of particleas enters the field of

view. ‘This effeot becomes greater with smaller diamestsrs and greater

heighte of towers. This is due mainly to three causes. With turbulent

motion some of tho larger particles are lost by being thrown agalnst
the walle of the towor before the turbulence is damped out, Some of
the smzller droplats are lost by evaporation. Exiuremoly small increases
in temperature suffios, and even with the precautions taken to avoid
appa'ec;able heating by the light source, restricted towers prolong the
contact with slightly warmsd air sufficiently to eause considerable
evaporation. Thirdly, upward motion of the air in the tower due to
heating is accentuated, ae in a chimmey, and very emall droplets hecauss
of their low sctiling velocity may fail to enter. This is also partly

true of the sliti ussd to restrict the number of particles entering.

Thus there may be a oconsiderable defisiency in the very emall particles

“and a small doficiensy in the very large particles. These difficulties

' bave been avoided to a great extent when poseible by working without a

| tower and waiting for & quiet psriod to make the exposurs. Also the

22w



| chanmber 1s freely exposced to the fog by openimg the top until imme-
diately befors photographing. After replacing the top and tower,

- suction is applied until just teforo the shutter is tripped. The
‘resnlti.ng 813 distribution curves agree well with these taken by
collestion on narrow (2 mm) olled slides except that more particles

' below 5 microms radivs ere shown in the prosent method. However,

| experiments have showa that iam the flazh photographso taken for
particalate counts, about 1.7 times asc many counts are cbtained when
the foggy air is sucked into the measuring chamber artificiclly than
when fog settlea in naturally through the opea top. Suction has
therefore been t;a@:i for all partioulate oount measuremsnts. It is
believed that the difference oocurs msinly in particles in the aize
region of 1 micron radius or amaller which evaporate with extreme
readiness. The apparatus is consistent and duplicate determinations

| agree very well.

Sise and Sise Distribution Msasurements:

As huo been mentioned, the slses of droplets smaller than
2=3 miorons radius are not determined because they move too little
 during the exposure for their fres fall velocity to be measured. More-
| over, the very short iraces are hard to distimguish against a back-
ground of other traces. Inoreass in oxposure time is not a very
practical solution since more cf the rapidly falling particles then

=3



‘@

£431 in the background and éﬁmy light increases the gemeral back-
ground fog. Also, more of the large perticles are then lost by
pasging entirely through the field of view.

The latter phenomenon leads to errors in the commts of

large particles. Droplets larger than 45 microms radius traverse

the entirve £ield in 1/2 second and therefore escaps messurement
complotely. Ya general 1% may be statsd that if a pértiole falls
with such a veloeidy se to traverse 1/m of the field im the exposure
time, the fraciion of thet sise group escapimg is 1/a. The number
in each sizoe group should thea be multdplied by 2%~ At 20 miorens

radius, this factor 1 about 1.2 and decresses repidly with emaller

pizes., Thus 1t seriously affocts only the particles which ave occurring
in nucbers go small as %o have little statistical significancs. There-

- fore no attempt to apply the corrections has bsen made.

Anothsr error eriscs from persallsx im the optical systenm.
Particles nearer the camera appesr to fall farther than those farther
avay. The error at the extremes is ¥ 6%. Statistically this error

. shovld approximately balanes out.

The accuracy in measursment of trace lenmgth varies with the.

 length of trace. With the large particles, it is better than 1¥ and

. beecmes progresaively poover with emaller sises.

Stokes! Law begine to fail significantly at about 15 mierons

- radius where tie droplets fall too slowly by a factor of 1.01 and are



thersfore asoribed a radius too smell by ,/1.81 or 1,05. At 20 microns

‘the error in radius is %é%, at 30 it is i%%%and at 40 it ie ia—%z
'These taotors sre calculated from the table of drag coefficients for
spheres prezonted by Lemgmuir (11).

Ccrraction could be made for thess discrepancies but thoy

4

i begin to be serlous only in sise regions whore very few particles are
found, and the correction is regleeted.
 Chaxre Hosgurements:
All of the errors ontering into maasuremenis of radius affect
th leulated cha n! vatl 2 617 1Yy
e cale d charge eince by Eq en (2) e = E{]rb_ . When ¥,

is high due to parallax; Vh wlll also bo high. The failure of Stokes?’

Law also affecta Vy, but ¥y is ordinarily somewhat less than V,. However,

the square root does not enter; and on the average it is estimated that
- the error due to this cause is about tho same as or somewhat less then
the error in 3. Thue at 20 microms redius the charge is low by a factor
of about 1,2 due to Stokes' Law, the error decreasing very rapidly with
decrease in sizme.
Errors due to voltage measurement and eontrol are about 3%
maximum., There ars some end effects near the edges of the electrodes
. and due to the window oponings whiech contribute a maximum of perhapse
5-10% of error to a relatively small proportion of the measurements.
The lower 1limit of charge deteeoted dopends upon the radiue of
droplet. Other factors being equal, tho amplitude of zig-sag motion is
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proportional to e/r. But & given amplitude of lateral motion becomes
increasingly difficult to detoct and measure with longer traces. It
18 catimated that the minimum detectabls charge is about 50 eleotron
! units at 4 microns radius, 155 at 9 microns and 800 at 20 miocroms.

These values also represent the absolute limits in accuracy of measure-

‘ment of the defleotions.

In general then it may be stated that for moat of the partielesg
thers will be a rolative error of sbout * 10% superimposaed upon an
absolute arror of the magnitudes mentioned above.

Theoretically, it would appear sasy to extend the sensitivity

| by merely incrsasing the electrical £isld strength decreasing tha

frequency of commutaticn and increaging the exposurs. The fisld

. otreongth is already 1780 volts por centimeter and it iz desirable to
avoid excessively high fields besause of the denger of coroma discharge
with consequent spurious charging of the particles. Increasing the
exposure time and decreasing the frequency of commutation increases the
background fog, increasses the number of particles strilring the elsotrodes
and being captured, and the number passing out of the field befors com-
pleting 1/3 oyels. Each trace would then block out more of the photoé
grarh and fewer particles oould bs mompured. Considering also that in
the problem of fog stabllity one is interested more im the relatively
high charges which have strong interactions, the present conditions

were comsidered the best compronise.
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Particulate Counts:
Particulate counts probably contain 14ittle error due to

sampling and counting. However, one might reasonably suppose that
tho count would incresse as the sensitivity of ths method _18 extended
to smaller and smaller sizes. Thus the significance of the results
depends upon the lower sige limit., As stated under "METHOD" it is
quits certain that this limit extends to 1 microm radius and very
possibly to 0.3 microns in some portiors of the field. However, thise
lovwier size limit is not accurately kmown. Experiments are being de-
viscd to sstablish this limit more sccurately. '

RESULIS o

Much data has bosn obtained with this apparatus whieh
remains to be analysed and intérpreted end more io being taken. Some
typical results are presented in Figures 6 and 7 as an illustration of
the types of data obtained. A more complete discussion of the resulte
will be madse in u subsequent report,

It will be noted that only a small percentage of the droplets

ere charged and that both polaritlics are present, negative preponderating.
" Thig is to be contrasted with Wigand's conclusion that all the droplets

were charged with charges about this same order of magnitude and pre-
ponderately positive.
The size distributions are typicel of fogs im this ares with a

frequenoy meximum at about 10 mierons radius. The portion of the eurve

—-_127? E5)
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extonding beyond 25 microns was contributed mainly by data taken
after 4330 A.M, when ths fog degemerated into a drissle and gradually

| diseipated, Below about 3 microms the results are incomclusive for

| the reasong mentioned previously. In Figure 7 an attempt was made %o
| count all of the traces showing no movement amnd emough were found to
| suggest the pogsibility of the existence of & secondary meximum in

the amall sise range such as that indicated by the dotted curve,
The partioulate eounts are usually much higher than those
obtained by other methecds, in some cases being as high as 15 or 20,

-~ Congiderable work is mecessary im correlation of these values with

other properties of the fog in crder to meke the results meamingful.
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HIGH VOLTAGE SUPFLY AND MEASUREMENT

The portablo apparatus uses two compact HI-VOLT power sup-

‘plies manufactured by Condenser Produets Co. One is rated at 2400

volts and the other 5000 vglts d.c. These units were designed for use
at a fixed voltage so two were used to give scme choice of voltage.

- Figure 8 is a diegram of the high 'voltége system. The nega-
tive leads of the two power supplies foxn & comnon inw% to the commu~
tator. Trke positive leads terminate at oprosite texmmirnals of a single
pole double throw switeh (6), Figure 5. The switch 1s used to select

- the power supply to be fed to the camutator and the electzodes. Sepa-~

rate gwitches to turn on the power suppliss are located on the control
panel below the microammeter. The selector switch is on the left side
of the power box.

A series of silx ten-megohm resistors are comnected across the
output of ﬁhe voltage supply. At the midpoint of the resistor chain
and in serics with it is connected a 0-100 microameter.for voltage
measurement. Two ;!./z megohm resistors. are commeoted across the micro-
ammeter and the center point is grounded to the reaﬁifiér case. This

places the mierqammetar at a low potentiél with respect to ground and

. establishes ground potential at the approximate mid-point of the woliage

differensd.
The ten-mogohm resistors are the "Precistors" Type DOH made

by the International Resistance Co. These have an acouracy ﬁtixig of
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427 at 25°C. a temperature coefficient of -0.025% per degree, and.-a
voltage coefficient of -0.001% per volt. Since a maximm of 830 volts
‘appears across each resistor the error from the latter source is 0.8%.
The wmperature coofficient is negligible since the resistors are used
only briefly and heat vory little. The over-all accurasy in voldage

'control and measurement is about 43%.

The commtator consists of four Sperti vaouum switches Type

'S1, operated in proper sequence by rotating cams. The cems are turned

1by a 300 ».p.m. synchronous motor. The switches are a single-pole

double~throw type rated for 7500 volts. The wiring diagram is shown in
Figure 9 and a photograph of the commutator in Figure 10. The mechaniem

of operation will be evident if it is noted that the pair of switches

to the right comneet the left pair to the output temminals or short

‘oirouit the latter in the two positions. In the left pair the usual

reversing switch connections are made excop? that when the right pair of

switch arms are in position B the left pair ere .in a middle position

. making no oontect.

The sequence of opérations is to first electrify i‘;he eloec-

| %rodes at opposite polarities for 1/15 second, réverse %he vpolariﬁles

for the sams period, and finally to short the olectrodes, making a com-

plete oycle 1/5 second long. The switching requires about 1/600 second,

-J 8-
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03‘1/40' of 6xw~thim oycle. Duping this peried, however, the electrodes

| retain their previous chargs to a great extent and this effect can be
. | )

naglected in caloulation.

~B33=




HIGH VOLTAGE SUPPLY

Koo o—dp
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HIGH VOLTAGE COMMUTATOR

. Figure O, Commutator Photograph
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PEOTONLASH POWER SUPPLY

The electronic photoflash power: gupply is of conventional
deslgn, essentially that shown in Figure 11 sxcept that the rectifier
i tube and transformer avre replaced by the packaged power supply Type

PS-1 of Condenser Products Co. with an output of 2400 wolts.

There are three highly insulated wires leadinz from the power

supply to tho flashiube. Two are from the photoflash capacitor and

| the other from the triggering trensformer. These wires terminate at

the duel-purpose lemp Bocket located in the top 114 of the powexr box.

Precper connections dre made %o the flash Pube when it is set in place..
The photoflash corponents are located on the sams p;l.a’cfom

as the other high voltage equipment. The flashtube im txiggersd by

Fa relay switch locaﬁed a% ¢the top right coraner of the control pamel.




PHOTOFLASH POWER SUPPLY

Swi o

1—

120V. AC. 2X2

Ri

FT-214

T, - Power Transformer,|IOOV. & 2.5V. Sec.
T2—-UTC Trigger Transformer, PF—-3

Sw; - Power Switch

Swo - Triggering Switch

F —1/4 Ampere Fuze

R, - 15 Ohm, 10 Watt

Ro- 2000 Ohm, 10 Watt

R3z- 1/2 Megohm, 2 Watt

R4 — 2 Megohm, 2 Watt

Cy —Photoflash Capacitor,25 Mfd., 2500V,
C2— 1.0 Mfd, 600 V.

B - 12 Volt Battery

Ry— SPST Relay, 12V. Coil

Figure |
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