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ELECTRICAL PHENOMENA OF FALLING AND DRIFTING SNOW 

I. INTRODUCTION 

(a) General Observations 

Since the time of Franklin, 1750, it has been known 

that there is a state of electricity associated with the Earth 

and its atmosphere. Experiments have shown that a total negative 

surface charge of the order of 5 x 105 coulombs resides on the 

Earth. This gives rise to the Earth's normal fair-weather 
\ 

electric field of an average magnitude of approximately 100 

volts per meter. Furthermore, the atmosphere has a finite con

ductivity, so that under the action of this electric field, there 

isa dissipation current. Application of Ohm's law to atmo

spheric conduction yields the following relation for this current: 

where it =total conduction current density; 

i+ =conduction current density of positive ions; 

i_ =conduction current density of negative ions; 

6 ::::: conductivity of theatmosphere; 

h+ = positive polar conductivity of the atmosphere; 

A_ ::::: negative polar conductivity of the atmosphere; 

E ::::: Earth's electric field. 

The magnitude of this total current density is independent of 

altitude, but both Eand 6 are functions of altitude, the former 

decreasing and the latter increasing with height. 

Observations from balloon ascents" (Wigand, 1) have shown 

that the Earth's electric field decre~ses far more rapidly with 

altitude than that due to a uniform distribution of charge on the 
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surface. This indicates the existence ofa freesp8.ce charge. 

The distribution of this free space charge determines 

uniquely, through Poisson's equation, the electrical state of the 

atmosphere. Thus, a study of this charge distribution is ex

tremely important. Free charges result from conduction in the 

non-homogeneous atmosphere, and from accelerating forcesaoting 

on rain, snow and dust. Thus, providing the charge distributions 

are stratiform, Poisson's equation becomes 

(1) 

where E = the electric field; 

Z = the altitude; 

e = space charge density.t 

McNish (2) has shown that this expression is valid, providing 

the horizontal extent of the region is several times the height. 

As before 

i ::: 6 E (2) 

Therefore, considering only a. steady state condition, equation (1) 

beoomes 

4n~ :::: + i d6 
I 

O~dZ

Next, applying the Gauss theorem toa unit volume ccntadnfng a 

charge p~ yields 

- d E'?.. -= a!E'da ==4TI 6 (?z, 
dt 

A 

Therefore 
(5) 

where e~o:::: value of the space charge.a.t t :::: o. 

This shows that in the absence of convective processes, 
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any free charge will be dissipated by conduction, decaying to lIe 

of its value ina time 1/4TI6. This quantity is known as the 

relaxation time and is a function of the altitude. The following 

table from Gunn (3) shows the variation of conductivity and re

laxation time with altitude. 

Altitude 

( em.) 

Conductivity 

(as.u/cm. ) 

Relaxation 
Time 

(sec. ) 

0 

5 x 103 

1 x 105 

.3 x 105 

6x 105 

9 x 105 

2.0 x 10-4 

4.4 x 10-4 

5.8 x 10-4 

9.6 x 10-4 

20 x 10-4 

45 x 10-4 

398 

ISO 

139 

82 

40 

17 

According to the well-known barometric. equation, the 

molecular density nat any height Z is given by the relation 

(6) 

where m := mean aaes of the atmospheric molecule; 

g := acceleration of gravity; 

k ~ Boltzman'L;gas constant; 

T ::: absolute temperature; 

(J, := mgJkT ~ 1.4 x 10-6 em-I 

no ::: molecular density at reference levelZ ::: o. 

Any volume of air containing a space charge density (?~oat Z ::: 0 

if moved toa new altitude Z will have a molecular density given 

by equation (6). If the movement is rapid, so there is no charge 

dissipation by conduction, the ratio of free ions to molecules in 
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this volume is constant. Therefore, the value of the space cha.:rge 

ass. function of altitude is given by an expression similar to 

equation (6), namely 

This is the expression for the space charge density in 

a rapidly mixed atmosphere. Generally, turbulence is not great 

enough to satisfy equation (7) and it must be modified to account, 

for conduction. The resultant expreasd.on is 

(8)~ == E'QO lexp( -aIZ - 4 n 6,t~

where eoo== space charge derisityat reference level; 

6,:::: average value of 6 • 

Finally,the total space charge is given by 

C) == +i • d6 + CJ (exp [-aZ - 4n 6,tl.> (9)
'" 4TI <5 ~ dZ '00 

The first term represents the free charge due to conduction in 

the non-homogeneousatmosphere, while the second term represents 

the space charge due to mechanical separations. If the entire 

atmosphere can be considered as expanding upwards at a uniform 

velocity VI' equation (9) yields the approximate relation 

r :::: + i d6 + eQQ[exp (-<2 - 4 IT6JZl (10);2...

4TIo dZ v 'J
c 

Evaluating the potential gradient by means of equation (1) yields 

E :; -4n JedZ = + i + 4 IT epa rexp (-<:s _ 4TI6.)Zl (11) 
(5 CIt + 4116, l v 'J 

v 

where E -- Das Z -... C>O. 

If one imposes the condition that the charge delivered 

to any heightZ, beat least 1/e of the original value, the follow-

ing inequality must be satisfied, namely 

(12) 
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At a height of I lan, this expression yields a value of v of 

approximately 7 meters per second. The importance of this lies 

in the fact that relatively small air velocities may produce large 

charge separationaat moderate altitudes. 

Ordinarily, the electric field depends almost entirely 

on the conduction process. However, if meteorological conditions 

are such that simultaneously large values of E'ooand v are 

present, large fields will be produced. There is a good possi

bility that such conditions will exist in a blizzard. 

In fair weather, the total conduction current from 

Earth to :atmosphere is of the order of 1000 amperes. This would 

dissipate the surface charge of 5 x 105 coulombs in approximately 

ten minutes. However, this charge remains p:r,actically constant. 

Hence, one of the fundamental problems of atmospheric electricity 

is to discover the mechanism or mechanisms that maintain;: this 

distribution. 

Originally, it was thought that charges carried down by 

precipitation might afford the answer. However, observations on 

rain generally indicate, that during any one storm (excluding 

violent thunderstorms), the charge precipitated is mixed negative 

and P?sitive, with a preponderance of positive. Chalme3J'S and 

Pasquil (4) and Gschwand (4), give the ratio of positivet() 

negative charge as approximately 3 ; 2. Average absolute values 

of the charge range from 0.029 to 200 e.5.u. per gram of water. 

The maximum values were obtained by Gschwend (4) during thunder

storms. 

Observations on the precipitation current of snow;ue 
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practically non-existent. The rew results av:ailableare con

flicting, even as to sign. V. J. Schaeffer (5), .as a result of 

recent work in the eastern United States, gives an average value 

of 10-4 e.s.u. per flake. He also points out that in any experi

ment of this type, the sample observed is such a small portion of 

the total charge, that conflictions are not surprising. 

The important feature of these observations is that the 

net charge carried to Earth is positive .Schonland (6), givesan 

integrated estimate of 200 .a.rnperes flowing in the direction of 

the conduction current. Clearly, this is not the source of the 

Earth's constant negative charge. 

Periods of disturbed weather such as dust storms, 

thunderstorms and blizzards are now thought to have an important 

role in charge maintenance. Extremely high reversed potential 

gradients have been observed during thunderstorms. (Simpson, 7). 

A value of 50,000 volts per meter is not uncommom. Under such con

ditions the supply current would be substantial. However, blizzards 

and dust storJns8,ppear to be characterized by la.rge positive 

potential gr:adients. During blizzards, the gradient in every case 

has exceeded the range of the measuring appara.tus (Currie 8, 

Sverdrup 9, Simpson 4:). Estimates of field strength are as high 

as 5000 volts per meter. Two inferences from these observations 

are that (a) the picture of the supply current is quite incomplete 

and (b) atmospheric electrical effects are highly magnified during 

disturbed weather. 

Another fundamental problem of atmospheric electricity 

is the origin of the precipitation charge. Several theories have 
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been advanced. Some of these will be discussed in the following 

section. 

Another question is the source of the observed charge 

distributions in ,a thundercloud.. The upper portion of the cloud 

is poed,t:Lvely charged,and the medial rain-forming region nega

tively charged, while there iSBn accumulation of positive charge 

at the cloud base. Figure I illustrates this distribution. 

Figure I. 

It is also observed that the upper portion of the cloud Laat a 

temperature below osc. This is important because all precipi

tation above this level will be in the form of ice. All these 

observations were made by Simpson (7) employing alti-electrographs 

carried aloft by balloons. 

The problems of atmospheric electricity have been 

summarized quite clearly by Gunn (3) as follows:, 

-Detailed studies of atmospheric electricity have served 

primarily to emphasize the relative complexity of the processes 

which produce the observed electrical distributions within a 
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thunderstorm and over the Earth-. 

(b) Existing Theories of Precipitation Charging 

The first theory to be treated is the breaking-drop 

theory due to Simpson (4). Its basis is the Len~d effect, i.e. 

a separation of charge occurs when :a 'WS.ter droplet is disrupted 

by 8, solid object. Simpson (4) has shown. by laboratory experiments 

that water droplets when nisrapted bye. rising air current leads 

to a separation of charge. The la.rger water particles become 

positively charged, the negative charge going 'Off with the fine 

spray. This processca.n be explained by the polar nature ofa 

water surface. The surface molecules orient themselves so the 

charge at the air-water interface is negative, (Currie ,and Alty 10). 

When this surface is disrupted,a negative charge goes into the air 

on the minute ·surface fragments, leaving an equal positive charge 

on the remainder of the drop. Experiments have shown that water 

cannot fall through an ascending current of air of velocity greater 

than eight meters per second, (Simpson 4) • Simpson, therefore, 

postulated that water accumulates at the head of these ascending 

currents. These drops grow by contact only to, be disrupted by 

the ,air stream, each disruption being accompanied by a charge 

separation. However, it is doubtful if this process would account 

for charging in the less violent forms of precipitation. 

The next theory is that of seleotive ion absorption 

advanced by C. T. R. Wilson (4). It is based on the fact that a 

raindrop, i.e. a conductor, becomes polarised in an electric field. 

In the Earth's normal electric field the lower half of the drop 

would become positively charged, the upper half negatively char-ged, 
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Under ordinary conditions, positive ions would be attracted to the 

upper surface of the drop and negative Lena to the lower surface. 

However, if the drop wez:-e moving downward, faster than the pesitive 

ions, only negative ions 'Would be captured at the lower surface. 

This would lead to negative charging of the drop, and is Wilson's 

explanation of the phenomenon. The necessary condition for this 

process to f'Wlction is that the positive ions have a low mobility. 

Experiments by J. P. Gatt (4) with falling drops in an electric 

field indicate that a charging does take place. 

J .1.. Chalmers (11) has presented a mathematical treat

ment of the polarization of ice crystals and radndrops, showing 

that both can become charged by the. Wilson process under suitable 

conditions. He considered rain drops as conductors and ice crystals 

as dielectrics. Since the dielectric constant of ice is high 

(approximately 80), the charge distributton on an ice particle in 

an electric field is essentially that ofa conductor, providing 

both are initially uncharged. However, a difference appears as 

soon as ions of one sign are captured. In the conductor, the 

charge is distributed, changing the boundary between the negative 

and positive surface charges. ThUS, negative ions arriving at a. 

drop decrease the area at which nega.tive ions may be caught. For 

the non-conductor, the boundary does not shift, but the charge 

where the ions are caught diminishes. These processes thus limit 

the charge the. t may be carried by anyone rain drop or snow flake. 

Chalmers had also shown that.8. flat ice cry-stalct area 

A, falling through a negative ionic current i 2..' qequires a charge 

- i;4.1x provided ia;Ax < Ii.t. ' where x is the distance of fall 
---:;:- zrr v 
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and v is the velooity. The latter quantity is the polarization 

oharge on a surfaoe of the plate, if edge effects are neglected. 

The oharge acquired bya spherical water droplet is - 3rra2xL;l. 
v 

where a is the drop radius. Thus, for particles of equal mass, 

2sinoe 3fTa is less than A and the velooity of the drop is greater, 

the ice crystal willa-cquin the greater charge. 'This would 

suggest that snow flakes carry larger charges than rain drops. 

However, Chalmers has :a180 pointed out ,a.pparent short

comings of this charging theory. In the large fields ofa thunder

cloud, the velocity of all ions would be high, rendering the pro-· 

oess mopers.tive. Furthermore, if the positive ions, or even a 

traction of them, are small, their mobility will be sufficient to 

destroy the charging in any field. 

·Sohonland (6) has discussed the reoovery curves ofa 

field after .s. lightning flash, and concluded that they lead:;"to an 

initial oharging current of four amperes • This requires the pro

duction of 250 ions/cc/sec wi thin a storm volume of lOa cubic 

kilometers, which far exceeds ionization by cosmic rays. The ion 

source for this process then becomes questionable. It thus appears 

thet the validity of the Wilson theory depends entirely on unknown 

ionic distributions in the atmosphere. 

Experiments by R. Gmm (3) indicated that water con

densing ona cold -surface produoed a negative potential of :about 

0.1 volt. As the .surface warmed, the charge became positive, then 

leaked off by ordinary conduction. It was also observed that 

large charging rates accompanied large evaporatlng or condensing 

ra.tes. This led him to po:stulate that each water droplet and the 
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moisture laden atmospheric ions surrounding it constitute an 

electrical ccncerrtr-at ion cell. 

Accor-d.ing to Gunn (3), the equat.i.on for the potential 

difference between two drops nf pure water is 

V= 2u- .~ (1) 
u; + U+ e 

where u_ =mobf.LLtv of a negative atmospher-Lc ion; 

U+ = mobility of a positive atmospheric ion; 

k =Boltzmann; gas constant; 

e =electronic chDrge; 

T = absolute temperature_ 

Cl an6 G2are the ionized water v3por concentrations just 

outside each drop. 

This is therelfltion for t.he E.M.F. of Fln ordinary 

electrical concentrntion cell with transference (12). However 

the applicability of this equation to raincrons js not clearly 

understood. Nevertheless, for the sake of completeness the 

entire treatment is included. 

Equation (I) wil] give the potential difference of a 

drop and the space surrounding tt, providing Cl and C2 are the 

vapor concentrations at points near and many radii from the drop, 

respectively. This definition wiJl be used in the following 

development. 

Employing electrost.'Jtic unit.E, equation (1) becomes 

V - 6.92 x lO-~ T laglO (c2/b1) e.s.u. (2) 

where u, I; 1.1 cm./sec./volt/cm. ut =1.0 cm._/sec./vo1t/crn. 
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From the preliminary experiments, the measured potential was 

about 0.1 volt so that °2/°1 is approximately 100. 

Gunn assumed the ratio C2IOI equal to 10 giving V ~

0.063 volts. If the drop is evaporating the concentration at a. 

distance will be less than at the surface so it will ,acquire a 

positive charge given Qy 

Q == OV == 6.92 x 10-7 aT loglO (C~CJ? (3) 

where C :::: electrostatic capacity of the drop; 

a :::: radius of the drop. 

This leads to the important conclusion that rain drops or snow 

flakes in electrica.l equilibrium carry positive Qr negative charges 

proportional to their radii ,according to whether the drop is 

evaporating or condensing. It should also be noted that under 

ordinary conditiona each drop will be surrounded by a sheath of 

ions of opposd,te sign. 

The formation of large drops from small droplets will 

be considered next. If n and r are the mass and radius of a small . 

droplet and M the mass of the large drop formed, the total charge, 

providing conduction to the atmosphere is slow, will be given by the 

relation 

, , 
where Cl and 02 refer to the associated concentrations of a small 

droplet. Generally, this charge is a.bove the equilibrium value and 

begins to leak off by conduction. The total charge as a function 

of the time is then given by the equation 

-7 I -tJ " Qt 
f=6.92 x 10 (M n) r.T.e 'Tlogl O (O~CI) + Qf 

where T:::: relaxation time of the atmosphere; 

Qr == final equilibrium charge. 
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As before, unless the ion sheath is removed, every drop will be 

surrounded by a neutralizing charge of a.tmospheric ions. 

Since. every drop is surrounded by neutralizing ions, 

an examination of the circumstances permitting their removal is 

necessary. If q is the charge on each elementary droplet, the 

electric field at the surface of the newly formed drop is given by 

E :: (M/n).ss 2R 

The mobility is given by the expression 

u :: U [exp(aZ)1o 

where Uo :: mobility atZ :: 0; 

Z :: altitude. 

The maximum velocity that a charged drop can impo.se on its neutral-· 

ising ions is then given by 

(6) 

By Stoke's law the drop falls with a velocity given by 

(7) 

where w :: difference of drop densityand density of surroundings; 

ll.:: coefficient of viscosity of air. 

Therefore, for separation of the ion sheath 

(8) 

Equation (8) combined with equation (4) yields the inequality 

Rr
2 > (3.12 x lO-6)(T loglO 021'01)(~) (Uo ( exp(aZ)l) (9)

UJ<g 

Using the values

II :: 1.8x 10-4 poise; U :: 410; to :: 1; T ::3000K;. Z :: 1 km,o 

(10) 

The important r-esul.t is that, except for snow flakes 

and the smallest size droplets, it is proper to assume that all 
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surrounding ions are stripped off the drop and that the separa.tion 

of charge actually takes plaoe (Gunn, 3). 

This concentration cell theory also bears an important 

relation to the Lenard effect. Applying the foregoing equations, 

a drop of mass M will haveen equilibrium charge given by 

Q~ =: (6.92 x 1O-7><-?/h)VIa '1' log (C.z/Cl ) (11) 

where d is the drop density. Now if the drop is broken into If 

droplets the total charge on theN droplets will be 

ON = (6.92 x lO-7)N{4~Nd) ~T log (02J'Cl) (12) 

Therefore, if the surrounding ion sheath Ls removed, say by an 

air blast, the ratio of final to initial char-ge i~ given by 

(13) 

Thus, considerable free charge may be generated in the break up. 

It will be positive if the drop is evaporating and negatd.ve if 

condensing. However, it should be noted th;Q.t this process ,applies 

only to equilibrium charges. Gunn (l) has suggested that in the 

disruption ofa drop carrying a large charge, the charge on the 

small droplets will be distributed so that the total charge is 

not appreciably changed. 

Applying the foregoing to Simpson 's breaking-drop theory 

yields interesting results. Droplets broken in the rain formation 

region of the cloud would be negatively charged instead of posi

tively charged as postu.lated by Simpson. This yields better agree

ment when applied to observed charge distributions ina thunder

cloud. However, Gunn (3) suggests, that as the break-up of highly 

charged drops does not appreciably inorease the total cha.rge, the 
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Simpson theory is only of minor importance in the thunderstorm 

mechanism. 

A later paper by Gunn and Dinger (13) suggests that 

electrical effects associated witb the change ofsmte of water 

may also bea factor in the origin of precipitation charge. Con

trolled experiments revealed that during melting, ice gains .6. 

positive charge of the order of 1.25 e.s.u. per cc.Any charging 

during the freezing process wason a. much ;smaller soale. Other 

important features observed were that air had to be entrapped in 

the ice and that pure water was absolutely necessary to produce 

the charging. 

This phenomenon was explained on the basis of preferred 

orientation of the water molecules at the air-water interface. 

The bubbles entrapped in the ice have a negative surface charge 

as previously mentioned (Currie and Alty, 10). Thus on melting, 

the bubbles rise to the surface and escape, carrying away a net 

negative charge. This would leave the ice positively charged as 

observed. Furthermore, it explains why bubbles always accompanied 

the charging. Impurities increase the conductivity so that the 

orientation of surface molecules does not take place. 

Gunn suggested that unpublished data collected by air

craft, do not auggeaf that the process is of any importance in 

ordinary rain or thunderstorms. However, he noted that hailstones, 

formed by layer- by-layer freezing, will entrap air bubbles. Thus 

in regions of melting hail charges of 1.25 e.s.u. per gram of 

melted water could be an important separation agency. 

Another theory of charge formation is that presented by 
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Clay and Kramer (14).. The charging accompanies riming on an ice 

surface. They observed that during the riming, the surface first 

gained a small positive charge, followed by a greater negative 

charge , Furthermore,. if all ions were removed from thea-ir, no 

charging occurred. They attributed the effect to~-preferred

orientation of the ice needles during the riming. process, followed 

by ion captures from air. Thus the process may also p4ya part 

in precipitation charging. 

The foregoing has been a summary of the existing 

theories of the origin of precipitation charge. It is possible 

thata.ll or at least some of these processes are responsible for 

the charging. Definite conclusions can be drawn, only after 

sufficient data have been made available. 

One other possible method of charge separation, namely, 

impacts between ice crystals remains to be discussed. It was 

originally formulated by Simpson (4) to explain the highS/ positive 

potential gradients observed during Antarctic blizzards. Similar 

positive gradients were observed by Rudge (6) during dust storms 

in Africa. The separation in this ease was attributed to collisions 

of dust particles. 

Since it is a frictional effect, several methods of 

generation are possible. These:are, .air blowing over the surface, 

erosion of the surface, collision of flying particles with the 

surface and collision of flying particles with one another. 

Schaeffer (5) has stated that the charges produced by the collision 

of snow flakes wi tha metal pIateare far larger than any precipi

tation charge. Undoubtedly, these processes of separation :are of 



-17 

major importance during a blizzard. 

Experiments carried out by P. E. Shaw (15) indicated 

that separation of charge occurs when like Bolidsare rubbed to

gether. He coneluded that the eharging was due to strains set up, 

these strains causing reorientation of the surface atomsa.t the 

points of contact. 

This introduction has served primarily to indicate the 

scope of some of the problems of atmospheric electricity. Clearly, 

many more observations .ar-e required. The present trend of .study 

is to controlled laboratory experiments, duplicating as nearly as 

possible the naburaL conditions. The research to be discussed in 

the following sections was undertaken in an .attempt to investigate 

in particular, some of the electrical phenomenaassoeiated with 

snow. 



II. OBSERVATIONAL METHODS

(a) Detection of Charge 

fA Lindemann electrometer was the charge measuring in

strument in this research. It has the advantages of hight.sensi

tivity, low inertia and low capacity. All observations were 

visual. 

As good eleotrostaticshielding isa necessity, the 

electrometer unit, comprising switches, binding posts, calibration 

unit, standard condenser and electrometer and microscope were 

mounted in an earthed, 20-gauge sheet metal box, as illustrated 

in Figure II. This shielding proved quite adequabe , 

\npu.t 
• 5hiE!lc( 

EL-ECTROME:.TER 
UNIT 

Scale; 1." = ......... 

Figure II. 

As high insulation is also necessary, all leads to 

the needle were mounted in ceresin wax insulators. Furthermore, 

enamelled wires were used throughout to minimize brUSh discharges. 

Scraping the surface of these insulators remedied any leakage that 

developed. 

Plate voltage was supplied by a separate power paok con

- 18 
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sisting of four 1-1/2 volt dry cells and a. 45 volt B battery. 

The centre tap of the B battery was earthed. In order to provide 

adjustments. 201. potentiometer was connected across one of the dry 

cells as shown in Figure III. This was necessary to bring the 

electrical and mechanical zeros of the electrometer into coincidence. 

This arrangement proved to be the most satisfactory as it gives 

the minimum possible battery drain. The same set of batteries was 

used throughout the whole winter, indicating the efficiency of the 

system. Leads from the power supply were connected to the mica.rdo

mounted terminals, marked plate supply binding post in Figure II. 

"'"l~Volt

'Vol1'm.ter 

CIR.CUIT DIAGRAM 
~ oS . 

E:.LE:.CTROME:.TE.12 

UNIT 

Figure III. 

During observation, the auxiliary apparatus to be des

cribed shortly, was connected to the input binding post. This 

was a block of ceresin wax in which were motmted brass terminals. 

The input leads ran through brass sleeves in the. shield opposite 

the binding terminals. Each piece of auxiliary apparatus was 

equipped with a larger brass sleeve which slid over the corre

sponding sleeve on the electrometer unit (see Figure II). It 
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provided the perfect shielding that was necessary. 

In the beginning, nitching in the needle circuit 

proved troublesome. Finally, a high insulation awi t.ch as illus

trated in Figure IV was adopted. The switch is operated by the 

3 volt electromagnet. The circuit was completed outside the shield 

by a SPST knife switch. One side of each electroma.gnet was earthed, 

the other being connected to two 1-1/2 volt dry cells in series. 

Exterior connections were made at the mieardo-mounted terminals, 

marked switch control binding post in Figure II. Leakage and dis

tur'bances due to opening and closing of these switches were negli

gible, if the steel points were kept clean. 

I 

L. ________________~.._J 

Figure IV. 

In order to obtain a calibration of voltage vs. de

flection for the electrometer, the circuit marked calibration 

unit was devised. The primary element is the4-l/2 volt C 

battery across which a20K wire~ound potentiometer was connected. 

The D.P.D.T. toggle switch permitted applying either positive or 

negative potentials to the needle. A 1.0 milliampere Simpson 
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mil1iameter fitted with appropriate resistors to give 4-1/2 volts 

full-scale deflection was employed as the calibrating voltmeter. 

To ensure reasonable a.ccuracy of results this meter was calibrated 

,against a Weston Standard Cell. The resulting curve is shown in 

Figure V. 
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Figure V. 

With this arrangement, the calibration curves of 

Figures VI, VII, VIII and IX were obtained. The quotient of the 

volts by three was used as it simplified charge calculations in 

e.s.u. 

This circuit was also employed for 'rapid leakage tests. 

The procedure was to apply a potential to the needle, and then 

isolate the system. i drift of the needle back to the zero 

position indicated a leak. 

To measure charges, the capacity of the system must be 

known so the charge maybe oalcula.ted by the familiar relation, 

Q == CV. (1) 

A method of mixtures was used to determine the aapacity. A 
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cylindrical air condenser of capacity 100 centimetres was the 

standard. The procedure is as follows. Let C be the capacity of 

the system and Co the standard capacity. Firs~, a. GOwn voltage 

V1 was applied to the system producing a charge q given by 

q == av" (2) 

The standard condenser was then connected in parallel with the 

system. Since the charge was constant,s. different voltage Vz: 

was observed, given by 

q == (0 + ao)(V~) (3) 

. Eliminating g between equations (2) and (3), the result was 

C :: Co( V2. ) 

VI -- V~

The potentials VJ and Vz: corresponding to the deflections d 1 

and d~ were obtained from the calibration curve. If the cali-

bration curve was linear the result was 

C ::: Co ( d;?, ) (5) 

at - d~

Finally, since Co == 100 centimetres the capacity of the system 

was given .by 

C ::: l00( Vi!. ) em. (6) 
Vl -- V;2. 

Since the capacity depended on the difference '1 -- 'z.' 

it was important to keep it as large as possible for reasonable 

accuracy. For this reason a low power ocular was used in the 

microscope during capacity measurements. 

(b) Detection of Charges on Precipitation 

The first phase of the problem was to measure the pre

cipitation charge on falling snow. The entire apparatus was 
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assembled in the building used for High Explosive research on this 

campus. 

The snow receiver is shown in Figure X. The enamelled 

copper inlet wire was housed in a J- square, earthed sheet metal 

shield, as illustrated in Figure II. For convenience, one side of 

this shield 'WB.sremovable. This lead-in was placed through a port 

in the roof directly above the binding post on the electrometer 

unit. Ceresin blocks mounted on brass shoulders, as shown in 

Figure II served as insulators. This proved quite satisfactory, 

except during periods of rapid temperature variation. Then,con

densate formed on the ceresin with an associated leakage. Two 

6-volt wet cells supplied. the power for the S-ohm heater coil. 

Figure x. 

During preliminary observations, it was noticed that 

the number of snow flakes caught was extremely small. This was 

due to wind turbulence around the receiver. To correct this 
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fault, a cloth shield as shown in Figure n was installed. It 

proved exceedingly efficient, as the ano.. catch, even in high 

winds, was considerably increased. 

PLAN 

Figure XI. 

During the first experiments, the electrometer was 

subj ect to large erratic variations making observations imposs

ible. These were attributed to the temperature eff'ectsassoci

ated with the unheated building. Consequently thermal shields 

were built to counteract these adverse effects. The battery pack 

was enclosed in ,a wooden shield and equipped wi th .' a2()()...watt 

heater. The heater was controlled by means of a Variac in the 

110 A.C. line. A 6D-watt incandescent lamp was subsequently in

stalled in the electrometer unft as sho1f!1 in Figure II. After 

these modifications, the apparatus functioned. quite satisfactorily. 

(c) Methods of Studying Frosting and Melting 

Experiments were under-taken to ·measure any charging 
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effecta.ssociated with the melting of snoe and riming on a snow 

surface. An .attempt was also made to duplicate the results of 

Gunn (13) and Clay (14). The .apparatus employed is essentially as 

illustrated in Figure XII. Co-axial cable was used as the needle 

lead. .An adapter was constructed to fit over the. brass inlet 

shield on the electrometer unit. The grounded copper box formed 

the electrostatic shield for the ,auxiliary system. 

rq..
Jll~A

pIGf"\ 

rcovar 

-c::::======":::::::::fl 

Sec.tion A-A 

Figure XII. 

In the melting experiments, the container, fitted with 

quartz inlet and outlet tubes, was partially filled wi.th luke

warm water. The electrometer was directly connected to this con

tainer. The 'beaker of ice WRsthen placed in the water, the lid 

closed and the pump started. Thus ·any charge left on the melt 

would cause a deflection of the electrometer. In this test, 

(after Gunn, 13), particular care was taken to have the beaker ex

ceedingly clean. 

For the riming experiments the copper box and its con
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tents were taken outside the laboratory, leads being run in 

through a window. Originally only one container was used. How

ever, many spurious effects were observed 'Which later proved to 

be caused by the rubber tubing in the pemp circuit. This rendered 

several series of results useless. Thereafter the secondary can 

was employed as illustrated in Figure fir. 

To make a. run, the snow sample was mounted on the brass 

rod, being held in position bya small brass pla.teand nut. (See 

FigureXrI.) This rod was connected to the electrometer. To 

study temperature effects a stoppered flask of hot we.ter was placed 

in the auxiliary can and the pump started. Deflections were then 

recorded as a flmction of the time. All timing was done with a 

stop watch. 

Two methods were employed to study riming processes. In 

the first, an open beaker of hot water was introduced into the 

auxiliary can. The water vapor formed was then pumped through the 

inlet to be deposited on the snow sample. 

In the second method, the vacuum pump was dispensed with 

so as to eliminate any spurious charging effects due to air friction. 

Lukewarm water was placed in the bottom of the can containing the 

snow. Thus evaporation from the lit'{Uidsurface liaS deposited on 

the snow without turbulent air conditions. One advantage of the 

above arrangemen.swas that the charging region was doubly shielded. 

(d) Methods of Studying Charging in Blizzards 

Several experimental procedures were developed in this 

study. The first phase undertaken was to measure the charge on 

some of the snow diifting close to the ground during a blizzard. 
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Special containers were built for this purpose. They were two 

cans of different size, co-axially mounted and separated by 

ceresin wax. The container was then placed in an appropriate 

drift during a :storm so that. snow wouldaccumulate in the in

sulated inner can. To measure the charge, the container was 

placed on the brass plate inside the copper box as illustrated in 

Figure nIl. 
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Figure XIII. 

The probe, unearthed, was then introduced into the 

inner can. On earthing the probe by means of a magnetiea.lly

controlled switch, a charge of the same sign as that on the 

sample was induced on the electrometer system. The deflection 

thus observed, was a. measure of the charge on the drift~8now.

To check this .theory, the inner carkwaB negatively charged by an 

ebonite rod. Employing the above procedure, the electrometer 

registered a negative ~harge on earthing the probe. 
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In an attempt to determine atmospheric charge distri

butions, the space charge was frequently measured using the 

suction' apparatus illustrated in Figure IV. The power unit was 

a General Electric 24-:volt D.C. high pressure axial flow fan. 

The ~te of air flow .,smeasured withan anemometer. To elimin

ate frictional effects between air and copper and snow and 

copper, an ion trap of copper turnings was placed in the entrance 

of the inner tube. A. second ion trap of copper turnings was also 

built so tim.t it could be clipped over the outer tube, thus serving 

as a grounded filter. Preliminary tests indieated that the appar-

atus was quite satisfactory, lea.k:ageand pick up being negligible. 

The space charge Q is given by the following relation 

where E'::: space charge density; 

V::: voltage recorded in time t; 

U ==air velocity in tube; 

A == cross sectional area of the tube. 

This apparatus was permanently mounted outside the Physics Build

ing. I t was completely controlled from inside. Runs were gener

ally of five minutes duration. 

Asa preliminary approach to the problem of breaking 

snow, a drift adjoining the laboratory was broken with compressed 

air. The fragments accom}J8llying the process .were caught in one 

of the containers and measured as previously described, (Figure xrrr) , 

It was a rather crude experiment but it did consistently indicate 

that the net charge on all of these fragments was of the same sign. 

To study this phenomenon more thoroughly, experiments 

were undertaken within the copper shield. A copper- tray of dimen
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sions 4" x 4" x 10", connected to the electrometer, was paced on 

the wax insulator illustrated in Figure nI. This was then filled 

with snow to be fractured by the various methods. Fi~st, the sur

face wa,s manually broken with an earthed, brass rod. However, the 

process caused severe fluctuations of the electrometer, making 

observation impossible. Consequently, the needle circuit was 

modified to include a second magnetically-eontrolled sntch. This 

permitted the trough to be isolated while the fracturing was 

taking place. Thus, only the residual charge on the snow was 

measured, all extraneous effects beingeliminated~ Thearrange

ment proved quite satisfactory, giving results easily capable of 

duplioation. 

Prior to breaking snow surfaces with compressed air, 

it was deemed advisable to study the frictional effects of :air 

on snow in the absence of surface rupture. The procedure was ex

ceedingly simple. A pot of loosely packed snow, connected to the 

electrometer, was placed inside the copper shield. Then cold air 

was sucked through this snow with the vacuum pump. 

To eliminate temperature effects during surface breaking, 

the 'air was stored in a pressure chamber, exposed to the atmo

sphere, outside the Physics Building. The air was blown through 

an earthed cylindrical brass nozzle, 1/4- in diameter :at a 

pressure of 30 psi. To test for frictional phenomena, air was 

first blown over the empty c q>per tray. Finally the snow surface 

was broken with'compressed air, the residual charge being measured 

as described 'above. It should be noted at this point that during 

all these trials, the snow was piled above the leve.l~'o.fth(!,copper
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trough to prevent any electrification due to collisions of the 

fragments with the tray. 

As the preceding experiments gave only the net charge 

remaining on the snow surface, an a.ttempt was also made to ex

amine any charge acquired by the fragments. The method was 

simply to break a large piece of carefully earthed snow with 

compressed air. It was placed in the copper box so that the 

;fragments fell directly into a container which was connectedo'te 

the electrometer. 

Any blizzard is accompanied by collisions of myriads of 

individual ice particles so it was deemed advisable to investigate 

this phenomenon. Preliminary tests were made with loose snow, 

agitated by compressed air in an open container. Theoretically, 

any charge on minute fra.gments would be carried off by the re-· 

:fleeted air stream. Visual observation showed that the heavier 

particles were not removed. 

To study the effect further, a special container was 

cons.tructid. .! 5" x 5-:'1/2" cylindrical tin was fitted with two 

outlets; 8. 1/4" diameter quartz tube near the top and ·R 1/2" 

diameter brass :sleeve near the bottom. All trials were made in

side the shielding box. The tin was first filled with loose snow 

to above the level of the brass fitting, :and then connected to the 

electrometer needle. Finally, blasts of air at 30 psi. were passed 

through the snow, causing turbulence. Any minute charged particles 

would .escape through the open quartz tube, leaving a charge of 

opposite sign on the balance of the system. 

Another method of fracture, employing the above con

tainer, was also used. An insulated snow block was mounted as 

shown in FigureEI. Then pellets of snow were fired through the 
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grounded brass tube, by compressed air at this snow sample. Thus 

. it was possible to observe :any charging due to the abrasion of 

the snow block. 

During the course of these experiments, the question 

azoae concerning the eleotrical conductivity of snow. An experiment 

was then undertaken to investigate this. The block of snow to be 

tested, of known dimensions, was placed between two brass plates, 

one grounded, the other connected to the electrometer. This 

parallel plate condenser was then put in the shielding box. The 

entire system was nothing more than a R-G circuit, so that the volt

age a.t .any time t was given by the equation 

v :: Vo exp( ic) (7) 

where '0 -= voltage at t :: 0;. 

R and C = circuit resistance and capacitance. 

Therefore 

R ,= tIC In VoIV (8) 

To determine C an auxiliary experiment was performed with the stand

ard capacity in the circuit. In this case the voltage equation was 

Y = Yo expL - R(~o)l (9) 

Therefore, making two trials, one including Co, the other without Co, 

one 0 btained the results 

(10)

and

(11)

Eliminating R, and making '1 ::,~ in equations (10) and (11), the

result was

(12) 



-- 32

Since (13) 

where e == specific resistivity of snow; 

L:: length of snow block; 

A ==area of snow blook; 

the final expreaaion was 

fR =AtiLe In vo/V (14) 

This procedure was employed to measure the conductivity of snow at 

various temperatures. 

The foregoing section has been an outline of all the ex

perimental .methods utilized during the various phases of this 

research. 



III • OBSERVATIONS

(a) Precipitation Charges 

The sensitivity of the apparatus for this work was 

1 ..8 x 10-3 e.s.u. per division. An important feature of the results 

was that charges on individual flakes were small. In all storms 

recorded, visual observation of the receiver indicated fax more 

flakes being caught than charges registered by the electrometer. 

This would mean thata large fraction of •the flakes were either 

neutral or had charges less than 4 x 10-4 e .. a, u., the limit of the 

instrument. 

Observations were made during nine storms in December, 

1947, and January, 194$. During every recording charges were mixed 

negative and positive. Of these, all but one set of data yielded a 

definite majority of positive charge. An average value of' + 9 x 10-4 

e.s.u. per snow flake was calculated for all storms. This value is 

SUbstantially in agreement with that of V. J • Schaeffer (5). However, 

due to the large number of seemingly unCharged flakes, this quantity 

represents a maximum value. Thus, any clarification of the problem 

of the origin of this charge is impossible from these 0 bservations. 

Especially interesting results were obtained during the 

blizzard of January 21, 1948. The snow fall was heavy-and initially 

accompanied by wind gusts from the southeast. Throughout the morn

ingand most of the afternoon the charge was predominatelypositive. 

The largest single Charge ever observed, (4.5 x 10-2 e.s.u.), was 

recorded. However, it is highly pos.sible that this large deflection 

was due to several flakes entering the receiver simultaneously, a 

situation entirely plausible on that day. About 4=)0 P.M., the wind 
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-3t.- 

swung around to the north. It was then blowing over the roof of the 

building to the receiver, instead of directly to the receiver as 

earlier in the day. This shift wa,s accoapard.ed by a decided increase 

in negative cCharge. The important feature is that under the latter 

cifcumstances the snow was pro'bably blowing across the icy roof into 

the catch. The signif'ioance of'this fact will be borne out in the 

discussion of collisional phenomena. 

( b) Melting Processes, 

Several trials were made to determine any charging due to 

the melting of water. Distilled water was frozen and subsequently 

melted as described in the previous section. In every case a posi

tive charge remained on the liquid. Furthermore, this charging in

stantaneously followed the evacuating pump. Whenever the pump was 

shut off, the electrometer stopped deflecting. However, the de

flections resumed as soon as pumping was continued. This wasre

garded as conclusive evidence that the negative charge was being 

removed by the air stream. The aver-age charge observed was 0.5 e .e ,u. 

per gram of water melted. Gunn (13) obtained 1.25 e.s.n. per gram. 

He also pointed out that the charge formed varied.directly as the 

rate of melting ;and freezing. These results may be considered as 

substantially in agreement with those of Gunn. 

Experiments were then undertaken on the melting of snow. 

Both freshly fallen and aged samples were used. In every ease, no 

charging was observed. Therefore, it appeared that the melting of 

snow under laboratory conditions produces very little or no charge 

separation. 
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(c) Frosting Processes 

From the preliminary trials, it was apparent tha.t warm 

air by itself produced no appreciable effect. However, during 

frosting on a snow surface the sample appeared to gain ,9. small 

positive charge (1.2 x 10-3 e.s.u./cm2 approx.) from the deposition 

of rime. Furthermore, the process appeared to be aceeLerated when 

the temperature difference of the vapor and the air was large. 

However, too much weight should not be attached to these.obserVa

mions aa the experiments as a whole were rather inconclusive. Too 

many spurious effects of unknown origin were observed. Further in

vestigation is definitely necessary ,as the process may be of con

siderable importance in the region of a thunderstorm where the 

vapor is supercooled. 

(d) Conductivity of Snow 

The following table gives the specific resistivity of 

snow as measured under various conditions. 

No. Date Time(MST) Temperature
,iF 

(ohm-cm) 

6.36 x 10.0 

5.23 x 10'0 
28.2 x 10'0 
17.0 x 10'0 
14.1 x 10.0 

23.0 x 10'0 
4.52 x 10'0 
2.67 x lOla 

2.18 x io" 

1 
:2 
:3 
4 
5 
6 
7 
8 
9 

Mar. 8 9=00 A.M. 
Mar. 8 3::00 P.M. 
Mar. 9 9::00 A.M. 
Mar. 9 1:;30 P.M. 
Mar. 9 10::00 P.M. 
Mar. 10 8::40 A.M. 
Mar. 10 4::20 P.M. 
Mar. 11 1:.:30 P.M. 
Mar. 12 12::30 P.M. 

-90 

~lo

-.200 

_10 

-~
-200 

30 

15° 
200 

Table I. 

The specific resistivity of bulk snow was high but not 

infinite. Furthermore, it can be seen that the resistivity in

creases rapidly as the temperature 4ecreases. These results were 

considered significant because any free charge on a snow eurf'ace 
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would be lost by conduction to the Earth in a short time. 

(e) Space Charge Measureme,pts 

Table II is a tabulation of all the space charge values 

obtained with the apparatus that was previously described. The 

sensitivity of the instrument was low, due to the high capacity of 

the co-axial lead, (total capacity 480 em.). 

The net atmospheric space charge at one meter above the 

ground was extremely variable both :as to magnitude and sign. How

ever, it appeared to be predominately positive. This is in a.gree

ment with the existing theories of the diminution of potential 

gradient with height. Nevertheless, there were also extended periods 

when the value was negative , The reason for this was not obvious 

but it was possibl:r of local origin. 

During £.allingand blowing snow the charge 'WaS a.lways 

positive and greatly enhanced in magnitude. Thus the snow must 

either have been positively charged or there must have been a large 

excess of positive ions or nuclei in the air. Whenever agromded 

shield was fitted over the tube to filter out the large particles, 

the charge was still positive. This was rather conclusive evidence 

that the positive charge was due to both snow and small ions and 

nuclei. This was further corroberated by the observations on 

falling snow of January 21, 1948, as mentioned previously. This 

situation can be explained on the basis of the results of other 

blizzard experiments to be discussed later. 

The observations of March 9a.nd l~rch 10 were particu

larly interesting. In the former case, a fog persisted at 10::00 P.M. 

accompanied by a rather large negative space charge of ,approximately 
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- 2 e.s.u. per metezJ. However, on the lifting of the fog, the 

space char-ge became positive. Undoubtedly the fog particles were 

negatively charged. Again on the morning of March 10, the space 

charge changed from - 1.50 to +0.10 e.s.u. per meter' in two hours. 

iearly that morning, ice crystals could be seen falling in the sun

light. This large negative charge was therefore attributed to the 

precipitating ice .as the negative charge disappeared on the dis

appearance of the crysta.ls. The above phenomena could have been due 

to polarization effects in the electric field, but as no potential 

gradient or ionic distribution and mobility measurements were avail

able, definite conclusions could not be drawn. Clearly, much 

V-B.luableatmospheric electric information could be obtained from 

regular simultaneous measurement of space charge, ionic distribu

tion and mobility-and potential gradient over an extended period of 

time. 
Table II 

Date Time 
(MST) 

Temp. 
(~·F)

Space Charge 
(esu/m3 

) 

Remarks 

Feb. 28 11:;00 A.M. s + 0.90 Blizzard 
28 1:00 P.M. 8 + 1.14 Blizzard 
28 2:00 P.M. 7 + 1.14 Blizzard 
28 3::30 P.M. 5 + 2.12 Blizzard 
29 3::00 P.M. 5 + .069 

;';J1Iar. 1 9::)0 A.M. -6 - 0.27 
1 12::)0 P.M. 2 + .055 
1 5::00 P.M. 0 + .l22 
.2 8::30 A.M. 1 - .088 
:3 8::30 A.M. -5 - .008 
J 9::00 A.M. -5 + .069 
:3 10::30 A.M. 0 - .178 
3 12::30 A.M. 5 - .106 
3 3::00 P.M. 6 - .)82 
4 11:30 P.M. 10 - .146 
4 12:30 P.M. 14 - .057 
4 4::00 P.M. 20 + .151 
5 10:30 A.M. 15 + .151 
5 4:30 P.M. 15 + .161 
6 10::00 A.M. 12 + .072 
6 3::00 P.M. 15 + .123 
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Table: II (cont'd.) 

,:Date Time 

(MST) 
Temp.
U7F) 

Space Charge 
(esu/m 3 

) 

Mar. 7 .2:30 P.M. 0 + .055 
S 9::30 A.M. -9 + .072 
8 3::00 P.M. -1 + .062 
8 5:00 P•.M. -3 
9 8:15 A.M. -28 - .071 
9 8::45 A.M. -26 + .036 
9 5:30 P.M. -2 + .043 
9 10:;00 P.M. -7 - 1.89 
9 10::30 P.M. -7 + .13.3 

10 8:30 A.M. -20 - 1.37 
10 11:00 A.M. -10 + .142 
10 4:30 P.M. :3 + .166 
11 9:30 A.M. 2 + .093 
11 10:30 A.M. 6 + .157 
11 12:30 P.M. 13 +- .088 
]2 2::30 P.M. 23 + .078 
12 4:00 P.M. 21 - .128 

Jan. 21 2:00 P.M. .2 +10.00 
Mar. 24 11:30 A.M. 8 _. 

24 12::10 P.M. 10 

24 12:15 P.M. 10 

24 12::45 P.M. 10 

24 1:35 P.M. 10 + 0.38 
24 4=25 P.M. 9 + 0.52 
24 9::30 P.M. 9 + 0.009 
25 9:20A.M. 14 _. 
25 11:.30 A.M. 18 + 0.06 

Remarks 

Slight drift • 

Snow flurry - erratic. 

Water vapor or fog. 

Ice crystals in air. 

Severe blizzard. 
Blowing snow - erratic 
Ion trap over tube 
blowing snow - large 
positive charge. 

Cheese cloth filter 
large positive charge. 

Cheese cloth fi1ter
large positive charge. 

Snowing. 
Snowing and blowing. 
Light snow. 
Erratic - light snow. 
Large snow flakes. 

I

(f) Collisional Processes 

Table III is a qualitative tabulation of the resu!ts of 

all the experiments designed to investigatecharge separation by 

collision. No separation was observed unless the cbarge of one 

sign was removed by some means as, in runs 14 and Ill. 

Blowing 'air over a snow surface without erosion appeared 

to produce noappreciable charge separation. Therefore any charging 

of this nature would only be of secondary importance during a 
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blizzard. In runs 118 and #19·attempts were made to study any 

frictional effect of snow on copper. If the snow was completely re

moved from the plate, very little charge was left on the copper. 

However if the snow was not completely swept away, the plate gener

ally acquired considerable negative charge. Furthermore, blowing 

snow directly ata metal plate always gave the plate a negative 

charge. It would therefore appear that the friction of snow on 

copper produced very little charging but that the charge on part

icles wa:s transferred to the metal by a conductive process. This 

would account for the charging of an aircraft flying in a snow

storm. 

From. the other observations it would appear that when
1 

ever a snow crystal was broken, the smaller fragments became posi

tiTely charged, the larger pieces negatively charged. All of the 

observed r-esul,ts may be explained by this postulation. 

When air was blown vertically into a pot of snow only 

the lighter, hence positively charged fragments would be carried 

off by the reflected air stream, thus leaving the remainder of the 

,system negatively charged: as observed. Similarly, runs 19 and 110 

showed that the removal of the surrounding air was always accompanied 

bya loss of positive charge. Using the suction apparatus as des

cribed in run'13 definitely showed that the air removed was po~i-

tively charged. Furthermore, the use of a four-ply cheese cloth 

filter indicated that the positive charge was carried on either 

extremely minute ice fragments or was in the form of free ions. 

Distinction between these two possibilities was impossible. 

At first it would appear that the various results of break
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ing a snow surface were conflicting. Nevcr-t.he.Ieas , they t,'JC 

can be e:xplainedby the foregoing postulation. Whenever the 

system of prrticles at a snow surface is shat.t.er-ed , uncou'o+.edly 

some of the fragments of beth sign' would be lodeed in the 

sur-f'ace , the r ema.lnder being carried off in the F~ir blast. Thus 

the snow surface could take on either a positive or negative 

charge. It appeared that the surface became more positively 

charged at lower t.emperatures, This was attributed to the brittle 

nature of snow at the J.ower temperatures, since under such 

circumstanCE;}; most of the Larger- negative p''''rt.Lcles would be swept 

away. Conversely, near the freezing point, the snow is sticky so 

that on.ly the smaJler positi.ve pi::rticles woul (1 be removed. It 

ahoul.d aLso be noteo thnt ~;t the hi gher t.emper-at.ur'e , the P0f, it:.vely 

charged particJes were much larger th~n at lower temperatures,being 

easily visibJ.e to the naked eye. 

These observations were conpj~ered as conclusive 

evidence that the fracturing of snow crystals was always 

accompanied by a large charge separation. However, the exact 

mechanism of the process is at present unknown. Nevertheless 

it is interesting to note that such a process produces exactly 

the opposite type of charge separ3tion to that of the Lenard 

effect. The significance of these r-esu'lts will be berne out in 

the later ddscuec i c-i of t.he electricity of blizzards. 
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TiillLE III 
TEIviP. 

NO "F PROCEDURE RESULT 

1 2 Sucking air through snow No charge separation. 

with no turbQlpnce. 

2 5 Snow flakes from near ground Flakes always had a net 

during a blizzard. negative charge. 

3 5 Erosion of a snow drift Fragments always had a 

with compressed air. net negative charge. 

4 o Dropping a steel balJ into No charge separation. 

an open pot of snow. 

5 o Blowing compressed air System left with a net 

vertically into an open pot negative charge. 

of snow. 

6 • Breaking a snow surface Surface always gained a 

with horizontal sweeps of a net positive charge. 

grounded brass rod. 

7 o Erosion of a sncw lwnp by SurfAce gained a positive 

compre~sed air", charge. Fragments gained 

a negsti~e charge~

8 25 Erosion of a snow lump by Surface gained a negative 

compressed air. charge. Fragments g8ined 

a positive charge. 

9 o Sucking air through snow Ne gat Lve charge Jeft on 

with turbulence. the ,system. 

10 25 Snow fractured in inlet Negative charge left on 

tube of pot with pump the system. 

operating. 

11 25 Snow fractured in inlet tube No net charge left on the 

of pot with no pump operating. system. 
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TABlE III (CIJNT'D) 

TEfiIP. 
NO'·'F 

12 0 

13 

14 

15 

16 

17 

8 

9 

9 

9 

9 

PROCEDUBE 

li'iring snow pellets into 

block of snow. 

Suction apparatus mounted 

over a pot in which snow was 

broken by compressed air. 

Snow br-oker, as in run #11. 

Suction apparatus operated 

over a snow block wh:i.ch 

was fractured by compressed 

air. 

Apooratus as in rtJn #15. 

Cheese cloth filter over 

suction apparatus. 

Freshly fallen snow broken 

under suction apparntus by 

compreesed air. 

RESULT 

Block bec8me negatively 

charged. 

Suction apparatus 

always yielded large 

positive charge. 

Small air blast gave a 

small negative charge on 

system. Large air blast 

gave large negative 

ch&rge on system~ If 

suction apparatus operat

ing over pot always a 

large neeative charge 

on system. 

Suction apparatus always 

yielded a positive 

charge. Snow block always 

left with a neg8tive 

charge. 

With two and four ply of 

cheese cloth the suction 

apparatus always showed 

a large positive charge, 

no different than in #15. 

Suction apparatus was 

erratic. Both positive 

and negative charges 
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TABlE III (CONTID) 

TEEP. 
NO "F 

13 10 

19 10 

PROCEDURE 

Small quantity of snow b.Iown 

off copper plate by 

compressed air. 

stream of snow directed 

agafnst a copper plate. 

EESUl,T 

If snow completely 

removed. no appreciable 

charge on the copPf:~r• If 

snow pertially removed, 

considerable negative 

charge on copper. 

Plate al.ways acquired a 

negative charge. 
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IV. DISCUSSION 

(n) Relationship to Thunderstorms. 

Some of the observed features of charge distribution 

within a thundercloud (See Figure I) m8.~T be explained by the 

observatione of the foregoinG experiments. The distribution in 

the upper"part of the cloue mig~t be caused by ice collisions. 

These would occur between the three and five kilometer level. The 

larger negat.Lvely charged particles would be held in the medial 

regjon of the cJoud by updrafts while the lighter positjvely 

charged fragmentf would be cerriedaloft. ~uch a sepr:Jr8tion would 

continue until the fie]c reached the critical value, whereupon a 

lightniD[: f'Lash within the cloud would annihilate the dirtribution. 

Such a cyclic process would continue as long Be the vertical updrafts 

corrt inued, 

Nevertheless, it js questionable whether sufficient 

collisions would occur to produce separations of the reCluired 

magnitude. It is quite probable that, as a consequence of the 

2tream line motion of the air in the vertical updraft, all ice 

cryst.aLs wcu'ld be swept 810ft with a more or less uniform velocity, 

few or no collisions resulting. As the Gunnl~l, concentration cell 

theory entirely eliminetes collisions, it would seem more feasible 

under such c Ir-cumet.ancea , 

Purt.hermor-e , if no other nrocesses took pLace , some of 

these larger particles would precipitate, melt and be recorded as 

negativel;;'7 charged rain. This does not account for the positive 

charge distribution in t.he cloud base. Gunn(3) has attr:i..buted this 

to evaporation at the surface of the drops and ice cr:rstals in this 

region of the cloud falling nnder rravity. HOy\'eVET, as sumdrig that 



- 45 

the results of the foregoing experiments o1'J rimingsre valId, 

tl--,if charge could also be cue t.o a frost formation on the 

precipiteting cr~!stals. Furthermore, since the vapor in this 

region of the cloud is known to he sUf'ercooled, the frosting precess 

would be ext.r-emely rapid; thus producing ccns tderab'Ie char-ge 

separation. This would also account for the excess of positively 

charged rain as observed. Possibly both of these processes occur; 

frosting follovied by evaporation. However, AS experIment.al evidence 

of the phenomenon wes inconclusive, def'Lm te hypot.heses cannot be 

f'ormul.at.ed • 

(b) Relationship to Blizzards. 

The results 0! t~e colJisionEJ ~xperiments appear to 

yield an interpretDtion of one of the observed featQres of blizzard 

electricit~r, nameIy the high ros i tive pot.errt i.a l grad Lent.s , By 

making use of the obPPTved SDHce charge measurements and by making 

several simplif~)ing assumpt.tor- 2, it will be shown that fields of the 

right order of me gn i tude m~~y be cs.Lcul.atec with the sid of Poiseon t s 

equat r.on, The prin:8TY cause of these large field e was aseumed to be 

p grevitational forting of the heevier and lighter oppositel~ charged 

frpgments of the collision processes. An exponerrt i s I var Iat icn of 

charge density with height was assumed. This appeared quite reasonable, 

as turbulence in the air motion end hence the maffnitude of the vertical 

wind current \"Jonld decrease ~,'Jith altitude. Under such conditions the 

total space charge density as a f'unct icn of a1 t ituce is giver: b~~

- K')het = - e. e t- (1)
o

wher-e e = net space charge dens5ty at heiGht h 
t 

eo.: positive space charge dens:Lty at h -- 0 

(>0_= negative space charre oens1ty at h = 0 
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KI = Extinction cceffic-ient of positive char-ge density 

K2 ...- Extinction coeff1cient of ne8~3tive charge density. 

To evaluate K, it 1~':;8 assumed thr:t the pcs It.dve charge density had 

decreased to one percent of its eurf'ace vaIue at 2 x 104 eentimeter, 

tbe upper limit of the blizzard. Furthermore, since the net space 

charge 100 centimeters above the <g""':)und was always pos It.Ive it was 

assumed th::lt the negative char-ge dens.i ty decreases to one percent 

of the surface vclue in 50 centimeters. These assumptions yield the 

following values, 
_2 -1 

K'J = 9.2 x 10 em 

Furthermore it was assumed that the totel positive and 

negative charge in a column one centimeter square in cross section 

were equaJ., i.e. none of the negative chart''? was precipitated. Thus, 

ir.tegrating equaticn (1) for h = 0 to h =~ yields the results 

(2) 

_6 "3
From cbservatJons , the space charge was about ...10 e .s. u, per em 

at a height of 100 centimeters. 

ThcTefore 

("')'0... 
-6 3

• 1.02 x 10 e.s.u./cm and (") ='0
-4 / ~4.lxlO e s s s.u , cnr" 

Thus Poisson's equation is 

~= -4n (3) 
dh 

Integratins equation (3) the result is 

h)
- ~~9.::_e- K2

K2 

• the value of the field at h =0 
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Now, SJJ1ce = 

h K2h)E = E.o + ATIJ?..o'" (e -K1 - e
K1

- -6· / 3Therefore usinr.:- the values T' ;: 1 volt/cm., Qo.... - 1.02xlO e s s ,u. em.b "';'0 

Kl =2_.3x...]0-4em. -1 and" h • 100 cm-

the result is 

ill':;rl.02+ 
2.3 

Thprefore 

E
100 

= 17 -4 volts/em. - 17l.0 vOlts/meter (7) 

Furthermore, it may be shown that .if the entire negative 

Sp2.CI3 char-ge is dif'tribut(-,;c over t.ho curf'ace ibe.Iow the collector, 

the vsLue of EI OO i~3 net cHr:"-'eciably effected. Although thi.s 

ana.Iye i s \"'')8 subject to many Rpproximaticns, it 'was considered 

~ign:~ficnnt since the ca l culs ted va Iue of the potentjal gradient 

was of the r:i.ght order of mrignitude. 

lU t.hough the blizzBrd phase of this research wa s of a 

1 • t to, ''Yl',+ ....... ~. t.hs (.:. C' ., "I"'~ .,..' ,.<t b _,ra ',' c> Im .or-t.snceC'qun..... l ..Dlve ,L .. ,.~ \JtiJ f;, •• e r-::",:lL· ..:.:; ap1-)edreu 0 e 0..:.. ....,c,T..:; .L.p a.. • 

It is quite probable thRt the f'or-ego.Ing process or other sind-lor 

proce aee e are the c~"igin of the observed phenomena. Clearly a more 

intensive research program, LnvoIv ing st least s Inri.Lt.aneous meas ure

ncnt of T1otentiaJ. gr!?idient and space char-ge at var ious altitudes, is 

.. .,
necessar~T • Th. ere f ore, Slml~ar to the other prcb'Len.s of atmospheric 

el~ctY'}city, the complete sc'Jut::ton depends en further cbscr-vatIon , 
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