
Comments and Communications 

The Exponential Decay Law in 
Spray De-electrificatian 

THE very interesting experiments of Czyzak and 
Williams (1)demonstrated that the potential 6-f an 
electrified dielectric plate, against which is directed a 
uniform spray, decreases according to the relation 
V = Poe-kt, where V ,  is the potential a t  zero time, t is 
the time, and k is a constant, depending on the ma- 
terial and the spray density. 

An attempt was made to explain the data on the 
basis of discharging, which would occur when op-
positely charged "carriers" in the spray deposit out 
on the plate. As the authors indicated, this leads to 
difficulties in explaining their results on charcoal 
sprays, fo r  which the data are the most extensive. 

Furthermore, if one assumes that all, or a con-
stant fraction, of oppositely charged particles deposit, 
and that the spray does not change properties during 
a n  experiment, one is led to a n  expression of the 
form V = V ,  (1-K't) , where K' is a constant propor- 
tional to the discharge current. This expression, anal- 
ogous to the zero-order rate law of chemical kinetics, 
clearly does not fit the data. 

Writing the empirical decay law in differential 
form, d V / d t  = - k V  and substituting Q = C V ,  where 
C is the electrical capacity of the charged surface, and 
Q is the charge, one obtains ( l / C )  ( d Q / d t )  =- kV or 
i=- k C V ,  where i is the discharge current. Thus, it  
is clear that in the experiments the efficiency of the 
discharge process is linearly proportional to the plate 
voltage. 

This indicates that, if we wish to retain the charged 
carrier idea, a special assumption is required-
namely, that the fraction of charged particles de-
posited varies linearly with the plate voltage. I t  ap-  
pears unlikely that such a special law would be rigidly 
obeyed over the wide range of experimental condi-
tions reported. F o r  this reason, another mechanism, 
which requires no special adjustments to give a first- 
order rate law, is proposed here. 

Let us assume that in the experiments which gave 
decay the initial charging in the spray is of negligible 
proportions compared to the high charge densities 
employed on the surface of the plate, and that, as 
appears plausible, some particles may escape after 
impinging on the plate. These particles will acquire a 
surface charge density proportional to the mean 
charge density, or the potential on the plate, and will 
carry away some of the charge on the plate. This 
leads to the equation 

;;-KT, 

where K is a constant, depending upon the number of 
particles which strike the surface and carry off charge, 
and upon the effective surface area of the particles. 
Integrating this expression and substituting above 

leads immediately to the exponential decay law, with 
k = K / C .  

The emphasis now is upon processes that occur a t  
the surface of the collecting plate. I f  all particles 
striking the plate adhere to the surface, a negligible 
discharge rate  will be observed. Such might easily 
have been the case in the experiments with water, 
carbon tetrachloride, and glycerin, and with starch 
on a positive surface. The data fo r  acetone suggest 
that liquids do not always behave in this manner, and 
that further work on liquid sprays is required. I n  
addition, the cleanliness of the collecting surfaces be- 
comes a very important factor, and it  should be care- 
fully coiitrolled. 

The change in discharge rate which occurs when 
polarity is reversed, but other factors remain con-
stant, presents an interesting problem. Such behavior 
would be expected if it were known that particles 
adhered more readily to a charged surface of certain 
sign, but no such data appear available. However, 
contact potentials certainly affect adhesion, and it  is 
not difficult to see qualitatively how a surface charge 
could operate with or against the forces arising from 
contact surface potentials. 

Further experiments are required to establish un-
equivocally the mechanism involved in this type of 
experiment, which has a n  important bearing on prob- 
lems such as  triboelectric charging of airplane sur-
faces (A ' ) ,  and the mechanism involved in the electro- 
static particle counter (3-5) .  I t  is hoped that these 
suggestions will encourage further work in what has 
always been a difficult field. 
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A Simple Sampling Device for 
Submerged Cultures 

WHEN using a submerged culture fermenter fo r  
the small-scale production of antibiotic substances, it 
is necessary to take frequent samples to follow the 
progress of their formation. The device described here 
has been used for  small-scale submerged cultures, 
6 4 0  liters, and has been found to be a simple, con- 
tamination-proof system for  sampling (Fig. 1). 

Tube A enters the bottle and terminates in  a perfor- 
ated spiral. Air is forced through the opening a t  A, 
enters the medium through the perforated spiral, and 



release the screw clamp a t  1and close the opening a t  
B with the finger. The pressure created in the bottle 
will force culture medium through tube D into the 
separatory funnel C. When a large enough sample is 
collected in C, the finger is removed to release the 
pressure in  the bottle. The sample may then be drawn 
off by placing a sterile test tube a t  E. 

The aerator may be modified in  size and shape to 
suit the investigator. This illustration merely indicates 
one type that may be used. 

The entire apparatus is easily sterilized. The bottle 
with culture medium is plugged with cotton and auto- 
claved. The remainder of the apparatus is wrapped 
in paper and also autoclaved. When ready to use, the 
cotton stopper is removed from the bottle, the opening 
sterilized in the flame of a Bunsen burner, and the 
rubber stopper carrying the various tubes inserted 
firmly in place. 
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Book Reviews 

Industrial Medicine on the Plutonium Project. Snr-

vey and Collected Papers. Robert S. Stone, Ed. 
New York-London: 1lcQraw-Hill, 1961. 511 pp. 
$6.25. 

This recent addition to the "National Nuclear 
Energy Series" summarizes the evolution and develop- 
ment of the health programs for  personnel associated 
with the three main units of the Plutonium Project- 
namely, the Metallurgical laboratory a t  Chicago, the 
Clinton laboratories a t  Oak Ridge, Tenn., and the 
Hanford Engineer Works a t  Hanford, Wash. 

The first 286 pages constitute a survey section, 
which is preceded by an uncommonly interesting in- 
troduction. The ten chapters of this section include 
a description of the medical services of the Plutonium 
Project, a survey of past and present bases f o r  maxi- 
mal permissible exposure, and a n  account of the de- 
velopment and application of various chemical, physi- 
cal, and hematological methods of monitoring on a n  
individual basis fo r  overexposure to the various harm- 
fu l  agents with which Plutonium Project workers 
might come in contact. Two chapters are devoted to an 
evaluation of certain biochemical studies (such as the 
excretion of chromogens, liver function tests, and the 
excretion of uranium) relative to their reliability as  
indicators of harmful overexposure. 

The remainder of the book consists of collected 
papers that discuss, in more or less detail, studies 
relative to  one or more of the chapters in  the first 
section. I n  many instances the material in  the 

"Papers" section actually forms the basis fo r  the 
chapters in  the first section. Because of this relation- 
ship there is considerable repetition throughout the 
book. Much of this is pardonable i n  light of the 
formidable problem inherent in  editing the series, fo r  
in many instances the papers represent work done 
several years before publication by investigators who 
are no longer available to  revise or edit their own 
papers. A few repetitions, howeve?, where whole sen- 
tences or paragraphs are repeated ( for  example, sec. 
9.3, chap. 4; sec. 3.3, chap. 5; sec. 9, chap. 4;  and the 
last few sentences in chap. 5 )  are particularly dis-
tracting. 

There is one unfortunate omission f ~ o m  the book 
-namely, the absence of any mention of the currently 
accepted tolerance dose of 0.3 r per week or equivalent 
fo r  whole-body exposure to ionizing radiation. The 
various discussions are  based on the older tolerance 
dose of 0.1 r per day, a value that was generally ac- 
cepted a t  the time most of the chapters were written. 
A footnote or foreword would have been helpful. 

The book is primarily of interest as a reference 
book for  persons working in the field of industrial 
medicine or health physics and, as  such, contains 
much material not other~vise readily available. I n  
particular, i t  is a useful and readable source of infor- 
mation for  the practical philosophy of health pro-
tection in radiation work. As a record of a contem-
porary adventure in  preventive medicine the book is 
a t,ribute ta the many medical and nonmedical per- 
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