
The autopsy revealed hypoplasia of the bone mar- 
row and lingual lesions characterized by epithelial 
proliferation associated with papillary atrophy and 
nerve degeneration (8). The liver was normal. 

On the basis of the foregoing observations, folic acid 
was administered to  niacin-, riboflavin-, pyridoxine-, 
and pantothenic acid-deficient dogs. Given alone, it  
failed to  bring about any  observable effect; nor did i t  
enhance the response to the administration of niacin, 
riboflavin, pyridoxine, and pantothenic acid in the 
deficient dogs. Similarly, i t  did not have any  effect 
when it  was given to the control animals. 

I t  appears that some dogs may require folic acid 
preformed in the diet. The deficiency syndrome is 
characterized by hypoplasia of the bone marrow, 
hypochromic anemia with a tendency to microcytosis, 
and glossitis. 
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The mercury-intrusion method f o r  determining pore- 
size distribution is a dilatometric method (1) based on 
the employment of external pressure to  overcome the 
forces of surface tension which prevent the entrance 
of the nonwetting liquid mercury into the pores of a n  
immersed sample ( 2 ) .The equation 

relates the applied pressure p to the radius r of a cir-
c d a r  aperture through the coefficient of surface ten- 
sion a of mercury and its contact angle 8 with respect 
to the material under test. Recent reports f rom this 
laboratory ( 3 )  have presented the results of the ap-
plication of this method to cotton textile materials 
(4-G), assuming values fo r  a and 0 that  reduce Eq. 
1to 

pr = 105.6, lb p / i ~ . ~ ,  (2) 

where p is the absolute pressure (Ib/in.2) and r is  in 
microns. I n  this report, these assumptions are  ex-
amined in the light of the data  obtained on hydrosol- 
type membrane filters whose pore-radius dimensions 
presumably lie within a limited range. 

These filters have been described as highly porous 
cellulose ester structures containing numerous uniform 
and submicroscopio channels, whose apertures on the 
upper surface of the filters are  smaller than those on 
the lower surface, and whose pore size can be con-
trolled in the manufacturing process (7-12). The par- 
ticular variety used f o r  this experiment was Millipore 
Filters, Type HA (hydrosol assay) (12), which have 
been shown to retain particles as small as  0.3 to  0.5 y 
in diameter dispersed in water (13). Thus, the limit- 
ing radius of the smaller o r  upper  aperture is set a t  
0.15 to 0.25 k. From the reported frequency of pores 
per  unit surface (8, l l ) ,  the limiting radius of the 
larger and lower aperture can be estimated to be 0.7 b 
or less. Both dimensions are based on the assumption 
that the pores are  approximately circular. 

The specimens were taken from two different lots 
representing slightly different ranges with respect to  
manufacturing control, so that  one (sample A )  showed 
a greater resistance to  flow than the other (sample B). 

The pore-size distribution measurements were made 
with a porometer (14), which permits the estimation 
of the total void volume within the boundaries of the 
sample a s  well as the density of its structural mate- 
rial. The procedure was essentially the same as  de-
scribed previously (6) in that  a sample (two or more 
filter leaves )was placed within the porometer cham- 
ber, immersed in mercury, and pressure was applied to 
cover the range from 1.32 to 1015 Ib/in.Z. Assuming 
that all the void spaces were filled with mercury a t  
1015 Ib/in.2, the measured bulk volume per  leaf a t  that 
pressure is equal to  the volume of the filter substance 
(Table 1 ) .  From the weight of the leaf, the calculated 
density of the filter substance was 1.51 g/cm3 f o r  both 
samples A and B. The porosity of the original filter 
leaf-the percentage of void within its boundaries- 
was estimated from the bulk densities measured a t  
1.32 and 1015 lb/in.2 and had a value of 79 percent 
in both cases. This value is in  agreement with the 75 
t o  90 percent values reported i n  the literature (8, 10, 
11,13). 

The distribution curves f o r  the two samples prac- 
tically coincide between 80 and 0.7 y effective radius, 

Table 1. Porometer data for millipore filters (average 
for single leaf). 

Sample A Sample B 

Bulk volume at  1.32 
1b /h2  and 80 p (cmS) 

Bulk volume at 1015 
0.2655 0.2628 

1 b / h a  and 0.1 p (emS) 
Total void volume, by 

difference (cmS) 
Percentage void volume 

(porosity) 
Weight of leaf (g) 
Density of leaf a t  1015 

Ib/in.2 ( g / c y )  
Pore-radius position of peak 

of distribution curve (p)  

.0564 

.2091 

79 
.0850 

1.5 1 

0.48 

.0547 

.2081 

79 
.0826 

1.51 

0.58 



which corresponds to a pressure range of 1.32 to 150 
lb/in.2. Approximately 10 percent of the total experi- 
menta! void volume is filled by the time the pressure 
reaches,l50 Ib/in.2, owing in part,  most probably, to 
the compression of the samples as  a whole. At  higher 
pressures, the rate of filling of the void volumes in- 
creases rapidly, as is shown by the sharp rise to a peak 
in each distribution curve, and then gradually de-
creases so that each curve approximates the base line 
a t  0.1 b 01' 1015 lb/in.2 (Fig. 1 ) .  The data place about 
90 pereent of the total experimental void volume 
within a radius range of 0.7 to 0.1 p, thus agreeing 
with the channel dimensions as predicted in a preced- 
ing paragraph from the description of the filters. 

I n  this region, the void volumes per leaf-the areas 
beneath the curves (1  )--are approximately equal fo r  
the two samples, but the distribution according to 
pore-radius dimensions is different. Sample A shows a 
consistently smaller effective radius than sample B, 
and the peaks of the distribution curves occur a t  0.48 
and 0.58 p, respectively. Since the porosities of the 
samples are equal, 79 percent, the distribution in the 
radius range below 0.7 p is in qualitative agreement 
with the permeability data (15), which show that 
sample A has a resistance to flow 33 percent greater 
than sample B a t  various pressure differentials. 

I f  the channels are cylindrical, the poroineter data 
indicate that the radius dimensions of the channels in 
sample A are smaller than those of sample B. An 
alternate interpretation could ensue from a considera- 
tion of the definition of effective radius: the radius 
of a hypothetical circular pore which would admit 
mercury a t  the same pressure as  that required to force 
passage through the actual pore regardless of its cross- 
sectional shape ( 5 ) .  The channels in sample A may 
have the same cross-sectional areas as those in  sample 
B, but they may deviate more from a circular toward 
an elliptical cross section. They therefore would ex-
hibit a smaller effective radius and screen out smaller 
particles and, likewise, would present more resistance 
to flow, since flow is influenced similarly by the cross- 
sectional shape of the channels. 

I n  general, the results indicate that the effective pore 
sizes, calculated from mercury-intrusion measurements 
on the basis of Eq. 2 and its underlying assumptions, 
are  reasonably accurate. The pore-size distribution 
data obtained by this method should prove useful in  

EFFECTIVE PORE RADIUS, *ICROwS 

Fig. 1. Pore-size dis t r ibut ion curve, that is, dis t r ibut ion 
func t ion  D ( r )  versus effective pore radius. 

theoretical and practical irivestigatio~ls dealing with 
the characteristics of these and of similar type filters, 
and, in fact, of a variety of porous materials. 
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I n  an earlier paper (1) I discussed the nature of 
lateral transfer of perceptual organizations. I t  is be- 
lieved that a matrix theory of perception can be used 
as the basis of a unified theory of motion perception. 
Present theories commonly divide motion perception 
into two parts. Real motion, in which the perception 
of movement arises from the movement of a n  object 
in real space, is considered dif£erent from subjective 
motion, in  which the perceptual organization arises 
out of the given spatiotemporal complex of stationary 
stimuli. 

It is felt  that the two can be related or unified by 
recourse to a theory of a dual set of organizations, the 
one corresponding to the perception of motion and 
the other to the perception of pattern or detail. The 
basis fo r  this theory lies in  two sets of phenomena 
observed in apparent motion studies. 

I t  is well known that apparent motion perception 
can be optimized f o r  a particular set of dynamic 
variables. Below the optimal point, motion tends to 
disappear and is replaced by the successive appearance 
of the stimuli. Above the optimal point, it is replaced 
by simultaneous appearance of the stimuli. Under 
stimulus conditions reported ( I ) ,  the second stage is 
characterized by a phenomenon that I have called 
"Omega." The Omega complex is reported as  (i) a 
black shutter or door that opens to  reveal the light 
source, (ii) a hole in nothing, and (iii) as various 


