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field. Photographic plates exposed to such a band 
show sharp discontinuities when developed. 

The photographic emulsions contain the following 
elements which have critical potentials within the 
range studied: carbon, nitrogen and oxygen in the 
gelatin; and silver and bromine as silver bromide. 
The discontinuities observed in the blackening of the 
photographic plate are in good agreement with ob- 
served and calculated critical potentials for these ele- 
ments. Table 1contains a list of the critical poten- 
tials observed in this work with the interpretation as- 
signed to each. 

I n  assigning the interpretations given in this table 
both the absolute values and the difference between 
levels have been considered. 

The authors do not wish to make any claims for 
attainable refinements, but it is obvious that such un- 
certainties as initial velocities of thermally emitted 
electrons, contact potentials and potential drops along 
filaments are eliminated. 
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T H E  NUMBER AND ARRANGEMENT O F  

FLAGELLA O F  T H E  TYPHOID FEVER 


GERM, BACILLUS T Y P H I  


INstaining various bacteria for flagella by a method 
developed by the writer (which will be described else- 
where), Bacillus typhi  Gaffky (B.typhosus Gaffky) 
happened to be included. As quite a few prepara- 
tions have been obtained of this germ, showing very 
clearly the number and arrangement of flagella, it 
seems desirable to call attention to the findings, espe- 
cially as they are not in agreement with various state- 
ments and figures presented in quite a few well-known 
text-books and articles. Two cultures, a t  different 
times, were obtained from the U. S. Army Medical 
Museum, and the preparations obtained from both 
were in very close agreement. Furthermore, the same 
staining method has been used by several classes of 
students in bacteriology, University of Arkansas, 
using the typhoid germ and with the same results. 
Altogether, some fifty excellent preparations have 
been studied by the writer and several clear-cut micro- 
photographs have been obtained. 

From these studies the following conclusions are 
drawn. First, the number of flagella for each organ- 
ism varies from one to several (rarely more than 
four), none showing as many as those figured in 
various texts, for example, Jordan's "General Bac-
teriology" (sixth edition), fig. 69, p. 299, or Migula's 
"System der Bakterien," vol. I,pl. 2, fig. 6;  vol. 2, pl. 
7, fig. 6. Second, the arrangement of flagella is quite 
variable, often but a single polar flagellum is to be 

observed, occasionally one or more flagella appear at 
the sides, and not infrequently individuals occur hav- 
ing two flagella a t  one pole and with one or two a t  
the sides. Third, there is a marked difference in the 
shape of the body as compared to those figured by 
various other investigators. In  my preparations, the 
bodies appear very similar to those stained by ordi- 
nary, non-flagella staining methods, and compare very 
favorably to the figures presented by Migula, fig. 23, 
p. 727, vol. 2; fig. 6, pl. 7, vol. 2; or Jordan's fig. 
68, p. 298. Indeed, if one carefully studies the figures 
given by these authors of 3. typhi,  stained by ordi- 
nary methods, and contrasts them with the figures 
given by these same authors, stained by flagella-stain- 
ing methods, the conclusion is inevitable that either 
the flagella-staining methods have so distorted the 
shape of the organisms that they have no resemblance 
to the true forms, or that entirely different species 
are involved. The first explanation is probably the 
true one, for it is well known that many, if not all, 
of the older flagella-staining methods, such as Loeff- 
ler's or Van Ermengem's, possess a marked tendency 
to distort the bodies, and in addition, to deposit a 
more or less heavy precipitate on and around the bac- 
teria. This last feature often renders it difficult to 
clearly delimit a single organism from a clump of 
organisms. 

This has been almost entirely eliminated by the 
method used by the writer, as will be fully illustrated 
elsewhere. In  all probability, then, the explanation 
for the difference in number and arrangement of 
flagella of B. t yph i  found by the mriter and that 
given by various other writers is to be found in the 
degree of cleanness of preparations, particularly in 
freedom from deposits. I n  very few of the published 
photographs of B. t yph i  known to the writer can it 
be absolutely determined whether any one figure rep- 
resents a single organism or a group of organisms. 
I am not overlooking the fact that there are other 
possible explanations, such as diderences between 
strains in the number and arrangement of flagella, 
and that in making preparations it is very easy to 
destroy or render unobservable some or all of the 
flagella. However, the marked success in flagella 
staining and photographing that I have obtained 
with numerous and diverse organisms gives me a con- 
siderable degree of assurance that in the strains of 
B. typhi studied the flagella have been properly rep- 
resented. In  view of the importance of any method 
by which the typhoid fever germ may be accurately 
identified, the writer will be glad to lend preparations 
to others who may wish to make comparisons. 
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