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Over a range of several different temperatures 
marked differences in varieties could be noted. 

THE USE OF SOLID CARBON DIOXIDE IN 

MAKING FREEZING-POINT DETERMI- 


NATIONS WITH PLANT JUICES 

DUNN~has recently employed "Dry Im" as a 

refrigerant in subjecting tissues of apple stems to 
freezing temperatures. 

The ease with which this material can be handled 
and the ease with which low tem~eratures can be 
obtained and maintained caused the writer to test 
out its use as a refrigerant in determining the freezing- 
point depression of plant juices. 

Although others may possibly have employed Dry 
Ice for  this purpose, it seems to the writer that 
knowledge of this method should receive mork pub- 
licity. Beoause of the ease of manipulation and the 
cleanliness and rapidity of the method, it seems as  
though its u e  would be of vaIue to workers in the 
plant sciences. 

In this method an ether bath surrounds the air 
jacket of the usual Beckman freezing-point apparatus. 
The temperature of the bath is regulated by adding 
to i t  pieces of Dry Ice (solid GO,) until the desired 
temperature is reached. When the pieces of Dry Ice 
drop into the ether they sink, causing a t  the same 
time violent bubbling of the liquid, while the tem- 
perature of the bath becomes lower. The bubbling 
causes the temperature of the bath to become uniform 
throughout, dispensing thus with stirring. 

The air-jacket may be filled with ether or  alcohol if 
desired. The ether bath should be in a cylindrical 
container, tall enough ;h a c c o ~ o d a t e  the air-jacket 
and its contents and the auxiliary thermometer. The 
container may be of metal, enamelware or glass, and 
should have a capacity preferably of two to two and 
one half liters, and tall enough to accommodate the 
freezing tube. 

The desired temperature of the bath may be main- 
tained during an experiment by adding small pieces 
of solid CO, whenever there is a tendency for the 
temperature of the bath to rise. The apparatus 
should be placed in sawdust or some other inkdating 
material. 

The advantages of using ether for a bath lie in 
the following points: (1)Ordinary ether is cheap. 
(2) The freezing-point of ether is very low. (3) 
Ether is volatile, leaving the apparatus clean after 
i ts  use. (4) In  other liquids that are volatile and 

I i53tuart Dunn, "The Use of 'Dry-Ice' or Solid Garbon 
Dioxiae as a Laboratory Refrigerant," SCIENCE,March 
29, 1929. 

do not adhere to the parts of the apparatus in con-
tact with them, difficulty is obtained in lowering the 
temperature of the bath if water is present. For 
this reason alcohol has been discarded as a bath. In  
alcohol the pieces of CO, become coated with ice 
which retards or stops the volatilization of the CO,. 

It is apparent that this method excels as cooling 
is produced by drawing air through the ether bath 
causing rapid evaporation therein because of the 
more rapid lowering of the temperature. 

The advantages of this method over methods where 
a salt-ice mixture is used are the following: (1)The 
temperature of the cooling mixture is more easily 
controlled. (2) The material is cleaner and easier to 
handle, (3) The ether in the bath may be used over 
and over again. (4) The temperature of the ether 
bath can be lowered more rapidly and accurately. 

L.P. LATIMER 
DEPARTXENTOF HORTICULTURE, 


NEW HAMPSHIRE 
A U ~ C U L ~ ~ L  
EXPERIMENT STATION 

SPECIAL ARTICLES 

SERIES IN THE ARC SPECTRUM OF 


BROMINE1 

RECENTLYwe have photographed the spectrum of 

bromine as emitted by a Geissler tube, from the 
ultra-violet to beyond 9300A in the near infra-red. 
The type of spectrum obtained depends both on the 
pressure of the gas within the tube and the character 
of the exciting discharge. When the gas a t  low 
pressure is activated by an uncondensed dischaxge 
from a high-voltage transformer the spectrum ob- 
served is predominantly that of the neutral atom, the 
arc spectrum. 

With the new wave-length data and the wave-lengths 
observed by Turner2 in the Schumann region, we have 
succeeded in working out the structure of the arc 
spectrum, Br I. The theoretical structure of the 
spectrum is similar to that of C1 I which we described 
in our note to SCIENCEfor October 12, 1928. Turner's 
lines represent the combination of the lowest term 
s2p4. 413 ZP with the higher 2Pand 4P terms coming 
from the electron configuration s2p4 5s. These terms, 
in turn, combine with still higher terms coming from 
s"*. 5p and s2p4 .6p to give the prominent arc lines 
observed in the infra-red and in the green and blue. 

For the lines observed by Turner, we give the fol- 
lowing classification. 

The lines from the 5p and 613 electrons are in Ryd- 
berg sequence. We therefore use them in calculating 

1 Publication approved by the director of the Bureau 
of Standards, of the U. S. Department of Commerce. 

2 PhysioaZ Review, 27: 400. 1926. 
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Int. Term combination 
6 =P2-'P, 
6 -JP,'P,-
8 =P*-4P, 

10 =PI-4Pz 
9 -JP,-
3 -JPZ-=PI 
8 -JPl-=PZ 
7 -JP,-2Pl 

the ionization potential of approximately 12.2 volts 
for the neutral atom. This value is checked by inter- 
polation from the known ionization potentials of 
Ga, Ge and Kr. 

Both Kimura8 and Hori4 have published observa- 
tions of the complex structure of Br lines. We have 
used the Fabry-Perot interferometer in observing the 
Br spectrum and we confirm their findings as to the 
flne structure of numerous lines. 

The details of this investigation will appear in an 
early number of the Bureau of Standards Jozlrnal of 
Research. 

T. L. DEBRUIN 
C. C. KIESS 
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ON THE BIOLOGICAL EFFECTS OF X-RAYS 

T H ~object of this note is to record briefly the 
results of experiments upon Saprolegnia f s r m  car-
ried out during the summers of 1925 and 1926 at  
Woods Hole. It was to be expected that with modern 
radiation apparatus and a knowledge of the tech- 
nique as applied to Drosophila, Saprolegnia with its 
extremely sensitive behavior toward chemical changes 
and its various modes of reproduction would pro-
vide changes under the action of X-rays which could 
be treated statistically. Except for a possible stimu- 
lus to nuclear division in the mycelium under the 
influence of X-rays, extensive experimentation on the 
rate of growth in culture media, on the formation 
and liberation of zoospores, the formation of oogonia 
and oospores, and the movement of protoplasm, failed 
to produce any results which could be attributed to 
the action of X-rays. The amount of radiation was 
enormously greater than had been employed with 
Drosophila. A dosage of 50,000 volts at  2.5 m.a. for 
twenty minutes with a standard Coolidge tube, and 
the material a t  12 cm from the tungsten target (in 
our method of recording represented by 32D),1 had 
been sufficient to cause complete sterility in Drosophila 
for two days and partial sterility for ten days. Ap-

3Memoirs, College of Sciencg Kyoto, 4: 139. 1920. 
4 Memoirs, College of Science, Kyoto, 9 : 307. 1926. 
1 J. W. Mavor and H. K. Svenson, Genetios, 9: 588- 

608 (1924), and previous papers. 

plications as high as 75,000 volts a t  10  m.a. for forty- 
five minutes a t  a similar distance from the tube failed 
to produce any results in Saprokgwia. The material 
radiated was exposed in .water in  small petrie dishes, 
duplicate material being kept as a control. The 
entire life cycle of Sapro leg~iamay be carried out in 
from two to three days. These experiments were so 
conducted that samples of the radiated material could 
be removed for study or staining without disturbing 
the remaining material. It was desirable to keep a 
large amount of material permanently, and after 
experimentation with many stains it was found that 
gentian violet for eighteen to twenty-four hours, 
destained by xylol, would show chromosomes in the 
mycelium and the oogonia without recourse to sec-
tioning. The chromosomes, however, are minute. 

As regards Drosophila, the writer does not presume 
to say that mutations can not possibly be induced by 
X-rays, but a series of carefully planned and exten- 
sive experiments carried out in 19224924 by the 
writer with the cooperation of Dr. Mavor, having as  
one of the primary ideas the possible production of 
mutations by X-rays, failed entirely to produce any 
physical mutations which could be detected. I n  these 
experiments, with special reference to three charac- 
ters of the second chromosome, black, purple and 
curved, under various dosages of X-rays, some 120,000 
individuals were individually examined in four re-
peated experiments, one half the number being con- 
trols. I n  no case could mutations be detected in 
greater numbers than appeared normally in the stock. 
Crossovers from the "recovery period," i.e., the period 
of greatest percentage of crossover after X-ray treat- 
ment, were bred in numerous auxiliary experiments; 
in one of these the increased crossover percentage 
was clearly demonstrated as not inherited,~ and there 
was no sign of mutations. 

From these experiments the writer believes that 
X-rays tend to show the extraordinary resistance of 
the germ-plasm to change by experimental means. 
Either the organism is killed, Le., by lethal rays 
during maturation divisions in the egg, resulting in 
complete or partial sterility; or the changes in per- 
centage of crossing-over which accompany the recov- 
ery period disappear in the succeeding generation. 

H. K. SVENSON 
CAMBRIDGE,
MASSACHUSETTS 

CONTROL OF THE COTTON BOLL WEEVIL 
BY INSECT ENEMIES 

PRIOR'to the use of poisons for the control of the 
cotton boll weevil (Anthonomus grandis Boh.), the 
attention of many entomologists interested in the 

2 Am. Nat., 58 : 311-315. 1924. 


