
tubes, dild hrtlce radiation redchlng tht 
outside must arise from multiple scattcr- 
ing proccsscs. This considcration re-
quires that the tubrs be small. 

Thc fluid-flow relationships involved 
cither require rclativcly few large tubcs 
or a large number of small tubes. JVith 
respect to the fluid-flow relationship, the 
criterion used was to make thc largest in- 
dividual pressure drop be that associated 
with thc slots, since their size, as de-
scribed herc, is governed by other factors 
and not easily subject to change. As a re- 
sult, many small tubes are used. The 
natural circulation can bc improved by 
adding a stack to thc facility, as 1s shown. 

Thc over-all dimensions of such a pro- 
posed facility would be about 4 fect in 
diameter by 4 feet in height, with a 
6-foot stack having an internal diameter 

of about L O  irtchca. The welght of such a 
unit would be about 13.5 tons. The  inncr 
cylindrical core (containing the rectangu- 
lar slots) would bc about 2 fcct in diame- 
ter by 2 feet in height. Each slot would 
contain two cobalt strips arranged verti- 
cally, onc above the othcr. Since 334 
strips are required to constitute a mega- 
curic, 167 slots would be required, and 
these would be arranged on concentric 
circles spaced 1% inches apart. Each rod 
in a given circle would also be about 1.5 
inchcs apart, from center to center. Since 
each slot is 1 inch bv 0.5 inch. thc thick- 
ness of lead betwcen slots (and hence 
betwcen cobalt strips) would bc 1 inch 
in a radial direction and 0.5 inch along 
thc circumfcrcnce of thc circle. The air 
chambers above and below the central 
core would bc 4 inchcs in height, and 

Bendix Time-of-Flight 
Mass Spectrometer 

The combination of high resolution 
with the spced of response and geometric 
simplicity of time-of-flight mass spec-
trometers makes possible the application 
of mass spectrometry to a number of 
analysis and rcscarch problcms which 
heretofore have not bcen well suited to 
this technique. The development of the 
Bendix spcctromcter began with the in- 
vention of a new ion gun ( 1 ) which was 
capable of providing very high resolving 
powcr when used in a time-of-flight mas, 
spectrometer. Further developmcnt work 
was encouraged by the inherent versatility 
of the instrument both in its operation 
and in its design. Several models have 
now been designed and built on special 
order to satisfy a numbcr of different ap- 
plications. Following a description of the 
spectrometer's operation and a summary 
of its characteristics, some of these appli- 
cations are discussed. 

Operation 

Sevcral classes of mass spcctromcters 
are commonly referred to as time-of-
flight instruments. The Bendix spcctrom- 
etcr belongs to the class which probably 
represents the most straightforward ap-
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plication of timc of flight to mass spec- 
trometry and, in its simplest form, con- 
sists merely of an ion source and an ion 
collcctor situated at oppositc ends of an 
evacuated tubc, as is shown in Fig. 1. 

Ions arc first formed, usually by elec- 
tron bombardment, between the two 
elcctrodcs of thc ion source. By applying 
a voltage pulse between thesc clectrodcs, 
the ion bunch can bc ejected through an 
opening or grid in one of the electrodes. 
Because the ions, as a rcsult of thc ac-
celerating ficld, reach a velocity that is 
a function of their mass to charge ratio, 
the original bunch of ions separates as 
it passcs through the ficld-free rcgion bc- 
twccn the source and the detector into 
several bunches, each containing ions of a 
specific mass to charge ratio. Hence, the 
light ions will rcach the ion detector 
first, followed in succession by the heavier 
ions. 

One of the many methods in which 
the Bendix spectrometer can be operated 
is described in more detail with the aid 
of Fig. 2. The first event in the creation 
of a single mass spectrum, many thou- 
sands of which may be formed evcry sec- 
ond, is the establishment of the electron 
bcam in thc temporarily field-free ion- 
izing rcgion. This beam, which usually 

there would be 100 I-inch lubes in the 
top and bottom sections to pcrmit circu- 
lation of air. 

The temperatures of interest in such a 
facility are those at the outer surface, in 
thc central corc, and in the individual 
cobalt strips. Since thcse tempcraturcs 
are dependent on position, the values 
given in Table 2 refer to specific loca- 
tions as follows: t ,  is the temperature of 
the outer surface at a point midway be- 
tween top and bottom; t ,  is the tcmpera- 
ture at the center of the core; t ,  is the 
temperature at  the center of a cobalt 
strip; and t ,  is the temperature of the air 
in the tubes leaving the facility. Thc cal- 
culations that lcd to the results givcn 
hcre involved many assumptions and ap- 
proximations, which arc too numcrous 
and too involved to discuss in this paper. 

lasts a fraction of a microsccond, is pro- 
duccd when clcctrons are drawn off a hot 
filament by a voltage pulse applied to 
the adjacent electrode. After this beam is 
turned off, grid 1 is pulscd to eject the 
resulting ion bunch into the accclcrating 
region. The direct-current sourcc po-
tentials are arranged so that the ions re- 
ceive their major acceleration as thcy 
pass through this area on thcir way to 
the field-frcc separating region or drift 
SDace. 

If the ions before pulsing wcrc at  rest 
and all in a plane parallel to the elec- 
trodes, almost any method of ejecting 
thcm from thc source would provide 
infinite mass resolution, regardless of thc 
total length of thc flight path. The rc- 
solving power of the instrument is, there- 
fore, a measure of the ability of the 
sourcc to dclivcr the ions of onc mass to 
chargc ratio to the dctcctor in a sharp 
pulse, even though thc ions will inevi-
tably vary in initial position and velocity. 
The effcct of variations in the ions' initial 
position can be rcduccd by taking ad- 
vantage of the fact that those ions farther 
away from grid 1 fall through a larger 
potential during the ion-ejection period 
than do those ncarer this grid. The trail- 
ing ions will, therefore, acquire a greater 
vclocity and will eventually overtake 
those in front. A proper adjustment of 
the ficlds in the ionizing and accelerating 
regions, usually made by varying thc 
height of the ion-ejecting pulsc applied 
to grid 1, causes the "crossovcr point" 
for all ion peaks to occur as they pass 
through grid 3 into the ion detector. The 
deleterious effect of initial ion velocities 
on the resolution of a time-of-flight spcc- 
trometer can bc reduced in two ways: 
( i )  thc final vclocity of the ions can bc 
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made large relative to their initial ve-
locities; (ii) the time during which the 
ions are traveling with their final veloc- 
ity can be made large compared with the 
total time of flight. The latter method 
has the effect of increasing the average 
velocity of the ions during their total 
flight time relative to their initial veloci- 
ties. The high resolution produced by the 
Bendix spectrometer compared with 
other time-of-flight instruments is in large 
measure due to its ability to give the ions 
a high average velocity without using 
prohibitively high voltages or requiring 
a speed of response in the ion detector 
and output system beyond present elec- 
tronic art. 

A mathematical treatment of the fo- 
cusing action of this source has appeared 
in a previous article (2) .  The time of 
flight for an ion of mass M and charge q 
is T =h ( M / q ) " ,  where h, is a function 
of dimensions and voltages. A representa-
tive value for the flight time of a singly 
charged nitrogen ion (M= 28 atomic 
mass units) is 5 microseconds, and under 
usual conditions the time width of the 
nitrogen pulse at  half height is about 
0.015 microsecond. 

A magnetic electron multiplier is used 
to detect and amplify the ion bunches, 
or peaks. The ions pass through grid 3 
into the electron multiplier, strike the 
first multiplying plate or dynode, and 
produce secondary electrons. These elec- 
trons follow cycloidal paths under the 
influence of the mutually perpendicular 
electric and magnetic fields in the multi- 
plier. After suitable multiplication, the 
resulting output signal can be displayed 
on an oscilloscope synchronized with the 
ion-accelerating pulse. 

Characteristics 

In large measure, the inherent stability 
and ruggedness of the Bendix spectrom- 
eter result from the simplicity of the me- 
chanical construction. Since the resolu- 
tion depends on temporal, rather than 
geometric factors, no accurate alignment 
or stringmt geometric conditions are re- 
quired. The sise and shape of the evacu- 
ated volumc is not restricted by the pres- 
ence of a magnet, so that the effects of 
stray fields, arising from contaminated 
surfaces, can be minimized. This con-
sideration, coupled with the fact that the 
performance of the instrument is de-
pendent on only a small number of elec- 
trodes, permits the physical design to be 
quite flexible. Thus the problem of modi- 
fying the device for specific purposes is 
grcat ly simplified. 

The resolution of the Rendix spec-
trometer varies with several parameters, 
such as flight time, flight-path length, 
and ion-source dimensions. As the in-

\ I O N  S O U R C E  1
I O N  D E T E C T O R  

Fig. 1. Basic geometry of the Bendix 
spectrometer. 

strument parameters are varied to im- 
prove resolution, the sensitivity drops. 
The best resolution achieved to date is 
illustrated by the oscillogram shown in 
Fig. 3, while the compromise between 
resolution and sensitivity chosen for re- 
cent models gives the "normal" resolu-
tion shown in Figs. 4 and 5. Careful os- 
cilloscope measurements have been made 
of this normal resolution at  many masses 
up through xenon. Direct measurement 
on higher masses have not yet been made, 
but extrapolation of the data taken in 
this lower mass range shows that mass 
400 atomic mass units should contribute 
about 1 percent of its height to adjacent 
peaks and mass 600 atomic mass units 
has a width at  half-height equal to the 
time separation between the centers of 
masses 600 and 601. 

An important characteristic of this 
instrument is the speed with which an 
analysis can be made. If one takes pic- 
tures of an oscilloscope screen, it is pos- 
sible to get a complete analysis recorded 
in a few microseconds. I t  should be noted 
that, although the mass spectrum might 
take 10 to 20 microseconds to be de-
tected, the ions in this mass spectrum 
were all formed during a fraction of a 
microsecond in the ion source; and thus 
the spectrum represents the average com- 
position of the sample during a period 
no longer than a fraction of a microsec- 
ond. As in all mass spectrometers, the 
sensitivity depends on the resolution. 
Sensitivities on the order of 1 part in a 
million are theoretically possible in the 
low mass range. 

There are several ways in which the 
mass spectra can be recorded. The sim- 
plest is the oscilloscope display men-
tioned previously, which exhibits the 
maximum resolution of the instrument 
and preserves the inherent speed of anal- 
ysis. Some applications, however, require 
greater accuracy and sensitivity than 
those obtainable through oscilloscope 
presentation. For these, the magnetic 
electron multiplier has been further de- 
veloped to provide three separate anodes. 
One of these anodes is usually connected 
to the oscilloscope. The other two can 
be activated electronically (gated) so that 
any portion of the mass spectrum can 
be directed onto each of these anodes, 

the remainder of the spectrum golng to 
the oscilloscope anode. The two gated 
anodes are usually connected to an inte- 
grating direct-current amplifier which 
produces a voltage proportional to the 
average area under that part of the 
mass spectrum selected. The ratio of the 
two voltages obtained in this way can 
then be obtained and recorded if de-
sired. Ratio recording has several advan- 
tages stemming from the fact that any 
variable in the machine which changes 
the size of all peaks proportionally will 
have no effect on ratios. Thus, changes in 
the electron-beam intensity, the gas flow 
into the instrument, or the amplification 
of the multiplier do not affect the analysis 
and, consequently, do not require precise 
regulation. Applications utilizing this 
ratio output are described later. 

A modification of this ratio-recording 
principle involves the use of pulse-count- 
ing techniques. Some ion peaks are so 
small that an average of less than I ion 
appears each cycle. The ratio of two such 
peaks can be taken by counting the pulses 
that occur during the time interval be- 
longing to each peak and comparing the 
two counts periodically. The noise pulses 
produced by the multiplier are equivalent 
to an ion pulse containing about 6 x 
ions, so that noise pulses do not impose 
a serious restriction on measuring small 
peaks by this method. 

Applications 

Probably the most obvious application 
is the analysis of very fast chemical re- 
actions, especially analyses in which one 
is attempting to detect radicals with half- 
lives in the microsecond region and which 
must be detected before they have suf- 
fered any wall collisions. One of the in- 
struments of this type is designed to pro- 
duce a spectrum every 50 microseconds 
which is photographed by a high-speed 
camera. The ionizing region and the re- 
action chamber are separated by only a 
thin wall with a small pinhole through it, 
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Fig. 2. Physical layout of the ion source 
and detector. 
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assuring the smallest possible path lcngth 
for the radicals before ionization. The 
clcctron bcam is dircctcd to grnzc thc 
inncr sicle of this pinliolc so tliat the gas 
is I~cing ionizcd i t  the point wllrre-its 
prcssurc is tlic grmtcst. 

Pcrhnps thc biggest prol,lem in this 
typc of analysis is rcducing the I~aclr- 
ground to a sufiicicntly small vnluc. Back- 
ground gas in this casc includes not only 
products from thc diffusion pump and 
gases originating in thc walls of tlic vcsscl 
but also any molcculcs thnt hnvc gone 
through thc pinliolc ancl havc rcl)o~~ntlcd 
against n surfncc nt lrnst once. '~ I I I IS ,  it 
is iniportant to keep any s~ufnccs in front 
of the pin!iolc to n niininiutn, so I I I : I I  a 
pnrticlc after rcl)o~~ntlin; \\.ill II:I\T a 
much gcntcr  clinncc of I~cinfi c a p ~ ~ ~ r r d  
by tllc ptclnping systcm than of returning 
to tlic ionizing rcgion. This is accom- 
plishctl I)y using accclernting grids wit11 
vcry high transmission factors, provi:ling 
a lnrgc cvnc~~ntetl volumc heyond thc ion 
sourcc, utilizing large diffusion puml)s, 
ant1 prcvcnting ions that arc formed by 
thc elrctron Iwam in a region other than 
thnt clircctly in front of thc pitiholc from 
cvcr rcacl~ing thc ion collector. 

A promising approach to tlie prol~lcm 
of producing clicmicals morc cfficicntly, 
which has I~een recciving attention rc- 
ccntly, is thc utilization of fast reactions 
ncaring tlic srcccl nntl violcncc prcsent 
in n rani jct cnginc (3). Somc fast reac- 
tions arc alrcady utilizecl by tlic chcmical 
industry; for instnncc, ctliylcnc is made 
with Iiigh cfiricncy from propnnc gas 
by simply passing thc propane tliro~~gll 
a hot tul~c. IIowcvcr, tlic widc applica- 
tion of thcsc fast reactions is I~cing 
limitccl I)y tllc tlificulty of clctcrnlining 
thc complctc c'licmical proccsscs in- 
volvctl, cspcc'inlly thc identity of the 
ninny intcrnirdiatc products, some of 
which havc morc val;c than do the cnd- 
products. Thc ahility of the Bendix 
spectrometer to hrlp solve some of the 
formidable instrumentation problcms 
should matcrially contribute to the dc- 
vclopmcnt of this rapidly growing ficld. 

There is anotlicr class of problrms 
si~itahle for mass spcctromctcrs \vliich 
utilize o~i ly an oscilloscope as an output 
systcm I,ut do not rcquirc thc extrctnc 
spccds ncccssary in vcry fast rcaction 
work. Onc of thc most interesting appli- 
cations is in the identification of the 
scparatcd components emerging from a 
vapor-phase chromatographer. The com- 
mon mcthod for identifying each com- 
poncnt is to measure the time lapse be- 
tween the introduction of the mixture 
and the emergence of the separated 
coniponcnt from the cliromntography 
coli~mn as indicntcd by a thcrmal con- 
ductivity gngc. If the snmc col~tmn hns 
bccn previously calibrated with this same 
component under identical column tern- 

Fig. 3. Oscillogram of thc mass spectrum 
of some xenon isotopes. Th: masses are, 
from left to right, 128, 129, 130, 131, 132, 
134, and 136 amu. 

Fig. 4. Oscillogram of a section of the 
n-hutanc mass spectrum. From lcft to 
right, the masses are 39,40,41,42,43, and 
44 amu. 

Fig. 5. Oscillogram of a portion of the 
spcctrum produced with a mixture of air 
and n-butane. The masses, from lcft to 
right, are 26, 27, 28, 29, 30, and 32 amu. 

pcrature, cnrricr gas pressure, and car- 
ricr gas flow ratc conditions, this cmcr- 
gcncc timc can bc uscd for identification. 
For grncral analysis applications, liow- 
cvcr, such a limitation to onc set of op- 
crating conditions is a definite disad- 
vantage, since thc f~tll  resolution possible 
with chromatography depends on the 
utilization of many different column 
temperatures, flow rates, and especially 
column materials. Switching from one 
sct of operating conditions to another 
not only varies the emergence times of 
scparated compounds but, in some cases, 
thc ordcr of emergence as well. The  mass 
spcctromctcr has been used to identify 
thc cmcrgent compounds, but heretofore 
this has requireil tctlious collection of 
cach component i l l  n scparatc sample 
bottlc and subscquc~it admission of cach 
samplc in turn to thc spcctromcter. 

Using the Bendix spectrometer, the 
identification of the emerging compo- 
ncnts can be made simply by allowing a 
portion of the effluent gas to pass into 
the spectrometer. As each unknown 
emerges, its unique spectrum will rise 
and fall on the oscilloscope screen, af- 
fording positive identification in most 
cases. Photographs of the mass spectra 
can bc taken i f  a permanent record is 
dcsircd, and the rclativc abundnnrc of 
the components can bc determined by 

monitoring multiplier output current or 
utilizing a conductivity cell in thc con- 
ventional manner. 

Eecause of its inherent chnracteristics, 
tlie ratio systcm tlcscrihed here promises 
to create important applications for this 
instrument in the proccss monitoring and 
proccss control fields. The  relative inde- 
pendcnce of the ratio output with source 
pressure, source temperature, electron- 
bcam current, and multiplier gain leads 
to a relaxation of regulation and calibra- 
tion requirrmcnts, and the simplicity 
and ruggedness of the design facilitates 
atl;~ptation to intlustrial-pl:~n operation. 
A~iotllcr atlvnntage tlrrivetl from the in- 
dcpr~iclcncc of t l ~ c  rntin o r ~ t p ~ ~ t  on source 
prrssrlrc is tlic feasil~ility of antomatic 
cnlil,ration I,y rapitl snmplc stream 
switching. Consiclcr a ratio system tliat 
switches tlic samplc stream bctwcen a 
standard and an unknown o r  process 
stream many tinies a second and then 
detects thc ratio differcncc existing be- 
tween the standard and thc unknown 
with a null detector tuned to the fre- 
quency of the sample switcher. I t  would 
bc tlilTicult in such a system to hold the 
sourcc prcssurc constant, hut this is not 
ncccsmry with ratio oprration. since hoth 
pcnks of thc ratio arc affcctcd propor- 
tionatcly I)y sourrc prcssrlre changeq. 
Samplc s\\ritching cnuplrcl with the null 
detection of a ratio grcntlv rctlucec dc- 
p~~i t l ence  on nprrnting varial,les and pro- 
ducts a ro~iti~iuously calil~ratccl signal. 

In  some pilot-plant operations, the 
ratio output could be uscd to optimize 
morc quickly tlic proces. unclcr invcsti- 
gntion. In  tliosc stages of thc prnccss 
\vliich ror~lcl I)c optimized by maximizing 
or minimizing a ratio of two pcaks o r  
two sections of the spectrum, much time 
could he saved by inserting the sample 
system of the spectrometer directly into 
the proccss stream and changing the 
plant-operating variahles while watching 
the ratio. The oscilloscope spectrum 
could also contribute valuable informa- 
tion during this procedure. 

Applications in the chemical labora- 
tory also cxist for thc Bendix spcctrom- 
ctc-r. In many casrs, the samples pro- 
ducctl in I:tl~orntorics arc analyzcd by a 
scp:trntc mass-spcctromctcr group. nftrn 
resulting in scrious delays. Thc  simplici'ty 
and low cost of this instrument when it 
is equipped with only an oscilloscope 
output make it practical for. a chemist 
to use it in his own laboratory as a versa- 
tile, fast-responding tool to aid him in 
simple analyses and the monitoring of 
chemical reactions. A number of acccs- 
sories can be uscd with this instrument 
to increase its versatility, such as stand- 
ard snmplc systems, independently timed 
oscilloscope sweeps on alternate cycles so 
that nny two mass pcaks can bc brought 
into coinddcnce on thc screcn for dircct 
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comparison, s~mple pulse-counting sys- 
tems that measure peaks containing less 
than 1 ion per spectrum which allo\v one 
to utilize the full sensitivity range of the 
instrument, and simple gating systems 
which allow conventional recording of 
mass spectra. 

An experiment recently performed 
concerning the detection of metallic ions 
may suggest other applications for the 
instrument. I t  was desired to check the 
dependence of resolution on initial ener- 
gies considerably higher than those usu- 
ally encountered, and for this purpose a 
beam of metallic molecules, thermally 
emittcd from a hot source, was allowed 
to pass through t l ~ e  ionizing region at  
right angles to the electron beam and 
parallel to the source electrodes. As was 
expected, the resolution was unaffected 
by this transverse velocity. In  general the 
resolution and intensity obtained with 
metallic vapors have proved to be very 
similar to those that would be obtained 

with gases at the same nlolecular density. 
I t  was possible, however, to detect a shift 
in the direction of travel of the metallic 
ion beam as compared with the back- 
grour~d ions, thr metallic ions being dis- 
placed at the collector in tlte direction 
of their high initial velocities. This fact 
can be turned to advantage by aiming 
the metallic ions directly at  the collector, 
causing the majority of the background 
ions to be lost to one side. With alumi- 
num vapor, an improvement of a factor 
of 10 for the sensitivity of the metallic 
vapor as compared with the background 
gas was obtained in this way. 

Another application in the exprri-
mental ficld is to measure the lifctimc of 
different types of ions by varying the time 
between the shutoff of the ionking elec- 
tron beam and the beginning of the ion- 
acceleration pulse. With most source 
geometries it is possible to have a lag 
between ion formation and ejection from 
the source of about 5 to 10 microsecands. 

News of Science 


Bhosphagen of Tunicates 

I t  has been established that inverte- 
brates and vertebrates differ with respect 
to their phosphagens. Thus, phospho-
arginine is characteristic of invertebrates 
and phosphocreatine of vertebrates. 

The invertebrates, however, exhibit 
some variability [Baldwin, Dginamic As- 
pects of Biochemistry (Cambridge Univ. 
Press, ed. 2, 1952)l. Although most of 
the five extant classes of Echinodermata 
posscss nonprotein arginine and so fol-
low the general invertebrate pnttern, the 
Ophiuroidea contain creatine and the 
Echinoidea both arginine and creatine. 
A few invertebrates are devoid of both 
phosphoarginine and phosphocreatine 
but possess one or the other (gephyreans, 
some polychaete annelids) or both (some 
polychaetes) of two recently discovered 
phosphagens that contain neither argi-
nine nor creatine. On the other hand, 
phosphocreatine is the only phosphagen 
present in vertebrates. 

The protochordates (Hemichordatn, 
Urocltordnta, Crphnlochordnta), al-
though they are grouped together avith 
the vertebrates to form a single phylum, 

the Chordata, are recognized as being 
morphologically intermediate between 
invertebrates and vertebrates. Their bio- 
chemical affinities, and hence their phos- 
phagens, are therefore of considerable 
interest (see Baldwin, 1952). Only phos- 
phocreatine is present in Cephalochor- 
data (lancelets), which thus most 
closely resemble vertebrates, as they 
do in their morphology. On the other 
hand, the Hemichordata (sea acorns), 
which exhibit the greatest structural 
affinities with invertebrates, appro-
priately possess both the arginine and 
creatine compounds. Since 1932, the 
Urochordata (tunicates or sea squirts) 
have been regarded as quite anomalous 
among chordates in this respect, for the 
studies of both Flossner and Needham 
et al. have indicated the presence of 
phosphoarginine, but not of phospho-
creatine, in these animals. Hence, in this 
respect, the tunicates have been thought 
to resemble the invertebrates. 

Morrison, Griffiths, and Ennor have 
recently reported a study of two species 
of tunicates, Pyuru stolonifera and P. sp. 
[Nature, 178, 359 (18 Aug. 1956)l in 
which they found no traces of arginine, 

Conclusions 

Many of the applications of the Bcndix 
Time-of-Fligltt Rfass Spcctrometcr ma!ie 
use of tlte instrument's high resolution, 
speed of response, and simplicity. Among 
these are studies of fast reactions, the 
monitoring of chromatography columns, 
fast, moderately accurate chemical analy- 
ses, the optimizing of pilot-plant opera- 
tions, the detection of metallic vapors, 
and studies of ion lifetimes. 

Further experience is expected to un- 
cover other applications to the prob-
lems of science and industry where the 
unique characteristics of this instrument 
can be of service, 
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phosphoarginine, or arginine phospho- 
kinase. However, the presence of crea-
tine, phosphocreatine, and an enzyme 
possessing creatine phosphokinase activ- 
ity was established. The authors note 
that, although it may not be permissible 
to conclude that tunicates as a class pos- 
sess phosphocreatine, their findings on 
Pyura do relieve these animals of their 
anomalous position and provide bio-
chemical support for their accepted clas- 
sification among the chordates. 

I t  would seem of interest to investi- 
gate the phosphagens of other species of 
tunicates, including those already studied 
by earlier workers. I t  may well be that 
Flossner, Needham et al., and Morrison 
et al. are all correct; if so, the tunicates 
possess more than one type of phos-
phagen, which varies with the species, 
sometimes being phosphoarginine, as in 
invertebrates, sometimes phosphocrea-
tine, as in vertebrates and lancelets, and 
sometimes, perhaps, both of these com-
pounds, as in hemichordates. This would 
befit the accepted phylogenetic position 
of the Urochordata.--W. L. S., JR.. 

French Atomic Power 

France became the first country on the 
West European continent to produce 
electricity by atomic means on 28 Sept. 
On  that date the atomic center a t  Mar- 
coule, on the Rhone River north of 
Avignon, began to produce suflicient heat 
to make vapor, which in turn started the 
operation of specially constructed tur-
bines. 

The pile, the first of three that will be 
built a t  Marcoule, began operating in 
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