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UNIVERSITY OF . CALIFORNIA, RADIATION LABORATORY , 

January 15 to February 15, 1951 

MONTHLY PROGRESS BEPORT No o 94 

March 6, 1951 

1. Bevatron UNCLASSIFIED 
{AEC Program No. 1500) 

During the period the magnet core st.eel erection was comple;l!ed' as far 
as necessary for coil winding. The coil .end winding supports were all erected 
and material for coil winding is on hand. Some changes in tooling indicated 
by practice winding are in progress. The start of winding is waiting on com­
pletion of these tools and the availability of electricians. 

Work continued on the vacuum tank test section. Individual gaskets are 
tight and assembly of the complete section is proceeding. 

Wiring continued in the generator room and cables from the generator room 
to the magnet are being pulled in. 

2 9 184-inch Cyclotron Operation 
(AEC Program No. 5741) 

UNCLASSIFIED 

The cyclotron was used for research experiments approximately 97.5 
percent of the 485 hours that the craw was on duty. 

The time distribution was as follows: 

Operation for customers 
Filament change 
Electrical troubles 
Others 

472. 75 hours, 
3.,00 
3,0 75 
5.50 

485.,0 

3. 60~ineh Cyclotron Operation 
, (AEC· Program No. 903} 

97.,5 % 
0.6 
0.,8 
1.1 

100.0 

UNCLASSIFIED 

A productive operational ef~icieney of 85 percent was achieved this 
month. A consistent alpha beam of greater than 10 ~~ was available upon demand. 
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4" Synchrotron Operation UNCLASSIFIED 
{AEC ProgramNo. 5731) 

- A high intensity and reliable beam was available during this report 
period. Physics experiments utilized nearly all of the scheduled running time 
on the synchrotron. Some time was devoted to making preliminary tests of a 
dispenser cathode type injector. We were unable to produce a beam during these 
tests -- the reason is not as yet known. FurtheF investigation and tests are 
planned. 

The time distribution was as follows: 

Operation for customers· 
Tests with Synchrotron 
Maintenance and installation 

369.0_hours 
16.0 
18.5 

403.5 100.0 

5. Linear Accelerator and· Van de Graaff Operation 
(AEC Program No. 5751) 

UNCLASSIFIED 

The linear accelerator is ri.ot yet ready for routine experiments as ser­
vice tests are still being ·run. A beam of 3 x 10-8 amps was obtained through 
the 20° port. Preparations are being made to install a test buncher. Good 
operation has been obtained with the Van de Graaff and the reliability of the _ 
linear accelerator has increased with bake-in time. 

6
2 

Experimental Physics UNCLASSIFIED 

Film Program. Meson Nlasses. The remeasurement of the 1l ineson mas:;leS with close 
attention to the reduction of system~tic errors has been completedp and a 
communication on· this subject has been sent to the Physical Rev~ew. Both n+ and 
u= masses were found to be 27? e.m. with probable e;rrors of about 1~5 e.m. The 
experiment was also intended to yield the ~+ massp but contamination by ~ 
mesons from decay in flight interfered with obtaining a pre.cise result. A new 
experiment on the ~+ meson mass has been s~arted. 

Meson Scattering. A study similar to the one previously made with nega­
tive mesons is now in progress· in which the free path in emulsion for various 
nuclear processes induced by 40 Mev 11~ mesons is measured. 

/ 

Another scattering experiment has been performed and the nuclear emulsion 
plates ·are now being scanned. In this experiment we attempt to measure the 
scattering cross=section of protons for 40 Mev n= mesons. The ,elastic· and in­
elastic scattering of carbon is being determined incidental to thi's ·experiment. 

Cloud Chamber. -A new continuously sensitive cloud chamber has been completed of 
.. theproper dimensions to be installed in the large -iron-cored cloud chamber magnet. 
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UNCLASSIFIED 

The rectangular chamber :tbr use at the synchrotron has been tested with the 
counter control circuits. :r;t-will be used there. SUccessful photographs have 
been taken of coSIT1ic ray parti~les. Thetracks in hydrogen were very narrow. 
showing the exceptionally high speed of the new pop valve. 

Succes.sful pictures have been made of alpha particles in a very small 
chamber operating at a pressure of only 21 mm of water vapor. The details of 
the design of the windows on the high:..pressure cloud chamber have been· completed. 

-High Energy Proton Interactions with Nuclei. ~ergy spectra of 340 Mev protons 
scattered from H, C~ Al, Cu, and J?b, have beeri obtained at scattering angles of 
8-1/2°, 10-l/2o, 13o, and 17°. At angles within the first two maxima of the 
diffraction-patterns ferAl, Cu, and J?b, the spectra are peaked near the full 
beam energy; they are peaked at energies higher than the energies corresponding 
to the proton energy spectra peaks from hydrogen. At the minima of the diffrac~ 
tion p_atterns, and at large scattering angles, the peaks of the spectra from 
Al 9 cu, and J?b, correspond in anergy to those from H, indicating a. preponder­
ance of nucleon-nucleon collisions. The widths of the spectra increase mono= 
tonically with scattering ~ngle. 

cererikov Radiation. The energy measurements with Cerenkov radiation have reached 
the publication stage. Bathe and Segr~ have pointed outithe desirability of a 
new range energy expertinent similar to that of-Mather and Segre (UCRL-1089) with 
lower velocity particles~' This is being investigated. Preparation is being made 
for a contemplated recalculation of the range energy curves which will combine 
the recent- work in this field. 

Some efforts are being spent on the development of a particle counter 
using Carenkov radiation but no conclusive results have bean obtained to data. 

Neutral Meson Program. · The high energy photon telescopes for the coincident 
counting of photons from neutral masons have bean completed with their associated 
electronics and the taking of data has begun. These experiments will serve to 
determine the anergy-angul~-distribution of the feutral mesons produced by 
proton bombardment. 

Meson Production. The experiment to measure the scattering cross section of 
n+ mesons-by carbon at goo gives a differential scattering cross sect~on of 
{2.2 :t 1.0) lo-26cm2/steradian , on the basis of the work thus far. The method 
proposed by H. A. WiLcox for the detection of particles in flight by means of 
pulse height is now being used to count negative mesons. The experiment on the. 
production of rr+ masons by p-p interaction provided a inethod of measuring the rr+ 
meson mass. This mass ·has been determined to be (275.1 :t 2.5) electron masses. 
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Effect of Chemical Binding on Stopping Power.- A preliminary run using 
~Mev·protons from the 184-inch cyclotron has -been made. An accuracy 
for measuring relative stopping powers of about 0.1 percent appears possi- · 
ble. 

.. 
Proton-proton Scattering at 120 to 345 Mev. UCRL report No. 1109 on this 
subject is still undergoing some modifications in an attempt to bring out 
clear and consistent comparisons with the· theoretical work. 

A possible modification of the electronic apparatus is under study, 
with a view toward better determination of the single counting rates. This 
information is desirable in connection with the proposed attempt to measure 
the. p-p scattering at l?inall angles .f·rom the beam at reduced beam energy. 

Deuteron-proton Scattering Using 190 Mev Deuterons. The inelastic d-p scatter­
ing appears to occur predominantly with the angle between the two outgoing 
protons within 2 degrees of 87 degrees. This is in contrast to what was , 
expected, which ·was a spread of at least 10 degrees. Analysis .·of the ener= 
gy and momentum conditions. indicates, however, that this result should not be, 
unexpected in this particular case of incident deuterons on a proton target. 

'· 

rr Meson Production In Hel-ium by the 322 Mev Synchrotron Beam. The energy 
distribution of n+ mesons from the 322 Mev bremsstrahlung beam has been 
determined ~sing electronic methods~ at 45° 9 90°, and 1350 to the beam. Emul= 
sions have been ex:posed at the same time, which should allow determination 
of the n- production. Some corrections are being evaluated and the emulsion 
dat~ are being read from the plates. 

. -

Synchrotron Studies. The main run of this month was the run on H2 ~ n2• and 
He. This was actually a completion of a run started .before in which the 
number of n+ mesons at 90° and 135° to the beam as a function of the meson 

' energy was determined. The counter technique employin,g the delay of the 
n-1-L decay was used. The results are being calculated, and should be import= 
ant. providing checks on theoretical points. 
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The search for the production of pairs of iJ. mesqns by gamma rays has 
been abandoned. A run shmved it was at most only 2-4 percent as probable as u+ 
production. Calculations of the maximum possible cross section for the process 
still compatible with the failure ·to observe any are being carried out. 

Thereaction Mo92(Y,n)Mo91 has been used to detennine a shower curve for 
the gamma rays.responsible according to the technique developed by Strauch. 
Several other elements will be tried. 

The pair spectrometer is in operation. A measurement of the absorption 
coefficient of Cu for 200 Mev Y-rays gave very satisfactory agreement with 
theory. 

Several runs have beeri ma,de de1;ecting ·the charged particles ejected from 
carbon by the Y-rays and measuring their time of flight so as· to identify their 
velocity. The particles are for.med and bent in a magnetic field. The combina­
tion of velocity and H p serves to identify the mass. 

?. Theoretical Physics 
(AEC Program No. 52~~) SEC REI' 

MTA. Machines to integrate coupled equatio~s have been made available in tv.ro 
places. The first ·is the analogue computer designed and built by Professor 
Nordsieck at the. University of Illinois. It is a small machine with limited 
capacity and not too high accuracy. But it can be used for exploratory work on 
the coupled longitudinal and radial equations. It has been used for one machine 
design to study injection conditions with large initial aperture. It is being 
made avaiiable to the Laboratory for further work. 

The REAC at the RAND Corporation was also made available. It has a 
greater capacity and somewhat greater accuracy. Solutions of. tl:ie coupled 
equations on this machine showed that for t~e machine studied -= which had an 
initial inside drift radius of 0 •. 325 feet -= it was possible to catch a range of 
about goo in initial phase angle for almost the whole area of the drift tube. 
This amount can probably be improved considerably by. using different magnetic 
fields than the set used ~n making these calculations. . . 

Further stu~y to improve the phase range trapped b,Y varying the magnetic 
field will be done using the Illinois machine. The Illinois machine is being 
used since ~t can be brought here whereas the RAND machine cannot ~d the RAND 
I!J.aChine is usualiy t~ed up· with other work. Since it is now planned to reduce 
the strength of the accelerating fiel<:l the problem of injection with a large 
aperture will be simplified. 

Other.oStudies. The partial wave and energy spectrum analysis of u+ meson 
production in p-p collisions has been· continued, making use of the.new experi­
mental results at 600 with respect to the. beam direction. 
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The analysis of the transmission of fast neutron through nuclei has 
been completed. 

Further work on range-energy relations is being done. 

A study of the implications as to nuclear structure from the absorption 
and scat.tering of mesons has been initiated. 

8 •. MTA Program SECRET 
(.AEC Program Noc 1500) 

Drift Tube Positioning~ The design of the mechanism for adjusting and observing 
the drift tube position in Mark I has been c·ompleted. Drift tube positioning is 
required because of the strong magnetic-forces between adjacent drift tubesc 
The adjusting mechanism is to be located on the drift tube support stem and will 
be used to restore the drift tubes to their proper operating positions after 
the magnetic forces develop between adjacent drift tubes when the focusing , 
magnets are turned ono 

Analyses indicate that the use of telescopes to view the drift tubes 
directly is the least expensive method 9f determining drift tube position. It 
has now been decided that the position of the number zero drift tube must also 
be determined. Since this drift tube is thin it will probably be necessary 'to 
sight across its face rather than upon scribe marks as is planned for the remain= 
ing drift tubes • 

B=l -Test Cavi tl. -Shielding is being added to the B-1 test cavity. The shielding 
has now been built up to cover--about two-thirds of the cavity. An examination 
of the sphere inside the B=l cavity failed to show any obvious rough. or con­
taminated areas corresponding to the approximately 30 local sources of x-ray 
which were detected by the x-ray photographs taken recently. The sphere will 
be polished with fine grade carborundum 'to remove a thin surface layer in an 
attempt to eliminate the condition responsible for the x-ray prodJJ.ction. Arrange­
ments will alsobe made to run a glow discharge in an attempt to clean up the 
tank. 

A decision has been reached to provide heating 
cavity in order to permit more detailed investigation 
The, installation of the heating element may delay the 
approximately one month. 

for the qphere in the B=l 
of the x:..ray prodttction., 
oscillator test program-

B-4 Cavity. A new x=ray cavity known as B-4 is to be constructed in Building 51. 
Its purpose will be to permit a determination of x~ray prdduction as a function 
of such variables as drift tube material~ surface contamination 9 drift tube 
temperature 9 geometry~ and voltage gradient. The basic design involves .a tank 
with octagonal end faces apout 54 inches in diameter and between four and. five 
feet in length. · It will be designed. specifically for an oil free vacuum.' 
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1/lOth ·Scale Model. The integra~ ion of the magnetic field required for the 
calculation of ~ of the tenth-scale model has been more accurately performed and 
has lead to an :improved agreement between Q. measurements made on the model with . 
and without drift. tubes. Part of the remaining discrepancy of about 8 percent 
may be result of an_error in the assumed value for the rf .conductivity of coppero 
To check this point 9 a measurement of the qopper conductivity will be made. 

Surface Conductivity Tests It has been found that the thickness of copper 
cladding on iron requires for minimum rf losses approximately· 1 to 2 skin depthsP 
or about 0 6 7 mils at 12 megacycles. In fa:ct, there is alO percent .improvement in 
conductivity over pure copper at a,thi~kness of about 1-1/2 skin depths. The 
ability to utilize copper thicknesses of a few mils which can be achieved by 
plating techniques would eliminate the necessity for using copper clad steel and 
result in a large reduction in the cost of the .cavity • 

• 
Radio Interference from Mark r·. Thought is being given to the possibility of. 
radio interference arising from the. operation of Mark I. The frequency of 
Mark I on the basis of the mqst recent model tests will be 12.26 ± 0.023 megacycles. 
This falls in the band of frequencies assigned -to fixed services. Transmitters 
operating in this b~d are located at Hong Kong 9 Shanghai~ PakistanP the 
Philippines, Alaskap and. the United States. One serious source of radiation will 
probably be at .. by-pass condensers .on the drift tube support stems so that these 
will require special shield~ng. Other points from which rf radiation is· likely 
to be significant are at ·the power lines but it should. be posslbie to reduce this 
to an acceptable level with proper filters. 

Aperture Calculations. Calculations have been completed on the beam dynamics 
of Mark I utilizing an entrance aperture of 9.8 inches. The results show a 
reduction in the phase acceptance angle to about 20 to 30 degrees

9 
which is un­

satisfactory. Calculations of apertures of intermediate size are still in pro­
gress. These :results favor the use of 12 megacyle frequency for Mark II

9 
rather 

than 20 megacycles. 

Beam Precession. The porosity of ceramic materials suitable for the fabrication 
of the insulated portion of the target cone within the beam precessor has proved 
to be excessive 9 and consideration is being given to two alternative designs. 
One_of these would make use of a plastic cylinder outside of a ceramic one with 
provisions for evacuating the annular space between the cylinders. The other 
design would utilize a glass cylinder. Negotiations are .underway with the Corning 
Glass Company with regard to fabrication of a glass section. 

In ·connection with the precessing of the ion beam from the accelerator 9 

consideration is being given to the use of Lissajous patterns. The presently 
contemplated circular sweeping reduces the ratio of peak to average intensity from 
its original value of about 50 to 1 down to about 5 to 1. Recent target studies 
indicate that the most favorable·geometry are those which would require the beam 
to be swept over a square or rectangular area. Lissajous figures employing 
frequency ratios of 3/2 to ?/6 are being studied. 

Mark-I Yacuum Problems. A rev.iew of the vacuum system of Mark I has been under­
taken to eliminate sources of organic vapors insofar as possible. Four changes 

/ 
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' 
that have been suggested involve redesidn, of the pump gate valve to eliminate 
entrance of any lubricants to the vacuum, the use of special surface coating or 
the use of bare surfaces, the conversion of the liquid air trap to baffles of 100 
percent geometry

9 
and the control of the temperature of the tank wall. In place 

of the glyptal painting of the vacuum surfaces, it has been suggested that the· 
iron be 'sandblasted arid cleaned an'd left ~are. ~usting would be prevented by. 
de-humidifying the air· with which the vacuum is broken. Another alternative is 
the use of metallic coating on the iron.- Some experimentation has been done with 
the spray coatiri.g of iron with tin, the after-treatment comprising a vigorous 
rubbing of the sprayed surface with a metal bar to minimize porosity. s~ch 

samples show no evidence of rusting after allowing them to remain ~n water · 
until thewater has evaporated. Pending the outcome of numerous tests of coat.;. 
ing materials and techniques the Mar.k I tank will be ·left bare. · Co.st estimates 
are· now being made for the installation of a de-humidifier to supply air at 50 

!>., percent humidity at a rate su.fficient to let down the tank t.o air in four hours. 
The tank will be left uncoated until the first pump down 9 9Y which time a de­
termination will be made as to whether the coating of the tank will be necessary. 

Mark I Construction. The first drift tube magnet is being assembled at the . 
West Berkeley warehouse~ All of the coils are in place on the magnet and the end 
plates secured. The magnet·will be ready for electrical test~ng shortly. Fab~ 
rication of the copper drift tube shells is nearing completion and the applica= 
·tion of the cooling tubes and resistance heaters is the next step·. 

All the steel is now in place for the accelerato:r building at Livermore 
with the exception of the west end. Most of the forms are ready for the deck­
ing on the 1?. foot level at the north side and the east part will be poured 
shortly. Work is also being done· on the deck at the 34 foot level on the north 
side. Twenty of the Chapman valves have been set in place on the vessel and 
five or six of the diffusion pumps have been mounted. The setting of the ' 
Kinney pump has begun ~d manifolairig for these units is being installed. All 
of the steel plates on the vacuum tank are now in place and about 85 percent of 
them have been welded. 

Most of the copper plate and tubi-ng has been received and ·work is now 
proceeding to straighten the tubing prior to soldering it to the liner sections. 
It is expected that the installat'ion of liner panels in the vacuum vessel can 
begin about April 1. It is expected that the deuteron drift tube will be 
ready on June 1. 

Mark II Design. Further .study ha.s been given to the selection of the voltage 
gradient to be used in the Mark II accelerator. Since it appears that Mark I 
may have more than one megawatt dissipated in electron loading 9 it seems ad~ 
visable to reduce the Mark II voltage gradient to one-half that used on Mark I. 
This will make the Mark II machine 1500 feet-long. ~here is considerable con-

_fidence in the fact that the electron loading problem can be solved in view of 
the fact that in the B=l cavity the x-ray production occurs primarily at dis= 
crete spots, thereby indicating that the surface in general is in satisfactory 
condition. It would seem aQ.visable, however 9 to base the Mark Il design, on the 

.. 
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1500 foot t~nk. , By doing so, the power loss would be reduced from 31 to 
15 megawatts. The increase in length of the tank does not necessarily 
adversely affect the economic's of Mark II .because the saving in power 
equipment will allow the increased cost of a longer tank to be liquidated 
in a reasonable length of time. Because of the problems of mode separa­
tionp the extension of the tank to 1500 ~eet would definitely eliminate.the 
possibility of operation at 20 megacycles. 

Mark II Target. Investigations have been made on a target employing a 
graphite lattice with uranium slugs. In order to achieve a rather uniform 
distribution of power level, the lattice assumes the configuration of an· 
igloov in- the center of which is :placed the primary~secondary target array. 
The maximum value of thermal flux being considered is 3 x 1013• A 50 per­
cent .increase in flux over the Hanford maximum is made possible by the use 
of the d~pleted material. With the use of a pulsed beam the primary-second­
ary target array would be approximately 9 feet square and the interior volume 
of the igloo would have a square cross section of about 25 feet in each 
dimension. The lattice thickness would be approximately 5 feet followed by 
a 2 foot thickness of reflector. In order to equalize cooling requirements . 
throughout the lattice and to maximize the total production obtainable 9 it is 
necessary to equalize the thermal neutron flux insofar as possible. The 
thermal flux at the face of the lattice will be about 15 times highe~ than 
the-incident fast flux. The fast flux incident on the lattice may have such 
a distribution as to-render desirable a lattice of other than rectangular 
cross sections. Calculations have shown that with a lattice 5 feet thick 
one should obtain about 2-l/2 to 3 moles of plutonium per mole of incident 
fast neutrons. -The total production would be that of about 3 Hanford piles 
which would make it necessary·to design for about 60 9 000 gallons of cooling 
water per minute. 

- _Electron Accelerating Cyclotron. Experimental work on the 15 inch radius 
electron accelerating model of the Thomas type cyclotron is progre~sing~­
The energy of the x-ray beam has been determined a~d indicates that the _ 
electron energy is 60 kv. Electrons of this energy have the same velocity 
as do deuterons of 250 Mev. It has been found that beyond a radius of 15 
inches the bea:m is dependent upon the dee voltage._ In the region fran 12 to 
15 inches the beam current and its variation with. radius are rather well 
known. 

The disparity-between the theoretical and actual magnetic field shape 
is known to contribute to the requirement of high dee voltage. Until now it 
has not been possible to measure the magnetic field more accurately than ! 2 
percent~ However, a method has been developed which shou-ld allow. it to be 
determined within o.l percent. it is planned to add-more trimming coils to 
the magnetic pole faces to enable the field to be adjusted more ·accurately. 
Some wo;rk has been done on the matter of beam removal. 

/' . 
· XC Cyclotron Tests. Attempts to improve the voltage which can be held in the 

XC cyclotron in the presence of a strong magnetic 'field are co·n·fiinuing. It 
has been found that the .in"stallation of graphite 'surfaces has made it possi= 
'ble to maintain electrode voltag€3s of one million val ts -both with and wi thput 
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the magnetic field. ·since graphite ha·s··a poor electrical conductivity it is 
hoped to avoid it~ use as a·lining material for_the full ~cale Mark ~II 
machine. It is planned to investigate the utility of graphite copperimixtures 

. fabricated by powder metallurgy. 

9. Chemistry SECRET 

Part A 
(AEC Program No~ 5311) 

Crystal StructUre of Sodium Superoxide~ ... ·x=ray diffraction patterns at low 
temperatures have showri that sodium superoxide exists in-at least three crystal 
forms. At room temperature it is a sodium chloride structure'» a = 5.49v 
with the superoxide groups .oriented in a disorderly fashion. It has now been 
found that at -25°C it changes to the. pyrite structurev a = 5.45, which is the 
same except with a certain order to the directions of the superoxide groups. 
At ='7500 it changes to a third formv whose structure is not yet ~orked ·out. 

Vapor Pressure Measurements. Measurements are being made of the vapor pressures 
of neptuni~ metal and of plutonium trifluoride. by the effusion method, but 
final results are not yet at hand. 

Magnetic Susceptibility of Curium Fluoride. ·Measurements of the magnetic 
susceptibility ,of curium ~ltioride· had yielded a value f'or )(.j-yr = 23,000 x lo-6 
c.g.s. units» which is-lower than'that of GdF3 ~ The m,easurements were- in 
doubt because of uncertainty in the temperature (caused by the intense radio­
activity) and because of possible effects of I;eisenberg exchange interaction. 
Samples in which the curium·was diluted ten fold with lanthanum to minimize 
such effects yielded the result XM = (26v500 ± ?00) x 10=6 c.g.s. units at 
room temperaturep in excellent agreement with the value for gadolinium tri- · 
fluopidev thus indicating that the 5f and 4f electrons have the.same configura-

. tions in these cases respectively. 

Ranges of Fission Recoi.l Fragments
9 

The experiments on the ranges in aluminum 
of fission recoil fragments are being continued. Fission induced by full 
energy protons in the 184=inch cyclotron results in recoil ranges the same 
withii! experimental error ·as those from low-energy fission. Thus the-kinetic 
energy of the recoil fragments is mainly due to the coulomb potential effect 
and is nearly independent of the excitation of the nucleus. 

Alpha.Spectrograph. Preliminary tests on the use of the new mass=spectrograph 
·magnet as an alpha particle spectrograph ·are very encouraging. The energy 
spectrum is observed by countihg individual alpha tracks·in a nuclear emulsion 
placed ·in the focal· plane. The fine structure of the Cm242 spectrum

0 
• which is 

evidenced in the pulse analyzer only as an increase j_n peak widthv has been 
resolved. 

High Energy Fission of Uranium
0 

An extensive study of the independent yields 
of individual nuclides and of the total chain yields among the products of 
fission _of uranium by high energy protons 1s being pursued actively. 
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Part B 
(AEC Program No. 5311) 

Metals and High Temperature Thermodynamics. Work is in progress on the follow= 
ing problems.: 

1. Heat transfer in forced convection film boiling. 
2, Liauid metal systems. 
·3. Gaseous hydroxides species of Mo and w. 

Basic-Chemistry. including Metal Chelates. The following problems are under 
investigation: 

1. Germanium chemistry. 
2. The_polymerization of aqueous zirconium. 
3. Thermo.dyilami cs of rhenium. 
4. Electron exchange rate-between Fe~+ and Fe3+ 

Chemistry UNCLASSIFIED 

Part C 
(AEC Program No. 6400} 

Synthetic. and Exterimental-Chemistry. During the pas~ month the synthesis of 
the following cl .:.labeled compounds has been studied: Aspartic~y-cl4 !3-Cid, 
aspartic =~-cl4 acid 9 norvaline-3=014 (55 percent yield, 18 !J.C/mei.)D nor~ -
leucine-3=bl4 leucine-3-cl4 valine-4 4i-cl4 stilbamidine-amidine-c2~ and .i D D p ' D 

a series of C 4 =labeled halides and alcohols. 

Stilbamidine.,;,amidine-c24 was prepared in a high specific activity run 
in yields of 30 percent from cuprousrcyanide. Purification of the high 
specific activity preparation of vinyl aoetic=l=cl4 acid by use of silica gel 
·chromatography columns- is being attempted. Study of isotope effect in the 
decomposition of oxalic acid in concentrated su,lfuric acid has been completed. 
The data are essentially consistent with those of'previous experimenters 
(Thode and co-workers). In addition 9 the temperature effect has also been 
d~termined, 

Studies on the isotope effects in the decomposition of malonic acid 
are continuing. Free. naphthalenemalonic acid has been isolated and character= 
ized and. naphthylmethylmalonic ester -has been prepared. Synthesis of dipep= 
tides and -t;ripeptides for studies in fundamental rad.iation chemistry ·has 
continued. 

Biological Chemistry. With the completion of the high specific acti vi t_Y pre= 
paratioh of stilbamidine=amidine-c24 the _bj_ological work wit~ this compound 
has been reactivated and experiments in both mice and human-beings are _in 
progress. 
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Metabolism studies of labeled :pur.ines in normal and I).eoplastic. mice 
have continued \Vith t~e inj~ction, tinder varying conditions~ of labeled adenine 
and guanine in both C57 and "A" strain mice, Separation of labeled fatty 
acids from eggs of a- hen fed sciaium acetate -l-cl4 has continued and the 
glycerol isolated as the tribenzoate. 

Paper chromatography of steroids has been studied on Quilon=impregnated 
paper. Color tests for and :paper chromatography-of the following steroids 
have been determined: Cholesterolt chole·stenone; male hormones - dehydro­
epiandrosterone~ dehydroe:piandrosterone acetate? testosterone 9 testosterone 
pro:prionate and androsterone; female hormones - progesterone? estradiol 9 

estradiol dipro:pionate. 

'rhe attempted identification of the unknown acid from propionate incu­
bation with liver slices has continued, The benzoyl and ·acetyl derivatives·of 
the unknown material have been prepared and the chromatography has been checked 
with similar derivatives from a-hydroxybutyric acid and it has been shown that 
the unknown is not this acid. It is now believed that thi!? unknown may be · 
~-hydroxyvaleric acid and this assumptioil·i~·being checked. 

. . . ' . . . . . . 

Photosynthesis Chemistry, The sequence of intermediates of co2 reduction in 
photosynthesis is being reexamined with improved techniques. The relation= 
ships of two unidentified intermediates in particular are being determined. 
Curves for accumulation-of cl4 in the several phosphorylated intermediates 
of sucrose synthesis have been :prepared. Of especial interest is that for 
phosphoglyceric acid which is found to have an inflection corresponding to 
rapid carboxylation followed by a delay before the rapid accumulation of two­
thirds of the final activity value, 

Photosynthetic :products formed in both red and blue light are being 
examined to determine the possibility of independent action of the carotenoid 
pigments and chlorophyll. 

The ratios of cl4 to P32 in several doubly-labeled experiments have 
been determined, The :phosphoglyceric acid reservoir was found more nearly 
equilibrated with cl4 than those of. other_ phosphated esters. 

Degradation of three unidentified compounds has been performed for 
the :purpose of structure determination. 

Ph~tosynthetic experiments have· been performed with soy bean leaves 
and the results were found in all way;s similar t 6 those for a,lgae P barley and 
sugar beet leaves •. 

10
2 

Medical Physics UNCLASSIFIED 

Part A 
(AEC. Prog·ram No. 6000) 

Tracer s·tudies. Studies are being cant inued on the metabolism of astatine, 
chromium9 and radioactive lead in rats. 
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Chelating Experiments.·· The administration of CaEDTA has been found to 
influence the excretion of Pb in rats·.· Five days after. a dose of Pb203 was 
injected'intravenously into rats; the urinary excretion of the Pb was fotind to 
be 28.3 percent of the original dose. CaEDTA was administered to another 
group of rats tinder similar conditions in doses of 50 mg per day for 3 days. 
The urinary excretion at the end of 5 days was found to be 46.9 percent of 
the original dose. 

Radiochemist~! Carrier-free procedures have been developed for the isolation 
ofv (1) RhiO n 02 produced·by (d

9
xn) reaction on ruthenium~ (2) rrl90nl92 

produced by (dvxn) reaction on osmiump and (3) Fl8 produced by the reaction 
ol6(a

9
pn). A method for isolating carrier-free radio-tantalum from deuteron 

bombarded hafnium is being developed. Previously reported procedures were 
used in thepreparation of carrier-free cr51 At2ll Mo93v99 Rel82 9 184 and 37 p 9 9 
1!;. 0 

Radioautographic Studies. Double rad.io~?-utographs have been made of astatine 
. and iodine in the same thyroid tissue on _N'TA·stripping film. Sections of 
animals to which had been administered soo· i,tc of iodine with 14 month re­
covery period 9 revealed no recognizable thyroid tissue .• 

'. 
Medical·. ':Piiysics UNCLASSIFIED 

Part B: 
· (.AEC Program !:J9. 6000) 

Biological Effects. DUe to High Energy Carbon Ions ~ c(6+). · The partial sur­
vi val curve of haploid yeast cells was obtained using six times ionized carbon 
ions from the 60=inch cyclotron with a. specific ionization of about three 
times as high as that for low energy alpha particles. The shape of.the sur= 
v:ival curve appe~rs to be exponential ·and the dose required for inhi~ition of, 
cell division is about the same as that for low energy alpha particles •. This 
result is preliminary~ and therefore is in need of check. This work is 
stimulated by the Air Force interest in the possible biological effects of 
cosmic radiation at high altitude. 

Mechanism of Radiation ·Effects on Unicellular Organisms. The work was continued .• 

Radiatipn Effects on Mammals (184-inch Cyclotron). Further data were secured 
on radiation hypophysectomy. 

&nduced Activity Trace Analysis. Accumulation of data on the distribution 
of trace elements in human blood and mouse tissues .is being continued. 

Double Nucleated Lymphocyte Problem.· Two month old Strain.A mice were given 
total body irradiation with 180 Mev deuterons in doses of 50 ,rep. The animals 
were irradiated unanesthetized in the direct beam of the ~84-inch cyclotron. 
Blood samples were obtained from the tail

9 
and blood coUii.ts ·made at one=half 

hour 9 one and one-half hours 9 four hours, twenty-fo~r hours and seven days 
after irradiation. The blood samples were oxalated and centrifuged; smears ''· 
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of the buffy coat were examined and. counts made of double nucleated lympho~ 
cytes per thousand lymphocytes_, showed an increase over the controls one-half 
and one and one, half hours post irradiatioh. Suosequently at twenty-four 
hours and seven days they fell below the controls. Two irradiated animals 
:we·re used at each time point 

9 
and six control animals were counted. Since the 

number of animals is small
9 

the significance of the results is not clear-cut 
and-will have to await multiple repetition of the experiment; however

9 
it is 

of interest that these results do parallel previous experiments with total 
body deuteron and proton irradiatio.p. rep9rted in the Monthly Progress Report 
of May 15 - June 15P 1950. 

' 

Beryllium Poisoning. Autopsy slides in the case of chronic beryllium poisoning 
studied here were sent to Doctor Howland at Rochester, New Yorkp fo~ his 
opinions regarding the pathology. He has since reported to us that he and 
Doctor Scott are in agreement that tuberculosis had so obscured the pathologi­
cal picture in the lung as to make a· definite diagnosis other than tuberculosis 
very difficult; however, they feel that the pathology in the lymph node biopsy 
done .in 1946 

9 
the x-ray picture, and the _clinical course were so typical as· 

to make the diagnosis of beryllium poisoning almost certain. 

We have not as yet heard from Doctor Vorwald at the Saranac Laboratory, 
to whom we also sent pathology material for evaluation. 

Observations with Radioactive Hydrogen (H3) in Experimental Atherosclerosis. 
Radioactive hyd-rogen has been ·used to study certain aspects of cholesterol 
metabolism. in the normal and hyper-cholesterolemic rabbit. 

1. Tritium labeled ·cholesterol when fed t·o normal and hypercholester= 
olemic rabbits appears in the serum and eventually in all tissues examined. 
More of the tritium label can be accounted for in the tissue and serum chol­
esterol in the hypercholesterolemic rabbit than in the normal animal ? days 
after a single. tritium labeled cholesterol feeding. 

2. Exogenous cholesterol forms the bulk of the cholesterol in the 
atheromatous deposit.s found in cholesterol fed rabbits. 

3. Following a single tritium cholesterol feeding the'specific activity 
of esterified cholesterol of the serum rises-to a higher level9 and reaches 
a maximum faster than the free cholesterol. Indications are that esterified 
cholesterol of the serum is turning over faster than free cholesterol in the 
time period following cholesterol;ingestion. 

4. The half-time of aortic cholesterol in 4 normal rabbits has been 
est1mated to be between 11 and 23 days. The "half-tim.e11 of the cholesterol 
in an .atheromatous aorta has been found to be greater than 43 days. 

5" Cholesterol synthesis continues in the rabbit even in.the face of·_ 
massive.

9 
prolonged cholesterol feeding by mouth: 

Nucleic Acid Metabolism. The observation of.increased desoxypentose nucleic 0 

acid turnover of tissues of tumor-bearing animals has been followed now in five 
additional .mouse tumors and in two other strains of mice. In all of these 9 

• 
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effects indicating a marked stimulus of the desoxypentose nucleic acid 
turnover of liver and kidney were observed. These had previously been 
reported for "A" mice and "Curtiss-Dunning" rats. 

. Current studies on·nucleic acid metabolism are following the line 
of using C 14 labeled formate to measure nucleic acid formation rate. The 
yield of labeled nucleic acid is approximately the same per microcurie formate 
.as per microcUrie of P 32 in the usual phosphate labeling. A direct compart­
son will be made between .formate and phosphate as to nucleic acid turnover. 

Iron Metabolism. The effects of induced polycythemia by hypertransfusion 
upon the iron turnove·r concerned with erythropoiesis were studied. Six 
animals were given 2 ml of blood each day for 6 days. Total red cell counts 
and reticulocyte counts were taken before transfusions and at intervals of a 
day or two throughout the transfusion and iron·study period. By the 6th day 
the transfused rats exhibited red cell counts 9 ~o 12 million. A capillary 
hematocrit demonstrated a 31 percent mean increase over the controls. The 
reticulocyte counts fell progressively in the transfused animals from 4 per­
cent to 6 percent range (which remained in the normals) to 0.05 to 1 percent. 

Both hypertransfused and normal control rats, ·all females, were in­
jected with Fe 59 globulin complex intravenously. The hypertransfused animals 
exhibited a somewhat slower disappear8.D.ce of tracer from plasma., Capillary 
samples of blood were taken at intervals. At the end of a week these animals 
exhibited, in all but one of the six used; less than_3 percent of the injected. 
tracer in red cells. One rose to about 10 percent. The 6 normals in contrast 
had incorporated 60 percent. to 90 percent in red cells by the end of ? days. 

The failure of tracer iron to become bound temporarily in the long 
lived compartment (i.e. red cells) in the artificially polycythemic animals 
was demonstrated also in the much larger fraction of injected dose present in 

· the livers of these animals as compared with the normals. 

Similar hypertransfusion experiments with various attempts to prevent· 
the inhibition phenomenon are planned. 

Metabolism of Carb.on 14 Labeled Glycine. Post mortem studies of- the second 
patient with leukemia who has received carbon 14 labeled glycine shows that 
approximately 25 percent of the radioactive carbon was present. in the tissues 
at 65 days after administration. This makes almost complete accountability for 
the radioactive carbon possible, ·since approximately ?0 percent was excreted 
in the breath and urine. 

11. Health Chemistry CONFIDENTIAL 
(AEC Program No. 5311) 

Research and Development Group Activities. Work in progress is listed below: 

1.· Six Berkeley boxes were completed and installed for chemists a:nd 
biochemists. 

., 
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2. A modified· yttrium-processing box is under construct'ion. · 
3. To assist the study of pile-irradiated animal tissues, processing 

of bombarded slugs is being reviewed and equipment is being constructed. 
4. · A hydrogenat iori unit is under construction: · 
5. Modified. equipme-nt for the decontamination house is being designed. 

Eighty-two drums;. four large packages and one gloved box were dumped 
as waste in cement at sea during this period. 

12. Plant and Equi:Pment 

Measurements Project. (Program No. 1300. 3-424-1720) 
continuing. 

' 

OFFICIAL 
USE ONLY 

Development and design 

Bevatron Building and Instrument. (Program 1500. 5-424-9001). Installation 
of the motor generator sets is 99.5 percent complete. Units are being baked 
out and will be tested when the bevatron power supply equipment is complete~ 
Installation of the ladder is 89 percent complete. Bevatron,paving contract 
is 100 percent comptete. Magnet coil viindings will be laid now as rapidly -
as_the availability of electricians permits. 

Cafeteria. (Program 1500. 5-424-9004) Work on the landscaping will begin when 
the weather permits. 

M.T.A. Mark. I. (Program 1500. 5-424·9004) Development and design continuing. 

· M.T.A. Mark II. (Program 1500. 5~424-1004) Development and design continuing. 

Accelerator Design Building. (Program 1500. 5-424-1004) Contract for ,the 
general construction has. been awarded and work on the building will start on 
February 21 9 1951. 

'Sheetmetal and Insulator Shop. (Program 1500. 5-424-1001) The footing and 
walls and the slab over the insulator shop have been poured and are being 
stripped. The schedule .for this building has been revised with. the coopera= 
tion of the contractor to the end'that the building may be ready for occupancy 
during the first week in April 9 1951. 

- -

Miscellaneous Construction. (Program 1500. 5-424-1001) · Hydrogenation She.lter. 
The hydrogenation shelter near Donner Laboratory is 10 percent complete. 

Pipe Welders 9 Shack. This work started on January 23 9 • 1951 and is 
95 percent complete. 

' Animal House. (1600. 6;424-9007) The contract for the general construction 
f~r ti1e .animal house will be_ recorded and work initiated by February 26

9 
1951. 

Radiological Laboratory at the University of California Medical School. 
(1600. 6.424=9008) The excavation is 94 perc~nt comple~e; reinforcing steel 
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is 88 percent. complete; form work is· 89 :Percent complete; the concrete is 

,J 

89 percent complete; and the miscellaneous work is progressing, making tlie ..... total 
building 51 percent complete. -The lower floor will be poured next weeko Back-' 

·filling to--the. south rin;d the we.st is compl_ete. The ramps on the north are 
about ready for pouringo The inetal lathe is being installed on the top floor­
ing~ Accelerator room is ready for the installation of the hoist ~echanisin 9 , 
parts of which have arrived from the east~ The purchase order covering the 
installation of this equipment will be let next week. 

r..MM/3:.:'7-51 
Information Division 

'' 
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MAN-MONTHS EFFORT REPORT 

Scientific Personnel 

SUBDIVISION 

General 

Magnet 
Mi'scellaneous 

Design and Development 

_Design and Development 

Electron Model 

Cloud Chamber· 
General Physics Research 
Instrtiments for General Use 
Special Development 
Magnetic Measuring Equipment 

Theoretical General 
Physics 

Photographic Film General 
De·fectors . 

Isotope Separation Nier Spectrometer 

Radioactivity 
Physics 

Chem~strjY Research. 

5311 Basic-Chemistry 
Research, Part A 

General 
Crystal Program 

Chemistry of Heavy Elements 
Nuclear Properties of Heavy Element 

Isotopes 
Transmutations w.i th the ·184" and 60" 

Cyclotrons -
Analytical and Services . 
Special Chemistry Development , 
Mass Spectroscopy,Beta Ray.Spectroscopy 
Instrument Development and Services 
X-Ray 'Crys~allographic Measu.r~ments 

" 
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MAN MONTHS 'COMMENTS 
EFFORT 

27.2 

18.4 

12.5 

2.4 
25.5 

;~..·5 

5.1 
1.3 

10.7 

.5 

I \ 

5.0 

8.5 

8.0 
14.-3 
4.0 
1.5 
3.5 
1.9 
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PROGRAM 

,Chemistry Research 
(Continued) 

Basic Chem:lstry 
Research 
Part B 

SUBDIVISION MAN-MOI\lTHS 
EFFORT 

Metals and High Temperature Thermodynamics 3e5 
Bas1·c-·chemistry, including Metal Chelates 2. 0 
General 2.5 

5361 Applied Chemistry Process Chemistr~· 
Research. 

10.3 

Reactor and Accelerator 
Operation 

5731 Synchrotron 

5'741 184-inch 
Cyclotron 

. ,. 

Operation 

Operation 

5'751 linear Accelerator. Operation 
· and Van de Graaff' 

Generator 

6000 Biology·and Medi­
cine, Part A 

Metabolism· of Plutonium and Allied 
Materi-als 

Radiochemistry 
Radioautography 

11.0 
4.0 
2.0 

COMMENT~ 

' 

6000 Biology and Medi­
cine, Part B 

Instrument for Q;uanti tative Meas.urements 
of Radiation· 

cl4 Metabolism 
• 9 Consultant 
.3 Man-Months 

6400 Biological 
Research 

/ 

Use ·of Radioactive· Mate-rials in Human 
Physiology and Experimental Medicine 

Trace Elements and Irradiation Studies 
Radlation and Mutation Rate 
Physical Biochemistry · . 
Biochemical Response to Irradiation 
Miscellaneous 
Donner Animal Colony Expense 
Metabolism of Lipo Proteiri' and Lipids 
Iron Metabolism Hematopoiesis 
Internal Irradiation and Hematological 

Response 

8.3 7.3 
3.8 .8 
2.0 .3 

12.5 2.1 
4. 9 .8 
1.4 .2 
1.4 1.8 
1.6 11.8 
3.5 .5 

2.4 

Synthetic and Experimental Organic 
Biological Chemistry 
Photosynthesis Chemistry 

· Metabolism of Fissi.on. Products 

Chemist ry3. 6 
'7.0 
3.5 

13.11 

650C: Biophysics Rasearch General· 1.8 
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