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UNIVERSITY OF CALIFORNIA1 RADIATION LABORATORY 

PRqGRESs BEPORT NO. sz June 1 M 15. 1948 ~ 
~ 

1. 184-inah Cyolotron Prog,:~e 
Modification of the meson magnetic deflector was made to minimize- its<iisturbance 

upon the main beam of the cyclotrono In addition, work on the resolution of the alpha 
and deuteron beams was continued in connection with the meson experimental program. 

60~inch Cyclotron Progrmn 

Du!"ing the period June· 1 to 15". 1.948, the 60-inch cyclotron operated primarily 
on protons at the request of the Uhiversity of Rochestero Efficiency of production was 
increased from 4 microamperes to 20 microamperes as the result· of the use of dry cylindri­

. cal hydrogen in place of that obtained by electrolizing distilled water. This has also 
increase·d the average filament life from. three to 75 hours with a peak performance of 
95 hours 9 during which time the instrument was not shut off. · 

3~ Syn9hrotron Program 
c 

Continued investigat:J.on of the-~J~ctron orbit has resulted in obtaining electron 
cu1•rent to a probe located 3150 from the injectoro The probe current seems to be entirely 
adequate but it has not been possible to obtain any betatron beam~ After investigating 
the operating pressure on other synchrotrons and betatrons of-comparable size• it has 
been concluded. that the betatron beam is being lost by gas scattering and that it will be 
neoesse.ry to reduce the average pressure in the .vacuUI!l ch~ber_ by a ff.!-Ctor of lOti 

The present high pressure is due to porosity leaks in the outer plastic wall, 
and all attempts to seal them have been unsuccessful~ An improvement has been made 
recently9 hcw•ever$ by drilling numerous small holes part way thro~~h the plastic wall 
and connecting them to mechanical pumps e The porous structure inside the outer vacu'lml. 
chamber wall is thus used as a guard ring9 resulting in a substantial improvement in 
vacuum chamber px~ssureo The present pressure is a factor of 6 lower than that obtain­
able during the last attempt to get a betatron beam, and it is believed that additional 
pump=outs of thiR type ~~11 complete the desired improvemento 

A careful study of the exact location of the electron beam at several points 
around the orbit has been started~ The results of this study to date indicate that some 
additional improvement must be made to obtain exactly circular orbits. The radio fre-

" t \ quency system has be<3n re-designed to eliminate the possibility of electron multiplica-
1"' tion i.n the dee stems by moving the vacuum ~eal to the inside edge of the bushings. The 
"' parts for making this (}hange are now being fabricatedo 

~~ar Accelerator Program 

Van de Graaffe During the period May 31 to June 15 9 the Van de Graaff operated for 
82 hours o The time between tha last two breakdowns was over three weeks e One significant 
operational poin'l:; was noted~ It was f'onnd possible to operate with a full pulsed beam 
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with the diffusion pttn:q> in the high voltage end turned off. This shoulp not be construed 
as an indication that the differential pumping is not desirable• for tlfe beam diameter 
was larger, and the Van de Graaff voltage vs. linear accelerator current implied an 
increased spread in the energy of the protons from the Van de Graaff.. However, this does 
mean that pulsed operation is possible under conditions of column vacuum which would not 
permit more than a fraction of a second of deca beam operationo · 

Tests of the activated charcoal trap have been continued.. The pressure above 
the trap lQcated dire.ctly over the air-cooled diffusion pump was better than 10-6 mmo of 
Hgo for ten days of operation., During five days of this time the forced cooling was re­
moved., Reactivation of the charcoal trap was attempted after the run, but was not satis­
faotoryo Further tests are in progress. 

. -~ ' ' ,.· . . 
·)· 

Linoar Accelerator., The linear accelerator was in operation at all times whf!n the Van 
de Graaff beam was. avai~~bleo Experiments Were continued for the measurement of the half 
lives of Al25 and Al26, ·on proton-proton scattering by photographic plates and by counters., 
on excitation cur-Ves for carbon, and on the calibration of photographic plateso No opera­
tional difficulties with. the machine were experienced., 

5., Experimental Physics--

I<'ilm Program.. During this period several meson runs were made.. It :appears, as a result 
of experiments wi.th plates with 100 micron emulsion· thickness, that it may be possible 
to account for the!presenoe of light positive mesons on the basis of decay .of· ~he heavy 
ones., However, difficulty is experienced in applying the same conside:r:-ations t'() the light 
negative mesons and further work is needed before the direct production of ~~ht mesons 
from nuclear event$ can be excluded., ' 

Work on the excitation curves of the mesons continues.. Appro~imately fifteen 
examples are now at hand for the decay of heavy positive mesons to light ones with the 
full range of the latter contained in the emulsionG The results obtained indicate a 
single range 'in agreement with the Bristol work .. 

Delayed Neutrons., Furtherwork has been done o~ the energy spectrum of the neutrons from 
N17 using counter methods and cloud chamber., 

. . ' ' ... 

Total Cross Section Measurements for High Energy Neutrons o Total cross section measure-
ments~ up to this date, using Bi fission detection and monitoring, havo yielded values 
as follows~ 

KNABLE-DEJUREN CROSS SECTIONS 
(June 18, 1948) 

Nuclei "t (barns) R(cm) 
H o067 ! .. oo5 lo03 Jt 1o~l3 ~' ') ' ~ 

D o087 ! o009 1.18 ,, 

Be o396 ± o004 2o51 
c .502 + o004 2o83 -0 .,681 :t .on 3 .. 29 
Al o993 ± .. on l 3 .. 98 
Cl 1&265 ~ .. 014 4 .. 49 
Cu 2o00 t .. 02 5o64 
Sn 3ol3 ± o025 7.06 
Pb 4o38 :t .,03 8o35 
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o998 
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o627 
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<'i 
o815 + o005 = 
o854 ;t o009 

3et315 :t o053 
5o56 + o055 "" 

These cross sections lie below those measured employing cll(n!)~n)cl2 detectiono 

Measurements of Elastic Scattering of High Energy Neutronso In the brief perio~ since 
the last report no new results have been obtainedo Experiments ~re planned and under 
preparation for estimating the inelastically scattered contribution which could be detect­
ed9 and also to carry the measurements to wider scattering engleso Thus far nothin!:, over 
about 30° has been measured9 since the central maximum for diffraction lies within this 
scattering angle for all nuclei studiedo 

n=p Scattel'ing and Other Experiments o A considerable amount of time has been spent on 
the""~rement' of n-p scattering at zero scattering engle and 90 Mev energyo This 
measurement is now completeo 

The causes of the background single counting in the coincidence apparatus used 
in the soa·tte:dng experiments have been investigated without notable successo 

A paper on the change of half life of Ba7 has been prepared for publication i.n 
the Physical Reviewo 

Theoretical Physics I i$i~jDOO~; 
~~i~~:'·:~~~ . 

Work continued on the c~lculation of n-p scatterin~t 45~ 9U ~·~-on the 
estimates of star sizes in photographic plates bombarded by deuterons 9 on the yields of 
spallation reactions 9 and o~ the energy spectra of mesonso Progress has also continued 
on the problem of range straggling of high energy deuterons!) cross sections f'or ml!lson 
plt'oduct;ion b:r the cyclotron and synchrotronB and on questions associated with the design 
of the cyclodromco 

7o Isotope Separation Program 

JA Research on Isotope Separationo An argon ion beam of 2-3 ma has been intensity mod= 
Ulated by applying lo5 me rf voltage of 10 kv amplitude to the G slito The M potential 
was held at 10=12 kvo 

This beam was allowed to traverse nearly 360°D at ground potentialv and then to 
pass thru a grid toward a plate with adjustable bias near M potentialo When this plate 
was positively biasedD the ions were reflected back out thru the grid and were caught by 
a collector plate at ground potentialo 

The ourrent at the final collector was a function of the reflecting bias voltage 0 

arid amou~ted to l=lo5 maG It was modulated 70=80 percent with the frequency applied to 
the G slit~ If the reflector bias was made negative no current came to the final collectoro 
The hash amplitude on the final collector current was not over 10 percent of the ·peak 
value of the currento 

After several successful attempts to reproduce this condition9 work was begun9 
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end is now in progress 9 on design and construction of a simple 3600 calutron unit to 
make use of this possibility of beam modulation more efficiently than is possible with 
the original test uni to-

Nier Spect:rometero The spectrometer has been in regular use on a classified problemo 
An electrometer circuit employing 100 percent inverse feedback has been applied9 with 
a recording outputv to this instrumento Fluctuations in the current measurement are 
of the order of 10=15 amperes and lesso 

Parts for the small deuterium spectrometer have been made 0 end the unit awaits 
a.sS&Jllblyo 

So Chemistry 

Part A 

Astatine Chemistryo A l84=inch cyo'l_otron bombardment with the full energy alpha particle 
beam wa,s made on bismuth in a searoo for long lived astatine isotopeso Since Seaborgtrs 

· group 'haa:-.looked for alpha active astatines this bombardment was concerned only with 
possible K capture activitieso 

Since the bombardment was run at energies well above that necessary to cause 
fission in bismuth» the astatine produced must be separated from the fission productso 
The purification procedure made use of the previously observed facts that ( 1) Astatine 
distills in high vacuum readily from bismuth at its melting pointo (2) Astatine ·carries 
completely with Te when treated with S~ in 3M HClo (3) Asta:t;ine does not carry with 
Te when reduced by sodi~ stanniteo (4) Astatine does not carry with silver halides after 

., Br2 oxidationo 

\: 

From these facts a procedure consisting of the following steps was evolved that 
should separate astatine from all other elementse 

Steps 2 0 30 4 and 5 were 
astatine and countedo 
of gamma activity were 
almost constanto 

( 1) ' Distillation 
(2) 'le product 
(3) Agi by-product 
( 4). AgCl>PY""Pro.du:ct 
( 5) Te · by=product · 

repeated once1 and the final sample mounted as Te metal plus 
In each step during the first cycle of purification l~ge amounts 
removedo However0 in the second cycle the total activity stayed 

In preliminary runs using astatine 211 from th~ 60·inch cyclotwon the procedure 
was tested and gave yields up to 80 percent for one cycle ·w·i'bh good mate.:r11Bl balances o 

The only activities observed in the final sample were the Po :x=rays of 7 :t/2 h:r 
half=U.f'e from astatine 211 and a 7=8 hour half'=life gamma ray with a half'=thiclmess of 
appro:Al.mately 10 grem/cm2 of lead corresponding to astatine 210o No electi~ons were observ= 
edo From this we conclude that either the nsta.tines lighter than 210 aJrt ~lpha (;ln.itters 
or are K=capture isotopes that are too short or too long lived to be obsewved by our ex= 
pe:rr:l.mento 
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Chemistry 

Part B 

Synthetic and Experimental Chemistryo Work has continued on the synthesis of a number 
of C14=1abeled c~pounds including stilbamidine 9 acetylcholine chloride 9 choline chloride 9 

and a modified synthesis of methanol, ethanol,' and propanolo 

Trypto~han labeled in the ~=position of the side chain with cl4 has previously 
been prepared and the metabolism of the compound studied., The synthesis of tryptophan 
labeled with cl4 in the 3-position of the indole nucleus is now being studiedo 

Biological Chemistry~ Biochemical studies have continued in three fields: (1) the meta= 
bolism of c14=labeled tryptophan9 an essential-amino acid~ (2) the metabolism of cl4= 
labeled tyrosine .and cl4-labeled dihydroxyphenylalanine (Dopa) and (3) the metabolism of 
cl4=labeled dibenzanthracene; a carcinogeno 

The conversion of tryptophan to kynurenine 9 kynurenic acid0 and nicotinic acid 
in mammals has been studied with the use of radioactive carbon.. In these experiments 
dl=tryptophan~(3=cl4 was administered to rabbits.!) dogs 9 and rats o The kynurenine and 
kynurenic acid isolated from the urines were radioactive~ and by degradation the label 
was found to be in the methylene group and the 3-posi tion of the two compounds,!) respective= 
lyo The N=methylnicotinamide was not radioactive 9 indicating that it was produced from 
tryptophan by some method other than a ring~closure to a quinoline derivative followed 
by oxidationo From the data obtained, it was formulated that the kynurenine is formed 
from tryptophan by direct opening of the pyrrole ring 9 and the kynurenic acid by direct 
ring=closure from kynurenineo 

Pho·tosynthetic Chemistry.. Experiments designed to test whether chlorophyll transfers non= 
labile hydrogen during photosynthesis are almost concludedo The experimental procedure 
consists in the 'suspen~ion of Chlorell!:. algae in D20 followed by the exposure of a vessel 
to light for a time of such duration that the mole ratio of 02 evolved as a result of 
photosynthesis to Chlorella present was 20&lo Identical runs were also made without light., 
The Chlorella was then isolated, purified, and analyzed for deuterium contento The pro= 
cedure was applicable only to non-labile hydrogen, since exchange with hydrogens capable 
of transfer would proceed to the same extent regardless of the presence or absence of 
light and the isolation and purification of the chlorophyll ~uld result in a loss of all 
exchangable deuterium by virtue of cop~ous washing vnth ordinary watero 

The result of the initial experiments showed more deuterium. i~ chlorophyll from 
algae exposed to light than in those kept in the de.rk9 but the ratio of deuterium in= 
corporated was still only one~quarter of that expectedo Later work confinned earlier 
experiments end noted that in four ·ro five hour reactions the ratio of deuterium in·corporat" 
ed in the chlorophyll in the light to the deuterium taken up in the dark was approximately 
4o Some chlorophyll was apparently formed in the darko This was further confirmed by 
the use of cl4_~~ The ratio of the percent incorporation of cl4 in the light-synthesized 
chlorophyll to the dark-synthesized chlorophyll indicate~ that the greater wnount of 
deutex'ium. in the light-synthesized chlorophyll could be accounted for by the formation 
of newly synthesized chlorophyll. The degradation of light and dark chlorophyll to smaller 
units (pheophorbide) whi.ch should still contain the active hydrogen and0 therefore» give 
a higher analytical result 9 showed no preferential distribution of deuterium within the 
porphin ring (as compared to phytol). 

Analytical methods of conversion of combusted H20=D20 to hydrogen-deuterium 
were shown to be satisfactoryo Control exchange experiments with pure chlorophyll in 
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fa_ 90 percent acetone, lO perC<>nt deuterium water showed the usual number of labile hydrogans. 
The results of the experiments are,!) therefore 9 negative in character and indicate that 
(a) chlorophyll may act as a sensitizer rather than as a hydrogen- transpo:r;ot agent or (b) 
if it does not act as a hydrogen carrier then it (1) functions via an enolizable hydrogen9 

or (2) the fraction of chlorophyll that is Tairly active is small compared to the amount 
of material 9 or (3) the path of hydrogen from water to chlorophyll proceeds via a large 
reservoir of non-exchangable hydrogeno 

f 
'"' 

'\. 

Studies on the initial products of photosynthesis as indicated by the products 
synthesized on the administration of radioactive carbon dioxide to green algae under 
a variety of conditions have continuedo 

Chemistry 

Part Co Sub-project 48B 

Metals and High Temperature Thermodynamicso Work is in progress on the following proble:msg 

lo Thermodynamics of CN and CHo 
2o Vapor pressure of metalso 
3e Thermodynamics of gaseous molybdenum and copper halideso 
4o Gaseous oxides and hydroxides o 

5o Absorption coefficients of species in SUllo 

Oo Low melting metal alloyso 
1o Refractory studieso 
Bo Construction of 40000 furnace e 

9o Structure of solidso 

Basi.C~ Chemistryo Solvent Extractiono The following problems are under invest:l.gationg 

lo The aqueous chemistry of zirconiumo 
2o The formation of the uranyl-TTA chelate in aqueous solutionso 
3o Complex _ion fonnation of lanthanuma 
4o Inte~oleeular forces in solvent extractiono 

9o Medical Physics 

Part Ao Project 48A-I 

Radioautographic studies with yttrium indicate that at 16 days e.i'tex a.dministra..; 
tion this ele~nt is deposited on the periosteal and endosteal surfaces of the shaft 9 on 
the surface of trabecular bone~ and there is some evidence that a spotty dist~ibution 
occurs within the cortical boneo Experiments with strontium9 yttrium9 and 0urium are 

~ ,. being continuedo 

The 1 9 4 9 and 16 day intramuscular studies with praseodymium have been Mmpletedo 
This element is handled in a ll\1anner similar to the other lanthanide rare earths o The 64 · 
day vanadium intramuscular studies have been completedo Carrier=free radio~vanadi.urn is 
eliminated from the body very readilyo During this period9 about 80 percent was ext2>retedo 
Small amounts of activity remained in the skeleton and at the site of injectiono The 16 

.and 32 day u230 intramuscular studies have been completedo Deposition of u230 is similar 
to that of u233 with the possible exception of lower bone depositiono 
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Further data is available concerning the effects of massive doses of parathormone 
on bona resorption in the rat., Twenty-four hours after administration of 5 units/ grem9 

histological sections showed tremendous osteoclast activity and a marked reductio~ in 
trabecular bone.. A comparison of the metabolism of carrier-free radio-calcium ana :t'adio= 
strontium~ now completedv indicates the great similarity of these two elementsD and supports 
the validity of using radio-strontiurn as a "stand-in" for calcium.. Addition of aluminurn 
hydroxide to the diet was found to sharply reduce the absorption of radio-phosphorus 
from the gutD and to increase the loss of phosphorus by rats on a phosphorus deficient-
diet., In this wayp it increases the effectiveness of the diet in promoting bone resorption., 

Radio-cadmium was separated from the silver target mentio~ed in the last report., 
Approximately 1.,4 millicuries was obtained.. A cadmium target was received which had been 
bombarded with alpha particles for the production o~ ra.dio=tin.,., Investigations have been sta~d. 
to develop another method for isolation of radio-tin as .the previously Nported methods 
give very low yields.. Work has continued on ~he identification of a sample of radioa~tive 
material received from Oak Ridge which was probably mislabeled .. 

Medical Physics 

Part B .. Project 48A=II ~ ... ~&.::;dS:1\' 1 ~L-~ .. ?:~.-:; 
ot:•m :~~W,;;~~~ . 

Studies with the Direct Beam of the 184-inch Cyclotron~ Rate of energy loss and range 
_e_n_e_r_gy~. _G_u_r_ve_s~o~f::--:t-;oh-e~3;:::8~0:-;-:M:-e-v-aao:l~p-;oh-a_p_a_rt~i:-c-:;l:-:e--;-b-e""'am-s~h-a-ve-been studied o Furth a :r p :ro gra sa 
was made in the study of the scattering of the deuteron beam., Exposur~ of mmnmary oaromo:nl.8. 
tumors of type A mioe to the direct deuteron beam was continued., 

Sodium Ion Exchange of-Rabbits., The permeability of the cell vralb of rabbits to sod.ium 
ions was tested in a set of experiments reported previously.. One series of exp~riments 
is now finished and contrary to the prelimir,iary findings we have to report that no statistt~ 
oally significant change occurred in the sodium ion space of rabbits measured one to th:ree 
days after irradiation by doses of x-r~ up to 800 ro 

Trace Analysis by .Induced Radioactivi tyo Analysis of tissue ash samples irl"t:•.&iated v-ri th 
neutrons was continuedo The iron fraction was separated., A new set of samples is being 
prepared for the study of induced activity in blood and bone marrow samples of a patient 
with leukemia~ polycythemiaj) anemia,. and normal controls .. 

lOo Health Physics and Che\nistry 

Following is a list of 
as to the progress of eacho 

ao B~ta-gamma lead-shielded gloved box~ Complete and ready for full d:r'ess 
dmnmy runs& Waiting for Webb target assemblyo 

v bo Yttrium box for Dr .. Gof.man: In process of design, bottle capping device 
,. , bein~ rebuilt., 

Oo Gofman hoods Being assembled in Donnero 

do Conway arc sourceg In process of designo 
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eo 19 Covr" s 
runs are in processo 

Spinner columns are ready for tracer runs, 

fo Protection box to enable milling hot targets safelyg Design completeo 

go Protective housing for milling machineg In process of designo 

ho Decontamination chamber: Design in prooesso 

io Synchrotron quartz tubeg Being etched with HFo 

j o Portable alpha counters~ Worn-out canvas carrying bags replaced by aluminum 
containers on two counters o-

ko Alpha "finger" probe g First model almost complete do 

lo Impinging air sampler: Built and being testedo 

mo Phosgene apparatus: nwarmed up" and ready for mbdification for air contamina= 
' ti on studies o 

'.J no Stripcoatingg Hood and sink section in Room 205D ORL9 coated with liquid 
rubber (Stabond) and plastic (liquid envelope) for testo 

Oo Beta-gmruna shield testing tableg Completedo 

po Miniature heat lamps for microchemical work in gloved bo:xesg 6 madeo 

qo Constant temperature bath for gloved boxes for microchemical workg Being 
drawn by the Drafting Departmento 

ro Centrifuges being pr~pared for radioactive workg 14 dismantled9 numbered0 

sent to sandblasting and paint shope 5 received from paint shop and reassembledo 

so Swivel jaw tongs g Handles redesignedo 

to Ghiorso "inert atmosphere" bo:x:g Being pressure=testede 

Additional effort has begun on d§velopment of anthracene scintillation oountingv 
with applications in view to ~=counting for medical physics experimentsD and high-energy 
neutron detectiono 

Numerous conferences have been held with the architects on laboratory design 
for the newly finished rooms in Bldg., 5 and for the new laboratory to be built below Bldgo 
29 o Also 9 much time has been spent supervising details in installations in the new 
laboratories o 

' Information Division 
6-23-48/hw 

\ 
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