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S,ummary of the Researchfrrogress Meeting 

November 18, 1948 

Henry Po Kramer 

Dev0lopments at Columbia Universityc Io Rabi.' 

Professor Rabi visited the Laboratory and made some brief remarks a.t the meeting 

:oegarding the state of development of the Columbia cyclotrono It is expected that the 

apparatus will be in operation early during 1949o It is designed to produce 386 Mev 

protons" The cast magnet is now completed. Investigations are being carried out on 

the hyperfine structure of tritium, the mesonic structure of the proton~ and electron 

neutron interactiono 

§:R.a.llation Product-s of ~~As 75 with 190 Mev Deuterons o Ho Hopkins 9 Jr. 

The investigation of the yield and activity of the products which result from the 

bombardment of 33As 75 has been carried on continuously since the beginning of the 

operation of the 18411 cyclotron. It is part of a larger proe;ram of determining the 

spallation products of nuclear reactions with high energy deuteronso 

The samples of arsenic which are used contain the following impurities~ Al -

o 0005 percent,, Ca. ~ o 0001 percent. Cu =, o 0002 percent o These impurities are not 

sufficient to affect the yield results in any significant manner. Bombardments extend 

from 1/2 to 10 hours and are made on foils of l mm thiclmesso After the bombardment, 

the fractions are separated and counted. Absorption measurements are also taken. 

Table I shows the isotopes which are formedo The abscissa is the mass number~ the 

ordinate is the atomic number. The numbers ~hieh are entered in the squares 

corresponding to the isotopes~ represent the nee;ative locarithm of the ratio 

yield of isotope 
72 • so that the smaller numhers correspond to greater yields and negative 

yield cf33 As . 
·numbers indicate that the yield is larger than that of 33As 72

o 

It is seen from the table that the spallation products cover a range of atomic 

numbers from 34 for Se to 17 for C1 and a range of mass numbers from 75 to 38o The 
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solid squares of the table represenJc stable isotopes. It is seen that the yield 

decreases as one goes from a stable isotope either in the direction of changing mass 

number or atomic number. 

The results indicate that the isobars are forr1rH:: directly rather than 

intermediately from positron emitters. 1'he formation of the isotopes i.s brougltabout 

by the boiling off of charged particles and neutrons. In order to obtain the isotopes 

in the l01.'ve;.~ part of the table, charged particles other than protons must be emitted. 

Finally, it is of interest that for pairs of isobars. those of odd atomic number 

possess the greater yield. 

A more detailed account of the activities which were identified will be found in 

the Chemistry Division's Quarterly Report, October 1, 1948, UCRL-172. 

Kinetics Studies in Photosynthesis. ..r. Weigl. 

·The basic reaction of the synthesis of inorganic compounds to orgo.nic matter is: 

llhen this reaction goes toward the right, and the enere;y which is required is furnished 

by light fro:G1 the visible spectrum, the process is known as photos~mthesis. When the 

reaction is reversed, that is, when energy is given off, it is known as respiration. 

Thus photosJmthesis is the means by which plants are able ·to capture the sun's radiant 

energy and preserve it as the bindine; enerr.;y of clucose or grape sugar. 1l\lhen heat is 

needed to carry on the functions of life, thF? gJ..ucose is bu.rned in the plant, that is~ 

the above reaction is reversed. It is a remarkable fact that photosynthesis and 

respiration occur simultaneously in the same plant and in sorn.e cases even in the same 

celL The present investigation has for its aim the quantitative determination of the 

rates o.f synthesis and respiration both when the plant is exposed to light and when it 

functions in the dark. 

This measurement of the rate of photosynthesis was carried out by placing barley 

leaves in a closed system -which was initially filled with an atmosphere of COz 

containing some radioactive carbon c14• Thus 9 the loss of free c*o2 in unit time is 

equal to the relative amount of'C*Oz which is absorbed in photosynthesis 9 The increase 
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in the amount of free C02 is equal to the difference between the amount given off in 

respiration and the amount absorbed in photosynthesiso From the reaction equation it 

can be seen that the rate at "Which co2 is absorbed in photosynthesis j is equal to the 

rate at which oxygen gas is given off. In a very simple analysis then, the following 

equations describe the process: 

d 

dt 

d 
dt 

(COz) = R - PS = = ~ 
dt 

(c*o2.) = - PS f..c*oz~ 
\ C02) 

(oz) 

Respiration of labeled c*o2 is not taken into account because it is negligible in the 

time interval during which the experiment is run. 

Figo l shows a schematic diagram of the apparatuso A is the container for the 

barley leave13. B is a pump which delivers 500 cc/min" by periodically squeezing the 

rubber tubing .:vvhich ·transports the gas. C is a co2 analyzer which utilizes the fact 

that the absorption of light in a gas is a function of the concentrationo D is a 

' $ 
conventional ionization chamber which measures the concentration of C o2 as a function 

of the radiation which is counted. E is an instrument which determines the concentra-

tion of 02 by making use of the paramagnetic properties of the gas" 

Since C and E are novel pieces of apparatus they will be described more in detail. 

Fig. 2 illustrates the functionine; of the co2 analyzer. Light from 1. is interrupted • 

with great frequency by the rotating: shntter wheel 2. and then passes through tubes 3. 

and 5, into tubes 4o and 6. 3o is connected to thfl flow of gas whose concentration of COz 

is to be measured a The absorption of lie;ht in 3o varies vvi th and is therefore a measure 

of the concentration of co2 • The periodicity of the liEht which enters the closed tube 

4. results in a periodic expansion and contraction of the gas contained in ito The amp-

li tudes of these sound waves vary with the intensity of the light which enters the tube 

and this in turn ;r<ries with the concentration of co2 in tube 3o The sound vraves pro-

duced in 1, are picked u)! by a micro)!hone which transmits the signals for suitable 

recordingo Tube 5o contc.ins a known concentration of co2" The function of 5 and 6 is 

to provide a zero· :eo~t.Lt for the measm·,~ne:nt. 
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The 02 analyzer is shown in Figo 3. A pair of dumbbells is suspended on a quartz 

fibero A magnetic field is applied with the result that the dumbbells rotate 9 and exert 

a couple on the fiber. The beam of light which is reflected by a little mirror attached 

to the fiber is deflected until the torsion in the fiber balances the couple produced 

by the magnetic field. Since 02 is a paramagnetic suhstance 9 the magnetic field 

strength varies with the concentration of 02 9 and therefore the deflection of the beam 

of light varies with the concentration. 

The experiment was started with the lights turned off., Arter about twenty 

minutes. the lights were turned on. After photosynthesis had proceeded for about 

thirty minutes, the lights were again shut off. The results are set down in Fig. 4 in 

terms of the time=wise variation of the partial pressure of the total amount of co2 in 

mm of Hg~the time=wi.se variation of radldactiviq~ and the specific activity which is 

a measure of the fraction of radioactive c*o2 o 

During the initial period of darkness. it is seen that the amount of Co2 increases 

because of respiration. However, the radioactivity remains constant since the barley 

leaves contain no radioactive carbon and therefore do not respire anyo This fact isdem= 

·!Cmilfill!'ated' cclearlwr·by_ the decrease during this time in the specific activity. When the 

lights are turned on at twenty minutes, after the plants have adjusted themselves to 

the new conditions photosynthesis takes place. There is a violent decrease in both 

the total amount of C02 as well as in the amount of radioactive c*o2 o This result was 

of course expected. The behavior, however 5 of the specific activity curve is remarkable. 

During the period of photosynthesis 9 the specific activity increases sharply 9 that is 9 

the relative amount of free C*02 increases. The interpretation of this phenomenon is 

that the plants a:ce able to distine;uish betvJeen light and heavy carbon and that they 

exercise a preference for ordinary C02o The mechanism by which the plants reject heavy 

carbon is at present unknovmo 

After photosynthesis has gone on for about twenty minutes. a steady state is 

reached in which the rate of synthesis equals the rate of respirationo After this 

state had been established 9 the lights were again turned off" 
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It is seen thEd:; the; plan>cs reqnre ordinary Co2 at a greater rate than radioactive 

c*o
2

" The specific acti"Vity de0reaseE;, somewhat. At intervals, the lights are turned 

on and off" The our"\P3S Ghov a unifonc repeti tiono 

The details of the sHler.'itiye synthesis of lir;ht C02 in preference to tracer c*o2 

are presented ir. An Isotope Effect in Photosynthesis. UCRL 228" by J. W. Weigl and M. 

Calvina 

Info Div. 
12/3/48 
md 
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