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WE have investigated reactions that lead to the 
production of a -active isotopes upon interaction 
of accelerated N14 nuclei with bismuth. A stack 
of ten layers of bismuth ( ~ 0.8 mg/cm2 each), de
posited on thin nickel foils ( ~ 1.5 J.l) was exposed 
in the internal beam of the cyclotron to nitrogen 
ions with energies of ~ 102 Mev. The foils were 
attached to a special sampler in front of the cur
rent collector, to control the ion current to the tar
get during the irradiation process. The nitrogen 
ions lost approximately 3 Mev upon passing from 
one layer of bismuth to another. The results of 
Oganesyan1 were used to calculate the deceleration 
of the ions. To avoid overheating the target, the 
current did not exceed 0.01 JJ.a. 

Using a luminescent a -particle counter in
sensitive to the {3 and y background, we inves
tigated in detail the decay of the activity induced 
in the bismuth layers. The a -particle energy 
was measured with an ionization chamber (emit
ters 1 and 2) and a photoemulsion (emitter 3). 
We were thus able to establish the production of 
the a emitters, the characteristics of which 
are indicated in the table (emitters 4 and 5 were 
not investigated in detail ) . 

The first a activity must be quite unambigu
ously ascribed to Rn211 ( T = 16 hours, Ea = 5.82 
Mev) and to the At211 ( T = 7.5 hours, Ea = 5.89 
Mev) and Po211 ( T = 0.5 sec, Ea = 7.43 Mev) 

()(.-emit
ter 

T 

Ea, Mev 

15±2 hr 
5, 7±0.2 
7.3±0.2 

2 

25±2 min 

6.1±0.2 

3 

150days 2-3 min 5-7 hr 

5.2±0.3 

which are in equilibrium with it. Emitter 2 is ob
viously also a radon isotope - Rn212 (T = 23 min, 
Ea = 6.23 Mev). It must noted that Rn209 , Rn208 , 

and Fr212 do not differ greatly from Rn212 in the 
half-lives and energies of the a particles. How
ever, estimates show that the contribution of these 
isotopes into the observed activities is small. The 
Rn209 may be the result of a -decay of Ra213 ( T = 
2. 7 min), which is the product of the reactions 
( N, 6n) and ( N, a6n). From the yield of the a 
emitter with half-life of 2- 3 minutes we can sur
mise that, for nitrogen ions with energy 100-Mev 
(which, obviously, corresponds to the maximum 
probability of the reaction with emission of six 
neutrons), Rn209 can cause not more than 5 or 
10% of the observed activity with a half-life of 25 
minutes. The contribution of Rn208 and Fr212 

should be even less, since reactions with emission 
of not less than seven nucleons would be necessary 
for their appearance. 

The dependence of the cross sections for the 
production of Rn212 and Rn211 on the energy of 
the nitrogen ions is shown in the diagram. The 
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relative course of the curves is determined, es
sentially, by statistical errors, which do not ex
ceed 10%. The inaccuracy in determining the ab
solute value of the cross sections is on the order 
of 50%. It is connected with the errors that arise 



1376 LETTERS TO THE EDITOR 

in the measurement of the thickness of the bismuth 
layer, of the intensity of the beam, and of the effi
ciency of the a -particle counter. The diagram 
indicates also the cross section <rf for the fission 
of the compound nucleus Th223 , wliich is almost 
identical with the cross seetion for its production.2 

The isotopes Rn212 and Rn211 may result from 
a -decay of the reaction products, with emission 
of neutrons only, (N, 3n) and (N, 4n), and may 
also be due to reactions with emission of a par
ticles, (N, xa3n) and (N, xa4n), where x = 1 
or 2. The dependence of the cross sections for the 
production of Rn212 and Rn211 on the energy of the 
nitrogen nuclei makes it possible to ascertain which 
one of these reactions is the more probable. The 
diagram shows (dotted) the calculated curves for 
the cross sections of the reactions ( N, 3n) and 
(N, 4n). The cross sections are given in arbitrary 
units. It has been assumed in the calculations that 
<rxn (E) ~ <rc (E) wxn, where <rc (E) is the cross 
section for the production of a compound nucleus 
by nitrogen ions with energy E, while wxn is 
the probability of evaporation of x neutrons at a 
corresponding excitation energy of the compound 
nucleus. 3 Comparison of the experimental and 
calculated curves leads to the conclusion that the 
reactions ( N, 3n) and ( N, 4n) can give a decisive 
contribution (> 50%) to the yield of Rn212 and 
Rn211 only at nitrogen-ion energies less than 78 
and 86 Mev, respectively. At large energies the 
yield of this isotope is obvilously determined by 
the reactions of type (N, xa3n) and (N, xa4n). 
The possible shift of the position of the maxima 
for reactions with emission of only neutrons by 
2-3 Mev towards tlie side of higher energies, 
which is due to the angular momentum of the com
pound nucleus,4 does not change the conclusions 
substantially. Considering the cross section for 
the production of Rn211 for 83-Mev nitrogen ions 
to be the upper limit for the cross section of the 
reaction (N, 4n), we can estimate the value of 
the ratio r n ;r f for the isotopes Th223 - 219 , namely 
rn/rf < 0.8. 

The isotopes with half li.fe ~ 150 days is obvi
ously Po210 (T = 140 days, E = 3.53 Mev), which 
is produced by various reactions such as ( N, xan), 
( N, p4n), ( N, N13 ) , and several others, The cross 
section for the production of Po210 increases with 
increasing energy, and reaches ~ 10-25 cm2 at 
E = 100 Mev. 

The author expresses deep gratitude to Profes
sor G. N. Flerov for useful discussions. 
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WE have studied the temperature dependence of 
the specific saturation magnetization <rs and have 
determined the magnetic moments of solid-solution 
ferrites of the system CdxCu1_xFe20 4, in which 
the Cd+2 concentration was increased beyond 10% 
of the total number of bivalent ions. As far as we 
know, no one has previously carried out such stud
ies of this system. 

The specific magnetization a was measured in 
the field interval 6000 to 13,000 oe, at six different 
values of temperature in the interval 78 to 293° K. 
The saturation magnetization at each temperature 
was determined by extrapolation to H = oo of the 
relation a= as ( 1- a/H). It was established that 
for the specimens rich in copper ions, and possess
ing the higher Curie points, the results of the meas
urements are best summarized by the formula <rs 
= a0 ( 1- aT312 ). For the specimens rich in cad
mium ions, with the lower Curie points, the rela
tion <rs = a0 ( 1 - aT2 ) holds. The absolute satu
ration magnetization a0 at each composition was 
determined by linear extrapolation to 0° K of the 
appropriate relation between as and T312 or T2• 

The curve in Fig. 1 shows the dependence of the 
magnetic moment, expressed in Bohr magnetons 
per "molecule" of the solid solution, on its compo
sition. The dashed line shows the values of the 
magnetic moment calculated theoretically by as
suming complete antiparallelism of the spins of the 
A and B sublattices. The deviations of the experi
mental data on the magnetic moment from the theo-


