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As to the value of the complete effective cross 
section for the (dn) reaction with the Be 9 nucleus, 
there are no experimental data in the literature, and 

therefore, for the time being, Eq. (16) cannot be 

verified for the complete effective cross section. 
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It is shown_ that the titan~t~s of bismuth possess high dielectric constants ( f = 70-120) 
and co_mparatively large positiVe temperature coefficients ( TC f = 130-550 x 10-6) which 
are e~Ide~t-ly brought about by a combination of a favorable internal field and a high ionic 
polanzahil1ty. The formation process of one of the barium titanates is investigated, and 
the temperature and frequency dependencies off and tan o of various bismuth polytitanates 
have been measured. 
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T HE titanates of metals of the second group of electronic polarizability appreciably exceeds the 
the periodic table have an elevated dielectric ionic; therefore, the dielectric constant decreases 

constant which increases upon increase in the with inc1·ease in temperature [ ( l/f)(df/dT) < 0 ]. 
atomic weight of the me tall. In this case, for non- The positive temperature coefficient off points 
piezoelectric titanates, as well as for many other to the predominance of the ionic polarizability. 
ceramic dielectrics, this rule holds: the higher the In the present work, an attempt was made to real-
dielectric constant, the more negative the tempera- ize, in a polycrystalline, nonpiezoelectric dielec-
ture coefficient ( l/d(df/dT)2. For small dielec- rtic, such conditions under which a high dielec-

tric constants the quantity (l/d(df/dT) has tric constant would be combined with a compara-
a positive sign. For most dielectric con- tively large positive temperature coefficient. An 

) ( appreciable ionic polarization takes place in 
stants,(l/f df/dT) has a comparatively large nega- glasses, the dielectric constant of which increases 
tive value. As shown earlier3 , the high dielectric sufficiently rapidly with increase in temperature; 
constant of nonpiezoelectric titanates of bariun; therefore, the presence of glassy layers in a poly-
and rutile ( TiO 2 ) is brought about by a crystalline dielectric ought to facilitate an increase 
combination of high electronic polarization and a off with temperature. On the other hand, it is 
favorable polarization of the internal field pro- necessary that relaxation processes connected with 
duced by the ionic displacement. The ionic polariz- inelastic dislocations of the ions not take place in 
ability in this case is not large. The electronic this glassy layer and in defective places in the 
polarizability does not depend on the temperature crystalline lattice, for this would, in turn, lead to 
but the electronic polarizability per unit volume greater loss. In this connection, the glassy layer 
decreases with increase in temperature at the ex- must contain only heavy ions, possessing small 
pense of a decrease in the number of polarized par- mobility. 
ticles per unit volume in thermal expansion. The Starting from these considerations, we investi-
ionic polarizability increases with increase in gated the possibility of the formation of a combina-
temperature, since the elastic coupling is weakened. tion of titanium dioxide and bismuth trioxide. Bis-
ln dielectrics with high dielectric constant, the muth trioxide possesses weakly basic properties 
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which appear both in solutions and at high tempera
ture. Therefore, it can probably enter into a reac
tion at high temperature with titanium dioxide, 
which possesses weakly acidic properties, giving 
a compound of a type of bismuth polytitanate. Bis
muth trioxide has a comparatively low melting 
point (about 900° ). At this temperature, titanium 
dioxide undergoes a transition from the crystalline 
form of anatase into a crystalline modification of 
rutile and has an increased reaction capability. 
Therefore, we can expect that, at a temperature 
of about 900°, a reaction begins between Ti0 2 

present in the solid phase, and Bi 20 3 , present in 
the liquid phase. As a result of this reaction, 
polycrystals could be formed with appreciable glassy 
layers which contain the heavy bismuth ions and 
also defects in the lattice. 

Thermographic analysis of the process of the 
formation of the titanates of bismuth confinns the 
assumptions made above. At T = 900° an endo
thennic peak occurs, corresponding to the lique
faction of bismuth trioxide. A sharp endothermic 
peak in the differential temperature curve at 1230° 
shows the intense reaction which leads to the for
mation of one of the bismuth titanates correspond
ing to a given ratio of components. X-rays of the 
bismuth titanates also point to their chemical indi

viduality. 
Measurement of the dielectric constant and the 

power factor at high frequencies and for different 
polytitanates of bismuth shows that for an appreci
able change in the ratio of components, the dielec
tric constant changes slightly and lies within the 
limits 70-120. The power factor has a higher value 
( tano"" 0.002-0.006 ). The temperature coefficient 
of the dielectric constant, in agreement with 
theoretical assumptions, was shown to be positive 
for many bismuth titanates. The results of the 
measurements of£, tano and TC£=( l/£)(dddT) 
are plotted in Table Lfor a number of bismuth 
titanates. 

Figures 1 and 2 show curves for the dependence 
off and tano on temperature and frequency for one 
of the bismuth titanates. It is seen that f in
creases appreciably and almost linearly with tempera
ture. For certain ratios of Ti0 2 /l3i 20 3 (of those 

plotted in Table I) the temperature coefficient of 
f undergoes a transition from positive to negative 
values. As specially arranged experiments have 
shown, in this region of concentration, TC f always 
depends on the annealing history. The thermogram 
of Fig. 3 bears witness to this fact. It is evident 
therein that at a temperature of 1230° a sharp 



526 G. I. SKANAVI AND A. I. DEMESHINA 

tano 

008// 
0,078 

0.072 
()05/J 
L70§P 

{/0.5'0 

Otl.fZ 
QOI/8 
Ofl!l'l 
[/O~'!l 

rwt 
fltJJZ 
0028 
Oflt'l 
I10Zl7 
fl.Oio 
!J.0/2 
QOOIJ 
Q/J/J'I 

I 

I 

,, 
W-
I : I f--. . 

- --·- - 1-· 
i I 

I 

,.,~-t""'i~i-- ··~+-- ... 

I 

6 

;. 
I [7 

tano I X _, 

X 

'J 
iJ 

X 

: 

;~--r-

I 
I I 

e 

I 

ZOO' 
/9{! 
/80 

!?ll 
lifO 
!50 
''Ill 
!Jil 
!ZIJ 
/Ill 
100 
91l 

8// 
70 
50 
.70 
'10 
JO 
ZIJ 
10 

-n.J-!5fl-fZ5-!00-75 -.50-25 0 • Z5 •@ + 7.7 •f0[J+!Z5 •!50•!7.7•ZOO.zt5 t 'C 

FIG. 1. Dependence off and tan 0 on the tempera
ture for f = 700 kc for one of the bismuth titanates. 
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FIG. 2. Dependence off and tan 0 on the frequency for 
one of the bismuth titanates, 

and higher, TC f has a large negative value. 
In this transition, an appreciable increase takes 

place in the dielectric constant, and there is some 
decrease in the power factor. The experimental 
data which characterize the effect of the tempera
ture annealing on the dielectric properties of one 
of the bismuth titanates are shown in Table II. 

In conclusion, it is interesting to note that the 
discovery of such a sharp change in TC f and the 
dielectric constant is connected with the structure 
change which is noted in the thermogram (a sharp 
endothermic peak), but at the same time there is 
no effect on the Debye-gram. It is possible that in 

--'~-------------;1'-~---~--1-----this transition a crystallization of the glass layer 

J 

takes place. The problem of the change of the 
crystallographic structure in this case requires 
further x-ray investigation. 

TABLE II. Change of dielectric properties of one of the 
-=-~~----------------------bismuth titanates under the action of temperature anneal

FIG. 3. Thermogram of the sintering of one of the 
bismuth titanates; 1 = difference in temperature of 
the specimen and the etalon; 2 =temperature of the 
furnace; 3 = shrinkage of the specimen. 

change in the structure takes place. This is ac
companied by an emission of heat (a phase change 
of first order) over a very narrow range of tempera
tures. If the temperature is 1-2° less than the 

transition temperature ( 1230° ), then TC f has a 
large positive value; for the temperature 1230° 

T 
a 

emperature of 
nne aling, °C 

1210 
12:!0 
12:!5 
1:!30 
1245 

----

ing. 

e, 
f=2 me, 

f=20° 

I 83 
78 
81 
83 
94 

tanO, 
TCfXl06 

for[= 2 me, 
f = 2 me, in the interval 
t = 20° t = 2()-80° 

0.0032 I +360 
0.0038 +360 
0.0045 +160 
0.0027 -430 
0.0022 -480 
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A method of calculating the energy levels in a quasiclassical quantization is presented 
for the one-dimensional case. The value of the levels is obtained in the form of in expansion 
fr. U_nder _certain assumptions on the form of the potential energy U ( x ), this expansion can be 
obtamed m a general form. Computations are carried out for a potential energy having a mini
mum and rising on either side of the minimum, i.e., of an oscillator type. 

AS is well known, in the quasiclassical method 
for the solution of the problems of quantum 

mechanics, the wave equation t/; is written in the 
forn1 

(1) 

Making this formal substitution in the Schrodinger 
equation 

Ll~ + (2!L/h2 ) (E- U) = 0, (2) 

we obtain an equation for the function a: 

(vcr)2 + (hji) Llcr = 2[1- (E- U). (3) 

The formal solution of Eq. (3) is written in the form 
of a power series in fr: 

cr = cr0 + (h/i) cr1 + (h/i)2 cr2 + . . . (4) 

Substituting (4) in (3), we ultimately get, for the 
one-dimensional case, 

cr~ = p; cr~ =- p'j2p; cr; = p"j4p2 _ 3p'2j8p3; (5) 

IJ~ =- p"'j8p3 + 3p"p'j4p4 - 3p'3j4p5; 

cr~ = pUVljJ6p4 _ 5p"'p'j8p5 

- 13p"2/32p5 + 99p"p'2j32p6 

-297p'4/128p7 ; ••• , 

where p = y2f:L(E- U) is the classical momentum. 

two components which define the phase and modu
lus of the wave function: 

(6) 

Another linearly independent solution of the 
Schrodinger equation is obtained by substituting 
i-> -i in Eq. (6). For imaginary p, all the expres
sions in the exponent are real. 

Let x =a be a turning point, i.e., U (a)= E. Let 
us find the phase of the wave function for x > a, 
considering that, in this region, E > U ( x ), and in 
the region x <a, E < U ( x ), and the modulus of the 
wave function decreases with decreasing x. Solving 
the Schrodinger equation exactly in the neighborhood 
of the turning point, where the potential energy can 
be approximated by a linear function of the coordin
ate x, and joining the exact solution with the 
quasiclassical one, we obtain an expression for the 
phase, as is usually done. The exact solution of 
the Schrodinger equation with a linear potential 
which satisfies the conditions set forth above has 
the form (except for a constant multiplier) 

•) = / VfTIU-•f,(f/~[' 1•) +1•/,(fi~['/•)], x<O; 

' l Vf[J-•1, ( ~ ~·'·) + J.1, ( f ~·r,)J, x > 0, 

~ = !Y.Xjh'", IX = V 2!1- (-au ;axla. 

Forrealp, the quantities a~, ai, ... anda0 , a 1, ... are real, 
and the quantity a can be uniquely divided into 


