carrying an ultraviolet-resistant coating;
results will be definitive by 1968.

Figure 4 is a plot of successive posi-
tions during the first 96 days of a bal-
loon launched from Christchurch on 28
April 1966; after 192 days it descended
into the South Atlantic during the night
of 4 November while on its 17th circuit
of the globe. Detailed data on trajec-
tories and winds for this and all other
flights (including Antarctic launches)
should be available to all by about
March 1967—and at regular intervals
thereafter.

Several development programs en-
visage a balloon-satellite system. France
has a program (Project EOLE) whose
initial aim is the flight in 1969 of 500
balloons at 300 mb in the Southern
Hemisphere, with accurate tracking by
satellite. (Initial EOLE flight tests in
July and August 1966 showed evidence
of an icing problem even at 300 mb.)
The National Aeronautics and Space
Administration is developing a system
for interrogating and locating balloons
and other moving platforms from a
low-orbiting satellite named IRLS (In-
terrogation, Recording, and Location
System); it will be tested during the
Nimbus-B and Nimbus-D flights. Now
being studied by NASA is the possible
use of a low-frequency location system,
in conjunction with a synchronous sat-
ellite, to provide accurate data on posi-
tion.

While work continues on the sophis-
ticated balloon-satellite systems of the
future, it appears that we can take ad-
vantage of the extraordinary perform-
ance of our interim GHOST electronics
package to provide useful operational
weather data for the nations of the
Southern Hemisphere. With rapid com-
munication to a computer in Boulder,
Colorado, Washington, D.C., or Mel-
bourne, Australia, from only three
stations—in New Zealand, South

America, and Africa—we can provide

trajectories and winds for as many as
50 balloons, and these data can be fed

back to the Southern Hemisphere with:

only a few hours’ delay. This service
will double the volume of data on the
upper air in the Southern Hemisphere,
and at modest cost. With the coopera-
tion of the nations concerned, this pro-
gram can be in operation within 1 year.

On the planned flights at 30 mb, 2
kg of the capacity is unused. Our telem-
etry system can handle from one to
four channels of data. Since we expect
many of these balloons to remain at
altitude for several years, we should
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like to encourage other scientists to
consider piggyback experiments by
which, from a platform at 24,000 m,
they could do such things as measure
long-term effects such as variation in
intensity of incoming radiation, mea-
sure ozone, count rare events, or de-
termine degradation of materials; the
cost should be less than $1 kg—1 day—1.

VINCENT E. LALLY
National Center for Atmospheric
Research, Boulder, Colorado
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Structure of Silica Glass

Abstract, From configurational entro-
py considerations, it is estimated that
the grains in silica glass are far more
likely to have a cristobalite structure
than a pentagonal dodecahedral one.

The idea that liquids preserve some
of the structure of their corresponding
solids is not new, Krishnamurti (/)
concluded this from his studies of or-
ganic compounds, and Randall et al
(2) thought of glasses as having the
structure of the corresponding crystals
in domains of 10 to 100 A. Zachariasen
(3) stated: “The glasses are built up of
extensive three dimensional networks
without symmetry or periodicity, these
networks being in other respects essen-
tially the same as the ones we find in
corresponding crystals.”

Warren (4) established that the tet-
rahedral coordination of oxygen
around silicon, which characterizes the
crystalline silicates, persists in glass. He
concluded from his investigations that
a random network represents the struc-
ture of glass better than an agglom-
erate of cristobalite crystallites and
that if the cristobalite structure did
exist in glass it was restricted to do-
mains smaller than about 8 A. The
ideas of Zachariasen and of Warren
are generally accepted.

A grain structure such that silicon
is linked to oxygen to silicon in some
less than random manner for a few

atomic distances is indicated by con-
siderable physical and chemical evi-
dence from a number of sources (5).
Such a grain structure does not neces-
sarily conflict with the Zachariasen-
Warren theory but merely restricts the
randomness to regions outside of these
grains, that is, outside of a few SiO,
tetrahedral distances instead of only
one. The work of Warshaw (6) and of
Zarcycki and Mezard (7) are particular-
ly convincing of grain structure in the
25- to 150-A range, and Oberlies and
Dietzel (8) showed that the atomic ar-
rangement in silica glass is probably
not far removed from that in cristo-
balite.

The structure of these grains has
been the subject of some debate. Do
they contain cristobalite polyhedra or
are they, as suggested by Bernal’s (9)
study of packing in liquids, composed
of statistical molecular configurations
with varieties of coordination patterns
geometrically different in kind from
any occurring in a regular solid? From
experiments compressing  plasticene
spheres, Bernal concluded that arrange-
ments in pentagonal faces are neces-
sary to dense packing. Because a co-
ordination number of 5 does not per-
mit long-range order, any such arrange-
ment of molecules must be fluid. Tilton
(10) had previously postulated his Vi-
tron theory of glass structure based on
pentagonal dodecahedral assemblages.

Recently, Robinson (/) has com-
puted the geometry of distorted pentag-
onal dodecahedra in some detail and
he concluded that grains built upon
this structure would give an x-ray dif-
fraction pattern in agreement with ex-
periment. However, Xx-ray techniques
applied to glass yield accurate values
of interatomic distances for only a few
near neighbors, and, as Robinson points
out, plane pentagonal rings and puck-
ered hexagonal rings cannot be distin-
guished. Thus in order to choose, data
from other sources are needed.

One serious difficulty with the pen-
tagonal dodecahedral model is that it
yields a density 10 percent less than
that of the glass, and it is very difficult
indeed to imagine a reasonable ran-
dom packing arrangement of these
structures which could increase the den-
sity by this much. On the other hand,
the density of cristobalite appears to be
about 0.5 percent greater than that of
silica glass at high temperatures. A
cristobalite-structured grain is also sug-
gested by the ease with which silica
glass devitrifies. This indicates rather
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Fig. 1 (left). Models of pentagonal dodecahedra, with oxygen atoms omitted from

one of them.

strongly that an element of very simi-
lar structure (2) acts as a nucleus for
crystal growth.

Figure 1 shows three-dimensional
models of pentagonal dodecahedra. The
oxygen atoms have been omitted from
one of them in order to show the
bond directions more clearly. A single
pentagonal dodecahedron would con-
tain 5 SiO, if it were packed into a
lattice in which each Si atom is shared
by four dodecahedra. Figure 2 is a
model of a grain built up of these
units. Bonds become very strained be-
yond a few near neighbors unless the
dodecahedra are stacked in single
chains.

Figure 3 shows an elementary cris-
tobalite polyhedron (containing 2 SiO,
when packed in the lattice with each
Si shared by six polyhedra), with and
without oxygens, and portions of a
cristobalite lattice, also with and with-
out oxygens, assembled from these
polyhedra. Figure 4 shows a grain com-
posed of two sets of six cristobalite
polyhedra joined by stacked pentago-
nal rings. The dissymmetry introduced
by the pentagonal rings forces a line
of broken bonds nearby. Obviously
there are a large number of ways of
joining a few elementary cristobalite
polyhedra; Fig. 4 is only one example.

The grain structures depicted in Figs.
2 and 4 would probably yield indis-
tinguishable x-ray patterns, since the

number of atoms in exactly equivalent .

Fig. 2 (right). Model of a grain built up of these units.

positions is small enough to broaden
the peaks beyond resolution.

If pentagonal dodecahedra are the
building blocks next above SiQ, tetra-
hedra in glass, the cristobalite poly-
hedra must be broken down in melt-
ing into fragments containing less than
the 6 SiO, which occur in the hexagonal
rings. These fragments must. then be
joined to form pentagonal dodecahe-
dra by new bonds. On the other hand,
if vestiges of cristobalite structure per-
sist in the liquid, the hexagonal rings
not only need not be broken, but a
number of the bonds joining the rings
together could remain intact during
melting. With no new bonds to be
formed, the cristobalite structure should
be distinctly favored over one requir-
ing a more complicated process -of
formation.

Some idea of the configurational en-
tropies associated with these two types
of structure can be obtained from the
following considerations. A pentago-
nal dodecahedron has 30 edges, each
consisting of two Si—O bonds, but it
is not necessary to make anew all 60
of these bonds in order to form this
geometry from a cristobalite lattice.
The minimum number of new bonds
required is 14. Fourteen are all that
are needed starting with four penta-
fragments: two bonds to form two
pentagonal rings from each of two
fragments, two bonds to form a de-
cagonal (belt) ring from two frag-

Fig. 3 (left). An elementary cristobalite polyhedron, with and without oxygens, and

portions of a cristobalite lattice, with and without oxygens.

Fig. 4 (right). A

grain composed of two sets of six cristobalite polyhedra joined by stacked pentagonal

rings.
460

"units.

ments, and ten bonds to join the
two rings to the belt, completing the
dodecahedron. Each of the ring-form-
ing bonds can be made in only one
way, each of the belt-forming bonds
can be made in two ways, and each
of the two sets of five bonds remain-
ing can be made in two ways. The
total number of possible bondings from
14 different bonds is 14!. Accordingly,
the foregoing process can be assigned
a probability of (14!/2 X 2 X 2 X 10
X 10)—1, or 1 per 1.09 X 108, -

A comparable beginning for recon-
structing cristobalite polyhedra is pen-
ta-fragments plus single SiO, mole-
cules; such a process requires the for-
mation of seven bonds. The two bonds
forming the hexagonal rings can be
made in each of two ways, and the
three bonds joining the two rings, in
each of two ways, giving a probability
of (71/2 X 2 X 6)-1, or 1 per 210.
The ratio of these probabilities is
520,000 to 1 in favor of cristobalite.
However, it seems reasonable to postu-
late unfragmented hexagonal rings ex-
isting in the melt, so that on the basis
of bond formation, the probability of
two of these joining to form a cristo-
balite polyhedron is 1/3. Of course, if
the melting process permits some
bonds joining hexagonal rings togeth-
er to remain unbroken, a cristobalite
structure already persists in the liquid
and the probability of this structure
is 1.

Therefore, it seems reasonable that
a melting process that would convert
cristobalite structure (12 SiO, per
polyhedron) to a pentagonal dodeca-
hedral arrangement (20 SiO, per poly-
hedron) involves, on a gram molecular
weight basis, a configurational en-
trophy change of the order of —(20/12)
Rin (1.09 X 108/3), or —57 entropy
It seems unreasonable that it
would be less than —(20/12)RIn
(520,000) or —43 entropy units. The
observed entropy change accompany-
ing the melting of cristobalite is 1
entropy unit (13).

Consequently, silica glass is pictured
as consisting of grains of small num-
bers of cristobalite polyhedra, with
these grains linked together to form a
random three-dimensional network.
This is what Randall, Rookesby, and
Cooper proposed in 1930 (2), and does
not seem to be in serious conflict with
a random network theory.

According to this interpretation, the
cristobalite-tridymite-quartz transitions
should occur in the appropriate tem-
perature intervals within each individual
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grain. These effects would, of course,
be greatly reduced compared with
those in the macrocrystals, because of
dilution by the random parts of the
network. However, if they could be de-
tected, they would give some measure
of the number of atoms in regular
array with respect to those in random
array. It might be informative to ex-
amine data in the transition region
with this in mind.

With the liquid preserving the struc-
ture of the crystal to this extent, it
is natural to think of melting as in-
troducing an ever-increasing number
of defects into the lattice, decreasing
the grain size to some small but critical
value where long-range order ceases
and the structure fails.

JouN F. G. Hicks
2404 Anson Drive,
Columbus, Ohio 43221
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Susceptibility to Two Strains of Friend Leukemia Virus in Mice

Abstract. 4 mutant strain of the Friend leukemia virus is described. The

parental virus strain, passaged through ICR/Ha mice, shows no or very little
activity by the spleen-focus assay in BALB/c mice (by comparison with highly
susceptible DBA/2 and ICR/Ha mice) and produces typical Friend disease in
these mice only exceptionally; susceptibility to this strain of virus is recessive in
the (C57BL/6 X DBA/2) F,. By contrast, the mutant virus strain is as active
in BALB/c mice as in DBA/2 or ICR/Ha mice; susceptibility to the mutant
virus strain is dominant in the (C57BL/6 X DBA/2) F,.

The problem of the host strain spe-
cificity of the Friend leukemia virus
in mice has been investigated a num-
ber of times since Friend’s report (/)
of a very narrow range of strain sus-
ceptibility. BALB/c mice appear to be
highly susceptible to the virus in some
studies (2), while in others they ap-
pear quite resistant, the difference be-
ing attributed sometimes to the mouse
substrain used and sometimes to the
virus strain used. Although “BALB-
adapted” virus has been reported (3),
the nature of the adaptation has not
yet been elucidated.

We now report the comparison of
two strains of Friend virus (FV), one
obtained from the other by passage
through mouse hosts relatively resist-
ant to the parental virus strain.

Except for commercially obtained,
random-bred ICR/Ha Swiss albino
mice, all mice were from our own in-
bred colonies. The mice were usually
6 to 12 weeks old when inoculated
with virus. The inbred strains used
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were: DBA/2, BALB/c, C3HI/Bi, A,
and C57BL/6; in addition, certain Fy
hybrids between them were also used.

Virus preparations were obtained
as follows. The greatly enlarged spleens
from mice injected with virus 2 to
3 weeks previously were homogenized
in nine times their weight of cold
phosphate-buffered saline. The homog-
enates were centrifuged relatively
slowly, the supernatant was recentri-
fuged for 4 minutes at about 7000g
and this second supernatant, either as
such or after filtration through Selas
02 filter candles, was used as the basic
virus inoculum.

Our “parental” strain of FV, estab-
lished in 1965 from Friend’s line
passed continuously through DBA/2
mice (191 passages), has been passed
exclusively through ICR mice; we
refer to it as Friend-S (F-S) virus.
This F-S virus was injected at passage
two into six BALB males, of which
two developed splenomegaly after a
prolonged period of latency (4 to

6 weeks, as compared with 2 weeks
in the ICR passage animals). The
spleen of one of these was used to
establish a separate line of virus which
has been passed exclusively through
BALB mice; this virus strain is desig-
nated Friend-B (F-B) virus.

Two criteria of virus susceptibility
have been used in these studies: 6]
the activity, determined by the spleen-
focus assay (4), of a virus preparation
in an unknown mouse strain by com-
parison with its activity in the strain
of origin, and (ii) the ability of mice
of ‘a given strain to sustain virus
growth upon serial passage.

Preparations of the parental F-S
virus strain routinely show the same
high activities when assayed in either
ICR or DBA/2 mice, and either mouse
strain readily supports the serial pas-
sage of F-S virus. On the other hand,
no activity is generally observed when
adult BALB or C57BL mice are used.
However, BALB mice are not totally
resistant to the virus, for the typical
disease syndrome may be induced in
them by the injection into adults of
exceptionally large doses of F-S virus
or by inoculating them up to 10 days
postnatally with more usual virus doses.
F-S virus has never produced either
overt Friend disease or spleen foci in
any mice of the C57BL strain in our
laboratories.

From these facts it emerges that
three classes of strain susceptibility to
F-S virus can be defined. Class I mice
(DBA/2, ICR/Ha; also C3Hf/Bi) are
highly susceptible as adults to the
virus. Class II mice (BALB/c; also
A) are relatively resistant to the virus
as adults, but as babies they are sus-
ceptible. Class III mice (C57BL/6)
are highly resistant under all circum-
stances investigated.

Preparations of the variant F-B vi-
rus show approximately the same ac-
tivity whether ICR, DBA/2, or BALB
mice are used for their assay. No activ-
ity is seen in C57BL mice. The disease
syndrome produced in susceptible ani-
mals by F-B virus appears grossly sim-
iflar to that of F-S virus, although
periods of latency may be slightly
shorter with the former and, in gen-
eral, extracts containing F-B virus
demonstrate somewhat higher virus ti-
ters than do similarly prepared extracts
containing F-S virus. Baby mice of
susceptible strains, inoculated with
preparations of F-B virus, show a
much higher rate of infant mortality
than when F-S virus is inoculated.

Despite the fact that a given F-B
virus  preparation shows identical
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