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Abstract 

Since the hydrophobic surface which cover.s the glass plate may serve to protect the 
growth of crystals from the disturbing action of the glass surface, it is to be anticipated 
that the hoar crystals that grow on the surface will assume the forms similar to the snow 
crystals in the free atmosphere. Using several hydrophobic substances, e. g. Daiflon-2, 
polyvinyl formal, etc., we succeeded in producing the snow-like crystals on these surfaces. 

In this paper, observations on the mode of such crystal formation will be described 
in detail by aid of many photomicrographs, and the problems relating to the mechanism 
of frost development in its early stage will also be discussed. 

I. Introduction 

There is no essential difference between snow and frost crystals, except that 
the former grow while freely suspended in air and the latter on the surface of 
various solids. As to the forms of frost crystals, therefore, they are rhuch in­
fluenced by the character of the surface on which the frost is deposited and are 
also subject to distortion due to the non-uniform supply of water vapour. 

The window hoar crystals, which are quite familiar to those living in northern 
countries, seldom assume the snow-like crystal forms such as hexagonal plate, 
column, needle, etc. 

U. Nakayaand his cooperators carried out investigation on the artificial produc­
tion of window hoar crystals, and observed a number of varieties of crystals. formed 
on the variously treated surfaces of glass, quartz and mica. They also inquired 

into the relation between the cleanness of glass surfaces and the form of hoar, 
besides the effect of the rate of supply of water vapour and of the temperature 
of the place where the crystal deyelops(1). Following the same experimental 

procedure, Z. Yosida investigated in more detail the mode of development of 
window hoar crystals which grew on a thoroughly cleaned glass surfaces(2\ 

Among the photomicrographs of artificial hoar crystals obtained by these in­
vestigators, only a few examples of snow-like crystals are given, which grew on 

* Contribution No. 267 from the Institute of Low Temperature Science. 
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substances. 
Photo. 13 shows the uniform frost composed of minute frozen dew .drops and 

the peculiar form of the hoar crystals (branching streamers) that develop from the 

margin of the thin uniform frost.·* 
These branching streamers and also the detached hoar (Photo. 14) have a wavy 

character as was pointed out by U. Nakaya et a1. It will be observed from 

Photo. 15 that the development of margin crystals is largely promoted by the 
capture of larger supercooled droplets. 

On rare occasions a part of stellar crystal develops at the margin (Photo. 16) 

and a hexagonal column in the middle of uniform frost (Photo. 17). The existence 
of blank spaces around these crystals gives evidence that they grew only by sub­
limation, merging the surrounding water .droplets into themselves, provided that 
there were some germs suited to the crystal growth of ice. 

Hoar crystals on the Dri-film. 

The Dri-film covering the glass, which, as was previously described, we were 
unable to bring to a completely dry state, has a repellent action not only on water 
but also on Methalack. Conseqnently, when the Methalack is let fall over the 

hoar" it does not spread over the Dri-film but forms a large drop, with the result 
that the clustering of hoar crystals takes place and the investigation of the crystal 
form by aid of replica method becomes impossible. The observations were, therefore, 
confined to the shadow-photographs, which showed, as may be seen from Photo. 
18 (negative print), that something like a lump or hexagonal graupel is produced 

in this case. 

Hoar crystals on the Methalack. 

It is a remarkable feature of the surface coated with Methalack that the frost 
particles to be formed on it assume nearly spherical form, as can be seen from 
Photos. 19 and 20. 

Hoar crystals on Daiflon-2. 

On Daiflon-2 as well as on polyvinyl formal, the uniform frost composed of 
minute frozen dew drops can rarely be observed, except at relatively high tempera­

tures. The mode of crystal formation in this case bears a striking resemblance 

to that of artificial snow production. Photo. 21 is the shadow-photograph of hoar 
crystals obtained at Tw=-1.3°C, Ta=-25.7°C and Tr=-37.8°C (4.5 min after 
setting the coated glass in position). 

Hexagonal column, bullet type and their irregular assemblages are shown in 
Photos. 22, 23 and 24, among which the secondary development of a part of 
hexagonal plate can also be seen. Photo. 25 iIlustrates the crystal growth along 

the crack of the coated surface which just corresponds to the "irregular assemblage" 

-X,The simple expression "uniform frost" will be used in the following, just for con­
venience's sake, for the meaning "the uniform frost composed of frozen dew droplets". 
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of snow crystals in their early stage produced on a rabbit hair (cf. U. Nakaya: 
"Snow Crystals"c5l, Photo. No. 1136). It is to be noticed that the small irregu­
larities on' the surface play an important role as nuclei. 

We shall presumably be able to produce other crystal forms observed in snow 
crystals on the surface of Daiflon-2 by controlling Ta and the degree of super­
saturation in the apparatus. 

Hoar crystals on the polyvinyl formal. 

Polyvinyl formal was most frequently used for the reason previously stated, 
and was found to be likewise suitable for producing ice crystals in snow-like form. 

It'is worth emphasizing the following two points concerning the mode of ice 
crystal formation on this surface: 

(i) A number of ice crystals having snow-like forms are produced uniformly 
distributed over a wide area of the coated surface. 

(ii) ,The ice crystals obtained on, one and the same coated surface belong to 
the same crystal type determined by the specified conditions under which each 
experiment has been carried out. 

These facts suggest that the mechanism of appearance of these ice crystals 

is essentially different, as will be described in SectionJV, from that of the isolated 
snow-like crystals that happen to form within the uniform frost. 

a) Columnar crystal (pyramid, bullet type, hexagonal column). 

The mode of hoar development shown in Photo. 26 does not seem to differ, 

at first glance, from that on the clean glass. But photomicrographs 27-:32 of a 
certain portion of Photo. 26 taken successively in larger magnifications reveal that 
the hoar is composed of fine crystals such as pyramid, bullet type, hexagonal 
column and the like* (cf. microphotographs 33, 34 and 35 which show the frozen 
droplets composing the uniform frost on the clean glass). We shall call hereafter 
such a mode of frost formation "uniform hoar", for the sake of contrast with 

"uniform frost" (see the foot-note on p. ]2\ 
These crystals were obtained under the conditions T.v= -O.5°C, T,,= -9.9°C 

and Tr= -20.6°C. It must be remarked, however, that in this case the initial 
conditions were different, inasmuch as a warm plate kept in a desiccator at ordinary 

temperature was introduced into the cold chamber just before the beginning of 

the experiment and was quickly set in the apparatus. 
The appearance of hoar crystals was then found very much delayed. For 

the first 4 minutes no trace of crystals was observed on the surface, and 18 minutes 
elat:Jsed before we could take Photo. 26. Whether or not such circumstances will 
have any essential influence on the crystal form to be developed is for the moment 

* There can be observed also comparatively larger, though few, amorphous frozen 
droplets, for which the casual existence of larger nuclei (somethIng like dust) might 
presumably be responsible. 
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further growth into an ice crystal of regular form. 

Whether the droplet on contact with the surface will remain liquid or will 
be frozen might be governed by various factors, such as the temperature and the 
cooling rate which depends upon the liberation of latent heat and the conduction 
across the. contact surface, but any detailed theoretical consideration has not yet 
been given. 

The contribution of tiny water droplets to the growth of snow· crystals has 
been emphasized by U. Nakaya et aI., who observed the phenomena of sudden 

disappearance of a minute droplet coming close to an ice surface. If an ice germ 
is once produced, the water droplet that happens to be in close proximity to it 
evaporates suddenly and condenses over it by sublimation, which is caused by the 
vapour-pressure difference of ice and water. 

U. Nakaya also suggested another possibility that the droplet comes in contact 
with the ice whereupon the surface diffusion of water molecules takes place. 
This, he supposes, is supported by the existence of liquid water .film on the ice 
surface. 

What is more interesting is the fact that larger droplets 10 IJ. or more in dia. play 

an important part in the dendritic development of the margin hoar: As can be 
. inferred from Photos. 47 and 48, the . water dr,oplets directly captured on the tip 
and such like of the dendritic branches get frozen successively by the help of ice 
bridge and constitute a new branch. The development of such dendritic branch 
is illustrated in Photo. 55. It looks as if it were composed of water droplets 
carried along by the diffusion of water vapour. 

As for the ice crystal of rectangular plane form, we could not after all find 
any such sharp figures as previously reported, in spite of our particular efforts 
throughout the period of microscopic observation. The figure shaped something 
like a rectangle is shown in Photo. 56, which was obtained among the plane 
crystals on the glass plate coated with polyvinyl formal. Attention should be 
directed also to the fact that many of the minute water droplets in the neigh­
bourhood of the dendritic branches extending from the margin of uniform frost 
over the polyvinyl formal surface have more or less angulate-square 91' rectan­
gular-shape (d. Photos. 48, 57 and 58). 
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