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Simultaneous Observations of the Mass, Falling 
Velocity and Form of Individual 

Snow Crystals. * 

By 

Ukitiro NAKAYA and Toiti TERADA, Jr. 

(Plates I-III) 

I. Introduction. 

It is well known that snow falls in the state of flakes when the climate 
is not so cold. The snow flake consists of many snow crystals gathered 
together, and it is considered to be produced by the adhering of individual 
snow crystals in the course of the mutual collision while they are falling. 
At Sapporo the temperature is fairly low and usually separated crystals 
are observed more or less mixed with the flakes. At a spot half way up 
Mt. Tokati where the observation of snow crystals was carried out in the 
last two winters, the altitude being 1030 metres, the snow was usually 
observed to fall as individual crystals. There is little doubt that snow 
grows as individual crystals at a high altitude and falls through a con­
siderable distance before forming a flake. There are some observations 
on the falling velocity of snow flakes of various dimensions, but the authors 
are not aware of any data on the velocity of individual crystals. In this 
experiment the falling· velocity was measured for various types of crystals, 
moreover the mass of those crystals was measured simultaneously, the 
microphotograph of the crystal being taken at the same time. Most of the 
experiments were done at Mt. Tokati, the locality and climatic conditions 
of which place are described in the foregoing paper in this J ournaP) 

II. Methods of measurement. 

The measurements can be safely made when the temperature is con­
siderably below the freezing temperature, say, below -5°0. ,The climatic 
.condition at Mt. Tokati was very convenient for this purpose. The princi-

* Investigations on Snow, No.4. 
1) U. NAKAYA and K. HASIKURA, This Journal, Vol. 1 (1934) 163. 
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pIe of the measuring method is that all measurements must be done as 
quickly as possible. Even when the temperature is far below 0°0, the 
crystal undergoes a transformation, especially the sharp edges or the 
pointed tips of the crystal are very easily blunted by sublimation due to 
the action of the surface tension of crystal. The following methods were 
adopted in order to satisfy the requirement. 

i) Method of measuring the mass of single crystal. 
The mass of a crystal was obtained from the volume of water after 

melting the crystal. A snow crystal is received on a glass plate, the surface 
of which has been previously covered with. a thin paraffin sheet of uniform 
thickness. The crystal is melted by touching the under side of the glass 
plate beneath the crystal with the tip of a finger. Usually the melting 
begins from the tips of the pointed branches and 1he melted water is 
attracted to the centre of the crystal by capillary action, the whole crystal 
being melted finally into a hemispherical drop. The drop thus formed takes 
a hemispherical form of a fair completeness and the volume is easily 
calculated by measuring the diameter tmder microscope. This point is 
confirmed by taking a microphotograph of the side view of the drop, two 
examples of which are reproduced in Photos. 1 & 2, Plate I. By measuring 
the diameter and height of the drop, one sees that the accuracy of this 
m~thod is sufficient for the present purpose. Sometimes a crystal is melted 
into a small number of drops, especially in case of a plane dendritic 
crystal of large dimension. In such case the sum of volumes of the drops 
was taken. 

ii) Method of measuring the falling velocity of single crystal. 
The falling velocity was measured directly with a stop watch by 

letting the crystal fall down through a long closed cylinder that is held 
in a vertical position. The apparatus used is shown in Fig. 1, in which 
o and D are cylinders made of sheet-iron both of them 12 cm. in diameter. 
A and B are wooden boxes provided with three glass windows, one in 
front and two in the sides, the distance between the centres of these two 
boxes being kept at 2 metres. The falling crystal was observed by the 
naked eye at the two positions A and B by illuminating from the sides 
with two portable electric lanterns II and 12• The velocity was determined 
with fair accuracy by measuring with a stop watch the time taken for 
falling the distance AB. E is another wooden box with a hole F at the 
bottom. The crystal is made to fall through F, which is 1 cm. in diameter, 
into the long cylinder, and this hole is shut up as quickly as possible after 
letting the crystal fall, in order to prevent any upward air current. G is 
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the glass plate covered with a paraffin sheet, which receives the falling 
crystal. The. whole system was set in the open air and the experiments 
were carried out at Mt. Tokati when the temperature was between _8°C 
and -15°0. 

In case of a graupel or a snow pellet, this 
method is not suitable and a photographic 
method is used. For this purpose the ap­
paratus used previously by the authors for 
the study of the electrical nature of snow 
particles2 ) was again employed. The track of 
the graupel was photographed by illuminating 
from both sides with intense beams of arc 
lamps, and the velocity was determined from 
the time marks on the image of the track, 
which were made by rotating an electric fan 
in front of the lens. An example of those 
photographs is reproduced in Photo. 3, Plate I. 
The experiment was carried out at Sapporo. 

iii) The programme of observations. 
The point of this experiment is that the 

microphotographing of a crystal and the deter-
minations of its falling velocity and mass must 
be carried out within the shortest possible time. 
The programme of observations is as follows; 
a suitable snow crystal is chosen among many 
received on an ordinary glass plate and its 
microphotograph is taken, the exposure being 
a few seconds, then the crystal is lifted with a 
fine splinter and brought to the hole F in 
Fig. 1, and it is made to fall into the cylinder 
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Fig. 1. 

for the determination of the falling velocity, the crystal being received on 
a paraffin glass and then melted into a drop for measuring its mass. After 
a little practice, the whole programme could be carried out in about one 
minute or one and half. Thus the authors succeeded in the simultaneous 
observations of the mass, velocity and form of the crystal for various types 
of snm,y. 

2) U. NAKAYA and T. TERADA, Jr., This Journal, Vol. 1 (1934) 181. 
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III. The Result of Observation. 

The variety of the snow crystals is so great that one must classify 
them into more than ten types for the complete explanation. The general 
classification of snow particles will be published in the near future in this 
J ourna!.3) In the present experiment, however, the data are not sufficiently 
numerous for such a complete classification, and the authors adopted a 
simpler one as described in the following. 

1) Needle. Photo. 10, Plate III. 
2) Plane dendritic crystal The most ordinary plume-like or stellar 

type of crystal developed in one plane, Photo. 5 Ct, Plate II. 
3) Spatial dendritic crystal. Dendritic branches are developed in a 

spatial distribution. There are two kinds of them; the one has 
dendritic branches extended in space from a stellar base crystal, 
Photo. 6 a, and the other has all branches radiating in space 
from the centre, Photo. 7 a. These two sorts are grouped as 
one kind in this paper. 

4) "Powder" snow. In a more scientific classification as described 
in the later communication No.8, powder snow implies an ap­
parently amorphous type of snow particle, but in this paper 
"powder" snow meaJlS a small crystal of various types, except 
the plane dendritic form and the needle. For example, a small 
crystal consisting of a spatial assemblage of plates and branches 
as shown in Photo. 8 a, Plate III, is also included under this 
term. 

5) Dendritic crystal with water droplets. All sorts of crystals, 
except the needle, with a considerable number of water droplets 
attached are grouped in this type. A thick plate as shown in 
Photo. 9 a also belongs to this kind. 

6) Graupel (snow pellet). The authors consider a graupel as an 
advanced state of the crystal belonging to 5). A microphoto­
graph representing two graupels is shown in Photo. 11. 

The dimension of a crystal is also measured, which means that the 
diameter is measured of a sphere or circle just enclosing the crystal except 
needles, in which case the lengih is meant. The relation between the 
dimension of a crystal and its mass or falling velocity was examined re­
spectively for the six types of crystals above classified. 

3) U. NAKAYA and Y. SEKIDO, This Journal, Investigations on Snow, No.8. 
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a) The relation between the mass and the dimension of crystal. 
The radius of drop r was first plotted with respect to the dimension 

of crystal d. The diagram thus obtained showed that the curve took a 
form like a parabola in the case of the dendritic crystals and powder snow, 
while the relation was represented by a straight line in the case of the 
graupel. In the latter case one can interpret that the mass of a graupel 
is proportional to the cube of dimension, that is the density of a graupel 
is nearly constant without regard to its dimension. As for dendritic 
crystals, it can be assumed that the thickness of crystal is constant for 
various crystals. In such case the mass is proportional to the square of the 
dimensions, so that r2 is proportional to d. This relation holds not only 
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. for plane dendritic crystals but also for spatial ones tmder the assumption 
above mentioned. The diagram representing the relation between r~ and d 
is shown in Fig. 2. The points are scattered to a considerable extent, 
but a general tendency is observed so that the points belonging to one kind 
of crystal are represented as a first approximation by a straight line 
passing the origin, except for the graupel and the needle. In the figure 
one can see clearly the order of magnitUde of the mass for various 
of crystals. The powder snow and the spatial dendritic crystals are of 
the same order in their masses. The curve for graupel is coneave upwards, 
which is naturally expected from the fact that the mass is proportional to 
d3 in this case. The one for the needle-form is concave downwards and 
this shows that the mass is proportional to d, that is, the thickness is neaxly 
constant for various samples and the mass is proportional to its length. 
Of course the needles of various sizes are observed, but at present the 
authors deal with only the needles of ordinary size which are commonly 
observed in this country. 

From the inclinations of the straight lines,· the empirical formulae 
representing' the relation between m and d are deduced respectively for 
the four types of crystals. ]'01' grallpel the formula is deduced from the 
diagram of ?' and d, and for needle it is obtained from that of ,,3 and d. 
The results are a,<; follows; 

711,=0.065 dB for graupels, 
m =0.027 d2 for crystals with water droplets, 
m =0.010 d2 for" powder" snow and spatial dendritic crystals, 
1n=0.0038 ·d2 for dendritic crystals, 
m=0.0029 d for needles, 

in which 111, is measured in mg' and din mm. Of course the variety in the 
form of crystal is so wide-spread that these formulae hold only as a first 
approximation, but one can lmow from them the order of magnitUde of 
mass when he measures the dimension of the crystal, which means as above 
in the case of the ordinary snow and graupel the diameter of the circle 01' 

sphere just enclosing the crystal and in case of needle its length .. 
The density of graupel, which is constant for samples of various sizes, 

was calcualted from the formula above described and was found that 

p(graupel) =0.125, 

which indicates that there is a considerable interspace inside a graupeL 
b) The mean thickness of a plane dendritic crystaL 
The thickuess of a plane dendritic crystal is so slight that it is difficult 
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to measure directly. The mean thickness, however, is easily obtained from 
the mass and the area of the crystal. The latter was measured by a plani­
meter on an enlarged photograph and the mean thickness was calculated 
from the mass for seven samples. The result is shown in Table I. 

Table 1. 

Dimension Mean thickness 
mm. mm. Mean 

2.35 0.009 

2.5 0.012 

2.8 0.011 

2.9 0.015 0.0l1±0.0015 

3.0 0.009 

3.5 0.011 

5.0 0.010 

The mean thickness of this type of crystal is nearly constant, being 
independent of the dimension. The assumption described in the foregoing' 
section is supported by this result. Thus the plane dendritic crystal of 
snow, at least, observable at ::\tIt. Tokati may be considered to be of the thick­
ness of 0.01 mm. 

c) The relation between the falling velocity and the dimension of 
crystal. 

The relation between the velocity and the dimension of a crystal is 
shown in Fig. 3. In the figure one sees the remarkable phenomenon that 
the velocities of plane dendritic, powder and spatial dendritic crystals are 
each independent of their dimensions; that is, the velocity is nearly 
30 cm/sec for all dimensiOliS of plane dendritic crystals, 50 em/sec for 
powder snows and 57 em/sec for spatial dendritic ones. When water 
droplets are attached to the crystals, the velocity increases to the order of 
100 cm/sec and in this case the velocity tends to increase with the dimen­
sions. This tendency is most markedly observed for graupels; the velocity 
of a small particle is about 100 cm/sec, while that of a large one is more 
than 250 em/sec. In the ease of the needles also a similar phenomenon is 
observed; that is, the longer needle falls more rapidly than the shorter one, 
the velocity ranging from 30 cm/sec to 70 cm/sec.The data are not suf­
ficiently numerous but one will be able to estimate from this figure the 
order of the falling veloeity for all sorts of snow crystals. 

d) The mean values of dJ mJ and v. 
In order to get a rough estimation of the relative values of these 
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properties for various types of crytsals, the mean values of d, m and v 
were compared for six kinds of crystals without regard to the distribution 
of frequency. The results are tabulated in Table II. 



Falling Velocity and :Pol'm of Individual Snow Cryst.als. 199 

Table II. 

d m v v/vr mm mg em/sec 

Needle 1.53 0.004 50 1/2 

Plane dendritic 3.26 0.043 31 1/6 

Spa tial dendritic 4.15 0.146 57 1/5 

Powder snow 2.15 0.064 50 1/4 

Crystal with droplets 2.45 0.176 100 1/5 

Graupel 2.13 0.80 180 1/2.5 

It will be understood that a crystal of snow is very small in its maSS 
and unexpectedly slow in the rate of falling; for example, one million 
particles" as a mean, make 40 C.c. of water in case of plane dendritic 
crystals and only 4 C.c. of water in case 'of needles, and a plane dendritic 
crystal will take about one hour for falling a distance of 1 km. 

The relation between the mass and the velocity of a crystal is under­
stood clearly by comparing the velocity of snow fall with that of a rain 
drop, the mass of which is equal to the mass of the crystal. For the velocity 
of a rain drop v,., the value according to SCHMIDT4 ) is used. The ratio V/vr 
is' also shown in Table II. The velocity of a plane dendritic crystal is 
smallest, being only one sixth of that of the corresponding rain drop, while 
a graupel or a needle falls with a velocity one half that of the rain drop. 

e) The size of water droplets attached to the snow crystal. 
The photograph of a plane dendritic crystal with water droplets 

attached was enlarged and the diameter of the droplet w"as measured 
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4) W. SOHMIDT, Sitz. Bel'. Wien, 118 (1909) 71. 
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directly with a lVIesslupe. One example of the photographs used for this 
purpose is reproduced in Photo. 4, Plate 1. The frequency curve of the 
diameter is constructed for two crystals, as shown in Fig. 4. The number 
of droplets used for the construction of curve I was 125 and that for curve 
II was 50. Both curves show a typical form of a probability curve and 
the most frequent value of the diameter is about 0.03 mm. for both cases. 
This value agrees well with that obtained by W AGNERO) as the diameter of 
cloud particle, which was 0.033 mm. He did not measure the size directly 
but calculated it from the diameter of the halo produced in the cloud. 
Pernter and others also measured the size of cloud particles with this optical 
method and got more or less similar results. This type of crystal will be 
considered to be produced by direct attaching of cloud particles on the 
crystal. 

IV. Summary . 

.A simple method suitable for the observations of the mass, the falling 
velocity and the form of a snow crystal within a short time interval is 
described. The crystal is received on a glass plate covered with a thin 
paraffin sheet and is melted into a hemispherical drop; the mass then may be 
calculated from the diameter of the drop. The snow crystals are classified 
into six kinds and for each of them an empirical formula is obtained, 
representing the relation between the mass and the dimensions of the 
crystal. The density of graupel is found to be constant for various size~ 
of the samples, being> 0.125. The thickness of plane dendritic crystals is 
more or less the same for all crystals and is about 0.01 mm. The falling 
velocity of a plane dendritic crystal is constant, being independent of the 
dimension. .A similar fact is also observed in the cases of spatial dendritic 
crystals and powder snow. The velocities are also measured for graupels 
and needles, in which cases they are fOlmd to increase with the dimensions 
of the sample. The relation between the mass and the velocity of a crystal 
is discussed for various kinds of crystals, by comparing the actual velocity 
of snow with that of a rain drop having the same mass as the snow crystal. 
The size of water droplets attached to some crystals is taken and found to 
measure about 0.03 mm., which agrees well with the size of cloud particles 
measured by an optical method. 

In conclusion, the authors wish to express their best thanks to Nippon 
Galmzyutu-SinkOkai for financial aid in this research. 

5) WAGNER, Met. Zeit., 26 (Hl09) 371. 



Jour. Fac. Sc., Hokkaido Imp. Univ., Ser. II, Vol. I, No.7. PI. I 

0.11 



•

1m

n·. l·'a". S"., 1Jokkaido Imp. Univ .• 8er. 1.1, Vol. I. 'N

o

.7. 

m"'o. 059 rng 

v"" 49 ern/sec, 



Jour. Fac Sc., Hokkaido Imp. Univ., Ser. II, Vol. I, No.7. 

v=46 em/sec left, 1n = 1.56 mg 
right, 1n = 1.35 mg 

PI. III 



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 全てのページ
     マスク座標: 横方向, 縦方向オフセット -6.00, 723.60 幅 520.50 高さ -30.00 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     -6 723.6 520.496 -29.9998 
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

        
     1
     16
     15
     16
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 全てのページ
     マスク座標: 横方向, 縦方向オフセット 1.50, 723.60 幅 45.00 高さ -730.49 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     1.5 723.6 44.9997 -730.4944 
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

        
     1
     16
     15
     16
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 7.165 x 10.118 インチ / 182.0 x 257.0 mm
     シフト: 無し
     ノーマライズ（オプション）: 'オリジナル'
      

        
     32
            
       D:20071008100021
       728.5039
       B5
       Blank
       515.9055
          

     Tall
     1
     0
     No
     511
     265
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         1
         AllDoc
         29
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.1a
     QI+ 2
     1
      

        
     10
     13
     12
     13
      

   1
  

 HistoryList_V1
 qi2base



