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Two further questions connected with those views and perhaps
liable also to be answered by way of experiment, are these:

1. whether the air molecules on the outside of the aluminium
window of LkxaRD emit R.-rays in- appreciable quantity ;

9. whelher the y-rays of a radio-active substance, except by the
substance itself, are to a considerauble extent emitted also by the
atoms of air in its neighbourhood on their being pierced by the
electrons constituting the f-rays.

Physics. — “On the motion of a metal wire through a picce of ice.”
By Dr.J. H. Mzersure. (Communicated by Prof. H. A. LorzNTz).

(Communicated in the meeting of January 26, 1907).

During the last and the preceding winter I made some measurements
with a puorpose of testing the formulae, expressing the velocity
of descent of a metal wire through a block of ice, which Mr. L. 5.
OrwereN had derived from the theory of regelation *).

In my experiments the metal wire was fastened at both ends to

1y L. 8. Omssrew. These Proc. VII, p. 653,
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the legs 4 and D) of an iron frame, which, in order fo secure
greater rigidity, had been cui from an iron plale. In ihe first measure-
ments the downward displacements of the wire were observed by
means of a small reading telescope, turning round a horizonial and
a vertical axis, and were determined on a measuring rod, mounted
at the side of the frame. The breadth of the ice-block was also read
on a horizontal measuring rod. In the later experiments.a catheto-
meter was used, placed at my disposal by the professors of the
Technical University at Delft. 1 wish to express here my sincere
thanks to these gentlemen, especially to Prof. oy Haas. The fall of
the wire was always derived from the change in the difference of
level between the top of the wire and the upper edge of a small
bubble, existing somewhere in the inlerior of the ice. Hvery ten
minutes or, when the descent was quicker, every five minutes, the
difference of level was measured in order to ascertain whether the
fall was regular. Hach experiment lasted 20 to 40 minutes.

The ice used was artificial commercial ice. From a larger block
a clear smaller one was sawn out, in which some bubbles should be
present to serve as marks. The faces were melted flat by pressing
them against a metal plate, so that ervors, caused by irregular
refraction, were avoided.

Heat conduction along the wire was prevented by hanging small
pieces of ice on the wire on both sides of the block. Siill small
grooves were occasionally formed when the descent was slow.

The ezperiments were made with wires of sieel, german silver
and silver, The thickness of the wires was measured by means of
caliber compasses, giving results accurate to 0.0 mm. The thickness
was 0.5, 0.4 and 0.3 mm. Deviations from these numbers, amount-
ing to some hundredihs of a millimetre, were occasionally found.

For the case, realised in my experiments, in which the two straight
ends of the wire make a cerinin angle 2¢ with each other, formula
Ulla) of Mr. OrnsTEINS paper ') holds:

2alP

d, sin a

¥ = N 19
in which v represents the velocity of descent of the wire, P the
tolal weight and d the breadth of the ice-block. €' is a constant.
The value of this conslant I calculaled by formula (1) from the
values of », found in my experiments.

The results ave summarised in the following table:

I le.
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Steel wire Diameler 0.5 mM.
P ¢ average of .
(iIn grammes). i
455 0.0162 1
755 0.0151
1955 0.0172
9160 0.0185 0.017
9905 0.0169 -
5160 0.019
diameter 0.4 mM.
155 0.030
755 0.029 t 0.029
1255 0.029 \
diameter 0.3 mM.
755 0043
1255 0.042 1 0.0425
(Gernan stlver. diameter 0.5 mM,
755 0.0134
1955 0.0119
9150 00143 0.014
5160 0.0172
diameter 0.4 mM.
5% 0.0196 )
1955 0.0204
2150 0.0208 \ 0.022
5160 0.0255
diameter 0.3 mM.
555 0.0306
755 0.0348 ' 0.035
855 0.0393 \ ’
Stlper wire. diameter 0.5 mbl
755 0.0207
1255 0.0255 ‘ 0.033
diameter 0.4 mlM.
536 0.0367 |
755 0.0384
1036 0.0399 0.039
1955 0.0404
diameter 0.3 mM
555 0.0347
I 0041
755 0.0467

T
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The quantity €' is not expressed here i C.G.S. uniis, since the
dimensions have been taken in millimetres, the velocities in milli-
mefres per minute and the forces in grammes. In order to reduce
them to C.(2.5. units, the value of C has to be multiplied by 170 X 10-9.

The values given in the table are averages of several measuilements.
In order to show the deviations of different measurements, made with
the same weight, I give here an arbifrarily chosen set of separate
measurements.

Gernan silver wire, diameter 0.4 mm.

Number of the
experiment P v d, 2e C averages.
8 1036 1.017 390 42° 0.0368

10 1086 141 374  42° 00393 0.0392
14 1036 1.27 354 37° 0.0411 .
17 1036 1.73 293 30° 0.0393
87 12556 099 523 50" 0.0401 ‘

112 1255 1.09 51.27 53° 0.043 0.0404

115 1255 0.756 6646 53° 0.0387 |

The value of C 18 calculated by Mr. OrwstEN in formula (I} of
his paper He finds

dt ok, — gk, — k) ]
- gt 1 3 3
c—m(dﬂ)u[’k=+”‘fﬂf’ﬂi —%) " J 2)
= x RTWS, oo
Heve k,, &, and k, ave the coefficients of heat conduetivity respec-

dt
tively of the wire, of water and the ice, (d'-p) is the rse of the
@

melting temperafure by pressure, measured at the melting tempera-
ture, W is the latent heat of melting ice, S, the specific gravity of
ice, B the radius of the wire and d the thickness of the layer of
water. Now the wvalue of C eannot be caleulated by this formula,
since the quanfity d is unknown. But besides the equation (I)
Mr., Ogwstriv gives in his formula (II) an expression, found by a
hydrodynamical reasoning, in which the quantity d likewise oceurs.

This relation is ):
Sw SalP a™y?
=5 lﬂﬂpdta{ﬂﬂ(ﬁ) e 6)

W In Mr. Omwsiem’s paper this formula 15 given without the factom % SImee
i

this latter has no perceplible influence.
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Here S, 18 ihe specific gravily of waler al 0° p the viscosify
coeffiment. By equalising (1) and (3) we find.

oS 1 d)ﬂ
-"Sl'lﬂargacﬁ N O

d
and we should now have to eliminate by between (2) and (4). In order

to perform this elimination we simplify (2). We consider the form

in (2) between the brackets [ ] and keep m mund that % is very
small, that k, is very much grealer than I, and that k, may be
neglected with respect to the first term (which amounts to neglecting
the conduction of heat through the ice).

We may then write:

ky — /g (k, — &,) _ ey - k,
:ki-l-ﬂf-ﬂ{kl_k!]ﬂ i'&:‘l‘dfﬂ‘h__ ‘{"l+

L+ 4r
&)

]
Then we have

1_|_ctr,r gt

C=— x R W5,
If we put
G‘i — 74 X109, 8= 0.9167, W =793,
/
' becomes
1 k
{:'_35}{11]“'[}{—%————1———.
1_[.-ﬁfJ.l'R_

In (4) we substitute
Se=1, 5=109167, n = 0.0181,

c=1,ﬁﬂﬁ(%) e e e e . (B)

Equahsing the two values of C we have:

(d) _E'III‘}(1'|Il—”.R’t 4

+

DG

then

or

L
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From this equalion m can easly be found by a tentalive method,

when &, k, and B are given. In the different cases we find (in

CGB-units),

Steel wire k= 0166 & = 0.0015 R = 0.025 % — 0.00166
b, = 0166 &, = 0.0015 R = 0.020 g — 0.00190
k= 0,166 k= 0.0015 R=0.015 I—‘;ﬁ 0.00229

German silver wive &, = 0070 &, = 0.0015 R = 0.025 %’: 0.00128
k= 0.070 & = 0.0015 R = 0.020 I’“: — 0.00149
k, = 0.070 F = 0.0015 R=0.015 ;= 0.00179

Silver wire k=150 k =0.0015 R=0.025 1"—;: 0.00239
ko= 150 & =0.0015 R= 0.020 j-f:: 0.00279
b, =150 & =0.0015 F=0.015 §= 0.00818

C is then found by substitution in (5). These values are given
below, togelher with the wvalues found by experiment, but now
expressed 1 CGS-units,

Calculated Found
Steel wire = 0.025 73 > 1010 29 e 1010
R=0.020 110 3 10— 49 3 10—10
R =0.015 192 »¢ 10—10 T2 % 10—10
German stlver wive R —0.025 34 » 10—10 24 % 10—l
R = 0,020 58 ¢ 10—10 37 > 10—t
R=10.015 91 x 10—w 59 % 10—10
Siloer iwire R = 0,025 218 X 1010 46 x 1010
R=0.020 347 W 1010 66 » 10—10
R=10.015 al9 » 1010 70 > 10—

The agreement must be called bad for the silver wire, satisfactory
for 1the german silver wire. It may be called satisfactory, since
different circumsiances may be mentioned which meake us expect a
too small value. Leaving aside the great uncertainty in the values of
the heal conductlivities of metals, to which we cannot here aseribe
the bad agreement, since we do noi know in which direction this
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will influence the result'), the following causes may be meniioned.

I. The roughness of the wires. Already Mr. OrnsTriN pointed
this out. If the wire is not entirely smooth, the hydrodynamical
deductions arve uncertain and hence also formula (3). In order to
ascertain the influence of this roughness I made some experiments
with a steel wire that had for a moment been scoured with fine
sand-paper in the direction of its length. Macroscopically no reanlt”
of this manipulation could be discovered on the wire. Yet the effect
proved considerable, for the following results were found:

P «
455 0,009 } i
steel wire, diameter 0,5 m.M. (1255 0,011 :average 0,011 m.M,
2205 0,014

steel wire, diameter 0,3 m. M. 1255 0,028

S0 we find a diminution of about 40°/, in the value of C. After
having observed this influence I tred to obtain smooth wires, but
unsuccessfully , all the wires that were used in the experiments showed
under the wmicroscope nnmberless grooves in the direction of their
length and of a breadth that mighi be estimated at somewhat less
than 0.01 mm.

d
Sinee it is easily deduced from the caleulaled values of ¥ that

the thickness of the layer of water increases with the size of the
radius of the wire and since the influence of the roughness of the
wire will be smaller with a greater thickness of this layer of water,
I have still made some measurements with a thicker steel wire of
(0,87 mm. diameter and heavier weights. The result was :

P C C (in C.G.S. units)
25200  0,00803 -
0,0081 13.8 3¢ 10-10
25200 0,00822
5200  0,00667 11.3 % 10-10

while calculation gives
d
k, =0,166, k, =0,0015, K=0,0435 E:ﬂiﬂﬂ'lfﬂ C=27.7 X 10—10

The agreement is now Dbefter indeed; the valne found is half the
calculated one, while with the thinner steel wives it was slightly
move than o third,

1) The values given by F. KomiRavsce (Lehrbuch der praktischen Physik 10

Anflage 1905), stecl k=006 to 012 and silver k=1.01, would give a much
better agreement.
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2. In the deduction of formula (1) it was assumed thal within
the layer of waler the relalion

R -ﬁ"ﬁ_
5 Ty

0.

holds. This relation, however, holds for a body at rest. Here, on
the oiher hand, we have to deal with a sireaming liquid, in which
case the following formula helds:

0% 0% oS, / Ot oy
ok, (HEEHE)'

Here ¢ is the specific heat of the liquid, % and v the veloeity
components in the X- and Y-directions. If we use this formula we
iake into account that the heat, conducted through the wire, does
not entirely serve for melting the ice, but that it is partly conveyed
upwards again by the streaming liquid. This also must result in
a diminution of the velocity of descent. Prof. Lorentz informed me,
however, that it can be shown that this influence must be regarded
as a quantity of the second order, so that the differences cannot be
explained in this way.

3. If the temperature in the interior of the block of ice is not
exactly 0°, buot lower, the velocity of descent will also become
smaller. But I observed no phenomena which point to a lower
temperature 1n the interior. Blocks of ice that had been kept for
24 hours in a space above (° gave the same resulis as blocks that
had just been received. Moveover the wires as a rule went down
at a distance of only a few millimefres from one of the faces of
the block, and in some experiments they even came out of the block
by melting of that face. Yet in the last moment, before the wire
came nut, no acceleration of the descent was observed.

Nor does theory support such an explanation. Prof. Lorenrz
informed me that when the surface of a ball of ice of 3 centimeters
diameter and at a temperature of — 2°, is raised to 0° and kept at
this temperature, it may be shown that in less than an hour the
temperature at the centre has risen to — 0.01°

4. Another important influence on the velocity of descent is found
in the faect that it is possible that not all the ice, melting at the
lower side of the wire, freezes again exactly at the upper side, but
that this water perbaps flows off laterally. It is clear that this must
have a great influence since then the heat, necessary for the melting,
18 furnished by conduclion (hrough the ice. Already J. Tromsox
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BorromiEy ') showed that the lateral flow of water canses a great
retardation.

The experimenis now showed (hat this lateral flow really exists.
For even when the ice was perfectly clear, in the places where the
wire had passed through it various small bubbles were observed.
Consequently not all the ice had been re-formed which had been there.

In this respect I also meniion a curious change, found in the
values of C: these values rise with the weight. This is very con-
spieupus with the silver and german silver wires, but also with the
steel wires it exists, especially with the thick one of 0.87 mm.

Accordingly 1t was oflen seen that the bubbles on the path of
the wire were move numerons with small than with heavy weights.
This became particularly clear i experiments in which, durmg one
descent, first a heavy and then a small weighl was used, With the
smaller weight more water flows off laterally.

I still made several experiments in which the wire was pulled
upwards through the ice, Loping to prevent this lateral flow. The
result was not the expected ome, for bubbles also appeared and the
values, found for C, were even somewhat smaller than in the former
case. In regard to this question 1t would be desirable to investigate
the descent of a whole body, e.g. of an iron ball, through perfectly
clear ice.

In my opinion this lateral flow 18 the chief reason why theory
and observation disagree. It also explains why with the silver wires
larger differences were found than with the german silver and the
steel wires. For if the heat is only partly furnished by the freezing
process above the wire and if the rest has to be furnished by con-
duoction through the ice, it seems to be of little consequence whether
the wire be a good conductor of heat.

5. Iee iz a crystalline substance. This also may have its effect.
Perhaps the melting point is not the same at the different faces of
the erystals which the wire touches. Though this influence may exist,
we cannot say in which direction 1t would modify the result.

In order to find out whether sach an influence makes itself felt,
I made the wire pass several times through the same block of ice
in three mutually perpendicular directions. But no perceptible diffe-
rence was found.

As the general result of the experiments I think we may state,
that they indicate that the regelation theory will be found capable
of explaining the phenomena not only qualitatively but also quanti-
tatively.

) Pogg. Ann, 148, p, 493, 1871,
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