.
ol

“‘:%T HOKKAIDO UNIVERSITY

<L

Title Design of an Integrating Thermometer
Author(s) Magono, Choji
Citation 0oooooooog,4(1),1-20
Issue Date 1951-02
Doc URL http://hdl.handle.net/2115/34191
Type bulletin (article)

File Information

4_P1-20.pdf

°

Instructions for use

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp

{Journal of the Faculty of Science, Hokkaido Un'i-versity, Japan, Ser. I1, Vol. IV, No. 1, 1951]

Design of an Integrating Thermometer
-

Choji MAGONC
(Received January 20, 1950)

By the use of the variation of viscosity of liquids with temperature, the ‘
author produced a series of integating thermometers which can be used easily
in the laboratory and even in the field.

1. Introduction.

In some fields of investigation, the integrated value of tempera-
ture is of more significance than the instantaneous value of tempera-
ture; for example, in the case of studying the relation hetween the
growth of a crop and the temperature. In those cases it is desirable
to have an instrument which can show the integrated wvalue of
temperature directly.

By the use of the variation of viscosity of liquids with tempera-
ture, the author produced a series of integrating thermometers which
can be used easily in the laboratory and even in the field.

2. Principle of an Integrating Thermometer.

It is well known that there is the following relation between
the volume v of 2 liquid passed through a capillary tube in unit time
and the viscosity coefficient 7 of the liquid

oy - ‘
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where 7 is the radius of the capillary, ! its length, and p the pres-
sure difference acting on the fluid at the two ends of the capillary
tube. In this paper, the author calls v the velocity of liquid flow.

7 18 a function of temperature in the following form®

"= T (2)
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where 7, is the viscosity coefficient of liquid at 6°C, and aq, b are
constants characteristic to the liquid. For a small range of temper-
ature intervals, the quadratic term in formula (2) can be neglected,”
so that it becomes

4 7 s
1E Ly (3)
From formulae (1) and (3) we have
v = TP 3 ap '
y = Sméa4<W). (4)

If the apparatus is designed so that p is kept constant during
the flow of the liquid, the term outside the parenthesis in formula
(4) is a constant characteristic to the apparatus. In that case the
relation between the velocity of the liquid flow and the temperature
is expressed in a simple linear form as

v =k (1+ af) . (5)
Integrating formula (5) for a timfa interval 1", we get
ak 73
where
P
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T = S d (7)
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# is the integrated value of temperature during the time interval
T, and V is the total volume of the liquid which flowed through the
capillary. If the constants ¢, & are known, we can calculate the
integrated value of temperature # by measuring the total volume
V only. ’ .

If the relation between the velocity of flow and the temperature
is not able to be expressed in a linear form as (b), we can not
calculate the integrated value of temperature from the total volume
of the liquid flowed through the capillary. We must, therefore, use
this method only in the range of the temperature in which the
relation hetween the velocity of flow and the temperature is con-
sidered to be linear.
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When we let the liguid drop down from the tip of the capillary,
the surface tension has some effects upon the interval of dropping
as well as upon the size of the drop, but the effects of surface
tension upon the velocity of flow are not remarkable. Besides, the
temperature coefficient of the surface tension is negligible as com-
pared with that of the viscosity.

3. Trial Production of various Forms of Integrating
Thermometers.

By use of the apparatus as shown in Iig. 1, the author investigated
the relation between the temperature and the velocity of water flow
through a capillary tube. The apparatus is ‘
all made of glass. The.water reservoir and
the capillary tube are connected with a short
rubber tubing. In order to prevent the
choking of the capillary with dust, a portion
of the glass tube bent so that any dust in
the water is deposited at that point.

The radius of the capillary is about 0.1
mm, the length 13em, the water head being
38 cm.

The velocity of flow was measured by
the volume of water dropped in unit time --
into the measuring eylinder M. The time
interval between successive drops was of the i%

v
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order of several seconds.
It was verified by the experiment with — -~¥o-..

this apparatus that the relation between the

velocity of flow v and the temperature 6 was

linear, as shown in Fig. 2. The following

-empirical formula was obtained from Fig. 2. M

v = 0.0580 (140.03620) cc/min. (8)
From formula (8), the integrated value of
temperature # is calculated as follows. Fig.
6 ="795V 2167 , (9)
where V is the total volume of water receiv-
ed in M expressed in ce, and 7' the time

OO E RN
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Fig. 2. The relation between the velocity of water | :
flow and the temperature.
interval expressed in hour.
in order to keep the water head con-
gtant a small development was made, as
shown in Fig. 8. It is called Apparatus No.
1. When the water level at L goes down M
according to the water flow through the
capillary, a little bubble goes into the
bottle B through the curved glass tube T,
and the water of the same volume as the
bubble is supplied from the bottle B to L,
thus the level at L being kept constant.
With Apparatus No. 1, the author measured the integrated value
of air temperature in the laboratory room from 16th to 17th, Jan.,
1946. V, T were 103 ce and 21.5 hours respectively. Calculating by
formula (9), # was obtained as :

u..n-lnnu‘n‘"uluug

Fig. 3. Apparatus No. 1.

0 = 227 degree - hour.

While the integrated value of temperature calculated from the data
obtained by a mercury thermometer was 229 degree-hour. The
result of temperature measurement is shown in Fig. 4. The dif-
ference is only 19%. The relation between » and ¢ is accurately
linear, as shown in Fig. 2, o we can expect the enough accuracy of
this instrument, unless any dust does not choke the capillary.

The possibility of the precise measurement of the integrated
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Fig.. 4. The air temperature measured by a
mereury thermometer.

value of temperature was established by the provisory experiment’
above mentioned, so the author designed an improved type of ap-
paratus as shown in Fig. 5, which was called Apparatus No. 2. In
thig case the water head is kept constant and the water is preserv-
ative. When the water level L begins to fall down, a bubble goes
into the vessel A through the tube T, and-the air pressure in A
increases. Thus the level L is kept constant.

The air that is supplied through T is sterilized by bubbling
through sulphuric aeid in P.

In case when water is supplied to the vessel A after one run of
the experiment is over, the apparatus is turned over, the cock is
changed, and water is poured into A from the funnel F.

This procedure is tedious and inconvenient, because the rate of
water supply depends on that of the air flow. through the capillary
C. For example, two hours are necessary for supplying water to an
integrating thermometer for one week run, because the viscosity of
air is about one-hundredth of that of water. Before starting the
measurement, the water head should be enough high, and the ex-
periment is started at the moment when the water level in T falls
to L. This point is very inconvenient for the practical purpose.

As the next step the author designed another type which is



6 . C' Magono

-

poor s 6 63 " Y IR
T AT G 5 i/
8¢ - ST Ty -
1y P Z

== /
i R, . B
il --“Sulphuti¢ |- ,
1! acid =g <L
- 1t Ea

Ul s
i ot
i S z
t] =
by =
i -
b B
(X} et
R =
i =
At z
N : -
] -
at ~ i tﬁ —T
|

1
t \(¢
it
1
1
kR )
l! : o
SUF ,’

PN -
F 0 5 i0cm
_E_. [ SOOI

Fig. 5. Apparatus No. 2. Fig. 6. Apparatus No. 3.

called Apparatus No. 8. The diagram and the photograph are shown
in Fig. 6 and Photo. 1. In this apparatus, the water level at L is
kept constant as in the preceding case. The volume of water that
flowed through the capillary is measured by the change of the level
L/, which is read by the scale S marked on the vessel B. Water is
supplied through the eentral tube, the pinch-cock P being open mean-
while. It is not so tedious as in the case of Apparatus No. 2. The
water left in the central tube above L can be easily removed by
sucking out the air in B through P, so that the water head is brought
to the level L at any time when the experiment is started.

The foregoing apparatuses, however, have still the following
defects. The one is that it is difficult to supply enough quantity of
gsuch water as contains no dust at all for the use of a long time, the
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other is that the level of water varies sensibly when the air temper-
ature in the reservoir vessel rises suddenly. For example, in Ap-
paratus No. 3 when the air in the vessel B expands due to the rise
of temperature, it pushes the water level L up into T.

In order to avoid the sudden change of the level at 1, the
opening of the tube T was widened as shown in Fig. 6, but it was
still insufficient.

In order to get rid of these defects, the author adopted a new
principle of evacuated system. The first design basing on this new
principle is shown in Fig. 7 and Photo. 2. This type is called Ap-
paratus No. 4. In this case water is not supplied from outside, but
enclosed in the apparatus. The water in the vessel A flows through
the capillary of a spiral form ~¢--~--5-
and dropg down from the tip
C into the eylinder M, on
the wall of which a scals is
marked. The scale is not
uniform, but varies the width
according to the change of

water level in A. When all %

"] 20 Cm

the water in A flows into M,
the apparatus is turned over
and the water in M is sent
back to A. For this purpose X
the apparatus is evacuated. &
The water is distilled previ-
ously and enclosed in the
vessel, so it can be free
from any contamination for
a long time.

So long as, however, we
use water as a working
liquid, we can not getrid of a
difficulty that interrupts the
water flow through capillary.
The reasons are as follows:

1) Capillary must be .- L

extremely fine, ag the Fig. 7. Fig. 8.
viscosity of water is Apparatus No. 4. Apparatus No. 5.
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too small for our purpose.

2) Glass is corroded by water. The capillary of Apparatus No.
4 was choked, after using three monthes, by some fine particle
like a piece of glass.

3) The fine bubble of gas or vapor goes into capillary, even if
the apparatus has been well evacuated.

4% In the type as Apparatus No. 4, if a temperature difference
exists between A and M, the level of water in M varies due
to the pressure difference of the water vapor in A and M.

The author, therefore, proceeded to use the oil of a diffusion
pump in place of water, and produced Apparatus No. 5, as shown in
Fig. 8 and Photo. 3. This apparatus consists of two symmetrical
glass cylinders and a connecting capillary tube. Each of these glass
cylinders serves as a reservoir as well as a receiver, and the ap-
paratus is used repeatedly by being turned over like a sand-glass.

By the use of this apparatus, the author investigated the relation
between the velocity of oil flow and the surrounding temperature.
The result is shown by a dotted line in Fig. 9. The ordinate shows
the velocity of oil flow in an arbitrary unit. From Fig. 9 we know
that the temperature variation of the velocity of oil flow is larger

6o
50
40
30
20t
10

1]

i

v

T

0 10 20 30
o : Temperature <

Fig. 9. The relation between the velocity of oil flow and
the temperature in the case of Apparatus No. 5.

than the case of water, but the linearity of the relation befween v
and 6 is not satisfactory. Then the author assumed that the relation
bteween » and ¢ is linear within a certain range of temperature.
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In the range between 5°C and 30°C, it is assumed that the relation is
expressed by a full line in Fig. 9. Under this assumption the fol-
lowing formula is obtained.

0 =07058+217, : (10)
where S is the reading of the scale showing the amount of oil ac-
cumulated in the cylinder M during T days.

Using Apparatus No. 5, the author measured the integrated value

of air temperature in the laboratory room for ten days starting from
12th Jan., 1947, and obtained

S = 168 T =10.

Caleulating from formula (10), ® came out to be 139 degree-day.
While the integrated value of temperature calculated from the record
of a self-recording thermometer, Fig. 10, was 137 degree-day. The

For

e
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~ Time (day)

¢

3
>

oy
O

Temperatute

Fig. 10. The record of air temperature obtained hy
a self-recording thermometer.

difference is 2 %5 in this case.
Apparatus No. 5 is of a simplest form and operated for about one
month without much difficulty, but it has still the following defects.
1) The reproducibility is not satisfactory. This should be due
to the following facts. The one is that the oil flows down by
wetting the inner wall of the glass eylinder, the other that
the trace of the air left in the vessel together with the vapor
of the oil, if any, may disturb the oil flow through the capillary.
2) When we use this apparatus repeatedly by turning it again
and again, we must use the inaceurate part of the scale. In
addition to that, at the beginning of measurement, the reading
of the scale S is not always zero.
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After the long course of the trial produc-
tion of various forms from No. 1 to No. 5, the
author has arrived at the final form of the ________.
apparatus, which he called Apparatus No. 6.
This final type is shown in Fig. 11 and Photo.
4. The oil in the vessel A comes to the capil-
lary C through the interspace I between
two cylinders, and drops down from the tip
of the capillary C into the eylinder M, on
the wall of which a scale is marked. In
order to decrease the effect of the change in
oil head, the diameter of the vessel A is
made enough large. The distance between -
the oil head and the capillary tube is taken
enough long so that the small difference in
the oil head does not affect the pressure
considerably. At the beginning of the me-
asurement, all the oil deposited in the
cylinder M is sent back to the vessel A by
turning over the apparatus. Small cylinder
D serves to prevent the oil left on the inner
wall of the cylinder T to flow down to the
eylinder M. The capillary is enclosed inside
of the apparatus, so it is protected safely
from the damage.

In the following sections the author will

explain the structure and action of Ap- Fig. 11.
paratus No. 6 in detail. Apparatus No. 6.
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4., Notes on the final Form of the Integrating
‘Thermometer. '

1) Seleztion of Capillary.

As the velocity of oil flow through a eapillary tube is pro-
portional to the fourth power of the radius of the capillary as seen
in formula (1), we can estimate the velocity rather roughly, even if
we measure the radius accurately. The author, therefore, tested
many capillary tubes whose diameter was about 0.5 mm by letting
water flow through them. When a suitable capillary is found, it is
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cut in a desired length and fitted to the apparatus. In the operation
of the glass blowing to connect the cappillary C to H in Fig. 11,
it is necessary to be careful not to let any fine piece of glass go
into the capillary tube.

2) Enclosure of Oil.

About 90 ce of diffusion pump oil is poured into the apparatus
immediately after breaking the seal of the bottle of oil, and the
apparatus is connected to an air pump and the whole system is
evacuated to the vacuum of about 10~'mm Heg. Under this vacuum

any bubble of the oil is scarecely observed. Then the apparatus
is gealed.
3) Calibration of the Scale.

The apparatus is kept in a thermostat which temperature is at
20°C, and the level of oil deposited in the cylinder is marked every
six hours. The intervals between the marks are divided into five
equal parts, so that the one interval corresponds to one degree-day.
The apparatus of the size asshown in Fig. 11 has about 90 degree-day

in full scale at the temperature near 20°C. The marks are later
etched with hydrogen fluoride.

4) Calzulaling Formula for the Inesra’ing Thermome!er.

The relation between the temperature and the velocity of oil
flow is shown in Fig. 12. The ordinate is the quantity of the oil

ol I v=45(1+0.12286)
wl I v=9 \ e
w0l E vV =-510(1-0[750)
v 30}
90 |
10 + ' :
0 k= o . : : !
0 10 20 30 40
8: Temperature <

Fig. 12. The relation between the velocity of oil flow and
the temperature in the case of Apparatus No. 6.
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which dropped during one day; namely, the integrated value of tem-
perature for one day measured with above-mentioned scale.

The veloeity variation with the temperature is somewhat smaller in
the case of this oil than the case shown in Fig. 9. The linearity
of the relation is better than the former case.

In order to increase the accuracy, the author divided this charac-
teristic curve between v and ¢ into three ranges as shown in Fig. 12,
and assumed the relation as linear in each range. Then three caleu-
lating formulae I, I, III are obtained for each range of temparature
respectively, as shown in Tasrz L.

Tasre I Calculating Formulae for the Integrating Thermometer

[ . T
Range of Temperature (°C) }l S/r Caleulating Formula
- 10 ~ 12 0 ~ 11.0 1 G =180S—-9.07T
+ 10 ~ -+ 23 1.1 ~ 200 11 @ =S
+18 ~ + 32 . 20.0 ~ 38.0 IiI O =0710S+ 58T

S is the reading of the scale of the oil deposited during 7" days.

The straight line for the range II which covers between 10°C
and 23°C, passes fortunately the origin; that is, 0°C, as shown in Fig.
12. So the integrating temperature @ in this range is directly read
by S.

The solidifying point of this oil is about —10°C, so we can not use
this apparatus below —10°C.

- 5. Method of Measurement,

1) At the beginning of measurement, send back the oil in the
receiver eylinder M to the reservoir vessel A by turning over the
apparatus, and let it stand vertically at the required place.

2) At the end of measurement, read the scale S and calculate
the number of days T

3) Select the calculating formula according to the rough value
of temperature during that time, or S/T.

If the apparatus is kept for ten minutes in the overturned posi-
tion, the oil returns almost completely to the reservoir vessel. At the
beginning of measurement, the reading of the scale should be zero.

The thermal expansion coefficient of this oil is about 1.1 x 1077
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cas, but the correction of the reading due to thermal expansion is
unnecessary, unless the scale is read at such temperature as ex-
tremely differs from the mean value of the temperature during the
time of obsarvation.

The time lag of this apparatus is slightly larger than ordinary
mercury thermometer, and the influence of the lag on the integrated
value of temperature is negligible in most cases.

Occasionally a minute bubble of oil appears between the capil-
lary C and eylinder H, but its influence on the velocity of oil flow is
negligible, because the bubble disappears sooner or later.

6. Results of the Observation.

The excellent reproducibility of this apparatus will be under-
stood from the results of the experiments shown in Fig. 12. Those
points in the Figure were obtained by a series of the experiments, in
each of which the oil was sent back to the vessel A and the measure-
ment was started from zero point of the scale. The fact that those
points lie on a smooth curve, shows the satisfactory reproducibility of
the apparatus.

The followings are the examples of the measurements made
with Apparatus No. 6 at various places in Sapporo. Figs. 13 and 14
show the records of the air temperature obtained by a self-recording

: W \\M A‘“/\//NO'I
Nog
90 P———-""
5 " No4
‘/\./\_/ ™
§ S oz
e
o
2 ob ) ~ /d\/\f}m
E
- \
Y 10l
T s 6 17

4
Time {day)
Fig. 13. The records of the air temperature obtained by
a selfrecording thermometer in 1948.
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Time (day)

Fig. 14. The records of the air temperature optained by
a selfrecording themometer in 1949.

thermometer, which was corrected by the data of a mercury
thermometer.

Tanrue II  Integrated Value of Air Tempera’ure

P ; Caleal | { .| Difference

‘ 4 . alculating | ] @ per day

No. Date 8 T ST Formula ‘dew dayideg dayt 0-0 deg
1| Jul 0o 6 ygse | 7| 281 M | 1806 | 1514 0.1
o Aug. 16oA Aug. 33 994 | 7| 42 1 —10.0% — 6.0 0.6
g | Sep- §—Sep- 13 144a 7| 206 I 445 | 1443 | —00
g |Sep-27=0ct. 4 1042 | 7| 149 11 1042 | 1044 0.0
L N - - g e e
5 [ | o3| 7! 100 T 633 | 616 0.3
Aug. 31—Sep. 6 ; . no .
6 Lot | 119 | 7 o | I 1712 | 1737 04
7 Nov. 1§’%N°V 26 S14 | 7 116 1 S1.4 | 826 0.1

*: Measured in a Cold Chamber Laboratory.
0: Integrating temperature measured with Apparatus No. 6.
6: » " calculated from Fig. 13 or Fig. 14.

The difference between the data obtained with Apparatus No. 6
and those with a self-recording thermometer is always less than half
a degree per day, except in the case of measurement No. 2 which
was made in a Cold Chamber Laboratory.

The large difference in measurement No. 2 is probably due to the
following reasons.
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1) Calculating formula I is not suitable.

2) Integrating thermometer of viscosity type is not sensitive at

low temperatures.

3) During the measurement, the room temperature falled down

occasionally below the solidifying point —10°C.

4) The record of the self-recording thermometer was also in-

accurate.

It may be remarkable that even under this worst condition the
difference between two integrated values of temperature is only six-
tenth degree per day.

We can consider, therefore, that the accuracy of our integrating
thermometer is in the same order as that of a self-recording ther-
mometer corrected with a mercury thermometer.

7. Considerations on the working Liquids.

Following properties are necessary for the liquid to be used in

an integrating thermometer of viscosity type.

1) Not contain any fine dust or particle.

2) Must be stable thermally and chemically.

3) No condensation or sublimation within the 1ange of the
temperature to be measured. ‘

Following properties are also desirable.

4) A relatively large value of viscosity coefficient, in order to
avoid to adopt an extremely narrow capillary.

5) A large viscosity variation with temperature in order to get
a high sensibility. As a rule, those liquids which are of large
viscosity coefficients have also large value of thermal expansion
coefficients. But the error due to thermal expansion is usually
negligible, as already stated.

6) A low vapor pressure is desirable so as to get rid of the
growth of a fine bubble in the capillary. Such a liquid has
generally a large viscosity too.

7) The most important property is to have a linear relation be-
tween the temperature and the velocity of liquid flow through
capillary.

This last mentioned property is necessary to obtain an accurate

caleulating formula, but it is generally contradictory to the properties
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mentioned in 4) and 5). The detailed explanation on this problem
will be done in the next section.

Considering these properties, it seems that the oil used in a
diffusion pump is most suitable as a working liquid in the integrating
thermometer, except the property mentioned in ).

8. Sensibility and Accuracy.

In the integrating thermometers above-mentioned, the sensibili-
ty does not always agree with the accuracy, for the larger the
temperature variation of the flow velocity, the worse the linearity of
the characteristic curve of the oil. In other words, the higher the
sensibility is, the more the calculating formula becomes inaccurate.
Some examples will be shown on this point.

From formula (1), it is obvious that the velocity v of liquid flow
is proportional to the fluidity ¢ which is the reciprocal of the visco-
sity coefficient 5 of the liquid. Taking ¢, as the fluidity at 6°C,
¢5/¢, Will be taken as a measure of the fluidity variation with
temperature. This is equal to v,/v,. The linearity of the liquid
will be measured by ¢,;;/¢,,, Where ¢,, is the mean value of ¢, and ¢,
If ¢/¢n is unity, the linearity is perfect. The relations between
these quantities are shown in Fig. 15.

The fluidity variation with temperature is illustrated in Fig. 16

Linearity ; Je /
P
b
=
-e_Q
20

g :Temperature <

Fig. 15. The relation between the fluidity and linearity.
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Fig. 16. The fluldity variation with temperature for several liquids.

for several liquids, and their linearities ¢,;/¢,, are calculated for all
those liquids and are shown in Tarre III.

Tapre III
Liquid Linearity ¢is/pm v/ @0 Viscosity at °C

Mercury 1.000 1.160 0.0168
Turpentine oil 0.999 1.768 0.0225
Chloroform 0.991 1.870 0.0070
Water 0.936 2.238 0.0179
Ethyl aleohol 0.919 3.02 0.0570
Vacuum oil 0.710 - 132 1.45
Castor oil 0.550 12.86 0.58
Glycerin 0.307 16.5 11.45
Sucrose solution 20 % 0.950 2.53 0.0330

»? 7 40 2 0.905 3.3 0.1477

» ” 60 % 0.882 7.02 2.38
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These data were taken from International Critical Table, except
vacuum oil, ethylen glycol and glycerin, which were measured by
the author. KEthylen glyeo! and glyecerin had a little of water.

Fig. 16 and Tawre III show that in pure liquids, the better their
linearities are, the smaller their fluidity variations. In solutions,
however, this law is sometimes not applicable.

This fact is expected from the liquid theory. H.N.pac. ANDRADE
showed that the viscosity of normal liquids is connected with temper-
ature in the following form,”,*

p=A eV, _ (1D
where T is the absolute temperature, A the constant which relates
to the molecular weight and density, and @ the constant which is

proportional to the activation energy.
The fluidity of liquid is expressed as follows,

1 -4 :

@ = e S (12)
Differentiating formula (12) we have

de @

Aar < e ¢ - (13}
Introducing the velocity of lviquid flow v

dv Q

T = e v - (14)

The apparatus can be constructed so that v is invariable with the
nature of liquids, in that case v is determined by the configuration of
the apparatus. If Q of a liquid is large, then dv/dT of the liguid .
is large.
Again differentiating formula (14)

dv _ @-—2T dv

art =T dr o)
where dv/dT shows the velocity variation with temperature, and
dv* /dT*® the curvature of the characteristic curve between v and 7.
From formula (15) we see that in noumal liquids, the larger dv/dT
is, the larger d*v/dT* is. In associated liquid d’v/dT* is larger than
in non-associated one.

If we want to get such a liquid as having good linearity as well

as large velocity variation, we must look for it in solutions or sus-
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pended system of liquids. These liquids, for example, “Uniflow”,
“Paraton” are practically used in machine oil.

9. Summary.

This investigation was carried out by Prof. U. Naxava’s advice
as a part of the researches on the production of the meters neces-
sary for the agricultural physics. Several integrating thermometers
of simple design which consist of glass and water were first pro-
duced, and after many improvements Apparatus No. 6 was made
which can be used for practical purpose.

Apparatus No. 6 described in this paper is designed for a week
run, but by making the capillary a little narrower, it is possible to
produce with the present techniques an integrating thermometer
for one month run. -

The type of Apparatus No. 6 is suitable for the measurement
of integrated value of air temperature, but small improvement will
make it suitable for the measurement in case of water or soil.

In conclusion, the author wishes to express his best thanks to
Prof. U. Nakava who directed this work throughout. The author is
also indebted to Mr. T. Cmsa of Low Temperature Laboratory for his
collaboration in the part of glass blowing.

References.

1) E. Harcmses: Viseosity of Liquids, (1928), 63.
2) O.E. Muven: Wied. Ann., 2 (1877), 387.

3) E.N. pac. Awprane:  Nature, 125 (1930), 309.
4) E. N. vac. Aworane:  Nature, 125 (1930), 530,

3



Photo.

Photo.

Photo.

Photo.

C. Magono

1.

2.

Apparatus

Apparatus

Apparatus

Apparatus

No.

. 6.



PLATE I

MAacGoxo

C

i 4

‘ojoyq

>

‘o3oyd

T

*03044

‘I






