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RATIO UF THE THERIKAL AND ELECTRICAL COWDUCTIVITIES
POR GAS CARBON.

IﬁTROD”oTIfo“fEJiﬂPnJ
The method of ¥ &ohlrau*ch ;or'*‘x de%ermvnutlon
f the ratio of the heat oondu uJYJty') : 3@ hﬂ& “electri-
cal conductivity 2¢ of & substance 15 of practical value
as well as of theoreticel interest. Of practical value
because there may be obtained from it- with much greater
ease than by direct methode- the heat conductivity which
haes immediate applications, not only to the design and
congtruction of furnaces, but to various other matters

of similar import: O0f theoretical interest to the phy-

sicist, because of the Wiedemann-Franz 1aw# and its con~

sequent relation to the electron theory; to the mathe-~
matician$, because of the applicability of the Fourier
analyses.

(*) Kohlrausch, Aan.der Phy. (4) I, 145, (1800).
Kohlrausch, Sitz.3er.der Berlin Ak.d.W. 38 711,(1899).
Jaeger und Diesselhorst, Sitz.Ber.der Berlin Ak.3.W.

38 719, (1899).
Jaeger und Diesselhorst, Wise. Abh.der Phy.-Tech.
Reichs. 3 269, (1899).
(#) e.g. See Winkelmann's Handbuch.
(B) e.g. See Carslaw, "Introduction to Fourier's Series

and Integrals, and the Mathemstical Conduction of
Heat", or Fourier, "Theory of Heat."



fohlrausch's method consists in sending a steady elel~
&etric current through a rod of the meterial under con-
sideration, the ends of which are kept g@_?ha same con-
stant temperature. This roa.wiéljﬁgiﬁgé%g&'according to
Jeule's law. The rod is insulabed s whilies pgssible
and when equilibrium is reééggigjgg:haygﬂa;§¢§%5g% heat
from the middle of the rod towar&éﬁéﬁg“gﬁd;:. The sta-
tionary condition means that Jjust as much heat is being
generated as is flowing towards the ends.

It can be shown that if the temperature difference

between the middle and one of the ends is U, and the vol-~
1 V8
=&
' g8 U
V is expressed in volts, U is expressed in degrees Centi-

tage drop between the two ends is V, then%z = . If

grade and > has been determined in 35%—35 , them X

i i watts N
will be given in % deEres” In order to reducs t0
the dimensions —5X2H cal.

, we must use the relation
N cm watt sec.

e = 0.02985% . (The calculation follows from the re-
lation 1 erg/sec.= 15" watts = 2.394 X 10° gram.cal/sec.)
This, however, assumes the case of perfect heat in-
sulation; +that is, that none of the heat generated is
lost by radietion, conduction or convection through the
curved surface of the rod. In an actual experiment such

(*) ¥aller-Pouillet's Lehrbuch der Physik, Vol. III,
Page 779.

o~
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losses do oceur and must be deterrined; this may be done
by a similar experiment without the use of the electric
current. From the data thus obtained, 2 correction fac-
tor may be calculated which is then applied to an experi-
ment with current, providing that other conditions are
the same. |

In the case of good conductors this correction fac~
tor is relatively small when the proper precautions are
observed. = 1If, for example, cotton is the insulating
material, convection will be salmost entirely excluded
and conduction and radiation will be reduced to a mini-
mum. On this account the rod will offer so much less re-~
sistance to the carrying of the heat current, then the
insuleting material, that almost entirely all of the heat
will follow the rod of the material being experimented
upon. |

In this respect metals are ideal for fthis method.
Ore drawback, however, presents itself. The electrical
resistances of these materials are small. This means
thet it will take large currents to make the difference
in temperature and the voltage drop between the middle of
the rod and the ende great enough to be measured with suf-
ficient accuracy. In the case of a copper rod a current
of 340 amperes was necessary to make & temperature differ-

ence of 2.5° C. and 0.006 volts*in 5.5 ocm.length, and this

(*) Jaeger und Diesselhorst, Viss.Abh.der Phy.-Tech Reich.
3 269, (1699).



current had to be maintained steady for about one hour.

On the other hand the case of poor conductors pre-
sents an advantage in that only small currents are nec-—
essary to get the desired temperature drop and an easily
measured difference of potentisl. In the case of the
gas carbon rod used in these experiments 3.5 amperes are
sufficient, and in the case of poorer conductors, as
galena, blende, etc., only a fraction of an ampere would
be needed.

Poor conductors of electricity are also poor conduec~
tors of heat and one would be led to think that the cor-
rection loss would be correspondingly greater. The oOb~
jeet of these preliminary experirents wss to find out,
whether or not, this loss would be so lerge as to render
this method unfit for use.

If this proved true when the ordinary precautions
were taken, then another method might be tried. The
rod of the material under investigation was to be placed
in the axis of a glass cylinder the ends of vhich were
to be soldered to the water baths and the interior of
which was to be platinum plated. The platinum plafed
layer was to decrease in thickness as the center of the
rod was approached. The epparatus was then to be con-
nected with an air pump and & high vacuum (& few thous-

endths of & mm. of mercury) obtained. The connecting



tube could then be sealed off and the apparatus would be
ready for use. An electric current would be sent along

tiie platinum plated leyer and this would generate heat-

most at the center- which would grestly reduce the radistion;
furthermorse, the bright shining platinum plated surface
would serve to reflect back almost all of the radiant

heat. The high vacuum would also prevent conduction and
convection. Leck of time prevented frying thie srrenge-
ment, but it is hoped that at some future time it will be

given & trisl.

DESCRIPTION OF APPARATUS.
The following apparatug was used in the experiments:

WATER BATHS, Tfwo water baths

were placed at the ends of the car-
hon rod. These served to keep the
end of the rod at & constant temper-
ature. They were suntiied with wat-
er by means of a small centrifugal
punp situated in a thermostat about
30 cm. awsy. The water was pumped
through large rubber tubing to a "Y',
where the stream was divided, one-
half of it flowing through each water
bath, then back to the thermosist.




The water baths consisfed of cir-
culay sheet iron eylinderg about
9 cm. in diamefer and 14 cm. long.
Eaol bath held approximetely 750
ce. Their gurface waes surrounded
by a cem. layer of cotton held in

plece by & covering of canton flan

nel, Their construction is hest

shown by Fig. 1.

F'.ﬂ. :

Q-Tﬂﬁ':rﬂcf'ﬂﬂ ﬂ.ﬁ’ end baths awnd Carbon Fe*‘*“'"l

The direction of the flow of the water is dencoted
by the arrows. The metsl tubes A, A' wers purposely ex-
tended to within an ineh of the surfsces of attachment of
the rod, Thie insured an even ftemperature by ceusing a

good eciroulation of the water. The openinge marked B,B'



are for the outflow and are connected to the thermostat
by means of rubber tubing. C,C'" served as receptacles
for one solder Jjoint of the thermocouples and for a ther-
mometer. All connections between the thermostat and the
water baths were made as short as possible to prevent un~
due cooling of the water and to increase the capacity of
the punmp. The water was supplied at a rate of about
three liters per minute. This meant & velocity of about

24 cr. per minute in the baths.

THE ROD. The rod experimented upon was a cylinder
of gas carbon 9.5 cm. long and about 1 cm. in diameter.
It contained three smsll holes- about 1 mm. in diameter
and 5 mm. deep~ bored at right angles to the exis of the
rod. The middle hole was placed &s near the middle of
the rod as was possible and the other holes were placed
at a distance of 2.2 cm. on either side. This fastening
of the rod was accomplished in the following manner:
each end was given an extremely thin plate of copper.
This made it possible to=s=tti=r to solder the rod to @&
square sheet of copper which was in turn soldered to the
proper end of the water bath. During the experiments
heat losses from the curved surface of the rod were min-~
imized by its being surrounded with a thick layer of

cotton.



LT R IT Ay S s rpee o e _—
TERRMOCOLSLES AL VOLTAZE WIRES.*  Mive thermo-

couples and three voltege wires were used. Three of the
thermocouples were were used to obtain the differences in
temperature between the three bore holes snd the end bath;
the other two were used to deteruwine whether or rot, the

two end baths were at the same termperature. The three

voltage wires geve the drop between the bore hole

(]

. The
thermocournles were made of nick2d and mengsnin wire and
had e thermo slectric force of about 20 microvolts per
degree. Iron and manganin were chosen as the thermo
elements, as they givei}ather # large deflection énd &t
the same time are only fair conductors of heat. The
menganin wires had & dismeter of 0.1 mm. end the nicked
wire 0.27 mm. The ends of the thermo couples were
twisted together and soldered. They were thren given a
heavy coating of zapon lacquer. One golder joint of a
thermocouple and one voltage wire (0.1 mm. manganin)
were securely fixed in each bore hole by means of swmall
wooden wedges. The other solder Joints were further
rrotected by being surrounded by thin glass tubing to
prevent any possibility of chemi~electromotive force,
and plsced in the water bsath. The other two thermo-
couples had one mangenin wire in common. One solder
joint dipped in each water bath and the cormon Jjoint was
placed in the thermostat. To the ends of each of the

(*) For wiring diasgram and conrnections, see Fig. II, page (0.



voltage and thermocouple wires were soldered short, heavy,
copper wires to insure hetter connections with the binding

posts on the switchboards.

SWITCHBOARDS., * The switchboards were smell blocks

of wood containing mercury wells. Contacts with the volt~
age, thermocouple, and galvenometer wires were made by
means of binding posts which were permanently connected

to the mercury wells. The circuits were completed by
means of amalgamated copper wires which bridged the wsy

between the wells.

GALVANONETER. A high sensibility galvanometer of

the moving coil type, comstructed by Leeds, Northrup & Co,,
wag used for the measurement of the current in the thermo-
couple and voltage circuits. It had en internal resist-
snce of 38.5 Ohms and a sensitiveness of about 80 megohms.
It was found necessary to protect the galvanometer from
chance air currents amd against sudden temperature chasnges
by surrounding it completely with cotton. Thermocurrents,
however, could not be eliminated completely, due to the
Toact thet a constant temperature room was not available,
and that several contacts had to be made between different
metals, as copper and mercury. On this adcount, 8 revers—

ing key was placed in the circuit close to the galvanometer.

(*) See Fig. II, pagel0.
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3y teking the sum of the readings of the current, direct

and reversed, their effect was eliminated.

STORAGE BATTERIES. The necessary current for hesting the

carbon rod was supplied by means of s 12 cell, 40 ampere
hour, Gould storage battery, Type ¥ 305. This was kept
'charged during the.time of its use and proved to be the

source of a remarkably steady current.

DATA.

Figure II gives the numbering of the thesmocouples,
while figure III gives the lettering of the connections on
the switchboards. Thermometer "A" gave the femperature of
of one of the end baths.  Thermometer "B" gave the tem-
perature of the outer surfac# of the cotton packing. The
letters "d" and "r" represent the position of the revers-
ing key, "d" meaning that the current goes directly to the
galvanometer, and "r" that the current is reversed. The
4 or — following the galvanometer reading indieveted vheth-
cr the reading is to the right or to the left of the zero
point. The time regquired for the rod to come to & sta-
tionsry condition was much smaller than had besn expected.
It was thought that due to the faet that gas carbon is
such a pobr conductor of heat, several hours would be ncec-

es5ary. This, however, d4id not prove true. Tre follow-



ing curvs showsn the deflectiomes of the galvenomster, vlat-

ted against time.

SRAEER R e g

; | ;

Although & half hour preliminery heating is suffi-
cient, aczecording to this eurve, still several sets of

readinge were taken in essch experiment to nmgke gure thst

L=

the rod wae in,equilibrium.

A

I3



Experiment lio. 1.

rart 1. o electric current used.

Thermocouple Reading Reading
and of of
connections. Galvanometer. sum. average. Thermometer A,
I sad 3.9— 29.93° C.
11.0
I ear S R ¢
: 10.6
I bd 7.1¢ 29.93
-10.8
I br 3.1—
IT sad 7.0—
18.0 29.93
II sar 11.0¢
17.5
IT %bad 10.9 1t
17.1 29.92
IT br 6.2—
III ad 4 .8—
iz.2 29.93
11T ar 8.0+
15.1
III %bd 8.01
11.9 29.93
III br 349
I¥ 4 1.9+
.1
IV r 1.8+
v a 2.0+
v r 1.7% .3

Thermometer B read 23.50 C.

&



Thermometer B read 25.0O c.

Part 2. A current of 4.49 anmperes used.
Thermocouple Reading Reading
and of of
connections. Salvanometer. sum. Average. Thermometer A.
1 sad 143.5+ o
: 284.5 29.99° C.
I sar 141 .0
284.2
I bd 140 .8-
‘ 284.0 29.92
I br 143.2+
11 ead 203.0t
403.0 29.92
I1 ar 200 .0 ~ :
402 .2
ITI bd 200.0—
401.5 29.96
IT ©br 201.5+
IITI ad 151.9+
298.1 29.98
I1I ar 146.2—
296.8
III bad 146.8~
295.6 29.95
"III br 148 .8+ ‘
IV d 8%
.2
WV.r 1.0+
v d 8%
.2
T r 1.0%

15"



connzotions.

ra

¥r

Reading
of
Galvaaoreter.
105.8+
107 .8—
108 .2~
106.2 4
126.8+
128 .4—
127 .8—

126.2¢

230.4+

Bum.

213.6

214 .4

25b.2

£54.0

462 .4

Average.

Z14.0

209.6

464.1

/6



Experinent II.

Part 1. o electric current used.

Thermocouple Resadirg . neading
and of of
connections. Galvanometer. Sum. Average.lhermometer A.
I s&d 48.1%
90.2
I ar 42.1— o
0.2 S5 8.
I b»d 42.1—
90.2
I br 48.1F
II ad 59.1%
112.2
II ar 53.1—
112.4 T3
IT bd 53.3—
112.5
IT Dr 59.a°t
IITI sd 44.0+
81.7
IiI ear 37 -
81.7 .75
III bd 37 7
61.7
III br 44,0+
Iv & 3.8%
1.8
Iv 2.0+t
v da 4.0«
2.6 5
v r : 1.4
Thermometer B read 22.48° C.



Part 2. A current of 4.095 amperes used.

Thermocounle Reading rleading
and of of
connections. Galvanometer. Sum. Aversd Thermometer A.

5]
[¢]
»

I ad 166.7 ¥
329.4
I ar 162.7— o C
329.6 5 Y
I ba 163 .4—
%29.9
1 br 166.51
I1 ad 232.1%
461.9
Il s&ar 229 .8~
461.8 .75
II bd 229 .8—
461.8
II %br 232.0+
III ad 169.7+
, 335 .8
111 ar 166 .1—
336.0 75
III ba 166 .4—
336 .2
III br 169.8+
Iv & 4.0—
) 11.6
¥ r 7.6 %
10.3 75
¥ d 3.0
9.0

v r 6.0 %



Voltage
wire

reading
of

connections. Galvanometer.

Ad
Ar
B3d

99 .6
98.1+
98.2 %
99 .4~

118.6—

117.0+

116.9+

118.2—

215.0+

212.6—

218.9—

215.41

8um.

197.7

197.6

23b.6

235.1

427.8

Thermometer B read 21.70

Average.

197.7

£35.3

428.0



wers nound

.
comnparlison

20

ION OF APPARATUS.

of the Thermometsrs used. Tne thermometers

b

tozgether and placed in the therwcstat. 57 &

].,.!’

of the ftherrometers &t various temperatures

the following dats was obbtained. FP. T. . £ 20651 was

taken ag the standard.

Thermowmeter

A
Py

23.45
£2.15
21.00

Therroncter Thermometer
B PL.T.E. F £0651.
29,36 29.07

29.13 26.65
28.90 28.68
28.24 27.98
27,50 27,2
25.80 25.66
24.40 24.30
23.28 23,22
£22.00 21,97
20.80 20. 178
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Cglibration of Thermocouples. The therrocouples

vere left connected exactly as in the previous experiments,
with the exception of the solder joints, which were in

the carvon rod. These were tound together and placed in
a lerge bath of water. By varying the temperature of the
water in the therrmostst that suppliedé the end baths, any
desired difference in temperature would be produced.
During the experiment the following date was ohtained.
Thermometer C gives the temperature of the end bath and

Z. 7. R. # 20651 gives the temperasture of the large bath
of water.

Thermocouple

and Galvanometer
connections. reading. Sum. Average.
I ad 9.1¥ 17.3
I ar 8.2— 17.3
I bd 8.2— 17.53
I br 9.1+
IT ad 7.9+
II ar 9.0~ 16.9 16 .4
IT bd 8.4~ 15.9
II br 7.5+ :
I11 ad 7.6%
111 ar 8.7~ 16.3 15.7
IIT bad §.0-
11 br .04 15.0
IV 4 7.1+
IV r 6.u— 13.1
Vr 6.0— 8.2

Thermometer P. T. R. # 20651 15.80°

Thermometer C 14.95° o

Corrected reading of Thermometer C 15.11 *

(*)}) The values for the corrected readings of thermometer
C were found by special conpsasrison.
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I ac

I ar

i »ha

i br

il aé
ii ar

I bd

i1 br

IIi ad
111 ar

1I1I wa
711 Dbr
Iv d
IV r
7 a
vr

Therrometer 2. T. L4

~

Thermometer O

lforrected reading of

Difference in temperature T 1¢.90
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“hsrmocouple
corf8&tions.

F

b

Thermonmeter
Thermometer
correcltesa readiug of

Tifferernce in tempsrature = 25.01 — 15.24 = .77

ad
axr
bd
br
ad
ar
od
bx

&G

lv

j @]

selvanoncter
reading.

1=7 .2 ¢
186 .4—
186 .2~
i87.0+4
126.2 +
ig7 .o—

126.2-

o 251.2
15 .04
10l.2 T
101l.5 +
201.1
G% G-
. T ie 20651
~
\V]
thermoreter

al
i)

Ay

Averaze.

253 .4

203.1

‘551 O
&0 .01

s}



Theruocouple

and Falvarnometer
conriestivus reading. UL - Average.
i ad 188.9+
' 374.9
I bd 1¢0.2— 576.6
Sbi .2
I %r 162.0+
II ad 191.5 4
37E .8
1 ar 189.2—
379 .4
II ba 189.6—
37¢.9
i1 br 11.3+
I1I ad 16E .64
\ o79.1
I:1 ar 180.5~
378.7
III ba 190 .4~
. 376.2
il br 166.0+
v ¢ i52.7 %
308 .8
Iv r 150.6—
VvV d 152.3 F
SC2.7
v r 150 . 4—

: x - Hon e . 0
Thermometer P. T. L.T20651 29,90
Therrometer € 19,13
Jorrectod reading of Ther:orelter C 15.44

Diiference in terperature = 29.90 — 15.24¢ = 16.66°






CALIBHATION U VOLTAIL WInL3.

storsage battery wnose electrowrotive force had veewn
acouraetely reasured, was coinected to an Osiwald oben-
tiometer, auu various voltages wers suunted oif urnd cou-
Lovtea o the circult comvaining tihs volluge wires. The
gereral arraXjencnt of The apmaratus and .o wwiteilderad

(]

gonncotions ale snoWwn inL fig. 17,

IS

Toltage of Storsge Battery & UY

rraction of

voltage Volitage sum of
tapped off tapped olf Galvanoumeter readings aversge.
direct aud reversea
Li o 0 £
10/1000 0.0209 103.1 103.1 103.1 103.2 103.1
20 /1000 J.0418 £06.7 205.8 Z06.2 205.5 205.8
30 /1000 g.0627 S07.0 307.1 306.5 336.9 306,

g
40 /1000 0.0836 406.6 407.0 406.2 406.3 406.5

%7



¢

it mey be noted that this method of calibrstion

agssumes the drop of voltage at the contacts of the manga-
nin wire ané the carbon rod to be zero. That this is not
the case is obvious from the voltage drops given in exper~
iments No. 1 and 2.

If we let a, D and ¢ represent the voltage drop due
to the contacts ir the boreholes I, II and III, respect~
ively, then the true drop between I and II is 214.0 —a — D
and between I[I and III is 259.6 — b — ¢. Their sum is egqual
to 473.6 — & — 2b — c. The voltage drop between I and
ITI is equal to 464.1 — a — c. Egqpating these two, we
get 2b = 9.5, or b = 4.8. By similar procedure with ex-
periment II, we get b = 2.5 ’

This fact has no signification in the present experi-
ments, but should be taken into consideration in more re~
fined work. The drops & and ¢ can, of course, he deter-
mined in a like manner by the use of two auxiliary

boreholes.









CALOULATIONS AND RESULTS.

If we let A represent the temperature of the middle
borehole minus the arithmetical mean of the temperatures
of the other two boreholes, and let Il equal the outer
temperature of the packing material plus 1/6 A minus
the temperature of the middle horehole, then-~ in the cace

AT

of the experiments without current- e = Ear and in the

case of the experiwvsute with current, U= O - eiﬁ‘.* 5
Adding to this information the fact that -,%L-— - 1/8 L.,
U

we can calculate the value of —%‘2« in experiments I and II.

* Yo ) N o W, bbb, dox P\M\ﬂwﬁw
?

o, 2 264, Ug4a).
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From expneriment I, part 1, and celibration curves

we obtain:

From

Temperature of borehole I = 29.93 — :20 —~ .45 = 29.28

Temperature of borehole II =29,93 — .20 — .70 = 29.03

Temperature of borehole III= 29.93 —.20 — .48 = 29.25
A = 29,03 — $(29.25-+29.,28) = —".235

Temperature of outer layer of cotton packing =

23.50 — .10 = 23.40

N = 23.40 — 29.03+4 1/6 ( —.235) = — 6.02
o= = 225 = o5

—6.02
Part II, in & similar manner:

Temperature of borehole I = 29.96 — .20+410.95 = 40.71
Temperature of borehole II = 29.96 —.20+15.50 = 45.26

Temperature of borehole III = 29.96 —.20¥11.45 = 41.21
A= 45.26 — T(40.71441.21) = 4.30

Temperéture of outer layer of cotton packing
25.00 — .15 = 24.85

N = 24.85 — 45.26+1/6 (4.30) = 19.70

U=o6-°% =430~ .03 x 19.70 = 3.53

Voltage dropg: .090

2
-2 =1/8 T =1/8 3 5% .000287



v

From Izperiment II, Part 1,

Temperature of borehole I=

15+ 3.50

Temperature of borehole II = .75+4.30

Terperature of borehole III = .75+ 310

A =5,05 _ 3(4.25+3.85) = 1.00

Temperature

22.48 — .50 = 22.28

A 1.00 . nee
T Tr.me = Y98

rrom Part &

Temperature of borehole 1=

Temperature of Ttorszhole II = .76+17.80

Temperature of borelicle IiI =

= 22.28 — 5.05-4+ 1/6 (1.00) = 17.39

JAE4+12.70

L75415.95

£\ = 18.55 — £({13.45-413.70) = 4.98

Termperature

Vol
A
.

21.70 — *20 = 2,1.50
21.50 — 16.55 ,3_ 1/6(4.98)
A — eil = 4.98 — 058 x 3.

tage drop =.085

)
— 18 Y 1/p (.085)°
U 4.76

I
)|
.

~3
o

76 = 4.76

»0001€E¢

i

(O I

16N

oo
o

o O
g m

of outer lsyer of cotton pscking =

of outer lsyer of cotton packing =

33



and the

711,
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