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Physics, - "Isotherms of diatomic gases and thei1' bina1'y rnixtw'es. 
VIII. The b1'ealdng stress of glass and the use of glass tubes 
in rneasurements under high pl'eSSU1'/3 at o1'Clinary and low 
temperatw'es", By Dr. H. KAMERLINGR ONNES and Dr. C. BRAAIC. 

(Communieation nO. 106 from the Physical Laboratory at 
Leiden by Dl', H. KAMERLINGH ONNES). 

(Communicated in the meeting of ApllI 24, 1908). 

~ 1. Introcluction. With former determinations of isotherms (Comms. 
nOS. 78 April 1902, 97a March 1907, 99'1 Sept. 1907, 100rt and 100b 

Der. 1907, 102a Dec. 1907 and 102b Febr. 1908) we eould not 
raise the pressure above 60 atm, For in order to reach the required 
aceuraey of about 1/2000 we want a manometer whieh is reliable to 
the same degree. And till now we eould only reaeh tbis degree of 
accuracy by means of a callbration with the open manometer de
seribed in Comm. nO. 44 (Nov. 1898) whieh reads to 60 atm. only. 
Already long ago we intended to include the higher pressUl'es in our 
investigation. As a first step in that direetion we have rai~ed the 
upper limit of the pressure to 120 atmospheres. For while keeping 
the same arrangement we cOllld easily complete the existing 
open manometer to one of tbe same ar-cllracy reading to 120 
atmospheres by merely adding a number of Ilew manometer tubes 
of greater resisting power than those we had. 

The new manometer and a]so the other apparatus intended for 
pressures to 120 atmosphel'es are nearly eompleted and will soon 
enable us to determine the isotherms to 120 atm. Afterwards we 
hope that these will be followed by measurements at still higher 
pressures. It seems even posslble to reach 500 atmospheres with 
almost the same accuracy. 

li'or all these investigations it is a great advantage when the 
piezometel'- and barometer tubes ean be made of glass. Therefo1'e 
we have investigated in how far this would be possible with regard 

,to the breaking stress of g]a&s. 
The breaking stress of glass has been investigated most at Ol'dinary 

temperature, because it is in the first place desirabie that the 
reservoirs of the manometer tnbes of the open manometer and the 
divided sterns of the piezometel' tubes should be made of g]ass. 

To these measurements we have added a series of detel'minations 
at lower temperatures in order to .judge to what extent glass piezo
meter reservoirs could be used for the higher pressUl'es at these 
temperatures. 
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Investigations on the maximum strain of glass have been made 
by GALITZIN 1) and by WINKELMANN and SCHOTT 2). The former has 
determined the inner pl'essme which cylindl'ical glass tubes ('an 
resist, the Jatter two have determined the maximum strain of 
glass rods. GALlTZIN'S detel'minations, howevel', were made only at 
relatively small pressures, those of WINKELMANN and SCHOTT only 
at ordinary temperature. 

In our investigation we partly follow the method of GAUTZIN. 
From the theory of elasticity we can derive in connection with 
the dimensions of the apparatus the maximum ten sion in the glass 
from the maximum pl'eSSlll'e whieh the glass tube resists. The results 
obtained in this way were compal'ed with the direct data obtained 
in a second series of measurements, where the maximum strain of 
glass rods was determined. If we take into consideration the material 
investigated, it is not astonishing th at the results of the two series 
show irregulal' differences. These differences however are of no 
influcnce upon some general ronclusions th at may be drawn from 
the measuremenis. 

§ 2. Detenninations at orclinary ternperatzwe. 
SU1'vey of the obsel'vations and a1'mngement of the rneasuring 

apparatus. 
1. Deterl,"ination of the matcimum inner pressure. 
The experiments were made with ordinary Thilringer glass. A 

cylindrical resen'oÏl' of the glass to be inve&tigated was fused 
on to a thick walled glass capillal'Y. The capillary was pl'ovided at 
its end with a steel nut with a hexagonal part by means of which 
it could be screwed on to a steel capillary which is conneeted to 
a pressure pump with a metal manometer. For measurements to 
200 atms. it was fixed on the glass by means of sealing wax, for 
higher pressures it was soldered to the glass (('omp. Oomm. N°. 99a 

§ 15, October 1907). If carefully made this connection proved able to 
resist the highest pressures (1200 atmc:;.) The tubes were previously 
annealed carefully. 

Arcording to their dimensions they can be divided into three kinds: 
a. thick-walled tubes with large inner bore. 
b. thick-walled rapillaries. 
c. t"hin-walled tubes with large inner bore. 
It will appeal' that these th1'ee kinds of tubes give results different 

fol' e~ch gl'oup. 

1) Bull. de l'Acad. Imp. des Sciences de St. Pétersbourg, Ve Serie, B. XVI NO. 1. 
2) Wied. Ann. 51. 
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The accuracy of the manometer is about 2 0/0' which is quite suf
ficient for our purpose. 

2. Direct rneasurement of tlte 7nrt,lJÎmum strain ~Il by tlte det81'
mination ol tlte breah:ing st1'e8S. 

In order to prevent as much a~ posslble unequal strain during 
the suspension we have used here glass threads of at the most 
0.6 mmo thirkness 1). 

In order to reduce the tensions to minimum the glassl'od was 
bent to a hook at eithel' end. lt was then suspended by the upper 
hook and the rod was drn,wn out in the middle to a thread by 
applying a certain force to Ihe Iower hook in about the same way 
as in the actual expel'irnent. The welght used was a beaker into 
which water flowed. 

§ 3. Results. 
1. Determinatio12s witlt cylind1'icrtl tuóes and in(ernal pl'eS8LtJ'e. 
In order to facilitate a comparison with {±ALITZIN''l results we 

1 
take the same value 4" for the coefficient of contraction. Let Pm be 

the maximum intel'llal pressure, 2R the extern al diameter, 2R' the 

inner diameter (this is further on expressed in mm), and letn = ~/, 
then we can represent the maximum tension 1;/l in the gIass, (in 
this case th at of the internal portIons of the gIass in a direction 
perpendicular to the axis of the cylinder) by: 

Tm = - DPm + 7 -- - 1 . 1 ~'" (Pm-1)! 
4- n~-l 

If, as is the case in the folIowiJlg tables, Pm is expressed in 
atmospheres, we find T'1II expressed in KG/mrn 2 (as it IS given in 
the following tables) by multiplying the value found above by 0.01033. 

For the three series mentioned in § 2 sub a, band c tbe results 
have been combined in the table below. The meaning of the columns 
wiJl be clear aftel' what hn,s just beeu said. Whel'e several results 

'are given nnder one mImber we }Jave n,fter thc tube had pn,rtly 
burst (for instanee so that only the end had broken alf, or the tube 
had broken near the steel piece) used the same tube again for the 
following experiment. 

The results fol' Tm are lowest fol' series a and highest fol' series b. 
In the last series th is is especially the case for the tubes with 1) very 

1) In the ex:periments of WXNKELMANN and SCHOTT where thicker rods of 10-20 
mM2. sectioll were used this l'equired great care. 
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TABLE 1. Maximum internal pressure and tension 
of cyltndrical glass tubes. 

No. 
! 

2R 
! 

2R' I 
-

n 
I 

Pm 
I 

Tm 

Series a 

1 9.3 3 5 2.6() 340 5 38 
2 8.8 4.0 2.2u 280 4.91 
3 8 7 4 2 2 07 230 4.21 
4 9.4 3.2 2 94 270 410 
5 9 2 3 0 3 07 380 5 70 
6 9.7 4.2 2.31 370 6 30 
7 10 4 40 2.60 240 3.83 
8 128 5.8 2.21 260 4.54 
9 17.6 5.0 3 52 290 419 

Series b 

10 7.4 1.00 7 40 510 6.74 
11 6 8 1.00 6.80 420 5 57 
12 7.5 0.27 27 78 460 5 93 
13 6.5 o 35 18.57 500 6 46 

~ 
, 540 6.97 

14 6 7 o 24 27.92 800 10.R3 
1100 14.21 

15 6 7 1.08 6.20 530 7.08 
16 5.9 0.70 8.43 680 11.94-
17 5 8 0.46 12.61 1200 15.61 

I 18 5 9 0.62 9.52 820 10.74 \ 
19 5.3 0.46 11 à2 920 11.99 
20 5 5 o 46 11.96 1060 13.80 
~1 6 6 1.00 6.60 660 8.78 
22 7.2 1.40 5.14 520 7.07 
23 6.4 1.35 4.74 520 7 13 

Series c 

24 3.8 2.4::l 1 57 283 7 12 
25 5.6 4.00 1 40 193 6.09 
26 6.4 4.78 1.34 221 7 84 
27 6.9 3.91 1 76 329 7.06 
28 7.4 5.11 1.45 179 5 21 
29 7.9 5.46 1.45 157 4 57 
30 3 5 2 26 1.54 261 6.78 
31 6.8 5.13 1.32 203 7.52 
32 7 4 5.1[1 1 43 201 6.04 
33 6 8 5.78 1.18 6ö 3.83 
34 3 8 2.42 1 57 377 9.49 
35 3.8 2.50 1.52 'l.77 7.36 
36 6.0 4 37 1.37 179 5.96 
37 6 8 5.17 1.31 159 6.02 
38 6.8 4.85 1.40 169 5 33 

I 

39 7.3 5 62 1.30 109 4.22 
40 7 8 7.31 1 067 54 7.60 

I 

3 
Proceedings Royal Acad. Amsterdam. Vol. Xl. 
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small inner bore if we except nos. 12 and 13 where the soldering 
was ineffective. Helped by the expedence made we have treated 
the following tnbes more carefully. With the tubes wbieh have burst 
under a too low pressure the existence of irregular tensiolls appears 
clearly from the way of blll'sting, wh ere the break bas a transverse 
or irregular direction and not, as theory requires, paeallel to the axis. 

iI 

2. Maximum strain of glass tltreads. 
'fhe diameter of the threads lies between 0.1 alld 0.6 mmo The 

results are combined in the two following tables. The bore was 
determined by a measurement of the diameter in two directions at 
l'ight angles. The mean of these two measurements is given in the 
tables. Tbe first table contains the resuIts abtained with glass threads 
which have undergone only the operation mentioned sub § 2. To 
investigate the influence of irregularities which thus may remain in 
the structure of the glass we have made a series of measurements 
by meallS of threads w hieh had beforeha,nd been heated to incan
descence and then cooled very slowly. The resuIts of this series are 
combined in table lIl. 

TABLE H. Maximum strain of uncooled glass threads. 

I I Tm I I 
I 

Stress Diameter Stress Diameter Tm 
in grams 

I 
in mm I in KG/mm~ I in grams 

I 
in mmo in KGjmm2 

257.6 0.119 23 1 2615 0.424 18.4 

496.5 0192 17.5 2785 0.446 17.8 

457.8 0.159 22.9 1425 0.351 14.7 

2325 o 384 - 19.8 1635 0.370 17.5 

1175 0.257 22.7 1325 0.325 16.0 

1475 0.325 17.6 1555 0.298 22.4 

1G95 0.311 22.4 2335 0.370 21.5 

I 
4105 0.487 22.1 

I 

Exeept the thread for which Tm is lowest viz. 14.7 all the threads 
of table II show where braken a sharply ridged structure while 
we find at the edge a small semieircular smaath spot as was found 
by WINKEU1ANN anrl SCHOTT~l). 

1) p. 718 loc. cito 
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1- TABLE IlI. Maximum strain of cooled glass threads. 

I 
stress 

I 
Diameter Tm Stress Diameter Tm 

in grams in m.m. in KG./mm2 in grams in m.m. in KG./mm~ 

I I 
2920 o 438 19.4 1910 o 325 2i:l.4 

3530 o 597 12 6 1700 0.322 21.6 

2120 0.532 9.5 
11 

2850 0.445 18 3 I 
I 

With l'egard to the series of table III we may remal'k the following. 
In order to prevent changes of form of the threads suspended in the 
furnaee and softened by the heat under the influence of gravitation, 
whieh aftel'wards during the measurements might give rise to irre
gular tensions, we have shaped the extremities (cf. § 2) not into 
hooks as in the former series but to closed rings in such a way . 
that the whole becOlnes as symmetrical as possible with regard to a 
plane through the longitudülal axis. A comparison of the tab les II 
and III shows th at the two methods lead to the same results. 

Of the glass thread with the Iowest ~Il (cf. table lIl) the section was 
Jittle ridged but smooth, to the next value of Tm (= 12.6) belonged 
a relatively large smooth semicil'cular spot, while fol' the highest 
Tm (= 23.4) na spot was to be seen, but the whole section showed a 
very sharply ridged structure. All these facts agree with wh at has 
been found by WINKELllfANN and SCHOTT ~). 

On the plate we show the structure of the seetions of a couple 
of threads at the place where the thread has broken. They bath 
elearly show the smooth parts anel the structure raeliating thence. The 
smallest diameter of the sec ti ons is 0.530 and 0.555 mni. respectively. 

§ 4. Conclusions . 
Table I shows that as to thc series a and cour results agree 

tolerably weIl with those of GALITZIN 1). 
Those of the series b, ho wever, show that the result derived by 

him fol' the maximum iniernal pressure, viz. 623 atms. is too ]ow, 
becanse the highest pl'essure observed by us is 1200 afms. For the 
tubes of the series b '1~Jl appears to Iie higher than would be expected 
from the obsel'vations in the two other series. Probably this must 
be explained as f?llows. Fl'om a compal'ison between the 3 series 

1) loc. cito 
2) Table I p. 12 and 13, loc. cito 

3* 
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it appears that series a gives the lowest l'esults fOl' X,!, series b toe 
highest. The fact that the values for a are 10we1' than for c, must 
probably be ascribed to the circumstance that with almoAt equal in
temal bores lhe wall is thickest for the first berÏes and hence the 
chance of abnormal stresses- is greater. Fot' series b the wan is 
thirker than for c, btit the inner bare is mueh smaller, and hence the 
existenee of inequalities and scratch es on the surface which unfavourably 
influenee the breaking steess 1) are redl1ced to a minimum. For the 
tubes for which 2 R' = 1 mmo it seems that the two fi1ctors neutralize 
each othe1', 1"01' those with the smaller inner bore the favOl1rable 
infll1ence of the surface being smaller preponderates. 

In order. to .in vestigaie in detail in how far the above mentioneçl 
two unfavourable factors influenee Xn we have applied the direct 
determi~ation witlt thin glass threads of which the surfaee is as 
SrlOoth as possible and where owing to the small bare abnormal ten
sions are neeessarily smal!. The results which are much higher than 
those of WINKELlIIANN and SCHOTT, agree with those found by means 
of the first methad and seem to jl1stify' the supposition made above 
about' the unfavourable infll1ence of a not perfectly smooth surface 
and in~er abnormal stresses. They point to an upper limit for 
Pm = 1700 atms . 

. ~ 5. Detm'minations at low tempemtu1'es. 
,The determinations in liquid air were made in the same way 

as those at ordinary temperatl1l'e. 'rhe lower hook of the glass 
thread was fastened to á wooden bearer, plttCed beside the thréad 
in a 'v~cuum glass with liquid air. The first determinations gave 
results whieh differed much from the later ones. Their mutual 
agreement is ·ver.}' bad and they are characterized by very high 
values for the maximum strain, which vary from 44 to 73 KG. 
per mm. 2 while for the ordinary temperature the highest strain was 
23 KG. per mm. 2

• Also the strl1eture ofthe section was totally different, 
being seareely ridged but smooth. The smooth spot on the seetion was' 
as a ru1e missing, In these measurements the threads were pulled 
asunder almost immediately aftel' they had been placed in Iiquid air. 
Before the following measurements they were left at least 20 mi
nutes in the bath of low temperatures. The lattel' gave 10 wel' results 
with a better mutual agreement. The strueture of the seetion is 
similal' to that at orclinary temperature, generally a little less clistinct. 
The results are eombined in the following iable. 

1) Cf. WINKELMANN and SCHOTT, loc. cit. 
..; 
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Dr. 11. KAIIERLINOJl ONNES aud Dr. C. BRAA.K. Isotherm. or diatomie gues and lhelr 

binary mixt.ures, VIlI. Tba braaking alr888 or glaa8 and lho U86 or gl&88 tubee in 

meuuremeuta unde.' high pru.ure II.t ordiaBry Bad low t.emperatur9l." 

Fig. 1. Fig. 2. 

Proeeedings Royltl Acad. Amslenlam. Vol. X. 
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TABLE IV. Maximum strain of glass threads at the temperature 
of liquid air. 

Stress 

I 
Diameter 

I in Kbimm2 1 
Stress 

I 
Diameter 

I 
Tm 

in grams. in mmo in grams. in mm in KGjmm" 

W03 0.280 32.4 I 2498 0.297 35.0 

2653 0.372 24.3 2055 0.286 31.9 

2523 0.290 38.2 3550 0.359 35.1 

1%3 0.'2:'6 20. !'i 3865 0.396 31.3 

The l'esults are still much higher than for the ol'dinary tempera
tUl'e, a "ery favol11'able l'esult for measurements at 10w temperatul'e. 

Lastly a sillgle determination in lif]uid hydrogen was made. Fifteen 
minntes aftel' tile thread bad adopted the tempeJ'ature of the bath 
it waR pulled asnnder. Thc total weight was 30 l~ grams, the 
diameter 0.271 m.m., hence the maximum sh'ain in KG /mm2 = 52.1 
again mnch higher than at the tempel'ature of liquid air. The strncture 
of the section was striated, nnridged and no smooth part occurred. 

Zoology. - "Poterion a Boring Sponge." By Prof. G. C. J. VOSMAER. 

(Communicated in the meeting of May 30, 1908). 

In 1822 HARDWJCKE published 1) [I, short notice on a remarkable 
"Zoophyte, eommonly found about the Coasts of Singapore Island." 
The author stated that it belonged to the Sponges, and called it 
Spongia pate7'a. Evidently not acquainted with this publication 
SCHLEGEL 1858 ') proposed the name Potel'ion neptuni for a sponge, 
which univel'sally is considered to be identical with HARDWIOKE'S 
sponge. According to the l'ules of nomenclatul'e the object has, con se
quently, to be called Potm'ion patàa (HARDW.), as fil'st pointed out 
by SOLLAS 8). 

Bath HARDWICIm and SCHLEGEL state th at the spollge is fairly 
common. No wonder that this object, whieh presents itself as a 
gigantie cup, with a height of more than 1 M. and an apel'ture of 
30 cm. or more, dl'ew the attention of sailo1's. It is also fOllnd in 
many museums, especially in Holland. The Leyden Museum of Natural 
Histo1'Y, the Museum of the Utrecht University and the Museum 
of the Amsterdam Zoological Gardens ("Al'tis") possess beautiful 
specimens, together more than 30. This rich material indueed HARTING 

1) Asiatic Researches XIV, p. 180. 
2) Randleid. Dierkunde lI, p. 542. 
J) Ann. en Mag. Nat. Rist. (5) VI, p. 441 \.1880). 


