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apparatus. And for this  cooling is only disposable the 
gas returning from the secon d  apparatus wherein the 

liquid has been poured out, which gas is again at a 
lower pressure and gives consequently a greater defi­
ciency of the regenerative process. The increase of 
the molecular potential energy with decreasing tem­
perature, which in one respect promotes the succe-.s 
of LINDE's method by increasing the THOi\fSON-JOULE­
effect, in another respect therefore necessarily lessens 
the output of liquefied gas by increasing the deficiency 
of the regenerative process at decreasing temperatures. 

An essential part of LINDE's method is that for saving 
power the gas is  only a little expanded and that in view 
of this saving the most advantageous beginning ancl 
finish ing pressure have been sought  for. A process with 
the second power of this expansion can be considered 
as two successive processes of LINDE in which the second 
and also therefore the total is less advantageous than 
the first. The process with expansion until the gas has 
the ordinary atmosferic pressure, which is used i n  
LINDE's oxygen apparatus, i s  therefore very disad­
vantageous. If we start in this less appropriate manner 
with the same disposable power and the same liquefying 
apparatus as we haLl in vie\v before, we shal l have to 
wait much longer before we get liquid. According ly 
we have to take more care to prevent that heat finds 
its way to the ·a pparatus . 

6. DEWAR beginning with m uch higher pressures �ban LINDE expands in his spray the condensed gas 
1mmediately until it has the ordinary pressure. By going 
further in the wasting of power disposable for cooling 

r 
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thau LINDE even i n  h is oxygen apparatus he  deparb 
yet further from the theoretically rl lost favourable 
cooling process. But the water equivalent of h is 
apparatus divided by t he waterequi,·alent of the quan­
tity of gas passing in the unit of time being much 
smaller he proceeds in this manner in order to get 
for a l ittle part of the sub!"tance in a very short time 
an extreme loweriug of tPmperature. 

In my boiling glass ju"t as iu DEWAR'" apparatus 
the supply- coil has a coek at the end and is wound 
round the coek-supporter. This part of my apparatus 
is also immersed in the gas Jlowing away (l . c . § 8) . 
What is blown away from the jet as liquid and mist 
ser\'eS to cool the supply coil �t l ld further to take away 
beat, that would o therwise find its way to the bath of 
liquid oxygen . But in the supply-coil the oxygen is 
already in liquid state. As soon as no more liquid 
issues from the needle regulating cock, this cock is 
shut (l . c. pag. 178) and this is done in  order to avoid 

wasting of gas as much as possible. In previous con­

structions of my boiling gla"s, I had supply-coils of 

greater cooling surface immersed in the gas flowing 

away for the sake of making a liq uid jet with gas cooled 

to little below the critical temperature or even to tem­

peratures in the neighbourhood of the critical. Jt proved 

more effective for the ·construction of the permanent 

liquid oxygen bath, to reckon upon the oxygen being 

intensely cooletl before it is tranporterl to tile boiling 

glass. The spiral was thereforA shortened to only such 

length as seemed necessary to catch the l iquid blown 

away and to utilize the evaporation ot this liquid to cool 

I 
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the adducing coil . DEWAR on the contrary has not been 
discouraged by the l ess economical employment of gas and 
armed with his vacuum vessel that leaves the returning gas 
wholly disposable to cool the coming gas has direc.ted his 
attention exclusively to the lowering of the temperature. 

H e  succeeded in this manner even in freezing oxygen 
by means of his hydrogen-spray, a splendid outcome 
of his prosperous researches. 

Let us apply the theorem of § 3 also to the experiments 
of DEWAR. DEWAR proceeds indeed according to this 
theorem as far as the choice of the temperatures is con ­
cerne(l. The apparatus giving by  means of a spray a suffic­
ient quantity of l iquid oxygen, can serve as the model to 
build an hydrogen apparatus The same ratios as those, 
which we have given in treating the LINDE l ique(ying 
apparatus are applicable here for the choice of the 
dimensions, pressures and temperatures. The percentage 
of the hydrogen used, that will be reduced to the 
liquid state after a certain time, will be the same as the 
percentage, that after a 2.33folcl longer time becomes 
l iquid in the oxygen model . 

The theorem of § 3 may not be appl ied to the quantity 
of liquid that will be collected on the bottom of a cor­
responding vessel .  For the acceleration of gravity is 
expressed in the system of un its derived from the mole­
cules by a 3.43 times greater • number in the case of 
oxygen than in the case of hydrogen, and one would 
have to go with the oxygen model to a place where 
gravity was 3.43 times less, to deduce-from the quantity

' 

of liquid that collects in that case on  the bottom, ho\v 
much we may expect with hydrogen in tlte ordinary cir-

2'1 

cum stances. It is obvious that the oxygen spray under these 
circumstances would give off liquid oxygen with more 
difficulty. It will therefore probably be necessary to give 
the compressed hydrogen the opportunity to liquefy in a 
special cylindrical or coil s l 1aped vessel under the cooling 
effect of the spray. This liquid may then How out under 
less pressure than the spray into a vessel, constructed in 
the main part as the boiling glass with boiling case, 
described by me for l iquid oxygen (cf. l .  c. § 8). In this 
boiling case the regenerative coil would find an appro­
priate place '). 

7 .  In the same degree as it becomes .of more import­
ance to efiectuate adiabatic processes at very low tem­
peratures, the importance ofthe vacuum vessels of DEWAR 

will increase. lt seems to me that they are the most 

important adJition since 1883 to the appliances for low 

temperature research .  
The perfection of these vacuum jackets was again made 

evident in the experiments treated in the preceding §. 

The vacuum jackets make it easy to work with liquid 

oxygen in a different room from where the cryogenic 

apparatuses are placed and enable one to do this even 

in other laboratories. On oue occasion when paying a 

visit to show the properties of liquid oxygen,  I took 

a vacuum vessel fi lled with l iquid oxygen with me in 

my hand and after returning to the laboratory there 

was a rest of liquid oxygen left which I could pour 

' )  To liquefy hydrogen it appears from a communication of 

RAMSAY that 0LSZEWSKI has cooled a little quantity by the ex­

pansion of another quantity. 

I 
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again into my boiling glass. To transport liquirl oxygen 

from my boiling glass into a vacuum glass, a l ittle 

glass bucket is used, hanging from a glass rod, that 

can be pushed up and do\m through an inclia rubber 

stopper, fitting on the boiling glass. In withdrawing the 

bucket th is stopper is replaced temporarily by another. 

In many eases vacuum jackets can also be used 

to improve the construction of my boiling glass in 

making the evaporation of the bath less sti l l  than it 

is without this appl iance. I have prepared
· 
for thi:; pur­

pose a cup shaped vacuum vessel just fitting round the 

lower part of  t i le boi l iug glass, where the l iquid gas 

is accumulated . Only when measurements are to be 

made exclusively across paral lel walls, t l 1 is  auxi l iary 

appliance is of no avail. ( l. c. § 8.) 

In § 4 I mentioned the application of a vacuum 

vessel in the form of a long d ouble test tube to 

furnish a thick wal led tube with a vacuum jacket. 

Even if  the vacuum glasses are not prepared with the 

same painful care as the most beautiful ones of DEWAR 
have been,  they are apt to render great servicAs. To 

j udge of this it i:; surticient to consult the table of 

KuNDT and WARBURG in their research on the conduction 

of heat in high vacua 1). 
To isolate objects of greater size, one can pile up 

straight, egg-shaped, ring-shaped or otherwise shaped 

exhausted and sealed tubes of convenient dimensions 

(incandescent lamp glasses) and unite t hese by parafine, 

wool, paper and vamish as shape giving substances i n  

1 )  Monatsber. Kon. Akad. Berlin, 25 Febr. 1 875, pag. 1 71 .  
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order to get continuous wal ls preventing convection. In 

this manner vessels of arbitrary form and bulk can be 

built up, with very badly conducting walls of very little 

water equivalent the cells of which consist of vacuum 

tubes. These walls recall the covering, that protects my 

ethylene boiling flask . ( l .  c. § 2.) 

If i t  is wished to have an exhausted space between 

two metal walls isol ated from each other, it may be 

profitable to build the walls  that arFJ to be isolated 

with strengthening ribs in the manner followed in the 

construction of the very thin walled ethylene boiling 

flask (1. c. § 5) and oxygel l  boiling case (! .  c. § 8.). 

It is a rejoicing prospect that practical engineers 

will doubtless soon feel the want of such non con­

ducting mantles. For as soon as this stage is reached 

n umber of heads and hands are d isposed to take over 

the problem from the scientific researcher. 

I 
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Dr. L. H. SIERTSEMA, Measurements on the 
magnetic rotatory dispersion in gases. 

The observations with the apparatus described in 
the former communications 1) are continued, and the 
magnetic rotatory dispersion is measured in nitrogen, 
carbonic acid and nitrogen monoxide. 

The construction of the apparatus and the method 
of observation have undergone no further changes of 
any importance. A plate is added of the whole appa­
ratus and some details, as an illustration to the formerly 
given description. 

On this plate Fig. 1 represents the whole apparatus, 
seen from above. In this figure A is the collimator, 
B the smaller nicol-bearer. C and D the two coils 2), 
E the greater nicol-bearer, F the prism with the tele­
scope, in which the spectrum is observed. The pointing 
of the smal ler nicol is obtained by the screw G and 
the steel-wire H H 3) . Fig. 4 shows the handle to 

which the wire is fixed, seem from the collimator. At 

J (Fig. 1) a weight IS hanging at the wire. The 

rotation of the nicol i� measured with the telescope 

K, the vertical glass scale L, and the mirrors M and N. 

') Communications etc. N°. 7, 15. 
2) N°. 7, p. 14 .  
B) " " N°. 1 5, p. 18 .  

, l  
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Fig. 2 represent s the greater nicol-bearer 1) on a 
larger scale. The upper part of the figure is d rawn 
in section, the lower part in aspect. In this  figure a 

is the nicol,  which is held i n  a ring wtth adj ustiug­
screws b, c the glass-plate fixed in the fla11ges by the 
n ut d. The packings are here and at . other places 
i ndicated by black lines. The gas can enter the appa­
ratus by a tube which is fastened to the nut e, and 
to which also the manometer is  connecte d .  f is thfl 
experimental  tube, w hich is fixed to the nicol-bearer 
by the nut g, h is the section of the level on the greater 

nicol-bearer, i are the tubes through w hich water cir­
c ulates for equalizing the temperature, k the supply­
tube t hereof with the thermometer l. A similar tube 
with thermometer serves for the outlet of the water. In 
fig. 1 both tubes are visible1 Between the experimental 
tube and the water-tubes we fin d  a l ayer of i n cl iarubber. 

Fig. 3 represents the smaller n icol-bearer, d rawn in 
the same way as fig. 2. The meaning of a-d, {, g, i 
is the same as i n  the former figure ; e is the beam to 
which tbe steel wire is  fixed (see also fig. 4.) 

The wave-length is  a lways d etermined by a calibra­
tion of the spectrum with lines of FRAUNHOFER. 

The gases are taken from commerci a l  steel  and i r0 1 1  
cy linders, a n d  are analysed b y  H 1��1PEL's pipetts. 

With carbonic acid and n itrogen monoxide only a 
moderate pressure could be used . Close to the condens­
ing point the i mage of the slit was too much confused 
to admit good pointings, a consequence of the gt eat 

1) Communications etc. N°. 7, p. 12 .  
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variabi l ity of Clensi ty with temperature. With these 
gases it became n ecessary to envelop the euds of the 
experimental tube and the nicol· bearers i n  cotton-wool. 
A t  these moderate pressures the manometer-readings 
were found nut to bt · sufliciently accurate. The measu­
rements shall be repeated with better deterrninations 
of the pressures ; the now obtained results are to be 
considered as preliminary ones. 

Now the method of observation and of calculation 
shal l be explained more detai led. 

The measurements of the rotations are a lways d ivided 
i n  sets of fou r  poin tings. At the beginning of each 
�et the d i r ection ol the ray of light was corrected 
Then the telescope was pointed to that part of the 
spectrum, at which a Jetennination should be made ' 
and its positiou read on a di vided circle. Then readings 
were made on tlJe manometer, the thermometers which 
give the temperatures of the g

·
as, and those from gal­

vanometer and shunt. Hereafter fol low fou r  poin tings, 
with current-directions which eau be repn�sen ted by 
( + - - + ), which poi nti 1 1gs are made i n  this manner, 
that the black band in the spectrum, which already 
is made visible by a preli minary turning of the nicol , 
now by more turning is adjusted exactly on the ve1 tical 
wire in the telescope, after which immediately the 
gal vanometer h; read, and the current is opened. Then 
fol low readings of the zero of the galvanometer, the 
position of the u icol, and the l e ve l .  A fter such a set 
of fom paintings the manometer and thermometers 
are read again, and then a new set begins with 
another wave-length. 
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At the beginning and the end of the observations 

the reducing factor of the gal vanometer is usually 

determined, and also the d istance of the mirror which 

serves for the measurement of the rotation of the 

nicol. 
At tht• beginning of the calculations corrections are 

added to the four mirror-readings, which determine the 

position of the nicol, in order tu obtain quantities 

proportional to the rotations, and t hen corrections for 

the rotation of the greater nicol, which is measured 

with the level .  When we call the so obtained quanti­
t ies �1, �2• �3 , �4, and the corresponding galvano­
meter-deflections a1 , a2, a3, a4, 1t will easi ly be seen that 

t he two quantities 
�1 + 

(})2 an<l 
�4+ 

�� ought to b e  
a1 a2 a4 °3 . 

e
.
qual, and proportional to the constant of rotation for 

the given pressure, temperature and wave-length. 
These two quantities are therefore calculated, and 

when they dtfl'ered more than 2%, which did not often 
happen, the set was . cancelled . . Usually they dif­
fen•d less than 1 %, and the mean of both was taken. 
The red ucing factor of the galvanometer and the density 
of the gas were calculated, with due regard to the 
deviations from the laws of RoYLE and GAY-LussAc. 
Also from the dimensions of the apparatus a prelimi­
nary factor was cakulated , by which t he rotations were 
expressed in mmutes, for unity of length and magnetic 
force, and for a pressure of 100 KG. pro cl\12. 

In th1s manner the following numbers were obtained 
I n  the first place the measurements with air and oxygen 
are ont.:e more communicated, on account of a better 
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determination of some constants, which till now were 
only preliminarily measured . 

The wave-lengths A are expressed in 
1d00 

mM., the 

rotations n in minutes. 
A ir ( 100 KG., t = 7.00). During the observations 

the pressure was 91 .5 KG. 

;, n .106 ;, n. 1 06 A n.106 
0 ( i78 441 0.5 1 9  731 0.445 994 

627 508 500 787 434 1 038 
583 587 477 8fi7 420 1 1 03 
549 6�8 460 924 

Ox11gen ( 100 KG.,  t = 7.00). Admixtures 1 .4%, probably 
nitrogen. Pressure during the observations 88.5-
97.8 KG. 

;, n. '106  I o.6�4 

n. l06 A n.106 ;, n. tO  6 

0.684 484 547 0.507 696 0.450 818 
o67 484 603 542 506 690 446 838 

1366 485 578 590 505 690 445 840 
664 483 578 582 503 698 439 870 

660 493 578 580 477 755 433 875 

630 5 15  578 577 477 756 423 922 
630 512 578 577 477 760 423 918 
ti30 5 15  549 6�4 477 757 423 922 
630 5 1 6  539 635 460 797 423 926 
606 543 538 635 460 803 

604 545 5�7 653 456 818 

Nitrogen ( 1 UO KG., t = 14.00). Composition : N 93.95 

o/o , 0 4.HO %, C02 1 .25 %· Pressure during the ob-

servations 90.0-109.2 KG. 



;.. n.106 

0.656 448 
656 4ft'� 
656 440 
643 486 
620 488 
6 1 9  496 
6 1 9  497 
589 563 
589 557 
589 554 

;.. n .1 06 
0.583 585 

554 626 
5[14 6 1 9  
554 624 
543 667 
527 702 
527 705 
527 695 
51 8 732 
517 731 

;.. n.1 0 6 

0.5 1 7  728 
517 723 
486 836 
486 83� 

4·86 H2 1 
477 849 
456 938 
455 950 
454 944 
43o 1033 

;.. n .10 6 

0.431 '1069 
431 1068 
431 1 072 
42:i 1 1 0:2 
423 1 11 5 
423 1 085 

423 1 '1 1 0  

From the results for those wave-lengths, which are 
nearly equal, the means are taken) a nd with these are 
calculated formulae for interpolation of the formerly 
announced form, in which a weight p is given to each 
number equal to the n umber of set, from which it 
is deduced. At the samA time the rotations calculated 
with these formulae are compared with the observed 
rotations.  

Air ( 100 KG., 7.00) . 

n. t os = 200.2 47.68 
= 

200.2 ( 1 0 238) 
}. + ),3 ), + ;..2 

0.678 
627 
583 
549 
519 

n. 1 0 6 
Calculated 

448 
513 
584 
653 
727 

n. 1 0 6  
Observed 

441 
508 
587 
658 
731 

Diff. 
7 

5 
-3 
-5 
-4 

500 
477 
460 
445 
434 
423 

n.106 
Calculated 

782 
859 
9:l5 
99 1 

1044 

1 1 03 

Oxygen ( 1 00 KG. , 7 .00) . 

n .106 
Observed 

787 
857 
924 
994 

103H 
1 1 03 

Diff. 
-5 

2 
1 

-3 
6 
0 

27 '�.5 :20.04 27 '�.t)(' 0.0730 ) 
n. l 06 = - + --3 = -- 1 + . 2 }. ?. ?. , /. 

0.684 
664 
630 
604 
578 
549 
5385 
527 
f'l05 
477 
460 
453 
4555 
436 
423 

1 
4 

4 
4 

5 

1 
2 
1 
4 
4 
2 
2 
2 
2 
4 

n. t Os 

Calculated 
46'� 
48'2 
5 1 () 

545 
579 
621 
638 
658 
699 
760 
803 
82 1 
843 
871 

9 1 4  

n. I Os 
Obsen·ed 

484 
48u 
5 1 4  
544-
581 
624 
635 
653 
693 
757 
800 
8 1 8  

8;i9 
872 
9:22 

Oi fl 

-20 

- 4  

2 
1 

- 2 
-3 

3 
5 
6 
3 
3 

3 

4 
- 1  
--8 

If the admixture is supposed to be only nitrogen ,  

we flnd for pure oxygen : 
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n.10 6 = 275.7 + 19.52 
= 

275.7 (t 
).. ).. ).. 

0.0708) + 
)..2 

Nitt·ogen ( 1 00 KG. ,  1 4.00). 

n.l0 6 = 
177 .� + 5�.18 

= 
1 77.\-l (t 

).. )..3 ).. 
0.293) 

+ �  
).. p n.106 n. 106 Difl. 

Calculated Observed 
0 .656 3 456 44 '" 12  

643 1 473 486 - 1 3 
619 3 507 494 13 
fl875 4 560 565 -5 
554 ::1 628 623 5 
543 ·t 654 667 - 1 3 
527 3 694 70 1 -7 
517 4 722 728 -6 
486 3 821 830 -9 
477 1 854 849 5 
455 3 945 944 . 1 
432 4 1 059 -1060 - 1 
423 4 1 1 1 0  1 103 7 

For pure nitrogen we find : 

n.10 s = 
1 72.5 

+ 53.�5 
= 

1 72.5 ( 
1 ).. )..0 ).. 

0.31 0 ) + )..2 . 

I f  we reduce the results for nitrogen to 7.00 and 
then calculate the formula for air from those for oxygen 
and nitrogen, we find : 

n. I Os = 
1�8.0 47.51 = 1 98.0 ( t 0 .240 ) -}.- + )..3 ).. 

+ )..2 . 

1 1  

which formula agrees sufficiently with that which was 
found above. 

The observations with carbonic acid, and with nitrogen 
monoxide lead to the following formulae : 

Carbonic acid ( I  atm ., 6°.5). Pressure during the obser­
vations 18.9-24.7 KG. 

n. tos = 284.3 + 87.68 
}. J:3 

Nitrogen monoxide ( l at m. 
the observations 25.0 -32.9 KG. 

228.6 68.46 
n.108 = -- + --;T = ).. 

0°.0). Pressure during 

228.6 (1 0.300 ) -- + � -).. 

• 



Dr. L. H. SIERTSEMA. Measurements on the magnetic 
rotatory dispersion in gases. 

With the apparatus and method of observation , 
described 1 t1 the former communications 1) ,  and in the 
first part of  the present one, the rotatory dispersion is 
now measured in hydrogen, and the following resu lts 
are obtained : 

Hydrogen (85 .0 KG., t = 9°.5) . Admixtures 1 .7 %, 
without oxygen , which admixture is the most impor­
tant on account of its small dispersion. Pressure during 
the observations 77.7- �13 .7  KG.  

0.656 
)) 
)) 
)) 

0.6 1 9  
)) 
)) 

0 .589 
)) 
)) 

n.106 
370 
:-365 
362 
36 1 
414 

417 

408 
468 
466 
460 

A n.106 I 

0.589 47'2 
0.555 527 

)) 526 
)) 526 
)) 527 

0.5�7 593 
)) 589 
)) 582 

0.5 1 7  614  
)) 6 1 4  

J.. n. 106 

0.5 1 7  606 
0.486 683 

)) 688 

)) 6% 
)) 691 

0.454 803 
)) 801 
)) 796 

0.43 1 897 
)) 889 

J. n . l06  

o.43t  89o 
l) 898 
)) 900 

0.423 �)2 1 
)) 938 
)) 935 
)) 939 

Calculating a formula for interpolation in the same 
manner as for the other gases, and comparing it w1th 
the observations, we find : 

1) Communications etc. NO. 7, 1 5. 

1 3  

Hyd1·ogen (85.0 KG., t = 9°.5). 

n. l 0 6  = '140.3 + 45.82 
= 

1 40.3 ( 
1 A As ).. 

0 326 ) + --A 2 J 
).. p n.l06 n 106  Diff. 

Calcula ted Observed 

0.656 4 376 364 1 2  

6 1 9  3 412 413 -1 
5X9 4 462 466 -4 
555 4 521 5�6 -5 

527 3 579 588 -9 
517 3 603 61 1 --8 
4b6 4 688 689 - 1  

454 :J 799 1300 -1 

43 1 5 898 896 2 

423 4 937 933 4 

The rotation is positive, as with the other gases. 
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