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Physics. - "On piezo-electl'ic and pyro-elect1'ic pJ'ope1,ties of qnal'tz 
at low temp!l'atures do~vn to t!tat of liquid /'yd1'ogen." By 
H. IÜMERLINGH ONNES and Mrs. ANNA BECKMAN. Oommunication 

N°. 1321 ü'om the Physical JJaboratol'y at Leiden. 

(Communicated in the meeting otFebrual'Y 22, 1913). 

§ 1. [nt?'OCluction. As many Cjl1alities of solid bodies are mllch sim
plified at very Iow temperatures by the considerable decrease of the 
calorie motion, it seemed desirabIe to examille also [he piezo- and 
pyro·electric eifects under these probftbly favourable circumstances. 
In order to make a preliminary inquiry into this branch of the 
subject we have measured the piezo-electric modulus of quartz, per
pendicular to the axis, down to the tempenttures of liquid hydrogen. 

Then we have also, at the temjJeratures of liquid air and liquid 
hyclrogen, observed the pyro-electric phenomenon of quartz, which 
FRIEDEL. OURIE and others have examined at higher temperatures. 

§ 2. .J!lea<Jurements of the piezo-electricity of qUa1'tz at Zow tem
pemtures. The measurements were e.ffected by the generation of 
electricilyon a quartz plate, which was kept at low temper~tUl'es 
and compared with a similal' plate at ol'dinaJ'y temperature. The 
generated charge was measureel with a quadrant electrometer. Both 
the plates were of the &ame sort as is us ad in the ordinary OURIE'S 
instrument, that is to say, they wel'e cut out of the. cl'ystal parallel 
to the optical axis anel with the broadest side perpendicular to one
of the electrical axis. 

They were 7-8 cm. long, 2 cm. 
~Hl broad and 0.06 cm. thick. The two 

broad, sides were coated witJ..I tin 1). 

One of the tin coatings of each plate 
was earthed, the two othel's were metal
lically connected with one another anel 
with one pair of quadrants of the elec-

. trom eter, as is shown in the figure. 
The other pair of quadrants was earthed. 

All 1he connectIons were enclosed in brass tubes, which were in 

1) The tinfoils were apt to get loose from the plate in thc liquid oxygen, which gave 
rise to blisters i it would of course be bet tel' to employ a platinized quartz plate, 
silvered: Then, too, the use of cementing material between the metal coating and 
the quart~ would be obviated. 
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connection with the earth. The electrometer needIe was kept at a 
constant potential of 120 volts. 

'fhe quartz plate Ql was sllepended in an earthed meta~ case and 
carried a scale pan, on wllich weights couid be placed, in order to 
stretch the plate. Q2 was put in a Dl!.WAR glass; its lower end was 
fastened in a brass support, which was earried by the cap of the 
vacuum vessel; the nppermost end was suspended by a brass rod 
to one arm of a balance, whose other arm carried aseale, which 
couid be loaded witlI weights. In order to be able to close the vessel 
hel'metically (whi('h was quite necessa)'y), and at the same tIl1lC make 
the free movement of the rod through the co\'er possibJe, it was 
simplest, for these prelimmal'Y measurements, to use an elastic india 
l'ulJbel' tube which cJosed ronnd the rod and the tube in the 'cap. 
A'! we shall see tlus had only a slight effect on the relativemeasurements. 

WJthin the glass the qual'tz plate and the support were sl1lTounded 
by a bl'ass net in connec.tlOJ1 with the earth. 

The measurements were made in the following way: first the 
plate Ql ,vas stl'etched by a weight (.500 gl'.) and the deviation of 
thc electrometer needle was observed. Then this plate was earthed, 
alld when the connectioll with the earth was broken, the weight 
was rcmoved and the deviation Ol tbe electrometer to the other 
sic1r \"as observecl. The sum of tbese deviahons is proportional to 
the quantity of electl'IcÏLy generateel. Then the electricity wllich was 
generatecl on Q2 was measureel 111 the sa,me way. Inuueelia,tely befol'e 
anel aftel' the meaSlll'ements the electJ·ometet· was calibmted with a 
WESTON element. The sensibility changed very hltle. 

The insulation was genel'ally ver)' good, so thai thel'e was seldon! 
any need of making COl'rections for leakage. 

Always five or seven tUl'nings of Ihe eJectrometer neeclle were 
observed. Frol1l these tl10 eventual C'orrections fol' incomplete insula
tion coulel be caJculated. 

§ 3. Results. I. Both the qual'tz pI aLes at room temperature 
(T= 2900 K.). 

The cleflections wet'e 

127.2 
164,.0 

127.0 
163.6 

127.6 
163.2 

127.4 
163.3 

mean values 
127.2 
163.6 

Tlle WESTON element (1.018 Volt) ga\'e 34.4. 

The capacity of the electra meter, of the connections to Ql and 
of QI itself was abont 150 cm., that of the connection to Q2 alld 
ot' Q2 was auout 100 cm. BJ' the coolillg of Qx its capacity changes. 
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Il. Q2 in oxygen boiling unde!' a pressure of 21 cm. T = 786 .5 It. 
mean values 

Ql 130.6 130.1 130.3 
165.2 165.7 
One WESTON element 34.4. 

lIL Ql in boiling hydl'ogen, T = 20°.3 K. 

129.6 
165.4 

130.5 
165.5 

130.0 
165.4 

One W:MlTON 34.4. 

IV. Q2 at ol'dinal'y tempel'ature, T = 290° IC 

165.4 

mean vaIues 
130.0 
165.4 

mean "alues 
QI 127.1 127.4 

163.0 

127.1 
1628 

126.8 127.0' 127.0-

Q2 162.5 163.1 162.7 162.8 
One WRSTON 34.3. 

lil order to examine the influence of the eJastic connection between 
Q. and the cap of the vaCUllm vessel, two meaSUl'ements were 
made without the elastic tube, one at ol'c1inary tempel'atme and the 
othel' in liquid mr. The.se ga~e 

V. Q2 at ordinal'y tempel'atul'e, T = 290° K. 

QI 126.2 
Q2 167.4 

1268 
168.1 

127.7 
168.1 

127.5 127.1 
167.8 168.3 

One Wl~STON 34.3. 

meau values 
127.0 
167.9 

VI. Q2 at the tempel'atllre of liquid air, T = 80° IC 

129.6 
169.3 

129.8 
170.1 

129.7 j 29.9 
169.2 169.4 

One WESTON 34.3. 

mean values 
129.7 
169.4: 

By immel'sing Q2 int0 tbe bath of low temperatnl'e the deviations 
are thereby changed fOl' bath the plates. Tbe change was at the 
meaSl1l'ement 

II (T= 78°.5 K.) 
IJL 20.3 
VI 80.0 

Q, +l.JD/o 
1.0 

0.9 
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'rhe electl.'icity genel'atecl on Q2 was tllllR at all events 1esB 
than at orclina1'y temperatul'e. The decl'ease was 1 30

/ 0,1.2 0
/ 0 , J .2 0

/ 0 , 

The influence of the elastic connection falls within the limits of 
errors of observation. lu the absolute measurements the connection 
causes a clecrease of about 3 0/0' 

Thus we may conclucle that the cooling from 2900 K. to 800 K. 
causes a decl'ease of 1.2 % in the piezo-electric modulus. A ftuther 
cooling from 800 to 200 causes a mnch smaller change, it appears 
e\'en less than 2 0

/ 00 The importance of this result is perhaps that 
the change In the piezo-electl'icity by cooling to low temperatUl'es 
seems to take -place chiefly above the temperatul'e of liquid air. 

§ 4. Pyro-elect1'icity of qua1'tz. As has al ready been said, we 
also made sorne observatlOns on the pyro-elecll'icity of qual'tz at the 
temperatm'es of liqmd aIr and hydrogen. The pressure under w;üch 
the hquid rOl1nd Q~ bOlled was changed. By the change of tempe
rature, which 1S the consequence thereof, a pyro-electric charge IS 

genel'ated on Q2' The deflectiolls of the electrometer were 

o 

for 90 
86.5 
82.5 
78.5 

o 

K to 86.~K+ 27.5 mmo 01' pel' degree + 8 5 mm.~mean valne 
" 82.5 + 27.0 " "" " + 6.5" per 
" 78.5 + 27.5 " "" " + 8.5" degree 
,,90 - 89.0 " "" " - 7.5" 7.8 mmo 

o 0 

20.3K " 15.2K + G .. ~ " """ + 1,4 mmo ~ 
152" " 20.3" - 7.8 " "" " -1.6" 1.6 

between 20.3" and 15.8" ± 14.3 (double deflect.) ± 1.7 " 

The cleviation 7.8 per degree at the temperatures of liquid oxygen 

1.6 pel' degree at the temperatures ofliquid hydrogen 

h~s by an incl'ease of temperatUl'e the same chrertion as by a 
stretching of the plate. 

We note that the gene~ated PYl'o-electric charge is about propor
tional to tbe absolute tempel·atlll'e. 

We wish to record om hem'tiest thanks to MI'. G. HOI ST, assistant 
at the phySlCtÜ labol'atOl')', fol' his assistance at our expel'iments. 
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