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TRANSMISSION OF HEATER GENERATED HIGH FREQUENCY PHONONS
THROUGH A SAPPHIRE-He II BOUNDARY
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Wereport on a new methodto measuretheabsolutetransmissioncoefficient througha solid-He Il-boundaryby
determiningabsolutelythetemperatureamplitudeof thesecondsoundpulsesin theliquid.

Recently,SwanenburgandWolter [1] demon- __L_ I

stratedthat the measurementof secondsoundexcited ~ 2 j~~-2K]

by phononsincidenton a solid-He H boundaryis a
Je ~CU

2T2 ~COnst
usefulmethodto obtain information on thephonon
transmission.In their experimentthe ratio of the lon- I~

gitudinal andtransversewave transmissioncoefficients
‘Hea~er 10 K

could be determined.Wereporton a similarexperi-
mentby which the absolutevalue of the total trans- \
missioncoefficientis obtainedfrom the temperature 2.0 ~ £ D

amplitudeof the secondsoundpulseusinga supercon- — ~j ~normotizedUt 15 K

ducting Sn-I-Sn tunnelingjunctionasa fast thermo- £ 8 2

metercalibratedon thebasisof the nonlinearpropaga- A

tion propertiesof secondsound. In our experimenta
constantanheater(0.678 mm

2)wasevaporatedon 0,5

oneendof a sapphirecrystal (mechanicallypolished,
1 cm diameter,1 cm thick). Phononsgeneratedby ap- 1.1 12 13 1.~ 15 16 17 18 i[K]

plying voltagepulsesto theheaterandincident on the
oppositeendof thecrystalarepartly transmittedand Fig. 1. Comparisonof TD andT

2

excitesecondsound.The superconductingSn-tunnel
junction, 1 mmapart,1 mm

2, evaporatedon glass,
servesasa detectorfor the secondsound.Contraryto Making use of therelation
[1] separateobservationof secondsoundpulses / = ~Cu T (2)
causedby longitudinalandtransversephononswasnot e 2 2
possiblewithour setupdue to mean free patheffects (Je = energycurrentdensityin secondsound,p. C=

in theHe II (see [1]). specificheatpervolume,u
2 = velocity of second

In a preparatorystepwe show,that thereis a simple sound)andholdingj~= constexperimentallyprovides
relationbetweensecondsoundtemperatureamplitude a secondsoundtemperatureamplitudeT2 =

anddetectorsignal. Coflst/pCu2 known to a constantfactor in its varia-
The signalcurrentof thejunctionbiasedbelow tion with bath temperature.The measurementsshow

2/~sn/eis givenby (small signal limit) that
7’D ~‘ 1/pCu

2 T2 (fig. I).

h The constantof proportionalityrelatingTD and T2
~ ~jf TD, (1) is obtainedby making use of theamplitude depen-denceof the velocityof secondsound[2,3]. The ye-

(~th= thermaltunnelingcurrent,TD = deviationof locity of secondsoundof finite amplitudewith no
thequasiparticleoccupationtemperaturefrom equi- shockfront developedis u2 = U20 + ~2

0n’ whereu
20

librium).
279



Volume SOA. number 4 PhYSICS I l’TTI’.RS 6 lFL’cmhcr 974

T 1.60 K typical for the secondsoundpulsesdetectedis shown

Energy currentfalling on in fig. 2. The signalamplitudeAB is due to phononsT~
Duration ot interface 3.6 io2 ~2 travelling directly from theheaterto theoppositesideheaterpulse Energy current in the tielium of thecrystal, whereasthe additional rise (BC) is due

6,g1O-~~ to phononshaving undergonemultiple reflectionsin
C

12 15 10~
3K

thecrystal. Thus,T
2 at point B is relatedto the energy

flux in thecrystalcalculatedin the heforementioned
way. The transmissioncoefficientwe find is 21~X’orT2 ~ oter Power Density

heatertemperatureamplitudesfrom 6 to 20 K corre-
spondingto phononfrequenciesof 400 Gl-lz to
1 .2 THz. In our experimentthis is an averageover the

1 Psec longitudinalandtransversepolarizations.It is known,

Fig. 2. Typical secondsoundpulsesignal asdetectedby thc however,that the transmissioncoefficientsof longi-
tunneljunction. tudinal andtransversephononsinto liquid He do not

differ very much [1, 6] - Our valueis in agreement
is thevelocityfor vanishingamplitudeandv,~theye- with whatGuo andMans [61 find from a reflection
locity of thenormal fluid. a2 hasbeendeterminedex- experiment.

perimentally [31.Using T2 = (ST/Cu2)v~we obtain Corrections[5] madefor neglectingthedirect en-

u2 = u20/(1 -- a2CT2/ST) (3) ergy flux froni theheaterinto the helium bath shift
the calculatedtransmissioncoefficientat 400 GHz to

S = entropy,T = bath temperature. about38%. lshiguroandFjeldly [51find that the iso-
Fromthelast formulait is seen,that T2 can be lation propertiesof the gasbubbleincreasewith in-

measuredby time of flight experimentswith pulsesof creasingheatertemperature.Takingtheir datathecal-

finite amplitude. culatedtransmissioncoefficientswould decreasewith
Thecalibrationwasperformedby observingthe increasingheatertemperature,(or averagefrequency)

maximumof thepulse.We find TD = 1.35 T7 in ac- in accordancewith [71
cordancewith an estimatetaking accountof the reflec-
tion of secondsoundat thejunction of theheatcur-
rent into thesubstrate. References
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