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III. Conclusions 

We have shown that the waves of Figure 24 and equation 25 are 

not observable under our conditions of measurement to within two orders 

of magnitude of the height of second-sound waves under similar condi­

tions. The possible reasons for this unobservability are many, and we 

shall discuss them. The discussion naturally groups itself into two 

parts, limitations on the derivation and limitations on the apparatus, 

and they will be discussed in this order. 

The most obvious apparent difficulty with the theory is that R, 

the viscosity coefficient, may not be large enough. Although, admittedly, 

not enough is known about the structur e of the packed rouge and the 

mechanics of flow of helium in the channels to permit a responsible 

calculation, there is ample experimental evidence that the normal fluid 

is effectively clamped. The most sensitive experiment for detecting 

normal fluid flow through packed rouge is due to Pellam and Craig {15}. 

In it, lift on an airfoil in a superfluid wind tunnel is sought. This tunnel 

was formed in the chamber between two packings of rouge and the 

superfluid component was made to flow by a heater. The test of lift on 

an airfoil is a very sensitive one for presence of viscosity and hence 

normal fluid flow in the chamber and the absence of lift shows that the 

only component of liquid helium to get through rouge is the superfluid 

component. 
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The next apparent difficulty is that the viscous force may vary 

some other way than linearly in the velocity of the displaced normal 

fluid. Judging from all the other surprising facts that have been dis­

covered about the flow properties of liquid helium, this could con­

ceivably be the case, although it is not likely. We believe, however, 

that the non-observability of the waves is due to experimental limitations. 

The essence of the trouble is that temperature differences in 

rouge are brought to equilibrium by a diffusive equation and not by a 

wave equation. This means that the rouge in the bottom of the resonance 

chamber is constantly taking away the heat that we are putting in, and 

in this way destr .oying the resonance. From a study of the rouge density 

we concluded that in our last experiments the rouge accounts for half 

of the volume of the space wherein the new thermal waves are exp e cted 

and, since the particles are small, there is ample surface for heat 

exchange and consequent degradation. The best way to avoid this would 

be to find a substance which is as suitable as rouge in all ways and 

also has a much lower heat conductivity at these temperatures. 

Lastly, let us with hindsight examine the Fountain Effect and 

how it starts up. The heat signals that are transmitted through the 

rouge are highly dispersed by the time they get to the other end. This 

means that if the heat input as a function of time is a step function, for 

example, the flow of helium toward the heat source through the rouge 
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would be some highly dispersed function of time different from a step 

function. If, on the other hand, we could use as a semi-permeable 

material something that didn't absorb heat, the heat flow would be un­

dispersed. 

The exact form of the dispersion could be determined by using 

a very long, tightly packed rouge column and observing the fluid flow 

rate through the rouge that is brought forth by a fixed heat source wave 

form. 
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FIG . 13A TYPICAL RECEIVER OR TRANSMITTER 

ELEMENT 

SILVER PAINTED GROUND 

...----t+--t--- SILVER PAINTED TERMINAL 

__ ~~---"""" CARBON FILM 

FIG. 13 B TYPICAL COMBINED RECEIVER AND 

TRANSMITTER ELEMENT 

SILVER PAINTED RECEIVER TERM. 

,,~-\-\-+--- SILVER PAINTED GROUND 

S I LV E R PA IN TED T RAN S MIT T E R 

TERMINAL 

__ ~~--....::=- CARBON FILM 
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