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time~of-flight measurements. Here a new method, based on the
measurement of the (D.C.) voltage—-current characteristics
of a diode undér conditions of complete space charge limita-
tion is reported and the mobilities of the positive ions,
as a fuhction of temperature, are shown and compared with
the known values. (Measurements on negative mobiiiiies are

in progress.)

The peculiar behaviour of the mobility in the vici-
nity of the lambda-point is emphasized and an attempt is ma-
de to correlate 1t wwth the temperature dependence of the
aotlvatlon energy for. ratons measured by Yarnell, Arnold,
Bendt and Kbrr<§> and by Henshaw and Woodség)

The precision and the limits of such a methbd are
then discussed and the conclusion is reached that +%his method
is likely to be used for mobilities not oo high (roughly,
less than 2 cm® / volt, sec); this suggests that it could
3

be employed with success on other liquids, like He” for ex-
ample, which have mobilities much lower than superfluid he-

lium.

The Method, ")

We define "complete space charge limitation" in a

(10)

diode follow1ng Ivey*, to be the situation where the cur-—

‘rent is so high that the value of the electric field

T = - grad V

(+)~ Electrostatic c.g.s. system is used all through thls,
report,
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the definitions

; v = drift velocity; A« = mobility; E'=

provided that the following conditions

ent of the electric field (+this condi-
if the energy gained by an ion from
two successive collisions with the gas
1 compared with its energy);

he sign moving in the fields

L velocities of the ions.

(10)

gives the solution
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I = 9 _/‘{.-*'.. V
32 Pl

(x= distance between the electrodes);
- cylindrical electrodes(i.e.;two concentric indefinite

cylinders)

VR

2 roR(r/r,)

.(1) is=

(i= electric current per unit axial length of the electro-
des; r,= emitter radius; r= collector radlus) The function
R(r/ry) is different according to which of the electrodes
(internal or external) 1s the emitter:

- internal emitter (ro<:r)

) ‘ . - L ro s ,E% ] : ‘ 1hro F)Z
3\ . ——— - a"! ——— o - “’Q'" o8 =
(2) | R(ro ) = LT T - e ' J

external emitter (r,> r) ' _
) N 2
S R RS N L LI ]
_.. = y + ln—- : B !
T, {! ro j ' 1+£1 -(r/fo)z %‘J

We p01nt out that both sclutlons (for plane and cy-

llndrlcal geometrles) can be written as follows:
(3) YN
3 I= oMV
where I is the total current collected at the collector

and oL is a geometrical fachor which does not depend on

o
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field, nor on the physical conditions
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Superfluid Helium,
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line is a best fit to the experimental results, greater

weight having been given to the measurements of Careri,

(5,6) (2,4)

Cunsolo, Dupre and Meyer, Reif , based on time-—

—of flight methods, which were more reliable technically.
The best fit curve is composed of two straight lines, the

change in slope occurring at A1.25°K.

A theoretical calculation of the mobility can be

performed following the theory of Zharkov and Khalatnikov(7)

3 atoms dissolved in 1iquid‘He4; the re-

(3)

Tor the case of He

sult is reported by Careri, Scaramuzzi, Thomson

(4)

and by
Meyer, Reif and gives the following temperature depen-

~dence of the mobility
(4) A o< T_1 exp ( 4/KT)

(k=Boltzmann's oonstant) 4/k is the roton activation ener-
&gy (expressed in degrees Kelvin), postulated by Landau<7) nd
. measured by Yarnell, Arnold, Bendt, Kerr< ) and by Henshaw,

Woods(g), and is found to be slightly temnerature dependent;

Yarnell and coworke¢s give the following empiriecal relation:
(5) 4 /K = 8.68 - 0.0084 T' oK.

The eXperimental results exibit the feiiowing beha-

R 1
viour:

|
(8) ' ,ﬁlﬁd exp ( ﬂ/km).
B

of 8/K: 3 |

The two slopes shown in fig. 1/ correspond to two values
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The Experiment.
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irection. In the same paper the log fgver
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hange in slope of fig. 1 is accounted

ne range from 1.5°K up to 2.09K the ex-
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[fhis 1s attributed to the temperature
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ntrary, the effect of lowering the mo-
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3]

consist of a diodes; one of the electro-
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210, which emits alpha-particles of

deg is plafed with Po
5.3 MeV, with a range in superfluid helium of 0,22 mm; the
same electrode (emitfer) ig connected to a regulated volta-
ge supply, while the collector is connected to a vibrating
reed élebtromefer, which can measure currents down 1o 10—15
ampere. The output of the electrometer is sent to a recor-

der. Fig.2 shows a block diagram of the system.

The apparatus is immersed in the helium bath with a
stendard low thermal conductivity support and the tempera-
ture is kept constant, with a heater-thermoregulator, within

0.001°K.

Two kinds of geometries have been used: a plane one,
shown in fig.3, and a cylindrical one, shown in fig.4; both

drawings are with cylindrical symmetry.

The condition of complete space charge limitation
is checked, as already said above, by plotting the current
versus the square of the applied voltage and checking that
it lies on a straight line: fig.5 shows a typical plot of
i versus V° . From such plots the slope i/V2 is computed;
it corresponds to the mobility except for the scale factor
&_of-equation (3), which does not depend on temperature. X
has been found, in a first approximation, from the mobili-
ty values of other authors for one temperature: with this
value of ={ the mobilities A for positive ions have been
.ealculated from the slopes i/V2 . Pig.6 shows the results
-for the plane geometry, and fig.7 those for the cylindrical
geometry; the solid line in both is the best fit line for

other authors' measurements, already shown in fig.T.
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Following this suggestion; the empirioal value of 5
deduced by comparing the experimental results with the
mobilities measured by other authors, has been introdu-
ced in egquations (1) and (2) and the value of r, calcu-
lated: it was found to be greater than the emitter radius
by a quantity érb = 0.19 mm, close to the range of the
alpha-particles. o o

c) The mean free path of the ions,'in’the'temperature region
in which the measurements have been taken, is so small
that the effects due to initial velocities of the ioms
are confined to +the highly ionized layer Quoted above

and are then negligible.

Besides these three conditions, the geometrical con
dition of indefinite electrodes must be considered, Looking
at flg 3, 1t can be seen that for the plane-electrodes ap-
paratue the ion source 1is smaller than the collector, which
means that the boundary effects on the beam of 1ons are felt
by the apparatus, and a priori these are not temperature—ln
‘ depehdent For the oylindrlcal-geometry apparatus this con-
v'dltlon has ‘been changed (see fig. 4) The presence of guard

'eleotrodes guarantees that the current which reaches the
| collector is negllglbly qffected by the boundaries of the
"-beam. Therefore, in thls case, the electrodes can be consi-
| dered indefinite. Thls difference between the two klnds of
dlodes could explaln the dlfferent results: the plane-elec-
trodes date (see flg.6) show a slope slightly different from
ithe best flt curve, while the cyllndrlcal—electrodes results
(see fig. 7) are in very good agreement with it. Then in the
”follOW1ng con81derat10ns we refer only to the latter geome-

, bry. :
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Comparing fig,7 and fig.7 (in which the experimen-
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r true; decreasing the temperature,

s as do the currents, V, becoming smal

v

o 1S a few volts, the method is no

minimum temperature, of course, depen-—

210

P

f the Po source: with the most in-

e, we were able to measure the mobili-

own to a temperature of 1.713°K.

nt of the mobility with the technique

e
U

give a new result, except in the re-
d the lambda-point. Fig.7 (and also
region a bending of thé curve towards

1 (results of other authors) the effect
measurements were not taken at tempe-
+0%X;5 such an effect was shown by Me-
(2>, but in the

, they do not quote it. An at-

st short communication

per(4)

terion must be established to define
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tempt has been made to interpret this effect in terms of

the temperature dependence of the rotons actlvatlon energy:
rlntrodu01ng equatlon (5) in equatlon (6) a correctlon in the
_ proper dlrentlon 1s obﬁalned ~but not 1n quantltatlve agre—

T

ement Wlth the data of flg T U51ng the same T dependence,

the coefficients are dlfferent°

It must be emphasized that:
(8)

ge 1.ﬁ°K - 1.8°K ; in the same range the mobility measure-

- -~ Yarnell and coWofkers obtalned equation (5) in the ran

" ments do not show any similar phenomenons

(9)

observed a strong decrease of 4A/K going towards the labda-

~ Henshaw and Woods do not derive any relation, but they
“~point; they took measurements also in the range 2.0°K -
'—=2.18°K and in this range 4/K varies from 7.5°K down to 5.4°K;
~ 1% *is hard +to sepeak of excitabions as quasi-psrdi-
cles in- the temperature region close to the lambda-point,

due to the very strong interactions between them.

Concluding, the theoretical approach described in the chap-
ter "Ionic Mobilities in Superfluid Helium" must be consi-

~dered only as a-first approximation .

‘Conclugions.

| The method here descrlbed although not at present
an absolute method 1s likely to be used with success for
the measurement of ionic mobilities, once the geometrical
constant of the apparatus has been established (using & li-

quid of known mobility). There is also some hope of making



out of it an absolut
siderations made abo
gress along these 1i
mobility of negative
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method, as a consequence of the con-
ve (see Discussion, b): work is in pro-
nes and for the determination of the
iong in liquid helium. Particular at-
ed to the temperature region close to
ere a larger number of measurements(both

ptive ilons) are in progress,

f the method (T 21.1°K in liquid helium,

<

-

2 cmz/ volt.sec) suggest using it

3

nch as He

e 1072 cm2/ volt.sec.

for example, which has mobi-

are grateful to prof. G. Careri for ve-

S

and suggestions.
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