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: INTRODUCTION.

In a previous commun1cat1on( ), henceforth referred
to as BS, a new method for the measurement of ionic mobilities
was presented, It was pointed out that this method is limited
by technical reasons to mobjlities not greater than ~ 2 cm¢/
/volt.sec. The results of measurements made-for positive ions
in superfluid helium were reported and analyzed in the light
of prescnt knowledge about th1s subJect._

, In this paper further measurements made by the same
method aré reported, Still con51der1ng superfluid helium, they
“have been ¢xtended to negative ions, Furthermore, the tempe-
rature region close to the- 1amhda~p01nt (2,18°K) has been ac-
curately scanned for both positive and negative currents in
order to precisely determine the anomalous temperature depen-
dence of the moh111ty in thlS region,

The va11d1ty and. accuracy of the method are discussed,

and the p0551b111ty of 1mprov1ng it to obtain a better abso]n-
te method is exam1ned

THE WFTHOD

It Wl]l be helpful to the reader to brlcfly rev1ew the
mcthod, Wthh has been described in detail in BS, .
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The appardtus consists of a simple diode whose die--
lectric is liquid He It has two main electrodes (a guard
ring is also used & avomJ boundary effects), One of the ec-
lectrodes has a Po “source deposited on it, The alpha-par-
ticles of polonium have a wange of ~ 0,2 mm in He® liquid,
so they produce a highly ionized layer close to this elec-

trode., An electric field of the proper sign can draw posi-
‘tive or meéegative ions outy of this layer, The jons move through
the ligquid helium and ans. collected on the second clectrode,
,iTho ‘current passing throygh the helium cnn he measured as a
‘functxon of the appllpd motcntlal '

RIS ; "Complete sp1Cc nﬁdrpc 11m1tat10n is defined hy the
vanishing: of- the electriag field at the emitting. oloctrnde.
~.In this case -Pgisson's equation can hc ea511y solved for sim-
ple yoomctrles(z‘. It g1ves : :

‘(I.) o | o i= awve,

i.e., the current measured is prorort1ona] to the moh111ty u
‘and to the square of the applied potential V. a is a coeffi-
~cient which takes into account the geometrical parameters of
the system, For a cyllndrical aoomotrv(coax1al infinite cylin
ders), like that used in the present research, equation (I)
~becomes: S i :

A)  Internal emitter (r ?.T).
where: .
| r, 211/ To -1 To 2
R = {[1 - (=) ] - () cos (= ')}
B)  External emitter (rg >T),
(1) | s
2 fo'R
where
| : o ‘ r/r, ' 2
R = ,[1*-(—1:-—)2]*1/2 +-1In ' 1/2}
. RN r0> b 1+[]-(r/r0) .]

These formulas are in electrostatic c,g.s, units, i is the
current per upit axial length of the electrodes, r, is the
radius of the emitter, and r the radius of the collector,
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To verify that the condition of "complete space char-
‘ge lipgitation" applies, one checks that the plot of i ver-
sus V is a straight £1ne. The mobility is then eva]uated
from the slope s = i/V# of such a straight lnne.

Two dlfferent ways «can be followed to calculate the
kmoblllty

o .1+ By 1ntrodu¢1rg in cquatlon (Ip) or (Ip) the values
_of the geometrlcal parameters of the diode used Er and rg),
it ‘is-poessible to calculate the value of the constant a of
equatlon (I), Knowing-both a and s = i/V the mohlllfy va-
lue is 1mmed1ate1y ohtained.. In this way "the method is an
absolute one, ‘

2, Slnce for 11qu1d He4 T1I other mobility measurements
cx1st obt ained by other ‘techniques (3 * 7), it is possible
“to callbrate the whole experimental set-up (including the
geometrical constant a and the current detecting devices), by
~introducing in equation (1) a known_value of the mobility
together with the value of s = i/VZ%, medsured with the pre-
sent technlque under the sane physical conditions (i.e., at
the same temperature, nr¢$sure, etc,)., This enables onc to
derive a value of a, which is now an instrumental (not only
geomectrical) constant and tukes into account all the causes
of systematic errors, This value of a can then be used to
deduce the values of the mob111ty for other physical condi-
tions, for example at different tcmperaturcs. In thlS way
the method is not absolute,

In thls paper we decided to follow the second of these
two methods, because no. particular care was taken in de51gn1ng
“the experiment to avoid sysitematic errors, However, in the
last chapter an "a postcrloﬁl" comparison of the two methods
'is made and turns out to be rather sat1sfactory.

. THE EXPERIMFNT

. In BS reliable results were obtained for a cylindri=-
cal geometry (diode A): the inner cylinder (4 mm diameter)
' was the emitter, the outer (12 mm internal diameter) was the
collector., Further measurements. have been made with another
cylindrical diode (diode B), in which the emitter is the ex-
ternal cylinder (internal diameter 20 mm) and the collector
is the internal cylinder (10 mm diameter), For both diodes,
- guard electrodes were provided in order to be able to regard
“the geometry as infinite in the direction of the cylindrical
axis. In diode A the lenght of the collecting electrode was
20 mm, in diode B it was 2 mm F1g. 1 shows schematic views
of the two diodes, o

The polonlum source for diode A was prepared in these
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'FIG. 1 - Schematic views of the two diodes used for the mobility
measurements. Diode A has been used for the measurements re-
ported in BS. The emitting electrode is the inner cylinder. For
diode B, the emitting electrode is the outer cylinder. '
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Laboratories(x), by autodeposition from a solution of 50 mC
of polonium nitrate in nitric ~acid, and by then coating the
alpha=source with a thin layer of prlexiglass first and gold
afterwards., For diode B the alpha-cmitting ring was prepared
- by the "Radiochemical Centre"?; It had 50 mC of polonium
deposited on it and was then covered with a thin gold layer,

' ‘fﬁ3§ qu,Keitﬁ1éyumod. 241 Regulatedgﬂigh letagc Supply:
".unit;gwhich'can>nivc'up'to 1000 volt in steps of 0,01 volt,

sed (accuracy 0,08%) -

s measured by an EKCO mod . 616A Vibra-

‘{accuracy 5%), whose output was dis=-

sy

“on a Spcedomax Recordery

vv“v,m,"fMeasﬁreméhts*wéfc"taken”in}sevenfruns,”Thc tempera-
.ture repgiorn investigated is from  ~:1°K to the lambda-point,

o ”GA‘éet_of-fen vé1ué$'dfﬂthC'applied;vbltagé‘was syste-
';ﬂmatigally-uscd,acbrresponding to V4. varying from 10 to 100
o ovolt® in steps of 10 volt?, S . R

- ANALYSIS OF DATA,

. ff'TheprOts”of*thc,curréﬂtvversusLthe square of the _
applied voltage were to.a very good approximation straight 1i
" nes over the entire range of V  used, except at the lowest
. temperatures, where the highest two or three current values-
- were low with respect to the straight line, thus showing that
"~ the condition of complete space .charge limitation begins to
be .invalid, R T o ,

| Fig. 2 shows an example of an i vs, V2 plot, in a
case where the condtion of complete space charge limitation
is fulfilled¥, SENY

(%) - With the help of the'”Sezione,DosimetTica".

(+) -'UKAEA,‘The:Radiochemical Centre, Amersham, Buckingham-
: shire, England.,. ' ‘ : '

(x) - It will be noted that the straight line passing through
all the experimental points does not pass exactly through
the origin, This mecans that in the low voltage region
(V ¢ 1 volt) the current is not a linear function of .
the square of the applied potential (this is qualitati-
vely indicated by the dotted line in Fig. 2). This could
be ascribed to the mechanism of ion extraction from
the strongly ionized-égyer'created by the polonium al-
pha-particles., Dupré(‘ found a similar effect with a
slightly different geometry, and found it to be affec-
ted by a heat flow, Following Dupré's sugegestion, we
‘tried heating the helium at the bottom of our diode B,

'/'
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Table I gives, as_a function of temperature, the slo- .
pes s of the i vs, V2 plots and the mobilities, for c-
very run. The values of the coefficient a for the two diodes
have been evaluated a¢cording to paragraph 2 of page 4, by
- "using the values of § (one for each diode). indicated by
a4 star in the table, This gives: '

for diode A,  a = 128,5

6,061

for diqd@"B, o a
”( i,ris'in 10-;3 ahb,r'u in cm2/v01t.s¢¢., V in volt),

‘ : Fig. 3 is a plot of the logarithm of the mobility
versus the inverse of .the absolute temperature, Also the cx-
. perimental points obtained with diode A (already published in

" BS) are shown, The sttaight lines are best fits to the points

"+ in the low temperature region,

, . .To demonstrate the validity of our method we compa -
“te the results shown in Fig, 3, i.e., the temperature depen-

-~ dence of the mobility, with the corresponding results obtai~-
" ned by other techniques, =~ = - ’ : ‘

‘ L h?yer and Reif in their most recent paper on this
subject( , report a similar plot of log u versus 1/T for

‘'a larger temperature interval (0.6 < T < Tp), For tempera-

tures above 0.8°K the experimental pointg”lie on straight

lines (one for positive and one for negative currents), who-

.. -se slopes!*) are.

S

. - 8.8°%K ; for pdsitive‘-ions,

S

8.1°Kv,"for,nggatiVe,ions.

In the range from approximately 1,5°K up to 2,0°K, however,

~the experimental points tend to lie slightly above the straight
lines, as ~ though they f%sted'a straight line with a smaller
slope, In fact, Cunsolo‘’’ shows his results for positive ions
by fitting .them with two straight lines, the change in slope
occurring at = 1,3°K., The two slopes, corresponding to the

(x) - thus producing.a heat flow in the direction of the cy~-
lindrical axis., This did in fact change the shape of
the i vs, V4 plot, eliminating in almost all cases.
the curved part of it at the lowest voltages, and alwa
ys leaving unaffected to within ~ 1% its slope, The
"value of the slope ‘s used for the mobility calcula-
tions has been then evaluated in the straight line region,

(+) - All the slopes S regarding the log w vs, 1/T plots
are evaluated by using the natural logarithm of the mo-
bility. S .



Values of the slopcs

s -

CTABLE

i/V% of the’

i vs. V2 plots as a functlon

of the temperature T, The mohilities u are: then cvaluated fo]lowunp
the .method described in.paragraph 2 on page 3., In- the column "Run"
the gonventlonal name of the run is 1ng1captod i is in units of

is 1n cm /volt sec.

‘10 amp, V is in volt,

Positive Currents

”Ne&afiVépcﬁrreﬁts:”“

" 2,156

8,025

- .0,0624 "

Run ~ T s 5,1/V2“‘—t‘ Run T s = i/ve oy
{Diode B o | . Dlode B o
IIRO 40';1.248 6,225 . 1,027 -FERO 50 1,030 12,05 1,988
»‘:" 46 1,323 4,625 0,763 | " 46 1,323 2,650  0.437
S 471,323 4,725 . 0,780 St 47 1,323 0 2,613 0,431
M 49 1,337 4,150, . 0,685 " 50 1,342 2,375 0,392
"o49 1,431 2,775 . 0,458 M 500 01,435 1,659 0,274
o8] 1,431 2,675 0,441 4 " 50° 1,541 1,148 = 0,189
Sl 49 1,536 1,875% 0,310 | ' 50 1,678 0,796 0,131
| v 49 1.672 1,246 0,206 R 46 1,799 0,615 0.101 .
w49 1i745 0 19029 ali7o | 50 1.832  0.565 0.0032
v 47 1.700 0.918 . 0,151 | " 50 2,004 0,381  0,0629 ]|
w29 1,828 0,845 . 0,139 ] ' 50 2,062 0,326  0.0538
"o 49. 1,905 0,715 . 0.118 " .50 2,101 . 0,290 00,0479
o488 1,960 00,6367 - 0,105 48 2,141 0,244 00,0403
"o47 1,996 0,586  0,0967 M50 2,146 0,234 0,0386"
"o51 2,004 0,550 - ~.0,0008 | ' 50 2,185 0,215 0,0355
"o52 2,004 0.540 - 0.,0891 | " 50. 2,169 0,205 0,0338
"o 49 2,008 ‘0,553 0,092 |
" 49 2,049 0,495 0,0817 . { -
"o 49 2,066 - 0,474 0,0782
48 2,079 0,464 - 0,0759
" 49 2,083 0,446 0,0736
"o490 2,105 0.420 10,0693
"o49 2,128 0.385. 0,0635
"o48 2,141 - 0,371 00612
" 49 2,155 . 0,349 0,0576"
"o49 2,167 0,329 0.0543
"o49 2,171 0,321 0,0530
Diode A ‘
PCS 14 1,131 -~ 251,0 1,953
o - 1,273 116,0 0,902
i 1,446 57,70 0.449
" 1.658 27,75x 0,216
"o 1,894 15,60 . 0.121
" 2,090 10,00 0.0778
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indicated by a cross are those already published in BS, Fig. 7.
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FIG. 3 - Plot of the logarithm of the mobility A& versus the inverse

of the absolute temperature T. The upper curve is for positive mobi-
lities, the lower one for negative mobilities. The experimental points

10

!
Y

The

straight lines are best fits to the points at temperatures below 2°K.
Mobilities are in cmz/volt sec, temperatures in degrees Kelvin.
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two tempefatnre regiOns,ﬁare(xlz
P o =( Oy
Se (1 s 1,300 70K | L
, ' _ for positive ions
= 7.5°K
+ (1 3° 5 T < ZL) -

Fhé valuc (0 1° k) feund My Cunsolo in the 10w tnmperatnro
rcnlon is in good agroom@nt with the valuc (b.n K) found by
He)cr and Rol( for pOSJtive 1on9.

_ Comlng back now to our medsurcmonts, the slopes of
vthevtwo stra1ght lines of Flg 3 arc:

4.

= 7, 8 I ’ for positive ions,

W
|

S

7.]°K”u.for_negative ions.

(Slnce these measuroments have been taken in the temperature
‘range from ~ 1,2°K to. the lambda-point, the value (7,8°K)
‘fonnd for positive ions has to .be compared with the value
{7.5°K) Found by Cunsolo for the higher temperature region,
and is 1n a rather yood aproempnt with it.

It can he hclpful nt this p01nt to brncf]y summarize
what is known at present about the ionic mobilities in su-
pcrfluld helium in the temperature and electric field re-
gions in which-only elastic collisions between ions and ex--
citations are postu]atcd to occur, The only approach to the
problem made so far is a gas=kinetic one, con%ldcrln" both
excitations (in the temperatire region 'in which we are inte-
rested these are only rotons) and ions as hard-spheres and (4.6)
‘describing the. mob111ty in terms of the ions mean free path

This approach glVes a mohlllty’tcmperature dependence of the
- form

(II)’ ' ~ v ,oo T 1‘exp (A/KT)

A/k is the roton exc1tat10n encrgy and equals 8, 68°K, In the
proportionality constant are included the effectlvc mass of
the roton and that of the ion and the ion-roton cross-section.
‘The experimental results, as seen before, show, in a flrst
approx1matlon and in a 11m1tod temperature renlon (0.8°K ¢ T
g 2.0°K), a linear dependence of the ]ogarlthm of the mobili~
ty on the Jnversc of the absolute temperaturec, This means
“that the T-1 Eggor of equation (II) does not appear to exist,
.dcycr and Re:f 1ntcrprot th:s by saying that the hard sphe-

(%) = The same plot, w1th the same values of the slopes, is
. shown in BS, flg. 1.
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re model used to deduce the above formula (II) is a poor ap-
proximation and that the introduction of a temperature-depen-
dent ion-rotonp cross-section would be more realistic and would
cancel the T™! factor, But, also if this correction is accep-
ted, one should also expect the slope of the log u vs, 1/T
plot to be the roton excitation energy 4/kK, both for positi-
ve and negative mobilities, In contradiction to this, these
slopes are different for nepative and positive ions and arc
different in Jdifferent temperature regions, So it appears
that the hard-sphere model is. in any case a very rough approxi
mation to the problem ., . : .

L Another. peculiar aspect of the tcmberature dcpendencé
“‘of the mobility is its behaviour in a very narrow temperatu-
re region close to the lamhda-point (2,0°K & T £ T ). In this

- region, as can be scen in Fig, 3, the dependence of log . w

" on 1/T deviates from the straight line, exhibiting much lo-

" wer mobility values, This was.already shown in BS for positi-

've currents, In the same paper an attempt was made to inter-
pret this in terms of the temperature «dependence of the ro-
"ton excitation energy, In f@st, such a dependence has ?fﬁnll)
observed by Yarnell et al, and by lenshaw and Woods '~ "*

by inelastic neutron spectroscopy, The former made measure-
ments in the temperature region>from'}.l°K‘to 1.8°K andr found
a change of A/K' from 8,68°K to 8,15°K, The latter worked
over a larger temperatures interval, up to the lambda~-point
and into the He* T, At T.-, A/k is 5.4°K, thus showing a
gefgoitrong decrease in the temperature range from 2,0°K to

Describing the anomalous temperature dependence of
the mobility in the range 2,0°K ¢ T g 2,18°K in terms of
the temperature dependence of the roton excitation energy
‘A/k, however, is neither easy nor convincing for at least
‘two reasons: Firstly, because altered values of A/k appear
as the slopes of the straight lines of Fig, 3 (7.8°K and
7.1°K instead of 8,68°K), Secondly, because using the hard-
-sphere model and treating the rotons as quasi-particles in
a temperature region where the roton density is extremely
high, is physically unsound, All that can be reasonably said
~is that the decrease of the roton excitation energy would
have the effect of decreasing the ionic mobilities, We think,
however, that this peculiar aspect also must he faced in a
more general perspective, and that we are still at only a
first approximation in the theoretical interpretation of the
“jonic mobilities in superfluid helium,

DISCUSSTION OF THE METHOD,

Using the method as an absolute one would require
two main features: ' 3 o .

1. An accurate calibration of the instruments measu-
ring the current and the applied voltage, For the latter,
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the problem is easy to 901VC, since the values of the poten-
tial usecd are of the order of .a few volts, For the current, -
- the problem of accurately knowing its ahsolwgo value 15 not
'so simple, since the 'currents vary from 10 to 107 am-
perc (for oxample, the accuracy of our [KCO Vlhratlng Reed
L]ectrometcr is 5%).

o 712; An accurato knowledge of the distance hetween the
" electrodes (of the radii of the electrodes, for the casc of
cylindrical ﬂeomerrv) Thl does not mean simply the geome
trical distance (which is not easy to measure, since it is
of the "order of a few. m1111meters and thermal contraction
~_must he taken into accouﬂt) The. presence of the intensely

- jonized layer, which presumably acts.as a.conducter, shifts
the I = 0 surface tO\ard$ ‘the collecting electrode so that
“the geometrical distance betwecn clectrodos is e ffcct1vo1y

_ decroascd by~0 2 mm,. - :

T ‘As a matter of fact, we . compnrcd the La]]bTHtIOH va-
lues of the coefficients a in equation (I), found in the way
described above (sec paragraph 2, page -3), with those calcu-
lated with the nominali dimensions of the diodes (see paragraph
I, page. 3) and assuming the emitting surface to be shlftcd

0, 2 mm towards the collort:np onc. Thls flVCS._

L : .expCriméntnl ‘ ‘tHeoret1ca1 deviation (%)
diede A 128,5 127,6 +0,7
diode B B — 0 061 6,135 ' - 1.2

“The cnlcu]ated dev1at10n is then of the order of 1% w1th Te-
spect to measurcments made by other techniques, It must be
remembered, however, that these are given with an accurancy
not better than 5%, as far as the absolute values of the mo-.
b111ty are concerned

chardlng the accidenthl’errors, the good alignment

05 the experimental points on a straight line in the i vs,

plots (see Fig. 2) and the small d1ffcrence< found bhetween
mcasuroments performcd in different runs (see Table I) enable
us to estimate these ecrrors to be about 2%, Taking into ac-.
count also the small uncertainty in the slopc (see footnote
~at page 6), which has heen estimated to be not more than 1%
we can say that, at the present state of this technique, the
accidental errors in the mohility measurcments are not more
than 3% :

To conclude, we want to point out two lines for the.
development of this technique in the future, One is the pos-
sibility of making it a better absolute method, and work is
in progress in this direction, The second is thc possibili=
ty of applying it_to the measurement of the mobility of 1i-
“quids, such as le3, which has mobilities much less than tho-

" sc of lie?, The method is much more rapid than a time-of~-flight
method and could then also he used in difficult experimental
conditions, such as, for example, an adiabatic demagnetiza-

~ tion cryostat, -



‘(8)

13.

BIBLIOGRAPHY,
(1) « A,L, Bartoli and F, Scaramuzzi, CNEN, Laboratori Nazig
nali di Frascati, report LNF- 62/]06 (1962)
(2) H,F, Ivey, Adv, in EleCtr. and Electr, Phys., 6, 137
(1954). _
(3) = L. Meyer and r ncrf'“Phyg;*név:;=rio*”279;“(19531;'
v(A) G Carerl F Scaramu221 and J D Thomson, Nuovo C1men
o to 13, 186 (1950),_ ‘ v oFE :
) - AL Dahm, J}'Iev1nc,‘J} Penley and T.M. Sandéfs; Proc,
_ ©7th Int, Conf, Low Temp. Phys., Toronto (1960), p, 495,
(6) - L. Meyer and{F. Reif, Phys, Rev,, 119, 1164, (1960).
(7) - S. Cunsolo, Nuovo Cimento, 21, 76, (1961), |
F. Duprc, prlvate communlcatlon.
(9) J.L., Yarnell, G, P Arrold P.J. Bendt and E.C. Kerr,
o ‘Phys. Reva, 113 1379‘ (1959);
(10) D.G, Henshaw apd A.b.B; Woods,‘Proc. 7th Int, Conf.
v Low Temp. Phys.,'Toronto (1960), p. 539.
(li)‘: D,G, Henshaw and AD,B, Wdods; Phys; Rev, , lZJ’»1266,

(1961)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


