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Cellulose nitrate films LR~115 type II (Kodak-Tathe)
have been cxposed, at right angles, to alpha-particle beams in
the energy range 2.5 — 5.5 MeV. From measurements of both through-
~etched track diameter and through-etched track density, a
critical rate of encrgy loss for track registration of
(0.85 * 0.05) MevV cm2/mg has been derived, which corresponds to
a critical alpha-particle energy of (4.6 * 0.4) MeV. These re-—
sults are compatible with those obtained by other authors when-
ever similar etching conditions are used. The concepts of a
threshold rate of energy loss and a threshold encrgy for etched-
~track formation are introduced, and their values are obtained
from the experiment as being (0.80 * 0.05) MeV cmz/mg and
(5.1 + 0.4) MeV, respectively. In addition, the prescent work
provides a suitable set of useful, reference data for further

applications of such plastic nuclear track detcctor in problems .
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{

concerncd with the detection of low-energy alpha particles.
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1. Introduction

It ig we)l known that the average rate of cnergy loss
of a charged particle by electronic excitation and ioni:afion.
-dE/dx, determines whether a particle track can be chemically
etched or not in a solid-state nuclear track detector. Early in

1963, Fleischer et at.l'z) established in a series of experiments
¢ ¢

the critical energy fo; registration of charged particles in
_muscovite mica, Lexan polycarbonate and cellulose nitrate o
dectectors. In the case of cellulosc nitrate then investigated
(C12“6018N4)’ the amount of -dE/dx below which tracks were not
obscrved at optical microscope, i.e. the critical rate of encrgy
loss, (-dE/dx)é, was that corresponding to a ~4-MeV alpha-
particle. Since then, scveral investigations have been under-

3

taken -7) aiming to dcterminc the critical encergy for registra-

tion of charged particle tracks in cecllulose nitrate detectors

of varied chemical composition. In addition, plastic track
detectors have shown to be of high resolution in identifying
heavily, cnergetic ionizing particlcsa_lo).

The high scnsitivity of polymers to track registra-
tion of low-cnergy alpha particles and proténs. particularly the
cellulose nitrate, makes feasible numerous applications of such

. 1
track detectors to several branches of nuclear science 1

). In
alpha-particle dosimetry, for instance, it turns out important
to know, under definite experimental conditions, the track
registration characteristics as well as the critical rate of
encrgy loss in order to account fér the quantitative aspects of

the response of the detector to low-energy incident alpha

particles, During the last ycars, cellulose nitrate detectors
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have becen widely tested with very cncouraging results as per-
sonnel dosimeters in radiological protection programncs 2_17).
In the present paper we describe a general nethod
which allows onc to determine the experimental (-dE/dx)c for
registration of charged particles in solid-state track detec-
tors. Although the method can in principlc be applicd to any
plastic track detector, we will concern oursclves to the
determination of (-dE/dx)c for charged particlc.cichcd—trnck
formation in the spccizl red cellulose nitrate film LR-1165,
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type II, supplied by Kodak-Pathc ). This particular track

detector consists of a thin reddish layer (™~ 13 um) of cellulosc
nitrate covering a ~ 100 pm thick polyester shcet. Such a
cohfiguration‘has the advantage of enhancing track contrast when
tracks perforate the residual cellulose nitrate layer after
chemical ctching, thus allowing for a better determination of
(-dE/dx)c. Alpha-particles from .sources for routine use in
laboratory (ZdlAm for instance) can be uscd in experiments ained
to determine (-dE/dx)c for etched~track formation, provided

the variation of -dE/dx with alpha-particle cnergy is well
established for the cellulose nitrate compound under investig-
ation. Results will be compared with those obtained for
cellulose nitrate detectors from other suppliers and under

different ctching conditions as well.

2. Fundamentals of the Method - .

Consider a collimated beam of alpha particles of cnergy

Eo which impinges on the detector surface at right angles.,



1f Eo is lcss than or cqual to the threshold energy value Ez}
the preferential attack along the latent particle track by the

etching solution begins at the original surface of the detector,
since in this case the density of radiation damage is hich
enough to start the preferential solvent action along the track.
However, if E, > Eth the track formation will begin only when
the ctched surface reaches the point of the particle trajectory
in which Eo = B4+ Fig. 1-a shows schematically the effect of
increasing ctching time on the cvolution of the shape of the
etched particle track. There is a particular ctching tine from
which the developed particle trafk perforates the residual
cellulose nitrate layer, thus giving high-contrast circular
holes on the polyester surface, whose diameters increase with
etching time. On the other hand, at a given ectching time the

through-ctched track diamcter decreases when the incident

particle energy incrcases. From therse considerations the follow-

ing method was developed in ordér to determine the threshold
ratce of cnergy loss for particle track formation.

Let vy = dx/dZ be the rate of chemical attack in the
detector along the track and S(E) = -dE/dx the rate of energy
loss of the particle with an cnergy £ along its trajectery. The'
track length dx formed by ctching during the time dt

will be given by

{4

By multiplying both sides of cq. (1) by VG/VT. vhere Ve denotces’

|
the general rate of chemical ctching in the undamaged material,

we obtain
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v .
G dE
Vcdt = - -;,—T' g—m - : (2)

Let us indicate by £ the ctching time the track needs to rcach
a length cqual to the thickness of the residval cellulose nitrate

layer (sce fig. 1-b). The integration of eq. (2) can be written as

t E(L)
° Y6 dE <
L = det = - | —J; TCEY - (3)
0 Eo
wvherce £ represents the detector thickness removed during the time

4 by the chemical ctchant, E(Zo) the particle energy correspond-
ing to the ratc of energy loss at the polyester surface, and £o

~ the origiral detector thickness. Noting that UG = vT'at points

of the particle trajectory in which the particle encrgy was
greater than or cqual to the threshold value, i.e. £ > E,, ,

eq. (3) can be written as

E E(L
vy s(ey -°
0 Eth :

With gradually increasing incident cnergy, more prolonged

ctching times will be necded for the ctched track length to re-
main equal to the thickness of the residual detector layer. But
in this case, the point of the particle trajectory where the
encrgy rcaches the threshold value approaches the etched surface.
In the limiting casc, when the detector material gets completcly
removed and the incident particle energy recaches the value E; .
the point.of threshold energy would be just on the ctched sur-
face, which in turn coincides with the polyester surface. This

means [th = £(£o). and from eq. (4) results




Eth
t = - dE . (s)
0 . S
Eo
The result expressed by eq. (5) defines an <dcal cri-
tical rate of energy loss, ('dE/dx)th' in the scnse that it is
obtained as a limiting condition. Experimentally, in order to
obtain this idecal Szh valuc, it suffices to detecrnmine by extra-
polation the incident energy E; to which the through-ctched
track diamcter reduces to zero when the detector material tick-
ness lo is completely removed by etching. The above procedurc
leads to values of Sth and Eth which are independent of etching

conditions, as can be recadily concluded from inspection of

eq. (5). )

Actually, thrbugh-ctchcd trﬁck diameters less than
about 3 ym cannot be recognized unambiguously with the magnific- -
ation of optical microscopes commonly used in laboratory practice.
Thus, it turns out important to know, under spccific expcriméntal
conditions, the critical rate of cnergy loss, (-dE/dx)c, from
which through-ctched particle tracks of a minimal measurable
diamecter can be formed by ctching. This situation is represcnted

in fig. 1-b. For an incident particle of energy € > E, an

H

increasc cf the ctching time by a small amount 4t gives, from

cq’ (3)0
E(L +1.L
dt 0 J VG

Eth JdE E(ZO)V 1€
tealt=-| sy T S0 v sy (O
£, £ eh £y

Fla

The shape of the etched track that would be formed if the cellulo-

sc nitrate layer werce increased by an amount ACO is a conical



surface, provided that, starting from the polyester surface, the
ratio vc/vT remain constant when covering the path length Ato.
For an obscrved through-etched track diameter D small cnough,

the following approximate relation holds

v

G D )
- % TR » (7)
VT &A 0o )

which combined with eq. (6) gives

E E(L)
th 0o’ v
dt = J . (8)

L + A = - I

E 3

0 2h

for Eo > Etl and D small. Under dcfinite etching conditions, there

is a particular valuc of ¢, say zth' given by

, . If(lo) :’E dE | )
Zh vy STEY

Eth '
for which D = 0 when Eo = Eth' The smallest through-etched track
diameter actually observed after removing the thickness zth
will correspond to a maximum incident particle cnergy Ec' This
critical incident cnergy will correspond to a Sc valuc which :
can be defined as the observed critical rate of cenergy loss for
charged particle track formation. The (-dE/dx)c value obtained
as described above will depend on both ctching conditions and
the optical Systcm uscd. Nevertheless, for the actual situation
we arc concerned with, the observed critical rate of cnergy
Joss for alpha-particle track fermation in ccllulose nitrate

docs not differ substantially from the idcal Sth value definced

by eq. (5), as we shall sce in Scction 4.




Rig. 1-b also suggests a simple mcthod to obtain the
variation of the ratio vT/vG with particle cenergy, and thus the
’
condition vT(Ezh) = vg can be used as an alternative way in eva-

luating the threshold enecrgy value Eth' We have:

. R -
Azo ' REE(ZO)] = RE(£0+A£O)_I
v, (E) =v. lim 2 v 1lim =
T G AL+ .Yd G AL+O AL
. AR dR
v, lim =2 = v, 55, (10)
GAC*O A G de

wherc R(E) denotes the residual range of the particle with an
energy E (recail that the function L(Eo), which can be obtained
from the experiment, gives, for cach incident energy E,, the
removed detector thickness in order to obtain :zero through-etcheq
track diameter). Knowledge of the function vT(E)/vG is important
since information about the rcg{stration efficiency can be gained

for alpha particles of oblique incidence on the dectector surface.

3. Experimental

Clcan sheets of lcm x 2cm reddish, double-layer, cellu-
losc nitrate ~ 13 um thick were exposed perpendicularly to colli-
mated beams of alpha particles from an intense 2415, source (main
pcak cnergy of 5.49 MceV). Irradiations were conducted inside a ‘
chamber containing argon, connccted with a manometer able to '
measure g;s pressure up to about 200 Torr with a mean deviation
of + 2 Torr (fig. 2). By changing the gas pressure, alpha-part-

icle fluxes of energy ranging between 2.5 MeV and 5.5 MeV could
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be obtained. The incidcnf energy, as well as the alpha-particle
becam intensity, were previously calibrated by using a convent-
ional alpha-spectrometry line (a surface-barrier detector.
connccted with a multi-channel pulse-height aralyser). Within
the cnergy range considered, a mecan cnergy deviation of about

: 0.1 McV could be estimated. At cach fixed incident cnergy, a
total number of 6 x 104 alpha particles per square ccentimetre
hit the detectors which were positioned at a distance of 12 cm
from the source.

The detector samples were etched with a 4.0 N NaOH

- solution at a constant tempcrature of 60°C without stirring.

Scveral etching times ranging from 15 min up to 3.5 h were chosen
in order to investigate the evo&ution of through-etched track
diamcter for cach group of samples irradiated at different inci-
dent energiecs.

The thickness of the removed cellulose nitrate layer
was detcrmined from the mcasﬁ}c& mass-diffcrence of the samples
prior and after chemical etching. Mcasurcments of optical densi-
ty in a large number of etched samples showed quite good overall
thickness uniformity of the residual dctccfor layer. Under the
ctching conditions described above, the amount of detector
thickness removed with time was obtained as £ = 0.46(2-0.34) ,
£ > 0.34, with a maximum uncertainty of 5% (£ is ecxpressed in
mp,/cm2 and £ in h). In this way, a general rate of chemical
etching vp = (0.46 ¢ 0.02) mg/cmzh has been derived., An induc-
tion time of about 20 min was apparcnt, which may be interpreted
as a very slow dissolution of the chemical species during the '
carly stages of etching. Also, it has been observed that for

an ctching time of about 4.7 h the detector layer dissolves



-10-

complctcly, thus giving a (2.0 2 0.1) mg/cm2 for the original
tﬁickncss of the ccllulose nitratec layer.

Mcasurements of through-ctched track density and
through-ctched track diameter were carried out by using total
optical magnifications of 400X and 1000X, respectively. Cali-
bratcd cycpieces cnabled us to estimatc an average uncertainty
of + 1 ym in individual through-etched. track-diameter measure-

mcnts.

4. Results and Discussion

Under the experimental conditions indicated above, it
was found that a very small number of ctched pits (i.e. etched
tracks which did not perforatec the residual cellulose nitrate
layer), most of them not diffcrentiated {rom the natural back-
ground and imperfections of the plastic detector, was
obscrved for an etching time of 15 min, even for the lowest
incident alpha-particle cnergy (= 2.5 MceV). This fact can be
explained by considering the period of latency of = 20 min as
inferred from the v, measurements. For ctching times cqual to
or greater than 30 min, etched pits were casily recognized,
mainly for low incident encrgies. As the time of chemical
attack increcascs the ctched-pit diameter becomes larger. On the -
contrary, for a given ctching time, a decrease of ctched-pit
dinbotcrs with increasing incident particle cnergices was apparcnti
Hoﬁcvcr. for small ctching times, it became difficult to visual-
isd particle tracks as the incident cnergy increases. In fact,

| ! * k] I3 . : »
for 30 min of etching, we found an observed critical incident



-11-

alpha-particle cencrgy of about 1 McV, which is in agrcement

with the recommended cnérgy valuc for registration of alvha

particles in the ccllulese nitrate LR-115, type II, as given
by the supplicrs).

The mcasurcd through-ctched track diamcters on the
polycster surface as a function of the incident alpha-particle
encrgy for different etching times arc depicted in fig. 3-a.
Fig. 3-b shows the results of track-density mcasurements for
etched particle tracks which perforated the residual ccllulosc
nitrate laycr. As can be scen, for a given ctching tice, the
through-ctchcd track density remains nearly constant and equal

to the particle fluence (~ 6 x 109

cn-z) until a certain energy
value is rcached, bcyond which the through-ctched track density
falls off suddenly to very small values. In addition, it was
observed that the grecater the incident energy the more
prolonged ctching times would be nceded for tracks perforate
the residual detector laver.

The threshold rate of cnergy loss, (-dE/dx){h, as
well as the corresponding threshold particle cnergy valuce, Etk‘
can be evaluated, provided the relationship between the removed
detector thickness and the incident particle cnergy for zcro
track diamecter on the polyester surface is known. This function
is shown in fig. 4, and it was constructed from the data reported
in fig. 3. By extrapolating the curve up to £ = 2.0 ng/cmz. it
is deduced that alpha particles impinging on the surface of the
detector with an cnergy of E; = (6.5 2 0.3) McV will give zcro
through-ctched track diamcters aftér ctching. To obtain the

value of Eth as defined by the method described in Section 2

(sce cq. (5)), the knowledge of the functions E(S) = -d[/dx and



R(E) for alpha particles in ccllulose nitrate is cssential. By
making usc of the CHN gas analysis we found out for the plastic
detector LR-115, cypc II, a composition very similar to that of
ccllulose trinitrate (C12H17N3016);'which.in turn agreesquitc
well with the composition of the ccllulose nitrate detector
studied by Anno and Commanay4). Then, taking into account the
rate-of-cnergy-loss-curve and the range-curve as those reported
by these authors, we found for the threshold encrgy the value
Eth = (5.1 ¢+ 0.4) MeV, which gorrespond§to:1thrcshold rate of
encrgy loss of (-dE/dx)zh = (0.80 ¢ 0.05) MeV.cmZ/mg. On thé
~other hand, the viulues of the observed critical cnergy Ec and

" the corresponding critical rate of energy loss (-dE/dx)c turn
out to be slightly different frem the threshold values obtained
above, viz. ~ 4.6 MceV and ~ D.85 MeV cmZ/mg. respectively (sec
Section 2). For the sake of comparison, table 1 reports some

results regarding Ec previously obtained by other authors. In

despite of the differcnces in chemical composition of the detec-

tor materials as well as the ectching conditions.cmployed. it is
scen that almost cellulose nitrate detectors listed in the
table have similar responses for registration of alpha-particle
tracks.

An alternative procedure we have used to determine
('dE/dx)th from the present data was to study the variation of
the ratio vT/vG with -dE/dx. According to eq. (10), this func-
tion could bhe obtained from numerical calculations by making
usc of the curve plotted in fig. 4 and, again, the curves of
R(E) and S(E) = -df/dx reported by Anno and Commnnny4). The
trend of vp/ve with -df/dx under the specificed experimental

conditions is shown in fig. §. The large majority of the calcul-

ra
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ated vT/vG values lies within the shaded areca which indicates
an average deviation of ¢ 10% from the calculated trend (full
linc). By back-extrapolating down to uT/uG = 1 the value
(-dE/dx)th = (0,80 ¢ 0.02) MeV cmz/mg is obtained which is in

a very good agrcemcnt with thce valuc obtained by using the
previous method. In addition, fig. 5 shows a sharp increase of
vT/vG from threshold up to about 1 MeV_cmzlmg {the ratio vT/vG
reaching the valuec ~ 3 at this point), and a slight increase
for larger values of -dE/dx, perhaﬁs towards a constant value
in the range under consideration. The strong proportional-like
relationship between vy/v, and S - Sen within the intervﬁl

0.8 — 1 MeV cmz/mg docs not remain the same as $ increcases fur-
ther. The observed trend suggests a pdssible mechanism of
saturation, i.e. an inhibition of the breferential rate of chemi-
cal attack duc to a non-complete diffusion of etching products
at points of particle trajectory of larger radiation damage
densities. These results agree satisfactorily with the observ;
ations of Tanti-Wipawin6).

As regards charged particles impinging on the detector
surface at oblique angles, the critical angle 8, = arc sin (vg/vy)
(mcasured from the surface) for track registration, and there-
forc the registration efficiency, can be inferred from the
vT/vG-curvc of fig. 5. As an example, let us consider alpha part
icles of 2.7 McV. From the ~df/dx-curve by Anno dnd Commanay4)
we have a linear cnergy transfer of 1.15 MeV cmz/mg which corres-
ponds to VTIVG = 3.1 2 0.3, and finally to a critical anglec of
incidence for track registration of b, * 19° ¢+ 2°, This result
compares favourably with 0£ x 65° reported by Anno and Commany

o . . .
(et s 90" - 0¢ in their notation), if we take into account the

—r—




large crrors involved in both 0, and €. measurements. For alpha
particles :ddch strike the detector surface atvrandom. the

vT/vG-curvc is of itmost importance on cvaluating the registrat-
ion cfficiency, making it possible to usc the cellulosc nitrate
LR-115, type II, as a suitable tos1 in detecting alpha particles
from contaminated atmospheresof radon and its daughters, as has

been already tested from.other laboratories. Such an application

will be the subject of a futurc work.

T.M.J. Kn8fel wishes to thank Dr. D.C.C. Reis for
valuable suggcstions'and encouragement. Helpful discussions with
Prof. V. di Napoli are also gratefully acknowledged >y the

authors.




-15-

References

1)
2)

3)

4)

5)
6)
7)
8)

9)

10)

11)

12)
13)

14)

15)

16)

R.L. Fleischer and P.B. Price, Sci. 140 (1963) 1221.

R.L. Fleischer, P.B. Price, R.M. Walker and E.L. Hubbard,
Phys. Rev. 133 (1964) Al443.

R.L. Fleischer, P.B. Price, R.M. Walker and E.L. Hubbard,
Phys. Rev. 156 (1967) 353.

J. Anno and L. Commanay, Ann. phys. biol. et med. 5(1971)
65.

J. Barbier, Radioprotection § (1973) 51.
W. Tanti-Wipawin, Nucl. Instr. and Meth. 126 (1975) 597.
F. Spurny and K. Turek, Czech. J. Phys. B26 (1976) 235.

P.B. Price, R.L. Fleischer, D.D. Peterson, C. O0'Cecallaigh,
D. 0'Sullivan and A. Thompson, Phys. Rev. 164 (1967) 1618.

P.B. Price, D.D. Peterson, R.L. Fleischer, C.0'Ceallaigh,
P. 0'Sullivan and A. Thompson, Can. Journ. Phys. 46(1968)
S1149.

P.B. Price, R.L. Fleischerh D.D. Peterson, C.0'Ceallaigh,
D. 0'Sullivan and A. Thompson, Phys. Rev. Letters 21
(1968) 630.

R.L. Fleischer, P.B. Price and R.M. Walker ,Nuclear Tracks
in Sofids (University of California Press, 1975).

D.B. Lovett, Health Phys. 16 (1969) 623.

J.A., Auxier, K. Becker, E.M. Robinson, D.R. Johnson, R.H.
Boyett and C.H. Abner, Hcalth Phys. 21 (1971) 126.

K. Becker, Dosimetnric Applications of§ Taack Etching, in
Topics in Radiation Dosimetay (Eds. F.H. Attix et al.
Academic Press, New York, 1972) 79,

A.M. Chapuis, D, Dajlevic, P, Duport and G. Soudain, Eighth
Inteanational Conference on Nuclear Photegraphy and Sctid |
State Track Detectors, Bucharest (10 July, 1972) 319,

A.L, Frank and E,V, Benton, Nucl, Instr. and Mecth. 109
(1973) 537,



17)

18)

-16-

A.L. Frank and E.V. Benton, Nuclear Track Detectors
(1977) 149.

W. Tanti-Wipawin, B.,J. Thomas and H.A. Khan, Intern.
Radiation Phys. Chem. 6 (1974) 203.



-17-

TABLE 1

Critical cnergies for registration of alpha particles tracks in

various cellulose nitratec detectors.

Type of cellulose . o Critical cnergy
nitrate detector Etching conditions Ec Qi) Ref.
Anyl acetate plus 6.25 N NaOH ~ 4 2
nitrocellulose 550C
() H6018Ny)
Clear Nixon- 6.25 N NaOH ~3 3
-Baldwin 40°C
Orange Nixon- 6.25 N NaOH - a5 3
-Baldwin 40°C
C, 2cHy 2107 <Ny - 6.25 N NaOH,60°C ~ 4 4
7.359.87°7.31'1.76 without stirring
LR-115, type II, 2.5 N NaOi, 25°C ~ 4 5
Kodak-Pathe and 60°C, without
stirring

IR-115, type 11, 25% NaOk ~ s 6
Kodak-Pathe 550C

IR-11S, type 11, 2.5 N NaOH 1.8-2.5 7
Kedak~Pathe 400C
LR-115, type II, 4.0 N NaOi, 60°C ~ 4.6 this
Kodak-Pathe without stirring work

-*
Threshold energy value

Anno and Commanaya).

deduced

taking into account the -dE/dx-curve by
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Figure Captions

Fig. 1.

Schematical representation of ctched-track formation
in a doﬁblc-lgyer ccllulose nitrate detector for an
alpha particle of right angle of entrance. a) Sequen-
cial stages of track etching showing the track evolu-
tion until 2 measurable track diameter is formed on
the polyester surface. b) Track profile and its

parameters as used in the text.

Experimental arrangemcnt for detcction of low-energy

alpha particles in plastic nuclear track detectors.

Through-etched track diameter (a) and through-etched
track density (b) measured as a function of the inci-
dent alpha-particle encrgy. Different symbols for
experimental points refer to different etching times
as indicated in a)..All curves are eye~fits through

the experimental points.

Dependence of removed detector thickness on incident
alpha-particle energy in order to obtain zero through-
-~etched track diamecter. For Eo > 4 MeV, points were
obtained by extrapolating the curves of fig. 3-a; for
E, < 4 MeV points were obtained by taking the incident
encergy at half maximum of the through-ctched track
density plotted in {ig. 3-b., The full line is a lcast-

-squares fit of the "experimental’ points. From the

scale on the right side, a bulk ctching velocity can



Fig. 5.

"
be deduced as v = (0.46 * 0.02) mg/cm™h, with a

period of latency of about 20 min.

Relative ctching velocity vy/v, plotted against the
ratec of cnergy loss. The full line is the recsult ob-
tained from the data of the present experiment as des-
cribed in the text. The shaded arca indicates the un-

certainty of the calculated curve.
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O CBPF PUBLICA PERIODICAMENTE AS DUAS SERIES DE
RELATORIO A SEGUIR.

SERIE A°

SERE B

PRE —PUBLICAGAO DE RELATOROS DE TRABA
LHOS QUE NECESSITAM. DE RAPIDA CIRCULA
CAO.

TRABALHOS ORIGINAIS , MONOGRAFIAS , TABELAS
€ OUTROS DADOS NAC DESTINADOS A

PUBLICAGAO.

CBPF PUBLISHES PERIODICALLY THE FOLLOWING TWO SERKES

OF REPORTS.

SERIES A

SERIES B

PRE - PUBLICATION OF REPORTS OF PAPERS
NEEDING QUICK CIRCULATIOM,
ORMGINAL PAPERS, MONOGRAPHIES , TABLES AND

OTHER DATA WHICH ARE NOT INTENDED
TO BE PUBLISHED ELSEWHERE.

PEDIDOS DE COPIA DESTE RELATORIO FAVOR DIRIGR-SE A

REQUEST FOR COPY OF THIS REPORT PLEASE ADDRESS TO:

BIBLIOTECARIA - CHEFE

CBPF

AV. WENCESLAU BRAZ, 71 FUNDOS , IC-82
RIO DE JANEIRO, RJ 20000

BRASIL



