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El!'ll~CT OF ANGlJ.Ul.R MO:<JEI~'.l.'ill-·1 ON I~E'"tJTROI~ 
Eri'"D:SSION !i'HO:M Tb Mm D'J COM?OU.N1) J:-.luCLEI 

Gabr1'el N ~ Simonoff ar:d. John M. Ale~nder . . 

La~1~nce Radiation Laborator,y 
University of California 

Bel"keley, Culifornia 

. 149" . . 150 
We have studied the production of 4.1-hr Tb o, 7.4 min Dy. 

and 17.9 min Dr~l5l by measurements of their a radiations with 2~ ionization 

chambers. These nuclides 'tl1e:re produced ?Y two t;y-pes of reactions inYolving 

hemr.t ions (IU): (a)· (HI, xn) Tb149B -with :~:: = 3 to 8 (b) (HI, xn)n-~149,,' 
'!'>.y150 

0"' n..l5l ---i·l-h ..,. - -.t to 9. rm 1 1 l d B10 .. B11 . ·.· ; . .v.1 ... 1w1.1 w -. .A - "" :~.·ne 1eavy ons emp oye . 'i-1et." e ~ ~ 

· .C12 ,,,14 016 _19 .. , .,~ 20 
, l.~ , , JT- ar~ J:Je • 

Tb.ree kinds of measurements have been mso.e: (a) the range· dis-
,· 

··~ ... ·,, ..... tribution from ·th;Lq target la;,rera· .in th1n Al catcher foils 
.,. 

.•. (b) excitation 
;.· 

· fu.'rlctions by the sta~J.r..ed foil method '(c) aJ.1f,rular d:istribut~ion from thin · 

The objectives of these experiments were 'to test the consistency 

with the compound-nucleus and statistical models and to determil1e the ef'fects 

of angular momentu.rn and e:::citation energy on neutron emission • 
. ·'*•"'!'- ..... • ~ , ........ ... 

I ~ill ·no·w shovJ· some typical ·exJler:imental results. First v:e -will 

conaidel~ measm--ement~ of the average rar.ge R0 • T'ne firs·c figure (from 

~ 14ag 
'pl"cviously reported work) shows the avel"ase range of' T'o / produced in a 

These values of- R follet-T a con
. 0 

sistent trend. ~hen plotted against· the r<:;;coil energy ~ calcu.J..e.ted by assuming 

compound nucleus fo:r'IlU.ltion. In the second f:!:gure -v1e present similar results 
1r-o 151 · · · · 

for Dy :;~ and Dy pl"oducts. we overall consistency of these data give 

strong evidence :f'or compound-nucleus formation :f'or all ·these reactions . 

. "'· 

., 
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In Fig. 3 we shm.t measured cross section a divided by calculated 

total reaction cross section aR, 2 for many reactions of type (HI, xn)Tb1498 • 
·.J '·· 

Note that the peak cross sections are rather lo1-1 and that they decrease with 

increo.aing x. Average angular momentum of ·the compound nuclei increases -vri th 

It is interesting to compare an excitation function for (HI, xn)Tb149g x. 

' 150 ' with that for a typical (HI, xn)Dy reaction. This comparison, given i~ 

Fig. 4, shOI'fS that the ·latter reaction has a much larger cross section and . ,. 

pealts at a much higher energy. This is a general feature of the reactions 

. (HI., xn)Dy149, Dy1 50 or Dyl5l as indicated in Fig. 5. The striking differences 

149m shotm in Fig.41;.aa-:e:attriouted1 to the unobserved 4.0 min Tb . of higher 

spin. 3 

He can compare the decay ot a compound nucleus~ ·such as Dy1 56, 

fo~med with different projectiles and therefore different average angular 

12 . 144 20 136 
·' momenta. A comparison of t~e reactions C + Nd and r~e + Ba is 

shown in Fig. 6. The latte~ reactions lead to broader ··excitation functions 
. 

and displacement toward higher excitation energies. 

I. 
'·i 

We have measured angular distl~ibutions for several of these reactions 

at various energies.· The effect of target thickness on a measured angular 

distribution is :?hOl-m in Fig. 7• For •t.he average value of the laboratory 

.~,~~·~.~ngles (ei..) and (~2 )1/2 it is possible to correct for target thickness 

by extrapolating to zero targ~t thicl'"..ness as shown in Fig~ 8 •. Thus we can . 

chara.ct~rize each angular distribution by the average squared angle (~2 ) • 

· T'.aese various measurements can be used .to obtain information about 

(a) the effects of angular momentum (b) the average total energies of 

neutrons and photons (c) the nuclear tem~erature as a function of ex-
,' 

citation energy and (d) the average angular momenta removed by neutrons 

and photons. 
'" 

• J !-! 
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1->.B previously s-'c;ated tho a:-V"erags ranee data give evidence ·chat 

these neut:t:on emit-tine l.~cuctions proceed through a ca::rpound nucleus 
. 1 

. mechanism. 
· . · · · 14o,. 

F"cont com)?~rieona of· the excitation func·ciono for (HI, xn )Tb- .7t.:> 

reactions vJith those for (HI, :-o.1)Dy reactions, -we can infer tna.,.c only 

compou.."ld systenia of angu} ... ':lr momentu.~ less than 7. 5 1:1 contribute to the 
. . 4 

former reactions. ·The compom1d nuclei of higher spin decay preferentially 

to 4.0 min To 149m. 

If the neutron emission is isotropic the a.~..rez-age. squared. angle.· (Q 2) 
L 

can be relo:t.ed. to the.·:aveme;e total kinetic energy; (T ) of the emitted . . . .n . 

neutrons .5 The average total photon ene.;i:f T c~n then be obtained from 
' "/ 

the ·total a--vailable • energ;/ E + Q7 T = E + Q. ·• T • c.m. -y c.ra.. n 

For reactions of x = :; ·to 7 we shorT in Fig. 9 the values of' T 
"/ 

(deduced :fJ.~om. (e1
2} )as a functicra ·of aVailable energy. There is a stri.king 

difference b<:r'G\-Ieen the .reactions (HI, ::m)Tb_149g imrolving c~ound nuclei 

of lmr spin and the anorm:::~.l reactionlS'i (m~· :io:l)])'IJ149, D-,y150 1 or Dyi5i. For 

the latter reactions T increases rapidly 'With available energy from a 11n:ost · . · 
'Y ., ' ' 

0 ·to about ;o MeV.· Another 'l.'Jay of lJ:reoenting the results is in terms of 

the average kinetic encr:gy T /x o:f the· ncu"'c:rons as shatm in Fig .. 10. 
. ~ n 

For the 11normal rrections11 average neuJcron energy increases slowly viith 

available energy. lrle recall from Fig. 5 that the "normal reactions" peak 

at .... 5·5 to 6 MeV per neutron~ Thus in Fig. 10 by compa:tison of "'che diffe1·ent 

reac~cions at; a value of (E
0 

+ Q)/x of .... 6 HeV per neutron an increase .m. . ' 

of average neutron energy -with x J.s apparent~ · This reflects a nucleru." tem-

perature that incl<>eases. "t-lith excitation energy. 

;.,., 
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The excitation functions can be used to obtain a quantity (E) , 
X 

defined as follotvs 

(E).· 
X 

The fraction of ,the reactions in i<Thich only neutrons are emitted in denoted 

. by F • We shOI·T the differences between (E) e.nd the sum of the neutron 
X X . 

binding energies in Fig. 11. An increase with average angular momentum 

can be seen. By comparing the displacements of the lines in.Fig. 11 with 

the values of T /x, an idication is given that the average angular 
. n . . 6. 

momentum removed by each neutron is N 3 ~. An overall angular momentum 

and energy balance leads, .to 1.8 ± o.6.ti for the average angular momentum 
. . 6 7 

removed by ~ach photon. 1 

•r/ , 
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Pig. 1. Average re~n.g<') <::>.:J a :f\1uc·tion of: calculated :recoil cm.errr::; :fol:1. 

reactions J..ead:tng ·i;o 4.1-l'U' Tb 
149. . (f'ne oy.:nbols ere D,o follouo: 

cl2:; 0; rt~·, <>; H15r; D .1 016, tJ. ; 018~ v j F19, .a J net{), Q; 
11 22 n '111 .o .? • ..:> .r.> 
~l..e , U• co'U:'t:' ~-;os are o1.0r reactions .1-orm:~.ng corDpoU.'1•-A nuclei· .wr 

Z .:o 69; three bSTs for Z .;t: 63; t'tro ba.:."'S for Z ::. 67; one bar for Z = 66; 

no bo.rs. for Z = 65. 

F:lg. 2. A:vera.ge ran.ge R
0

. in Al vs the celculated l.'"ecoi:}. erKJl'QJ R.... 
· · 151 150 , ~.o f.\ ~ 

S1,mibols are as follO"tia: .. D-.;r · 8 ; Dy.. . b z D"J- ~ '0 1 Open 

S;yLubols ~e for .the reac·cions C12·i·H4~4l~; clcsed'p for o16{.C0li!O; 
' . . . . ' 

The smoot;h curyc is from refel"encc :1 • 

Fig. ;. CJ.:•oso section rJ .divic!.ed by calculc.ted to·cal reaction cross 

section On (refe:s.~ence 2) 'for (I-I!,JU1)T'o1~-9g reactions. Tbe vm"':lous 
.t\ 

p:t .. oject::Ues,; ta~.-gete, and :rcac:-tion3 C>T0 ind:tca"~;ecl. Exc:l:c8:'\jion 

ene:t~gics vt~?e ca.loula ted. :f':i."om Seeger 1 s ras.ss formula; P .A o Seeger, 

Nucl. · Pbys~ _@2, 1 (1961). 

Fig., !;.. CJ:•oso section o divided by to·tal reacJ.;.ion cross scc~cion, crR 

(rei'cl·cncc 2) versus available energy pe:!." cru.i. tted neut.:ron 

(E + Q)/:.r.. for tv.iO (m,~t~:.:n) :t•cac"cionG. 
c~m. 

l?ig., 5· Ii'ract:ton of ·the calcrue,ted :reaction Clq0£.19 s<:-;c"tion vs 

e:vailable energy per em1:tited nEYQ.tron •. The .o~iillbo1s':.are.as·,in·Fig. 2. 

Total l"ea.ction cross sections 'are from reference 2 ~- . 

Fig. 6. Measured Cl"OSS section e1 drv-1o.ed by calC"u.la:tccl total J.--eac·t;iol1 

'cross section a.Cl as s. :tunc·tion of e;tcitc.t:i.on encl."ty B. 
l:i . 

Fig o' 7. The c:ffect of ·tqzget thickxless on o bser-V'ed a.ngu.lm.~ ... cl:tst:i."i ... 
. I') 

bution. T'De "'carce·c thicb:~ess \tJ is denot,ed fm'". each CUl"'\l'e in v.rs/CJ.n""'. 
. 1~.!) . . . 12 . 1!'·9 . 

· Th.ose data ~e for the reec·cion I~Jd " + 123-¥J.CV C -> D'J ' .+ 7n. 
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z7ig. 9· Tot.G.l p!'..ot;on enC3::'6Y V::3 ·t.o-t:s:.l a\ra:llable e;'J.Cl"'fS:/• The upper 
. . ll'.On· 

cu.:r .. veo m.,e for Tb ccml:pol:x:d nuclc:t end ·tb.c product Th "'>'u. Tl12: 
. • . lll-9 . 150 

101·/eJ:> cu"t"Ves r.'..l~e tor D~· CO:::!J)01.ll.1d nuclei e .. :aa. pro0:Ltcto Dy ~ ~ .Oy 

ru:J.cl. ny151 • T11e nw;1'be:r.- o:f;' e.rni-'ctcC:. )::.teu.trons .is incl:icc:'ccd. · fo): cc.ch 

Fig. 10. Average total cncr['.Y of photons (a) and average energy of 

neutrons (b) vs ·a-vailable energ:; pel .. G2ui·<-ted ncutro~ (E. . + Q)j-Jr. 
c.m., 

for reactions m· \vl1..ich 

Fig. 9. 
Fig. lL. · Tht:i ·average <;;Xcit.s/cion energy- (B) .• minus the sum of the 

. .. ... 
bindli1g energies B1 of the neutrons as·a fUnction of the av01·oge 

.. angular mo;.,Len"'cura (S) • n.; ?fei"'Gnt symbols are uocd for the diffez·ent 

-. 



. 1 
j 

- ••• ..!-

'. 
i 

... - .· '!' . 

. :·· . ·~ .... , 
.. ·-: .--i 

- -~ 
_{ 

. i .- .. :·· 
. ~ ·. . "1 

... · .. :\ .' . :: I. 

_,· .. 
:- -.'· 

. . . 

·.·,"' -·· 
-~ ~ ~-

•. · 

• j 
. • . . . 1· 

·_ . . ~- . -

.. ·-; _: . -·. ···.: . ·.! 
·- :.·;,_---

. :l 

.... ~ ·~:;~\l 
. <:,><1 

I 

!· .. , 
. l 

! /. . ' 'i 
·. l 

! 
i 
' ·' 

.C\1 

E 
. o· 
............ 

01 

E 
· . .._, 

.... 
.Q) 

01 
.. c: 
···o 
,. "-

Q) 

0" 
0 
"-

· .. · Q) 

.> 
<! 

; -•-. 

4 

:.-,· 

6 8 10 12 14 16 

: Calculated reco11, energy, ER 
Fig. 1 _. 

- . ... , -~-

·. ~ .,_ 
~ .. >>~:- ' .. 

.. 

1820 30 40 

(Mev) 

MU-22787 

., _.· 

I 
00 
I 

C! 
() 
::0 
t""' 
I 

...... 
0 
-..] 

0" 
~ 



-9-

· ..... 

.. 

·.r,. 

'. 

·-:-.:· 

.00 .·r--. tO 0 m 
0 

.. . 
... - d 0 0 0 

.. 

,;·. 

·:· 

, . 

:~ . ., 

... . . . . :. ~ ""· 
~ •. ; . . ... . , .• 1 ··~. :.. 

•.· :·.' 
. ' 

(.0 

(\j .. .. -

co 

1.{) 
0 

¢. 
0 0 

UCRL-10767 

,_...;. 

> 
Q) 

~ -
~· 

w 

bO 
•.-i. 

·--~ ·o 
u 
Q) 
~ 

0.. 
("") 

0 
-a 

"' 
::> 
~ 

l ' 

: :\~-' 
.·i 



.. 

·. ·.i. 
r 

_ .... 

i 
·•. ~ 

-·-1 
l 

.. ··. . . 'j 
I 

1-
-!_ 

- ~-- --r .. i 
. I 

l 
.. :,-t 

' -' 'l 
-~- ··t· .. . 

' .·.- ! 
. I 

- ! 

; 

·l ·.- I 
-·. ! 

· .. :·_ ·1 . ·>: .. ·] 
{ :· ... , ·. 
/ . 

. I 
1 
I-

·1 
I 
I . 
l 

J ., 
-.. r 

j 
. . .. ~ 

. ' 
. i . ' 

' . \......--~-----~--- ..... -- __ . __ : _____ ..:_·_:..: ____ -----· 

0: 
b 

...... 
b 

___ .:.:_....:.. -------------~_:...._.··_._,__ -·--- _, __ :_.'J..::.:...·~~~' ~--~-.--..__~----~------,.::.__;_-~....:.-----· -______ .:. __ --~· _ _::. ______ - ------ ----~ -------· _:.::_ __ ---- --· __ _..:. ___ ----- -· 

40 

. . - ---------- . .,.------··----------------- ---------------------- -------------~---------------

CHI,Bn) 

50 60 70 80 90 

Excitation energy, Ex (MeV). 
Fig.- 3. 

100 110 

MUB-1409 

.. 
...... 

-0 
I 



...... j. • •• 

. . · 

'• 

· .. ,, . . . .... · .. · . 
. .. . : . ~ . '. . . . . : . 

' ~ ' • ( • ': I • • • • '• '• • '! 

.... ~ • • ~: .. _ .. __ , ___ -J4 .. ·-·-~ .- ..... ··-. ~ ··~-·--· •• ... ,,. ·--. ~.J.- ~ ........... • •• '''"'··~ ....... ··- .. ·---.-~o-';"' ... __ -""··~··""'' .......... _, ....... ·.~···· _ __. ...... ' ··- •. 

b~ 

......... 

b 

-11-' 

101 

_J 
\ 
\ 1 

I I I I 
,, 

10 0 2 4 6 8 10 

Available energy per emitted. neutron , 
(Ec.m. + Q) I x (MeV) 

Fig. 4 

. '. 

. UCRL-10767 

. ' . /.-

I 
12 14 

·, . ·. 

MU-28507 



' 

. . 

',·1· . ' 
. I 

' . 

. . ;,: .. 
. ,• 

· ... •. ,' ·. \ 

........... · •. -~· .. ----· .. ,. ·~ ... -~. -·~·~-... •. . .. . ·~ ........ - ........... ::-.-· .'u -~.:. .. ~ •• : • ........ ~ ... :.. .• ~ ......... _~.-...- ....... ~-:· .... ~-· : ~: ~- . ...... ~-.~~ ........ _;_ .... --·- .. - .... ., ....... ..:..1~ :· __ . . :_~ ... ·• ~ ... --. ·-· ••• ~.· .. :: .. , 

. -12-

¢ -

C\l 

0 

¢ 

0 

0 0 0 

UCRL-10767 

0 
-.: . 
o. 
-o 
N -> 
:::> 

Q) 
::l: 

~ -
c 
0 ,._ 
-:-
::::> 
Q) ' .: c. 

E 
Cl)LC) 

\- oi>". 
(1) ..... 

0..~ 

>-
CJ'I ,._ 
Q) 

c 
Q) 

(1) -
..0 
0 

0 
> 

<( 

,-· '- ~-



0:: 
b 

............ 

b 
.. 

c 
0 .. 

+--
(_) 
(1) 
(f) 

(f) 
(f) 

0 
~ 

(_) 

0 
c· 
0 

+--
(_) 

0 
~ 

LL 

. I 

'~· 

101 

-3 

Symbol 

Open 

Clo_sed 

o_ 
0 .. 

Reaction' 

cl2+ Ndl44 ~ .. 156. 
·. Dy 

Ne20 + 80 136 ~ . 

.
0 

149 · .· .. y 

I 0 .._--:-'-...___..____..___..___--'--_.____..~---_-~.--_..~. __ ......__......____. 
40 60' 80 '100 120 140 

, Ex cit a .t ion e OJ~f q y, E ( M e V ) 
v 

Fig. 6 
-- Mll B-15 TS 

. : .. 

I. 
,_. 
w ., 

c: 
0 
::0 

.t" 
I ,_. 

0 
-.J 
0' 
-.J 

\ 

' ' 

' 

~- ·, 

-,. . ~· 

.. : -,.•. 

~- .. 

. ·.o 



. ; 

' 

. ': 
·. j 

. . . -~: ·.j 
., 
j . . .. ! 
;I 

. --; 
·• 1·. . . . I 

._ I 
I 

; ·. . 1 
- : 1 . 

. , . . l . 
. . •.. :' l 

_<.·'·: .. : .. :·~l 
. . . . ~ l 

·. ) .... , 
_,. •J . ·. •· l 

~- . ·. . .; . 
f • • ' ~ ~~ .• ~ 

.... . ~ . i 

.. f 
.. .- . 1 

- •; 

. t· 
••, I • i 

.. - i ... 

' . '! 
,; 
' 

.·Cl:> 

·.· .. ~ 

·'8 
<J 

c 
0 
-t- .· 
(.) .. 

. OJ . 
V> 

V>' 
V> 0 · . 

. L. 

0 

. ·0 
c 
0 

-o-·u 

. ~- . 

0.01 

0 
·-~ ·0.001 

.. . = -:·· .. 

. -· ... -. :·--·-
. . . . 

· Nd144·(C1;.7n)Dy149
_. 

Eb= 123 MeV 

2 4 6 8 10 12 

Lab angle, 8L (deg) 
.. 

~Fig. 7 

· . 
. -· -·. ·· .... 

. ·.·- .. ·,· . ·._-

W=I0-.8 

14 . 16. 

MU-26037 

I 
....... 
H::>-· 
I 

C! 
0 
(0 
t'"' 
'I 

....... 
0 
--.1 
0' 
--.1 



. '. 

. 
· ... 

. ~ ... 

.r . 

- :-:";{ 
. \ 

. . -- : ~ ... .. 
' }_:.-: ... 

··l 

·-.1 
- ;. 

' 

.; 

<V 
CJl 
0 
L-

<V 
> 
<[ 

.·;. 

~.!' ~ 

7.0 

. . 6.0 

5.0 

---. 
CJl 
<V 
-o ..__, 

(\J 

'::::./\ 
(\f.J 

Q) 
7.0 -v .. 

<V -
CJl 
c 
0 

<V 
. L-

6.0 0 -
::J 
CJl 
CJ) 

c 
0 I 
<V ,_. 
E 01 

I 

-0 
0 
0:: 

Target thickness, W (,u-g/cm 2 ) 
/o\0·26038 

Fig. 8 



.• 

,, 

. ' 
.. .' ... _,: . 

. · .. · ... · .. . . 
,.· . . ... ·: ·- ... :_.· . 

• ~ a '. ,: ' ' ' • •' ··~ ' ' 

. . r' . ·.. ' • • • ..• 

• ' • • . ' . . ' . '• .·.,:· ... ·._ •. : ..• : ••.••• -'t ----•. ·,-·----~ ..• ·_,· •• ·_ •• _· ... · •• _. __ ', __ ._. __ , __ • •. •• _·_.:_._. :., •••.• ,-.,·· •• ·. ·.'· ....... __ , .. _· .• _.· ·.·- •• 
·· ·-··--··;.~.~--,.;..; _ _,,,-.,-:.;~--~ ................. :.-....... , ....... ~ .. ~-.;.__,,~ .. ·-~-,::: .. : ••.. ~r ... ..! ... , ..... ' - - ---- --F ----- - ----- ____ -~- _.......__ 

-> 
<l) 

2 

-
~ 

... 
(j) 

: c 
0 -0 

.s::. 
0.. 

(j) 

0 

.""0 
C) --!• 

' E 
0.> 

>. 
01 
~ 

<l) 

c 
<l) 

0 -0 -
0.> 
01 
0 
~ 

<l) 

> 
<( 

: . ~ 16-

10 
Tb 

5 

20 Dy 

15 

10 

5 X 

I 

0 

0 .. 10 20 . :30 . 40 . . 50 

· Total available energy, E +Q 
F . 9 c.m. lg .. 

. I 

UCRL-10767 

-' 

60 70 

( Mey) 

MU-28462 

.. 

. -~ .... 

.. 



- ·-··-----~-·-·--. __ .. --- - -·--;--·--·----~----~!- ··--·--

t 
·,._·_ .. · .... 

' 

·_,_ 

-· .. > 
(]) 

~ 

c 
0 
'--::s 
(]) 

·c 

- .. -.- : ·. ... 
"0 
(]) --E 
(]) 

.r . '-
(]) 

0. 
-·,, 

>. 
Ol 
'-
Q) ... c 
Q) 

.c 
0 -0 
.c. 
0. 

0 -0 -
(]) 
Ol 
0 
'-
Q) 

.; > 
<{ 

0 2 4 6 8 10 

. Available energy 

. ;. .. 

-> (]) 

2 
........ 
(/) 

c 
0 
'--::s 
(]) 
c 

"0 
.. (]) --. E 

Q) -0 

>. 
Ol 
'-
(]) 
c 
Q) 

() -Q) 
c 
~ 

Q) 

Ol 
0 
'-
(]) 

> 0 <{ 
12 0 4 6 8 10 12 

. . 

per emitted neutron, ( Ec.m.+ Q)/x (MeV) 

Fig. 10 
MUB-HOS 

:- . 

....... 
-.] 
I 

c 
() 

~ 
't"< 

I 
....... 
0 
-.] 
0' 
-.] 



'.: 

. ·.· 
-:·· . . ., 

. . ,:·: 

,. ·.·:;.·. 

·-
-... 

·. (D 

. XV\!.~ . 

·.·I 

X 
w 

·v. 

50 

·40 

.· .. 

30 

-18-

. 
' 

) . 

5 r
o 

.· .. 

., I , 

UCRL.-10767 

. p09 
/ 

. .J6a 
/ 

/ 

A .. 

.. ,• 

: ' . ~ 

20 . / w. 
f!J· 

3 .. 

10 30 50 70 

Average angu l_a r momentum <J> (11) 
Fig. 11 

I. 

MU-29076 · 

... ,.,. ~·:·. ··; - :' . . . ,·-·, ..•.. ,., • .. :--.·· .... _ .. -~.___ ... :·--····;··:·-·::· ··:··. --- . --~--~- ---~--- _ ... ···,- \·:-; --- :·· __ .,.. ___ -::_ ··;-~: •. -·;-t ·"':"- ~------:·-~-~·-:··--,~·~ ........ ':--·;--·--:···,--":'-· .. - ~--""~'>" .... ''',. ____ ---~-- -c·····t· ...-- ·;- . - -
.. ' . ~ . _:~ . . . ... . . ·,• . . . ' 

·'. ' . .. ··.: . 
... · ·.· . . ' ..... . ... 

... _. _ _ ·:- l. ~ . 
-.... 

''.• . ' : ' \ . \• ~- ·. ' .' ; : 
.. ·.:· . '•' 

.·.- .... 




