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I. INTRODUCTION

A quantitative description of the interaction of electrons with

solids over a wi de range of energies is a subject of importance in a

wide variety of basic and applied physical problems . Theoretical

calcu l ations of energy loss and range of electrons in many materials

have formed the basis of at least two extensive tabulations .1 ’2 Both

of those tabulations are based on the Bethe theory of stopping power

and are restricted to electron energies > 10 keV . To complement these

resul ts we have employed several theoretical model s to provide calcu-

lations of inverse mean free path , energy loss , csda range, and straggling

for electrons with energies < 10 keV . Tables of these quantities are

now ava il able for the sol id s Al and A1203 (Reference 3); Si and Si02
(Reference 4); Ni , Cu , Ag, and Au (Reference 5); and Ge and GaAs (Reference 6).

These tables should provide useful guides for interpretation of experi-

mental data as well as input for calculations in applied areas.

The work presented here for the organic insulator polystyrene ,

-(C8H8)-, emp
’
~oys a model insulator theory3’6’7 to describe the response

of the valence band electrons. The states of the ti ghtly bound K-shell

electrons are assumed to retain a free-atom-like character so the

excitation of these electrons to the continuum is described by cross sections

deri ved from atomic , generalized oscillator strengths (GOSI s).B In the

following sections we describe the calculation of differential inverse

mean free paths (DIMFP’ s) for interaction of an electron wi th the valence

band or carbon K-shel l electrons in the solid polystyrene and the derivation

of i nverse mean free path (IMFP) and energy loss from these DIMFP ’s.

4
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Resul ts are presented graphi cal ly for the IMFP and energy l oss (or

stopping power of the polystyrene) and In tabular form for the IMFP ,

stopping power, csda range, and straggling for electrons of energy from

a few electron vol ts through 10 keV .

II. GENERAL FORMULATIONS

A charged particle passing through a solid interacts with a large

number of electrons simultaneously, and It is thus appropriate to spea k

of a mean free path of the charged particle for energy transfer to the

solid. Assuming the effect of the charged particle on the medium may

be described in first Born approximation , the inverse mean free path ,

differential In momentum transfer l’hk , and energy transfer 1Su~, for a

particle of velocity is given by

______ = 
2e2 1 1 -1 1

dkd~ ~hv T 
In (k (1)

where t (k ,w) Is the dielectr ic response function of the solid.
9’~° We

assume In this work that the solid Is Isotropic and homogeneous so that

is a scalar function of k and u .

ITS
SOC IkI~ SICtIM o
$ANNOlItfl oJV$IIt ,CA,Iau 

IT
• lus H

- ~~~~~ 5.IIL s.d 
~
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For our calcula tions of Inverse mean free path , stopping power,

etc., it is sufficient to compute inverse mean free paths differential

in energy transfer only. This differential inverse mean free path

(DIMFP) for energy loss ffw by an electron wi th energy E • mv2/2 in the

solId is given by

r (E,1~w) d(flw) 1 1
k~ 

~~ Im [ (~~~)]. (2)

where llk+ ~~~~~ [‘~ ± ~t~ - flw] and a0 
1h12/me2. This expression assumes

that the energy-momentum relation for a swift  electron In the solid does

not differ appreciably from that of a free electron In vacuum.

Given C(k ,w) for the solid , the quantities of interest here follow

directly from i (E,1~w). The inverse mean free path of the electron , ~~,

is given by integrating over allowed energy transfers as

1~(E) ifd(t~w) r(E , tlw ). (3)

The rate of energy loss of the electron , or the stopping power of the

medium, is given by

S(E) -dE/dx zfd(1~w) flw t (E,1~w), (4)

and the mean square energy loss per unit path l ength by

fd(llw)(llw)
2 t (E,~w). (5)

6
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With these results we may calculate the range of an electron in the

contInuous-slowI ng-down approximation (csda range) by

g.E
R Q (E)  

~J dE’/S(E’) (6)

and the mean square fluc tuati on in the range or “ range straggling ”

will be calculated from Eqs. (4) and (5) as~ S

(R - R0)~~ dE’ ~
2(E’)/[S(E’)]3 (7)

For our tabulations we take the lower limit in the integrations of

Eqs. (6) and (7) as E0 = 10 eV .

III. DIMFP FOR THE VALENCE BAND

The model insulator theory used to derive the DIMFP for inter-

action of an electron wi th the valence band electrons has been described

and employed in several previous calculations. 3’6’7 Instead of repeat-

ing the detailed formulae here, we present graphically some of the steps j
required to obtain the energy loss function , Im [-l/c (k,w)J, which is the

key ingredient in the calculation of the DIMFP.

The first step in applying the model insulator theory is to fix

the adjustable parameters by fitting the theoretical expression for the

imaginary part of the dielectri c response function in the optical limit (k-ko)

to experImentally determined values of this quantity . In Figure 1 we

7



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -::. 
- 

- -

I-
‘0
0

~1~
0 _ w a )o -sJ >
‘0 5.. >,Li —p. 

~~CD >~ 4-~~U C)
I—

0 U)
• - _ .1— u,—
-J os-z Ii, Un o0 z 

~~~~~~~~~~~o o~ Li 0 ‘0
-

-. a~~~I Li >a.
X i .  

— (‘J 3 C/I tO’—

I ifl ~~~~~~~~~~ —.0 0  a) o a)
— •r 5-

>, %- I~~ I0~~~O~~O C )  U
5- 9- 0. Ea) x o - ~- C— G ) S.- G)

—~~ C) 4.i 4— .~~~
- •‘- E VI

.~~~ ~1~~ 5- C ~~-

C’)
I I I I

C~J 0 ~~
_ CU 0

- — o o ó 0 U..

[ (m ’O) P/ ,_ ]  w~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  o
CI I ~~ 1 5 -
‘0 I w ,— 0

I
I r —W U . C

‘ 0 5~I..
Li Iz I 4 J u ~ 0
Li Io 1 0 0~~~~ C t OLi 1 I~~ 0 1 0 ’—> 

~~~~)- I C) 0. ~~I— —
~~~~~~ I .C —~—.V)

o ~~ /Lii I
X I
Li 

—. C~~~~~ S WI I’ >
-, B)

I -

1:I 

3 0.0 0
C C / I tO

>1 ~~5- 9- E
— — - ‘0— C O W S ..1~” ’~ 5-9-

S. ~~10 4.i Ifl ~~~- 0  E U 1 0 W— .,~~- Q ) a) 4J

—~_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  a) a) I.- 
-

I I I I I I I 0
CU 0

[(m ’o~ij W I

8

L



-

~~~~~~ ~:~~r 
~

show the results of the fit using experimental values obtained by Inagak i

et al. 12 for polystyrene . The valence band is assumed to result from a

combination of three ground state orbitals and the fit shown in Fi gure 1
S 

gi ves the following set of parameters (as defined in References 3, 6, and

7):
flWBI (eV)

1 0.29 5.80 2.5

2 0.87 8.50 31.5

3 1.90 25.0 7.5

where n 1 is the number of valence electrons per monomeric unit accounted

for by each level and ~ = 1/2 for each of the three levels. Note that

we account for 41.5 electrons per monomeric unit in the valence band instead

of the expected 40. This redistribution of electron numbers between the

core and valence electrons is due to oscillator strength coupl ino between the

core and valence levels. 12 -Since there are 56 electrons per monomeric

unit , we will account for an effective number of 14.5 carbon K-shell electrons

(or 7.25 K shells) per monomeric unit in our calculations of DIMFP ’s

in Section IV. The density of polystyrene for these calculations is taken

to be 1.05 9/cm3. With the molecular weight of 104.14 g/mole for polystyrene ,

this density corresponds to 6.07 x lO~~ monomeric units/A
3.

As a further comparison we show in Figure 2 the energy loss function in

the optical limi t calculated from the experimental data 12 and calculated from

the model insulator theory using the parameters determined above. Quite

reasonable agreement is seen in both Fi gures 1 and 2.

The extension of the energy loss function to arbitrary values of

momentum transfer as determi ned by the model insulator theory is illustrated

in Fi gure 3 where energy and momentum transfer are given irs atomic units. 9
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CaL u la t ions ot DIMFP from Eq. (1 are illustrated in Figure 4 where

we plot E-t as a function of energy transfer for severa l values of electron

ener~y, with all quantities expressed in atomic units.

IV . DIMFP FOR CARBON K SHELL.

Frcm a general expression for the dielec tric function of a

homogeneous, isotropic systent13 we may show that for values of ~ which

correspond to ionization of a g i ven inner shell in a solid that

Im [—l/~(k,.~)] ~ In (k,~) ~ 
2flne_ df~k,w) (8)

where df/d~ is the GUS and n is the number of those i nner shells per unit

volume in the solid. Equation (2) thus leads to

= - 

b~a0
2n 

j

k~ dk df(k,~) (9)
(E/R) (fi~/R) k d(1~ )

where R = e2/2a 0 = 13.6 eV.

Generalized oscil lator strengths for ionization of electrons from

the K shell of carbon have been calculated by McGu i re.8 These GOS

values have been used in Eq. (9) to obtain the differential cross

section d~/d(~~) -. i/n. Some typical results are shown in Figure 5

for severa l va l ues of electron energy . The binding energy of the K-shel l

electrons in carbon is ‘ 282 eV. As discussed in Section III , we account

for an effective 7.25 K shells per monomeric unit in calculating ~~ .

11
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by 1 1

ne4 1 i 1 1 1 -
dW 5r 
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(F-WY 
- j t.l0)

for an Incident ol oc tron of energy F o\copt for ener~ los close to

W = 0 and W F. Neat’ W 0 and W t the Interference term (third

term on the right side of Eq. (1(l)) Is small compared with th . f i r ’. t

or second term , respectively.

The DIMFP for excitation of an e lect  ron from a p articular stat e

I may ho written in the form

~ r 1 (L.,~~ ) .  
~11~

It we a ‘.sumo tha t the width of the leve l from wh ic h an el e~ t ron i

I’\c 1 t (’d 15 ( 1 1  t(’ narrow, wo obta in t rotis 1 q. (11  ‘I t ho P1MI P for pI’otIlR I 1 Ofl

of a sot ondas’ v elect ron wi t  Ii enert lv I as

i ~(1 ,I ~+ I 
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where E~ is the bindin g energy of the ~
th level (a positive quantity).

The exchange corrected D IMFP is taken as

1
exc (E ,’fl~) = 

~
.- 

~F1 ( E ,’n~1) +

- [1 - 

~[E ]  ~~~~~~~~~~~~~~~~~~~ . (13)

S i nce E~ 1 ‘ l/(1S~)’ for large F and ti , Eq. (13) reduces in t h i s  l i m i t

to the form given by Eq. (10). The factor 1 ~~~~~~ reduces the

contr ibution of the third term in Eq. (13) as I E~ . T h i s  form for

the exchange corrected DIIIFP has been used in our calculations for

the inner shell and for the valence bands (since our model assumes the

width of these levels to be quite narrow).

If we now define the more energetic of the two electrons after

collis ion to be the primary and account for exchanqe through Eq. (13).

Eq . ( 3 )  qives the contribution to the inverse mean free path due to

exci tation of an electron from the 1 thi level as

(
~ + [ I~~) / ~ 1

= d(~~) 
exc ( [ . f .~~) (14)

S imilarly. for the stopp ing power and mean square energy loss per unit

path lenqt h . we have from I q . (4) and F q. (5)

( I +F ’1)/2
s. (i ) 

‘B 
d(~~-~ ~ ~ (F ,~

, )  ( 15~

1 ~i
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and

(E+E~)/2
£1~( E )  =f d (~fl~) (~f f )2 exc 

~~~~~ ( 1 6)

For the remaining calcul ations we form the sums

~exc~~~ 
= E S1 ( E )  (17)

and .5

= ~: ~~( E ) , (18)

where the index I includes the terms appropriate for a given solid ,

including exchange corrections as indicated above . The csda range is

calculated from

R0( E )  
•
1E dE’/Sexc (E’) (19)

10eV

corresponding to an electron slowing down in a continuous manner from

an energy E to 10 eV. The mean square fluctuation in the csda range

based or~ ~:q. (7) is calculated as

(R* R0 )
~v =f ~dE’ ~~~ 

(E’)/{Sexc (E ’ )] 3* (20)

10eV

16
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VI. RESULTS

Before presenting the tabulations for polystyrene , we discuss

briefly the results for IMFP and stopping power. In Figure 6 the IMFP ’ s

are shown for interactions wi th the valence band (sum of contributions

from the three levels, Section LII ) and with the carbon K shell. The K-

shell contribution is quite small compared to the va lence band contribution

and amounts to .~, 1~ of the total IMFP in the enerç.y range covered here.

We have found no measurements of electron mean free paths in polystyrene

f for E 10 keV . However, Swanson and Powell 1
~’ performed characteristic

energy loss measurements using 20 keV electrons on polystyrene films and

determined mean free paths for the 7 eV and 21 eV losses . These losses

correspond to the peaks seen In the energy loss function derived from

optical data shown in Figure 2. They determine a mean free path \ , in

A , of 17 ,400 ~ 5 ,500 for the 7 eV loss and 4 10 80 for the 21 eV loss.

If we assume these represent the dominant inelastic loss processes , then

the tota l mean free path 
~
1
~’TOTAL ~~ 7eV ~ 

lf\
~leV ) is 400 A (~ ‘ 201)

S 

at 20 keV . Extrapolating our IMFP values  to 20 keV yields ~ ~ - ~.5 x 10~~ A
1

or A = l/~ 400 ~ in excellent agreement , possibly fortuitous , wi th the

experimental result.

In Figure 7 we show the contributions to the stopping power of

polystyrene for electrons . Also shown is the stopping power derived from

Bethe-Bloch theory ‘ for F 10 keV . At 10 keV , the Bethe-Bloch

result Is S 0.237 eV/A for polys tyrene of density ,~ 
= 1.05 q/cm3.

Our value for S = S (valence) + S (K-shel l )  is S 0.238 eV/A wh ich

17
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Fig. 6. IMFP for inelastic Interaction of an electron of energy E with the
valence-band electrons and K-shell electrons in polystyrene .
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agrees remarkably well with the previous ly tabulated rt ’su l t s 1 .2 at thi s onerq~ .

Our tabulated results for , S . range , and stragg ling are presented in Section VII I .
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VIII .  TABLES

The results of the calculations for polystyrene , at a densi ty of

1.05 g/cm3, are given in the following tables :

Table 1 presents total inverse mean free path and contributions

to LMFP due to interactions with valence band electrons or carbon

K-shell electrons , Eq . (14), in units of A 1 for incident electrons

with energies 5 eV F .- 10 keV.

Table 2 presents total stopping power and contributions to the

stopping power due to interactions with valence band electrons

or carbon K-shell electrons , Eq. (15), in units of eV/A for

electron energies 5 eV 1 10 key .

Table 3 presents the csda range , Eq. (19), in units of A , the

mean square energy loss , Eq. (16), in (eV)2/A , the mean square

range fluctuation , Eq. (20), in A2, and the relative range

stragg ling given by [(R _ R 0 )~~]’ /fl0 , for electron energies 15 eV
— E ~ 10 keV .
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TABL E 1

I N V ’~ ’~ M~ AN F~~- t  V ’ A T ~ 1 ( 1  ‘ LL ( T~1ONS
I N  ~~( ‘ I . ‘v~~1YI .C NE 1~

)
~ N .1 TY I. 0’~ .,/( ’4 ~)

I N I ) L V I D I J A L  C O N T R E t W I  i ONS
TO IMFP IN U N 1 T ~ -. L)F A -I

ELECTRO N I NV [ 1~SE
FNFRGY MFP V4 LF NC ’ INNE R SHELL

EV A - i  F~ A N0 (C-~
( SHELL )

5 . O O C  00 0.0 0 .0  0.0
1.000 0 1  4 . 5 9 C 0— 0 3  4 . 5 9 0 0— 0 3  0.0
1.500 01 3 .2240—32 3.2240—0? 0.0
2.000 01 ~.73L0—02 5.7310—02 0.0
2.500 01 7.8890-02 7.HPSD—O2 0.0
3 . 0 0 0  01  ~~.R 5 8 0 — O 2  9.8~~eD—O? 0.0
.3 .500 0 1  1 . 1 4 4 0 —0 1  1 . 1 44 0 — 0 1  0.0
4 .001) 01  1 . 2130 —0 1  1 . 2 73 0 — 0 1  0.0
4.500 C I  1 . 3 6 3 0 — 0 1  1 . 3 6 3 0 —0 1  0.0
5.000 01 1 . 4 2 8 0 — 0 *  1 . 4 7 8 0 — 0 *  0.0
5.500 0 1  1 .4 7 0 0 — 0 1  L.41C0—0l 0.0
6.000 01 1 .491t)—01 1.4910—01 0.0
6.500 01 1.4990—0* 1.4990-01 0.0
7.000 01 1.4990—01 1.4990—01 0.0
7.500 01 1 .4910—01 1.4910—0 1 0.0
8.000 01 1.4770—01 1.4770-01 0.0
8.500 01 1 .4600-01 1.4600-01 0.0
9.000 01 I.440D—01 1 .4400—0 1 0.0
9.500 01 1 .4190—01 1.4*90—01 0.0
I.OO C 02 1.3920-01 1.3920—0* 0.0
1.500 02 1 .1540-0* 1 .1540—01 0.0
2.000 0? 9.7780—02 ~.7780—02 0.0
2.500 02 8.4860—02 8.4860—02 0.0
3.000 02 7.4650-02 7.4650—02 1. 61 5 0— 3 6
3.500 02 t . 70 6 0—02 b . 7 C4 0 — 0 2  2 .3 7 00 —0 5
4 . 0 0 0 02 t . 1 1 2 0 — 0 ?  6. L CtD—0 2  5 . 03 2 D —0 5
4 . 50 0  02 ~ . 5c 8 0-0 2  5 . 5 9* 0— 0 2  7 . 4 5 70— 0 5
5 .000 02 5 . 172 0 —0 2  5 . 1 6 3 0— 0 2  9 . 2 0 30— 0 5
5.500  02 4 .8 * 6 0— 0 ?  4 . 8 C6 0 — 0 2  1.0630—04
6.000 02 4.5120—02 4.5000—02 1.1~~ 60— 04
6.500 02 4.2480—02 4.2350—02 1.3260—04
7.000 02 4.0150—02 4 .OC IO— 02 1.4020—04
7.500 02 2.8C70-02 3.7930—02 1.4510—04
P.000 0? 1 .6200_02 1.6C50—0? 1.4~*60—04
8.500 02 3 .4500—02 1.4350—02 l.~~I 30—04
9.OOD 0? 3 .2c8D—o? 3.2830—02 I.t 330—04
9.500 02 ‘.1600—02 3 .1440—02 1.5480-04
1.000 03 2.0340-32 3.0180—02 1.~,830—04
1.500 OSI 2.1880—02 ‘.1730-02 1.4920—04
2.001) 03 1.7290—02 1.7150— 02 1.3520—04
2.500 03 1.4370-0... 1.4250-02 1.2110— 04
3.000 03 1.2340—07 1 .2230—02 1.Od?U—0 4
3.500 01 1 .0840—02 1.0740—02 9.dblr)— 05
4.000 03 9.6860—03 9.5960-03 8.9910—03
4.500 03 8.7660-03 8.6830—03 8.2610—05
5.000 03 8.0*50-03 1.9390—03 7.b600—O5
5.500 03 7.3900—03 7.3190-03 7.1400—05
e.ooo 03 .PeID—03 6.7940-33 6.6960—05
6.500 03 t.40t’I)—OJ o .3430-0J o.3040—05
7.000 03 ~ .0120—33 5 .9520—03 5.9570—05
7.500 03 5.6660—03 5.t.C90-03 5.o51D—05
P.000 03 5.3600-03 5.3060—03 s.3S10—05
8.300 01 ~ .0870-03 ‘~.0350—O3 5.1380—05
9.000 03 4.8420-03 4 .7930-03  4 .9180-05
c.soo 03 4 .6210—03 4.5740—03 4.7150—05
1.000 04 4 .4210—03 4.3750—03 4.5270—35
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TillS PM)! IS B1~T QUALITY I LCXL~ 4s~Z
~~~~~~~~~ , u s ~i~~ zu ~~c _..

TABLE

ST0PPIN~ P UU F P  OF 011 Y S T Y Q ! N F  (1)INSI TY 1. 05 ,/Cu ’)

I N O IV I O U A L  C C N T R I ” U T I C N S  To  Ti lE
STOPP E P ~t , l-P~~~R IN U N IT S  )F r V / A

ELFCT RON STOPPING
ENERGY POwFM V A LFN C ’ L N M ~~F V  FV / A  ~3A N0 SHELL

‘ .001) 00 0 .C  0 .0  0 . 0
1.000 0 1  ‘ .8930-0?  3 . M Q : s 0 - 0 2  0 .0
1 .500  01 3 . 3 6 9 0— 0 1  ‘ . 3e ~9 D — 0 l  3 .0
2.001) 01 ‘.1680-01 7.1650-01 0.0
2.500 01 1.1560 00 1.15~ t) 00 0.0
3.000 01 1.649t) 00 1.e490 00 0.0
‘.500 0* ~ .17~ D 00 2 .1250 00 3.0
4.000 01 ..~.5$30 Oi ) 2 .5830 00 0.)
4.501) 01 .7.9550 00 ‘ .9551)  CO 0.)
5.001’ 01  ‘ .2 ’0 00 3.2881) co
5 . 5 00  01 3 .5450  00 3 . 545 1)  00 0 .0
6 .001)  0 1  ~ . 74 5 1)  00 3 .7 45 1 )  00 0 .0
C .3 0 0  01 ~.9 0 t 0  CO 1. Q 0 l t ~ 00 3.3
7 .000  01 ‘.. 019() 00 4 .0 19 0  C~) 0 .0
‘ .501) 01 4 . 1 1* 0  00 4 . l l l t  00 0 .0
8.000 01  3 .1800 00 4 . 1 8 0 1)  0) 0 . )
8 .300  01 4 .? 7 6 0  00 4 . ? 2 e ~I) 00 0 .0
9 . 0 0 0  01 4 .?’ O 00 4 . 75 20  CO 0 .)
S.301) Cl  4 . 2 6 0 1 ’  00 4 .260 1)  00 0 .0
1.000 07 4.2270 (‘0 4.2170 00 0.0
1 .5 01)  0..’ 7.~ ’7~’O 00 3 . 878 1)  00 0 . 3
2.001) 0? 2.48~ 1) 00 3 .4831) 03 3 .0
2.501) 02 1 .1451) (~0 3 . 1 4 t 0  00 3 .0
3.001) 0’ 2 .8410 00 .‘.8400 00 4.7460—04
3.501)  02 ;.~~I30 00 2.~~C6D 00 7 . 3 710 —0 3
4 . 000 07 ~‘ .4~~?P 00 2 .4 * 6 0  00 1 . 65 2 0— 0 2
4.500 0? ~‘ .26~ i) 00 7.7400 00 2~~~S~~~20~~0?
~ .00P 07 ~.125D 00 7.0931) 30 3.2590—0?
!.300 0? ~‘ .C C ’ P  00 i .~~8~~D 00 3. ~2~)0— 3.’
e . 000 02 t . c o - o  03  1.0600  00 4 . 5 29 0 — 0 ?
e.500 0? i .o1~’P ot) 1 .7 ~~5fl 33
7.000 0? 1 .7280 00 1 ~~~~~~ 00 ~ . ‘ 3 9 0 — 0 . ’
7.500 C? l .t-t61 ) 00 ~~~~~~~ 00
8.001) 05 ’ 1.6000 00 1.~~360 00
8.500 C? 1.~~3?0 00 1.47 11 ) CO h.~~”~~1)—0’
9.000 C * .47~ t ’ 00 1.4110 00
S . 3 0 1 ’  C? 1 . 42 6 1)  00 1. 3 56 1)  00
1.000 0’ i. ’790 00 i . 3 C 8 0  00
1.50 11  C ’  I .C~~tW ’ 00 Q . 626 0 — 01 ‘. ‘ ‘~ 1 0 — ) ’
2 .001) 01 0 . 4 0 3 0 — 0 1  7. ’O O D — O l  ‘ .?4 1 )— 0 2
2 . 5 0’~ C ’  ‘ .2 0 4 0 — 0 1  8 . 4 7 1 0— 0 1
3 .001)  0.’ £~.276P 0l ~‘ .5q 90-01
3 .30 1)  0 ’  ~~.A 7 8 P_ 0 l  4 . 94 9 0-0 1  6 .7 9 0 0-0 ?
4 . 001) 0~ ~‘ .C~’ 0 0 — 0 I  4 .4440— 31
4.30) C 4 . *690_ 0 I  4.0400— 01
~~.000 0~ 4 .1 9 5 0 — 0 *  3 . 7 C ’ 1 ) — 0 1  4. -) 1 ? D — J ’
~~.5 0P C ’  .6 8 ’ t ’ — O I  3 . 4 2 9 0 — 0 1
~ .00O 03  7 . 6 7 7 0— 0 1  3 . 1 9 3 0— C l  4 .2~~6 U—0 ’
6.300 C 3  3 . 3 0 4 0 — 0 1  2 . c 8 9 0 —0 1  4 . 3 4 5 0 - 0 ?
1.000 03 3.1940— 01 2.8120— 0* 3.8230— 3.’
7.300 03 7 .0180—01 7.6550 — 01
t ’.000 0~~ ~~.8e’ 2 O — O 1  ?. ‘1~~f l— 01 3 . 4 s 2 0 — 3 ’
8.301) 01 .‘.‘.‘‘f ’—Ol 2.1930—0 1
9.00I~ 0 3  .‘ .~~9 7 P — 0 1  7 .7 8 2 0 — 0 1  1 . 1 5 3 0- 3 7
9 . 300 01  2 . 4 * ’ 3 0 — ( ’ 1  7 . 1 8 1 0 — 0 *
1.00” 04 ;. “ c r ’— o t ? . 0 ’ 0 L ” — O l
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