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ABSORPTION OFY- RAYS 

J o  Lo Powell and W. S. Snyder 

I n  the  eva lua t ion  of experiments on ?'-ray a t t e n u a t i o n  and i n  the  general  

problem of sh i e ld  design it i s  necessary t o  have accura te  knml.edge of absorp- 

t i o n  coe f f i c i en t s  a s  a func t ion  of 7-ray energy and of atomic number. Even a 

cursory examination o f  t he  l i t e r a t u r e  reveals  sup r i s ing ly  la rge  discrepanceis  

among the  values quoted by various au thors ,  d i f fe rences  of f i v e  or t e n  percent 

o f  the total coe f f i c i en t  being not  uncommon. 

Anat tempt  i s  =de here t o  compile a t a b l e  of  coe f f i c i en t s  which i s  rep- 

r e sen ta t ive  of the  b e s t  experimental data ava i l ab le  a t  t h e  present t ime, and 

t o  g ive  an  estilnate of  t he  accuracy of  the values given, Except for a q u i t e  

l imi ted  range of t h e  var iab les  involved, it has been found t h a t  t h e o r e t i c a l  

formulae, as given i n  standard textbooks,  cannot i n  general  be r e l i e d  upon 

t o  give t h e  absorpt ion c o e f f i c i e n t s  with a n  accuracy of f i v e  percent ,  This 

seems t o  be a t t r i b u t a b l e ,  i n  most cases,  t o  various approximations which 

en te r  t he  t h e o r e t i c a l  ca lcu la t ions  of  cross-sect ions f o r  photoe lec t r ic  ab- 

so rp t ion  and f o r  pair production, 

Photoe lec t r ic  Ef fec t  

According t o  t he  theory of photoe lec t r ic  absorpt ion,  a s  given by H e i t l e r  (1) 

the  photoe lec t r ic  cross-sect ion is proport ional  t o  Z5, where Z is the  atomic 

number, "his r e s u l t  is based upon a ca l cu la t ion  which takes  account of t he  K 

e lec t rons  only, Also, the assumption fs =de t h a t  t h e  X e lec t ron  is adequately 

described by a hydrogen-like wave func t ion ,  As a consequence, no account is  

taken of  the e f f e c t  of the outer  s h e l l s ,  even as regards t h e i r  inf luence on 

the  K e lec t ron ,  FOP example, t he  11. absorp t ion  l i m i t  comes o u t  a t  Z2 x 13,5 ev 
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I. 

i n  t h i s  theory,  a v a l u e  which is known from experiment t o  be too  high for 

heavy elements, 

lead could be a5 much as 10% i n  BPPOP due t o  t h i s  approx imt ion ,  

of the  nuclear Coulomb f i e l d  on t h e  photoelectron is discussed by H e i t l e r ,  and 

the  r e s u l t  of an exact non-re la t iv i s t ic  c a l c u l a t i o n  by Strobbe(') is given i n  

the form of a cor rec t ion  f a c t o r  which should be appl ied f o r  energies near t h e  

K-absorption l i m i t ,  This f a c t o r  is 0,12 a t  the  K-.abso~ption l i m i t ,  and a t  a n  

energy of  50 tirnes the  absorpt ion l i m i t  is 0,66. Even f o r  the element aluminum, 

t h i s  "Coulomb factor"  is s t i l l  appreciably smaller than uni ty  when t h e  ?-ray 

energy is 1 Mev. 

cor rec t  except f o r  energies which a r e  small compared t o  the  r e s t  energy of  t h e  

e lec t ron  (-1/2 BV) 

It seems possible t h a t  t he  calculated cross-section for 

The influence 

However, t h e  n o n - r e l a t i v i s t i c  c a l c u l a t i o n  o f  Strobbe is not 

A r e l a t i v i s t i c  c a l c u l a t i o n  by Sauter(3) ,  E.n which the  influence of the  

leads Coulonib f i e l d  on t h e  photoelectron is neglected (Born approximation) 

t o  a formula which is adequate t o  describe t h e  cross-section due t o  I(-electrons. 

for l i g h t  elements and high Y-ray energy, The r e s t r i c t i o n  t o  l i g h t  elements is 

due t o  t h e  use o f  t he  Born approxfmtion,  which i a  v a l i d  only if Z<<137. 

A smooth t r a n s i t i o n  from the  n o n - r e l a t i v i s t i c  region i n  t h e  neighborhood 

of t h e  K absorpt ion l i m i t  t o  t h e  extreme r e l a t i v i s t i c  region m y  be obtained 

from QauterOs formula by multiplflng f t  by t h e  cor rec t ion  f a c t o r  of Strobbe, 

Since t h e  cor rec t ion  is s t i l l  appreciable  a t  r e l a t f v i s t f e  energy, t h i s  procedure 

is no t  t h e o r e t i e a l l y  j u s t i f i e d ,  but it nevertheless seems t o  be a reasonable 

approx imt ion  for l i gh t  elements 

t h e  nrajor p a r t  of the  t o t a l  c rms- sec t ion  for l i g h t  elements s o  t h a t  a r e l a t i v e l y  

la rge  e r r o r  i n  the  photoelectr ic  cross-section m y  be to l e ra t ed ,  

A t  high energy the  Compton e f f e c t  contr ibutes  



For heavy elements, t h e  above approximt ions  a r e  not va l id .  Exact cal- 

culat iona have been made by H ~ l m e ' ~ '  and eo-workers a t  energies  up t o  2 Bdev, 

The r e s u l t s  of these ca l cu la t ions  are given in Figo ID which is taken from 

reference 4,  

Born approximt ion ,  which leads t o  t h e  @Z5 Pa# gives a t  b e s t  a n  order o f  m g -  

nitude estimate of t h e  a e t u a l  photoelectr ie  cross-seetion, 

It is evident  from these graphs t h a t  t h e  theory based upon t h e  

F ina l ly ,  it should be mentioned t h a t  a l l  of t h e  above t h e o r e t i c a l  work 

h a s d e a l t w i t h  t h e  photoelectr ic  e f f e c t  i n  the K-ashell onlyo I n  most cases 

t h e  effect  of t h e  other e l e c t r o n i c  s h e l l s  has been e s t i m t e d  f r o m t h e  empir ical  

r u l e  t h a t  t h e  K-shell i s  responsible  for abou t  80% of  t h e  t o t a l  absorpt ion,  

Some t h e o r e t i c a l  j u a t i f i c a t i o n  for  t h i s  rule has been obtained by H a l l  and 

Rarita(5), who calculated t h e  cross-sect ion o f  t h e  L electpans i n  l ead  a t  

= 4,7 X,U, with  t h e  r e s u l % r h K  .20, 

On account of t h e  complexities discussed above, it i s  d i f f i o u l t  t o  

evaluate t h e o r e t i c a l  ca l cu la t ions  as t o  t h e  accuracy with which they  will give 

t h e  photoelectr ic  c ~ o s s - s e c t i o n  f o r  a given element a t  a givenY-ray energy, 

I n  general ,  it is found t h a t  t he  e x i s t i n g  t h e o r e t i c a l  ca l cu la t ions  are  confirmed 

by  experiment wi th in  r a t h e r  narrow l i m i t s ,  bu-k errors of t h e  order of t e n  per- 

cent  in the  cross-sect ion m y  be expected i n  some eases, p a r t i c u l a r l y  f o r  heavy 

elements 

It has been found f rom experiments (sS(a)at  x-ray wave lengths t h a t  t h e  

photoelectr ic  absorpt ion c o e f f i c i e n t  is web1 described, fox= a l imited range of 

2, by empir ical  formula 

p - 3  

in which p i s  a r a t h e r  slowly varying function of the  energy. 

of t h e  K-absorption l i m i t ,  p - 4 ,  

I n  the neighborhood 

This formula f a  not  applfeabbe over t h e  e n t i r e  
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range of 2 ,  but  a good approxfmrtfsn can be obtafned by dividing t h e  range 

i n t o  two par t s  and evaluat ing p f o r  each, 

was m d e  a t  2H40, This procedure is valuable f o r  purposes o f  i n t e rpo la t ion ,  

I n  the  present work the d iv i s ion  

Compton Effect  

The cont r ibu t ion  t o  t h e  t o t a l  absorpt ion c o e f f i c i e n t  uhich is due t o  

e l ec t ron  s c a t t e r i n g  ie given by t h e  Klein-Niahina(') formula 

formula appl ies  t o  s ca t t e r ing  by  free eleotrons onlyo However, s ince  t h e  binding 

This t h e o r e t i c a l  

energies  of atomic electrona are  i n  general  qu i t e  small compared t o  the 3'-ray 

energies which are of i n t e r e s t  here ,  one is j u s t i f i e d  i n  neglect ing the e f f e c t  

of binding, 

The Klein-Nishina formula is of a universal  na ture ,  s ince  t h e  Compton 

cross-sect ion is r igorous ly  proport ional  t o  2, s o  t h a t  a s i n g l e  de t a i l ed  cal- 

cu la t ion  is 8 u f f i C h n t  t o  give the Compton cross-sect ion f o r  a l l  elements, 

Fafr Production 

A t  energfes above 1 MeV the  production o f  e lectron-posi t ron pairs i n  t h e  

Coulomb f i e l d  of the  nucleus makes a n  important cont r ibu t ion  t o  t h e y - r a y  ab- 

sorp t ion ,  

Bethe and Heitler( ' )  

the  Born approximation, i n  which it is assumed that  t h e  pa i r  e lec t rons  m y  be 

t r ea t ed  as f ree  p a r t i c l e s ,  

elements, and it is general ly  assumed t o  be accountable f o r  discrepancies  which 

have r e c e n t l y  been found i n  comparing experimental t o  t h e o r e t i c a l  cross-sections 

A thorough t h e o r e t i e a l  diacussion of t h i s  e f f e c t  has been given by 

who calculated the  pair production cross-sect ion using 

This approximation is expected t o  f a i l  f o r  heavy 

For energies w e l l  above the  th re sho ld ,  it is necessary t o  include the  

e f f e c t  of aereening of t he  nuclear Coulomb f i e l d  by the a t o m i c  e lec t rons ,  

-7 - 



The r a t h e r  complicated formulae of Bethe and He i t l e r  have been approximated 

in a simple manner by Bough (13) ., 

For small values of 2,  f o r  which the Born approximation i s  v a l i d ,  t h e  

t h e o r e t i c a l  formulae have been w e l l  confirmed by experiment and accu ra t e  

cross-sections m y  be obtained from them w i t h  a moderate amount of ca l cu la t ion ,  

Rel iable  t h e o r s t i c a l  formulae do no t  e x i s t  f o r  l a rge  2 values,  and it is neces- 

s a r y  t o  r e l y  p r a c t i c a l l y  e n t i r e l y  on experimental r e s u l t s  i n  t h i s  region, 

The Bethe-Heitler formula gives a cross-sect ion f o r  lead which is about 10% 

t o o  l a rge  f o r 7 - r a y  energies  i n  the  range 10 t o  100 B v ,  

In  a d d i t i o n  t o  t h e  p r inc ipa l  e f f e c t  o f  pair production i n  the nuclear 

Coulomb f i e l d ,  t h e r e  i a  a small con t r ibu t ion  due t o  p a i r  production i n  the 

f i e l d s  of atomic e l ec t rons ,  which is approximately proportional t o  2,  

Provis ional ly ,  t h i s  m y  be included, a t  l eas t  as t o  order of magnitude, by 

r ep lac ing  t h e  Z2 of t h e  Betha-Heitler formula by Z(Ztl), 

(14)(15)(16) 

Hope accu ra t e  e s t i -  

mates of t h i s  e f f e c t  are  given i n  the  references c i t e d ,  but  f o r  t h e  purposes 

of i n t e r p o l a t i o n  i n  2, t he  above p resc r ip t ion  i s  adequate,  

Expe r i menta 1 Va 1 ues 

I n  Table I are given the  experimental absorpt ion c o e f f i c i e n t s  which are 

t h e  b a s i s  o f  t h e  more complete Table 11, 

The data of Cuykendall and Jones a r e  included a8 being t h e  most complete 

and r ep resen ta t ive  of modern experiments i n  the X-ray region, Much of t he  data 

of these experimenters, which r e l a t e s  t o  t h e  low energy region in t h e  neighbor- 

hood of the  absorpt ion l i m i t ,  has been omitted, s ince  it i s  of minor importance 

POP sh ie ld ing  app l i ca t ions ,  The da ta  o f  Cowan are  t h e  r e s u l t s  o f  extensive experi-  

ments using r ad ioac t ive  souces o f  F rays  and a Geiger-Huller tube as d e t e c t o r ,  

The energy range i s  .32 t o  2 , 3  MeV, 

b e t a t r o n  using threshold de t ec to r s  which were s e n s i t i v e  t o  a small port ion of 

G o  Do Adamso work was done with the I l l i n o i s  

-8- 



the  spectrum a t  the  high energy l i m i t ,  

used, giving average energies a t  11004, 13,73 and 19,l MeV, 

from t h e  reac t ion  L i  (pp7)  B e  

ments of the cross-sections fo r  C ,  Al, Cu, Sn, and €%, The de tec t ing  device i n  

these  experiments was a m g n e t i c  pa i r  spectrometer which made i t  possible  t o  

eliminate a background of lower energyy-rays.  

Copperp i r o n  and carbon de tec to r s  were 

The 17,6 B v y - r a y s  

7 8 w e r e  used by R, Lo Walker i n  very ca re fu l  measure- 

The da ta  of Lawson a t  88 &v were 

obtained using t h e  88 Mev 7-rays from t h e  G. E, be ta t ron  and a pair spectrometer 

as de tec tor ,  

Both Cowan and Adam r e p o r t  t h e i r  observed absorp t ion  coe f f i c i en t s  i n  

units of cm”l, and it was necessary t o  convert  them t o  t h e  units used here by 

dividing by the  dens i ty  of t h e  mater ia l ,  The dens i t i e s  assumed are 

AI 2,7 g/cm3 

Fe 7,85 

Cu 8,89 

Sn 7,18 

Pb lPol 

A small error may have been introduced i n  t h i s  conversion o f  the  data, but  it 

is not  l i k e l y  that it is l a rger  than 2$0 

Adjustment o f  Theoretical  Curves 

The data  o f  m b l e  I1 and t h e  curve8 i n  Supplement 1: were obtained by adjugt-  

ment of  t h e o r e t i c a l  curves t o  f i t  t h e  experimental data of  Table I, The formulae 

fo r  photoelectr ic ,  Compton and pair production cross-sections as given by  Hef t le r  , 
were used t o  compute ‘theoretical* eross-sections f o r  t h e  various elements, 

r e l a t i v i s t i c  (Sauter) formula f o r  the  photoe lec t r ic  cross-section was used i n  

conjunction with t h e  coulomb cor rec t ion  f a c t o r  as discussed above, The Compton 

cross-sections were computed exac t ly  from the  Klein-Nishina formula except t h a t  

no cor rec t ion  was made, even a t  t h e  l o w e s t  energies ,  f o r  e l ec t ron  binding, The 

The 



Bethe-Heitler p a i r  production formula was used, including t h e  s h i e l d i n g  e f f e c t  

a t  high energies .  

(p. Z O l > ,  

by  r ep lac i cg  t h e  Z2 of the Bethe-Heitler formula by  Z(Z+l), 

The la t te r  was interpolated from curves given by B e i t l e r  

The e f f e c t  of pa i r  production i n  t h e  e l e c t r o n i c  f i e l d s  was included 

It i s  c l ea r  t h a t  t hese  ca l cu la t ions  a r e  not s u f f i c i e n t l y  accurate  t o  provide 

a comparison between experiment and theory. Nevertheless it was found t h a t  f o r  

t he  l i g h t  elements, e o g c s  A l ,  t he  values given by t h e  formulae were i n  c lose  

agreement with experimental r e s u l t s ,  For l a r g e r  values of 2 the  agreement is 

progressively worse, and i n  the  case o f  lead it was found t h a t  t h e  ca l cu la t ed  

values w e r e  l a rge r  than t h e  experimental by about 10% over the range 1 t o  100 Mev, 

I n  t h e  photoelectr ic  region, t h e  agreement f o r  lead is much b e t t e r  t han  a t  t h e  

higher enepgies, This i s  undoubtedly f o r t u i t o u s ,  s ince  t h e  intermediate values 

of 2, (e,g,, Sn)9  the formulae give coe f f i c i en t s  which are appreciably s m l l e r  

than t h e  experimental values 

I n  the  construct ion o f  t h e  f inal  curves, t h e  elements B l ,  Cu, Sn and Pb 

were se l ec t ed  as referenee elements, s inee  most experimental information i s  

a v a i l a b l e  fo r  these .  The experimental points w8re p lo t t ed  and compared t o  t h e  

calculated curves 

da ta  as c l o s e l y  as possible ,  I n  t h i s  way, t he  formulae were made Lo serve as 

a means o f  i n t e rpo la t ion  f o r  energy ranges which were no t  covered by e x p r i T e n t ,  

I n  the  case of A l ,  p r a c t i c a l l y  no s i g n i f i c a n t  adjustment was necessaryp and f o r  

Cu and $n, only small correct ions were required, p r i n c i p a l l y  a t   lo^ energy, 

which were than ad jus t ed  g raph ica l ly  t o  f i t  t h e  experimental 

The values f o r  t h e  e iements Fe Rg l'a artd U w e r e  i n t e rpo la t ed  from the  

r e s u l t s  fol- the  reference elements by first,  sub t r ac t ing  t h e  ca l cu la t ed  Compton 

c o e f f i c i e n t  (Supplement 2 )  and then a d j u s t i n g  %he remaining photoelectr ic  and 

pair production par ts  by t h e  semi-empirical methods discussed above, 

-10- 



For X-ray energies the exponent p was obtained f r o m  the work o f  Cuykendall ( 6 )  

and Jones (7)0 

e a s i l y  from the data of Cuykendall f o r  2 (40 {see Table 3)  

p is  not  g rea t  in t h e  energy range under considerat ion,  and reasonably good ex- 

t r apo la t ions  can be =de, which compare wel l  with the  r e s u l t s  of Hulme e t  a l ,  a t  

higher energies ,  

flhis is given e x p l i c i t l y  by Jones f o r  Z>40, and may be computed 

The v a r i a t i o n  o f  

HulmePs r e s u l t s  apply t o  t h e  range .4 t o  2 %v and can be ob- 

ta ined  d i r e c t l y  f r o m t h e  graph o f  F i g o  1, 

The pair production cross-sect ions were i n  a l l  cases assumed t o  be pro- 

por t iona l  t o  Z(Z+l), which i s  apparent ly  q u i t e  a good approximation f o r  smll 

ranges of 2,  a s  can be seen, f o r  example, by oomparisonbf the  Fe curve, which 

was based on Cu, t o  the  experimental r e s u l t s  o f  Adam a t  11, 14 and 1 9  Mev, 

In a l l  cases,  the adjusted curves give the experimentally observed coe f f i -  

c i e n t  t o  wi th in  3% of the t o t a l ,  I n  those regions where experfmental data  a r e  

not a v a i l a b l e ,  it is possible  t h a t  t he  in te rpola ted  curves a r e  l e s s  accura te ,  

bu t  it seems unl ike ly  t h a t  t he  e r r o r  should exceed 5%0 

It would be of g rea t  value t o  have fu r the r  experimental data  f o r  uranium, 

s ince  t h e  values given here fo r  t h a t  element have been extrapolated from lead 

over a r e l a t i v e l y  large i n t e r v a l  i n  Z o  A l s o ,  the  intermediate  range o f  energies  

i n  the  neighborhood of  t h e  min imum absorpt ion f o r  lead have not  been adequately 

inves t iga ted  experfmentally, 

I n  Supplement 2 a r e  p lo t t ed  absorp t ion  coe f f i c i en t s  f o r  elements l i g h t e r  

than Al. These a r e  t h e  r e s u l t s  of  ca lcu la t ions  from the formulae described 

above, 

very good cheek obtained fo r  aluminum j u s t i f i e s  t h e  b e l i e f  t h a t  t he  formulae 

P r a c t i c a l l y  no experimental data  a r e  ava i l ab le  f o r  t hese  elements, b u t  

a r e  cor reo t  i n  t h i s  region, 

8upphment 3 and supplement 4 give the  mass absorp t ion  coe f f i c i en t s  mfnus 

Compt on s c a t  t e  r i ng P - C s  

P -11- 



Table I 
- 

Mev 

-0591 
0671 

,0772 
.088E 
0 9  5C 

.098E 
103 
107 

.112 
e 1 2 3  
., 130 
137 

.155 

.165 

.176 
0206 
.225 
.247 
e 309 

0145 

032 
e65 

1 0 1 1  
1,72 
2.30 

11004 
13 ,, 73 
19,lO 
17.6 
88 

, Absorption Coeff i  

A 
I .279 
.240 
.213 
0 191 
.176 
175 

.162 

.158 

.150 ( 

0168 

.147 
144 

138 
.135 

o 142 

108 3. 

00574 4 
.0722 (3)  

.0224 4 

.02?3 3. 

.0218 ( 6 )  

.0252 (5)  

00221 ( 4 )  
.0295 4 
.0306 (4) 
.0334 $ 

ents - c 

c.3 

0 434 

.306 (1) 

,182 
,160 

,129  

,0694 'Ioki3 t 
,0418 $. 

,0311 
,0321 (4) 
,0346 
0344 ( 6 )  
0471 (5)  

,0538 ( 3 )  

r imental)  

c.7 

.607 t 
.246 

,0726 t 
,0421 
03 71 

.0455 ( 6 )  
,0665 (5)  

n 
m 
E- 

d w 
v 

.600 ( 2 )  
e394 4 
.0651 t 
.0426 
.0517 4 
.0568 (4 )  
,0632 4 
.0597 ( 6 )  

00480 ( 3 )  

e0909 (5 )  

n 
N 
0) 
W 

5 

0973(5: 

(1) T. R, Cuykendall, Fhys, Xev, 50, 105 (1935) 
( 2 )  M o  T ,  Jones, Phys, Rev, 50, 1m (1936) 
(3) Clyde Le Cowan, Phys, R e C  74, 1G4l (1948) 

(5) J, L, Lawson, Phys, Rev, 75, 433 (1949) 

(4) G. De Adams, Phys, Rev, 74, - 1707 (1948) 

( 6 )  R e  Lo Ealker, Phys, Rev, - '76, 527 (1942) 
- 
- 
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Table 11, 
P 

MeV 

03 13 
., 04 
05 

0 07 
.1 
e 15 
020 
.30 
., 40 
50 

o 70 
1.0 
1,5  
2 00 
3 .O 
400 
7 00 

10,o 
20 .o 
40.0 
70,O 
.oo 0 0 

0 072 
5 .O 

15,O 
197 

.25 
30,O 
5000 

Absorption Coefficients (cm2/g) (Adjusted)  

A l (  13) 

1.00 
0555 
e355 
,225 
168 
136 
123 

., 104 
092 

,0845 
.073 
.0613 
.0495 
042 5 

.0345 

.0311 
, 02 52 
.0230 
, 02 14 
,0229 
, 02 42 
.0249 

Fe(26) 

,820 
.384 

149 

092 

.0697 

.0590 

., 0405 

033 1 
, 0302 
0304 

.0331 

.0384 
042 1 
043 1 

Cu(29) 

.463 

.225 
158 

0 110 
0091 
.079 
.067 
0565 
045 5 
03 95 

.035 

.0333 

.031 
03 16 

.0352 

.0413 
0456 

,0468 

1 .oo 
.032 
033 5 

.313 

0 110 

0 0700 
.0565 

0404 

.0361 

., 0368 
03 90 
0474 
0572 

-0634 
.0662 

, 643 
342 

e 162 
1125 

.0905 

.069 

.055 
0445 

., 03 93 
036 
03 56 

.0368 
03 92 
0483 
0585 
06 50 

.0680 

Ta(73) 

., 742 

193 

.0908 

.OM8 

0409 

03 90 
042 2 
0462 

.O6Ol 

.0738 
08 12  
0830 

0 97 
.415 
.237 
, 163 
104 
073 
052 7 
0449 

.0411 

.0412 

.0450 

.0495 

.0645 
0800 
088 5 
0903 

042 5 
0586 

..o 
.600 

., 084 
07 50 

1.235 

,298 

124 
0838 

0470 

., 0442 

.0483 

.0536 
0706 
08 90 

.0970 
0993 

f 
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Exponent f o r  Photoelectr ic  Ef fec t  
Estimated from Reference 6 (2<40) 

06 
08 

0 10 
0 12 
o 14 
16 
18 
.20 

4,14 
3,96 
3.82 
3 .?2 
3.66 
3.61 
3.58 
3,56 

Exponent f o r  Photoelectr ic  Ef fec t  (Z)40) 
Reference 7 

140 
130 
120 
110 
100 
90 
80 
70 
60 
50 

0882 
.OS5 
103 

0 112 
123 

., 137' 
0 155 
0 176 
.206 
.247 

3.51 
3.64 
3.62 
3.68 
3 069 
3 069 
3.73 
3.84 
3.88 
3,84 
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