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FAiT-NEUTRON AND GAMMA SPECTRUM 
AND DOSE IN BERYLLIUM OXIDE

Raymond W Klitig«nmiUh, R ichard  G. Jung, William A. Lim lgrtn , 
Harold  M. Epsleln, and Jo«l W. Chastain , J r .
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INTRODUCTION

A t p a rt o i the GE-ANPD shielding p rogram  being conducted at B attalia  a aerie* 
of tea ta  waa run to d e te rm in e  the  ahialding p ro p e rtie a  of BeO. The m a te r ia l w ai in 
the fo rm  of alaba 3$ in. sq u a re  and e ith e r 4 o r  9 in. thick. To preven t ahort c irc u it
ing of rad iation  around the  alaba they were m ounted in 4 8 -in .-square  s tee l fram es. The 
alaba could be combined to  give configurations w hich w ere 4, 8 , 9 , 12, 13, 17, or 
21 in . th ick , M easurem ents w ere made behind th ese  various configurations. One of 
the 4 -in .- th ick  alaba contained  a 7 /8 - in .-d ia m e te r  by 27-in .-long v e r tic a l  instrum ent 
hole. T h is instrum ented s lab  was placed a t d e s ire d  locations within the  21-in. con
figuration  to perm it m easu rem en ts  through an effectively  solid m edium .

The te s ts  w ere conducted at the Battalia L id-T ank Shielding F ac ility  which con 
s is ts  of a 28-in .-d iam ete r highly enriched uranium  plats 0.020 in. th ick  placed in one 
wall of a w ater pool IS by 15 by 12 ft deep. The pool and fission  p la te  a r e  located at 
the end of the therm al colum n of the Battslle R esearch  R eactor.U »2) About 30 w ia 
genera ted  in the fission  p late  a t steady-sta te  2-m egaw att reac to r op era tio n . The 
fiss io n -p la t*  power can  be reduced by a fac to r of 8. 3 without reduction of reac to r power 
by m eans of a  bo rated polyethylene curta in  positioned  between the plate  and the therm al 
colum n. This cu rta in  rep lace s  the previous lithium -m agnesium  cu rta in  which reduced 
the p la te  power by a fac to r of 2. 3.(1)

INSTRUMENTATION

The Facility  is  equipped to m easure fas t-n eu tro n  doss r a ts ,  gam m a doss ra ts , 
th e rm al-n eu tro n  flux, gam m e energy sp ec tra , and in tegrated  fas t-n eu tro n  sp ec tre . A 
de tailed  descrip tion  of the instrum entation  la re p o rte d  e lsew here^  »*), and only a brief 
sum m ary  will be given h e re .

F o r m sasu rsm en ts  of fast-neu tron  dose ra te  H urst-type fas t-n eu tro n  dosim eter* 
a re  u sed . One 2 -ln .-d iam ete r R euter-S tokes, In c .,  RSN-2 d o s im e te r , two 3 /4 -in .- 
d ia m e te r  R euter-S tokes, Inc. , modified RSN-3 d o s im e te rs , two 3 /4 - in .-d iam e te r 
ORNL Q-1329 D d o s im e te rs , and one 1-in .-d iam e te r GE-ANPD d o sim e ter were used in 
the BeO te a ts . Due to therm al-n eu tro n  sensitiv ity  it  w as n ecesia ry  to p lace a 
0 .0 20 -in .-th ick  cadmium sheath  around each do sim eter.

C arbon-w all lonlaetlon cham bers filled with CO^ to 10 psig a re  used  to m easure 
gam m e dose ra te . M easurem ents over an extended range of dose rs te  e re  accom 
plished  by using th rse  ch am b ers  of different ssn e itiv ity . Dose ra tes  in the  range of 
0. 5 to  30 rad  p er h r  a re  m e a su re d  with a 300-cm* cham ber; dose ra te s  in the range oi 
25 to 1000 rad  p er h r a re  m easu red  with a 10-ctn* cham ber; dose ra te s  in the range oi 
100 to  2000 rad per hr a r t  m easu red  with a 9-cm * cham ber. The 9 -cm *  cham ber is 
3/4 In. in d iam eter and was used for m easurem ents within the instrum ented  slab.

(t) to tosses* M tad.
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Thermal-neutron-flux distribution* a rt measured with gold foils and (Union 
chamber*. The cham bers, mad* by GE-ANPD, are 5/4 in. in diameter by 7- 5/4 in. 
long and havo aa active length of 5 in. For absolute flux determinations, the output oC 
the (lesion chamber i* normalised to flux a* determined by gold-foil activation. A 
Maxwellian-averaged gold crose section ie ueed in the flux determination.

Measurement* o( gamma-ray energy spectra (rom 0 .2  to 10 Mev ere made with 
an ft by ft-l«. Nal cryetal.

Threshold foil techniquee patterned alter the techniques of TrieeW* are ueed to 
meaeure integrated fast-neutron fluxes.

DESCRIPTION O f EXPERIMENT

Meaeurementa of fait-neutron dose rate, gemma doe* ra te , and thermal-neutron 
flux were made along the water center line behind 4 -, 9 - , 13-, 17-, and 21-in.-thick 
configurations ol BoO. The reeulta are shown in Figures 1, 2, end 5. Experimental 
data points ere given in the Appendix. From the feet-neutron does ratal measured in 
the water behind these configurations, the removal croee section for BeO was d e te r
mined to be 2. 02 barns.

Meaeurementa of fast-neutron dose rate , gamma dose ra te , and thermal-neutron 
flux were made along the center line through the 21 -in. configuration. The reauita are 
shown in Figures 4, 5, and 6. The laet-neutron dose rate through the 21-In. configura
tion was compared with the NDA momenta method calculation^). The experimental 
results are within 50 per cent of those calculated by GE-ANPD based on the moments 
calculations. A relaxation length of about S. 5 cm for the faet-neutron dose rate through 
DeO was calculated from the elope ol the curve in Figure 4. The relaxation length of 
the gamma dose rate was calculated from Figure 5 to be about 11 cm near the fission 
plate. As shown by the change in shape, the relaxation length increases with penetra
tion into the BeO indicating a hardening of the spectrum. This ie verified by gamma - 
energy-spectrum measuremente. Thermal-flux distributions lor these tests were 
calculated by GE-ANPD with the G-2 multilevel diffusion code. The calculations agree 
well near the source but differ by about a factor of 2 from the experimental data at 
large penetration distances through BeO.

Measurements of faet-neutron dose ra te , gamma dote ra te , end thermal-neutron 
flux were made in a vertical plane et various positions within the 21-in. configuration. 
These result# are shown In Figures 7 , 8 ,  and 9.

Integral fast-neutron spectre were measured through the 21-in. configuration by 
means of threshold foils. Data points obtained are shown in Figures 10 and 11. There 
is very little change in the shape of the speettum with penetration through BeO for neu
trons above 2.4 Mev. This fact le emphasised by the Watt*i spectrum drawn through 
the data points and normalised to the 8. 1 -Mev point. To m easure the integral faet- 
neutron spectrum above 1.4 Mev, depleted uranium-258 foils were ueed. The reeu iit 
are compared with the corresponding phosphorus (2. 4-Mrv threshold) data in Figure 12.
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Ottanc* From F M o n  Pto*

nGURE 4 . FAST-NEUTRON DOSE RATE MEASURED ALONG 
THE CENTER LINE THROUGH THE 2 1 -IN. - 

T H IC K  BeO SLAB

FIGURE 5. GAMMA DOSE RATE MEASURED ALONG THE 
CENTER LINE THROUGH THE 2 1 -IN . -TH ICK  

BeO SLAB
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FIGURE 6 . THERMAL -NEUTRON FLUX PER W ATT MEASURED ALONG THE CENTER LINE THROUGH THE 

21-IN . THICK BeO SLAB
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FIGURE 7. FAST-NEUTRON DOSE RATE MEASURED IN A VERTICAL. PLANE 
WITHIN THE 21-IN.-THICK BeO SLAB
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FIGURE 8. GAMMA DOSfc RATE MEASURED IN A VERTICAL PLANE 
WITHIN THE 1 1—IN. -THICK BeO SLAB
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FIGURE 9. THERMAL-NEUTRON FLUX MEASURED IN A VERTICAL PLANE 
WITHIN THE i l - l N .  -THICK DeO SLAB
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Energy, Mev

FIGURE 13. LOW-ENERGY GAMMA SPECTRA MEASURED BEHIND THE BeO SLABS 
USING AN B BY 8-IN. Nal CRYSTAL AT 0 DEG WITH THE 
HORIZONTAL CENTER LINE
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The curve indie*t«s th a t the neutrons above l .  4 Mev a te  atUnuat<*d with a relaxation 
length of 5.1 cm . A relaxation length of S. I  cm  for fast-neutron  done ra te  due to neu
tro n s  above 0 .3  Mev has been determ ined. It i t  thus concluded th a t there  i t  a  build-up 
of neutrons in the 1 .0  to 2 .0 -Mev range and is a ttributed  to the m inim um  in the b e ry l
lium  c ro es  section in  th is  energy range.

Gamma energy ap ec tra  behind 4 , 9 , 13, 17, and 21 in. of BeO w ere m easured 
using an 9 by 8-in. Nal c ry s ta l. The beam  was collim ated by a  S /8-in .-d iam ete*
by 5 -ft-long w atertight co llim ator which could be positioned a t an g les  of 0 , 30, and 
44 deg with the horison ta l center line. The c ry s ta l  was placed In a  w atertight lead caah 
w ith 10-in.-thick w alls. F igures IS, 14, and IS show the re su lts  of the spectra m e a s 
u rem en ts . The 4 .4  and the 3 .41-Mev b ery llium  capture gam iuae becam e prom inent a a  
the thickness of BeO increased . The 2. 2-M ev hydrogen capture  gam m a from the w ater 
could  a lto  be seen. Hardening of the spec trum  with penetration into the BeO is evident. 
The angular dependence of the spectrum  shape i t  only slight. No unscram bling o r e ffi
c iency  co rrec tio n  h as been done on these ap ec tra . The change of efficiency with inc i
dent gamma energy H  shown in Figure 14.
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4t.W AW * I t * 44. M AM * I t * M.M A n k  i t * 4AM A M s  1 0 * M .M a m * i r *
43.94 1. W * IT* TAM A M  * I t * 44. Oft AM t  !•* A t AM  s  I t*
40,31 1.M * I t * 7AM A M *  10* •A  00 A M  » I t*
01,«Q AW * » " 3 W.M A M * 10* «AW ATftk I t *
•AW A«1 * I t * •A. tO A U  a i t *
00,(0 AM  s i t * 40.M A U i  i t *
1AM AM s  I t * •AM 7.01 * 10*
71.00 AW a 10* M.M 4.43 » 10*
•0.01 A03 x I t * lo l.W AM * 10*
•0.6) A l l*  10*
«i.t1 AW a I t *
•2.94 A M s iO *
t * . t | AM * 10*
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A

■. vv • * J

TA H IA -E  GAU4U I X *  tA n  UtASUMO ALONG T W U H T tlU ie H H W l) TOIMOiLAM 

Dm* tiic u  m iM/ttagwl* 4im*mm  u eta b m  Im m  4*1*

4 Ha. 1*0 t*4*. a«o 104*. 0*0 11-1*. 0cO tt-4*. h o
PitfMK* Daw DtlUJKt Dow Dm w m ~ Dow Omuocc Umc tHttMK* Dow

a n U .I s s . i i 4.41 4E10 E M U .H E H 4E40 E 4 t k It*4
a . » 10.1 JE M 4. SO 44,21 E M IE  I t E M 4EH 1.40 k « * 4
BEST EM 4 E » E l l 4EI0 E H 41.21 E U 4EW E H  k 10*4
U . U 1.41 a s s E H 0 E * EM 4E04 E U *  10 *4 1EI* E H *  10*4
SEW EM 40. t s E H 41. a E l f 4E H E M  * W 4 T1.H E l l *  10*4
a n E»1 40.14 E H • E H M l *  10 *4 IE  SO E H *  I0*4 •1.J0 E H *  1»*4
« . « E04 s i .  sa E l l 4 E * 1 .H *  W 4 TEH E M  * 14*4 41.00 E H  i 10*4

EOT •1.11 E U • E H E M  » It*4 n .H E40 * 10 *4 40. St E«1 k 10 *4
♦t.23 t i l a » E10* 10** 1E*1 E41 * 10 *4 41.24 E t1 * M * 4 •E E E H *  1«*4
4EO EM 40.01 E H  » « H 11. H M l i l t " 4 •E 01 0.S0* M“4 01.30 E U  I It* 4
a i i E H i E t i E l i f t  10*1 • E H E M  * 10*4 IE  H E 0 4 * I4 "4 101.44 0.101 14*4
4E04 1.44 n .M E H *  It*1 •E H E 44* 10*4 4E20 E M  * 10*4 WES* EM k 10*1
a n 1.44 41.*• E H «10*4 4E H E H *  10 *4 01.30 E»1 * 10 *4 1W.S4 E t l k  l# -t
a « « .» »  10"1 I t . * E U *  M*4 •E M E M * 10 *4 M EM E l t «  10*4 H E  SI E H *  10 *
1 E » l . l l  1 10*1 0S.04 E U  * 10*4 •E M ES0 * l#’4 10ES4 E llf c H * 4 111.H E H k  10 *S
fl.M E 14I10*1 01.11 E f t*  10*4 10ES4 E M  a 10"* IH.04 t m r 4 H E 41 i t *
• E f t 4.W i  10*1 M EM EM » It*4 H E  40 E M *  10*5
w .« t t t  I 10'* 100.00 E H  » 10’4 10 .M E M *  H**
* 1 .* ESI 1 IS *l 100.04 E H  110*4

IM .* 1.4* i I t ’1 H E  * E U  * !•**
US. SI E 10 k I0*1 111.00 1.04 * 10**
IS 1.43 E24 i !•*»
ISS.» EMfc !•**
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T A IL ! A - l ,  ftC&UAL *NCUTfcON R L I  MKA4UU) ALONG l l €  CEN Tt* LUC KKCUO T N I K O  A U K

FLa to *'«.**). toaiaco M cm from Umto* pUu

4 - | » ,  K O  _ _ _ _ _ S « ' _ _ _ _ _ _ _ _ _  U - l r ,  U P  U - U .  4 < Q  t i « t 1 .  f r r O
0U U M « r u « D im a d r u a Du u m f h u D u u a c c n m Dutiocc r u

I L K l* 4 t  k l* 1 31. IS 1 .01  1 10* 3 4 . i l 4 .3 0  k Iff4 4 6 .4 4 I . M l l f f * 6 0 .3 4 3 .44  i  10*
21 . U 1 .4 2  i  iff* H .  i t l . « f  i  iff* 1M l 1 .1 1 1 l-'4 4 3 .2 4 1.21 1 10* 4 1 .2 1 4.01 » Iff1
2 4 .1 3 2 .4 4  l  19* 31.21 4 .2 4  i  Iff* 43 .24 0 .1 3 1  Iff4 4 7 .2 4 1 .34  H 0 4 4 3 .3 0 L «  l  10*
T K M 1 . 0 4 i  w * 41. IS i .3 f f »  Iff* 44.23 4 .W  1  Iff* IL K 2 . 1 1 i  ftO4 4 4 .0 4 A lt i  S34
33 .23 4 .4 4 »  Iff* 44.11 1 .1 4  i  Iff4 44.22 1 .3 4 1  Iff* ♦ 6 ,2 1 1 .i l l  Iff* ♦ 1 .2 # 4 .9 1  1 ftO4
4 U H 1 .3 7  t  10* 40.21 2 .1 4  l  10* 69 .23 0 .0 1 1  iff4 ♦ 3 .2 4 2 .0 0 1 1 0 * 4 3 .2 4 1 .1 #  1 Iff4
44 .23 4 .1 4  % I94 43.21 1 ,3*  i  Iff4 61.22 4 .0 4  1 Iff4 13 .22 4 .4 4  i  I fS 7 3 .2 3 f .6 *  1 10*
42.23 2.13» Iff4 41.14 4 .2 2  1 1 3 * 41.14 1 .W  i  Iff4 n.a» 1 .44  1 iff* 7 7 .3 2 1 .1 3 *  10*
41. n 1.14 l Iff4 44 .13 1.41 » Iff* •Lift 4 .1 3 1  iff* 1 1 .3 0 l.« 4  1 I t * 3 1 .3 3 4 .4 1  i  Iff*
47 .23 ♦ . i f f  i  iff* 40 .34 l . f f l i  Iff* 44.21 L 1 4 i  Iff* 4 4 .3 1 4 .0 0 1  ftOl A M 1.21 \  Iff*
41.13 L M i  Iff* 21.11 4 ,2 1  i  Iff* 43.21 1 .7 1 1  Iff* #3.33 4 .3 0  * K 1
44.2* L if t  i  Iff4 71. » 2.31 » iff* 73.21 Liffiftff* 0 3 .3 2 1 .4 4 *  Iff1
43 .11 f t .13 i  I t 4 41.31 i. M i  Iff* 71.20 ft. 34 a  I®1
A n L ll l Iff3 44.11 1 .4 0  s  Iff* • • •  •
T7.31 L t t  t  Iff* 49.34 4 .3 2  i l f f l 44.31 4 .4 3 1 14*
•1 .2 * 1 .3 3 *  Iff* *3.31 2 .4 * 1  I * 1 43.34 J . »  1  Iff*

UM » t l1
•*.» #.16i I t1
W .»  4. Iff i  Iff1
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TABU A-4. PAST NCUTVlN DOil RATE, GAMMA OOM RAT! AND THERM A l -NEUTRON PlUX 
MEASURED AUNG THE CENTER LINE TtftOUGtl THE * H N . * THICK B«0 SLAB

TtWWf 1 ScuUun
I *n Nciukmi___ ____ fiaawm _____  v.fl »iMwCh*mbc« Mum—m«*m

l u a t t c c  P ro m  

P iim o u  P u u r  o n

D o m  RM c

! • * ■ * H I M

D ttu in c *  1 m n  

I ' l o s w  P i 4 t r  r i u

Dote R i le .  

t* 4  (h r)< ">

D m u m c  r w i i  

f tM io ti  P l« » c  c m

P l w .

# , ( c n 3 ) ( m ) ( w ) .

0 » u t u  PfORi 

f  t s t o R  P '» tc  t i n

P itt* .

R (c n * '8 )(» » r) (w )

R. 4 1 8 . 4 a t » . * I . T i * . I 0 »  0 4 ,8 8 . 0 7  » 10*

«*» | 2 3 . 0 3 . 4 3 0 . * IS .  t o 4 . 3 1  R 10* 1 . 1 3 . 7 4  *  10*

M . I 1 0 .4 1 4 ,3 1 7 .1 » . 4 3 . 3 1 X 10" 1 4 .« 3 , 0 4  «  10*

* 3 8 .3 A M R  I * * 1 S M IS, 4 I S .  SB 7 .  O B *  10* » * .* 3 . 3 * t  10*

* 7 .4 3 . 3 0 *  10 * 1 e . s ■ 54. W A M *  10* 3 « . t 8 . 0 4  * 10*

4 1 .* e . 8 »  *  » • * 3 7 . 3 3 .1 3 7 .B 1 . 8 8 *  10*

4 3 .1 2 . 4 0  k t©*3 U 3 . 0 7  * »0*

8 .5 4 7 ,0 B . 0 4 k 10*

1.4 Ml. I  , 3 . 3 0  » 10*
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TABU A-L rABT-WIUTHOW tt*C  RATI. GAMMA DOW BATt, AND THERMAL»M*UTAON FLUX IN A VBTOCAL FLAME WITHIN THI 31 -IK. -THICK M ) SLAB

U»I !. .iu U iuuu i Thermal Neutron
Vertical IMiU ihx 
from H oriaonul 
O tBM  U m . o n

Dots Mm  M liKltcAictl D imaikc From 
Fiutoo F l*te. fftd/lteXw)

Vertical Duukm* 
From llon»M U l 
O u te r  Um . cm

UOK U K  ftl UMIU1. a  -  
OlftUNCV t ’OiftFUftMMI V

f U f t .  rad/ftirMfcl f

tit le* ]  DURftOOC
tool HotiKMlMl 
f i l te r  U m , cm

Mu* «t Indicated Diiuacc From 
Fteteai FIm b .  o/fcmlK»-< Mw)

K B  Cm I t .  I  Cm 4 t . l  Cm 3,9  Cm 1 1 1  I M  < 19.73 Cm 31.73 Cm 33.10 Cat

o .o c M l 3 ,3 1 ft 10 *l 4 .44  ft W * 0 .00 60,0 1 1 8 0 3.30 ft i C f 1.98 x 107 3.36 * 10®
i o . u 5.94 3.00 ft 10‘ * I T S *  10*2 1 4 4 60.0 1 1  • 15.14 \ 3 .23  ft 107 1.18 ft lo t 3.21 ft 10®
E l. IS 3.44 U S  ft io * i B .00» 10-* L S I B0,4 1 1 B 36.41 1 7 5  ft 10t 1.01 ft lo t 2.63 ft 10®
S I. <9 1 4 4 1 2 3  ft 10** 3 .17  i  W * 10.66 49.4 1 1 4 36.97 1.49 X 10t 5.94 ft 10® 1.54 ft 10®

1 1 B4 41.5 11.4 412B 9.74  ft 10C 3.27 ft 10® 8.66 ft to®
42.25 l .  II 1 .11 ft 1C*1 U fB ft 10** 21.13 44.1 10.3 44.19 5 .98  ft 10® 1.93 ft 10* 4.86 » 10*
SLID 4.43 ft 10"1 1. IB » 10** 1 3 1  ft 10*8 96.41 34 .0 1 .6 47.33 1 2 7  * 10* 8.41 ft 10* 1 1 8  ft 10®

31. SO 26.4 6 .4 30.17 B.05 ft 10* 1 6 3  x 10* u .U  » 104
36.97 IB. 4 5.43 6 1 8 ) 1 9 1  ft 10* 7 .50  ft 10* 1.61 » 104

C L SB 1.23 ft 10** M i  ft W# t 9.40 » 10*3 4 1 2 6 1 2 0 — . i l . M *  10* 3 .46  x 10* 6.99 » 103
IS . 18 1.07 ft 10“4 - 4.36 ft 10-3 47. BS M l 1 1 6 58.09 1.30 ft 10** 3 .69  ft 10* 6.59 ft 103

B i l l 1 6 1 — 40.73 1.86 ft 106 4 .44  ft 10s 7.62 ft 103
3 1 0 9 1.79 — 43.37 1 7 1  ft 10 s 6 .64  ft 10* 1.07 x 104
63.37 1.33 . . 66.01 3.19 ft 10i 7.57 * M)B 1.22 » 104

6 8 .6B 2.69  ft 105 6.3C x 10* 9.62 ft 103
71.30 1.7* ft 10* 3 .94  x 10* B.94 x 103
73.93 9 .73  ft 104 1 0 9  ft 10* 3.36 ft 103
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A-6

TABLE A - I .  MfASWUKlENTS OP PAST-NEUTRON INTEGRAL FLUX THROUGH THE 31 IN.-TH ICK  N O  SLAB

TtfmlmM Enctgy* ________Integral Flux. aAcm^fyuvXw). at Indicated Dlwxoce from Ftnlon Plat*
R ea ct ton M e* 1 ,6 6  C m 1 1 .9 6  C m 2 1 . 9 6  C m  . M C a  .

P (n .p ) 2 .4 ( 4 .1 7  i  0 ,0 7 )  x IQ6 ( 5 . 0 7  a  0 .2 0 )  x |« * ( 7 . 0 0  ft 0 . 6 0 )  « 104 ( 1 . 1 5  ft 0 . 1 2 )  x  1 0 4

S(n.P) 2 . 9 ( S . 16 ft 0 ,  I S )  x 40® ( 5 . 9 7  ft 0 .1 0 )  * 10s ( 6 . 5 0  ft 0 .1 3 ) f t  104 ( 1 .9 0  ft 0 .  2 0 )  x  1 0 3

N l(n .p ) •’. 4 ( 4 .1 7  a  0 ,0 7 )  k 10® ( 5 , 1 3  ft 0 .0 7 )  x 105 ( 6 . 9 0  ft 0 . 1 0 )  x 104 ( 1 .1 5  ft 0 . 0 1 )  x l T -

N < » ,P > 8 . 0 ( 7 .2 6  A 0 .0 7 )  x lO * ( 8 . 9 7  *  0 .1 3 )  x 104 ( 1 . 2 0  ft 0 , 0 2 )  x 1 0 4 ( 2 .0 0  ft 0 . 0 2 )  x  'O 3

S K '..p ) 5 .6 ( 6 .1 6  i  0 ,2 0 )  * 105 ( 6 . 3 7  •  0 .2 7 )  x 104 ( 9 . 2 0  ft O .T T )«  103 ( 1 .8 3  ft 0 . 2 6 )  x 1 0 3

M g n . p) f t . 5 ( 2 .4 6  * 0 .0 6 )  x  10s ( 4 . 1 7  * 0 .7 0 )  x 104 ( 1 . 1 9  ft 0 . 0 1 )  x 104 ( 1 .9 7  ft 0 . 1 7 )  < 1 0  1

A K n^i) 2 . 1 ( 7 .0 6  ft 0 .1 3 )  x 104 ( 8 . 8 7  ft 0 .4 0 )  x 10s ( 1 . 2 9  ft 0 .  0 7 )  x 10s ( 1 .9 8  ft 0 . 1 6 » x  lo'^
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