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ABSTRAGT

The aimpling bias in proton-recoil track samples selected by a new

» .rapid method from nuclear emulsion has been examined, Track;length

R diatributions of the samples taken from six emulsions exposed to single-

energy fast neutrons are compared to those predicted by an equation derived

for this purpose. Bias in the angular distribution of the sampled tracks was

- similarly examined. The types -a_zid nour;éa of tracks, and neutron scattering

“

in the emulsion, are discusaed,
" The energy of the neutron beams was determined separately by two

methods: differentiation of the proton-track energy diatribution. and direct

| meagsurement of track length and scattering angle. The former yielded more

precise values..

An operational description of equipment used for semiautornatic track

scanning is given. o
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. question, '"How much bi;as.‘ if any, does the randfém-wa.lk method introduce ?_" :
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1. INTRODUCTION

-

The development of microacopesbadapted for automatic coordinate read-

~~ out has increased the potential usefulness of miélaar track emulsion as a faste

1,2

. neutron spectrometer. . ' The analysis of a proton-recoil track sample can

~ reveal the fast-neutron energy spectrum to which the emulsion has been

exposed. - 3 However. although a.utomatic readout aolved the problem of rapid

recording of track measurements {sece Appendix). it did not solve the central

| problem in this use of nuclear track emu_lsioxi.- that of rapid unbiased track

- sampling.

The standard sampling method of measuring the length of every track |

- within a given volume of emulsion ig too slow: it cannot match the speed of

the recording systém. Because of this, the more rapid random-walk samplihg ‘
method has been introduced: that track is measured one of whose ends is

hearest to the end point of the previous track. 4 Although intuitively ons would

‘think that the random-walk method would give an unbiased track sample, it can

'~ be argued that because the shorter tracks precent effectively only one end point

5 .

’ to the scanner, this method biases against them.” In an atterxipt to answer the

)
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| proton-recou track distributions taken from nuclear emulsions expoaed to

ningle~energy £ast neutrona have been compared with those predicted 'by

theory.

L. PROCEDURI:S
A, Experimental Method

Pelu_clesl of unmounted Ilford L.4 nuclear track emulsion, 1 by 3 in.
v\and 600 u thick, were wrappéd in a single layer of black paper. These were

| . mounted in a special holder (Fig. 1) and exposed, edge-normal, to single- '

energy neutrons 1 8 cm f_r'on} a t:iti_nm or deuterium ta‘rget (and at 0° from

the bea’ni"a.xis) at the U.S. Naval Radiological Defense Laboratory Van de Graaff

| ‘accelerator, In order to minimize neutron scattering, the beam was directed

into a tent~walled ro"om outside the accelerator building, where it struck the

o taiget located 1.5 m above a cement floor. The fast-neutron intensity was

. monitored bya BF, long counter, 1.9 metexﬁ distant from the targeé and at

an dﬁgle of 45° from the bgam'a.xis. | The‘_‘ exposure details .are,given in Table I,

‘After the exposures, the films were opened in a darkrbom and measured

for thickness and lateral exteat. They were then developed and fixed by a

modified _cold-cyéle' proceas4 in which the solutions were kepfat 5°C. To A

reduce thicknaess a’hrinkagé. the'processad emulsions were soaked for 24 hours

in a concentrated solution of wood rosin in ethanol (35 g per 100 ml)., In this

- case, the rosin treatment caused a 3 to 10% net permanent swelling of the

emulsion over the initial dimensiorns. The films were mounted on 1X3-in.

microslides with clear epoxy cement before they were scanned, The emulsions

were manufactured 27 February 1961, developed 3 months later, and scanned
J

‘within 6 months of development..
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- The c;en;ter third of the 1X3-in. emu!aigns were aca;med by the random= !
walk method until 4000 to 3900 fra.ck samples were obtéined. " This was 0.1 to |
0.’37‘7'9{ the approximaigly {1 million tracks in thi'ﬂ sampling volume, |

The tracks wé;fe analyzed into length and energy spe&tra by an

IBM 650 computer that was directed by the special program RECOIL I. 4

‘Also, separately, 'those tracks making a polar half angle of 30 deg or less

with the beam axis (that was carefully aligned with the y axio of the nuclear
emulsion) were selected by use of a new program, RECOIL YI, to recreate

§he incident tmu.tron apectrum RECOIL II compnted the energy of a ueut;oa

byuse of .
EnéEP_secze. o - (1) R

The computer obtains the value E, by comparing the track length 1 thh .

‘a range-energy table, 6 The product of this value and £ z/ (Ay) gives the ‘w

neutron energy, ‘which is then sorted into one of 85 intervals. Thus the raw

"neutron spectrum is generated track by track. At the end of the computatxon.

the number in each interval is corrected by the factor i/ PAE. RECOIL II

also analfzodvthe accepted tracks into length intervals, and into anguiar intere

vé.la in the vertical and horizontal planes of the emulaién.

| B. Expected Unbiased Sampling Distributions |

The basic equation that describes the scattering distributions from

“single~energy { < 20 MeV) neutron collision with hydrogen nuclei is

N _ :

I T

(where denotes center-of-mass coordinate system), _ o,



from whfch can be darived' |

I. N : 4}9(. N
me [ - 2‘%}=~“~r °°89

CdM
-a-é- B‘ NO sin 29

and

o2

‘If it is assumed that

Jﬁma.lz‘.p.

"~ in which a and n are coanstants so that
{f =a En ,
m n

then one may write

N v
gi_ﬂ __9 (w(i/n'-i)/ zi/n

"UCRL-41324

(3)

(4)

(5)

(6)

A7)

8)

The conclusions of this paper are based on a comparison of actua.l o

aample distributions with those predicted by Eq. (8). Because the form of

this equation is important, it is presented in Fig. 2, -
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'}l EXPERIMENTAL RESULTS | |
' Thé,raw length-distributions of tracks taken by random-v?alk sampling

from nuclear emﬁléions éxpo‘s’ed to single-energy Aeutrcns ére presented in
Figs. 3 thrOuéh &, The length di'stributionv for that fraction of the tracks écat-
tered into ; fo;'ward cona of half é.ngié of 30 deg is alao given for each sample.
' Detaila of the t'ra;:k measgsurements may' be seen in Table II.
| The O-t6-30;deé fractions have been analyzed into scattering-angle
: distriﬁufiona in the xy and z’;;vf;?pla.nes éf the emulsion (Figs, 9 through 414). In
" addition, fhe energy spectra of the incident neutrons have been re-created £;'om
rheasuremema by two different methods. One method uses only the forward - |
0- to 30-deg fraction (RECOIL m; the other uses the entire proton track

, *sampie after it has been converted into an energy distribution (RECOIL I). In . |
the latter cas'e. the neutron spectrum is obtained by differentiation of the enbergy
distribution of the proton tracks. 3 The 'neutron_spectra' from both methods aré
preaented for comparison in Figs. 15 through 20. o
| IV.‘ DISCUSSION

A.  Track Length Distribution; Bias

" Alist of the typees and sources of the tracks in the leﬁgth distriﬁutiona
(Figs., 3 thrau‘gh .8) is helpiul'in the analysis for sampling bias: |
(a) proton tracks from first collisions éf the primary neutron beam
with hydrogen nuclei, either directly (H), or after one or two
' previcus‘acatterings from the heavier nuclel in the emulsion

(ZH oxr ZZ'H);

!

(b) proton tracks from second or third collicions of the neutron beam
with hydrogen nuclel {HH', ZHH', or HH'H");

(c) proton tracks from nuclear n, p reactions;
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(d) a-particla tracks from nuclear n. a reactions, and

(e) a-partzcle tracks from the decay of radioactive contaminants

. present in the manufactured emulsions (no attempt was made -

- to disti{:guish between a-particle and proton tracks during the
sampling).
" The expected length distributions (Eq. 8) are compoaed axclusively of
" type (a) tracks, and the distributions of tracks of types (b) through (e) are

superimpoaed on the expected distributions. The relative numbers of tracks

of types (a) and (b) may be found by use of Fig. 21, which gives the probabiuties

f

for neutrontinteractions with the various elements in nuclear emulsion.
: " The fraction of the total number of proton-récoil tracks of type

_(b) was fdun& to be 0.43, 0.40, 0.09, 0.05, 0.04, and 0.02 respectively, for
‘the distributions in Figs. ‘3 through 8. These tracks are not easily seen be-
© cause they form a smooth dzstribution of relatively ahort lengths that is
superimposed on the basic or type (a) distribution. For the distributions in
Figs, '3.4, ‘a.nd 5, most of these tracvks £a;11 in the 7- tob3-p. length regglon o
where the sampling éfﬁcigncy drops to zéro. The type (b) tracks are not
seen in Figs. 6,7, and 8 for -a. different reason: they are relatively few in

number. and they are spread out over a wide range of lengths.

Tracks from the two sources that constitute type (a) are wparated by -

use of information from the 30-deg fraction of the total track sample. The

ratio of the measured values of AN/AL (taken near the maximum track length

_of the sample) gives the ratio H/{H + ZH + ?Z" H) for tracks of type (a), This
is s0 because a 30-deg fraciion track of length llm Enuat be an H track. The

measured ratios 0.70, 0.66, 0.59, 0.89, 0.98, and 4.0, respectively, for the -

distributions in Fi_gs.‘ 3 through 8 agree to = 10% with estimates based on the ;

elastic scatteriiig probabili’tiea in Fig. 24. :

Rz
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Aifht;ugh ﬁ:any ﬁ.uclear {n, p)» (n,d), {n, T), (n, He3$. and (a, a) r‘ea.ctionaﬁ;
are energet:.cally possible with the heavy nuclei present 1n nuciear emulaion. 7
only the O (n. a)C and the \I(n @)B reactions generate numbers of tracks that
are signiij.cant in comparison ‘with the proto*ta recmls. The charts of I—Icmfert:on8
were uged to comlput.evvthat the former reaction will generate 8~ to 9-p tracks

in film A-21, and 80-p tracks in film A-23, amounting to respectively 3%

and 8% of the expected proton recoils. The latter reaction generates 410-u track

in film A»ZB. amounting to 1% of the proton recoils.  The 6+ to T-u tracks from

the N(n, p)C reaction. ‘common when nuclear emulsxon is exposed to ther%xal
neutrons, are not in evidence.

The prdminent peak near 21 p in films A-20, A-21, and A-23 is com-

posed of a tracks from decay of radioactive gubstances present in the ',emulsion.

Although it has been impo-saible to idéntify the emitters.that contribute to this

» . N )
peak, they may be among the following: RaZ%. 19 p.; anzz, 24 'I‘hz?‘!8

220

Ra%%%(Th X), 25 i Ra (Tn). 29 ui and Pu?®?, 24 4. Small peaks from

Po?1%(Ra C1), 40 x and Po?l? 2(Th C'), 48y are indicated by the numbers 2
and 3 in Fig. 8. | | | o o

Below 200 j, the measured track distribution of film A-23 depart)
‘m;rongly from that expected, The track evidence indicates that the 15.2-MeV

neutron beam was not pure, but was mixed with significant numbers of 2- to

' 3.MeV neutrons. Such a mixture is not uncommon when tritium targets are

bbmbarded with deuterium: the target may take up deuterium gas and thereby

“bhecome & mixed tritium-deuterium target., It appears likely that this ex-

planation applies here, and that the 2« to. 3-MeV neutrons were generated in

a D(d.n)He'?' competing reaction in the %'arget.
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. i A
B, gula.r Samplingjzas in the 30-Degree Frdction 1

}
L

Each track accepted in the 30-deg fraction. ‘was analyzed by its inchnation

ln the horizcmtal (xy) and vertxcal {ey) planes of the emulaion. The inclinations
were gorted into one of 10 interva.ls between +30° ‘and -30°, | | _
) In Figs. | 9,10, and 11, those tracks with emall-angle scattering have
' been equally divided among the four contral intervals for a 'smooth presentation, *
Thls was done because of the "'quantum“ effect of short tracks measured to
o discrete length intervals (1p.). This effect a.lso gives rise to the undulatzons

L ghat are present at ein& s 0,25 and 0.35, Where the track lengths are gre%ar.

. aa in Flge. i2 a.nd 13 the undulations damp out. However, they recur in

- o ?ig. 14, where the distribution consists of mixed long a.nd short tracks.

A meaaurlng bias in the 2y (Gepth) plane is evident in all samples; “f’,j;' B B

?hthe precise depth inclination is not recorded. There is a uniform tendency of
‘;he scanner to underestimate ‘the depth differences ‘between the track end pqints.

: ',Z.This may be due to lnaufﬁci.ent care in coming to a sharp depth focus on the
terminal grainl. : | | |

C. The Measured Neutron Spectra

The neutron spectra measﬁred by the differentiation method were in

éach case more precise than thoese measured by the secant-sqﬁared method

. g : v
o gFigs. 15 through 20). . This somewhat surprising finding may be explained as
'fcllows: S .

1. The 30-deg samplés in all cases contained considerable numbers

LT PR St

of tra.cké shorter than the expected cutoif at = (l.é lm‘- These consist of high-
&;ngle ZH tracks, secondary-scattering HH' and ZHH' tracks, and a- ‘
particle tracks. Such tracks give low-encrgy tails to the noutron spectra.

| 2. The energy of a single neutron computed by use of the secante - ;

squared method is the product of three measured quantities (sece Sec. IIA),
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_ :

each of which has an associated error. The measurement of slope at the |

(maximum) energy cutoff is, oa the other hand, subject only to the uncertainty

¥

in one measured quantity;.the track length.

V. CONCLUSIONS |

Track samples obtained by the random-walk method have length and
| -angular distribut;ona that agreé with those predicted by equations derived : ‘
f#om_ g-wave ‘c'onimion dynamics. The track sample_é contain, in addition to the
expected tracks, significant numbers of tracks from a particles and from second
collisions of the neutron beam with hydrogen nui:léi. |

" The determination of the energy of the incident neutrons. by differentiation
.. .'of the proton-track energy distribution may be more precise than the determination

- by direct megsurement of track length and _ecatte:ihg angle, -
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APPENDIX

e

Descriptidn of a Semiautomatic Track-Scanning Apparatus

" ""The heart of an apparatus that has given three yeé.ra of trouble-free
sarvi;:e at the Lawrence Radiation Laboratory (University of California) is a
stand,a.rd research mici;oscope fitted with a special stage and base (Fig., 22).

Two hand dials drive the precigion lead screws that control the horizontal

/ _ ~ :
(- a‘nd y-axis) motion of the stage. The vertical (z-axis) motion of the

xmcroscope barrel is controlled by the standard coarse- and fine-focus knobs,
‘/‘j"' : Shaft-position encoders (Model C-102, Datex Corpora.tion. Monrovia,

California) aifxxed to the special aluminum base plate are mechanically ¢oupled

to the precision lead screw shafts and to the shaft of the ﬁne-focus knob, These

}encoders “"sense" minute rotation incremenis as electrical impulses that can be
i

] ‘translated and ampuﬁed. The encoders resolve 41000 units/turn or about
i ‘
,{ 0.36 deg of shaft rotation. A special adapter on the x and y encoders permits

); a unique digital readout over the range of 100 turns. Suitable gearing and -

/!
/|
[

 intermediate binary-to-decimal electronic translating (Model K-106, Datex

\Corpora.tion. Monrovia, California) enable the encoders to read out to a

l

\card-p\mch machine in umts of mzcrometera of translatxonal stage or barrel

l\

motion. Thus. at a fixed coarae-focus setting, every point in the working

,%olume ha.a a unique set (x,, yi. 2, ) of rectangular space coordinates, A point

fog interest is located by cross hairs in the field of view and by the fine-focus

4 set\ting.
i
:lf -

punche-card machine is shown by block diagram in Fig, 23, and a photograph

o,

i

The electrical-iniormation"ﬁawfrom the shaft-position encoders to

g__

;’
q’{ the entire apparatus appears as Fzg. 24, When the scanner pushea the =
“i .

j

oA

. ;oo

o ,:
/

J
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“punch' button on the control box (Fig. 22), the three shaft-.encoder positions
are sensed and the output system is activated, . A

The punch machine is ro programraed that columns 1 through 10 in the
punch cards are autoinatically filled Qith. fixéd information as each ne\a; card

is fed in’o it. The iixed‘informaticrlx conslsts »ofv thé &té. the relaﬁive hﬁmidity.
;nd the emulsion number in coded (decimalv) form. 'Normé.lly thin inforﬁtion
ie cémtam for several hundred cards, It is controlled by 10 switches mounted -
on ifxe panel shown in Fig.‘ 24. Aas the end point of a track is loéated by the
cxo8s _bairs in the.ﬁeld’of view and the "punch' button is imahed. columns 14
thyough 25 are punched--five columns for the decimal coordihafo otleac'h aris,
When the other end of the track is located by the scanner and the v"pu'nch" '
button is pushed. columns 26 through 40 are filled with thé new énd-poi_nt
coordinates. Similarly columns.41 through 55 and columns 56 through 70
are filled with the end-p,oint coordinates of a second track. : When cdlﬁ}nn 70
is punche'ci the card is automatically reje‘ct‘ed and a new card is fed into the
punch machinle. ready for colﬁ.mna 11 through 25 t6 be filled with fhe end~point
coordinates of a new track, - |

Tfﬁs system _allovée a scamner to work rapidly. since he ma.y keep his
eyes continuoura'ly'a.ccommodat'ed-to the microscopic ﬂeid of view, The minimum

.time reqniréd to re‘cord both end points of a track is about 2,5 seconds, This
.does not inélnde the scanning time for 1oca.ting.t1’xe_ end points, howeirer. and in
pracﬁic'el the minimum time éveraged over an hour of .scanning 1§ about 12 sec

pe r track.
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Details of neutron exposure.
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Film Reaction’ Duration Beam E. Av. beam Neutron E Neutron exposure

" no,

. A-20

(min. ) . (MeV)

current

(1)

at 0°
{(MeV)

at 18 cm 0°
~(m em=2X 10-6)

A-15
A-16

A48

A-23

T(p.n)He
T(p. n)He
T'(p.'n)ﬂe
D(4, n)He

" D(d, n)He 26

.hwwwww

T(d. n)He - 11 -

o
45
45
165 "

 4.72-4.75

2.00-2.02

0.26-0.30

U 4.44-4.50

1093“1095 )
'.{ 0.46-0'.50 |

3
10

5
4

6.5

1.8

0.48-0.56
0079'0585
1-02" 1.06

1 3.07-3.13

4-9
15.2 -

- 29.5
225
48
28
. 88
49

i
t !
N i
ot 3
Bl
i I
i i
O Y
N 'l ]
i
i 1
f 1
{ N
[

i
1 ¥
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. Table II. -Track data from nuclear emulsions.

- . \
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Track density .

(16°% cm™3)

Film &
mo, ., | e
: (m) D . pm v pt : P total 9- -

n.  Measured C?grref:tejé Efcpected N Nt/N'mu

N

30 deg |

£,

L . A-15 6 441 2.8 . LB 8.6 . 1038. 1.80
A-16 41 445 285 3.5 3.4 - 2097 - 1.36
418 45 448 39 56 6.4 . 2868 1.43
&-zo ‘ ‘73: 486 . 2.20 23 2,00 ¢ 1591 1.03

/
;
i

J A-231120  1.63 - 2.0 . 0.50 ~ 0.42 1149 - 0.280

"A-21 170 1458 4.5 44 46 | 2620  0.905

£.585 -
t 919

1015
483
723
326

0.65
0.45

0.45
0.70

0.79

0.97

‘A/, g

L :
A |
H

ook
g 4
< i
: !
1
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- Fraction of tracks of 1> 0.6 1~ with 0 « 30 deg.
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List of Symbols

oy E :
""Polar half-angle of scattering, i.e., angle between proton

track and axis of incident neutron.

‘Sol{d angle defined by 2% (1-cos 6).

Nuxi}bar.- differeﬁtial riuthbér,' and total number of scattering

events,

e Track length, méximM’ track length, and recoll energy of

>ll.
‘

the protoxﬁ.

: Energy of incident neutrons.
A constant; the value is 13.92.

" A parameter, defined by 1=sa Egﬂ + normally considered

.cqnstanﬁ; however, it varies slowly with E? and is
given to within 2% from 0.8 to 20 MeV by 0.1 (E,p.)i/3+i.38.
Total number of measured tracks in a sample. '

Number of measured tracks with 6 < 30 deg.

True total number of mea_sured tracks, corrected to exclude

stréy dr second-scattering tracks, and to include the
short tracks lost because of scanning inefficiency; given
by (aN/an)  -nl_ . |
Measﬁred track dvevnsity. o
.Track density expected; given By product of macroescopic
cross section for hydrogen in standard nuclear emﬁlsion
~ and the neutron exposure.

True total measured track density, given by

pm ‘e Nt/I\Im .
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' Total cross secticn for sca*tering of hydrogan nuclei by

neutrons of a given energy. - .

Track-eacape proba.binty based on emulsion dimensions and -

track length.

Energy interval,

B

Projection of the track Iength along the axis of the incident

neutron. -

Py
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- FIGURE CAPTIONS

. ‘Fig. 4., Emuléion'holder fo'r edge-normal exposure, o
4 Fige 2. ' Differential track-length distribution from single energy neutron
g '-‘.',-;." S " exposure. Ordinate in units of NO/ m*  Solid line,n = 4,62

(Im = 4000 pm); dashed line, n = 4.53 (Em = 40 pm),

| VFig_.,' 3., Track-length distribution in nuclear emulsion A-15: 'expected;'
@., full sample; D , 30-deg fractipn. |
| F1g4 "I‘ra’ck-.leln'gtii “ciistribution in nuclear emulsion A-16: expected;
.» | @?.:full sampic'e; O, 30-deg fraction. : |
. ¢ “Fig;_ 5.. Traékflength distribution in nuclear emulsion A-18: exbeqted;
f &, full safhplé; : D , "‘30—deg fraction. :
T Fig.." 6. Track-_-length distribution in nuclear emulsion A~20: éxpected;
&, full sample; D. ,:}'30~deg £ractior§.“‘ |
“F“ig.‘ 7 Track-length distriﬁuiion in nuclear emulsion A-21: expected; -
@ full sample [, 30-deg fractzon B K
. ':Fig. :8 Track-length dxstnbutxon in nu«.lear emulsxon A—23 e:épeéted’
@ full sample; [, 30-deg fraction, spurxous peaks dué to a particles
are indicated by 1, 2 3 - | " ' .
C Fzg 9 Angular distribution of aﬂcepted tracks in A-15. - ekpeg_;g&z
| ,.D . Xy plane; @ zy plane. ) ‘. 4L |
f‘ig.; 10.: Angular distribution of accepted tracks in A-16:" exlple_cted;_ |
;\ o -0, xy plane. @. zy plane. | |
Fzg. | 11 Angular distnbutmn of accepted tracks in A-18; ex'p.ecte.d;
o B 0, =xy plane; &, zy plane.
rig. 12, Angular'ciist;'ibut;iqn of accepted tracks in A-20: q\xp‘.ected;v ‘,., i

-, 'xyvplé.ne.: S, zy plané. o '_ . , . T
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Fig.

Fig.

| -18-? : | UCRL-113214

j

43, . Angular dmtribution of a.ccepted tra.cks in A-Zix expacted; |
0, xy pla.ne, O, zy plane. v | |

14, Angular distribution of accepted tracks in A-23. éxpected; a ’
0., xy plane; o, zy plane. 1

15, Neutron energy spectru&x i;x‘nvuclear emulsion A-15; by

differentiation of amoothed proton energy sPectrum. -, =, from

30- deg fractmn trackby track(RECOIL II) energy spread expected (see Table I)

16 Neutron energy spectrum in nuclear emulsion A-16: by

) differentiation of protcn energy épectrum‘; -y 'fi‘ar’n'?G—'aég'??aé”f’i"’én,'
track by track (RECOIL II). ‘

17. Neutron energy spectrum in nuclear emuilsion A~18: = by

differentiation of proton energy spectrum. — =, Trom 30-deg 'fi‘d‘c‘t”ion,-
track by track (RECOIL 11). '

18 Neutron energy epectrum in nuclear emulsion A-20: by
dszerennation of pro;on'energy spectrum. — =, from 30-deg fraction,

track by track (RECOIL in). -

19. Neutron energy "sQectmm in nuclear emulsion A-2%: by

differentiatioh of prétqn easrgy speétrum; ——. from 30-deg fraction,
track by track (RECOIL II).

/ _ .
20. Neutron energy spectrum in nuclear emulsjon A-23:

by
diﬁarentiation of smoothed proton energy spectrum; — — from 30-deg

iraction. track by track (RECOIL II); 1. 2,3;: spurious peaks due to _ A
a particles. ,'i.
24, Macroscopic croéa aecéione for neutron interactions in nuclear )
‘emulsion: I, tata.l. /IX, elastic scattering; I, hydrogen. IV, n, n';
V. n, 0! plusn, 2n; R,ratio of i to II. For i, II, IV, V the ordinate °
is the sum of the ma.cl"cacopic cross sections of Ag, Br, H,C,0, and N
5 .



-19- ' o , 'UCRL-iiFBZ.i ’

‘ Fig. ZZ Three-axis dxgitized mxcroac.ope.:lf ‘ ‘

Fxg. 23, Block diagram of electronic apparatus aaeociated with the three«-axm

, digitized microscope. S x: e v | . |

' M - Mechanical coupling to sb.a.it of precision lead screw which moves
' mzcroscope stage along the x axis, | '

E, vancoder which senses shaft-«rotatmn position of ‘x-a'xi.s léad screw.
E Cy y Control chasem whxch converw binary coc’le of enr:oder to
‘ L decimal. : i , | |
M*. Ey‘ Cy. and M_z’,‘:’Eﬁ' CJz zfefer td similar Y; and ;-axié élemenits.
F. Fixed information dial pahél. AM .y ’ '
B Button for punch circuit activation. . i ‘"

PQ Card-punch control,’
P Card-punchi machine.
R Relay bank and power supply.

: - Fig. 24, Semiautomatic track-scamﬂng apparatus.
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. This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
‘may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






