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Abstract

Apparatus has been developed for using the
cyclotron to produce effectively monoenergetis noutrons.
The D(d,n)Ho3 reaction is used, the bombarding douterons
being accelerated to about 10 Mev by the Los Alamos
Cyclotron. The energy of these deuterons is determined
by deflection in a magnetic field. The HeS particles
emitted into known 80l1d angle and having known energy
are counted by a proportional counter. A fission counter
having foils on whilch is deposited uniform determined
weighta of 0238 44 placed in the path of the neutrons
sssociated with the Hed particles. Coincidences between
the Hed counter and the fission counter are recorded.
The resolving time of the apparatus, and hence the ac-
cidental coincidences, are determined by moving the fis-
sion counter to such an angle that no real coincidences
can occur. Since the proportional counter records the
Hed flux, and hence the associated neutron flux, the
cross sesction of "28" is determined from the real
coinclidences per Hos count and the thickness of the p238
in the path of the neutrons. The values of the cross
sesgtion obtained together with the standard errors are:

o (R =8.8%0,5) = 1.17Z.11 barns

o (R, =5.6£0.8) = 0.68%.14 barns

o (%, =8.920.5) = 1.04¥.12 barns
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NEUTRON FISSION CROSS SECTION OF U238 1y

-3 a

THE REGION OF NRUTRON ENERGY BETWEEN 6 AND 9 MRV
Introduction
At Los Alamos it is necessary to know the

neutron fission cross section of y238 from the threshold
to the reglon of 14 Mev (LA-610).

A number of investigators have determined the
cross sectlon for neutron energies below 3 Mev (see LA-
520), With the D(d,n)He3 reaction on the "long" electro-
static generator, the data has been extended to 5.85
Mev (LA-530). More recently, neutrons from the T(d,n)He#
reaction have been used to obtain the cross section at
14 Mev and above (LAMS-777). There was, however, no
standard way to produce monoenergetic neutrons in the
region from 6 Mev to 14 Mev. In spite of the high
neutron background associated with cyclotrons, a method
has been developed to use the 10 Mev deuterons to produce
effectively monoenergetic neutrons of energies between
6 and 9 Mev. The D(d,n)He3 reaction is used where only
fissions in coincidence with He®d partiecles are counted.
(The croas section for this reaction at 10 Mev 1is
sufficient for this problem). (LAMS-800, Phys. Rev. 73
648, (B-8)(648)).
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I. APPARATUS ASSEMBLY

In order to avoid the background in the im-
mediate vicinity of the cyclotron, the deuteron beam
was used 15 ft., from the cyclotron beyond the water wall
shields. Fig,., 1 shows the layout of apparatus. The
deflected beam from the cyclotron is brought through
6" brass tubing to a wedge-shaped focusing magnet. From
here the beam, being diaphregmed to ¥ 0.63°%, passes through
a gas target in the center of a 2 ft, dlameter resaction
chamber. Deuterium gas is contained in the target by
mica windows over the entrance and exit ports and over
a side tube for He® particles. These particles omitted
into lmown solid angle, and hence having known energies,
are counted by the proportional counter. The fission
counter 1s rotated in a horizontael plane until it is
centered on the cone of neutrons associated with the
Ho3 particlea. The deuteron beam is monitored by a
Faraday cup and recorded by an electroniec current
integrator.

From time to time the energy of the beam is
determined by lifting the Faraday cup out of the path
of the beam and allowing the beam to pass through slits
and then between the poles of the analyzing magnet. A
simultaneous measurement of the deflection of the beam
and the magnetic field gives the deuteron energy.
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BP SECRET

During a run the number of Hed particles, the
number of fissiona, and the number of coincidences be-
tween them are recorded electronically. The number of
accidental colincldences 1s found from the resolving time
of the apparatus {(approximately 2 p.) which ia determined
experimentally by runs in which the fisaion counter is
rotated at such an sngle that there can be no real
coincidences.

Flgs. 2 and 3 are photographs of the scattering
chamber, fission counter, and analyzing magnet.

Figs. 4 and 5 are top and side view amaembly
drawings of the reaction chamber, proportional counter,
and fission counter. The reaction chamher proper, pump
out legds, and side ports are of welded steel construc-~
tion. The 11d of the reaction chamber is a 1-1/2" thick
safety plate gluss which rests on two 1/4" x 1/4" thick
rubber gaskets which are countersunk in grooves Iin the
ring around the edge of the chamber. The bottom of this
chamber 13 a 3/4" brass plate which contains a 1/4"
gasket groove to make the vacuum seal to the chamber. 1In
the center of the bottom plate is a 2% dlameter Wilson
seal through which the proportional counter can be
rotated at the desired angle to the beam in the horizon-

tal plane., The lead to the proportional counter passes

through the center of its supporting arm. The proportional

SEBRCRERET
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counter is so mounted that it can be adjusted in height
relative to the base plate. The high voltage connections
and preamplifiers which can be seen in the photograph of
Fig. 2 are supported at the end of the 2" tube which
passes through the Wilson seal. Mounted within the re-
action chamber at about the top of the proportional counter
is a ring accurately graduated in degrees from 0 - 360°,
All angular measurements are referred to this ring. As
can be seen in the drawing of Fig. 4, the flasion

counter 1s mounted on an arm outside of the reaction
chamber and can be rotated at any angle from O - 180°
about the center. The angular position of this counter
can be read on graduations on a semi-circular track

seen In Fig. 5, which 1s calibrated against the ring
within the reaction chamber. The height and radial
position of the fission counter are adjustable.

Pig. 21 is a drawing of a typical gas target,
which is supported on a mount above the base plate such
that it can be lined up with the geometrical center of
the reaction chamber. The windows over the ports are
mica of thickness from 1-3 mg/cm2 depending on the an-
gular region being investigated. The target is so con-
structed that the proportional counter can only see
the beam where it is bombarding the target gaa, and

hence fhe charged particle background due to bombardment

APPROVED FOR PUBLI C RELEASE
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of windows, etc., is eliminated. Similar targets were
used in which the side ports make angles of 20° gnd
30° with the beam axis,

Fig. 6 is a drawing of the Faraday cage sec-
tion, showing how the Faraday cage can be removed from
the path of the beam by means of the Wilson seal.
Permanent bar magnets arranged to give a field at the
bottom of the cup perpendicular to the axis of the beam

immobilize secondary electrons produced by the beam.

LA 710
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II. FOCUSING THE CYCLOTRON BEAM

In many experiments assoclated with a cyslotron
it 1s desirable to have the beam some distance from the
accelerating chamber, both for the reduction of neutron
background and for the ease of installation of experi-
mental apparatus. This was accomplished during the war
by Feynman, Lavatelli, and Sutton (LAMS-514) who used a
wedge-shaped magnet to focus a fairly intense beam of
deuterons outside of the cyclotron water shield about
fifteen feet from the cyclotron.

The general method outlined in the above report
was followed. Considerable time was apent adjusting the
position of the focus magnet and the target chamber
80 thet the best possible focus was obtained. These
adjustments were greatly facilitated by the use of a
television pickup and camera which permitted continuous
observation of the focused spot of deuterons, as observed
on a willemite (zinc orthosilicate) screen placed at
the end of the exit tube, By this means the best focal
diatancg was determined and also the beat position of
the focus magnet with reference to the target. The
outline of the essential apparatus is shown in Fig. 7.
The willemite screen was placed on a glass plate at the
end of a telescoping tube which could then be adjusted

to any desired distance and the effect m the focus
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observed, The focused apot was approximately 1/4-inch
wide by 3/4-inch high and under the optimum operating
condition a beam of 5 microamperes of 10 Mev deuterons
could be obtained over this area.

One additional piece of equipment was added,
namely an electronic control (designed by H. T. Gittings -
LAMS-678) for the focusing magnet field so that it
could be maintained constant throughout any given ex-
periment.

Since the gas target is located approximately
at the focus point of the wedge-shaped magnet (300 cm
from the focusing wedge) the beam converges as it enters
the target and diverges as it leavea the center of the
scattering chamber. In order to restrain the beam to
a known direction a slit 1-1/8" wide by 13/16" high was
placed between the focus magnet and the scattering chamber

at a distance of 71.6" from the target and a gold
diaphragm with a 1/2" hole placed at the target entry port
so that the beam was defined to ¥ 0.63 degrees in the
horizontal and t 0.53 degrees in the vertical direction.

To determine the exact directlon of the beam
as 1t passes through the gas target chamber, a small
aperture (1/8" dismeter) Faraday cup was mounted on the
proportional counter. This was moved through the beam

and the current picked up by the cup measured by a

APPROVED FOR PUBLI C RELEASE
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DC amplifier. Thus the angular spread of the beam could
be measured and its angular direction in passing through
the scattering chamber determined. A sample curve of the
angular spread is shown in Fig. 8. This is the spread
expected from the geometry of the experiment. Rutherford
scattering due to the front window of the gas target
does nop inerease appreciably the angular spread, since
only about 0.4% of the beam would be scattered more than
one degree.

Under normal operating conditi ns one obtains
a beam of deuterons on the exit port from the cyclotron
which is sensitive to deflector voltage. With a high
deflecting voltage the beam hitting the outside of the
focus magnet may be 25 microamperes; by lowering the
deflector voltage a beam of approximately 10 microamperes
hits the inside of the exit tube. For optimum condi-
tions one adjusts for the valley between the two peaks,
which indicates that the maximum 1s hitting the 5" x 1/e"
opening through the focus magnet. Conditions can also
be varied so that very little current is striking the
exit tube, which is desirable for the reduction of
baskground,

The position of the deflector tilt 1is quite
important to obtain a maximum beam at the target. In

general, a tilt toward the Dee reduces the deflecstor

APPROVED FOR PUBLI C RELEASE
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voltage necessary to hit the focus magnet; a tilt away
1ncrgases the voltage required.

The beam current was measured by means of a
Paraday cage (Fig. 1) connected to an electronic current
integrator (DWG., #704). The cage could be lifted through
a Wilson seal, so that the beam could pass through the
slit section and into the analyzing magnet, when the

energy of the beam was measured.

_APPROVED FOR PUBLI C RELEASE
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IIX. ENERGY MEASUREMENT

The energy of the beam of deuteron ions was
measured by a megnetic deflection method following the
general procedure described by Creutz and Wilaon (RSI
17, 385, 1946). This involves the measurement of the
deflection of the deuteron beam and the aimultaneous
measurement of the magnetic field causing the deflection.

A. BExperimental Arrangement:

The experimental arrasngement is shown in Fig. 9.
It conalsts of a magnet with rectangular pole pleces
(28.54 x 25 cm), & fluorescent screen for observation
of the deuterons, and a single turn rectangular flux
coil for measurement of the field, An adjustable slit
section is provided between the gas target and the ana-
lyzing magnet to define the beanm.

The energy of the deuteron beam is given
approximately by the following formula, which is derived

from the equations of motion (see Appendix I):

2
_ o232 . b/2(1-02A2 2w)
Y= o "zif:':z)xE*{‘” S e }}"

where W is the energy of the deuteron beam in ergs,

D {s the deflection as measured on the'fluoreloont
screen, 6 1s the charge on the deuteron, 'o the rest
mass of the deuteron, a and b are dimensions of the

apparatus as shown in Pig. 9.
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3ASV313d O 119Nd €04 d3NOodddv

FIGURE 9

ENERGY MEASURING SECTION

ALUQBESTEN]" SRR

3ASV313d O 1'1aNd d04 d3N0dddVY



LA 710

APPROVED FOR PUBLI C RELEASE

B, Measurement of Field:

The quantity A in Equation (1) is equal to
Sde where H is the change in magnetic field produced
by breaking the magnetizing current and x is measured
along the initial direction of the deuteron beam. The
value of A is determined by use of the single turn coil
of width W which extends through the magnetic field from
a zero fleld region on one side of the magnet to a zero
field reglon on the other. The ends of this coil are
brought out with a twisted pair to reduce the effect of
stray fields and connected to the secondary of a mutual
inductance M as shown in Fig. 10. The coll was construc-
tad by winding a single turn of 0,001 inch copper strap
around a rectangular lucite form. The form was accurately
machined so that the width, W, of the completed coll
was 1.033 i’ 0.002 inches. The total flux as measured
with the coil is egqual to w ‘S Hdx which is equal to
¥ & I where A I is the current through the primary of
M necessary to balance out the emf developed by the
change in flux through the coil. The current A I
was measured with a potentiometer bridge and standard
resistance.

Since in this method only a single deflection
was measured rather than reversing the magnetic field,

as was the case in the method of Creutz and Wilson,

APPROVED FOR PUBLI C RELEASE
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a small correction was necessary for the residual field
of the magnet. This was obtained by using a small flip
coll, which was calibrated against the single turn ecoil
80 that the reaidual field could be measured and the
correction applied. 8Since the residual field causes
compensating correction in both D and H the correction to
the energy is small. The advantage of measuring the field
by breaking the current to the magnet rather than rever-
sing this current lies in the fact that the time constant
in the former case is short enocugh to eliminate a cor-
rection for galvanometer drift.

C. Discussion of Brrors:

The mutual inductance used in these experiments
is calibrated by Leeds and Northrup to T 0.5% accu-
racy. It was compared with two other inductances and
found to agree within 0.2%.

The width of the undeflected deuteron beam
was approximately oom mm wide. When deflected the¢ width
increased about 0.5 mm, indicating a spread of energy
within the beam of approximately 1%X. The position of
the beam could be read to 0.5 mm in 160 mm, or a maxi-
mum error of 0.3%.

The geometrical constants a, b, and w could be
measured to better than 0.2%.

Since the energy is proportional to 42/p2

APPROVED FOR PUBLI C RELEASE
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the expected accuracy is of the order of I 2%,

Since a null method is used for measurement of
the flux the error introduced by galvanometer drift
is negligible.

Examples of energy nmeasurements for three runs
are given in Appendix II,

D. Absorption Measurements:

Several tests were made using aluminum ab-
sorbers to take out most of the energy of the deuteron
beam and then varying the gas pressure in the target
chamber to give a range-absorption curve for the beam.
The results of the method showed essential agreement
with the magnetic deflection method and indicated that
no large error existed, i.e., a shorted pick up coil,

etc..

APPROVED FOR PUBLI C RELEASE
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Iv. ELECTRONIC EQUIPMENT

Fig. 11 1s a block diagram of the electronic
equipment used. All of the equipment is of standard
desaign and is identifled by the following designations:

Pre-amplifiers and main amplifiers - Model 500

Colncidence QGircuit - Dwg. 808
Current Irjtegrator . - Dwg. 704
Scalers - Model 200

Mechanical Counter - Cyclotron Speclalties Co.

10 Channel Amplitude Analyzer - Model 301

Precision Pulser - Model 100

The only change made in the electronic equip-
ment consisted in replacing the R-C clippers in the
main amplifiers with delay line clippers which reduced
the pulses to about 1/5 of their original amplitudes
in about 2 ps.

This was accomplished by terminating the last
cathode follower in the pre-amplifier with a resistance
to ground equivalent to the input refSistance of the main
amplifier, and inserting between the output of the pre-
amplifier and the input of the main amplifier the circuit
shown in Fig. 12,

Eech channsl of the coincidence circuit
produced pulae gates 0,85 us wide. €the resclving time

of the coincidence circult was experimentally determined

APPROVED FOR PUBLI C RELEASE
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with the same counters used in the actual experiment,
as described in Section VIII. --H. This experimental
resolving time came very close to'the previously de-
termined electronic resolving time.

A precision pulser was used to intercalibrate
amplifiers, discriminators, and 10 channel amplitude
analyzer at the beginning and end of approximately

each four-hour period.

APPROVED FOR PUBLI C RELEASE
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V. FISSION COUNTER

Fig. 13 i8 a sectional assembly of the fisaion
chamber used. It consisted of 13 plates, 7 of which
served as collectors while the other 6 served as the
high voltage electrodes and contained U238 £o11s on both
sides. Each plate was made of 1/32" dural, the spacing
between plates being 0.396". The counter was filled
with argon to a pressure of 55#/sq. inch above atmosphere,

This pressure was more than sufficient to stop the most

LA 710

energetic fission particles before they reached the
collecting electrodes. The gas filling was renewed

every 12 hours in order to avoid changes in pulse sizes

due to accumulation of impurities in the gas. A voltage
of 4000 volts, well filtered by a TT network of resistors
and capacitors, was applied to the high voltage electrodes.
It was determined that changing the voltage by 1000

volts in either direction had no effect on the number of
pulses recorded at the bias setting employed.

The fission pulaes, as seen on an oscilloscope,
had a rise time of slightly lesa than 1 pus and a width
of about 2 ps. Random nolse was considerably lower
than the pulses produced by the o~ particles from the
active material. ol pilleup was negligible. The y238
foils for this experiment were made by R, W. Poiter.

The foila were made by the Zapon technique, the painting
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being done mechanically on an endless belt moving

past a stationary brush into which was fed the Zapon
solution contalning U238, By this method it was possible
to obtain foils which were uniform in thickness to better
than 10%. The uniformity of the folls was determined

by placing each foll in contact with an «-particle
sensitive photographic emulsion for an appropriate

time. After exposure the plates were processed and
examined under a microscope and the number of o-parti-
cles/unit area was determined for 10 to 12 areas on each
foil. This determined the uniformity of the foils over
very small areas (-~—0.1 mma). Fig. 14 1s a plot of

the number of tracks per unit area as a function of
disteance from the center of a typical foil. Although

the non-uniformities did exhibit somewhat of a pattern,
most of this was eliminated by the ramdom mounting of the
foils in the counter. The foils were mounted on the
dural high voltage plates with liquid porcelain cement.
This eliminated most of the impurity difficulties which
are involved when one uses lucite or duco cement., Even
8o, 1t was found desirable to expose the plates to a
fairly good vacuum («“~10"% mn Hg) for 24 hours after

the foils were mounted. Fig. 15 gives the energy dis-
tribution of the fiesion fragments as observed in the

fission counter under normal operating corditions,

APPROVED FOR PUBLI C RELEASE
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Even more important than an accurate determina-
tion of the uniformity of the U238 fo11s 1s the deter-
mination of the actual thickness of the U238 foils,

since this enters directly into the equation for the

cross section. The correction that must be made to the
observed number of fissions can be divided into two
parts: a correction for the fraction of fissions not
observed because of complete absorption of the energy of
the fragments of Uz0g; and a correction for the fraction
of the fissions not observed because the fragments which
did penetrate the UzOg did not have sufficient energy

to overcome the bilas setting. Now this latter correction
is quite easy to make from Fig. 15. Since the blas
setting was arbitrarily fixed at point B, the curve

was integrated from A to B and from B to C. The number

B (]
of observed fissions were then multiplied by SA + SB

to give the number of fisslions which occurred and
yielded fragments which penetrated the foil. This
correction amounted to only 24. There still remains
the determination of the absolute thickness of the foill
and the total self-agbsorption, i.e., absorption which
prevented fragments from penetrating the foil. It

appeared that the simplest and most accurate procedure
for making both determinations was to determine the I
"effective” thickness of the U238 for fission fragments,
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i,8., F x total thickness where F is the fraction of all
fission fragments which are completely absorbed in the
Uz0g. Thls was accomplished as follows: a determination
was made of the energy distribution of the K -activity
of each of the foils over an accurately determined area
in a Frisch-grid ionization chamber, utilizing the

10 channel discriminator. Fig. 16 1s a plot of such a
determination. These curves were sxtrapolated to zero
and integrated to yield the total activity of each of
the foils, 8Since the specific activity of this y238
sample was known to t 0.5% this immediately gave the
effective thickness of the folls for particles of energy
4,75 Mev, 1.e., the total thickness - Fl x total thickness
when F} = fraction of all alphas not counted because
they were completely absorbed in the UzOg. In order to
obtain the effective thickness for fission fragments it
was necessary to correct for the difference in range
between fission fragments and particles of energy 4.75
Mev. It has been shown by Rossi and Staub (LA-1004)

that the detection efficiency of a counter for o-particles
is found by

thickness of foil

where T

Ry = range of o -particles in the foll
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FIGURE 16
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Rp = range of particles equal to the blas energy B
Rg »

In

and T
In our cases the bias energy B 1s zero since

we extrapolate all our curves to zero. We then have:

F (B) = 1/2 [ -—5%0—-] (3)

For fission fragments the formula 1s of course:

F(B)--l--gg-— ; (4)

o
where Ry, = range of fisaion particles.

With the aid of the above formulae and by taking
the mean range of fission particles to be 10 mg/cm®
in Uz0g and the range of alpha particles of energy 4.75
Mev to be 11 mg/em? in Uz0g a correction 1s obtalned
which, when applied to the effective thickness of UzOg
for 4.75 Mev alphas, gives the effective thickness of
Uz0g for fission fragments. This correction 1s 0.4%;
i.0., the effective thickness of Ux0g for fission frag-
ments is thus 0.4X less than for 4.75 Mev alphas. The
effective average thickness of the U folls for fisaion
fragments then turns out to be 0.641 mg/em® and 1t 1a
this value, multiplied by 12, which appears in the cross-
section formula given below as Eq. (6).

A8 a check on the method for determining the
thickness of the U238 from alpha activity, a foil was

APPROVED FOR PUBLI C RELEASE
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counted and the U238 ywas then separated by R. W. Potter
using an ether extraction method, This uranium was then
weighed. The weight obtalned in thga manner coincided
with the weight deduced from the specific activity to
well within the accuracy of the chemical separation
method, which acecuracy was about 5%.

An initial difficulty experienced in this
experiment concerned fissions produced in the fission

counter by background neutrons, 1i.e., neutrons arising

LA 710

from reactions produced when deuterons strike either the
cyclotron dees, the sides of the cyclotron tank, the

beam collimating dilaphragms or the target chamber windows.
It was found possible to eliminate practically all

neutrons with energy over the fission U238 risston

threshold by ahielding the cyclotron tank proper with

water and paraffin. Also the slow neutrons which arose

due to this process outside of the shielding were not *
sufficient to produce appreciable fissions in the small

amount of U235 contained in the U238 fo11as (U235 was

present to only 1 part in 3300). The background due to
the collimating dlaphragms was considerably reduced by
making the diaphragm of gold. It was found that gold
has only about 0.3 the neutron background of brass, for
example,

The target chamber was originally used with
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mica windows at all ports. The neutron background
was of course chiefly due to the front and rear windows
which had a combined thickness of about 5 mg/ecm®. It
was found during the course of the experiment that a window
of .0003" tantalum produces only 0.386 the neutron
background of a 2.5 mg/cm2 mica window and a tantalum
window was accordingly substituted for the mica window
at the exit port of the target. The mica window was
retained at the entrance port on the basis of scattering
considerations.

Even after all the above improvements ware
made, there were produced about 1000 background fissions
in the chamber for every fission produced by a neutron

in real coincidence with a Hed entering the He> counter.

iy

APPROVED FOR PUBLI C RELEASE
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VI. PROPORTIONAL COUNTER

Fig. 17 ahows the proportional counter used
in this experiment. It is of more or less conventional
design. Several special precautions were, however, taken
in order to eliminate posaible o{ -particles which might
result from an n,o( reaction in the glass iansulator; a
shield of Poly T.F.E. was placed around this insulator.
All parts of the counter were also carefully decontaminated
in dilute HNOg before assembly.

The central electrode made of 10 mil Kovar
wire served as the high voltage and solleetion electrode,
the signal being taken off through a 5000 volt .0001 MF
condenser. The counter was operated with argon at pres-
sures ranging from 20 om to 70 ¢m of Hg and at voltages
ranging from 500=-2000 volts. The rise time of the pulses
was “~ l.1lus and the pulse width was “~ 2-3 u».

Fig. 18 is a family of gaa amplification curves.
The counter was operated with a gas amplification of 10,

The resolution of the proportional counter
was determined by obtaining the energy distribution of
monoenergetic alphas produced by a thin plutonium foll
under the same condisions as prevailed during the count-
ing of HeS particles, with the single exception that
there was only one mica window between the particles and

the gas in the counter - namely, the counter window,

APPROVED FOR PUBLI C RELEASE
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Under these conditions the width at half-maximum of the
energy distribution of the plutonium alphas was 3.5%.

A number of background difficulties wers eox-
perienced when first the counter was tried. The back-
ground difficulties fell into two categories, gamma-ray
background and particle background. The gamma background
was sufficiently reduced by encasing the counter in 2"
of lead. The other major source of background, that
due to ionizing particles, resulted from deuteron reactions
in the mica windows of the gas target which, during the
initial set-up, the proportional counter was adble to
see and from recoil nuclei scattered by high energy neu-
trons. The former difficulty was successfully eliminated
by use of the target arrangement shown in Figs.2l and 22.
The latter difficulty, the consliderable background pro=-
duced by scattering of the large neutron fluxes produced
by energetic deuterons upon being stopped, was suf-
ficlently decreased by the methods described in the
preceding section.

Another source of background consisted of
voltage breakdowns inside the counter. These were almost
completely eliminated by applying over-voltage on the
counrter and allowing 1t to "cook™ for 5 minutes,

Since the Hed particles essentially monitored

our neutron flux, it was necessary to know that the
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particles counted as Hed particles did not 1inelude
scattered deuterons, protons, and tritons from tho
D(D,H3)H]l reaction or recoll muclei from the neutron
background. Since the rate of energy loss per cm

path of D, Hl, and HS particles is less than that of

Hed particles, it follows that if ons uses absorbers

{when necessary) in front of the proportional counter

and a pressure in the proportional counter suech that the
He3 particles are Just stopped inside the proportional
counter, they will give up more energy and hence preduce
higher pulses than any of the other particles mentionad
whether they be wholly or partially stopped in the chazber.
8ince the energy of the He3 particles at any angle with
respect to the deuteron beam could be calculated from the
deuteron energy and the  of the reaction, it was pessible
to always predict the amount of absorbeg necessary in
front of the proportional counter together with the amount
of pressure required in the counter to just stop the

Hed particles inside the counter. These predictions were
in all cases borne out experimentally, which was an
additional criterion for establishing the fact that the
particles being counted were actually He3 particles.
This-permits one to bias against protona, deuterons, and
tritons. By making a background run with El in the

target rather than Dg, it was determined that particles

APPROVED FOR PUBLI C RELEASE
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of mass >3 (for example argon recoil nuclei) gave
very few if any pulses in the energy region of the Hed
pulses, and even these background counts were corrected
for.

Fig. 19 shows the energy distribution of the
He3 particles obtained from the D+ D—>HeS+n reaction
using the above counter at 39.7° with respect to the
incident deuteron direction. Although the number of
He® particles counted aerved to define the number of
neutrons entering the fission counter and hence the

neutron flux, it was not necessary to count all Hed

‘particles entering the proportional counter. This fact

was taken advantage of by setting the bias at Point B,
for example, and counting all HeS's with energy greater
than thia. By so doing, the background correction was
reduced to approximately 1%. In order to correct for
this background, the following procedure was used: The
background was appropriately extrapolated as shown by

the dotted line in Fig. 19. An ald to this extrapolation
in the higher energy region (from Point B up) was the
determination of the background with Hl instead of D2

in the target. A curve was then constrcted of the number
of background counts/unit current vs. total counts per
unit current for a surficient number of bias setiingss,
All runs were then corrected with the appropriate correcs

tion factor.

————
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It has now been shown how the three essentials
of any cross-section measurement were accurately determined;
namely, the flux of bombarding particles (in our case
neutrons whose flux was determined by counting the co-
incident Hed particles), the amount of material inter-
cepting this particle flux and the number of resetioms
produced (in our case, this of course involved deter-
mining the number of fission particles liberated with
energy sufficient to penetrate the foil of active ma-
terial). The following equation determines the fission
cross-section from these three quantities as determined

from the above evaluations,

No. fissions _

) 4 a X Axnx
n me = Unit Time *

Tx10%3y6 . 023x1023
-3 I

(5)
where the symbols have the following meaning:

F= number of neutrons/cm® in coincidence with He3's
= cross-section per U238 nucleus
A= average area of folls exposed to neutron beam
n= number of folls
T= average thickness in mg/em? or U238 in roi1ls
corrected as outlined above.

Since P = N/A where N = total number of

neutrons in colncidence with He3's which enter the pro-

portional counter

We have
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1

_ o ;
No. of Plssions = -} g ZLxAxnx? 5‘5? x 6,023 x 10°

———

and No. of reul

No, of fissions x 238 - 5.14(t —1.3%) x 10~20 x fissions
¥xnxTx 6,023 x 1020 ¥

(6)
where the number of fissions are given by the number ef real
coincidences corrected as outlined above and ¥ is given bY
the number of HeStg counted, also appropriately corrected

for background.
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VII, NEUTRON ABSORPTION CORRECTION

Since only fission in coincidence with neutrons
which are emitted in a collimated cone are counted, one
does not have to worry about neutrons scattered into the
counter by the walls of the reaction chamber, etc.
However, it is necessary to correct for those neutrons
in the defined cone which would have passed through
the counter but which were absorbed or scattered out of
the beam by the intervening material. Therefore, the
walls of the targets and the scattering chamber in the
path of the beam were milled down so that there was only
1/18% of brass and 1/8" of steel between the counter and
the target gas. (Pigs. 2, 3, 21, and 22). The absorp-
tion correction for this material and also the walls and
plates of the fission counter was determined experimen-
tally.

Absorption runs were made using the 10.5 min.
activity of a Cu®3(n, 2n)Cué2 getector. It had been
shown previously that most of the activity of this thres-
hold detector was due to neutrons from the D(d,n)HeS
reaction in the deuteron target. The background found
by substituting hydrogen for deuterium in the target
was about 108. The experimental set-up is indicated
in Pig. 20. This experiment gives absorption and inelas-

tic scattering of neutrons from above the threshold

U
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11<E;<12 Mev. (A report on Cub3(n,2n)cu? peaction
1s forthcoming). Copper foils 1"x2&"x5 mils thick
were used as detectors. The copper folls were sandwiched
between plates of the material, the absorption of which
was being studied. The group of absorber and foils were
covered by 30 mil cadmium to reduce slow neutron activity.
The front folls monitor the neutron beam. The ratio
between activity of the back foil and the foll in front
of any absorber gives the neutrons absorbed or scattered
from the besam by that absorber, after a slight correc-
tion for solid angle is applied. 8Second order corrections
due to neutrons back-scattered into the front foils were
not applied for the evaluacion of this correction factor.
The deuterium gas of the targets was bombarded
for about 20 minutes by the cyclotron deuterons and then
the foils were removed and counted in glass-walled
geiger counters., Each sample was counted about 5 times
in each of three counters, so that 3 decay curves for
each sample were obtained. The 10.5 minutes activity
was well resolved. A summary of the results is in Table
I. The error is obtained from the spread in activities
of the three counters and hence is only the counting

error.
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TABLE I
Np/Re
Activity Back Foil Absorption Factor
Absorber Thickness qtivity Front Foll 'E?ZSE‘!f7Ib .
Brass 1/2" .86 * .02 15 T .02
Steel 1/2" .87 * .02 ¢ Y o2
Aluminum 1/2" .99 T .02 o1 Y .02

One can make an estimate of the absorption
factor for iron from data in the literature. The total
cross-section for iron by transmission experiments ia
given as 2.8 ¥ 0.3 barns (Rev. of Mod. Phys. 19, #4,
275, (1947)). 8Since most neutrons scattered into the
forward direction would be detected in our experiment,
one should subtract the inelastic acattering in the for-
ward direction from this value. A rough estimate of
this scattering cross-section can be obtained from
Barschall and Landenburg (Phys. Rev. 61, 129, 1942)
which was measured at 2.5 Mev and is 0.9 t .2 barns.
The absorption factor calculated from these values
[2.8 (£ 0.3) - 0.9 (X .2)= 1.9% 0.4 barns ts
«20 4 .04, which 1s to be compared with our measurement
of .15 ¥ .02. They agree within the limits of error,
even though the estimates involve measurements made at
somewhat different enargies., Barschall and Landenburg
also f£ind that the absorption of aluminum is somewhat
less than that from iron, in agreement with Table I.

A
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The Cu63(n,2n) determination of absorption of
neutrons from the beam agreed within the limits of error
with a deterniination which was made using the fiassion
counter as a neutron detector. This experiment involved
taking runs on the real coincidence fissions per Hed
particle with and without additional absorbers being
present. The statistical errors and other errors were

too large, however, to warrant using this latter method

LA 710

to evaluate the absorption correction.

Using the data given in Table I, one can cal-
culate the neutron absorption correction which must be
applied to the data to obtain the U238 cross-section.
Table II gives the thicknesa of each material between
the neutron source and the average plate of the fisaion

counter during the runs for the determination of this

cross-section.
TABLE II
A

Absorption Factor from
Mgterial Thickness Table I
Steel .125% .035 £ .005
Brass .076% 023 ¥ ,o003
Aluminum .312" 008 ¥ .o12

L A= 084 T 013

This indicetes about a 6% correction must be

applied to the data to allow for neutrons absorbed or

U

scattered out of the bean,
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VIII. EXPERIMENT

The procedure followed in preparing for and

carrying out

the determination of the cross-section

at a certain neutron energy is as follows:

A.
B.

19 19

"

Install and line up the suitable gas target.
Determine the spread and position of the
deuteron beam.

Determine the energy of the deuteron bheam.
Install suitable diaphragms in the propor-
tional counter and target and line up the
fiasion counter.

Calibrate amplifiers, ete.

Adjust proportional eounter voltage and/er
gain to give to give correct amplitude

Hed peak,

Make runs of about 1/2 hour duration and
record fissions, HeS'g counted, and coinci-
dences.

Make runs for resolving time determination.
Repeat energy measurements from time to time.,

The gas targets used in this experiment are

illustrated in Fig. 21 and Fig. 22. Table III gives the

thicikmess of mica on the windows used to obtain each

point. A gold diaphragm 30 mils thick with a 0.466"

diameter hole is fastened in front of the target to
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1imit the beam. After installing the windows and testing
them under pressure, one lined up the target. The back
plate, slits, and Faraday cage were removed from the
energy measuring section so that one could sight a tele-
scope along the O - 180° reference line of the D-D
chamber, as established by dropping a plumb bob from the
graduated ring (Fig. 4). The target was moved on its
platform and rotated until it was lined up on the line
of sight. By use of a surface guage the height of the
target was adjusted to that of the beam, which came
5-23/32" above the base of the chamber. It was estimated
that the alignment could be accomplished to about 1/64".
B & C. The procedure followed in determmining
the spread and posit%on of the beam has been described
in Section II. The maximum angular spread of the beam
was limited to ¥ 0.630 by a gold diaphragm in the 6"
tube from the focus magnet. The energy of the deuteron
determination has also been described in Section III.
D. From the energy and angular spread of the
beam one calculates the diaphragms for the proportional
counter and He3 exit tubes of the target so that the
associated cone of neutrons falls well within the U238
foils of the fission counter, the last foil of which
aubtends a cone of total included angle of 12.1°, The

results of these calculations are given in Table III.

APPROVED FOR PUBLI C RELEASE
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By having the cone of neutrons somewhat smaller than the
cone of the fission counter, one can allow for small
errors in aligning the equipment and in measuring the
deuteron energy. For example, a 2% shift in deuteron
energy corresponds to a shift of the neutron angle by
0.389 when the He3 angle 1s 399,

Next, the center of the fission counter is lined
up on the correct angle corresponding to the angular
setting of the proportional counter. This is done by
eatablishing a line with a straight edge which is directly
over the calculated angle as determined by the graduated
ring within the D-D chamber. When the fission counter
is rotated to the correct position the reading of the
angular scale on the track is taken., Thus, for each
setting, the track is calibrated against the graduated
ring. By use of a straight edge and a scale, the height

of the fission counter is adjusted to be the same as that

- of the target and proportional counter. The angular

settings of the fisaion counter together with that of
the proportional counter for the various series of runs
i1s given in Table III,

The calibration of the amplifiers and adjust-
ments of the discriminator blas of the coincidence cir-
suit are described in Sections V and VI. Before a

run or series of runs one checks and records the gas

APPROVED FOR PUBLI C RELEASE
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pressure in the target, the proportional counter, and
the fission counter. Then the high voltage to the counters
is switched on. With a cyclotron beam one adjusts the
high voltage for the proportional counter to give the
HeS pulses of the desired amplitude as described in
Section VI,

G. Now one 1s ready for the experiment. After
a falrly steady cyclotron beam is obtalned, one records
the readings of the proportional counter scaler, the
fission scaler, the coincidence scaler, and the current
integrator scaler, together with the time at which
the electronic apparatus is switched on. The beam is
held as steady as poasible for 1/2 hour and the experi-
mentor records any intervals of time the beam is off.
This off time 1s sdded to the length of the run at the
end. At the end of 1/2 hour of beam the time and the
readings of the above scalers are again recorded.

H. From time to time, the resolving time
of the coincidence circuit is determined experimentally.
Runs of 1/2 hour duration are made similar to the one
described above, except that the fission counter is ro-
tated to such an angle that no neutrons associated with
the Hed particles can pass through it. 8ines for such
runs all coincidences are accidental, one can calculate

the rosolvingAtime from the simple relationship.
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- 62 - —-

N N
("He3) (Rg) (6T ) 1)

Ca= at

where Ca = acclidental counts obtained during interval

Nges = He3 counts obtained

Nge = fisaion counts obtained

&T = resolving time

At = time of observatlion.

Since the accidental rate is determined by such runs
spaced between the real runa, variations of cyclotron
beam, etc., should average about the same for both seats
of runs, so that the evaluation of the accidental counts
during the real runs should be rather valid. The
experimentally determined resolving times for a}l series

of runs are recorded in Table IV.
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TABLE IV

En z : ;@"P
Neutron Experimental mge Corrected Correctod o
Energy Resolving of for Neutron for Fission 20
Serles Mev Time (sec) Series Absorption Counter Bias Barns
1 8.8 0.5 2.23 *.12x10-6 20.8 *2.0x10-6 22,2 2.2x10°6 22,7 ¥ 2,2x10-6 1171
2 5.8%0.4 1.87 ¥,09 12.1% 2.5 12.9 2.7 13.2 2.7 0.68 ¥.14
3 8.9%0.5 1.90%.12 18.7%2.3 20.2 % 2.4 20.2% 2.4 1.04 T.12

-99-
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RESULTS

Each series of runs required about 15 separate
runs of 1/2 hour each. The deuteron beam current was
80 adjusted as to give about equal number of real coinci-
dences and accidentals. The data for this series of runs
is given in Appendix III, Figs. 23, 24, and 25 show

graphically how the number of real coincidences per

3;3 particles for the sequence of runs varies. The
points are plotted in the order in which they were taker
The represented error is calculated from the counting
errors of the total coincidences and that of the acci-
dentals. Thus, the quantity plotted for arun of 4 ¢t
duration in which there are C total coincidences, Hged

He3 counts, Ng fission counts is

C-(¥He3) (N£)A T jﬁ- (Nnoszglrza‘r'+(luoa !fgr)z
ﬁ__gr = At + At Al

He3(corr) ~ " Bpe3(corr) V_iﬁ.s(eorr)

(8)

where &7  is the resolving time and £7° is its standard
error as determined from the runs on resolving time.

That the data and the errors are statistically significant
is indicated by the way the points fall around their . I
mean. About 2/3 of the points lie within their stendard

error of the mean in agreement with the principles of

AL RO D O R e —————————




L |
NADE 1N U > &
—
-
| 28
i
|
T .
T T
s 6
26 t
1T i t
e T
> ; .
1Y) == - -
4 agmge ug rp¢ boupd agpe ! T
= — e e—te =i
2 onbd Codin 1 T
S 2 § § 1 ———
T
1 phpd SOubg S pipd ) SO A 1 -
22 T : i -
T T = = 1
o s s g e = oo T b1 r s I
EHE T TEge et : I sons + +
Spaet on Pty ooy + T
I 20 X2 1 "é—;(
I it yRRE N T 11 s t T r
%‘_ spuas oy 1T yus i amuoa g nt s - I 188 [eapesy T 1 T e 1 -
T pess fhasa s x e 22 Von )
r > 9ot SeuRE yanpwas 8 ov L 1 >
HHts t re
s DY oy r 1 Lo 1SS R AGTES hai T Sty et o+
T re
asss: 184 58 oa = i T 1 " = + M " 'S
h Iy 3R r\ 1 Sesaavu; ) 00 Rwest L4
A : : :
T i 13T 4T f pae s v 3
— aned + + T T T T re
Ty g e arele T "o DwBne Ew Sapey conat >
@) T 1 1 )
> T
= gana b 5y pe: 1
(s 1 e . >
& jens pudul agers =3 s agund T
g 1 1
g apdows spewd b5 sgd E Y
T
- Somagpemt wnee ppT y e
Shaay i a @ T
LT sunbatisiy " e T k3 i 0at
"pus 1 T 0T e T 00 B DOS t > s povas T
LAeRaY oy YOl Iy T T 3 T T L T~ b4 T. Ly 1 LS { 1
T 2w A T 10 Y W i s 1S B 8 81 T 1T X 1T T b T+ T t L +- y
U') pRssony sirwind nadl "7 re eu) Peq A8 5Y FORLS CTRES VS0 B T 1 13T T T T T
T s 1awe o2 T T T Tt s T
T n 3 16 QEarme am ¢ [ vont T 1 ynaut T
.00 Fu s 3 oo 19 168 Graed ey (aady e OuS Bu e seass ettt e s sas 3 3 T e
1 T ’e gl ¢ 139§ s T JRENEROS S INAE) Fu g e A gt RS0} 1T R S 04 ye o e 199 43 e S0 8 T Lt
aes T 1 3o o Eees pems jraa sames nwess ey Soabe nanmaseuss o1 . T X s
wne 3 T T n .4
baa T 1 Tt + .0 500 S RARS FEaA 0 2 ey 1 13 t 1 T fous ans T b o re
. T e T RTTITt L84 8 yus 3 T 1084 onous Eaoud auSE S 08¢ L0 BT 8 T I 1 X e 3+
" s T T 1 i T
oues THTheT 0§88 0IDE DEFRS AT T OEN TS KIRaE L] a0 40w s T T r yave s T z
gie e e S B e e L e e e s e SEnatErEm s : T = 2 :
s > 130 vua yae ret in 1 1T T > y ]
T t L0884 2 600G 081 % DO T 30 6ou e uwn! v T T T T
sansasas a; 1 ) o B 048 9) Lo 1DeBE 0SS S0 T 191 IS uruRaeagan:  90e 8 ow ou thee s 1 $
yunans 1 T ity 10 e uu Tkt 3 T T 11 L84 &1 t -y 2w b t T ) Srm ¢
¥ rnou T 1398 S84 8 UBTH UL as RIS haa gu Tu T Bt baney imasy e 150481 reoes u T 1 LT T { T 1 ot T
yos T T e
T 1 T3 T =T T T T T T Jone Tow1 181 T 1 1
ns T vas ow.gu as 18 T 1t T iaows o8 3 1 T -t | y 4
180081 500 we T 30 yone T yut 1 T Ine Soenssangs Farvu et o + poaves Y
+ +
s9sss snawerEgs 1 s T s sore T T 1 s et T T T pe f3aes! T
+ + T BS0] W DS b s B 881 t - +- T T LT T
T ¥ 104 ba @ Bu T 198 ou. et 2 T T 500 3 T T s T Y L OTR T 1 Peae
a g T 158" 8 poane 1988 )} SO wE PALAS ERRES S SE KPR TN ri 1T ot 181 as T 1 1 bong
" o b T T
swm SRS 8 S RAS DO R Tt T e s phed + 1 T T T T 1 1 T T T T T
e fiosies st e et e : e i Bt Ty : EsHeE =t T
T + + e ’ tHT t t T
1 18004 b T omos & saoe 1 ann] T
T 8 p 1 Tt T T T RTETIT T ’e
1 Tt T T T e s T T oty
S WA § 81 T T e e n = I8 RBE § T r =y ) Shuay
1T '8 ¥R U RS D AE S hgupa ot suy B 0w S oW 1584 8 063y EpaT pa pune T perqaat i 3 iwpaysus 5.0 wpa i 2 vy Tt T
rad
e T T T "o oque boue
gt T HDOAS DODE§ § 96 1N O > T 3 T 13 TIT 1T yas s pose
T 1 I3t Y T a8 RS B8 RO B T T I 1T 3 * T T a3 Yoz oas T 20 whog
101 e T T r 3T T 1T 1800 EEe e 48 Nad L) r Ls T S8 DU A2 T T T b4 S T. oty
T 2o Rs savas ou: it bt T $ >3 eama) > T T ]
E" 54 AR 4 S URTE bawBe AR REY B uE T o T e T res a4 T L 23 RN 9 RAVES B Iy Ty z wo
S8 rrn e e e SRR e e e R i T - T o=
i >as] 1owe o1 = 3T T (s " husg
anng sz e T t
oo T e T e T s T T -ne P agny
=t Iuns ona: IREPAEES FNALEEEOT VALES DU RES SIS 5F P4 DO f yon Soaas tnads T S eaanas T 1 T T rowa | 7 14 T H
T T T3 "as pey i1t yue enat )08 fASEeIEITE DRSS yoas 18 Tith Tt raes s - Tt T T ) swwn: T I 3
s [TrRe ang oa nas 14a S RUND SuNaE ag O WY U B et '8 s e T T s ma r R t e 1 s yod put s Pt T T oay
o T e h it 1 sswnas ’e t 1 r 1 T
1 T et o T ymas T T pas 158 o2 1T e 1T e
T 24 1 1Tt T 800! rasnus sV rTRERE 8 58 na) o nse e T s weun T trre re Tt T 15088 T rone
T 1 T T T szast grnasenas: rass; It o ’8 pu Hit 1 Sanazaaest AT ot e st ses: sssouvs roves meuss T ey
1 T v IReu0RE KE 0B TR 1oma v ot T T T T : ¥ t =Y
e T ot e 1 1 yenaues ot owe: X 1 >e ’e rov sUwwe e 1]

ASv3T13d O 1719Nd d04 d3aNodddv



-6

APPROVED FOR PUBLI C RELEASE

SRS ﬁin,ﬂ i : g3 £ THE SEEEH ; i3
L S R R A e R e s 2 - e A e T R PR
B B TR e R e D T e e T T R TR R T R B R I TR e HHHHH m H HEOR e
H43 4 - H H + H44 4+ 1 H H{HH OPRHIB 4 3 54 1 14 +1 H4 J
HIH ;ﬁ.;mw x“m.f e R e HH1 T T T P B TR R R L m_(w nlw FH N
® - LTEL T a8l aEpREAD 9| - LCTY | =g w T T T . e sas
EHHE] u Hii i H.w HIEH B H] B R HE R R R R R R T R HTH B R g
FHTT T Hi R H R T TR ERTHD IR FES i nE tH R i T HHHH T H T
HFt HiiHH R L T [ E i HHHHTAHA AT B w‘ L HE L R B R
HiTH AT A THETHR Y HHH AR R R R A E e B aH R g i R BRI R AR
Twn 1 B .m HA T HT R R RERIRI R R R HE R R R R B R R Hu L
H R R e R L TR e B ] e i e e e bR R H L AR
sngingdy! 133 & pabfysivignn R 1 sfedphgdagnapgfsfantofyighinbogadapiagn St R 13 gPny fuanyyd, g8 HIT
R R B RS AR R RS ) HTHRH BRI R T P H HH R AR P E R HiH
selsniss . 4 i1 - -t t }-4 t+ 1 4 H $-1 b4+ 1414 44114 4 4 % 11 .Il.\.u..“ &
1 P HHEH L HH L R TR R L R R HE e T iR R I
HHH HHHRHHHHT HH Sgaserasnzaiass : 4 HH H HH Ho
L ecfestdbay rH T R A I R B e T H A HHR AL TR D HH ;u Pt PR R R Ja T D it
H TR I AR R L R T e T e e R T iR SR R s e B R R T
H i e R e TR AT UL E HE R T T.w:..,. i
R T e S aHTtHEH HTHI B T B A AT HE T T
aileEgstecthtiaitittbiet i phiseiesi HHH H H :”w Hith e B R BB ERINRES MT :% HHY
I B IR HTRITH N H i H 4 T H B R SeTHR A T
i HEHHTTH i HHE T Jw AH I EHHHE 1 n% AERTHIHHI Al B m m 3 xw it
mgaaggsasy HHTH T HHT : = HH A HH T ; HHHTHH
s L it HEHH SH i BHIRT it STHHEE ; i tH HIH i siliztattegt
AR T ER T R e Y HH tH AR HARTH THE HTHH [FRagEsist
U HE BT R IR L L R T .f.;xx B ,J.wm.#r,ﬂ i HL R LiuPHET
TR L A e O g i R e R R R i e T R o SRR
Mm e BT L T R R %m Ha b m TR I R R B # HHH w* i
H I R RETE e S B HH FHSRIRETRHI ST JsRpasst eyl T EREBT i
BT AT LR s R, 258 R T AR R R S B B R R R R R n. HiHH
agge H = sapyeycsbeaganassragnayrayype: N H o Fe e L
HEH AR NATH .T HE R B HH AR LR H R T ..ML %r “flm‘ JimHHR RS b1 T pisese
sppguege apsdssagnuanupge agpagnapyns 8 11 BB A B TR 335 g¥3ee 7 Bt
L P R e e R R R R T R TR B TR R i it
L TR HH e e T PR pR AT R B R R e R e y nalEIEE
TR R R R R L e e e M P e B HEAHRT T
T B E e T T e B e T e e R R T i ETH TR m,, H R M m % EREY
e R T R B HiTH T A HHR HH1H E TR O TR R D R e TR
HHHHH T H TR % PR E R HS R THE HRH O IR B HH s i A #mh EhEpsasadzas i HR M oH Jisihin i ".‘:.T.
T T T T o e R S i b
i RS IR B BT B B B R R H a8sd ssiifegifatigiiast TR Hagtirg i TR et T P E B
i e R B TR B e B R R R R B R R R T He R R R RE R T IR S e R R
R e R R R R R e ] it iahhnsteniitatinheini il
wgdngslhebtufdapden P gugde! ysadeegels -t I 1 - 11 3 44 - 11111 I 131185 agdy! ugd fa g xh_n Y“l!
I e T ER R H T e AT e B i RS R R T R i R R R H
1533332292581 30 =a83sa¥sBanslas Sesppyonl igundodn oty 1] fefsetd] eg8s andpudke s3383 d1 hig =
HiE L RN AR R R R R i E M if ih A RN TR TR R iy sttt
gt e EI T R i B R O HHTTR Y B I R H R H P HE T TH rRHaHHHART R R
HHIHHEH R T ssstissitisatiiiept et b bR b i e e H R R L E R R ] w H I —
giliils R e BN T R e e R R
. ] I1 ad@n sidnsldn 3 ne dplnnde eabebde neds 11143 » +
H3 1 H r 33 noudelifes i H uhe ] 1 e & ¥ » w seyefilskisnddsdrddnd Rpandid 1113l agdndnge:
1 it R L RE R ERTHE B HR R H BT R H R Bfitst ghectisitiings ! HHEH O
HT3 T 1011 1 dad 8 SR§C-233 ) fRzaf R Sgdngigby usiahoiigedd: & I3 seadgunal nw H =3 e p3uss Kaund
ot il L T R Rt T R R HH T sittsnistan HH izt HH gl um 2l izt
LR 1 EH L R R R (H i sratiashipd et n Lt L R DB ..v NG R g o
fH ST H agegEge »: NP F yua 134 . wgw - TR n Sgus e - FHEE T T HHRATH
R A e R e e e e R R T R AR RN ”M R R
I e e T R R R I
R G A BT U HE A S (s R s R AN HE AT AR R R G SHRHEE nnuu
R EHE R R R R T D
dit 8 1L THHY 1 HHAHL 1 : r~
sg3 SEeepTazaEs AR I R B TR T T T T STHNIE R 5 i Iitiisiiag
SR NS HR e e ER R HE B Jiscitendilidediitafidily Y HHH ¥ M ¢ 3 11101
R S R R R
3 wnges ags 13 ezege 13 opgu! 2 =TT - . . - RIRTE
e s e s e R s g R B R G et ] LU Rl
ees HH1H ¢ H H H TSI I TH v
T s R A D A AR e
=4 4 4 - {4 }4 - ! 34 c1te - 3 4 o -4
HHH HHERH 1T LT 111tH H H 3 L RN inall
L Seiisistsaseatetnts , HiTH L y.; : 1 ‘.:”.,.TW 1]
A IR R L TR R T i z-i 3 D dii i
i R A ittt i : DIRIHERI R G B
2 1 . 0TH] ! . 1
s I il i rﬂ i il :
2 AT : HITHTH H 1] ! HRI 1t !
£ . 4 ! i }
: TS E 1 T h 1§ 1 ] NBHH it =
j LT i | il ~ it R E HH
: T T . AT e SRR it
ttilte 4 i Hilti g il i Liih 113} o~
4 + 1 . Saee T v N 1 .
Hithi i 4»: ff el RYE | an_ i} [
1Y 1 1 AN P s ' 1 e .” 11
; | M i m ; :MLM -t t ik ﬁu.i i Ewl
N T : S Hyl ! s HHERH ; i
o ﬁ MR «_ | L BT
3 : 1 1311 R 1 ..
ﬁ 1 U I HHITHAHIT ittt

36 ped
24
32




APPROVED FOR PUBLI C RELEASE

T ege: 3 'Y ITITH T T
R T R R T R IR B R R R R R WA HHT H e H B R T R (R R I
Hrit] ~l I N i H » +H uiu H r....r w,L 1 H H H ot 1 H 141
TR EIHT e3saisscasint diiosginaagidsn REESIHH HiH PR srpdnsidysiyessads IR e e i e R HH R TR
e it A rHH safiaspiiass 2 SE3ERY: 33 Bsseassidcapiazyilsagisagstfatstzts IR ERIHA HH
HE R LR HT R e HE HIHHH 238 BT x.- spgiadyidn Sad 438spse fungshbays HHEHY T
R e R e e R E R e e e R H TR HIHBE TR TH B B R TR AR $adds 1 H I
HE R BT R e R B F e SR B R RO LD HREH IR T
2aRft]itesasytiassifanangeacts sefaifgegas H HHEEHEIED 2 s3iptigsaatistasaiasipsaneagil H S T i e R I EH
R B HE T HTHER R T HH HETHEE Do BRI THERNT i $Eedrdidbasalisit H itiehisitaty yagalaats
. wai - pogensnsg: o osws Suyy yR sy yAep! wagen o sygag ey OITH ama
EfghBogmn: s 1 t Sege = plssew * .. Myplidnigpianginngs 3 Wiungiguns 8
3 R T RIR Y HeHEH HH | FH 11 _.n | hUlL HR BTN gesgens [+ H tHEEE T H S -
" Qg wa - H 444+ ¢ 411 141 - b1 H4 1+ H HH L ¢4 S oy H 4 b 4 St |
' HIH s B BT & sgw 11 H3IH 1 fegh denddass dgudigpiage s dphonSgpaiigh fgge
dpsgiisghisdnieddafpugt FHHE Y HHY L34 b T LT3 gedddtapdSitdefsfagalintuin HiiHsd & B BT Fw 83 _L. guiginnne
agegagsengsyaggage S HH =s2322 SYSRpReyEERe ERRRY SRy 3 HE -
[geansge axgo HIH 3 14 H age 137 - Sugysh - 33 13 g
d3dsfdeniyesiiifatpfants Rtz 8E 1111 o HIHEHE B HHHY IR IR H Hiiunta st _.{
I R R T TR TR T R T R T T R e P e e s i e ]
elegquisipgakitiyud d8dpFalindopiidagifnaggndiidn 04t QudgudBpbgug igdslpiantylingiynd 111 11114 Ege H
T B HB HHEE waefishy TR T R HHHHH ofiigesibias dlds]gstgiticifeass agadfitep tH taagysenes
BT HHT masyasszpgsptentasgyraape nipaxeryssggnssayia H 3 varyat
31 4 43+ § 444 - -+ 1 444 4 HH H- 3 44 4 114 4 L s T 43 H s H 44 H4-14
HHTHTH R T R R T (e L L B o L R T R T R T HH Hi Jagiglosgdzigagatines:
e HHH o SEespErayy soose =ce screpgs SEeraazEasarTzzsya: secagess T
Hin R R R H H SIS0 qdidpdssdpatigal dodindsdsdibpne HE R R Y R BIHTH A HEB D TH AT B tHE T
B e e R R T * Ses T R TR R t Saiysprraangidassiiagnne.
H A yusagiguagding H HOHTH sisgaga Spda Sekbn sggafups Agdudagijalsgent & TR TS
a8 5bis ﬁ sgisizpllasiidetalincsisasisivaas dyddggsd susfe gidigs %r 148 21 spadadisdbyidiithaRusindbhstanepahagd L it 1113111 ddlagagues
=eungpage =g =sgepe= 2533:E3s 33385 == o T TT =q vgsEpnegayy HITH R
sondgiudughiug: shnsjsbnajenbnysulgingupiadh A 24 aheggud, » L ig ge (3¢ 1 oF ngh an
i b iR e e g Uit 1aiaezif) Splistatisicasseitstsdtite- HiiEH AREHR e T
| Hi3 aygpne paan S TF ans, SEDagstydsngdm ¥ TS TR IR IHHTYS i THH
IR e RO H R H H Hitr e i e R it HH
. tHH di=festzgiafegatsistangsiadyeae [.* i R e H R R HH R L H R R R RE R R R R
$ ssegasqugagagegsnyaggusgseagaggnaaggans gage - =aggaenrEt e e T 1] aggwe: sggepesgesggegs Rsepeeypgepensy
HEr e bk Bt Lk B M T T T R e b _ afiadifsyetaitapdtoalfabavpiaiise S R TR R R T HiH
| M HTHTH B BRI HE H B R HISE - | MG HE T HER . HIH HH RIS PR3 R FIHEH
T e e Fe e e e e ey e B e e HE U e L T R AT ER L e T PR R R a8 TREASALICHIREATSRETS
e p Rt et RS i | B s sl s R e B s HE S bR s bR R R b HI shafpieifesiqibaggsiat
P P T B T I R T A R HTH B B e e e e D s as e i L e e e L E T e B R R T T
Hah rmw sraggeacigdsygdsies glafalas ER T Do S G HB L R B R e E Rt R B n R
e 4y HH {3 4 H H 1 gs H H HA TR R 4 ! SeEpREpE . nERpEEEppangs paas anm H4 H H4
Hite 111211 aygifagdolitou]fys. 111 | Uﬁ ; seffafali 1 it Il L+ 8 napdd 8 od sbdngosn!
ity HA af3featidfeye d HiE B R VLRI R g i s b e e e e R i B Hittths i
qitdatalalys wadsilifiTetlpeii)isiiifole I AR E T R R 31U e e e e et P SEE sahifedafdadus
2t mh HEbEEE D nr e B P H BRI T B HR s L HyaEE B B R E B e e pekegigis sastifsidicys
e T e T saymepadvegs R H saphrengsgine HHHH sefzengasradpgaseayaraggasey
333 Heligada i HE e RS A R R | fagits HHH] H =2
gt e H stengidatipsagipatiieacisiacyy ;m BRI H | HtbH et HytH iR sp§sglydsas
L B R e B e e R T R R R T T E ] e 33 T T R R s 1553550 s3sjisaan
sessgigdal addgeqan BEHEH A H T HHH BTH TR FHH | Hid s iR E B i RO R R BRI H Sasfgsaas
HH tHTE u%n i bR B R R R R BRI R m R aRHER HEH A T i R A L
i n pie i iR Hit nadetxphagtiogtifiiengiadiiqifysitaag iR HELHEIB BH Rt iR R e R rEE
1ts: R RIS I Rt A B IR R R T nmwm‘ IR T o 3 R I g s 3 T B R IH igdsdla
it giiimri g e T HEE B BT R B B U H BRI R LR saduBastsiatatyasatatatilodafabaibifacy ol
v 4 ope asgaua
Hittet ki a R R R iR e e e L H R H T B3 I8 RagictshsEidiiede HIRRE ot oataticdstaqttsit iz il
EHH T ER T Bt B R T T akddsdini iy Hit! saiidipsisayist it R RTTH HEE TR FeE HHE
R e A e L R e B e T T T T TR L 4T HLEL L E] i T 31 LR L FiE ) HoEE e 1R HHE Hitl
e e R e R e e B H R HijH it e U R et B iR R R R B H jsis
Rt T TR T R e e EE R R TR BR T Rt L i isEinE HiH e e B EE T R B R R R
HitiR rH sdaajfanssticaqidyntetinlitaadizttatindidsaiistdtsiaatt halsdetady hege o HEH esdpsisiissiityzts sqbaans
Bt R H TR R eesacatezazoaire T eSSy sTioEsI3s330a5035 Sappepasagasysres H
st l: iRl a R Y R A T P T A R R TR T e
- eangngsrenasdzappiaagy sayspunegnazpaianyarazas s Tjgageyesyeyrpagyans HH Eesgaspazgngssgiyagengeyasasapsasdnrgahaash
H R .‘T 01, CH H i e R P iR R e e H R H Sidedudsafddgetdafioabpipragisunsiilpqanospiildeisatetansdaioggenyisd sl sxalanaa
Hi T fE 1 H e ggeegyes L T H H H4 agaigs HIH ] q B4 B3 H {1 3358938 H
R R R B L HHH LR L e L e
gryrri e et E R R B I H R R Hiti B B p R H it i n it g Ui L R R e H
se3piingtiastlss spiisERefiiad hastighafqyad HitHidB gt asH tHH L T HH b b FEH
T E TS T Resggtazieagygucnysy seaseyeysggaganssyecy H ERTER RIS HEE TR TR R R e T e
O TR H R B B R R SRR AT R L B H T E e e R R R R R HIHB S
R B R S e R s R R IR R Rt R R 13 R R TR N R BT TR FIT L L LF L e B
giHE R R TR R R L E B B T T B I H H sislisgegdsqtel=atidlszgis=2]ifdstadstd HHT sfjedgeiyiiyedjaiis
b e R P e Rt R TR R H e HH o AR AR e ISR TR R R H AL H e H
31 x%x HitHin B RS salfind=soondflagtiqsatiidh i dadiseaess 3 i 1] sdifjeaksgll
131 rH pE R T HH P NS H Hima iRt it HHT e R Beffdgacqandypaiac
EB RN 38 IRES 3T TSR SosEEloss =s=zegas sage saca=seszazye g3l = TN fzimerspasagugs H
FEH R R R O THR L R B R B R R R B B HTHE T B T R HIB T R R H R T R BT
HH 5 danigiies i R T i e e p e Lt e L 1 Eio b bt R B R R T E B T HEEE FFREE
L b L b b iER I R T B HY ! HB I i RIHG i L v H R R R gt B st e Bt e R R bR
H e TR T e TR R T e T 21375e30e ~2er gerazynanass = = 03e3=9338 3R RI35 83355 T
] tE eI R IBEIEE IRz LIl IR IR asRcEIsiasas il HHHHH S BIHEATE HE 1 LFHH T HT PR
H1E SEEEH L R T T R T H  HH R R B B w Isgstistsdnitfi Mbastdqsilt sesealife sefaqus)ggdififiigee L £ H i ET TR
L T e R e e e e T e D R T R e e T e
LHEILE U TR IR R T BT H R e F H B e R TR T R B B R B R R R R R T H R HT
L b Higtennineig g g gdiiin g gl i Hitk s H L R PR A T E R H H 118
H H ! M LR H ; H FHHIHH 3 FEH 1333 shatids R HilH E3ysspisiy=ls
SaptasEited IR dd sat R Eoh fiaet]and : i W T stifiqtldathedablad HiE R EE T HH T HREE I EH L BRRTTE H
RIS e HE L R R TR T1STIISERTRINS 13 s=ygaryy unx ” '._x SAEAERREedy H1 .m “ 3 ” 34 xx” H HH xxm “mumL
: HH SR TN 3 H HitH HHBEHH e iR H syif TRagpsidatietagd HEH L EHIRH
iy eEsecelistaattstisciibsie Hil FTHTHH 3 H HiRH HHHH HIH AR R H g TR T HTES
R HIH H L 14 13 pilggtast H LI BT HHIRTE HH1H 3 HH
H HHAHH B R R T BHENEHG R i ik 4 SHITHITR i | T E
g agegqsen 2 ST H HiH H g HIHH
14 4 - 14 - +-4-4 L $-4 t4 1 4 144 -1 1 Xllx I
Hi H 1 =3 111 H tHiHH 114 H H1t H 1 ] & a
HH L HHEETH IR TRT 1HH L HTHE O HRH U R i 1 H Y tH L HH HIH
14 . _ H H THIRH 4 4] s L
- o H d H - =xiged
. . {{H H & 9. E £ ¥ 13 1 ¥ sEARRA ;] 4 354 L] 411
.A 4 W N BRIt H ] b i t [Fiti : AR h 11 45 {1 144 8
o 4 1§ 5 9 8! d ' g
| i H HEtH k H H | 1408
14 { 1 [ 1 1 ¥ 5 t k4 E . 318 144
H Hidd H H
see I | L _x E H 2 .
. peipediith w 1 HiH L H : ; THA SEREEdRie s t1tld i 4 HiL
f = - ’ B HHETTH HETHTHTITE T
i rt i H “ ; | LY 1181t} 1 HH
L 8 ¥ g L {1 £
rg T o pa f . L] 8
f ! : g H : . 1 £ i
! il _ : Biie il
4 e3ai e 3533t STTHHTT sprey
4 1 1 |4 44 " 1 - -
1l , T A
R i i it I T T

36 =
54

| .
N O 0 O N
2 N om— — —— —

PROVED FOR PUBLI C RELEASE

L

2B U B

9 20 2

B 1415 16 17 18

12

10

t 34 5 6 7T 8 9

l

0




LA 710

APPROVED FOR PUBLI C RELEASE

probability. The data does not indicate a significant
trend with order or runs.

A8 an example of the calculation of the result
of a 1,2 hour run, consider the data for the first
point of Filg. 25, TProm Appendix III, Series 3, the

recorded data was as follows:

At= 1length of run = 30 min,
Ne= fission counts = 32,350
Np= He3 proportional counts = 752000

C = colincidences counts = 41

Using Equation (7) and the resolving time for Series
#3 runs (TABLE IV) which 18 A7 = 1.90 ¥ .12 ps one has

Ca= NgeS Ne i%it’.l = £5.7% 5.2

where the error is essentially the square root of the
number of accidental counts. This is increased slightly
by the error of the resolving time,

The real coincidences then are:

Cp= C-Cat Yo+ EF = 15.5¢ a.3

By the method described in Sestion VI it had been deter-
mined that for this run a fraction (.994) of the counmts

of N, are due to Hed

So Fpo3 = 0.752 x 106x0,994 =0.748 x 108

T

APPROVED FOR PUBLI C RELEASE
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Whe3  0:748 x 106
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Thus:

Cr . 15.3% 8.3

= (20.4 t 11):10-6

TABLE IV gives & summary of the data. Columa
2 shows the average energy of the neutrons. The spread
in energy corresponds to the width at half maximum of
the energy distribution curve, and is derived tromfcon-
siderations of the angular spread of the HeS due to
finite width of slits and the angular spread and the
energy spread of the deuteron beam. Column 4 is the
mean value of the determination of the racio of real
fission coincidences per Hed particles as taken from the
date in Figs, 25-25. In Column 5, this ratio 1a corrected
for neutron absorption by dividing by efA where A is
the absorption correction as discussed in Section VII.
In Column 6, the data is corrected for the finite thick-
ness of the U238 gdeposited on the foils of the fission
counter as deacribed im Section V., Column 7 gives the
cross~gsection in barns after all corrections are applied.
In Fig. 26, the data discussed in this paper
are plotted together with other determinations of .
fission cross-sections of U238, Below 3 Mev the croa‘-
section has been well established by a number of inves-
tigators (LA-520): The new value at 5.6 Mev agrees with

previously determined values by the long electrostatie
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generator. The new values at 8.7 and 8.9 Mev check
each other and indicate that the cross-section is
somewhat larger in this region than was previously

supposed,
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PENDIX I
The details of the derivation of the energy
equation are found in Creutz and Wilson's report. The
procedure used in this experiment is as followa. Neg-
lecting the relativity correction it 1s posaible to

rewrite the energy formula as

2N, C2 w _ 1 (2 b/2 (1 - C2AR/8NoC2W)
c® a2 D
Oor
2
k(D) = 1+ [ 2*+b/2 (1 - 1/4k(D))
Expanding:.

+----

k(D)= 1+ (25-‘3@) - .1532 1 -
1+ (LL".@.)
P (9)
Thus k(D) may be found for any given value of D.
The enercgy is then given as
W (Mev) = Ck (D) (ATI)2 (10)
where C is a constant = 87.585.
A sample family of curves is attached. The
correc‘tion for a given galvanometer deflection for the
sero field is given in Chart I.

Let us assume that the measured values were

APPROVED FOR PUBLI C RELEASE
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D= 16.4 cm
A= 113,05 milliamperes + 1 cm reading on the
galvanometer '

Residual field (180° turn of flipooil) = B8em.
Then A I corrected would be 113.05 <+ 1.6 milliamperes
or 114,65 ma.

From Chart I we obtain the deflection correction
dg to be 0.7 em and the current correction to be 5
milliamperes. The final value of D is 16.4 + 0.7 or
17.1 om and A I = 114,865+ 5.0 = 119,65 milliamperes.

From Chart II we find for these values an
energy of 10.34 Mev. Applying the relativity correction
which amounts to approximately 0.3% in the region, the
final value of the energy is 10.31 Mev. This value
must be sorrected for target gas and windows in order
to obtain the energy at the desired point where the
deuterons intersect the exit cone to the proportional
sounter.

It should be noted that if the values & or
b are changed a new family of curves must be drawn. If
w, the width of the rectangular flux coil, is changed, a

new value of constant C must be determined.
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PENDIX IX
Series D Al 3 z
Date No. cm ma Mev Ave, B,
2-18-48 1l 17.81 124.01 9.92 9.99 10,12
17.68 123.75 10.04
17.61 122,96 29.94
17.61 121,81 9.92
17,44 122.42 10,00
17.41 121.73 9.95
17.31 121.61 10,08
17.31 121.98 10.10 _
2«20-48 1 17.31 122.58 10,10 10.04 10.19
17.34 122,33 10,12
17.36 127.80 9.98
17,368 121.14 9.94
2-23-48 1l 17.78 126.24 10.28 10.17 10.30
17.71 125,30 10.16
7.7 124,91 10.13
17.538 124,53 10,18
17.48 123.79 10,10
S=1«48 1l 17.64 125,83 10,01 9.97 10.10
17.44 123.01 10,00
17.39 122.80 9.99
17.39 122.04 9.89
2-85.48 1l 19,00 131.98 10.25 10.17 10,31
18.85 132.47 10.21
18.85 131,28 10.05
3=-22-48 2 16,01 123.01 9.47 9.01 9.80
17.98 122.67 9.52
17.90 122.51 9.52
17.90 122.43 9.52
3-25-48 2 18,00 124.44 9.78 29,75 9.98
17,95 124,41 9.78
17,95 124.00 9.68
17.83 124.00 9.74
3-31-48 2 18.10 123.77 9.55 9.64 9.80
17.85 121.34 9.58
17.45 119,98 9.58
17.25 119.62 .70
17.20 119.76 9.79
{continued)
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{Appendix II, cont'd)

Serias D Alg = E
Date No, em ma Neov Ave, )
6-15=-48 3 18.55% 120.24 10,54 10.55 10.80
16.45 120.01 10.60
16,55 120.00 10.50
6-18-48 S 16.84 120.14 10.28 10.3% 10,70,
18,74 119.55 10.22
18.59 119,31 10.50
16,54 118.84 10,40
6-21-48 3 17.29 123.84 10.35 10.41 10,76

16.99 122.44 10,43
16.89 121.94 10.43
16.87 121.33 10.38
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APPENDIX TIII

PHOLASuw v

Series l;
Run At Ne L c r
No. Sec., Counts Counts Coincidences p Corr.
1 1.800 ¢ 103 3.29°10% 1,737 10° 75 12.7% 6.8+ 10-8
2 1.800 2,80 1.536 59 12.5% 6.7
3 1.800 2.46 1.235 80 34.5t 9.0
4 1.800 2.165 .947 44 19.8+ 9.0
5 1.800 2.940 1.727 94 18.2% 7.8
6 1.680 1.172 JT47 33 28.8% 9.0
7 1.800 3.799 1.782 105 11.9ts8.2
8 1.805 5.269 1.517 88 17.8¥s8.4
9 1.800 2,503 1,465 81 25.1% 7.9
10 1,800 2.055 1.180 66 30.7t8.5
11 1.800 1.893 1.152 59 27.8% 8.2
12 2,355 1.650 1.000 43 29.6% 7.9
13 1.441 1.875 .997 44 15.2%t 8.8
14  1.800 2.920 1.583 83 16.4% 7.9
15 1.800 1.341 .818 18 5.7%17.0
16 1.744 1.428 .965 36 19.1% 7.7
17  1.620 1.534 .987 48 27.6% 8.8
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APPENDIX III
Series #2
Run At - Ne N, ' c cr
¥o.» Beo. Counts Counts Coincidences ¥p Corr.
1 1.800°+ 105 2,105+ 104 .886 105 36 19.0% 8.6 * 106
2 1.800 2.840 1.075 50 18.3% 8,7
: 3 1.800 2,580 .999 40 14.2%8.¢
Do ¢ 1.800 2.450 .927 43 21.8% 3.9
5 1.800 3.050 1.107 45 7.05t 9,2
- 6 1.800 3.305 1,195 51 6.3% 9.4
7 1.800 3.230 1.120 41 5.0 T 8.6
8 1.510 1.626 .52e 17 13.8%10.7
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APPENDIX IV

Sertes §3
gg? 3:'. co:x’itl c::fn: Co Lnoidonool ﬁpcarorr.
1 1.800° 103 3.235¢10% 752108 41 20.4% 11.10 * 106
2 1.800 3.180 .988% 60 27.7% 10.15
3 1.800 2.981 1,020 66 33.56110.00
4 1.800 3.010 1.075 53 7.8t 9,02
5 1.800 3.300 .831 37 9.82 * 10.05
] 1.800 3.001 .697 38 2e.9t11.40
7 1.764 2,685 1.025 54 2¢.2T a.22
8 1.765 2.440 .882 37 15.83% 9.07
) 1.800 2.680 721 37 2s.20t10.72
10 1.800 3.145 «977 37 4.75t 8.88
11 1.800 2.590  .990 39 13.50 % o.32
12 1.800 2,525 . 967 39 18.40 to.82
13 1.800 2.580 .955 38 1. 20% D 42
14  1.800 1.505 419 15 g0.2 f11.2
16  1.800 1.770 .512 17 13,85t 10.3
16 1.800 1.835 .550 18 15.58 % 9.99
17 1,800 1.748 +470 18 20.05 T11.15
18 1.7688 1.617 .442 19 26.10 *11.86
19 1.800 3.970 1.213 79 23.30%10.24
20 1.800 3.520 1.184 60 14,08 t8.97
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